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BIOLOGICALLY ACTIVE METALLIC CHELATES
11, Complexes of Hg?* with Antiseptic-
Disinfectant Action

MARIA JITARU* and GHEORGHE MARCU**

Received : October [0, 1G85

To continue our study [1--3] regarding the synthesis, the structural characteri-
zation in solid state and in solution followed by the testing of the biological
activity of some complex combinations, we isolated solid complexes of Hg(II)
with pyrazolonic ligands-antipyrine (Antp) and pyramidon (Pyr); with different
amines-pyridine (Py) 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 HglL,I,. The neutral
complexes HHgl,I, in which L=Py, Pip and Morf presented an antiseptic-
disinfectant action much more important than the phenol and the sodinm 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 thermodynamic parameters. The values of the activation ener-
gies — Ea -— and of the decomposition enthalpies — AM -~ prove the ten-
dency of these combinations to lose the ligand, formning Hgl, The bacteriosta-
tic activity of these compounds is greater than that of the Hgl,.

As concerns the possibility of ceordinating the aminic ligands in water-al-
cohol, at Hg?™ in the presence of 17 anion we must remind that the donicity
ol the amines [4] is, generally, lower than the donicity OH™ and I—. At these
values of the donicity of the amines we must add, though, the possibility of
forming some doner-acee ptor bondings that increases the probability of coor-
dinating the organic Iigand. Out of the complex-forming potentiometric curves
i the svstem Hg-I—OX 5] we infer the equilibrium constant of the most
stable species, HglOH, HeglOH = (8-+ 2) - 108, which proves the great affinity
of the Hg(lI) for 17, Though it is not a typical complex-generator, previous
studics [6—8] and more recent ones [9—107 take into consideration complex
combirations of mercury with pavrazolonic and aminic ligands, obtained to de-
termine their biological activity. The results of the tests done have not been
published  vet.

Preparation of the complexes. The salt-type complexes I1gl,} (H1L) were prepared using the
method deseribed in the previous paper (370 Tn order to obtain pure compounds of the form Hgl,I,
i owhich I, - Antp, Pyr we revised Kumov’s formula [117 in point of the ratio Mg: 1, 20259
mereuric salt in excess to the amount of ligand leads to some unitary compounds. We obtain vel-
lowish erystals which decompose in components - Hgl, and I, ~ above 70--80°C. The Hgl,l,

the hot sleoholic solution - 80°C of Hgl, is refluxed for one hour with the stoechiometric quan-

titv of ligand, The obtained solution is suddenly cooled and the result is microcrystals, pink-orange
coloured, of the complex Hgl,L,.

SCHIAM Institule  of  Chemical and Brockemical Inergetics, Cluj-Napoca Resvarck Growp 3400 Chi-Napoca
SRR

% Usiiversity of Ciui-Napoea, Faculty of Chemwical Technology, 24000 Clyvi-Napoca, Romania



4 M. JITARU, CH. MARCU

The obtaining output is lower with respect to the metal — 30409 — but the compounds
obtained are pure, as could be seen in Table 1. The neutral complexes of Hg*+ with U and T were
prepared following directions in literature [12] from ethanolic solutions. We obtained combinations
like Hgl,I, in which n = 2—4. Out of the 9 complexes isolated in a solid state we are interested
particularly in the combinatious HgPy,l,, HgMorf,I,, HgPip,I, and HgPyrl, which have proved
an antiseptic-disinfectant action. The results of the determination of the composition of these com-
binations are presented in Table 1.

Table 1
The composition of the complexes Hg!il) with Py, Pip and Morf
Y Hg % %N decomp. T
Compound
cale found cale. found calc. found °C
HgPy,l, « £H,0 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 45.80 46.71 5.17 5.19 67
37.68 46.75 5.20
HgPip,I1, 38.21 38.33 46.00 45.92 5.07 5.14 72
38.22 46.21 5.12

IR Spectrum of the Synthesized Combinations. To confirm the structure
of the combinations obtained, the IR spectrums were drawn, using a PERKIN-
ELMER 457 spectrophotometer in the 250—4000 cm— wave band. The samples
were introduced into KBr and nujol tablets. According to our suppositions and
to the indicaticuns found in literature as well, we have found that:

— With the complex salts of Hg** with pyrazolonic protonated ligand
the protonation takcs place at the atom of oxygen forming a strongly conju-
gated cation, prescnted in the {ollowing limiting structures:

Rz Rz
s R L
I e T T

g CHy & g7
!
P

— The bands specific to the substituents of the pyrazolonic nucleus are
not affected, but new bands appear such as 2390—2840 cm %, 14001020 em—?
The vibrations characteristic of the free pyridinic nucleus were recorded {Table 2).

— The parficization of the tiocarbonyl group at the formation of the
coordinative bonding manifests for example, by the splitting of the band {rom
1412 cm™?, as sliowa in Tiable 3.

Thermogravimotric Study of the Complexes. The derivatograms of the
complexes were recorded at the Budapest MOM derivatograph. 0.5 g of sub-
stance was heated for 50 minates to 600°C, in air, using Al,O, as actionless ma-
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Table 2

The vibrations ef the pyridinie nueless

5

Table 3

The mevement of the vibration frequencies in HgT,Cl,

Compound

Compound tﬁe m’l“gfe tie"“t:‘}; ¥cs VeN Swm, TN,
P P Tiourea 1412 1471 1618 1082

730

Pyridine 604 405 HgT,Cl, 1440

HgPy,I, 653 430 1390
732 1480 1610 1090

722

710

terial. We have plotted as an example, (Fig. 1) the derivatogram of the complex
HgT,Cl,. The complexes HgPy,I,, HgMorf,I, and HgPip,I, preseat the lo-
west thermic stability, We intend to study more thoroughly the behaviour
of these complexes at heating, by using a DSC-1Btype PERKIN-ELMER
differential calorimeter.

The samples weighted with a micronic precision were heated in an inert
atmosphere of N, — the running speed 15 cm®/min. — dispersed in an actio-
less suport of ALO, From the ditferential calorimetric curves dHfdt = {(T),
according to thic method described in literature [13], we calculated the activation
energy, £ and the decomposition enthalpy AH. The activation energy was
determined aut of the Arhenius curves — log K = f(1/t) presented in Fig. 2.
The obtained thermic magnitudes are in accord with the reduced stability
of these combinations. {Table 4).

Formation of the Complexes in Selution. Certain complexes in the system
Hg—I—1I, do appear in alcoholic medium, but the rapid decrease in iime
of the height of the absorption becaus: of the instability of the complex com-

binatic:, rooders it difficult to quantitatively study the stability of these com-
A| ) " T
B n
L0 “‘\,/Li“‘”\\ (\A-//\’_—% AN - B %
~0k [

/

; i
| S/ i { B
I - M ; . L
(4 | SN DU SRS | T r—— - 3.
00 200 00 ADD o 30 32 33 ’/'mo
¥ig. 1. The derivatogram for the com- Yig. 2. The Arrhenius curves for the decompesition

plex HgPy,l, of the complexes HgPip,I,, curve 1, HgPy,I,, curve

2 and HgMorf,I,, curve 3
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pounds. For cxample, the spec- Table 4
trophotometration ot Cgrtaln The uetivitation energies and the deeomposition
HgJ, and Py solutions after 1 enthalpies of the Hgl,L, complexes
minute post. mixing leads to
the UV spectrum presented in Initiation I, AL
Fig. 3 ranging between 240—275 ~ Compound tempera- ;0o keal/mol

q 1 \q 116 .1 JEN ture (°C)
cm 1 Because the ligand ab-
sorbs very much in this range, HgP?:Ifs 88 5~93%01-8& i‘é-gi‘)f;
H e : oy . HgMorf,], 87 7.3 418 17.2 1.

e > obta- 22

it was put into reference obt HePip,t, a2 17117 88120

ining absorption curves reversed
with respect to those of the py-
ridine. The molar rations method i the system Hgl,—Pip, with the ligand in
great excess so as to deteet all the processes that ake place, leads to the dis-
tinguishing of th: complex coresponding to the ratio Hg: Pip = 1:4 (Fig. 4).
Deterinination of the Antiseptic-Disiniectant Aetion. While making the
filamenting test {371t was observed that sorne Hg(1Ij complexes had a bactericide
action ou the stem of the typhus bacillus isolated during the epidemy in Banat,
i the summer of 1974, Relying on this we undertook quantitative tests on bac-
terichde action, deternmining the phenolic index and the lowest active concen-
trations of substance which stop the evolution of the respective bacillus. We
toolk as a comparative substance Hgl,, which, too, presents a bactericide ac-
tion comparative to the phenol and sodium mertiolate. The results of the tests
presented in Table 5 prove the hactericide activity of these combinations.

| > oy —-—'1 4&;?—"%4— B e e
238 o 2%5 Aom Itz N3 Ve s ijs Metigond
Fig. 3 The UV spectrum in the system Pig. 4. The molar relations method in the
Hgl,—Py, Chgyp, = 1072 M, Cpy = 2. 103 M, system Hgl,—Pip — curve 1: A == 255 nam;
cuva == 1 cm, ref. Py 2. 103 M, ¢ = 255°C carve 2: A =265 nm; curve 3: Cgg =

= 1073 M; curve 4: Cgg = 2 . 107> M.



METALLIC CHALATES (ID T

“able 5
‘The antibaetericide aetion speetrnm and the baeteriestatie and baetericide doses of some eomplexes
of Ig(Il)

) HgMorf,I, HgPy,I, Hgl,

fhe stem towards conc. eonc. core.

which the com-

plexes were tested  B-static B-cid B-static B-cid B-static B-acid

' mg/100 ml mg/100 ml mg/100 ml
B. subtilis 0.138 1.38 0.152 1.52 0.1 1
1. Thyphy 1.38 1.38 1.52 1.52 1 1
Micrococcus I, 1.38 13.8 1.52 15.2 1 i
1. pyocianic 1.38 13.8 1.52 15.2 10 10
B. Thyphy (1349) 1.38 1.38 1.52 1.52 1 10
Protens 1.38 13.8 1.52 15.2 I 1
Stafilococus 0.13 13.8 0.15 15.2 0.1 1

Conelusions. In comparison with the human typhus bacillus, the complexes
HUP)ZI and HgMori,I, present a bactericide action 10 times greater taan that
of the phenol. Moreover, their bactericide actlvity towards ‘ch: pyocyanic 1s
greater than that of HgIZ. The studied complexes with bactericide action pre-
sent a reduced thermic stability, manifested by a lower value of the initiating
temperature. The obtained activation energies show the easinzss with which
the first ligand molecule breaks, whereas the values of the decomposition enthai-
pics reflect the heat that must be absorbed to break both links Hg—1I.,, forming
Hyl,. Under these conditions a question arises, namely whether the antiseptic-
hsmfectant activity is not hecause of decomposition forming Hgl,. Probably
a part of this activity is, indeed, duc to the Hgl, but the 10 lactor which it
is superior to the bactericide activity of the Hgl, and phenol {avours another
mochanism of bactericide action.
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III. Complexes of Co(II) with Amino -
Acids with Antitumour Activity

MARIA JITARU* and GHEORGHE MARCU**

Received : October 19 1985

We isolated in solid state 23 complex combinations of Co(Il) with essential
aminoacids and other ligands in order to test their biological activity. The na-
ture of the donor atoms established by recording the vibrations of the Co—1,
link coincides with the existing data in literature. The corresponding values of
the stability constants — pK — and of the formation enthalpy — AH — for
the complex Co—Asp are in perfect concordance with those for the system
Co~—Norv, whereas the formation enthalpy of the complex Co— aAbut is with
0.7 Kcal/fmol lower, that pleads for the coordination of the B-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 CoGlu, and CoAsp, have proved the maintaining of the carcino-
static activity against the ERHILICH ascithic tumour in an advanced stage.

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

Table 1

Strueturasl and complexatien characteristies of the eessntial metals

The metal Structure Biological role

Oxidation Preferred Type of

stages domor atoms complexed ! 870 Kg corp

Na, X st
Mg, Ca s?

Mn, Fe, Co, a*—?*
Cu, Mo

Charge carriers and I — 00— ionic 70
osmothic equilibrinm
Frame formation and 11 —0— ionic 42 (Mg)
inhibition reactions 1700 (Cs)
Redox catalysers and  IT-—-1V —0— charge 1
enzyms components —N-— transfer

-

Of the tramsitional metals Co 1s most known, being the central ion in co-

balamines and

cobinamines — vitamin B;, — . What it is less known isthe

fact taht the complexes of Co(ll) are able to transport melecular oxygen as

in the case of

simple ligands, such as histidine {2]. The essential aminoacids

{Table 2) represent the 20 ,bricks” of which millions of proteins are formed

* JCECHIM -
Komania

Institutute of Chemical amd Bicchemical Energetics, Cluj-Napoca Researck Gyrouwp, 3400 Clwj-Napoca.

** University of Cluj-Napoca, Faculty of Chemical Technology, 3400 Cluj-Napcca, Remonia
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Table 2
Essential aminoacids R - CH—-COOH
|
NI
Group—R Aminoacid Abre-
Nature Structure Identification viation
non-polar aliphatic —H glycine Gly
—CH, alanine Ala
CH,
- CH< valine Val
CH,
/CH3
—CH,— CH\ leucine Leu
CH
/CH,
o CH\ izoleucine Ile
CH,—CH,
contains the OH -CH,—~-0OH setine Ser
group CH3
—CH < threonine Thr
OH
—‘CH2—< _>/\— OH tyrosine Tyr
aromatic —CH,— < ~> phenilalanine Phe
—CH,— i (\ tryptophan Trp
N
NH
radical acid —CH,—C00~ aspartic acid Asp
—CHy—CH,—~C00~ glutamic acid Glu
aniino-basic —CH,— ((H,),—NH,+ lysine Lys
NH,
—CH,— (CH,),—NH—C< arginine Arg
NH}
—CH,—“ “NH histidine His
NH
—CH,—(CH,),—~CH,— NH; hydroxilysine Hyl
radical with — S —CH,—SH cysteine Cys
COO~
—CH,—S—S—CH,— CH< cystine Cy
NHF
—CH,—CH,—~S—CH, methionine 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 chosen
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 esential aminoacids and other aminoacids have, themselves, antitu-
mour properties [8, 9].

On the other hand, the cobalt reached in the wvicinity of the cancer cell
freed from the old links of the complex introduced into the organism asa chemio-
therapic anti-cancer [10] is able to form new links with the active positions
of the cancer cell [10] leading to its degradation. Cobalt, as an intermediate
acid, according to the theory of acids and hard and soft bases (ABDM) [11]
will form stable with intermediate bases among which fall the -NH, di-aminoa-
cids group. The complexes Co(II) with aminoacids have been widely studied,
some of them 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 I, acid presents a stimulation action
of the oxydation complexes of the organism [13, 14]. Other compounds of
Co(I1I) with cyclic amines inhibit the celular division of the Ecy bacillus {15].

Preparation of the eomplexes. Generally, we obtained soluble complexes of the form Col,, .
- L0 either following the reference indications or using our own inethods, with the ligands pre-
sented in Table 2. The obtaining output of the complex combinations expressed in percentages with
respectto the initial quantity of metal decreases with the increase of the solubility of the com-
pouads (Table 3). The complex Coleu, and ColLeu, were prepared from concentrated solutions
of Co(CH,CO0),4H,0 in a basic medium — pH == 7.5 -8 by adding when cooled, the stoechio-
metric quantity of ligand under the form of the respective sodium salt.

Table 3
Complexes of Co(ll) with essential aminoaeids
N “ Solubility  Output Dec. temp .
Compound Colour in water ?é o I Bibl. ref,

Co(l—Lenj, pink-violet + 4 87,5 285 -290 —

Co(i—~Teu), pink + - 80.3 250 -

Co(Li—Tyr), blue o4 303 80 —

Co(L —~ Asp), violet 4t 35.8 75 -

Co(DL - 3let), pink — 92.4 80 (16)
Co{L — Pheala), pink -+ 80.2 55 (17)
Co{Li—Ser),2H,0 violet - 81.5 148 (18)
Co(Gly),3H,0 violet + 79.5 — (19)
Co(DL— Val}, violet -— 98.4 - {20)
Co(D— Ala),H,0 pink . 91.6 192 (21)
Co{DL —Thr),H,0 pink + 76.5 - (22)
Co(L—Try), violet b 95.8 hygroscopic (23)
Co(DL —Cys){l, pink-violet A4 4 58.6 — (24)
Co(L — His},Cl, pink + 52.3 60 (25)
Co(L,—Arg),Cl, violet -+ 71.5 - (26)
Co{L,— Glu),H,0 violet 4+ 59.6 — (27)
Co{Cys)y3H,0 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 finalizes 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—LTyr, and Co—LAsp, in water, represents an impedi-
ment when trying to isolate them from the mother solution.

The adding of small amounts of dimetylformamide (DMF) at 8 —10°C leads to the forming of
some precipitates which can be filtered in time, corresponding to the relation Co—~1L = 1:2. The
dissolving of the DMF in the reaction 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 results
presented in Table 4 show that pure unitary compounds were obtained.

Table ¢

Composition and charaeteristics of some Co(Il) eomplexes with essential aminoaeids

Symbolic  formula Brute formula Molecular %Co %N

mass  (Calculated Found Calculated Found
Cn(\;lv) 3HzU CoC Hy, N0, 261.07 22,60 22.13 10.75 11.04
Cofle - ,lu) - 1,0 CoCyoH  NyO, 367.07 16.05 15.76 7.63 7.45
Collo—Aspj, - 2H,0O CoC,H, ,N,O, 359.23 16.40 i6.45 7.81 7.92
Co(yl, -Val), - 3H,O CoCyoHog N, 0O, 345.13 17.05 17.22 8.10 7.83
Co{DL, - Met), CoC H,yoO N, S, 355.35 16.58 16.35 7.88 8.13
Co(l - Len), CoCCyH,,O4N, 319.26 18.46 18.35 8.77 9.10
Co(i, -iLeu), CoC,H,, 0N, 319.26 18.46 18.67 8.77 8.99
Jol—Tyr), CoC,y Hy O N, 419.29 14.08 14.03 6.68 6.98
CafleTep), CoC,4,H,yyO,N, 465.36 12.66 12.20 12.05 12.68

Determination of the Strueture of the Complexes. In order to confirm the
preposed structures and to correlate the existing data in literature, we have
drawn the IR spectrums of the synthesized Qompounda udsing a PERKIN-
1'“,‘1}* R spectrophotometer with a range of work between 250—4000 cm
to ctach the vibration {requencies characteristic of the Co—1, link. In the casc
of the compounds Co(II) — monobasic aminoacids, the elongation vibration
ol the group —NH, moves towards lower {requencies and out of the freque-
cice corresponding to the carboxyl group »cooas moves towards higher fre-
quencies and vegesim towards lower ones. The respective compounds are tetra-
coordinated  with a  plane-square structure and trans geometry (Fig. 1) In
CeMet, the coordination takes place by N aminic and both atoms of O of

the carboxyl group — both veooas and veposim  decrease (Fig. 2). In the
case of heterocolic aminoacids — hystidine and trvptophane — it is confirmed
éC,J CH~S -(CH; );HEZWNF? on
H,N - \
R-rc? NG00 g /O> { /S
\C -0 \mz/ > =0 1\
¢ M»{Z-—-CH -(CH), -5-CH
¥ i1g. 1. The structure of the com- Fig. 2. The structure of the complexes Co(II)
plex combinations of Co(lI) with with metionine.

monobasic aminoacids.
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8 3 COASO:‘ :
7
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)

4 i

CoAsp
3
* : — \ el = . .
1 2 3 L/t 2 B B 3 7 pt 3
Fig. 3 Potentiometric titration in the Fig. 4 The distribution of the concentrations of
system Co(I1)— Asp, curves 1 and Co(II)— the complexes formed in the system Co(II)—Asp,
Glu curve 2 with respect to the pH.

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

The Potentiometric Study Of the System Co(II) Asp. The potentiometric
determinations were done with a PHM-4d radiometer using a glass electrode
G-100B as a measure electrode, and the K-100 calomel electrode as reference
electrode. During determinations the temperature was constant at 254 0.1°C.
The experiment was carried in a medium of KC1 0.2 moles/l in a constant volume
of 25 c¢m3. The measurements were done in an aminoacid solution of 6 - 1073
varying the metallic ion-ligand ratio from 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 threc potential leaps corresponding to the tiirce
species which are present in the system depending on its pH (Fig. 3). The
distribution of the concentrations of the complexes Co(II) with aspartic acid
at a relation Co—I = 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 CoAsp,
is predominant and, anyway, it was isolated in solid state and tested with
respect to the antitumour activity. We can see that under certain conditions
the concentration of some 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 — ate
presented in Table 5, compared with the corresponding compoundsof Co(Il)
with norvaline (Norv) and aminobutyric acid (x — Abut) found in literaturc
[31]. To interpret the obtained data we will take into consideration 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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Table 5 Table 6
Thermodynamie data regarding the complexes Thermodynamie data regarding the pro~
Co(Il) with glutamie acid (Glu), cz-aminebuatyric tonation eof the aspartic and glatamie
acid (x Abut) and norvaline (Norv) (31) aeld (32)
—AH . . -
Process log K Kcalf s Compound Group pK AH AS
: ean.u.
mo
- - Aspartic 8-COO~ 3.68 1.96 14.5
Co?t - Glu~—ClGla* 8,07 59 17 acid «CO0~ 195 185 4
LoGlut+4 Glu~—CoGluj 6.77 7.6 6 —NH, 963 1.1 265
Co®t + Abut~—CoAbut* 8.02 54 i9 )
Co?* 4 Nva~—CoNvat 870 56 20 o Oy 0
CoNva™* + Nva~—CoNval 675 6.9 3 CGlutamic «-CO0~ 812 0.8 7

CoAbut* 4 Abut—CoAbut? 671 66 9 acid NI 9351 87 1

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

— The stability of the complex CoAsp is greater than that of other com-
plexes of Co(Il) containing the same number of carbon atoms;

— There are no important differences between the values pX for the group
NH, corresponding to the two aminoacids.

— The corresponding values of the pK and AH for the system Co{Il) are
in concordance with those for the system Co-Norv whereas the formation enthalpy
of the complex Co-Asp is by 0.7 Kcal/mol greater than that of the complex
Co-Abut. This could be du: to the participation of the aspartic acid to the
coordination of the carboxyl group. The participation of the B-carboxyl group
at the coordination in CoAsp® is suggested by the observation that the complex
CoAsp® is scparated out of solutions containing Co(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 Aatitumour Activity of the Complex Combinations. Our
results regarding the testing of certain complexes of Co(II) with respect to
the ascith ERHLICH in an incipient phase have already been published.
The method of testing the comnplex combinations which presented a limited
antitumour activity [33] regarding the maintenance of this activity against
the advanced ERHLICH tumour contained the following stages:

— The transplantations of the tumour (5 10®8 tumour cells) by inter-
peritoneal injecting (i.p) to imice in the coatrol lot, as well as to those of
the experimental onss,

— The injectation of animals from the experimental lots on the 4%, 8,
12 and 18 day with the resocciive compounds.

The obtained results show that oaly the complex Co(L~—Asp), leads, under
these couditions, at a TYC = (534, w Llhe necaling of one auimal out of 10
for doszs of 20,40, and 80 mi/Kicorp. Uader these conditions it was put
into wvidonee for certain comonlioxes of Co(II) the late toxicity phenom~na:
Co(L — L:u),, Co(LD-Leu),, Co(L, —Purala) and Co(DL—M:t), with T/C 100%.
In these cases the time of survival of the treated animals with the dose of
over 2J mgfkgcorp decreases with respact to the nontreated animals. Certain
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complexes, though not soluble in water, for example Co(L —Glu),, give better
results when administered under the form of oilv suspension. In this case
T/C == 189Y%, and again one animal out of 6 remains without tumour.

-
3]

27.
48.

29.
30.

31.
32.

2
33.
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A SPECTROPHOTOMETRIC KINETIC STUDY OF THE MANGANIC
CYSTEINATES DECOMPOSITION IN AQUEOUS SOLUTION

MARIA-MARILENA GIURGIU*
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Kinetics and mechanism of the manganic cysteinates decomposition in aqueous
media has 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 have
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 preequilibrinm steps.
A reaction mechanism has been discussed in connection with our experimental
results.

Introduetion. Potassium permanganate solution reacts very rapidly with
cysteine in excess in alkaline solution to form a red-violet intermediate complex
which uudergoes a slow decomposition to Mn(II) cysteinate complex and cys-
tine. The manganous cysteinate complex is reoxidized to manganic complex
in the presence of the atmospheric oxygen. The rate of reoxidation of Mn(IT)
compound to one of the manganic state by O, is very slow in acidic and ncu-
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
rcaction mixture. In perchloric acid solution both Mnj; and MuOH}; species
may be involved in the rcaction mechanism with organic and inorganic subs-
trates |1

Some significant aspects connccted with the chemistry and equilibria in-
volving manganic complex species in aqueous sclution have Dbeen discussed
by G, Davies 21.

The oxidation processes of somie substituted thiourca with Mun(I1I) species
in acidic conditions have been recorded by a stopped —tlow device (31 There
s 10 evidence for complex formation for these systems.

Tanaka, Kolthoff and Stricks [4] have investigated the composition ot
ferrous and ferric cysteinate complexes in alkaline solution. The principal spe-
cies are FeOH(Cy);~ and Fe(Cy)i~. They have also found that the disappea-
rance of the ferric cysteinate complexes is second order with respect to totat
iron concentration aund is approximately inversly proportional to the concen-
tration of cystcine. A more detailed study of the Fe(IIT) — Cysteine reaction
was performed by authors [5.

* University of Cluj-Napoca, Faculty of Chemistry, 3400 Cluj-Napoca, 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
subszquently decomposes in an intramolecular electron transfer step. A gene-
ral reaction 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 ev1dench for extensive
complex iormation.

The kinetics of the oxidation of cysteine with Mo(VI) ions [8] is first
order with respact 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 concerning the formation of an intermediate complex.

In tie present paper we have performed a kinetic study of the decomposi-
tion of manganic interm:diate cysteinate complexes resulting from potassium
permanganate reduction in the presence of cysteine. The reaction products
of the intramolecular electron transter processes are maunganous 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 valnes
extrapolated to zero time, D,, are not additive in respect with the initial reactants (MnOg~ ions and
the equilibrium forms of cysteine).

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

L0
ol

G-
l
Q8-
{é% 50k
2401
Q30+
Q2%
010 S
TR, S =
! 1 N . . | re—s T
WL L0 80 550 500 GI8 £V5 A mm
Fig. 1| — Kinetic experimental curves TFig. 2 — Spectra of the intermediate complexes in
illustrating the existance of the inter- alkaline solution at pH—11.10
mediate complexes in alkaline solution : a) Al = fmaes b)Y Afi <lgax: ©—€). Afi > énay,

a) 530 nm; b) 590 mm; ¢} 510 nm; (MnO]), = 1.25x107* molfl; (Cy), = 0.85x 1072 moljl.
d) 390 nm; e) 410 nm; f) 430 nm.
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The spectra of of the intermediate complexes in the Table 1
pH range of 9—11 have been obtained by means of an t stamts in alka-
indirect method from the kinetic curves recorded experi- First order rate cons st

; A Ii I

mentally at different A. The Af; values symbolize the time 298 K, ] = 0";;;;2:;;»;}{ 110
interval from the mixing moment to the observation point 7 Y g IV N :
- o ; o (MnOj), = 1.5x 10t mol/l; (Cy), =
[10]. See Figure 2: At; == tm, i Al <<lmar: AL > by =95 x 10~ moli}

The overall reaction of permanganate with cysteine
preceeds in two stages: the first one, which is very fast in —
acidic media, is the MnO,” ion reduction to an intermediate 103 Obs.

R : p R K kobx 3
oxidation state of the manganese atom (III, IV) with the si- y O ) -1 =0
multaneous oxidation of the organic substrate. The second e —C

stage is the slow decomposition of these intermediates to ' = ! .
Mn(1I) state and cystine. Itis the kinetics of this slow decom- 336 '6.60 +0.10
position we have investigated spectrophotometrically, with 350 7.00 +1.00
the hope of further elucidation of the Mn(III) - mercaptide 370 7.10 + 0.60
reaction mechanism. *

The preliminary overall rate constants, k4, involving 330 5.50 t0.20
4 first order kinetic law, in alkaline media [10] are depen- 410 5.95 -
dent on the A — values, suggesting a photochemical cataly- 430 8.20 +1.10
tic effect on the rate {Table 7). 450 12.10 .

2. Solutions. Experimental device. Kimetic method. High :
purity cysteine was used (for biochemistry) without purifi- 470 20.00 ? —
<ation. Titration of the reagent in an alchoholic solution 490 10.70 -
with a standard /, solution was performed in order to deter- . o +0.30:
mine the concentration of initial stock solution. Stock solu- 510 19.8 -
tion was prepared by dissolving a weighed amount of 0.6767 s70 19.70 —
gramme into 50 ml phosphate buffer (pH=7.0) solution * :
prepared in twice distilled water. The dilution of this stock 590 - . 17.10 0.70 ~

solution was performed by using the same buffer solution. Sy
The initial concentration range of cysteine is 9.93 x 103 —
—1.78 %1072 mol/l. )
The initial value of the optical density, Dy, experimentally evaluated, is relatively indep -ndent
-m the initial concentration of the reducing agent. An average value of =240 1 mol™* has
been obtained at T=288.5 K and 293 K, sugzesting that a single manganic complex is ta: prelomi-
nant absorbant species in our conditions. The extinetion coefficieat of the permangaaic ion at 379
nm experimzantally determined is 1124 1 mol=t ¢m 1. . .
Potassinm permanganate solution of reagent grade parity was standardized az:iinst oxalic acid
:noacidic madium and spectropliotometrically at 339 am. .
The starting tim2 was takea when the oxidant solution (1 ml) was rapidly introduced (by wsing
the syring: techinique) into 4 ml aqueous cystzins placed in the thermostated cell. A fast record-
ing Zeiss device was used to follow the reaction course. The recording rate was fixed to be 300
and 600 mm sec~l, The optical density valuc of products is zero in all cases at 370 nm.
All solutions were thermostated in a water-bath before mixing. The experiments were perfor-
med at three different temperatures. 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 7,, [f“‘“, were obtained from the experimentally recorded values :

real T
e X
I‘ = I: 4+ Y
T — being ..the {ims constant” of the recording device. This correction, however, is not sigaificant
i our conditions.
The exparimental data for the reaction mixture were converted inte D — fims values and the

kinetics of the overall precess was observed according to the second-order rate expession for the
<lissapearance of the int:rmediate complexes. The reaction order with respect to the concentration
of Mn(III) and Ma(IV) complexzs wais alsd determinad from the linear relationship of the rate against
concentration of the absorbant species:

log v vs log D,

2 — Chemia 2/1987
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306.5 K. at 298 K.

1104
10

IR
2
3 ] 1 ] b 1 A .
L4 — 0
2 4 65 8 10 1Rtime:
Yig. 4 fecond order kinetic plots, ,Dz—l Fig._—S1 —  Second order kinetic [plots
vs time, at three different Cysteineﬁz}:‘;cen- D" vs time, at 298 K, pH = 7.0
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Ao

The reaction rate is expressed by — dD/dt.

Figures 3 (a and b) illustrate these kinetic results at two different temperatures, 298 and
306.5 X, respectively.

The apparent reaction order is independent on temperature, the fact being significant in connec-
tion with the reaction mechanism.

3. Kinetic results. Figure 4 illustrates the second-order kinetic plot, D1 vs time, at different
valunes of cysteine concentration (a, b, ¢) 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 presents the appa- Table 2

rent second-order rate constants
in terms of optical density, at Second order rate eonstants, k,pp, for the decompositicn of mag-

284 K. nanie ¢ysteinates in phosphate buaffer solution, 284 X, pH = 7.0.
A more detailed experimen-
tal study of temperature influence

is necessary in order to associate [EYS_f]oyM 76 10—2 535 x 1

the activation parameters to the 2.87%107

reaction mechanism, This will be k 1.080 o

the object of the next paper. op - 0.800 0973

{tin sec) 1650 1. 600 1072

Discussion. The reac- 1.0%0 0.976 1173

tive predominat form of . . 800 1.250

cysteine, calculated from 1.120 1.200

the equilibria In agqueous 1.00C

solution 11} is H-—S— - 1.123

Rt U oat pH 7. vi- i . i

thl%t! >H?'\*Jb)t"1’)lnfr<>/n()) ;)%_ op 1 0S5+ 03762 11042
1¢ CAarboxyt g T & 0.012 00865 0.040

ing dissociated. It is sym-
bolised as /Cy/ in cur re- o
action sequence.,

The mitial reduction stage, Mn(VII) to Mn(III) being very fast it cannot
be sabjected to experimental mvestigation by means of the present technigue.
Thus the rate of Ma(1II) and Mn(IV) cysteinates dissapearance was interpreted
m connection with the reaction mechanism.

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

Fop = — D] = k(D)2

and of zero order to that of cysteine concentration.

The second order kinetic term in the 1ate law may result from both Mu(l11)
and Mn(IV) contribution to the overall process.

The following reaction sequence is in accordance with the rate expression
cxperimentally evaluated:
OMnOH(Cy)2" === Mn,(OH),Cy)t+ —= (1)
~=2 Mn(II)Complex -+ Cystine
MuOH(Cy)3+ + MnOH(Cy)* + 22 Mp o(OH),(Cy)3 et

= 2Mn(IT)Complex 4 Cystine (2
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2MnOH(Cv)2 Su Mu(IV)jComplex — Mn(II})Complex 3)
MuOH(Cy)3+ == MnOH(Cy)*+ + Cy (4)

-— determining the equilibritun concentration of the lower manganic com-
plex.
Mo (IV)OH(Cy)sF = Mn(II)Complex -+ Cystine (5)

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

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

Mn(I1)OH(Cy)2+ -4 Mn(IT)Complex + Cy- 6)

2Cy+ =% Cystine (7)

By expressing the rate by means of the predominant absorbant complex,
Mn(II)OH(Cv)E*, we obtain:

, . _ GRMmOH(CyRh) (kl K, + ko H Ky 4+ kyKg )
ds (Cy) (Man (I1))
. [MnOH(Cy)3+ 2 (8)

PakGK, | hKa

Ry = kKK ,
o =BT T T G )

the third term being insignificant in our experimental conditions. The rate con-
stant, k., becomes then:

ky
koo == Ry + ey (10)
This reaction scquence gives a rate expression which is linear in (Cy)e?
at moderate cysteine concentration (in excess to that of the oxidant), with
a negative reaction order, and it becomes independent on cysteine concentration
{# == 0), when the concentration of the complex MnOH(Cy);*t is considerably
greater than the concentration of the other manganic complexes (at hight
cxcesses of the reducing agent).
The experimental measurements should be completed in order to elucidate
these and other important questions. The limiting specific rate, kK, has been
thus evaluated.
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UNTERSUCHUNG UBER DIE TETRATHIOCYANATO-DIAMIN-CHROMI-
MUE EINIGER AMINE UND PHOSPHINE

GHEGRGUE RMARCUS, CSABA VARIGLY*, DANA ITUL* vnd BORBALA SZALMA*

Inangegagen ar 11 Scplenmivr [180%4)
gag

Stady on the Tetrathioeyanate-Dinnine-Chromates (1) of Noeme Amines and
Phosphines. 27 new cumplex salts of the type AL Cr(NUS),(aminel, {amnine -
& 3 J ) 2N
= NH,, aniline, '7—1‘»‘1;12‘11'% A role derivatives, isobutylatine, B, Ph . P,
31 i 4 2
Lt,(p-toly) P, DPh, i . Puyy by double decompuaition reactions
in acidic medium. The pr.muc‘ 5 W e by electronic nnd IR spectra.
The thermal decoraposition of some d;:uunvc% was studied by derivatography.

Einleiung. Dic ciuibasischen Kemplexsiaren des Types 1 HiCr(NCS),(Amin), |
{(Amin = NH,, verscaiodene primare u:ad tx_:rt are aliphatisciie und aromatische
Amine) werden oft ur Treanung vor verscnledenen N-basischen organischen
Substanzen, wie Amx. oshurel, Dentiden,  Alkaloiden, Antibiotika, usw., ver-
wendet. Sie haben auvch in der Amalys: verschiedener pharmazeutischer Pri-
parate cin chesondere Bedontunyg, i Laoslichkeit der Aminoniumsalze dieser
Sduren 1m Wasser ist von dz:':’ Natur des Ammonimnkatio*l< bestimmt. Alle
diese Salze 1oseu sich leicht fn vorsehindonon Ketonen, wie Aceton, Acetyiaceton,
uad in Pyridin [1-3

Resultaie und Diskuession, Wir
Komplexsiuren aubler den N-Bason
liche Salze bilden konncs, fn dies-s
und Phosphoniumsalze dv& Typs &
heterocycelische Amine und to
charakterisicrt. Die thermische
wurde fl~rwdt0glann.sc‘=‘

Die Ammonium- und Pl
felsauren Losungen ausgesciic
(NHy), ], NH,[Cr(NCS), {AmLu
wendet. Die mt/.tge:muntcn

beobachtet, datl die obenerwithnten
homit tertidren Phosphinen schiwerlos-
Avhelt haben wir 27 neue Ammonium-
Q'( {CS),(Amin),] (A == aliphatische und
Tosphine) dargesteilt und spektroskopisch
srung oinlger Salve ven  dieser Klasse

]

s itee wurden aus sa ‘fmv.cr' bzw. schiwe-
Als T uhmgsnh_ el wurden NH,|[Cr{NCS),
p- <otuldin. Cr(NC) [p-Toluiding, | ver-
i entstehien du“} cine \(Ju)%ugfti()ﬁ%‘-
reaktion aus IG[Cr(NCH)y) und dea «1.»‘s->rf chendenr Aminen im Schinclzaus-
tande, also ohue Vcrwcndung vei Lo itteln {47, Als Amine Jlid Phosphive
wurden cinige  Imidazol- Du'n ative, ! 14/1 pheavl- und ‘fripheunyiphosphin,
usw. i salzsaurem, bzw. schwelelsaurem Medium  beniitzt,

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

Die elektronischen Spektren des ¥t,Ph. P.H {Cr(NCS),(NH,),T und Zi,
Ph. P.H. [Cr(NCS),(Anilin),] im Vergleich mit denjenigen d's NH, [Cr{NCS),
(NH,), und NH,[Cr)(NCS),(Anilin),] zcigen, dass die Natur des dussercn Ka

* Universitdt Cluj-Napoca, Fakultit fir Chemue, 300 Ciuj-Nupoca Romania
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Tabelle 1
Neue Tetrathioeyanato-diamin-chromiate einiger organisehen Amine
Analyse
No. Formel MOL’ Gew. Charakteristik ¥
er. Ber. Gef.
1. Imidazol, HA 387 hellrote glinzende Platten Cr 13,43 13,52
S 33,07 32,84
2. Imidazol. HB 539.4 rotviolette, schimmernde Cr 9,64 9.45
) Plittchen S 2374 23,79
3. Imnidazol, HC 567,7 dunkelrote diinne Cr 9,16 9,08
Plattchen ) 22,60 22 45
4. Denzimidazol, HA 437,6 schimmernde hellrote Cr 11,83 12,13
Platten S 29,32 28,95
5. Benzimidazol, HB 5897 rotviolette Cr 3,81 8,60
Platten S 21,76 21,54
8, Beuzimidaczol, HC 617,7 dunkelrote unregelmissige Or 3,42 8,33
Krist. ) 20,77 2011
7. 2-Methyl-benzimidazol. HA 451,6  glinzende hellrote Platten  <r 11,51 11,66
) 2876 390
8. 2-Mothvl-benzimidazol. HB 603,8 rotviolette Nadeln Cr 8,651 8,50
S 2 21,06
9. 2-Methyl-bezimidazol, HC 631,8  dunkelrote unregelmissige  Cr 823 8,09
Krist, S 20,31 20,66
10. 2-Amino-thiazol. HA 419,9 rotviolette mikrokrist. Cro 12,35 12,24
Masse S 33,1 38,86
1. 2-Amino-thiazol. HB 572,1 rotviolette glinzende Cr 49 8,97
Plittchen 3 L2 27,83
12. 2-Amino-thiazol. HC 600,2  dunkelrote unregelmissige Cr .66 8,50
Krist, 5 72 26,96
13. Tri-isobutylamin. HA 504 rotviolette mikrokrist. O 10,31 10,37
Masse ] 5,39 25,18
14. Tri-isobutylamin. HB 656 rotviolette mikrokrist, Cr 7,92 7,75
Masse = 19,51 19,69
15. Tri-isobutylamin. HC 684,1 dunkelrote mikrokrist, Cr 7,60 7.76
Masse R 19,51 19,69
Tabelle 2
Neue Tetrathioeyanato-diamin-chromate einiger tertiiiren Phosphine
No. Formel MOII; Gew. Charakteristik Analyse
er. Ber. Gef.
1. Et,Ph. P. HA 485,6 rotviolette mikrokrist, Cr 10,71 10,66
Masse S 26,42 26,73
2. Et,Ph.P HB 637,8 rotviolette Cr 8,15 7,98
Plittchen S 20,12 20,33
3. Et,Ph.P. HC 665,8  dunkelrote mikrokrist, Cr 7,8t 7,88
Massa, S 19,27 19,02
4. Et,(p-Toly)P. HA 499,6  rotviolette, klcine Cr 10,41 10,55
Nadeln S 25,68 25,33
5. Et,(p-Toly)P. HB 651,8  rotviolette, unregelmissige Cr 7,98 7,69
Plittchen S 19,68 19,81
6. Et,(p-Tolyl)P. HC 679,9  dunkelrote, kleine uuregel- Cr 7,64 7,81
miss. Krist, S 18,87 19,16
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Tabelle 2 (coniinuarej

No. Formel Mol. Gew. Charakteristik Analyse
er. Rer. Gef.
7. Pi,It.P. HA 533,7 rotviolette, kleine Kristalle Cr 9,74 9,90
S 24,04 24,23
8. Ph,Et.P. HB 685,9 rotviolette unregelmiss. Cr 7,67 7,29
Kristalle S 18,70 18,87
9. Ph,lt.P. HC 713,9  dunkelrot mikrokrist. Cr 7,28 7.3%
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. Ph,P. 1B 733,9 rotviolette mikrokrist. Cr 7,08 7.33
Masse S 17,48 17,33
12. Ph,P. HC 7619 dunkelrote nikrokrist. Cr 6,82 6,99
Masse S 16,84 16,69
LA = [Cr{NCS)(NHg),17: ., B — [Cr(NCS) (Anilin), ;™ ; LC o= [Cr{NCS),(p-Toluidin), ]~ ;

Et,Ph.P = Diethylphenyl-phosphin; Et,(p-Tolyl}P =: Diethyl-p-Tolyl-phosphin; Ph,Et.P = Diphe-
nyl-ethyl-phosphin; PhyP = Triphenylphosphin.

tions nur einen geringen Einfluss auf das
Spektrum der Komplexanione ausiibt.
(Siehe Abb. 1)
Die Lage der d-d Ubergangsbanden bei
525 und395 nm (mit NH), bzw. bei 540
und 410 nm (mit Anilin) bleibt unver-
iandert. Nur die Absorptionsintensititen
zeigen eine kleine Verdnderung., {51
Die ve.x Valenzschwingungsfrequ-
enzen in den UR-Spektren des Et,Ph.P.
H[Cr(NCS),(NH,),] und  Et,Ph.P.

T B %o T H[Cr(NCS),(Anilin), | liegen bei 2060--

. ' —2080 cm™! (starke breite Bande),

f%}% %'Crl(’;.eéfg)o(nh’;;h;]_Spgkt}getn?go‘;: wie im Falle er Ammoniumsalze, und
H[Cr(NCS),(NH,),]} 3. NH,[Cr(NCS),(Anilin),]; Sind ein Beweis fiir eine Cr—NCS- Bin-
4. Yit,Ph. H. [Cr(NCS), (Anilin), dung durch das Stickstoffatom (Isothio-

cyanato-Chrom(111)-Komplex) [6].
TTTDas Auftreten von einer einziger Bande in diesem Spektralgebiet ist cin
Beweis, dass keine Cr-NCS-Kation Briicken im festen Zustand vorhanden sind.
Eine solche FErscheinung wurde bei den Ag, Hg und Pb—Tetrathiocyanato-dia-
min-chromiaten beschrieben [71.

Die thermische Zersetzung einiger Phosphoniumsalze wurde derivatogra-
phisch untersucht. Die Derivatogramme von vier Komplexsalze sind in Abb.
2—5 wiedergegeben.

Wie aus den Thermogrammen ersichtlich ist, kann nach der ersten Zersetzungs-
stufc ein nicht wohl definiertes Gewichtsverlustanhaltcn beobachtet werden-
Dicses entspricht der Bildung des labilen Cr(NCS), Abbauzwischenproduktes.
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Das Gewicht der Proben an dem Knickpunckt zeigt eine stéchiometrische Menge
von Cr(NCS),, wenn das Anion [Cr (NCS),(NH,),]™ ist. [8].

Im Falle der AH. [Cr(NCS),(Anilin}, ] — und AH. [Cr(NCS3),(p-Toluidin),]—
Salze zeigen diese Knickpunkte einen kleineren Gewichtsverlust (im Vergleich
mit den stochiometrischen Mengen) und entsprechen wahrscheinlich zu den
Cr(NC53); - Anilin, bzw. Cr(NCS); - p-Toluidin Zwischeuprodukten.

Im Laufe de¥ ersten Zersetzungsetappe :

AH. Cr(NCS),(Amin), | - Cr (NCS),; kann man zwei endothermische Spit-
zen auf den DTA — Kurven bei 200—-220° bzw. 290—310°C beobachten.

Die Zersetzung des Cr{NCS), im Luftatmosphire ist kein einheitlicher
Prozess und besteht aus der Uberlagerung von mehreren exothermen Vorgidngen
(zwei, oder drel exotherme Spitzen aut den DTA-Kurven bei 380—400 und 500—
520°C) 191

Man kann annchmen, dass diese Prozesse Oxydationsreaktionen mit der
Teilnahme des atmosphivischen  Sauerstoffs  sind.

Das Eudprodukt der Pyrolyse ist das griine Cr,0O,; und das Gewicht der
Proben crreicht den entsprechenden stochiometrischen Wert bel anndhernd 750 °C.
2Cr(NCS),; — Cr,04

Auf den Thermogramumen zwischen 600—700°C kanu man keine Knick-
punkte, welche nach Krausz und Kovaces [107 1m Falle des NH,[Cr(NCS),(NH,),]
dem CrO, Abbauzwischennrodukte entsprechen wiirden, bemerken.

i

Experimentalior Tell, NA[Cr(NCS) (Anilin),] und p-Toluidin. H. [Cr(NCS),(p-Toluidin},]
wurden duarch eine Substitutionsreaktion aus entwissertem K [Cr(NCH) 4] uand Anilin, bzw. p-Toluidin
in Schinelzzustand, ohne Verwendung von Losuagsmitteln erhalten. [77, Duas Rohprodukt wurde in

—ay s S 2 ;
Methanol geiost und aus 139%-iger, herschussiger NILCI-Losung umgefallt,
AMH - [Cr(NCS)(Amin),] - 13 mdMol Amin, bzw. Phosphin wurden mit 25 ml 102 -iger
‘L . 4 N e N - by 075
Salusiure (Schwefelsiure) behandelt und 2030 Minuten auf dem Wasserbade erwdarmt. Nach Ab-
kithlen warde das Chlorhivdrat (Sulplat) mit 10 mMol Tetrathiocvanato-diaminchromiat in 20 —-30 ml
« . B . . p v . -
verd. Methauol versetzt. Die ansgeschiedenen Avvmoninin- und Phosphoniuwmsalze warden nach 15—
30 Min. Stchenlassen abfiltriert, mit Wa gewaschen wal an der Luft getrocknet. Chemische Ana-
Iysen. Der Chiromgehalt der Proben wurde gravimetriseh als Cry0O,, bzw. jodometrisch nach Oxyda-
tion zu CrO7” bestimmt., Der Schwefelgehalt warde gravimetrisclt als BasSO, ermittelt., Die deriva-
tographische Mezssungen wuarden mit einzm Derivatograph MOM (Budapest) duarchgefiibrt, Probe-
5% g 3 S . A Stk b 14
menge: 100 1 mg, Heizungsgeschwindigkeit 20°/Min.
Die elekironischen Spekiven warden mit einem Specord Spectrophiotometer (Carl Zeiss Jena
s S b & .
in Mothauol aufgenommen.
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KATALYTISCHER UMSATZ DES METHANOLSR MIT WASSERDAMPF
1. Stochiometrie, Gleichgewicht und Wirmebilanz dos Vorganges

1. SIMINICEANU, L. TODEA, M. sTANCA® und A, POP*

ngegages am 2 N owomber 1986

Catalitie Conversion of Methano!  wit  Waler Vapouss, 0 Stocckiomebry
iechilibrivm and Thermic Balawce of ihe Process. The present papers deals with
sume aspects concerning stoechiouwtetry and balunee in the process of methanol
cunversion with water vapours, in order to get ‘n«luw ke s e strated that
the mathematical description of this process w5 formed 1 king into
secount two stoechiometrical equatinns, - ioand nn
their grounds, the mathemn cuff bat snodel
was dis) elaborated bv wnlving it and i ¢ire main
paramneters act apon the Lulaace of the proous [ taerinic u:,‘..ulce
modal was elaborated, too. Tt is demonst-ated © hent coanu np-
tion is string:y influcnced by the conversion, dio wator cxcess atd by e existing
temporature of the reaction produacts,

arolisiae |
';‘,xf natien

1t the fij)c&‘if.,

Wasserstoll gehort zu den Stoifen, die in der chiemiscien Tudustrie in grossen
Mengen zu den verschicdensten Zwecken verwendot werden, Als B mrfmquelle
und tdealer Breanstolf, und ia riesen »ougra vorkommend, ist Wasserstoff
cine der caergetischen Losungen der Zukuauit., 1—-3]

Zur Zeit sind die Kollenwasserstof{e die Has mmuuﬂc {iir Wasserstoif weil
die Tehnelogicn zur Verarbeintung und Verwertung an diese Rolistoffe gebunden
sind. Bei der \‘Va.sserstoiihcrbtclluug konnen aber auch alternative Energiequellen
wie Ammoniak und Mcthanol Bedeutung finden.

Die Wasserstolfnerstellung ist von einer zusidtezlichen Energiequelle abhidn-
oig, esal welcher Rohstoll verwendet wird und deshalb muss sie in andere
Tehnolozie integriort werden, um deren Eftizienz zu crhohen. Eine tehnologische
Lésung wire dic Kupnlang der Wasserstoliproduktion auns Mcthanol mit ciner

tomzentrale  (Figur 1), Alsthanol wird vorgezogen  wetl er lechter zu trans-
porticren ist als dic Naturgase. Doshalb gibt es mehrere Forschungsarbeiten
iber die Reaktion zwischen Methanol und Wasser [4-—81 In der Fachliteratur
rarde aber ketne mathematis Beschreibung dgs Prozesse: zefunden, ohne
die die Optimisicrung und I*lu;;;nczun'f der Au]as” in elne Atomzentrale zwecks
Konsam der berschissizen I$acraie bel ;om Verbrauch nicht midglich ist.

In dicszr Arbeit verfoluen wir die Stochiometrie das Gleichgewicht und
Masse sowic Winnobilanz ichzewichtszustand., Fs wird versucht diese
genanaten  Problin:  inathemath zit beschireiben.

1. fed ‘*&“'hi%nﬁ v ddes Vorgunges. Der katalytische Umsatz
V ss vdamol oohirt zu den Kontaktverfahren [9) und wird
ristishe Gleichung (1) beschrieben

FRG

durch A ol
[CH,OH + ‘II_.() +CO, = H, + A7), [K) » [CHOH + H,0 + H, +
+ CO, + CO + A", + [K] (1)

* Usaiversiiii Clug-Napoca, Fakuitdt fiir Chomic, 3100 Cluj- Napoca, Romasia
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elektrische
Energile

1 Lrzeugung von
Hz H COZ

Kernbrennstoffj—+ Kernreaktor

Zersetzung vo
Wormeenergie CHAQH mit 1,0

e

Abb. 1. Integrieranlageschema der Wasserstoff production in einem kernkraﬁwerk.

co2

Die stochiometrischen Gleichungen sind folgende: (2—4)

CH,OH + H,0 + = CO, + 3H, (2)
CH,0H = CO + 2H, (3)
CO + H,0 = CO, + H, 4)

Die Thermodynamik dieser Reaktionen zeigt uns, dass unter den Bedin-
gungen eines industriellen Reaktors alle drei Reaktionen méglich sind. Beim
Aufstellen der algebraischen Bilanzgleichungen miissen nicht alle Gleichungen
verwertet werden sondern nur die unabhingigen [9—111.

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

L=N-¢C (5)
C ist der Rang der Matrix der Elemente. Die Matrix A die den Molekiilarten

entspricht die in der Reaktionsmasse auftrete wird in der Beziehung (6) wie-
dergegeben :

£} Tabelle 1 C H 0
Reaktiomnatrix der miglichen CH,OH , 1 4 1
Reektionen ., { 0 2 0 \,
i 3] ! E A {6)

2 CO Pl L] .

Mragt;.k; Aﬁl AR3 AQLQE IYI.,() 0 2 ‘ (
Kompo ! CO, 1 0 2
(

CHOH 1 110 Dicse Matrix hat den Rang 3 (C3). Unter Ver-
wendung der Formel (o) erbalten wir I, == 2

H, 31211 | Aus Tabelle 1 folgt dass dic Unablidngigkeitshe-
dingung (6) eritillt ist, und wwar fir die Reaktionen
co ol 111 (3) und (4).
Ager - A, =0 i=2 3 4

H,0 11011 . e el e
Verwendet man die Definitionen der Umsitze
co 11011 der Reaktanten (8—9) in den unabhingigen Reak-
2 tionsgleichungen und die Gelichungen die die kon-
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kre ten Bedingungen ausdriicken (10) erhilt man die priméren Bilanzagleichungen,
wiedergegeben in Tabelle 2 und 3, ausgedriickt in Mol und Molenbriichen.

03 3 3 03 3 03
_ Py —®y  Boo—"co %@, g, (8)
= T 05 03 293 !
974 s "y
04 4 o0 4 4 04 4 04
. Moo "cn __ ®E,0 T "R,0 _ "co, ~ Pco, _ "H, ~ "R, ~9
Nz 7 o = 04 04 - 04 - 04’ ©)
Moo fico *co fico
3 03 __ 04 _ 0
Ny = By g, = ”u. Heo, = Mo,
3 . 3 o 04 4 0
Ny = Ny By, = By, fico, = Meo,
0B .0 __ \
1o = teo = 0 (10)
3 04 4 . H
o = Moo Hy, =B
4 0
Moo = Peo R T Puo
v, 04 4 .
Ny, = My, Rao = Py
Tabelle 2
Algebraische Massebilanzgleichungen primérer Form, in Mol.
BILANZGLECHUNGEN
KOMPON. Form. g Form- b
0
CHSOH nn:nm:H—o{-’ nn :‘};4(1‘0(-)
co Neo =y =(L-B) . Nco zrmit —A)
° o ° » 0 +
O, log =g My B Ncgy= N Xeo,t B)
o o, 20
Hy My = My * 205 X+ Py Pug = DX 2L+ P
Hp Mup = rﬁqzo - “:1 B fin,0- ﬁn X,“o B!
" Na" = n% N = 0% X%
i ny =n%+2ng - & Nt =nQ,(A + 24)

Setzt man die Gleichungen (11) in die primidren Bilanzgleichungen ein,
erhalt man die sekundidren Bilanzgleichungen die in Tabelle 4 aufgezeichnet
sind.

”‘2{ -p= Beo, ”go‘ (11)
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Tabelle 3
Algebraische Massebilanzgleichungen primiirer Form, in Molenbruehe
r ' ’
. - BILANZGLEICHUNG 1 :
E KOMPGON }
L Form, a FormL Y .:
E Xlt-L) - ?
CH.OH X, = = Ao T i
P mTT L L sk N
o H
[ala) Y = ___XS_Q.(,DL_—PL_ /CO - i
Wi CC‘ PN ZX:,\ ] .L N S 'Mh“i
Xco, + X5 B - i
CO X = OZ_OO_I:,___ t"'CC; [ p— ~(§x—)-(/—~< o
2 2 1+2%W./; AR
' mem——
+ x° 2 .
4 X - M“—i ﬁ) }uz Jz+ ,PL—‘*,_'.._
te "2 1 1" LXM 4 At 2L
[ N o
, O Y - _ii‘ﬁ_:.x*t_a a0 Ko ~
{ el H:0 14 —\\{‘f; L 2 A+ Dol
r o :
° K o y l'\. ) :
T2 "\_q - >(Au A A+ 2& ;
! : > M= ) Y=t i

Cie haben den Vorteil dass sie als Unbekannte nur zwei Augangskonzentrazionen
enthalten und zwar die von Methanol und Kohlendioxyd, die beim Reaktorau-
gang wihrend des Experiments gemessen werden miissen.

Die Bilanzgleichungen die in Tabelle 8 und 4 aufgezeichnet sind, verwendet
man zum Aufstellen der theoretischen und reellen Masse und Wirmebilanzen
im ganzen Reaktor.

2. Mathematisches Modell des Gleichgewichtsprozesses, Die CGleichgewicht

konstanten der unabhingigen Reaktionsgleichungen (3,4) werden durch dic
Beziehungen (12) definiert:

Ko — feo " [

fL() fH
1951

Ky = (12

2

Su J‘L,o fI{O

Beachtet man die Gleichungen von Lewis-Randal und die algebraischen

Bilanzgleichungen erhilt man aus den Gleichungen (12) folgende Formen (13,
14).

g B B, gy )
P K (1 — o)(2a + A)

Ky (30, + B)(sh, + 22 1 )
Ky, (o — ﬁ)(.x?l,o . {3)

Kpo =

(t4)
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Tabelle 4

Algebraische Massebilanzgleichungen secundirer Form, in Mol. und Molenbruche

FOMPON, BILANZGLEICHUNGEN

CHOH | ny= [%M}% Xy~ %

e 12X} . 112 .
€0 o {"M“"XcoQ e 2%, %M%oj Nt X =g WM*XCOJXM -Xooj

1
cox m-—[} e X0~ %co,

Hq n AN 2 * y o = }*Zx ° ® 38
2 H, XHR"MWO{ 11—-%’ X5l T XH2 125 XHE,D(MX(‘DQ YCO;Z

H,0  Ihyo {XHzo’xCOz e 2XM XCOJ ‘XH,AO ’:1 + 2% XCO;XHP) xwz}
A ng =0 XA Aae :[1%22%‘} X

1+ 236 o .
TOTAL L KR A ) X[ =

Diec  Gleichunegn (13,14) driicken die Abhidngigkeit der Gleichgewicht-
sumsitze 7, und 7, von dem Druck P, Temperatur 1° und der Anfangszu-

sammensetzung der Reaktionsmasse fx‘&,z, 56?1,, 9:'2[20, xO\ aus.
Dieses Gleichungssystem, erginzt von den Gleichungen der Konstanten
K, si K,, bilden das mathematische Modell der Gleichgewichtsreaktion.
Die Abhingigkeit der Gleichgewichtskonstanten XK, und K,, wurdemit
Hilfe der isobaren von van’t Hoff[13] berechnet,

dlin Kp) _ AH! (15)

ar RT?
Die thermodynamischen Daten, die fuir die Bestimmung der Abhingigkeit
der Gleichgewichtskonstanten K,, uiedK,, von der Temperatur verwendet
wurden, wurden nach einer kritischen Analyse der Daten der Literatur aus-
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gewihlt {14—17]. Die Losung der Gleichung (15) fiir die Reaktionen (3) und
(4) furte zu folgenden Beziehungen (16, 17).

InK, = :_*l"'%‘lii‘- +7,6248 In T — 5683 - 1037 + 5,02 - 10-7T% — 21,054
\ (16)

5072,4

InK,, = .

+ 029 InP 48012 - 10~ T — 1.17 - 107772 — 7,53 (17)

Die Aktivitdtskoeficzienten vy, der Xomponenten des Systemns wurde
mit der Zustandsgleichung von Berthelot [13] giiltig fiir gemdissigste Drucke-
ausgerechnet.

9 P.T Th
R tl] —6=° 18
nY rzspc.z‘( '1*) (18)

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

Die unabhingigen Variablen nehmen Werte an die die Parameter des
industriellen Reaktors cinschliessen. Fin Teil der erhaltenen Werte fiir %, und
7, sind 11 den Figuren 2—7 enthalten.

Diese Ergebnisse zeigen den bedeutenden Einfluss der 'Anfangszusammenset-
zung, vor allem des Molbrachs :’c?{‘u aul den Umsatz wihrend des Gleichge-
wichtes. Bei Werten 35?[‘0 > 1,4 wird sein Eifluss so gross dass 7, dieselbe Gro-
ssenordnung wie v, annimmt, wen der Gesamtdruck im System eine Atmos-
phire betrigt. Bei grosseren Drucken ist der Einfluss der Konzentration (des
Wasserdampfes noch grosser. Aus den Daten von Figur 2—7 folgt ;moch dass
der Einfluss der Molenbriiche 5&0,. ir}){, und x). unbedeutend im Vergleich zu
4o ist, unabhingig von den Werten von Temperatur und Druck,

Im allgemeinen beeninflusst die Druckvergrosserung den Vorgang nega-
tiv weil die Reaktion (3) eine Volume:nvergrosserung zur Folge hat, widhrend
die Reaktion (3) ohne Volume:ninderung verlduft.

Grossen Einfluss auf das Gleichgewicht hat die Temperatur. Die Reaktion
(3) ist endotherm und somit von hoben Temperaturen bagiinstigt wahrend Reak-
tion (4) exotherm ist, also von hobzn Temperaturen bznachteiligt ist.

Die optimale Tempzratur liegt zwischen 200—220°C in Funktion dss Wa-
sseritbarschusses. %o (Figuren 2—3).

4. Mathematische Beschreibuny des Wirmebilanzes. Der Umsatz von
Methanol mit Wasserdampf ist, global gesehen endotherm. Es ist wichtig he-
rauszuheban walches die wichtigsten Parameter sind und die Art und Weise
wie diese den spezifischen Wdarmeverbrauch des Voergaunges beeinflussen.
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Abh. 6. Linfluss des Kohlendioxvds auf das Abb, 7. Finfluss des Wassersoffs auf das
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Aus dicsem Grund wird die Wirmebilanz aufgestellt (Gleichung 195,
AH, + AHEY, 4+ AHue — AH 4 AHL Y + AHY 4+ AH, (19;

Dic  Angangs-und Endenthalpic wird durch  dic Bezichungen (2021
erhalten und die Enthalpic der Unisitze durch dic Gleichung (22).

T
AH® — 35 u) \ep, - AT (203
o 273
Tt
A = )3, (c{)'; 47T (217
T
HAH,, o == 2k - 14k (5 ARHY) , (225

Unter Verwendung der primiren Bilanzgleichungen aus Tabelle 2 und der
Gleichungen (20—22) erhilt man mathematische Beschreibung der Wirmebilanz
dic durch dic Gleichungen (23--27) ausgedriuckt wird. Dicse Beschreibung
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zeigt die Abhéinigkeit des speczifischen Wirmeverbrauchs von den’ wichtigsten
Parametern die den Vorgang beeningflussen.

é’nfu AT, BT C T 200 252,231 - 5 - 9784,09-84-D 23)
A= 48841513 . o + 0,59 - B 4 6,89 - 47 +6,884" 46,85 - xg()’«,‘.—lbl,Zx“;,, (24)
B - 1,237 1072 1,1125 - 1072 . « -+ 1,6125 - 103 . 8 + 1,6415 .
10880+ 33 1077 0 4+ 426 1079 - &2 : - (23)
€= 1961076 — 1,926 - 107 % — 7,676 - 107 8 — 1,1433 - 107740,  +
9310782y, — 825 1078 — 1,15 1077 4, o (26)

D= 20252231 o — 97841 -+ 8482, 65%0  — 391588 20—

b

—454 - 1R 2, — 65 108 19, o (17)

CO,

Die Analyse dieser Gleichungen fithrt zu den Darstellungen von F igur 8
Man kann beobachten, dass der Wirmeverbrauch mit der Temperatur der
Reaktionsprodukte am Reaktorausgang sowic mit den Wachsen von. £ o steight.
Ders Wiarmeverbrauch steigt mit den Fallen des Wirkungsgrades weil dadurch
die Menge der durch den Reaktor :
transportierten  Stoffe steight und At
somit das kalorische Inhalt unter mﬁﬁﬁ‘;’a
Form von sensibler Wirme. ky

Zusammenfassung. 1. Durch Ver- 4p8- 8t
wendung der Methode der Orthogo-
nalisierung von Grammn Schmidt wur-
de bewiesen, dass fiir die mathema-
tische Beschreibung des  Vorganges
nur zwel der moglichen Rektionen
notwendig sind.

2. Aufgrund der  unabhingigen
stochiometrischen  Gleichungen und
der Definition der Umsitze wurden
die priméren und sckundéaren Bilanz-
cleichungen  aufgestodlt.

3. Es wurde die mathematische
Beschiretbuug  des  Gleichgewichts-
vorgan des aufgestellt. Sie  besteht
aus zwel nichtliniaren algebraischen
tleichungen, die mit den  Gleichun-
gen der Gleichgewichtskonstanten Abb, 8. Linfiuss depr Ausgangstemeratur der
crzdnzt sind. Produkten auf dem Wirmeverbrauch.

(244
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.

4. Es wurde die mathematische Beschreibung der Wirmebilanz aufgestellt
und dadurch die Faktoren hervorgehoben die den Wirmeverbrauch bestimmen.

Notievungen :
A — Inerte;
AH = Konstante definiert durch die Gleichung 4 =1 + kg(,‘ -+ z'rgxo + ;}2{’ + }g,, H
Allh — Uberfuhrungsmatrix der Reaktion ,;i"’
Ag — Klementenmatrix

== Fugazitit, Index fiir Konstante K ;
{K]s = katalysator im Festbett;
Kp. K = Gleuchgewichtskonstanten (Gl 12);
Kp,, Kpy = Gleichgewichtskonstanten (Gl. 13, 14);
P = Gesamtdruck;
X = Molbruch des Komponenten i;
.’f&). .. .ig,. -- Anfangs-Molverhiltnis der Komponenten im Vergleich zu Methanol ;
Cp — spezifische Wirme der Komponenten ;

— unabhingige Stochiometrische Gleichungen;
N — Anzahl der aktiven molekularen Spezies aus der Reaktionsmasse ;
r;, T, = Temperatur der Reaktionsmasse beim FEintritt bzw. Austritt aus dem Reaktor;

port — Enthalpien der Vorginge;

ARH.Y. — warmeffekt bei Temperatur T;
AH? ; AH — sensibile Wirme der Reaktionsmasse;
LSRN — Umsatz in den Reaktionen (3) unde (4) ;
a; B — Grossen definiert durch die Beziehungen: x = n,; B = n; ny;
Yi — Aktivitidtskoeffizient ;
o -- iiberschrieben - fiir Anfangsgrossen;
i — subskribiert fir Komponent i;

AK subskribiert — wertvoller Komponent ;
M subskribiert — Methanol.
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KATALYTISCHER UMSATZ VON METHANOI, UND WASSERDAMPF
II. Kinetik des Vorganges

L. SIMINICEANU, 1. TODEA, M. STANCA*, A. POP* und A. GHITA

Lingegayen am 2ti Nevember 1084

Catalytie Conversion of Methanol with Water Vapours. 1L, Kynetics of the
Process. The present paper is a study of the kinetics of methanol conversion
process witlh water vapours on copper catalytic, of BASF/K, type, used in
aminonia factories for conversion. Out of the kinetics data, the activating energy
was calculated and, on these grounds, it was settled that at temperatures
lower than 230° limiting in the display process are the phenomena of mass
changing. At temperatures higher than 230°, the activating emergy is under
3 kcal/mol (the fact proves that the processes of mass changing are limiting).

OUbwohl die katalytische Reaktion von Methanol und Wasserdampf von
mehreren Autoren [1—35] behandelt wurde gibt es wenig Daten in der Fachli-

teratur ber die Kinetik der Reaktion, die zu threr nmthematlschcn Beschreibung
dienen  konnten.

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.

Makrokinetische Modellierung. Der beschriebene Vorgang gehort zu den
Kontaktverfahren und ist schematisch in Figur 1 dargestellt.

Der Gesamtvorgang ist endotherm und deshalb muss neben den Umwan-
diunven und dem Massetransfer anch der Wiirmetransfer beriicksichtigt werden,
der in Figur 2 schematisch dargestellt ist.

Aus dicsen Schemata folgt, dass der Vorgang, je nach Arbeitsbedingungen,
nach ecifachen oder kombinierten makrokinetischen Modellen stattfinden kann.
61

P

T ARG Titamport — ACS ey hney — Leh—Desrcay”™ s (COy) TW

Abb. 1. Strukturschema der Massenprozesse.

“Taoa” 9% TGwanZi c 19, —lgwar ™ —Ca

Abb. 2. Structurschema der Wirmeprozesse.

* Universitiét Cluj-Napoca, Fakulldt fir Chemic, 3400 Cluj-Napoca, Romania
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Experimenteller Teil. Zur Aufstellung des makrokinetischen Modelles wurde eine Laboranlage
verwendet, dargestellt in Figur 3, die die experimentellen Datem fiir das Modell liefern soll.

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

Der verwendete Katalysator beruht auf Kupferbasis, vom Typ BASF/k,— 10, der in der
zweiten Stufe des Kohlenmonoxydumsatzes aus den Amumoniaklinien verwendet wird. Die Zu-
sammensetzung ist 29-339% CuO, 40--459, ZnO, die spezifische Oberfliche 98,2 m?*/g und die

Porositit 0,336 cm3/g. Die Temperatur schwankte in den Grenzen 180—-320°C, da hier der Kata-
lysator aktiv ist.

oL
104
>
099
a98 o
i) 20 A sz10
Abb. 3. Versuchsanlageschema: 1 —~ Ge- Abb. 4. Einfluss der Korngrosse auf die Geschwi-
fass fiir Reaktionskom ponent, 2 — Do- ndigkeit des Prozesses.

sier-pumpe, 3 — Abdam-pfkessel und Vo-

rwarme der Reaktionskomponent, 4 — Re-

aktor, § — XKatalysatorschicht, 6 — Elek-

trischer Ofen, 7 — Mess und regliergerit
der Temperatur,

Ergebnisse deu Diskussion. Um der Einfluss den Granulation, also des Mas-
scetransters durch die Poren des Katalysators zur Reaktionsoberfliche auf die
Reaktionsgeschwindigkeit zu zeigen, wurde mit zwei Granulationen — 5 und
0,3 mm — gearbeitet, bei verschiedenen Temperaturen und derselben Kotak-
tzeit, 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—260°C
der Massetransfer durch die Poren des Katalysators die Geschwindigkeit
des Vorganges nicht  beeinflusst.

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

Dic¢ Ergebuisse sind in Figur 5 dargestellt.

Man kann den starken FEinfluss der Temperatur auf die Geschwindigkeit
{stetellen. Die Verarbeitung der experimentellen Daten aus Figur 5 in den Koor-
donaten — In(l — «) — = fithrt zu den Darstellungen aus Figur 6.
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Abb. 5. Finfluss der Temperatur auf die Abb. 6. Diagramm In (1—a)—1.
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 & — -:IF gra-

phisch dargestellt erhilt man Figur 7.

Man kann crkennen, dass die erhaltene Linie bei 230°C ihre Steigung ve-
rdandert.

Aus den Steigungen der beiden Segmente Figur 8 wurde die Aktivierung-
senergic berechnet und die Werte 1,82 kcal/mol bei Temperaturen grosser 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 Temperature unter 230°C der Masseumsatz Reaktionsgeschwin-

digkeit bestimut, und bei Temperaturen iiber 230°C, der Massetransfer durch
die Poren des Katalysators.

. Notierungen
2% Ty — Elementarvorgang des Massentransports.
° Top — Elementarvorgang des Wirmedurchgangs.
L £ = 12.15 Keallmo' Cp — TElementarvorgang des Wirmeverbrauchs,
K — Konstante der Reaktionsgeschwindigkeit.
bl R o — Umsatz des Methanols.
18 [1g — Gasphase.
b __£c =182 Kealimol
LU
R4
100

15 18 20 22 2%

Abb. 7. Diagramm Ink —
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RSH stands for HOOCCH,—SH. Conditions were chosen such that the redox
reaction was quite slow. Three to five individual readings were made for each
set of conditions. The results are summarized in Table 1.

Table 71

Experimental conditions and equilibrium state absorbances at 25°C and
u =02 in an 1 em path lenght cell

A
sL1+ 4 1 3 — 2

103(H*) 104(CrVY), 103(RSH) A4, Eobs = vy,
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 = g4 [{C1VT)y — (RSCr03)] + £(RSCrO3) ] (2)

where ¢4 and ¢ are absorption coefticient for HOCrO; and RSCrOj respectively.
Expressing (RSCrO;) in terms of echilibrium constant K and observed absorp-
tion coefficient e = A/Cr¥Y),, equation (2) yields

€obs — €0 | _L (3)

€ohs — & —
° (RSH); K

which shows a linear dependence of eqps versus (eqs — &)/(RSH); having the
intercept ¢ and the slope —1/K. The values eqs are available from experimental
data, g, = 230 M~lcm~L, Some iterations have been carried out, first using
the total (RSH) for the frec concen-
tration. The formation constant was

*m-tdz} calculated from the slope of the linc
described by (3) Using it, corrected
lao - ° -7} values for (RSH), were determined

and used again to compute a new
and better value for K. The compu-

“ 0» tation was repeated until a conver-
< gence was acheived. The plot of

k- t ® -1 equation (3) is shown in TFigure 2.
1 1 L L Values of ¢ == 9004 40 M~lcm™! at

1
to 20 30 27 fws-fo 490 pm oand K = (1.104 0.15) %

RSNy -3 s [
1'ig. 2. Linear dependence described by 10°M have been considered. An

equation (3). objective least-square method was



OXIDATION OF THIOGLYCOLIC ACID 45

used. The experimental ecrrors are larger as compared to the other chromate-
thiol compounds becausc of the fact that redox reaction proceeds faster in
this case.

To study the formation Cr(VI)-thiol cowmplex kinetics, stopped — flow
traces were obtained under pseudo-first-order conditions at 420 nm. The plots
log (4, — A) vs. time were linear up to 80—839, of reaction, and first order
rate constants for different conditions were evaluated from these plots. 4,
and A4 represents absorbaunce at equilibrium and at time ¢ respectively. The
observed first-order rate constants increascd 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 of RSCr0; at 25°C p = 0.2 and
(HCeOp) = 5 =« 10

034 10MRSH) kg & hop/ (/K + (RSH)]
0.50 1.50 1.22 76.25 Mean: 763
1.00 0.56 0.53 89.50 92.0
1.00 1.01 92.25
1.18 1.14 89.65
1.50 1,54 96.785
1.50 1.43 89.85
2.00 1.97 94.19
2.00 1.18 1.50 117.96 1155
1.50 1.80 113.09
4.00 0.42 0.85 166.11 165.1
0.61 1.I13 161.08
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 &, = kg/{(RSH) + 1/K]. At constant acidity
specific second-order velocities were close together within the limits of expe-
rimental crrors {column 4 ia the table) and linear dependent on perchloric acid
concen’gration. A fractional order of 0.4 with respect to the hydrogen ion con-
centration has been deduced from a graph of log &, as a function of log(H*).
This fact indicated the involinent of two concurrent ways, one of zero-order
and the other of first-ord-r with respact to (H'). When second-order rate constants
ks were plotted as a function of perchloric acid concentration, a straight line
was obtaived, which did ot pass throuzh the origin. An objective least —
square method gave the iatercept as the second-order rate constant of K=
=663+ 1.2 M5~ gnd the slope as the third-order rate constant of k?z-— (2.47
£0.05) X 108 M~ s~ {acrejore, the ovrall rate law for the thioglycolate-ch-
romate cosiphes formasdon cag be writion as:

RSO {U?;-’ + kj}} () (RSH)}(HOCIO§) 4)
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idnicating a first-order dependence on thiol. Obervsed first-order and calculated
second-order rate constants are collected in Tabele 4. On the other hand, when
(H*) was varied from 5 X 1073 to 3.69 X 1072 M at constant 1.04 x 1072 M
thiol concentration, a fractional order, lower than unity, was obtained. As
figure 3 illustrates, there appears a linear dependence of k,ps (0r second-order

Table 4
&
- The eifect of thioglycolic acid on th reedox reaetiom - .
Q38 wo= 22,1 = 25°C, (HCr0,) = 4 x 10~ and (H*) = 1.0 x 103,
103(RSH) Ropss ™1 kops [(RSH) M™1. ™1
0% 0518 0.0771 149 Mean: 15.0+0.3
0.0764 147
0.0794 15.3
Q2 0.0771 14.9
0.0780 15.1
0.78 0.115 148 15.04+0.3
am 0.120 15.3
0.117 15.0
1.04 0.156 15.0 15.24-0.2
.06 1 13 | 2 8.161 12.4
1 2 3 159 15.2
'k . 0.161 15.4
Fig. 3. The effect of the acidity {56 0.253 16.2 15.84-0.4
the on the reaction rate constant 0.248 15.8
for the oxidation process. 0.244 15.6
0.248 15.8

rate constant as well) on the mineral acid concentration. Each point on the graph
is a mean of 3—7 individual runs which do not differ to more than 59%,. These
results indicate the following rate law for the redox disappearance of thioester:

- SB[k, + ky(HY)] (RSH)(RSCO) )
This rate law is similar to that obtained for the oxidantion of cysteine {7].
Temperatures between 158 and 35°C were used to investigate the effect
on the redox reaction 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:

AHf = 31+ 4 kj/mol ASf = —121.34+ 83 J/mol - K

AHf =192+ 1.2 kJ/mol AS] = —129.7+ 8.3 J/mol - K

Activation enthalpies are comparable with those for oxidation of thiosulfate
f12] and methionine [13] and about 20 kJ lower than that for the oxidation
of cysteine, [7]. Activation entropies are negative as found for all cited systems,
and quite large.

4. Free radical identification. In order to prove the presence of free radicals
during the reaction, thioglycolic acid — chromate system was used to initiate
polymerization of ethylacrylate. Temperature increase of 2.5—4.0 degrees
has been noticed when monomer was added to reaction mixture. No thermic
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cffect was observed when only re- Table 5
du‘?mg agent or OXIdaI}t agent so- Temperature dependence fof third- and second-order
lutions were shaken with monomer rate eonstants for the redox process
in the reaction vessel. These facts
lead to the conclusion that some Temp. °C  k, M=lL.s~1 1072 by M—2.572
free radicals are involved in the 15.8 75404 3.2340.08
redox process. 20.2 95405 3.434+0.09
5. Redox reaction wmechanism. 25.0 11.0.4:0.6 4.334.0.06

T d ¢ . i 29.0 145404 4.7140.09

e evidence for extensive complex 35.0 18.250.3 5.6040.10

formation, the reaction stoichiome-
trv, the proof for free radicals in-

volved and the kinetics of the rection arc consistent with the following reac-
tion scheme :

RSH 4 HCrO7 = RSCro; + H,0 K
RSH + RSCrO; — RSSR + Cr(IV) ky
RSH + RSCrO; + H* — RSSR + Cr(IV) kg 8

Cr(IV) 4+ RSH - Cr(III) 4+ RS 4 HT

The path by which chromium (VI) is reduced by one-equivalent thiol reagen
include the participation of two reducing agent molecules. A sulfur-sulfu
bond is rapidly formed beside chromium (IV). Under the thiol ¢xcess, chromium
(IV) reacts fast with another thioglycolic molecule in one-equivalent is*ep, to
form Cr(IIT) and free radicals, which unite to vield disulfide. Such mcglanisms
are quite common for the oxidation of thiosulfate [12], other thiols il nc13},
thiocyanide [2] and iodide [14] by chromate, when a dimer from a free" radieal
and Cr(IV) are formed. Activation cutropies — large and negative — agree
with the above reaction mechanism.
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The polarographic behaviour of the nyoxime (I,2-cyclohexane dione dioxime)
in acidic solutions (0.1, 0.2 and 0.4 N HCIO,) showed a protolytic process
followed by a dezoximation reaction. Some kinetic parameters of these reactions
were determined and a possible mechanism was established and discussed.

Introduetion. The alycyclic 1, 2-dioximes (nyoxime, heptoxime) are well known
reagents used in the analytical chemistry of some transition metals (M (Diox.
H),, (M = Ni, Pd, Pt). The [Co(Diox.H),X,)~ and [Co (Diox.H), (amine)X
chelate compounds have been studied {from several coordination chemical point
of views [1]

The a — dioximes arc very weak dibasic acids (K; = 1071t — 1078},
They are stable in neutral and weakly basic solutions and participate only iu
reversible, fast acido-basic reactions. In acidic media the situation is more
compliguted. The protonization of the oxime groupe occurs and parallel with
this phimenon other reactions can be also observed. Shlenskayaief al. |2]
have uctermined the acidity constants of some aliphatic and alycyclic « —
dioximes by means of ultraviolet spectrophotometric measurements. Thesc
authors mentioned 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
occur with the liberation of hydrovxlamine and free «-diketones.

Results and Discussion. We observed that the a-dioximes and some of their
hydrolysis products give well defined polarographic waves. This phenomenon
allowed us the quantitative determination of the unreacted dioximes and their
decomposition derivatives and the determination of the kinetic parameters
of the dezoximation reactions.

In a previous paper [3] the polarographic behavioir of 1,2, 3-cyclohexane
trione 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 HCIO,).

* University of Cluj-Napoca, Faculty of Chemistry, 3100 Cluj-Napoca, Romania
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In the case of the hydrolysis of this substance the following equilibria can
be assumed:

CH,

CIH2 C=NOH
NcH,”
/CH2
cH, =0 )
| l + H,0 ===
CH, C—N_-OH
\\CHg/

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

These polarograms were taken
in 0.1 N HCIO, solutions 7, 24 and
150 minutes after mixing the uyo-
xime and HCIO, solutions. The con-
stant ionic strength of the solutions

{IM) was ensured by addition of P
NaC(lO,. I'ig. 1. Polarographic waves of nyoxitmc in
On the polarograms 1 and 2 two acidic media

. N Cu = 107 M, Cyeot= 0.1M; Coyp = 1 3L

waves appear (I and IT) with E, NoxH ™ """ “HCO, o tao,

S TN { 0.32 V and 0.58 v I. ¢t =7 min. after mixing; II. ¢ == 24 mig. aftcr

\’d‘uci’ f) M. ‘\' and  —U.9 ' mixing ; III. ¢ = 150 min. after mixing

(vs. BCE), respectively. The second

curve shows that the wave I increases and the I one decreases on standing
After a longer period of time (150 minutes) the wave II practically disa-

ppears and wave I decreases slowly. The rate of the decrease of the wave

Table 1

Variation of the height of polarographic waves of nyoxime with the time by various acidities

Time . II. wave I. wave IT. wave I.wave II. wave I. wave

min Cruo,  IpmA)  Ipma)  CHCO,  15mA)  Ipua)  CHOO,  IpmA)  IpiuA)
1 0.1 M 9.36 - 0.2 M 9.2 — 0.4 M 9.0 -
2 . 9.00 - ' 8.4 e " 8.2 -
5 . 7.64 1.00 . 6.8 1.4 . 6.2 1.6
10 . 6.10 2.30 v 4.9 2.4 - 3.9 2.0
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°, Cy; o H, = 1078 AL Cuypp = 1 M
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Fig 2. Variation of the height of the 1'ig. 3. Variation of the height of the
ploarcgraphic waves with time at 20°C by polarographic waves with time at 20°C by
Cricro, = 01 M5 Cypp g, = 1078 M Chgro, = 02 M
Coey— o 1 M.
ClOg

II ‘%iecomes greater with increasing acidity of the solution. At a pH < 4
the heights of the polarographic waves practically do not alter with the time.
In order to obtain the kinetic data of the hydrolvsis necessary for the elucida-
tion of the above mentioned phenomenon three series of measurements were
carricd 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 arc presented in Table 1 and
in Figs. 2, 3 and 4, respectively.

The log values of the diffusion currents corresponding to the secoud wave

(I1) enable us to determine the rate con-
ip - stants of the reaction (sec Table 2).

(A} The plot of the log Iy values versus

¢ time gives straight lines (see Fig. 3).
Using Ii 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
N e S was determined.
5 On the basis of these {unctions
+  one can calculate the half life time of
.~ the decomposition of myoximg. .

The rate constant of this reaction
can be given by :

; L L L N
5 10 15 26 25 30 min

Tig. 4. Variation of the height of the pol-
arographic waves with time at 20°C by j. 0.693 (1)
CHCIO, =04 M |

tys
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Table 2
Kinetic data on the hydrelysis of nyoxime by 20°C
Cricio, = 0.1 M Chcio, 02 M Crcio, = 04 M
Time
min 11. wave C.108  II. wave C.10 o C.10%
Ipwa) B0 ooy Ipma)  BID apoyny 1L wave loglp g

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

k(min—1}
4.92 x 103 6.9 % 103 9.0 x 103
Cviox 11, = 1073 Molfl; Cym=s 1 M
/g]a‘

¥ig. 5. Variation of the log Ip values ‘
with time at 20°C I. CHUO‘ == 0.4 M; IL 04~

Crgo, ~ %2 M5 L Cpeyg 0.1 M;

02k

|
|
,‘9
!

77 ty=D

®

Our investigations showed a tendency of increase of these rate constants

with the concentration of the perchloric

= 0.4M; k
== 0.2M; ky ==
= 0.1M; 2; = 4.9x107% min~!

N
Crrcio,
-
Chao,
«
(/HCIU,

acid.
- 9.0 10
6.9x10~-

—

9

2 min—1!

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-

peratures

(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 can
be attributed to the reduction of 1, 2-cyclohexane dione monoxime, which is
formed by the partial hydrolysis (dezoximation) of the nyoxime. The second
wave is due to the reduction 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 :

“H,
7 CH, very fast CHa g H
CH, C=NOH g+ CH, C=N*+—0H
| [ {2 | 1 Tast

CH, C=NOH P (CH, C=NOoH HO
NcH,” NeH,”

2
/N onH N
CH, C-X"-OH  CH, C=0
| | H SOW | + H,N*—0OH
CH, C-N-OH Lk, CH, C=N—OH
NcH” \CH,”

According to our presumption in the {irst step of the reaction a pre-equilibrium
between the protonated and non protonated forms of the nyoxime is establi-
shed. (K, = 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 =-bonding because of the
protouization 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 (&, = 9.6 x 10%) [3].

The addition of water is a pseudo-monomolecular reaction. The final elemen-
tary reaction is the elimination of hyvdroxylamine.

To resolve the problem, which of these clementary reactions: the addition
of a water molecule or the elimination of hvdroxvlamine can be considered as
rate determining process (characterized by the rate constant %,), it is necessary
the calculation of the kinetic parameters, and cspecially the activation eatropy
value.

If our presumption concerning the protolytic pre-cquilibrium is correct,
between the apparent rate constant %, {m = 1,2, 3), the pH indepcndent rate
constant %,, and the acidity constant of the protonated form K, the following
rclation is valid:

kolHE"
By == _T._":__‘l‘_‘._: (2)
Npr + [Hr‘;x

For the ratio of the rate constants the following relation can be obtained:
EI_I:‘:‘::I\}W -+ [11{1") t[g;s 1 (4;)
Ut11 1H ;,) -+ 1"pr Lllhj

m-LTTn

Ry =
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From these equations results the K value:
R
[H;MH;J(l - k—“‘)
Ky =~ i {4)
— Hy ) - [H]]
n

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

K, = 0.140 (2, &,)

K, = 0.135 (%, k,)

K, = 0.148 (%, &;)
Mean value: K, = 0.141

Using this mean value, £, = 12.2 X 1972 min~! was calculated.

From the rate constants obtained at different temperatures (15, 20, 25°C)
the activation enthalpy and entropy were calculated using the Eyring [6] and
Evans and Polanyi [7] relation.

AH+ = 47.4 kcalfmole
AST =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 elimination of hydroylamine
in a successive step.

The positive entropy value is in agreement with the presumption, that the
elimination 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. The 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 conventional pola-
rographic cell was used with a saturated calomel electrode, connected to the cell by means of an
agar-agar bridge (1 M KNO,) The oxygen was eliminated from the solutions with purified methane.
The dropping mercury electrode has a flow rate of 1.3 mg st and a drop time of 5.20 s in 1 M
NaClO, and with a mercury reservoir height of 60 cm.

REFERENCES

1. V.M. Peshkova, V.M. Savostyna, E. XK. Ivanova: ,LOksimi’, Izdat. , Nauka”,
Moskva, 1977, p. 52--112.

2, V.I. Shlienskaya, T.I. Tikhvinskaya, A.A. Biryukov, Vesinik Moskov. Univ. Ser.
II. Khim., 1970, 337.

3. F. Manok, Cs. Varhelyi, A. Benkd, M, Tarsoly-Magyari, Monatsh., 109, 1329
(1978).



58 F. MANOK ET AL

4, C.Calzolari, C. Furlani, Triestsi Mem., 2, 22, 43, 63 (1983); Chem Abstr., 49, 938
(1955).

5. F. Mdnok, G.Dénezsi, Cs. Varhelyi, Stud. Univ. Babes— Bolyai, Chem., 31(2), 3
(1986).

6. H. Eyring, J. Chem. Phys., 3, 107 (1935).

7. M.G. FEvans, M. Polanyi, Trans. Faraday Scc., 31, 875 (1936).



STUDIA UNIV, BABES— BOLYAI, CHEMIA, XXXII, 2, 1987

NEUE, TETRACHLORO- UND TETRABROMO-PLATINITE (I1) DER
KOBALT{III)AMINEN

CSABA VARHELYI* and ION GANESCU**

Eingegangen ams 7 Januar, 1987

New Tetrachloro- and Tetrabromo-Platinite (1I) Type Cobalt (111) Amines,
A number of 25 new complex salts of the H,[PtCl,] and H,[PtBr,] acids with
monoacido-pentamine - (cis-[Co{en),Cl{amine)]**) and diacido-tetramine
[(Cofen),X;]1%, [Co(DH),(amine),}*, [Co(ec)(amine),]*) ,,en’’ — ethylenediamine,
,ec. Hy” — ethylendiimino-bis-acetylacetone, , DH, -dimethylglyoxime) type
cobalt(III) amines were obtained by double decomposition reactions. The products
were characterized by chemical and thermogravimetrical analysis.

Einleituny. Die Tetrahalogeno-platinite : [PtCl, 2~ und [PtBr,}*~ entstehen
leicht durch die partielle Reduktion unter gelinden ‘Unstanden der Hexachloro-,

bzw. Hexabromo-platinaten (IV). Es ist empfehlenswert fiir diesem Zweck Sulfit,
CuCl ,Oxalsdure und Alkalioxalate zu verwenden. [1—2].

z.B. o[ PtCly | + K,C,0, = K, [PtCl, | -+ 2KCl + 2CO,

Die starken Re,duktmnsnnttd wie Sull,, Hydroxylamin, Hydrazin, usw. fihren,
im allgemeinen, zur Auscheidung von metallischem Platin. Die Tetrahalogeno-
platinite bilden leicht neutrale Salze mit Metallen, Aminen und Phoophinen
in saurem Medium ((Amin. H),[PtX,], (Phosphin. H),[PtX,]). In wissrigen
Losungen hydratisieren sich stufenweise die [PtCl,?~ und [PtBr,?~-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 fiir verschiedene Substitutionsreak-
tionen mit NH, Aminen, Aminosiduren, usw. Die Reaktionsprodukte sind
cis- oder trans Diacido-Nichtelektrolyte. [Pt(Am),X,] [5—7]. Es ist bemer-
kenswert, dass einige cis-Derivate von diesem Typ in der Chexmotherapm der
Krebserkrankungen eine besondere Bedeutung haben [8—91

Resultate und Diskussion. Nach Literaturangaben wurden nur einige Kom-
plexsalze der obenerwidhnten Siduren mit Metall-aminen erhalten. Die energe-
tischen Faktoren begiinstigen die Bildung von schwerloslichen Komplexsalzen
vom AB, baw. AB, Typ, insbesonders mit Kobalt(I11)- und Chrom(III)-aminen.
Wir haben beobachtet, dass die wissrige Losungen der K,[PtCl,} und K, PtBr,]
mit ein-, bzw. zweiwertigen Kompexkationen des Kobalts charakteristische,
kristalline Féllungen abscheiden. Zu diesem Zweck wurden von den Monoacido-
pentaminen einige Co(en),X(Amin)**-Derivate verwendet. Von den zahlreichen
Diacido-tetraminen bentizten wir einige Chelatkatione vom Typ: [Co(en),X,]7,
[CO(T)H)Z(Amin) 17 bzw. [Co(ec)(Amin), | fiir die doppelten (msetzungsredk—
tionen (,,en” — Athyle.ndldmm DH, — Dimethviglvoxim, ,ec. Hy” — Schif-
f'sche Basc aus Athylendiamin und Acetylaceton) Die erhaltenen neuen Salze
sind in den Tabcllen 1—2 charakterisiert.

* Umiversitit Cluj-Napoca, Facultat fir Chemie, 3400 Cluj-Napoca, Romania
¥* Universitit Craiova, Facultdt riir Natwrwiss., 1100—~Craiova, Romania



58 CS. VARHELYI, 1. GANESCU
Tabelle 4
Nene Tetrachloro-~Platinite mit Kobalt (III)~aminen.
Mol. Analyse
No. Formel Gew.  Charakteristik
ber. Ber. Gef.
1. [Co(DH),(Pyridin),], gelbbraune, Pt 15,56 15,47
[PtCL] - H,O 1253,5 hexagonale Co 9,40 9,40
Platten N 13,40 13,28
H,0 1,43 0,96
2. [Co(DH),(NH,), ], gelbbraune Pt 19,40 19,16
[PtCl,] - H,O 1005,3 mikrokrist. Co 11,72 11,51
Masse N 16,71 16,58
H,0 1,79 1,28
3. [Co(DH),y(m-Xylidin),], gelbbraune Pt 13,89 13,73
[PtCl,] 1403,9 hexagonale Co 8,39 8,19
Plattchen N 11,96 11,82
4. [Co(DH),(m-Aminophenol),], braune rhomb. Pt 14,39 14,32
[PtCl,] 1355,4 Prismen Co 8,69 8,67
N 12,39 12,19
5. [Co(DH),(m-Toluidin),l, gelbbraune Pt 14,47 14,38
[PtCl,] 1347,5 Dendryte Co 8,74 8,69
N 12,46 12,28
6. [Co(ec)(Pyridin),], gelbbraune Pt 15,81 15,67
[PtCl,] - H,0 1233,6 mikrokrist. Co 9,55 9,47
Masse N 9,07 8,96
H,0 1,49 1,68
7. [Co(ec)(NHy),], dunkelgelbe Pt 19,79 19,78
[PtCl,] . H,O 985,5 Nadeln Co 11,96 11,82
N 11,36 11,22
H,0 1,82 1,03
8. [Co(ec)(m-Aminophenol),], gelbbraune Pt 14,60 14,45
[PtCl,] 1335,6 Nadeln Co 8,82 877
N 8,38 8,21
9. [Co(ec)(p-Toluidin),], sternformige Pt 14,69 14,64
[PtCl,] 1327,7 kurze Prismen (o 8,87 8,81
N 8,43 8,30
10. [Cof(ec)(m-Xylidin),], gelbraune, Pt 14,09 13,96
[PtCl,] 1384,1 kurze Prismen Co 8,51 8,50
N 8,09 7,92

Die erhaltenen Tetrahalogeno-platinite (II) sind bestindig in saurem Me-
dium und zersetzen sich leicht in Gegenwart von Alkalien. Die charakteristi-
schen Platinite 16sen sich, im allgemeinen, in DMF, DMSO und THF und sind
unléslich in nichtpolaren organischen Losungsmitteln.
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Tabelle 2
Neue Tetrabromo-platinite mit Kobalt(I1I)~-aminen
Mol. Analyse
No. Formel Gew. Charakteristik -
ber. Ber, Gef.

1. [Co(DH),(NH,), ], gelbbraune Pt 16,49 16,40
{PtBr,] - H,O 1183  hexagolnale Co 9,96 9,83
Plattchen N 14,20 14,06
H,0 1,53 1,06
2, [Co(DH),(Anilin),], gelbbraune Pt 13,27 13,21
[PtBr,] 1469,1 rhiomb. Platten Co 8,02 7.94
N 11,43 11,29
3. [Co(DH),(m-Cl-Anilin),], gelbbraune Pt 12,11 12,00
[PtBr,] 1611 Dendryte Co 7,31 7,16
N 10,42 10,21
4. [Co(DH),(m-Xylidin), 1, gelbbraune Pt 12,33 12,19
[PtBr,] 1581,6 rhomb Co 7,45 7,17
Platten N 10,62 10,46
5. [Co(DH),(p-Phenetidin),], Quadratischen Pt 11,85 11,67
[PtBr,] 1645,3 braune Platten Co 7,16 7,11
N 10,21 10,03
6. [Co(DH),(x-Naphtylamin,], unregelmissige, Pt 11,68 11,42
PtBz1,] 1669,2 kleine, braune Co 7,06 7,14
krist. N 10,06 9,87
7. [Co(DH),(Thioharnstoff),], Pt 13,92 13,81
[PtBr,] 1401,3 grosse, braune Co 8,41 8,39
Tafeln N 15,98 15,69
8. [trans-Co(en),Cl, ], Pt 18,89 18,82
[PtBr,] - H,O 1032,7  gelbgriine Co 11,41 11,30
Nadeln N 10,66 10,84
H,0 1,74 1,5¢
9. [trans-[Co(en),Br,], Pt 16,12 16,02
[PtBr ] - H,O 1210,2 glinzende gelb- Co 9,74 9,56
griine Dendryte N 9,25 9,17
H,0 1,48 1,19
10. trans-[Co{en),(NCS),], gelbbraune Pt 17,37 17,24
[PtBr,] - H,O 1122,9 mikrokrist. Co 10,49 10,44
Masse N 14,96 14,80
H,0 1,80 1,28
11, cis-[Cofen),(NCS), 1, rotbraune Pt 17,65 17,44
[(PtBr,] 1104,8 mikrokrist, Pt 10,66 10,60
Masse N 15,20 15,04
12, trans-[Co(pn)},(NCS8),1, rotbraune, Pt 16,79 16,68
[PtBr, ] 1161,3 kleine unregel- Co 10,15 10,07
miiss, Krist. N 14,46 14,30
13. trans-{Co(pn},Cl,], griine Dendryte Pt 17,91 17,84
[PtBr,] . H,0 1088,9 Co 10,82 10,67
N 10,28 10,06
H,0 1,65 1,36
14. cis-[Co(en),Cl(m-Toluidin)] rotbraune kleine Pt 23,33 23,27
[PtBr,] 836,1 unregeliniss. Co 7,04 6,99
Krist. N 8,34 8,20
15, cis-[Co{en),Cl{Benzylamin) ] rotbraune Pt 23,33 23,14
[PtBr,] 836,1 mikrokrist. Co 7,04 6,97
Masse N 8,34 8,13

,en” — Athylendiamin ; »pn”’ — 1,2-Propylendiamin; ,,DI” — deprotoniertesi Dmethylglyoxim;

.ee. Hy” — Athylendiimino-bis-Acetylaceton
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Die thermische Stabilitit einiger Komplexsalze wurde auf thermogravi-
metrischem Wege untersucht. Diese Derivate sind bestindig bis 150—220°C
in Funktion der Natur des Komplexkations und zersetzen sich tiber diesem Tetu-
peraturbereich durch mehrere parallele und sukcessive nicht stéchiometrische
Prozesse ohne Abbauzwischenprodukte. Das Endprodukt der Thermolyse um
800—900°C ist ein stochiometrisches Gemisch von Coz0, + Pt. Die thermische
Stabilitit der Tetrachloro-platinite (II) ist ein wenig grosser als jene der Tetra-
bromo-platinite (II) mit demselben XKation.

Experimenteller Teil. K,[PtCl, ] und K,[PtBr,! wurden aus K,{PtCl 7, baw. K,[PtBr,] im wassrigen
Suspension durch Erhitzen mit Kaliumoxalat (Molarverhiltnis: 1: 1) erhalten. Die Hexahalogenate
losen sich nach 8 -10 Stunden erwidrmen und nach Abkiihlen kristallisieren die Tetrahalogenate aus.

Zur doppelten Unsetzungsreaktion wurden je 0,2-—-0,3 mMol K,[PtCl ], bzw. K,[PtBr,] in
3035 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 Luft 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 Acetatpufferlosung, bestimmt.
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SUITABILITY OF GRAPHITE ELECTRODES FOR CONBINATION
WITH PLATINUM, IN BIAMPEROMETRIC INDICATION

USHA SHUKLA* and B. B. PRASAD*

Keceoved > January 19, [987

Biamperometric indication has been examined with the combination of platinum
with different graphite electrodes utilising the couple jodine-iodide for aqueous
and copper(II) —copper(l) for non-aqueous media. The impregnated ones yield
better breaks and improved reproducibility.

Wax-impregnated graphite, in combination with a platinum electrode, has
been adopted in recent years for biamperometric determination [1—47] emplo-
ving the halogen and some of the non-halogen current indicating reversible cou-
ples; effect of the wvariation [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 electrodes from the standpoint of
asscssing the extent of its response towards sharpness of the equivalence point
and rteproductibility of the current values.

tixperimental. The electrodes employed were of thin cvlindrical shape having approximately equal
cross-section (~ 40 mm?) and consisted of the following — Tlectrode (A) was the graphite rod sup-
plied by Union Carbide, India, and that cut from a pyrolytic solid block was (B); (C) and (D)
were prepared in a mould using molten wax and graphite powder of respectively pyrolytic and
nuciear grade samples. The electrodes (A) and (B) after careful cleaning were impregnated with
nwoiten wax, wheareas (€) and (D) were employed as such. The tip of each of these, before use,
was rubbed gently over zero number emery paper and kept dipping in distilled water when not
11 ke,

The electrode assembly, being one of the above graphite and a micro-platinum electrode, was
fitted in a rubber dise with 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 und measuring the current at fived polarising emf (25-300 mV) obtained from a battery-
operated potentiometer. The solution was kept stirred throughout with a magnetic stirrer.

The combination with each one of the above graphite electrodes 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 preparation and
dilution 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 [6].

Ascorbic acid (8.D. and Sarabhai) for aqueous medium was prepared by dissolving a weighed
amonnt 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

which before titration [8] was neutralised with HCl and the solution was made alkaline with
sodium bicarbonate.

* Banaras Hindu University, Department of Chemisiry, Varanasi — 221005, 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
{8.D.,, 70%) to a suspension of copper(Il) carbonate in water and subsequent removal of carbou
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 jiodome-
trically in aqueous medium.

Yor the first series of experiments involving iodine-iodide couple, the following two sets (i)
and (if) were selected : (i) where the couple existed from the beginning and vanished at the equi-
valence point and (if) 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 jodine, 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 B in Fig. 1 represented
the current-volume variations obtained with wax-impregnated Union Carbide sample and pyroly-
tic graphite rod.

In the second series 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 showu
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 Diseussions. 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 impregnation (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
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¥ig. 1. Platinum Graphite Biamperometric Indication. Graphite electrode: A — Unijon Carbide,

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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Table 1
Platinum Graphite Biampcrometric Indieation

(D) Prepared from
Nuclear grade
Graphite
Powder

{D) Prepared from
Pyrolytic
Graphite Powder

(A) Union Carbide (B) Pyrolytic
Graphite Graphite

Amount of the substance (mng)

Taken Found Taken TFound 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 les faithfully on the resulting titra-
tion curve.

It is seen further, that a higher emnf is needed to obtain measurable current
magnitudes in non-aqueous medinm (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 all 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.

Ackunowledgement. Our thanhs are due to Profs. 8. M. Verma and I.S. Ahuja, previous and
presents Head of the Department of Chemistry, for providing necessary facilities. Financial
assistance in the form of a sanction for the scheme by University Grants Commission, New
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Cation exchange distribution coefficients with Vionit CS-3 (a sulfonated polys-
tyrene cross-linked with 89, divinylbenzene) were determined for Cd(II) and
Zn(II) in water-hydrochloric acid and acetone-water-hydrochloric acid iedia.
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 909, were covered. In both systems, Cd(II) —Zn(II) separation was achieved.
A rapid and efficient separation method was given.

Introduetion. The use of the ion exchange resins in view of the metal ions
recovery and separation was proved to be cfficient and ecconomic, especia-
1y in the case of diluted solutions.

A great attention was paid to the cationic exchange studies and to the
separations of different clements 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 hydrochloric acid [1, 2] was the basis of some se-
parations of metal ions, by ion-exchange chromatography, taking into account
different stability of the chlorocomplexes.

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-—51.

Acetone one of the most used organic solvent, enhances the differences
among the distribution coefficients of the cations, which constituted the basis
ol their separation into mixturc.

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

The investigation is based on the fact, that C4(II) and Zn(II) are difficult
to separate and the ion exchange constituted a simple and rapid method of

separation, removing the precipitation and filtration operations and high
consumption of the reagents.

* University of Cluj-Napoca, Faculty of Chemistry, 3400 Cluj-Napoca, Romania
** Institute of Chemistry Cluj-Napoca, 3400 Cluj-Napoca, Romania
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Experimental. Jon-Exchange Resin. Indigenous, ion-exchange resin strongly acid cationit Vio-
nit 0H-3 (styrene copolymer of 8%, divinylbenzene withh sulphonic groups), 50 —100 inesh particle
ﬁzé, in the Hform was used.

' The H* type cationit was purified by a method carlier described [6].

The air dried (~25°C) resin has the humidity of 35.389% ; the ion-exchange capacity was of
4.25 mVal/g. of dried resin and 1.90 mVal/ml of wet resin.

The lon-Exchange Column A7glass coluim of 1.7 % 20.4 em was used,

Metallic Lon Solutions were prepared by dissolving the CA(II) and Zn(Il) sulphates 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].

v Reagents. Hydrochloric acid, analytical-reagent grade (lerck, d = 1,19 ; minimum content 37%)
Organic solvent: acetone, analytical-reagent grade (:

Distribution Coefficients Measurcinents. The coeff

uned by bateh method and caleulated according [67.

1 content 999,

ients Kp for studied clemonts were determii-

The measured amounts of H* form resin (1.0 g) were stirred with 50 m! aqueons solutions
of hydrochloric acid or hydrochloric acid-acetone of varied concentrations, containing the saore
amount of metallic ion (1 minol cadmium or zinc).

Tor the lou exchange equilibrium establislunent, the samples were stirred 24 Dis. @i room
temperature (23°C). After the resin partieles filtration, the solution was evaporated o a w.'er bath
to near dryness, for the acid and organic solvent removing, and the metal ion content w.s deter~
mined by {7].

The adsorbtion was achieved under a ratio ¢ of resin loading:

total amount of cations (in equivalents)

] = =
! Total amount of the resin (in equivalents)

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

Results and Diseussion. Measurement of the distribution cocfficients offers.
the possibility of choosing the suitable elution conditions.

For two cations separation, the elution conditions are chosen such (8] that,
one of the cation has a high distribution coetficient (strongly retained by the resin)
and the other cation has a low distribution
coefficient {may be eluted from the resin). Table 1

From de date presented in Table 1, we Distribution coeflicients in agueous

L . S hydrochloric acid solutions at various
observed that the distribution coefficient ‘zoneemm‘ﬁom and resin in i+ form

decreases with the increase of the hydro- (4 = 0.%)
chloric acid concentration. -
For Cd#*, the adsorbability is small Conceniration Element
at the hydrochloric acid concentrations hi- el o Cd Zn
gher or equal with 0.5 M. Cadmium form 0.1 333.63  838.453
the chlorocomplex CdCl;~, wunretained by 0.2 82.06  252.80
the cationic resin. 0.3 47.96  107.10
The positive ion of Zn2*, is retained by g:é ij(l); Zgigé
the resin, and a hydrochloric acid concen- 0.8 11.84 56.00
tration equal to 2M, for complete desorbtion 1.0 8.66  17.93
of zinc is required. 20 6.22 1.68

5 — Chemia 2/1927
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Table 2 The acetoue effect on the distri-
Distribution cocliicients in aguenos hydrochleric .b“tlon coefficients may be observed

. . Al «
acid sclutions centaining aeetone and resin in I Table 2.

H* form At small acid and acetone cou-

: - centrations, the Ky, value is high, but

Ace- Cadmiun 7inc with the increase of the solvent con-
tone HCIM) HCI(AL) centration, the K, value decreases.
Y% o2 05 1,0 02 05 10 This decrease is due to the forma-

s e Taer Tar avess 9r00 12l tion of chlorocompiexes less retained

x ¢ p : p R LEED RS 2 Red 1= i .t

10 G008 1160 Loo oiwo 60 by the resin.

G0 937 920 0.60 7031 3812 42 Acctone offers suitable conditions

80 677 591 050 3043 2050 131 for the separation of the metal ions at

90 421 535 020 2892 250 090 gmall Lydrochloric concentrations.
Elution Curves. On the base of ex-

periments, the separation of the two clements studicd was  achieved.

In Figurce 1, the separation of cadmium (I1) from Zinc (II) in aqucous so-
lutions of hyvdrochloric acid is given: cadmivm (II) ilons were eluted with
280 ml 0.5 M hydrochloric acid solution, at an clution rate of 1.3 ml/minute;
Zinc (II) ions were eluted with 230 ml 2.03 hydrechloric acid selution, at an
elution rate of 5 mijminute.

In Figure 2, the separation of cadmium (II) ions from zinc (II)ions in water
hydrochloric acid-acetone solution is given: for the elution of Cd(1I), 330 ml
0.5 M HCl in 309, acectone was used (clution rate 2.0+4 0.5 ml/minute);
for the clution of Zn(1I), 350 ml 0.5 M HCI in 709, acctone was used.(clution
rate 3.0 - 0.5 ml/minute).

On the same column (1.77 X 20.4 cm) and with the suitable clution ratcs,
we achicved the separation of the mixture: Cd (57.2 mbg) — Zn(32.3 mg).

HCL GSM . Lohy adM - MHCL Q5M- 0% acetone  HEI B5M- T0% cceton
™~ CoT T H ?
20 50 i
'é1 - SN ;
- =
& ! S 3 Cai | ;
R 5 ~! S . i }
~ <! i) }
3 ':; } WARH 30 I ] E
> ! [ 3 H ] i
£ | i
" .
x / i e 20 / i :
! > ! i
| £ |
i / ‘ l ‘ul }1 \ !
i, / . / e e L-MV . i:’, et \ Bl AN . .
T 200 3y 5 o 500 00200 W00 40 e s 7
voium eluted {ml} yodioy piuted [mi)
Fig. 1. Eldion curve for CA(IT) and Zn(ll; in  Vig 20 Blutien cuive for Oy and
chloric  ack ctonc

aqueous hydrochioric acid solutions. Columm of 80ml Zn({l} in water-liydr
(1.77 % 204 cm) Vionit ¢8-3, 30—100 mesh, resin solutions, Colurrn of 30 ml (1.77 < 20.dam)
in HT form. Llution rate 1.3 -4 0.5 mlminute for Vienit ¢8-3, 80-- {00 meach, resin o F1-
CA(11) and 5.0 - 0.5 ml/minute for Zn(I1). Cd 0207 g; form. Blution rate 2.0 0.5 wmljwminute
Zn 0.064 g. fer CATI) and 3.0+ 05 mijminuste  for

Zun{II). C€d 0.3 nueell Zn 0.5 mmeil



Vior.it

CATION EXCHANGE DISTRIBUTION COEFFICIENTS 67

Cd(II) with 300 ml 0.2M HCI in 609, acetone and Zn(II) with 350 ml 0.5
M HCl in 709% acctone. :

Conelusions. The distribution coctficients for Cd(II) and Zn(I1) on the Vio-
nit €5-3 (a sulionated polystyrence resin) were studied in HCI media or organic
solvent (acetone) — HCI media and their separation conditions were establi-
shed.

— in agueous hydrochleric acid  solution :

0.5 M HCI for cadmivm (II}) and 2.0 M HCI for zinc (II)
— in aqueous hydrochloric acid solution containing acctone :

0.5M HCI in 309% acctone ST
0.2M HCl in 60%, acctonc } for (1)

and
0.5)M HCIl in 70Y%, acctone for Zn(II).
Cadmium and zince ions were quantitatively retained on the Vionit CS-3

type resin and they might be cluted selectively and completely.
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Pattern recoguition technigues ‘L”EIL-LY“ extended applications tu analytical
chemistry for signal interpretation, for the interpretation of aualytical chemical
data (mainly for classification) as well as for solving gencral analytical che-
mical problems, e.g. sclection of the best analytical met hod for a given analysis
[1—8]. To our kuowicdge ouly two papers deal with the pattern recognition
classification of waters (9,10 . The purpose of this paper is to attempt a classi-
tication of a group of Rowmanian mineral waters on the basis of their chemical
composition, using pattern recognition techniques.

A number of 30 waters were selected from three different geographical area
ol the country. The critcrion of selection was to have analvsis data concerning
the same analytes. For identification the waters were labelled by a code number.
The chemical composition of the waters selected is given u Table 1 {117, eight
components being cousidercd. From t‘m Ca, Mg and Fe-ion content we computed
the total hardness in german degrees, which of coarse was not considered in the
classification Calculauons, 50 rv'ng wily for the cnaraaeumtxou of the clusters
(classes) obtained. In our optuion the number of 30 waters as well as that ol
8 compomnts considered 1s wreat caocugh to obtain reliable classification re-
sults. Toutatively, classitication caleulations were made (,Oﬁmldf‘fd a swmaller
number of components omitti the components pi £ in greater
concentration in order to investiza '~osnl,.p nfluence on the classiiication
of analytes present o smaller oon entvations. Thus L’LILlllat‘Olba were performed
consideting successively ouly 7 ¢oostitients (mincralization omitte J) & consti-
tuents {mincralization and HCO,™ contont omitted) or only 3 constituests (the
previouses and CO, countent onuttod)l, respectively.

Tue Classiflicotion MoeGwd, The niost —e
fueny clussification has been used. A cluss of e
= ’n, e, vw} e a set of natteri voecions,

es. The real waaber x

in nature, a i
‘nzzy set.
is specified Ly ths values of

< sipure with re ”)u‘ oo dn s oway
x;is a vector Ln f24 The cluster strast ot A muy be givea by a luzzy partiuon of
X, A farzy set 4 ou X s a function A X—»{i’ Eh Ay is the IIlC‘Hl.)xL,::LH') degree of & to the
class 4 or the plaasibiiity degree of the aliirmation ,,» is ou element of .

i
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Table 1
Chemical ecompositien of the waters (mg/l [11], total hardness in german degrees)

Code HCO; Cl- Cazt M2t Nat Fet Co, Mm&f;;hza' hz;rr(()ltn?éss
1 3568.5 58.4 629.9 2245 202.5 7.6 1834.5 6703.40 140.6
2 1346.6 47.4 234.6 65.6 162.8 0.1 3445 2312.29 48.0
3 1614.3 20.4 294.4 101.2 70.8 9.8 1653.4 3866.88 65.5
4 1985.3 222 393.6 107.9 98.0 1.95 24725 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 2201.9 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 3359 102.1 82.9 3.0 1961.0 4323.88 70.8
15 21447 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 55 1545.4 6873.37 1216
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 5315.00 279
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 21120 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 1.7
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.C
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 substructure of a fuzzy class € may be described by a fuzzy partition of C [12],

The family 4,, ...,

i

Ay of fuzzy sets is a fuzzy partition of the fuzzy set € if, and only i:

n

D Ailw) =

1--1

Clx), Vre X 1

iet P = {4, ..., 4,} be a fuzzy partition of C. Every member (or atom) 4; of P represents
a fuzzy class of points. A fuzzy class A; is represcnted by a prototype L; & R4, The disshwilurity
between x; and the prototype Z; is given by [11, 12]:

Dilxj, Liy = {dg(x))d2(x;, L), (2

where d is a distance on R4, The inadequancy [{4;, L;) between thc fuzzy class 4; and its pro-
type L; may be defined as

P
I L) = 30 Dila, L) -

i1

2 (il )2d2xg, L) (3)



70 D. DUMITRESCU, L. KEKEDY
The inadequancy J{P, L) between the fuzzy partition P and its representation L == (L, ..., L)
is given by

n

J(p, L) = 2 (Ap Ljy = 22 j) )2 [C L) (“)

Pl

The detection of the cluster substructure of the fuzzy class C reduces to the search for the parti-
tion £ and its representation L which minimize the function J. The necessary and sufficient condi-
tions to minimize [ are given by

Q. . (5}

(6)

Suceessive iterations with (3) and (8), starting with an arbitrary p“rtiti\m of €, lead to a solution.
This iterative procedure will be called the Generalized Fuzzy Isodata {or VI [13, 147 algorithm.

We may now describe a divisive hiers u,m,,al dustcrmg procaedure which generutes a fuzzy
hierarchy 1137, A binary fuzzy partition 4, 4, of X is wmpntfd If 4, aud 4, don’t represent
,real” cluster, there is no strmtum in . It Ay and o, correspond to | real”’ clusters, then put
Plos fd,, A4,}. Using the IPIG algorithm we compute a Imm*y fuzzy partitivn for every member
of PL If the members {or atoms) of this fuzzy partition of .1, describe real clust o*s They will be
atoms in a new fuzzy partition P? of X. Otherwise A; will be ailoeated to £20 oy is marked -in
any way and remains unsplitted. Ifor the stoms of P?non-marked, ie. f)!)tv.llh\’l by spli g the
atoms of P1, the same procedure is used, 7 is the fuzzy partition of X at the decompositinn level
{. The process ends when no “real” clusters are obtained, fe. two suceessive partitions ave identical
The Fazzy Divisive Hierarchical clustering algorithm (FDH) corresponding to this procedure is pre-
sented in detail in 7127

We admit that a binary fuzzy partition of C, P == {C;, C,} deseribes “real” clusters if for
either of its atoms there exists a pattern vector with the membership (.\,grcc grester then 0.5
and {P) = ¢t. R(P) is the polarization degree [12] of £ and 7 is an appropriate thresivold, R{7)
is defined Ly

S e N
R(P) > 7

where
- Ci(w), if Cilx) = 0.5 B
Cifr) == vy e X (8)
0, otherwise -
An appropriate value for f is 0.8.
For our problein X = {r,, ..., 1y}, where x; is the sample vector corresponding to tie /-th
mineral water, iex; is the j-th line in Tablel. We have for example xyy == 35368.5, x;, = 58.4,

Xy = 629.9. The FDH algorithm was programed in FORTRAN, for details see [12].

Results and Discussion. Considering 8 components, the above mentioned
caleulations yielded 3 clusters (Table 2), the waters being classified in 3 dis-
tinet classes (clusters). The twodimensional representation of the clusters is
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Table 2

Clusters obtained considering 8 components, with the indication of degree of mem-
hership and the coneentration of major compenenis (mg/l; total hardness in german

degrees)
Code Ingi%)r::slfi; HCO, CO, Mineralization halrtf)lt:‘:lss
Cluster 1
3 0.995 866.50 328.10 1489.96 39.6
26 0.994 813.00 330.30 1447.74 36.1
27 0.993 817.40 312.20 1407.34 37.2
36 .990 872.60 189.00 1355.14 46.8
23 0.983 934.0 0.00 1724.0 3.6
29 0.976 527.80 0.00 111942 39.1
2 0.965 1346.60 344.50 2312.29 18.0
23 (1.965 549.0 1023.0 2016.60 11.7
Cluster 2
10 0.922 1738.30 2365.00 1745.05 73.0
15 0.894 2144.70 2333.00 5290.93 87.9
3 0.877 1738.70 2094.00 4508.75 74.8
7 0.860 2318.00 2087.20 5233.89 93.7
11 0.842 1692.70 2085.70 4402.25 63.7
20 0.822 1976.00 1304.00 5318.00 77.2
14 0.813 1738.50 1961.00 4323.83 70.8
12 0,761 2360.90 2204.90 5429.78 93.7
18 0.721 768.50 25030.00 5315.00 27.9
22 0.721 1464.0 1760.00 4238.00 56.51
4 0.690 1985.30 2472.50 5183.41 80.1
13 0.588 2342 40 2520.40 5737.59 86.5
3 0.585 1614.30 1653.40 3866.83 5.5
9 3.582 2440.50 229640 5658.74 916
24 9.524 390.00 3310.00 4079.00 8.3
Cluster 3
1 0.873 3568.50 1834.50 6703.40 140.6
[§] 0.870 3019.50 2417.00 6563.11 109.8
18 0.804 3849.10 1545.40 6873.37 121.6
17 0.745 4148.00 1476.06 7160.80 152.1
5 0.725 2897.50 1760.60 5712.37 i11.8
21 0.565 2318.00 2112.00 3652.00 185.6
19 0.523 2220.00 1506.00 5911.00 75.3

given in Fig. 1. For this purpose the sclected characteristics were total harduaess
{H) and mincralization (M). From the data of Table 2 it can be secn that the
clusters correspond to groups of mineral waters with distinet characteristics as
follows :

Cluster 7+ mineralization 1000—2000 mg/1, total hardness less than 50 degrees,
CO, and HCO; content small. The cluster is compact, the degree of membership
of waters being between 99,5 and 96,59, respectively.

Cluster 2 increased mineralization (3000—6000 mg/1), total hardness between
50 and 100 german degrees, higher CO, and HCO, ™ content than in the previous



72 ' D. DUMITRESCU, L. KEKEDY

- i
" az
460 +
H
156 - Pa¥id
47
A%
a5 A6
20 -
‘ 12 89 i
e, 09
15 ) .
! n & e !
| ® 3 !
2 19 |
i P 020 fat i
ek ;
i ol o !
E 02 |
5ok
i ¥ o
! o5L |
|
i
[ L i
. N :
, . 4
i . !
' © o . H
i
a SR j —— 1 1 1 I3 1 f
-~ w00 2000 3000 060 500 [777) 700 M

I'ig. 1. Twodimensional representation ¢f 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 54,49%,. The waters 18 and 24 on the basis only of their HCO,~
content would belong to cluster 1, but their high mineralization as well as their
high CO, content group them in this cluster.

Cluster 5 mineralization higher than 6000 mg/1, total hardness greater than
100 degress, high CO, and HCO;  content as well.

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

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

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

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

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

Tuble 1 Table 2
The hiii values for compounds I ... X1 Tae hRf values for compounds I, iV, XIL. .. XV
. .
¢ -7 /\,
. \/"J\.,/\r(
R Compeund nRt wvolues Elyerit Compound BRE Latoos Eluent
R o
' 1 100 Toluene . oo
R * (! (I\D\ X1l &8 n Heptane
O 11 79 Toleere SN~
o, e I 22 Toluene
NHCOCE Hs, v i Tolvene 66 o Heotane
NG, R0 v 10 Toluene
NHCOC, =208 Vi 24 Toluene 59 n Heptone
HHCSCE Hy Vi 47 Toluene '
NSO LeH s VI 8 Toluene
o o Tol
NHSQO,C H NG9 % 6 Toluenae ' cluene
0 Tolcene
NHSO,Cg H 4 NH X g I
O2bgHaNHy 23 Toluenesalcac! @) Xv 20 Toluene
4 e “\NHCOCg Hgy
0 Toluene

NHSO9 CgH4NHCOCHS X1 o
15  Teluene*sicoot Em fv 1% Toluene
- i ~ NHCOCg Hg

* Medical and Paysmacentical Imstitute, 3100 Cluj-Napoc:
** University of Cluj-Naioca, Faculiy of Chenistry, 3400 <l

i
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As can be observed the presence of the functional groups determine a decrease
of the RI values.

" The following correlations are focused on the interaction compound-stationary
yhase, Thus the more basic character of the aminogroup than that of nitro one,
cause the stronger retention of III by comparison with II. The acylation of
the amine leading to the very polar amido group strengthed the adsorbtion to the
stationary phase (see c.g. IIT and IV). The same is valuable when the amine
III 1s 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-
vyclic oxigen iu the interaction compound-stationary phase. The data reported
by Franc /3 at the paper chromatography of the furoic acid supports this assump-
tion. The difference between the 2-furoyvlaminofluorene (V) and 2-(5'-bromofuroly)
aminofluorene (VI) mav hy ascribed to a steric effect of the bromine atome
which hindered the suited approach of the molecule-likely of the heterocyclic
ixigen-to the silicagel surface. Such an explanation was proposed in a similar
vase  [4/.

The thioamide VII has a higher Rf as the amide IV owing to the lower po-
arity  of the thicamido group.

In the sulfonamides series (VITI. .. XI) the insertion, in te para position

of the phenyl residue, of the nitro- amino- or acctylaminogroups decrease the
i in the expected order. The difference between the amino- (X) and p-acetyl-

amninoderivative (XI) become visible only if a mixture of toluene and ethanol
100:5) was used as  cluent.

The {luorene (I) can be cousidered as a derivative either of diphenyl-
snethane (XII) or of biphenyl (XIII). For this reasoun we considered of interest to
compare the chromatografic behaviour of these three compounds (I, XII and
SHI) as well as of their corresponding benzovlamino-derivatives (IV, XIV
ok X V).

The data listed in table 2 show a very small difference between the supposed
parent compounds NXIT and XTII, respectively NIV and XV. The ring closure
~passing from XII or XIII to [ and from XIV anud XV to IV -bring about a
Jdeerease of the RE, id est an increase of the ability of in this way built up com-
pounds I aud IV, to become adsorbed.

T'he chromatography of compounds I /53/, XII /6/ and XIII /7/ wa sreported
carlver but in another conditions and context.

syatheses ol the compounds. The compounds XU 78], IIT [1], IV 1], vV [1], VII [1],
VIIDOI2Y LN 727, X (20, N9, XIV (107 and XV [117 were prepared after literatura data.

20 (5 -bromafuroylamino (2') fiuovens (VI). "To o solution of 0.9 g 2-aminofiuorene (III) in
25 ml pyridine a s»lation of 1 g 5-bromo-2-furoyl chloride (XVI) in 13 ml pyridine was added. The
@ bath far 32 min. and then pouared into 3530 ml water acidula-
initate was filtered, washed with water and

mixzture was warmed on the
ted with 20 mi eoracentrated hydrozhloric acid. The pe
dried. After receistalization from 30 ml glasial acetic acid and then from 20 ml DMEFA, 0.7 g (417))

pure product were obtained. Brown crystals, m.p. 285°C C.H,.NO,Br (354.02).

Caled. N 3.95 Iound N 4.5
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PARTICULARITES DE L’AGITATION DES SYSTEMES GAZ-LIQUIDE
APPLICATIONS DANS LA CONSTRUCTION DES BIOREACTEURS

SHIZORGIE D, PASAT*, CALIN L ANGHEL®* GHEORGE MENCINICOPSCHI*** et VIOLETA
Do ANGHEL ***

Wanuscrit requ le 30 Janvier 1987

Speeifie features of mixing jor gas-liquid systems. Bendings for designing of

biochemieal reactors. A study based on experimentals and on literature for stir

absorbed power evalution on biosyatiwesis roceptacle is presented. The study

sarves for fundamental base s a teoretical foundation for practical relations nece-
L2ty

sary on designing chemical and biochemical reactors fitted with turbine stirer,

I. Généralités. Au stade actuel de Intilisation des processus physico-chi-
mlque on remarque un dchloppgman‘c exponentiel des technologies qu’impliquent
'agitation. Cette évolution impose la div ersification destypes de réacteurs (Fig. 1)
ct des dispositifs d’agitation (Fig. 2).

Au cours des derniéres années on remarque dans ce domaine 13, tant dans
notre pays qu'au niveau mondial, deux tendances,
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La premiére tenance consiste  daus
une solution functionelle-constructive avece
un niveau dleveé dCuniversalité, dans ies
conditions d’une honne cfficience, ce que

Agitateurs

~
Pin
3
3
o
i
H
1

3 . N . g . , .
¥ 3l . conduit 4 la réalisation de quelques réac-
R O . . . B . - .
K }4 M teurs chimiques ct/ou biochimiques multi-
3|z HEE S fonctionnels.  Cette tendaunce  se  refléte

dans la staundardisation des réacteurs &
Fig 2 dispositifs d'agitation 112/, ce que
permet Ia diminution des colits des pro-

jets techniques ct, implicitoment, des Investissements.

La deuxiéme tendance, spéeiflique aux entrepriscs ot aux finmes spécialisios
dans la réalisation des projects techniques et dans la réalisation des réactesrs
& dispositifs d’agitation s'cst miaterialisee daus la construction de quelques appa-
reils spéeialisés qui peuvent travailler dans les conditions spéaifiques a efficacitd
maximeale, permettant ainst Uamortisscment rapide de Pinvestisscment. Cette
tendance, se manifeste particulierement dans la rdéalisation des réacteurs desti-
nés aux processus  de  biosvuthése, les biordactenrs.

Fon présantant les types les plus nouveaux de biordacteurs, Schtigerl /130,
aflirme que la tendance de spdeialisation demandeée par e type de processus
de biosynthése sera amplifide.

2. Llagitaiion des systémes gaz-liquide. Tagitation des systemes gaz-liquide
comprend des applications multiples dans les precessus dalrorption comme os
bloprocessus adrobes, par excuiple, Uépuration de 'cau, Vhvdrogenation cataty-
tique des huiles végétales, Toxvdation dos hvdrocarbutes cte.

Pour lagitation des svsténes gaz-liquide, fos aspoois stivants sont csson-
ticls

-- la dispersion du gaz, respectivement le degrd de distribution des bullos
de  gaz

la durée de séjour du gar dens le réeipicnt

-- la dispersion et la coalescense des bulles de caz

— e spectre hydredynamique de idcoulement induit par Pagitateus
la puissance requis de agitation
1

¢ transfert de la matiére 4 Vinteriace gaz-liquide.
La distribution des bulles de oaz dans le aomaine higuic pout (tre aprecicn

par le dicmetre moyver des bulles, ds, nommd ausst, diamétre Fauter 16, 17

A — (1)

Le diamétre des bullos of lovrs dispersion oste fonction de la rdgion ou s
produit la bulle /I8 et de la glometric du réacteur j17, 19210

En ¢tudiant la dispersion du gaz dans les réacteurs équipes avee des chicanes
ot distribuiteurs circulaires de gerz, Shah définit le diameétre Sauter par la relation
sutvante :

ds e (O ('r)u:(.,‘,\,;,’.fd‘\)m13%(70,6(13/"[,')— U:p 0.2 (L;,

< 1.



AGITATION DES SYSTEMES GAZ-LIQUIDE 79

Le terme o%9(P[V)  O%p, 9 est le résultat de I'hypothese que le numdro
de Weber (We) est constant dans les conditions de la turbulence isotropique.

Nagata /20/, Brujin j23/ si van’t Riét [24/ ont démontré que pour réaliscr
la dispersion uniforme du gaz este nécessaire d’atteindre un nombre de tours
critique de lagitateur, #g;

1 . d (afer)'fs
Hy = [A —+ B(ﬂ” . ——1—?—— (3}
4 =122; B=125 — dans le cas dcs turbines standard (Rushton).
A =225 B =068 — dans le cas des agitateurs a ailes.

Pour dimensionner les réacteur équipés 4 dispositifs mécaniques d’agitation
¢t dans les conditions de laérage du systéme lquide, s'impose de connaitre
Paire de Pinterface gaz-liquide, la. Aprés une vaste documentation ¢t selon
ses progres éxpérimentations, Wiedmann 29/, évalue Taire de Vinterface, a,
Comme :

;= S (4
d

T facteur de correction, f, introduit dans la rclation (4) Uinfluence de la
géonietrie de la bulle de garz sur Paire de linterface.

Dans les conditions particulieres de lagitation des svstemes gaz-liquide
ne doit pas neglijer le phénoméne ,,d’agglomération du gaz’” 17, 23, 25/ dans
lIes régions des éléments du dispositif d’agitation. Autour des palettes de la
turbine se forment des cavités de gaz. Van’t Riet considérc qu’en fonction de
Ia vitesse périphérique de Pagitateur v existe trois types de cavités (Fig. 3):
tourbillonnaire, d’adhérence et totale, chaqune de trois ayant une influence dans
le founctionnement du dispositif d’agitation [27/.

La présence du gaz dispersé dans le liquide modifie le spectre d'écoulement
nduit par Pagitateur et a des effets sur la puissance requise de Vagitation
¢t sur la géometrie de lagitateur.

On peut donc adapter les relations mathématiques bien établies dans le
cas de l'agitation des liquides, pour les conditions spécifiques aux systcmes gaz-
liquide. Ies facteurs qu'intervient dans le processus d’agitation des syvstémes
gaz-liquide changent leurs valeurs (Tension de cisaillement, densité, tensions

superficielles).
Faletle one de dispersion -
Disque \ % é/ :.0" S
RS //,/ %o LN
~F N
crection N
~ it 47 N
3 -
RN \\\ .
— ~ ~ \\\ *e o
o ‘\* e
e . X,
Q. Cavile turbillonneire b, Cavite adberenle c.lavile telale %,

Fig. o Modeles de cavité,
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La littérature indique les relations /14, 13/ que permettent de déterminer
la puissancs requise du dispositif d’agitation dans les conditions de l'aérage
du systéme liquide. La puissance requise est dépendente des dimensions géo-
netriques du réacteur et des caractéristiques du milien réactif.

Dans le présent ouvrage les auteurs se proposent de clarifier le probléme
de Tinflucnce du débit de saz sur la pmssanu requise du dispositil d’agitation,
dans les conditions de la modi’ication de la géometrie du dispositif d’agitation.
C’este pourquoi on a sélectioné un vast metericl bibliographique et on a organisé
un programme d'expérimentation propre. On propose des relations mathéma-
tiques spéciliques a la réalisation des projects techniques pour les réacteurs
chimiques et biochimiques dotés A dispositifs mécaniques d’agitation, type turbine
standard.

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

Le plan giﬂérm d’expérimentation tient compte que les processus caractérisés par irréversibi-
lité ont uu seul sens po»mbxe d’évolution, specifique aux milicux de biosyntheése. Les plans expéri-
mentalaux ont une seule séquence possible—la variable (les variables) se modifie graduellement
d’'une valeur limite, inférieure d'habitude, & l'autre valeur limite.

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

De ce qui précede, on a établi deux groupes des variables:

— variables majeures: le nombre de tours de l'agitateur, n, le débit d’air 45

~ variables mineures: le diamétre de Dagitateur, d, les caractéristiques physiques englobant
aussi la rhéologie du milieu, ¢ et », le nombre d'agitateurs, N, le diamétre du récipient, D ete,

L/utilisation de l’analhe dimensionelle et de la normation fait possible de réduire le nombre
des variables :

— majeures: le critére de Reynolds, Re et le débit rapporté de gaz, Ng

— mineures: rapports des dinmensions géometriques

1 H hy
—, —, —etc
D D D

-7
G =

Iig. 4. Planification de 'expérimentation.
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A la suite, on a adopté le plan expérimental classique-partial [{27], (fig. 4) avec lcs observa-
tions suivantes:

h k H
a. Les variables —-5 ) = et Ng doit étre mises en corrélation avec la variable }—)- .

b. Les limites de variation, des variables sont établis en fonction de: caractéristiques géome-
triques recommendées dans la littérature de spécialité:

(hl By d)
D' D' D

H
caractéristiques du stand expérimental (100 € n < 1000 rot/min; — =1 ... 1,§; D =024 m),

caractéristiques des appareils & mésurer (g = 0 ... 240 1/min).

c. On a réalisé le plan expérimental aléatoirement pour l'eau et les solutions de Na—CMC
et ordonné — successivement pour le milien de biosynthése.

Pour déterminer la puissance requise de lagitateur, le dispositif a fonctionné sans charge et
pour fonder statistique les résultats expérimentaux, on a effectué des séries de cinques détermina-
tions pour les mémes valeurs des paramétres, pour des données caractéristiques bien différentes.

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

Les données expérimentales sont illustrées par des graphiques utiles a la
réalisation des projets techniques des réacteur chimiques et biochimigucs
equipés a dispositifs mécaniques d’agitation. On mette en evidence l'influcnce
combinée du débit de gaz et des autre paramétres hydrodynamiques sur la puis-
sance requise de [l'agitation.

a. La puisance requise rapportée. Cette influence se manifeste par I'abaisscment
brusque de la puissance rapportée (AP,/AP,) requise par l'agitation, dans les
conditions de l'augmentation du débit rapporté de gaz. Np, On remarque que
pour No<( 175 - 1073, AP /AP, se situe autour des valeurs 0,2...0,3 (iig. 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 lavancement de
l'aile de l'agitateur. (c’est parceque la viscosité apparente abaisse). Une autre
cause de ce abaissement est la naissance et I'extinction des cavités de gaz autour
des ailes de l'agitateur. IL’augmentation du débit de gaz dispersé par ia turbine
est suivie par l'extinction des cavités, donc, la distance traversée par laile,
dans le milieu liquide 4 grande viscozité, abaisse. On peut dire que la résistance
hydrodynamique peut etre appré-

ciée comme la movenne des résis- A@P
tances qui s‘opposent & lavance- v \ o fau
ment dans deux milicux bien diffé- \ “:’j.w st

. - . .
rents — liquide et gaz. Dans ces con- \ oNa (130 Ih
ditions on remarque des disconti- ash”
nuités dans le fonctionnement du ~_ .
. .. y . . . 0 e
dispositif d’agitation qui souffre le
changement de son propre état de R 50 7% e
vibration. I'ig. 5. Dépendance de puissance raportée,

6 — Chemia 2/1987
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oy, L5 - -azs Dans les expéri;ncutatipns ctiectudes
2 pmane o sur le miliue (’le biosynuthese (bios), on
,\ Telmatin a observé _quc’-‘?l aungmentation .d.u débit de
,'R,_‘_“__.‘s:m,, gaz p’rodult’ I'écoumage du milicu accom-

: - = pagné de l'augmentation de la puissance

requise de Vagitation, dans les conditions
de l'augmentation du volume ,apparcnt”
soumis a l'agitation. Pour lmiter la ten-
‘ * 00 “ @ ey dance d’écoumage, on aajouté des agents
antimoussants. Dés ce moment, on a
observé l'abaisscinent de la  puissance
requise & valeurs antéricures de 'écoumage
et I'apparition de certaines vibrations dans le fonctionnement du dispositif
d’agitation, A la suite des phénomeéncs de dispersion et de coalescence.

Pour des valeurs 7/D > 1, on recommende d’utiliser plusicurs agitateurs
identiques. On a déterminé le rapport AP /AP, dans le cas de N, =1...3
agitateurs. Quand on utilise deux agitateurs, Na == 2, lcs valeurs AFP,/AD,
sont plus grandes que pour les autres deux valeurs du \1 [22/, (fig. 6) Les dif-
férences AP /AP, obténues sont tant mieux évidentes que le débit de gaz est
plus grand. L’augmentation du raport AP,/AP,, quand on utilise deux agi-
tateurs, peut étre expliquée par ce que le placcment du distributeur de gaz
se réalise presque tout entiére par le distributeur, pendant que lagitateur su-
perieur contribue seulement a l'agitation de la phase liquide. Ce phénomenc
est dlt au spectre d’écoulement caractéristique a la turbine (absorption axiale,
ascendante et/ ou descendante ct refoulement radial) parce que lagitateur in-
férieur disperse le gaz a une surface assez grande par rapport de l'axe du dis-
positif d’agitation et c’est pourquoi I'absorption axiale du gaz par l'agitateur
superieur e¢st presque impossible.

Les expériences ont démontré que lemplacement d'un autre agitateur
(le troisiéme) conduit 4 I'abaissement des valeurs du rapport AP /AP, L’abai-
ssement du rapport AP,/AP, cst le résultat de l'autoaspiration du g,a.z; qui sc
trouve au-dessus de la surface libre du milieu soumis a l'agitation par la turbine
supérieure. Le phénoméne d’autoaspiration est favorisé¢ par l'apparition de
certains microtourbilons centrals qui se forment a causc de la distance rela-
tivement réduite qui existe entre 'agitateur supéricur et la surface libre, méme
dans les conditions de I'utilisation des chicanes [27/.

b. La puissance spécifique requisc de l'agilation. On peut déterminer la
puissance spécifique requise de l'agitation en rapportant la puissance requise
de lagitation au volume total du milicu soumis & lagitation :

¥ig. 6. Dépendance de puissacen raportée.

Apg =216, [Kw - m) (5)

La quasitotalité des résultats cxpérimentaux; démontrent que pendant
que le débit de gaz augmente, pour l¢ meme volume de liquide, la puissance
spécifique, Ap,, abaisse, (tig. 7).

On remarque que pour des débits grands de gaz, la puissance spécitique,
Ap,, a une tendance d’abaissment et I'hauteur relative, H/D, du milieu réactif,
abaisse aussi.
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On a conclu qu'en utilisant des  ap jerver g1, e
volumes grands du systéme gaz-liquide, o hg0 % 03
dans les conditions d’une véhiculation des T Ja
grandes quantités de gaz, la puissance 5 \ bttt
spéeifique, Ap,, a des valeurs trés ré- i .\‘5/’”
duits. 2 \ ey
5. Conclusions. Iévaluation de 1'in- S,
[Tuence du débit de gaz sur la puissance : %,\ s
requise de lagitation implique des expé- N T e
rimentations d’une grande complexité. »a—m.i;é...n.,m;:t;?-:-:“,,_1 -
Pour la réalisation des projects techni- ’ TN
ques on construit des modeles de labora- 1ig 7. Dépendance de puissance vohimé-
toire et dans les conditions expérimen- trique.
tales et respectant les conditions de la
similitude géometrique, on construit des diagrammes AP/JAP, = f(q) ou

AP, == f(g). A la suite, on transpose la mode¢le de laboratoire ct les résultats
a cchelle industrielle,

On remarque que dauns les conditions de séeurité maximale (substances
misibles, toxique ou explosives), pour la réalisation du project technique du
dispozitif d’agitation, on neglije la débit de gaz et on employent les relations
mathématiques établics pour lagitation des systhémes liquides.

Nolations:

a — aire de linterface, m?

A, D — constantes (rel. 3)

C — constante (rel. 2)

d ~ diamétre de Pagitateur, m

D -- diamétre du récipient, m

ds -~ diameétre Sauter

f -~ facteur de correction

hy — hauteur d’emplacement de l'agitateur, m

Rq — écartement des agitateurs, m

H — hauteur du milieu réactif, m

i — indice (rel. 2)

n — nombre de tours de lagitateur, rot.min—?
iy, -~ tiombre de tours critique (rel. 3), rot.min=?
Ng -- nombre d’agitateurs

P -- puissance requise de Iagitateur, Kw

Py — puissance spécifique requise de 'agitateur, Kw.-m™2

vV - volume du milieu réactif, ms3

7 -— viscosité dynamique, Pa.s

e -— densité, Kg.m™3

T — tension interfaciale, N.m—2
— débit du gaz, m?

Eu — nombre d’Euler

No - critére du débit de gaz

Re — nombre de Reynolds

We — nombre de Weber
Indices:

L — liquide

8 — gaz
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THE BIOLOGICAL ACTIVITY OF SOME SCHIFF’'S BASES OF 4-AMINO-
BIPHENYI, AND 2-PHENYL-4-(p-AMINOPHENYI,) THIAZOLE

RADU DUMITRU POP, ADRIANA DONEA*, VASILE CHIOREAN and VALER FARCISAN*

Keceived : February 4, 1087

The antimicrobial activity of two series of Schiff's bases, derivatives of bi-
phenvl, III, and of 2,4-diphenylthiazole, IV, against four bacteria strains
were studied by the diffusion test procedure, The Hansch method was used
for chemical structure — antibacterial action quantitative correlation.

In previous papers [1, 2] we reported the synthesis of some Scrifi’s bases
of 4-aminobiphenyl (I} and 2-—phenyl-4(p-aminophenyl) thiazole (II), namely
compounds IIL. . .  ;and IV, . ;4. ;.

In the present work we describe the preparation of compounds IIT, ., and

@Ow g™

N-CH—QR—;R% @Jh‘\?j_@%aﬁé

Yy

IIla ...J .7
R, R, R, R, R, R,
a: H H H f: H H Cl
b1 NO, H H g H H OH
c: H NO, H h: H H OCH,
d: H H NO, i H H N(CHL),
¢ NO, H NO, i1 H u CH,

Taking into account the multiple biological activity of aromatic Schiff’s
bases reported as antimicrobials (e.g. [3]), pesticidals (e. g. [4]), fungicidals
{c. g. [3]), citostatics (e. g. [6]), tuberculostatics (e. g. [7]) or ostrogenes
{e. g. [8]) as well that of some compounds with biphenilic skelcton (e.g. [9...
12]), we considered of interest to test the biological behaviour of the compounds
111 and that of the analogous one IV, where a thiazole ring is is insert :d between
the two phenyl rings.

* University of Cluj-Nap..a, Faculty of Chemistry, 3400 Cluj-Napoca, Romania
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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 acruginosa (P.a.) using the
diffusion test,

The results are listed in Table 1.

Table 1

Microbiostatie activity of ecompounds IH, . and IV, .

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

Compound
(Molecular weight) Organism
S.c. B.s. Ti.c. P.a.
Devivatives of
biphenyl
111, [(257.3) 2 (30.9) 17 (43.8) 2 (36.6) 20 51.5)
111, (302.3) ’ (%() 3 10 (30.2) 22 (66.5) 22 (66.5)
111, (302.3) 12 (36.3) — 22 (6(» 5) 22 (66.5)
111, (302.3) ( 10 (30.2) 22 (66.5) 16 (48.4)
111, (347.3) 10 (34.7) 21 (72.9) 16 (55.6)
111, (291.8) 165 (46.7) 12 (35.0) 8 (52.5)
111, (273.3) 14 (38.3) 20 (04 7 -
111} (287.3) 14 (40.2) - 12 (34.5)
T (300.4) 12 (36.1) 12 (36.1) 12 (36,1) 20 {60.1)
111, ("" 3) — 10 (27,1 18 {48.8} 18 (48.8)
Devivatives of
2. 4-diphenylthiazele
1V, (340.4) 16 (54.5) 12 (40.8) 15 (31.1) 17 {57.9)
1V, (385.4) 10 (38.6) 13 (50.1) 14 (54.0) 12 (46.3)
1V, (385.4) 14 (54.0) 10 (38.6) 14 (5:4.0) 12 (46.3)
1V, {385.4) 14 (54.0) — 18 (69.4) 20 (77.1)
TV, (4024 16 (64.4) 10 (40.2 16 (64.4) 18 {72.4)
xv (374.9 14 (325 10 (37.5) 17 (63.7) 16 (€0.0)
{372, 14 (32 1‘ 17 (63.3) 18 (67.0 12 (44.7)
1\, (370.5 14 {31.9) 24 (74.1) —
x\ (383.5) 12 146.0) — 15 (57.5) -
Vi (354.5) — — 16 (56.7) -

The compeund wes considerad Vinactive’ whon the zone of inhibition deterniined by 160 pg was smaller
than 10 mwm.

The highest activity was observed by the compound 1V, against P.a. For
three of the tested bacteria the most marked inhibition was displeyed by de-
rivatives of 2,4—diphenylthiazole, namely IV, for S.a., IV, for B.s. and IvVd
>.a. Only in the case of E.¢. a derivative of biphenyl, 111, showed the best
activity.

The largest spectrum was remarked by the compounds IV, six of them
were active against all the tested bacteria.

Thus the insertion of the thiazole systems between the two phenyl riugs
scems to be favourable for the antibacterial properties.
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Some 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 series of Schiff’s bases in order to guantitatively correlate the
chemical structure to the bacteriostatic activity, we considered the bypheny}
respectively the 2 4-diphenylthiazole as support and the benzylideneamino group
as the pharmacophore omne. The Hansch equations [13] were used and the
antimicrobial activity was expressed as the logarithm of the inverted molarce
concentration necessary to produce a total inhibition arca of 1 mm diameter.

In the biphenyl series, III, good correlations were obtained for the test
on E.c., as ensure the data listed in Table 2.

The best statistical indexcs were observed if the two parameters were in-
troduced in the relation which express the parabolic function of = and the
lineare one of o {eq. 5). Equation 2 point out the importance of the electronic

factor for the antimicrobial activity and suggests a specific compound — bio-
logical receptor interaction. The improvement of the correlation obtained if
1 1

the hydrophobicity constant = was also introduced in calculation (cq. 3).
point out the importance of the ability {o penetrate the bacterial cell wall for

the antibacterial LUL The samec equation reveals the favourable effects brought
about by the substituents with electron with drawing and hydrophylic charactur.
Yor Sa., Bas oor d 50 sipuiiicat correlations were observed.

In the 2,4 -diy mvltm(‘/oh serics, IV, the best results were acquired for
the test on B.s. ba\- Table 3.

The values of the statistical indexes in the case of the liniar dependence
of the mwhibition function of = (g, 6) shows the importance of the hydropho-
bic iactor for the microbiostatic activity. The electronic factor do not bhe ne-
glected (eq. 7). The use of boths parameters, = and o, lead to good statistival
mdexes {eq. 8). The best correlation was obtained with the parabolic equation 9.
No nuaprovenent was afforded if ¢ was introduced in the parabolic equaltion
(Fq. 10).

From these data may be concluded that for the antimicrobial effects the
hydrophylic — hydrephobic character of the compounds, controling the accn-
mulation of these one in the cell, is 1mportant.

By the other tested bacteria (P.a., S.a. and I.c.) no satislactory corre-
lations  were  obtained.

Experimental. Siiff's bascs. To a solution of 0,001 moles 4-aminobiphenyl (I) or Z-phenyl-
»4(}) aminophenyl)-thiazole (1I) in 5-—10 ml ethanol a solution of 0.001 moles o-nitrobenzaldehyde
or p-hidroxybenzaldehyde in 5—15 ml ethanol was added. The mixture was refluxed for one hour
and aiter cooling the precipitate was filtered, dried and reerystallized. Additional data were given
in Table 4.

Biolugicai tesi. Yor the diffusion test the agar was used. The medium was inoculated 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 controle 0.1 ml DMFA were used. After 24 bours incubation at 37°C  the diameter
of the complete inhibition area was measured.



Table 2
The Hanseh equations (Compounds 1V . lest on E.)
Hquation n g £ E."
log 1/C == —0.1527x + 7.7449 1) 9 0.469 Iy, = 10.845 10.82
log 1/C = 0.1554¢ + 7.7064 @) 9 0705  F,,= 2.964 42,58
log 1/C = —0.1913% - 0.1248¢ + 7.7231 (3) 9 0914 Fy g = 8.422 77.95
log 1/C = —0.2861x% — 0.1206n + 7.7826 (4) 9 0.623 Iy e == 1035 18.34
log 1/C = —0.12457% — 0.1746% + 0.1621¢ + 7.7410 (3) 9 0929 F,, - 6307 78.11
n=number of measurements; »=the correlation coefficient
F=F~test of signifiance; Ev°,=the cocfficient of variation
Table 3
The Hanseh equations (Compounds 111, o lest on Bk
Equation no ¥ 1 E.°
log 1/C = —0.1651x + 7.6466 6) 6 0892 F,, =~ 586 74.52
log 1)C = —0.10985 - 7.6755 7) 6 0640  F,,— 1.04 26.19
log 1/C = —0.1403= — 0.05055 + 7.6597 8) 6 0.930 Fy = 4237 77.46
log 1/C = 0.14947* — 0.18257 -~ 7.6235 ©) 6 0977  F,, = 1394 92.45 -
log 1/C = 0.1562=% — 0.1838x -~ 0.00515 + 7.6211 (10) 6 0.977 Iy, = 5.233 88.77
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Table 4
Schifis bases 11I, . and IV

h, &

Solvent used Melting point Analysis N°J

Compound  for recrystalliza- °C Formula PR
tion (colour) (Molecular weight) o .
Caleulated Found

Iy, Methanol 109--110 CypHy (N0, 9.27 8.9
(mutard) (302.3)

Iy Acctone 247 -8 CiH s NO 5.12 5.4
{orange) (273.3)

1Vy, Fthanol 1656 CyaH N, O, 5 10.9 11.1
(lemon-vellow) (385.4)

IVe Xvylene 2045 Cya T N,OS 7.52 7.8
(vellow) (372.4)
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Interfacial tension was meuasured at the benzenefwater interface as func-
tion of surfactant concentration in bensens. Two surfactants were studied, viz.
astaxanthin (3,3’-dihydroxy-4,4’-dioxo--carotene) and the non electrolyte com-
plex [Co(DH),I(y-picoline). Interfacial pressure vs. mean molecular area cutrves
are constructed and limiting molecular area, surface compressional modulus
and Gibbs free energy of adsorption values are derived. Ares necessities of
both surfactants are calculated ous the basis of a molecular model. The be-
haviour of the adsorbed surfactant monolayets is discussed in terms of mo-
lecular structures, intermolecular interactions and penetration of benzene mo-
lecules between the oil phase parts of the surfactant molecules.

Introduetion. 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 practical interest, such as
extraction and mass transfer, some electrolysis processes, generation of foams
and emulsions, detection 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),I{y-picoline)], was studied
at the benzene/water (B/W) interface, by means of interfacial tension measu-
rements at constant temperature. Beth surfactants are soluble in the oil phase
and insoluble in water.

Experimental. Materials used were of high purity: benzene, commercial product of p.a. pu-
rity (Reactival, Bucharest) ; astaxanthin {AX; 3,3’-dihydroxy-4,4-dioxo-B-carotene) was a commer-
clal product (Hoffmanu--La Roche) of all-frans configuration. The non-electrolyte type iodo-bis-
dimethylglyoximino-y-picolino-Co(IIT) complex (ID; [Co(DH),I(y-pic.)]) was obtained as described
eariier [3]. Purity of the complex was assured by reerystallization and checked by means of che-
mical aualysis. As aqueous phase twice distilled water was used.

Tnterfacial tension measurements woro performed by pendant drop techuique. Tle apparatus
used was similar to those described in the literatare 4], allowing the reproducibility of inter-
facial tension measurements within 401 mN/m.

Temperature was mainteined at 20 4 0.1°C.

Resuits and priscussion. In Iig. 1, interfacial tension (o) vs. time (f) curves
are given for benzene solutions containing AX in different concentrations and
being in contact with purc water. As seen, in the first minutes, and especially
at high concentrations of the carotenoid, a proncunced decrease of the inter-
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*ig. 1. Time evolution of ¢ in the sys- Fig 2. Equilibrium surface tension wvs. com-
tem benzene-AX/water at different con- centration curves. 1—AX; ¥ = [AX] X
centrations in AX. C x 10%, mole/l: 1-0; 104, molefl; 2—1D, v = {ID] x 108, molefi.

2-099; 3—1.48; 4-2359; 5-5.21. Full line: calculated by means of Eq. (I

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

The limiting values of ¢ obtained for high ¢ values and at diiferent S con-
centrations, have been taken for the equilibrium interfacial tension (o), allowing
us to construct ¢ ws. [S] or vs. x curves, where [S] and x staud for the molar
concentration and for the molar fraction of S.

The experimental ¢ vs. [S] curves obtained are given in Fig. 2. for both
surfactants studicd. These curves were simulated by the following polinomial:

5=yt ap® a4+ g )

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

Tabls 1
Coefficients a, of Eq.(1) derived from the experimurntal o vs. v data
S a, X 10718 —ay % 10712 a; » 107° —ay X 1073 a,
AX 172.4 340.5 28.21 11.95 32.97

1D 0.08741 0.7784 0.3148 0.8513 34.40
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TFurther, interfacial pressure (=) vs. mean molecular area (4) curves were
constructed. The interfacial pressure can be defined as:

T EE Gy — G (2)

where o, and o 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 K.
(1) one obtains:

== —ayat — a,a% — @t — ax + (6p — ay) 3

The corresponding A value can be obtained by using the Gibbs equation written
i the following form:

- 4)
do jr
where £ is the Boltzmaun constant. The derivative (0x/ds), can be calculated
on the basis of Eq. (1) leading to the relation:

kT
‘—{ mm

; (5)
da vt r Bagnd - 2a,0% o agx

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 Egs. (5) and (3), respectively, the isotherms given in Fig. 3 could
be constructed. Extrapolation to = = 0 of the linear portion of the isotherms,
observed at high interfacial pressures, allowed us to derive limiting molecular
arca (A.) values. The 4, values derived are presented in Tab. 2. The same
table contains also the A, value of AX derived earlicr |57 from the compression
isotherm recorded at the airjwater (A/W) interface. A, valucs, as well as the
collapse arcas (A.) for spread film, can be well correlated with geometric cha-
racteristics of the S molecules. Accordingly to our rotating rigid plate model of caro-
tenoid molecules [6], these are anchored with their polar headgroup into the
aqueous phase and at low A4 values their hydrocarbon chain adopts an oricnta-
tion perpendicular to the interface. By conmsidering the cross section of the

16 e _ Table 2
Interfacial characteristies of surfaetant mopelayers
i 1
. . A, —AG® Csp
€ S Interface nm?/molec. kJ{mole mN/m
~
z 8l
€ 8 AX  B/W 0.56 4 0.02 34.0 4 0.2 103
- AW 0.46 + 0.01 99
ID BiW 0.89 4 0.03 2765 0.2 119
4
: }
65 07 a9 I

Fig. 3. mvs. A isotherms of the adsorbed interfacial
A, nm%”/molec films, 1—AXN; 2--1D.
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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 molecules will be A, = a* and that
of the non-rotating close packed molecules A, = ab. Our calculations and ex-
perimental results showed that 4, x A, and 4, ¥ A, [6]. The same model
calculations gave for AX the values given in Tab. 3. This table contains also

Table 3
Geometrie characteristies of surfactant molecules
S a, nm b, nm IR Ay, nm? Ap, nm?
AX 0.65 0.45 2.5 0.42 0.29
D 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 cp. In the case
of 1D, spectral data obtained with bis dimethye glyoximino Co(III) complexes
[7, 81, plead for the geometric configuration given in Fig.4 « for the equatorial

o"H\O
HyC cH
3 ;
C==N N==C i
"% |
Co ‘
A N\
3 /C, ==N N == C\
H,C Lo CHy
Ny
H.
a
Tig. 4. Structure of 1Ty,
i equatorial plane; b — axial ligands. The dashed line square indicates the equatorial plane.

planc of the complexes. Fig. 46 shows the axial ligands. By presuming 1D to
be anchored into the W phase by means of its only hydrophilic ligand, i.e.
of I, the cquatorial plane of the complex will Jay on the interface and the ~v-picoline
ligand penetratcs into the B phase. Geometric characteristics obtained on
the base of this hypothesis, are given in Tab. 3. By comparing the 4, values
(Tab. 3) with the cxperimentally obtained 4 ones (Tab. 2), one can see that 4,
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obtained at the A/W interface is very near to the 4, value calculated, but 4,
derived for the B/W interface is much higher. This effect might be assigned to
the penetration of B molecules into the interfacial adsorbed monolayer or at
least between the hydrocarbon chains of AX, diminishing the intermolecular
attracting forces. A similar but lower cffect is observed also with ID, its 4,
value exceeding A,.

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

AG® = —RT m(i} (%) 6)
X0\ Ts )

where (r/x), stauds for the slope of = vs. ¥ curve in its initial portion (x -~ 0)

%, and =, correspond to the standard state. By taking x, = 1 and m; = 1 mN/

m, Eq. {(6) gives:

AG® = —RTIn (f—) (7)
%Jo

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

[ . dr
(_) = —lim 42
0 x—0 dx

By taking into account Eq. {1), Eq. (7) becomes:
AG® = —RT In (—ay) (8)

AG® values given in Tab. 2 have been calculated bv means of Eq. (8) by using
a, values presented in Tab. 1. ,

As scen, {—AGY) values are rather high, indicating a strong adsorption of
the surfactants at the B/W interiace, due presumably to the penetration of
the polar groups into the W phase. In the case of AX the AG° value is near to
those reported for other carotenoids {101

As an example let us consider izozeaxanthin (1ZX) and canthaxanthin
(CX) [10] as well as AX, investigated in the present paper. All these caroteuoids
have two identical polar headgroups at the two extremnities of a hydrocarbon
chain with a conjugated =-bond system. The molecules can be thought to be
anchored into the W phase with one of 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, seems to be periectly reasonable. AG° must characterize mainly the
interaction of the polar headgroup with the aqueous phase, ic. 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
mteraction of the S molecules 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 = vs. 4 curve
of 1D 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 = vs. 4 curves of the adsorbed surfactant monolayer surface
compressional moduli were derived. The surface compressional modulus (C,”") is
defined as:

7' =—4 (f—) (9)

a4

Combination of Egs. (4) and (9) leads to the relation :
ER
dxir

Frequently, condensed monolayers are characterized by means of the Cg' value
defined as:

o

T

Col=— (10)

- ar 5
CS’)IZ _-‘40(52)0: +‘40A—£;1—_ (11)
o m

where 7y and A4, stand for the maximum = value, and fot the minimum A value,
experimentally attained, respectively. In the casc of monolayers spread at
the A/W interface, these inagnitudes represent the collapse characteristics,
7w, and A, respectively.

The C.," vaiues derived from the = vs. 4 curves given in Fig. 3., are presented
in Tab. 2, together with the corresponding value obtained for AX at the A/W
interface. As seen, this limiting value of € 7' for high = values does not differ essen-
tially from cach other 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 €' values obtained are
near to the lower limit (~ 100 mN/m), admitted for the condensed liquid state
of monolayers [11].

In order to obtain a clear image on the compressibility of the monolayers
studied and in the whole = range investigated, C7" vs. = curves were constructed,
by using Hq. (9). 1. (9=/dA); values were derived graphically from the =
vs. A curves. Results are presented in  Fig. 5.
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v S We mention that an attempt was
, /‘? [ made to obtain C7' vs. w curves by
0 ':/i . using Fq. (10) and the regression poly-

' nomial (1} leading to the {following
expression :

Col— ¢ (da, % -+ 3aza? - Za,nx - a,)?

16a, 4% + u,x® - da,x -+ a,

These calculations gave reliable results
¢ only for low = values, e.g. with AX up
. to about 9 mN/m. At higher = values
' Eq. (12) gives negative values. This is
© mnot surprizing since the regression polyno-
0 - ! - mial cannot be expected to have the

T, mN/m same second order derivative as the
experinlental curve has. Therefore, gra-

Fig. 5. Surface compressional modulus of 1 pica] derivation was needed to obtain
the surfactants, as function of . 1-AX; |

2-1D. the €, s, = curves. As seen, at all =
values . 'of ID is higher than that of
AX, indicating the monolayer of the
former to be less compressible as compared to the AX one. This difference in the be-
haviour of the surfactants studicd might be due to the different character
of their oil phase hydrophobic chain. In the case of ID this chain is a short
one, but with AX it is much longer (see ¢ values given in Tab., 3). On the other
hand, by taking into account the molecular structures, it is obvious that the
penetration of benzene molecules does not affect cssentially the intermolecular
forces acting between ID molecules, but the same phenomenon may piav an
import int role in diminishing the intermolecular attraction between AX mnole-
cules. Therefore, in the case of 1D, at high = values the atoms ot thc equatorial
plane of neighbouring molectles arriving ncar to cach other, C,! increases
very tapidly with increasing =. With AX, with iucreasing = the benzene molecu-
les situated between adjancent surfactant molecules are gradually expulsed,
entailing a lower slope of the €' s, = curve. Inspection of Fig. 5 showsthe
shape ol the curves to be cousistant with this theoravicad {\putahov The
comparison of the experimental o, and of the theoretical i, values given m
Tabs. 2 and 3, shows the abo\L picture to be consistent also with the A, values
obtained. As seen A, == 1.33 .1, in the case of AN, but only A= 1.1.1, with
1D for the same interface B/W. Oue may picsume the sclatively high A value
of AX to be due exactly to the penctration of I mokceules between the
hydrocarbon chains of the surfactant molccules, the adsarbed {ilm being nove
expanded than the spread one.
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RECENZII

PaulC. Hiemenz, ,,Principles of Colloid
and Surface Chemistry”®, 2nd ed., Marcel Dekker,
Inc. New York and Basel, 1986, 815 pp.

Paul C. Iliemenz is Professor at California
State Polytechnic University in Pomona. The
first edition 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 successfully be con-
sulted also by specialists from most various fields
of contemporary science and technology, such
as: chemical industry, environmental science,
science of materials and soils, geology, petroleum
science and industry, food production, hiochemistry
and molecuiar biology, etc. The more s as colloid
and surface chemistry have not secured a proper
status yet among other disciplines in many of
the higher education curricula.

The second edition of the book containg
the following chapters: (1) Colloid and surface
cliemistry : their scope and wvariables, {2) Sedi-
mentation and diffusion and their equilibrivm,
(3) Solution thermodynamics: osmotic and Don-
nan 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) Colloidal struc-
ture in surfactant solutions, (9) Physical adsorption
at the gas-solid interface, (10) Metal suriaces:
microscopy, spectroscopy, and difractometry,
(11) van der Waals attraction and flocculation,
(12) The electrical double layer, and (13) Electro-
phoresis and other electrokinetic phenomena. We
mention that the topics discussed in (8) and (10)
are developed under separate chapters only in
this new, second edition of the bock.

Professer 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 edition of his “Principles of Colloid and
Surface Chemistry”, too. In his view, colloid
chemistry is the science of large molecules and
of finely subdivised multiphase svstems, the
latter being micro- and ultramicroheterogeneous
systems in our novmenclature.

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

chemistry, as well as the clear-cut distinction
between macromolecular colloids and multiphase
dispersicns.

Beside “classic” problems such as transport
phenomena in colloidal systems (sedimentation
and diffusion), viscosity of dispersions, Rayleigh
and Debye light scattering, adsorption on various
interfaces and their applications (detergency,
flotation etc.), a series of present-day subjects
are to be noticed in the reviewed book: inter-
pretation of surface tension irom the point of

view of intermolecular forces (Girifalco-Good-
Yowkes equation); micellar  catalysis;  micro-
emulsions and their applications (such as oil

tertiary recovery), ete.

In the present edition a separate chapter
is destined to metallic surfaces and due modern
methodologies such as: Scanning Electren Micro-
scopy, Auger Llectron Spectroscopy, Low-Energy
Electron Diffraction, Ficld Ionization Microscopy.

Of special importance for the instruction
of future specialists are chapters 11 and 12, in
which hasic problems relating to stability and
coagulation (flocculation) of colloid systems arc
treated. The DLVO (Derjaguin, Landau, Verwey,
Overbeek) theory is also discussed, and the theory
of DLP (Dzyaloshinskii, Lifshitz, Pitacvskii) is
referred to.

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

Professor Hiemenz's excellent book, useiul
to beginners as well as to specialists, represents
a pleading for the prominent place this inter-
discipline - namely colloid and surface chemistry
— must occupy among the different high school
compartments such as: chemistry, chemical engi-
neering, biochemistry, petrolenm science, geology,
and so on,

EMIL ¢HIvQ

La eorrosion des
et protection
et

Liviu Oniciu ¢ al,
metauXx. Aspeets fondamentnux
anticorrosive, Id. scientifique
que, Bucharest, 1986.

encyclopédi-

Alors qu'aujourdh’'ui on estime que presque
un tiers de la production mondiale annualle d'acier
est perdu & cause de la corrosion, nous considérons
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qu'il n’est plus nécessaire 4 mettre en évidence
Timportance et l'actualité de la connaissance des
mécanismes des processus de corrosion ou des
méthodes de protection anticorrosive. Dans ce
contexte, le livte du professeur Oniciu et ses
collaborateurs, detient une place a4 part parmi
les autres ouvrages de méme sujet, par son contenu
orienté fortement vers la présentation des aspects
théoriques fondamentaux du  phénoméne de
corrosion et de la protection anticorrosive,

I’ouvrage compte cing chapitres chacun
étant suivi d'une bibliographie sélective. Dans
le premier chapitre est présentée, tout d’abord,
P'ampleur des pertes dues a la corrosion en utilisant
des données récentes et convaincantes. Un Dbref
appercu historique offre ensuite anx auteurs la
pussibilité d’¢videncier les plus importants ré-
sultats théoriques et pratiques. A la fois ils ont
aussi la possibilit¢ de passer en révue les dirrec-
tions actuelles de la recherche dans le domaine
de la corrosion et de la protection anticorrosive.

ILe deuxiéme chapitre st entiérement
dédi¢ a 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 manijére bréve mais profonde. Une attention
particuli¢ére est accordée a l'oxydation des métaux
en excmplifiant en détail a 'aide du processus
d’oxydation du fer.

Le troisieme chapitre occupe une place
privilégide dans Youvrage par son dtendue -
presgque 309, du tetal — et surtout par la densité
de linformation contenue, Ainsi, au début, sont
présentées les bases de la thermodynamique et
de la cinétique dlectrochimique moderne, de méme
que les techniques d’investigation des processus
d’¢lectrode. I faut noter leffort constant des
auteurs pour présenter toutes les informations
pour quelles soient le plus utiles possible a ceux
qui fent 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—Iivans. En-
suite, sont examinés les différents tvpes de pro-
cessus  cathodique qui accompagnent de régle
le processus de corrosion: la décharge des ions
d’hydrogéne rencontrée dans la corrosion en
solutions acides, la réduction de oxygeéne présente
dans la corrosion en solutions neutres et basiques
et la réduction d’autres systémes redox comme
Fed+(Fe2+, nitrite, hydrazine, sulfite, etc. Dans
tous les cas examinés les auteurs insistent sur la
mise en évidence des parameétres déterminants
dans le fonctionnement de chacun des systémes
examinés. Derniérement, sont exposés les types
de corrosion rencontrés le plus souvent dans la
pratique : la corrosion par macropiles galvaniques,
la corrosion par piles de concentration — &
oxygéne ou & un ion métallique —, la corrosion

par piles électrolytiques, la corrosion par piles
formées des défauts de la conche d'oxyde passi-
vant et la corrosion par micropiles galvaniques.

Le phénoméne de passivation des metaux
et des alliages ainsi que la théorie générale de
la passivation sont traités dans le quatridéme
chapitre. 1l est imsisté sur les paramétres physico-
chimiques qui contrélent Vinstalation de la passi-
vation et aussi sur les possibilités d'utilisation
pratique de cette modalité de ralentissement de
la corrosion.

Le dernier chapitre e plus développé —
il représente presque la moiti¢ de Vouvrage —, est
consacré entidrement aux principes de la protec-
tion anticorrosive et du génie de la protection
anticorrosive. Les différentes modalités connues
pour la prévention ou seulement pour la dimi-
nution de la corrosion sont examinées, par exemple :
le choix des meilleures solutionms constructives,
I'utilisation des inhibiteurs de corrosion, la dépo-
sition des couches protectrices, la protection
électrochimiques, etc. Les problémes spécifiques
de la Intte anticorrosive dans une série de secteurs
économiques de grande importance (I'industrie
pétrolicre, pétrochimique, de synthése orgamique,
thermoénergétique, ete.) ainsi que dans d’autres
situations différentes ayant comme facteur commun
le milicu corosif identique (la corrosion dans
Vatmosphére, dans I'eau de mer) sont également
présentes, I.a grande diversité, le caractére inter-
disciplinaire, la précision du détail qui caractéri-
sent jes informations contenues dans ce chapitre
nous permétent d’affirmer que cette partie de
Pouvrage représente la piéce maitresse du livre.

Par la concision et la clarté du style, par
la présentation systématique du matériel, par
I'utilisation équilibrée des exemplcs les plus
adéquates le livre reste accessible mazlgré son
niveau scientifique bien élevé. La lecture de ce
livre ofifre & tous les intéressés dans U'¢tude de
la corrosion et de la protection anticorrosive
une riche information (413 citations bibliogra-
fiques) accompagnée d’'un trés bon matériel illus-
tratif (240 figures et 66 tableaux).

CATALIN POPESCT

Liviu ILiiterat, Transport Phenemena
and Speeifie Equipment jn Chemicai Industry.
Transport Proecess, Edited by TUniversity of
Cluj-Napoca, 1985, 174 pp.

The series of lectures written by prof. Liviu
Literat comprises the first part of the curriculum
taught at the Faculty of Chemical 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
equations of the transport phenomena arededuced,
stressing the analogies stemming from the transport
mechanisms for momentum, heat and mass transfer.
The general transport equations derived from
the property balance were particularized for the
cases of momentum, heat and mass transfer,
with special emphases on their common basis
and on the correlations between the physical
and mathematical models describing them.

Much attention has been given to the fluids
flowing, by establishing the continuity equations
of the momentum and of the energy balance,
necessary for understanding the heat and mass
transfer by convective mechanism, and the ana-
logies between them.

The third chapter is devoted to the modelling
of transport phenomena, especially to the experi-
suental modelling. Elements of similitude theory
are reviewed and the gemeral methods for esta-
blishing the similitude criteria and the criterial
equations are presented. I'or space economy sake,
the illustration of the methods for determining
the similitude criteria was made distinctly for
hydrodynamic, thermal and mass similitude. The
chapter ends with a synthetic overview on simili-
tude in momentum, heat and mass trausport,
stating that the similitude criteria represent
property fluxes of identical or different type, trans-
port by either 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 equations of the
limit layer are deduced, and its thickness is es-
timated.

Along with the description of the 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 next 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) uaderscoring
their importance in the evaluation of partial
coefficients of convective transport. The f{inal
part of this chapter is reserved for a presentation
of some analogic experimental methods applied
to chemical engineering (the electrothermal,
thermohydrodynamic and electrooptical analogy).
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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-
sequences of the probleins dealt with in previous
chapters.

A concise treatment is given of the transfer
intensification by hydrodynamic 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 the
problems of the property transport theory, attemp-
ting to crystallize a systemic, unitary point of
view on this matter.

1 suggest that priority should be given to
the apparition of the subsequent 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 Iquipment 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.

ZINO GROPSIAN

I. Kékedy: Metallic and Ion-seleetive
Eleetrochemiral Sensors (Sensori  electrochimict

metalici si ionselectivi) Bucuregti, Editua Aca-
demiei R.$S. Romdnia, 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 electrodes as potentio-
metric 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 modern and generous list of refe-

rences (418 articles and monographs) and a remar-
kable original contribution of the author, make
the book a valuable guide in the field electroa-
nalytical chemistry.

The theoretical and experimental aspects
are treated at high level, corresponding to the
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high school requirements, and the original con-
tributions are 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 and biochemical technologies.

As concerning the other six chapter, the
attention is retained by the numerous details
and recommendations to follow in experimental
analyticzl applications, by the lucid apprecia-
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tions of the pricisions and the restrictions of
the described methodes.

The book represents the first Roumanian
source of information in the field of electroche-
mical sensors, and illustrates the importance of
the applied clectrochemistry in practical activity.
It is a valuable source of information for resear-
chers, engineers and students in chemistry
and chenical technology.

L. ONICIU
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Participiivi la muanifestari stinfifice  infer.
n itionale
o Ta al 7-lea Simpozion International do ,, Stoie-

tura, Functia si Mcetabolismrol Lipidelor din Plante”,
organizat la Universitatea Davis California (8UL)
in perioada 27 iulie 1 august 1986, lucrarea
“AMolecular Associations in Lipid-carotenoid Mono-
lavers”, deM. Tomoaia-Cotisel,T.Zsakd,

Ii. C hifu si P.J. Quinmn, o fost prezentatd
de Dr. P, J. Quinu de la Universitatea din Tondra

- }{ing 8 U;lkgc.

o Ta al 7-ca Congres International de |, Toto-
sintezd”, organizat la Universitatea Drown Pro-
vidence, Rhode Tsland (SUA) in perioada 10—15

august 1986, laucrarea “Collapse Mcechanisin of
Some  Cavotennid  Monemolccular Tilnis - Alom-
brane Mode!” de M, To mou fa-Cotisel 1.
Zsakd, It. Chif sl
H. ¥ R “aw A

Cadenhiead de
® Lo al 61« ‘nfmn‘l deo ), Sar-
factanti in *‘)ui‘l“” orvanizat in Nevw Dethi (Indiad
fu perioada 18- 22 angust 1860 I |RIPR U S

C hi f woa trimh (‘oufeﬁuta v~1 °1 3

Sing JRAERTHY

sioid  Vlanos

;
i

ntions”
1 Comitetol T
ozienntai,

Myrrs on fpf'f,w
smil Chifa a imn pir !
tﬁrn'muu il de organizare al Nius

Vizite in striinitate
Lector Dr. Maria Tomoaia-Cotisel
a ficut o vizitd la Universitatea din Tondrn —
King’s College, in cadrul cooperirii roméno-
britanice pe tema ,,Studiul filmelor svperficiale
cu aplicatii In biochimia fizici a mombranclor
naturale” in perioada 16 august -~ 7 septembrie
1986. Cu acest prilej a efectuat corcetiiri in cola-
borare cu grupul de specialisti condus de Dr.
P. J. Quinn.

Vizite din striiniitate

o Dr. D.Driucenko si Dr. V. Sali-
mov de la Institutul de Cercetiri Cosmice al
Academiei de $tilnfe a URES — Moscova a

vizitat in perioada 14--17 februaric 1986 Iibo-
ratoarele grupului de cercetare in domeniul Chimiei
coloizilor §i suprafetclor de la Tacultatea de tehno-
logie chimied -- condus de Prof. Dy, Ewil Chifu,
Cu acest prilej au fost purtate discutii iu cadrul
colabordrii la programul , Intercosmos”.

® T acelasi grup de cercetare a efectnat o vizitd
de lueru ¢ Dr. Peter J. Quinan in pericada
26 octombrie 1 nofembrie 1986, Vizita a avut

loc in cadral cooperdrii roméno-britanice cu tema:
tudiul filneloy superficiale cu aplicatii in bio-
chimia fi

sicd @ membraiiclor naturale”. Cu aceastd
T ()'mm a expus conferinta ,.Alem-
nisimn ,7 si cinctica danzitillor de fazd in Josfolipide”
1 cadrul Seminarulvi stiintific de dnmw fizicd
i ozina de 29 octombrie 1986,

Py

Orgunizdvi de manifesliri gtiiniifice in ca-~
drul Universititii

Al II-lea Simpozion de ,,Chimia Coloiziloy si
Suprafefrlor” s-a desfigsurat in periocada 8—10
septembrie 1086 In Yacullatea de Tehnologic
Chimici — in cadrul Catedrei de chimie fizied,
organicd si tohvmh)gim‘\, sub egida MT.Ch,, ICL-
CHTIM - Contrud de Chimie fizicd, CNST, MET
sioa I,nnxr:qt:x{ii din  Cluj-Napoca. Presedintii
Comitetului de ereanivare au fo:t: Director Ge-
neral st Maria Tonescu — TInstitutul
Centrod Chimie, Trof. Dr. Fwil Chifu,
sof de Universitatea din Cluj -Nupoen,
Prof. Dr. Constantin Iu ca, dircctor

ol

de
catedsri - -

Doe.

- ICECTIIM - Central de Chimde {3 si Prof.
Dr. Gheorehe Marcn, director Tnstitn-

tul de Chimie Cloj-Nupoea, Nl:p- cuvintul Recto-
roful Universitadit din Clej-Napoca, Prof, Dr.
Aurel Negucioia, au fost sostinute urmi-
toarele conferinte plinare: coloicilor 1

L Chimia
su/)mfﬂtm’m"’ - Ministrul Seeretar de StatMihail

Florescu, membro corespoicdent ol Academici
RER; L, Climic SZ![’I((UM.’J%..[((!(( sl telizd supra-
molecidard” — Prof, Dr. Doce. Constantin
Liuca; ,,Unce prodblesne de aciialitele in chimia
interfefelor Lichide” — Prof. Do Fomil Chifug

LMembrane de sindesd Tin piorese de scparare”

Dy, Gheorghe Roadulescu; , Tuferactia
polimerilov cu substanfc tensioactive” — Dr.
Georgeta Popescn si Mircca Mari-
nescu.

Lucrdrile s-an desfdsurat in patru sectiuni: feno-
mene interfaciale, sisteme disperse, membrane

biologice si de sintezd, sisteme coloidale In procese
telinologice, Au fost prezentate 155 de comuniciri
elaborate de 332 de autori.

Publiciri de tratate, cursuri uni-

versitare

earti si

Enciclopedia de chimie, vol. 2,
CI—

C—CH si vol. 3,
, elaboratd sub coordonarea Acad. dr.
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ing. 'lena Ceausgescu, colectivul de re-
dactie: T, Ciordnescu-Nenitescu, ...,
B, Chifu, V. Fiarcasan, I. Haidue, B

Mager, Gh, 3larcu, I. Oniciu, Editurs
Stiintificd gi Dnciclopedicd, Bucuresti, 1986,

L. Oniciu, 8. Ivdgan, dM. Apostolescu, E.
Schmidt, Coroziunea metalelor, Lditura Stiin-
tificd si Huciclopedicd, Bucuresti, 1566,

L. Literat, Fenomene de transfer si utiiaje
in industria chimicd. Procese de transport, Lito
Uniy. Claj-Napoca, 1986.

Luerari stiingifice aparute in reviste de spe.
cialitate din fard si striinditate

Ii. Chifu, C I, Gheorghiu, I. Stan, Some Re-
marks Concerning the Marangoni Flow on un
Inclined Plane, VI. Internationale Tagung e
Grenzflachenaktive Stoffe, pp. 211--217, Bad Stuer
(DDR), April 2227, 1985.

F.Chifu, I.A1Dbu, C I Gheorghin, i, Gaviyi-
i, M., Sdlajan, M. Tomoaia-Cotigel,
Marangoni IMlow — Induced by Temperature
Gradients — Against Gravity Torees, Rev. -
wmaine Chim., 31, 1035 (1886).

o Chifun, J. Zsakd, M., Tomozia-Co-
tisel, M. Sdalajan, I. Albu, Nanthophyil
PFilms. IV, Interaction of Zeaxanthin with Flectro-
Iytes at the Air/Water Interface, J. Colloid Tutor-
Jace Sci., 112, 241 (1986).

I. Haidue, C. Silvestru, Trichlorodiphenylan-
timony (V), in Inorganic Synthesis, vol. 24, Fdited
by 8. Kirschuer, J. Wiley & Souns, 1486, p. 194,
P. Dogar, L. Silaghi-Dumitrescu, R. Grecu, I.
Haiduc, Amine Adducts of Nickel (11} Diplie-
nyldithiophosphinate with Substituted Fthylene-
diamines, Rev. Rownaine Chim., 51, 79 (1956).
L. Silaghi-Dumitresen, I. A, avila-Diaz, 1.
Haiduc, Dimethyl- and Diphenyldithioarsi-
nates of sowe Maein Gronp Metals, Rew. Rovinaime
Chim., 31, 335 (1986).

I.MHaidue M. Curtui, I. Haiduce, Solvent

Hxtraction of Uraninm(VI) with DIi-2 ethyihexyl-
dithiophosphoric Acid from Aqueous Nitrate,
Chioride, Sulfate and Phosphate Media, J. Ra-
dioanal. Nuclear Chem., Articles, 99, 257 (1986).
C. Silvestru, L. Silaghi-Dumitresen, I. Ilaidue,
M. J. Begley, M. Nunn, D. B. Sowerby, Synthesis
of Diphenylantimony(I1I) Dialkyldithio- and Di-
aryldithiophosphinates and arsinates; Crystal
Structures of Ph,SbS,MPh, (M=P, As), J. Chem.
Sac., Dalton Trans., 1986, 1031.

. Clare, D.B. Sowerby, I. Haiduc, The
Crystal Structure of Bis (N-pentafluorophenyd)
tetraphenylcyclodisilazane-tetrabenzene,

(P, SiINCg15), 4CHg, J. Organometal. Ciem., 310,
161 (1986).

I. Haiduc, I.Silaghi-Dumitrescu, In-
organic (carbon-free) Chelate Rings, Coord. Chem.
Revs., T4, 127 (1986).
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M. Begley, D.B. Sowerby, DM, Wesolek, Cg
Silvestru, . X aidue, Diphenylantimony(I11)
Diphenylphosphinate and  Diphenyilthiophosphi-
nate; Synthesis, Spectra and Crystal Structuore,
J. Organo- met. Chen., $16, 281 (1986).

L. Liiterat, D, Vasilescu, Masd ceramicit
superaluminoasd ca Hant malitic ¢l porozitate
controlatd, suport de catalizator, Maleriale de
Constructil, 16, 47 (1986).

L. Lhiterat, N. Farbag, Cercetarea micro-
fazelor din sisteinele silicatice tehnice cu ajutorul
microsondel electronice cu caleulator, Materiale
de Constructii, 16, 140 (1986).

B Mager, V. Fdarcdsan, I. Cristea, 1.
Panea, I. Ilopirtean, ¥. Jugrestan,
B, Paiu, A, Horvath, Contributii la asimilarea
unor antidiunatori cu nucice pirimidinice, in
Progrese de cercetarve biochimicd, Yidit. Acad. RS8R,
Cluj-Ivapoca, 1886, p. 65.

Gh Mavcu, A, Hantz, M. Somay, Cs. Var-
helyi, F. Tolea, Study on some Cobalt(I1Il)
Dioxiutine Chelate Adducts with Tertiary Phos-
phines, Hee. Rowmaine Chim., 31, 227 (1986).
Gh., Marcu, Al. Botar, A. Naumescn, Conftri-
butions to the Study of Cobalt(Il) Dioxygen
Compiexes, Rev. Roumaine Chaon., 31, 981 (1986).
Gh, Marcu, V. Andreica, A. Tibad, AL Trif,
Colorarca in roz-rogu rubiniu o geamului contactat
in prealabil cu o topiturd de stanin, Aluferiale
de Constructii, 16, 60 (1988).

L. Oniciu, P, lea, G, Trantabidf, Proceden de
obtincre o rodivdul maetalic, Kee, Chim. ( Bucuresti ),
37, 770 (1886).

L. Oniciu, V.A, Topan, I. Muresan, D.
Glieroiu, Coroziuaea eclectrocatalizatorilor in pi-
lele de combustic en hidrazingd, Ibidem. 37, 153
(1986;.

T, Onicin, ¥ 21 Rus, D, Constantin, ¥, Cio-
moy, Llectrozi de zine pentrn acumulatoare alea-
line, [Ilidem., 37, 44 (1988).

L. Oniciu, DA, Lowy, 1.A. Silberg,

0. .

Oprea, C. K. Tlorea, Cationic Moembrane Ref-
erence  Blectrode, Iwlendad  Abstracts of 3Tth

Meetivg of the Tnlornationa Society of Flectro-
chemistry, Vilnius, UpSR, 24—31 august, 1986,
2, p. 379

L. Oniciu, D.A. Lowy, I.A. Silberg, D.T.
Angliel, Potentiometric Determination of Cationic
Surfactunts Used in Adiponitrile Ilectrosynthesis,
Analusis, 14, 456 (1986),

L. Oniciu, I. Mitrache, A, Muresan, I. Marian,
I. A. Silberg, Thermal Modification of Semicon-
ductor (Electrolyte couple under Illumination,
ixtended Abstracts of 37th JMeeting of the Inter-
national Society of Ilectrochemistry, Vilnius,
USSR, 24--31 angust, 1986, 3, p. 306,

L. Oniciu, V. A, Topan, A. Muresan, D. Gher-
toin, A. DPdntea, Some Fundamental Aspects
of Lead Yilectrorefining, fbidem., 1586, 4, p. 345.
I. Silaghi-Dumitrescu, I. Haiduc
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Why are Cyclosilazane Rings more Stable than
Cyclodisiloxanes ? A quelitative JMolecular Orbital
Approach to the Bonding in Cyclodisilazanes and
Cyclodisiloxanes, Inorg. Chim. dcta, 112, 1539
(1986).

I. Silaghi-Dumitrescu, I. ITaiduc,
The Donding in Dialkyldithiophosphinato Metal
Complexes. A Molecular Orbital Study of Bis-
(dimethyldithiophosphinato)nickel{I1), Rev. KRou-
imaine Chine., 31, 955 (1986).
M. Tomoaia-Cotisel, I
Silidjan, I ¢ hiifu, Interaction of Unimolecular
Films of some Carotenoids with Electrolytes at
the AirjWater Interface, Waler and Ions in Bio-
logical Systews, pp. 371 — 381 A, Pullmann, V.
Vasilescu and L. Packer, eds., Union of Societies
for Medical Sciences, Bucharest, 1985.

. Pazmany, A. Silvestru, ¥. Griinwald, Cs.
Varhelyi, Utilizarea cunarinei extrase din
plante ca agent de luciu in baile de michelare,
Industria usoard (Bucuresti), 33, 129 (1986),
Cs, Varhelyi, I. Ganescu, A. Ilantz, 1. Papa,
Neue Reineckesalzihnliche Verbindungen mit
Dibutyl-phenylphosphin und Diphenyl-etliylphos-
phin, Rev. Koumaine Chim., 31, 291 (1986).

J. Zsakd, J. Demeter-Vodnar, I. Baldea,
Cs. Varhelyi, Kinetics and Mcchanismm of
Substitution  Reactions  of  Complexes, LVIII.
Hg(il) assisted Aquation of cis-Colen), Br{gama-
vicoline)r™, Kee. Roumaine Chim., 31, 443 (1986).
J. Zsako, G Liptay, Cs. Varhely i, Kinetic
Analysis of Thermogravimetric Data, XXV, Deri-
vatographic Study of Some  Co(NCB),(amine)q
Type Cowmplexes, [J. Therinal Anal., 31, 1027
(1986).

J. Z2saké, M. Tomoaia-Cotigel, A. Mo-
canu, K. Chifu, Insoluble Mixed Monolayers
II. Protolytic Equilibria and the Influence of
the pH on the Collapse Pressure, J. Colloid Inter-
face Sci., 110, 317 (1986,

Zsako, M.

Brevete

S. Mager, A, Benkd, I. Hopértean,
M. Rusu, Gr. Perint, Procedeu de obfinere a este-
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rului p-toluensulfonic al p-nitro-acetof enon-oximei
Brevet R.S.R. nr. 89672 din 1985.

Gh Marcu, C. Porumb, V. Andreica, A. Tibad,
M. Trif, Proceden de obtinere a sticlelor intens
colorate in albastru egiptean §i turquiz, Brevet
R.S.E. nr. 90 043 din 1986.

Gh. Marcu, C. Porumb, V. Andreica, M. Trif,
Procedeu de obtinere a sticlei intens colorate in
verde smarald (rubin verde smarald), Brevet
R.S.R., nr. 90 044 din 1986, )

Gh. Marcu, Al. Potar, A. Pitrut, Proceden
de preparare a heteropolianionilor de mangan,
Brevet R.S.R. nr. 90 021 din 1986.

Al. Botar, M. Rusu, A. Naumescu, D, ITtul,
Gh. Marcu, Procedeu de preparare a hetero-
polianjonilor de tipul Col., Brevet R.S.R., nr.
90 022 din 1986.

Sustineri de teze de doctorat

Mdiarutoiu Constantin, Cromatografia pe
strat subfire cu gradient programat de temperaturd,
utilizarca la contvolul poludrii wmediului, condu-
citor stiintific prof. dr. doc. Candin Liteanu
(7 februarie 1986).

Cosma Viorica, Cercetdri privind elabovarea
st aplicatiile analitice ale unor electyozi-membyand
ton-selectivi solizi. Electrozi Cudt si Cd?*-selectivi,
conducitor stiintific prof. dr. doc. Candin Liteanu
(22 martie 1986G),

Socaciu Carmen, Contribigii la chimia di-
tiofosfatilor orgamo-stamici, conducitor stiintific
prof. dr. Tonel Haiduc (18 octombrie 1986).
Kolck Herman, Contributii la studiul reac-
tiilor fotochimice ale azoxidevivatilor aromatici,

conducitor stiintific prof. dr. doe. Maria Tonescu
(8 octombrie 1986).

Oprea Gabriela-Maria, Studinl wnor noi
reactivi de flotatie si cu acfiune chelatizantd, condu-
ciitor gtiintific prof. dr. Emil Chifu (10 decembrie
1986).
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