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FRAGMENTATION OF DIPHENYLANTIMONY (III)
DIPHENYLDITHIOARSINATE Ph2SbS2AsPh2 UNDER ELECTRON

IMPACT

L. Sn.AGin-Dl MITltESCr, I. HAIDUC

The electron impact fragmentation scheme of Ph2SbS2Asl’b2 is diseussed on 
the base of the mass spectrum record ed at 70 el'. The loss of a sulfur is fol- 
lowed by the cleavage of the PlisSbSAsPh2 in similar antimony and arsenic 
containing fragments. The conversion of [Ph2E]T (.1; == As. Sb) into the corres- 
ponding dibenzoheterocyclic ions is observed.

Introduction. The diorganodithioarsinic anions, R2AsS2 arc wry good ligands 
towards both transition and main group metals. Few erystal and molecular 
structures are reported (1 — 6j, most of the papers describing the spectroscopie 
behavior of the metallic and organometallic diorganodithioarsinates [3—13]. 
Data concerning the mass spectra are reported only for Me2As — S — As(S)Me3 
711. (CO)4ReS.,AsMe„ 77j and FA B spectra are discussed for Sb(S2AsMe,)3, 
PhSb(S,AsMe,)2 and' Ph2SbS2AsPh2 [61.

After the synthesis and the molecular structure [4] we report now the 
fragmentation of diphenylantimony (III) diphenyldithioarsinate, Ph2SbS2AsPh2, 
under electron impact.

Results and Discussion. The mass spectrum of Ph2SbS2AsPh2 recorded 
at 70 eV is presented in Fig. 1. Table 1 contains the monoisotopic mjc values 
for both, arsenic and antimony containing peaks.

Diphenylantimony (III) diphenyldithioarsinate is a dimer in solid state, 
as shown by the %-ray erystal' structure détermination [4]. However, as it 
can be scen írom the spectrum and the Table 1, even the monomeric the 
molecular ion peak is missing. The base peak is mie = 154 [Ph2j+.

The highest molecular weight fragment, [Ph,SbSAsPh2[+, m/e = 536 is 
forrnod by the cleavage of a sulfur írom the parent monomeric molecule. No 
loss of phenyl groups is observed at this stage. The next smaller fragments 
are formed by the cleavage of either the arsenic-sulfur bond or antiniony-sulfur 
bond. The relative intensifies of the arsenic-containing and antimony-containing 
fragments formed írom [Ph2Sb —S —AsPh2j+, support the preferențial cleavage 
of the As —S bond, rallier than antimony-sulfur bond. This is not a surprising 
behavior for the softer,. compared to arsenic, antimony in relation to sulfur. 
The fragments are of. quite similar composition: [Ph2ES]~ and/or [Ph2E] + 
(E = As, Sb) and follow two alternative routes (Scheme 1).

l>abeș-l>olyai Uniiersity, Chemistry Department, RO ■■3100 Cluj-Napoca.
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Fig. 1. Mass spectrum of Ph2SbS2AsPh2

Table I

Monoisotopie mje values and the relative intensifies of the 
peaks in the mass Spectrum of Ph SbS AsPh

mje Relative intensifies Fragment

77 35.47 [Ph]+
107 9.88 LÄsS]*
152 84.88 !’h.-\s] '
153 50.00 rSbSJ’
154 100.00 [Ph2] +
183 20.93 [PhAsS]+
198 35.75 |PöSb]+
227 72.09 [C12H As]+
229 93.31 [Ph,As]+
261 16.28 [Ph,AsS]+
273 4.00 [C„H Sb] +
275 16.00 [PhsSb]+
306 14.95 [Ph3As]+
307 27.01 [Ph2SbS]+
338 10.90 [Ph,AsS]+
384 8.45 [Ph3SbS]+
536 14.29 [I'h2SbSAsPha]'
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PhjSbSj AsPhk

(m/e =152)

Scheme 1. The fragmentation of Ph2SbSaAsl’h, ander electron impact.

The mie = 229 peak, assigned to [Ph2Asj+, is accompanicd by another 
one at miß = 227, which can be the resuit of a cvclization process by the 
loss of two hydrogen atoms, with the

I E = As ; II E = Sb 
formation of the same dibenzoheterocyclic compounds (I) found in the mass 
spectra of triphenylarsine and other diphenylsubstituted arsines [141.

The identification of antimony containing peaks is facilitated by the lact 
that they are ail doublets, in accordance with the existence of the two natural 
isotopes 121Sb and 1£3Sb. The ratio of the relative intensifies of eacli pair of 
peaks in the mass spectrum reflects the natural abundance ratio (ca.1.33). 
There was only an exception from this beliavior, for the [Ph2Sbl+ fragment, 
the ratio of the two isotopes peaks being 1.6. If the formation of the diben
zoheterocyclic ion (II) is taken into account the relative intensity of the ы î = 

= 275 peak is shared between the two species [Ph2Sb]+ and the heterocycle 
(II), as follows :
[Ph2Sbj + 4 (ти/f = 273) 3 (m/e = 275) ratio = 1.33

II 16 (m/e = 275) 12 (m/e = 277) ratio = 1.33.
A higher rate of cyclization is assumed from the corresponding relative 

intensifies for the diphenylarsenic ion than for diphenylantimony ion.
Loss of phenyl groups is important in subséquent stages and the major 

low mass fragments are [Ph2]+, [PhjI * * 4. The smallest arsenic- or antimony- 
containing fragments of sonie significant abundance are [ES]+ (E = As, Sb).
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The mass spectrum contains also fragments formed as a resuit of colli
sion processes. The most important collision ions are [Ph3ES]+ (E) = AS, Sb), 
but also fragments containing two heavy atoms are formed : [Ph4As2]+
(m'c = 458), [(Ph4Âs.,)S]+ (m'r = 490), [Ph2SbAsPh2]+ (mie = 504) and
[(Pli4Sb2)Sj+ (m/e = 584).

Experimental part The diphenylantimony(III) diphenyldithioarsinate was prepared according 
to ont previous work [4]. The mass spectrum was recorded on a Hewlett Packard 5985 A in
strument, at 70 eV.

Aknowledgemeiit. The authors thank Prof. dr. 31. Gielen (Vrije Universiteit Brussel) for recording the spectrum.
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STEREOCHEMISTRY AND !H-NMR SPECTRA OF SOME NEW- 
2,2,5,5-TETRASUBSTITUTED 1, 3-DIOXANES

ION GROSU, МША1 HORN, DALILA KOVACS, SOHIN MAGER*

Received : 15 1 1992

ABSTRACT. New tetrasubtituted dérivâtes of 1,3-dioxane were șynthetized t>v 
ineatis of țhe katalisation reaction, between methyl and ethyl esters of the ace- 
tydacetic acid and bis-(hydroximethyl) malonic ester.

The stereochemical investigations by means of the 41— NMR spectroscopy 
show mobile structures proving small différences between the çonformational 
free enthalpy of the two substituents located in the 2-position of the 1,3-dioxanic 
ring. The influence of the solvent (ASIS effect) on the chemical shift was also 
reported.

Earlier stereochemical studies [1—61 in the field of substituted 1,3—dioxa- 
nes were continued with the synthesis ol' new 2,2,5,5-tetrasubstituted 1,3-dioxa- 
nes (I—VI), using the ketalisation reaction of the methyl and ethvlesters 
of the acetylacetic acid with bis-(hydroxymethyl)malonic ester (1) :

b a
ch3 но-ch, /coor' ch3 д-сн7 ,coor’
w° • л X /\ .

R00C-LM2k H0-CH2Z xoor’ rooî-c^ 0 CHz C00R
C I-III

Scheme 1

d e
I R = R' = —CH.,CH3

f
II R = -CH3, R' = -CH2CH3

(У
III R = -CH2CH3, R' = -CH3

The hydrolysis of I gave the potassium salt IV which with HC1 in alcoo
lic solution delivered the acid V. With diazoniethane it gave the trimethvhs- 
ter VI (2) :

• Babeș-Bolyai Univers ity, Chemistry Department, R—J400 Cluj-Napoca, Arany János 11, ROMANIA
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COOCH,

ooch3

(21

The hygroseopic acid V was not isolated as a pure compound ; it was 
treated as a raw product with diazomethane.

The conformational study of these new compounds undertaken by means 
of the 'H- NMR spectroscopv, proves the existance of a mobile structure 
represented (Fig. 1) by the equilibrium A B (3).

Fig. 1

The différence between the AG° values for a CH3 or a — CH, —COOR 
group is too small for obtaining anancomeric structures. This situation was 
also found for other compounds which hâve a CH3 and a CH, —X group at 
the C2 [71.

The mobile structures are easily proved by means of the ’H —NMR spectra 
which show unique signais for the axial and équatorial protons of the dioxa- 
nic ring and for the substituents located in the 2 and 5 positions.

A représentative speetrum for dioxanes I— VI is shown in Fig. 2a for 
compound II (R — CH3, R' = Ht). Onlv one peak (8 = 4.20 ppm) may b? 
observed as a mean value for the ecuatorial and axial protons of the C(4) 
and C(6) atoms, one quartet (niean value 8 = 4,15 ppm and one triplet (mean 
value 3 = 1,17 ppm) for the protons of the ethyloxycarbonvl groups.

In a fiele! 1,3-dioxanie structure bearing an anancomeric isopropyl group 
in position 2 4 the distinct values for th^ équatorial and axial protons of
04(6) atoms are 4.52 ppm respectivele 3.77 ppm with the mean value 4.16 ppm 
in good concordance with the mean value for the mobile compound II (3 - -- 
= 4.20 ppm).

The sanie good concordance was found for the mean position of the 
équatorial and axial quartet of the CH3—CH,—O—CO—group in compound 
II (3 = 4.15 ppm) as compared with the mean value (3 = 4.115 ppm) of the 
—CH2 — protons in the équatorial (3 = 4.06 ppm) and axial (3 = 4.17 ppm) 
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position of the anancomeric compound in whieh the axial one feels the des- 
hielding influence of the two oxygen atoms belonging to the 1,3-dioxanie ring.

The overlap of the signais corresponding to the équatorial and axial pro
tons of C(4) a C(6) with the signais corresponding to the methylene protons 
of the ethyloxycarbonyl groups attached to the C(5) atom, is a general fea- 
ture of all spectra.

It was possible to separate the overlaped signais using as solvent CfDe 
instead of CDC13. The ASIS effect is very easy to observe in Fig. 2b which 
présents the part of the spectrum of compound II involved.

The singlet and the quartet are very well separated having the values : 
S — AAIppm', S = 3.65 ppm. The same séparation of the signales was 
observed for compound I.
Table 1 — shows the différence of the chemical shifts caused bv the ASIS 
effect for ail the signais of compounds I and II.

TalsT 1

C ompound Solvent S p-pm
a b c <1 e f

CIKI, 4,22 1,45 2,70 4,17 1,17 —
I C,l>, 4,18 1,31 3,45 3,68 0,62 -

0,04 0,14 0,25 0,49 0,54 -

CDC13 4,20 1,45 2,70 4.15 1,17 3,57
II C«P. 4,17 1,27 2,42 3,65 0.62 3,05

Д8 0,03 0,15 0,28 0,5 0.55 0,52

я d f c b P

’ 351 ’...-................................ ;45...fîj ~Tppm
F i g. 2 a. ЧЕ — XMR-Spectrum of Compound II in 

CDC13 solution
F i g. 2 b. 41 — NMR-Spcctrum üi 

compound II in CßDe .solution
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The spectrum of the ester VI (R = R' = —CH3) obtained by the estéri
fication of the triacid V with CH2X2, is a very simple one, showing one peak 
for the methyl grotips of C(5) atom (medium"value 3 '= 3.67 ppm), one peak 
for the methyl of the esteric group belonging at C(2) atom (medium value 
§ = 3.57 ppm) and one peak for the protons of C(4) and C(6) atoms (medium 
value 3 = "4.22 ppm) beeing alike the spectra of compounds IV and V. 
Experimental part. Compounds I —III were obtained by the following general 
procedure : equimolecular amounts of diol bis-(hydroxymethyl)malonic ester 
and acetvlacetic ester were refluxed in benzene, under stirring, in the pré
sence of catalytical amounts of /»-toluenesulionic acid. The reaction flask is 
provided with a trap for the séparation of the water resulted from the reac
tion After the whole reaction water has been separated, the reaction product 
was neutralized with natrium acétate, then whashed with water. After dis
tillation of the benzene, the pure product was obtained by vacuum distilla
tion.

* The ’H-NMR spectra were recorded using a TESLA-BS487C 80 MHz
spectrometer in CDC13 or CB1)(. solutions, with HDMSO as standard.

2-Mcthvl,2-{metlivlenethvlox\'carbonvl-)-5,5-bis{ethvlox\'carb(>nvl)-\,3-dioxane 
(I)
Liquid (b.p. 160—2° T mm Hg). 41-XMR (CDC13) : S -=4.22 ppm; 
3 = 1.45 ppm; 3 = 2.70 ppm ; 3 = 4.17 ppm ; 3 === 1.17 ppm. 
C];H24O (332.34) : %CS53,88 (calcd. 54.21), %H 7,07 (calcd. 7.27).

2-Mcthvl,2-(meth\'lenemethvlox\'carbonxlV5,5-bis(ethvlox\-carbonvli-1,3-dioxane 
(П.
Liquid (b.p. 154—6°/l mm Hg). ’H-NMR (CDC13) : 3 = 4.24 ppm ; 3 = 
= 1.45 ppm ; 3 = 2.70 ppm ; 3 — 4.15 ppm ; 8 =-- 1.15 ppm; 3 = 3.58 ppm. 
Ci4H22o/(318.32) : %C 52,11 (calcd. 52.82), %H 6.37*  (calcd. 6.96).

2-.1/ethyl,2-(mcthylenethyloxycarbonyl )-5,5-bis ( methyloxycarbonyl  )-1,3-dio
xane (III)
Liquid (b.p. I5O-27I mm Hg). >H-NMR (CDC13) : 3 = 4.27 ppm; 3 = 
= 1.47 ppm; 8 =2.72 ppm; 3 = 4.10 77Wîl 3 :: 1-15 ppm ; 3 — 3.72 ppm. 
C13II20O (314.20); %C 49,30 (calcd. 49.69), %H 6.11 (calcd. 6.41).

2-Methyl,2- (methylenoxycarbonyl)-5,5-bis (oxycarbonyl)-1,3-dioxane tri
pot asium salt. (V)
Solid (m.p. > 350°) 41—NMR(D,0): 3 = 4,45 ppm, 8 = 1,72 ppm, 3 = 
= 2,92 ppm.
C9H!)OxK;i(362,15) %C 29,60 (calcd. 2984) %H 2.25 (calcd. 2,50) %K 31,80 
(calcd. 32.30%)

2-Methyl, 2-(methylenemethyloxycarbonyl)-5,5-bis(methyloxycarbonyl)-1,3 
dioxane (VI}
Liquid (b.p. 144-671 mm Hg). 41 —NMR (CDC13) : 3 = 4.22 ppm ; 3 == 
1.45 ppm; 3 — 2.70 ppm; 3 = 3.57 ppm ; 3 — 3.(51 ppm.
Ci.Hj O (290.26) : %C 49.22 (calcd. 49.65), %H 5.95 (calcd. 6.25).
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A COMPARATIVE STUDY OF ANALYSIS OF VARIANCE

C. SÂHHU* *,  V. I.ITEAM*.  DÓRIVÁ POl’**

* Babeș-lio’yai University, Department of Analitycal and Inorganic Chemistry, 3400 Chij-Napuia, Коииппа.
* * >> Phoenix’ S. A. Plant, liaia-Mare, Komattia

Reuivid: 21 09.1992

ABSTRACT. The fundamentală of informațional statistic« are explained in their 
importance for aualvtical chemistry. Informațional .statistică like robust Sta
tistical techniques are résistant agaiiist uncertainties concerning the data, like 
outliers or divergencies from the normal distribution. Using a new informațional 
function, îiamely informațional energy.we tested the nul! hypothesis to decide 

whether a certain factor has a significant effect on the results.

Introduction. In any experiment two or more niethods (laboratories) yield 
gentrally more or less different results, because analytical déterminations may 
be- influenced by basic factors (qualitative or quantitative) that control condi
tions of experiment and also by random factors.

It is the objective of the analysis of variance (ANOVA) to investigate 
tlu several kinds of factors, operating simultaneously and to decide which 
are important and to estimate their effects. ANOVA assumes the additivity 
of variances of random variable duc to effect of independent factors. It is 
iised to breakdown the total variance into its components, i.e. into a sum 
o; several distinct components, each corresponding to a source of variance.

The F-tests that are subsequently made are determined from the ratios 
of these respective components. The F ratio can then be compared with ta
bu hited F-values using the degrecs of freedom corresponding to the numera
tor and denominator for each F ratio. If the observed F ratio exceeds the 
tabulated value at the chosen confidence levai, then eve would conclude sta- 
tical signiticance at this level of confidence. If, on the other liand, the 
calculated value of F ratio is smaller than that given in tables, the factor 
in question docsn’t affect the meau value.

When applying ANOVA one assumes that : (1) the overall errors arc nor
mal!}- distributed ; (2) the errors are statistically independent and (3) the er
rors hâve the same variance. Very offen the homogeneitv of variance is not 
respected. In these cas s ANOVA could lead to erroneous conclusions, if mé
thode with widely differing précisions arc compared.

The analysis of variance can be applied in several distinct forms, accor- 
ding to the structure oi the proce-ss being iuvestigated. An excellent discussion 
of this topic has beeil nresented bv Hirsch fl i and bv Massart and 
al. [2, 3\ " ’ -

In the present paper using a new informațional function, namely informa
țional energy, we tested the null hypothesis to decide whether a certain fac
tor has a significant effect on the results.
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Theory. The informațional energy (IE) concept and its detailed thcore- 
tical study as well as its implications in the. field of mathematics called „in
formațional statistics” was introduced by Onicescu [4, 5].

IE describes with the same success as Shannon’s entropy the uniformity 
or diversity of a System, process or phenomenon. IE is more sensitive in a 
certain way than the entropy to the modification of the System. Moreover 
this informațional function permits the calculation of the informațional corréla
tion (IC) and the informațional corrélation coefficient (ICC), parameters of 
interest in analytical chemistry.

Informațional energy and, corrélation. The IE of a finite set of events or 
states Alr An each having a assoeiated probability p2,..., pn
with Pi'Z® and^^{ = l is given by

^(Pi. • • ■> A>) (1)
»=i

The équation (1) gives information concerning the degree of organisation of 
a system or the mode of partition of its cléments. Defined in this way, IE 
reveals some remarkable properties. First it reaches its minimum value whcn 
ail the probabilities are equal {px = p2 = ... = pf, i.e. the case of total 
unorganised Systems :

E(Pl, P„ ■■■, P„) ~ ~ (2)

If pk = 1 and pi^h = 0, i.e. the case of well organised Systems, then IE is
^(Pl, P„ ■■■, Pn} = 1 (3)

Thus, it results that the possible values for IE are between — and 1.n
In the particular case of a set of two finite Systems of events 

Alr A2, . . A„ and B2, . .., Bm each with probability pi, p2, . . ., p„ and 
qiX, В-" respectively, the q,j is the condițional probability of the event
B given event .4, i.e.

(4) 
The IE of the system of events B,. B.t, . .., Bm conditioned by oceuring of 
the integral system of events At, A2............4„, the so called “condițional in
formațional energy” (CIE) is defined by

n t»
E(i^, nt..... EJ л, L?

i=i y=i
When the two Systems are independent, IE of the system of events (AitBp 
will be

Ь(Е. = A>- A») X B...... . B>») (6)
This means that IE is multiplicative and not additive as Shannon’s entropy.
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The informațional corrélation (IC) betwecn two Systems (probabilistic par
titions) has the following équation

P-...... Pn, «■, i...... î») ~ 23
i=l

The IC is always positive, but lowcr than one, being zero if and only if ail 
■pry are null, i.e. the two Systems are “indifferent”.

By the normation of corrélation, similar to the statistical corrélation coef
ficient, an informațional corrélation coefficient (ICC) may be obtained :

r(p„ p„ .... p„; h, ?,„)
C{t>i P-., ■■■■ P„:, <ii, i,.........g„)

E(Pl, P„ ■■■! P„) X Ь(?1, i.......?„)

n

23 a?»
1=1

n n

23 # è
1 = 1 1=1

(8)

It is obvions that the possible values for ICC are between 0 and 1, being 
unit y if and only if the probability distribution of the two partitions are the
sanie.

Informațional analysis of variance. The majority of ANOVA methods refer 
tri the testing of the null hypothesis Ho : = u2 = ... — u,7 where pq > 0 
(0 i q) are means of q statistical populations. If the null hypothesis is 
t: tu- it results that the q populations hâve the saine mean. This homogeneity 
concerning the means mav be tested also using the informațional energy con
te;.t [6, 8].

The one-way layout. Suppose sonie factor A which we consider as having 
sonie effect on a response variable of interest y has q levels. We set up an 
experiment in which n measurements are inadé of the response y at ail levels. 
The levels q are called treatments of controlled factors, there being q control- 
kd factors in the experimental design. Each yl}- resuit can be written as a 
suni of a constant g (the general mean), oq a term which measures the effect 
of the factor A at its level and a error term e^ called the residual error or 
rezidual. The linear (or additive) model

У ij Ï + С] (9)
сап be written for the one-way layout. It is nccessary now to test the null 
hypothesis Ho : (jq = u2 = . . . = u,.

Let be £ a new random variable with q values each having an associa- 
ted probability

i=V2, ■ ■■> q (10)

Now, it is possible to observe that the null hypothesis Ho is équivalent with 
the hypothesis H*  : f1—f2=...=pq= — .

?



16 C. SÂRBU, V. UTEANU, D. POP

H*  hypothesis is truc when = — i.e. when the informațional energv of the 
ч

random variable ï is minimal :

If E(7) = b'(£) the null hypothesis is acccpted and by the othi r hand if
Ê(£) the null hypothesis is rejectcd, hencc the effect of factor /1 is 

taken as significant.
The two-way layout. Let us consider the case in which must set up an 

experiment to study the effects of two factors A and B on a response variable 
y. Factor A has q levels whereas factor B has m levels. For each combina
tion of levels, we measure the response y.j by carrying out n observations. 
In cases with no réplications and if we assume that there is no interaction 
between the two factors, one mav adopt a linear model

y,, = U + 4- B; + ci} (12)

The hypothesis Яп (a, — 0), i.e. the factor A has no significant effect is équi
valent to the hypothesis

H*  : = p2 =...== ptl

This is équivalent to H*  : E^} = -1-
<1 _

The estimated informațional energy, E^ concerning the probabilities ,é; is 
given by équation (11). The null hypothesis is then acccpted when E(i) = 
hence ail ». values are equal to zero ; the effect of factor A is not signi
ficant.

The hypothesis ßy -= 0(j = 1, 2, . . ., w;). i-e. the factor has no significant 
effect, is équivalent to the hypothesis

Я*  : />( = /Í = . . . = p'm
where

and which is équivalent to the hypothesis
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The estimated informațional energy concerning the probabilitics p'j is given 
by

E (14)

the null hypothesis isИ
is signilicant.

Results and discussion. Two relevant cases discussed by L i t c a n u in 
his books [9, 101 using classical ANOVA methods are considered for comparing 
the advantages of informațional analysis of

rejected, hence the effect of factor B

variance.
The onc way-layout. Seven 

steel samples containing Mn at 
the sanie concentration level 
and different matrix were ana- 
lysed using émission spectro- 
graphy (9, 10J. For each sample 
were performed 6 independent 
déterminations. The aim of the 
study is to investigate if there 
is an effect of the matrix (Fe, 
Cr, Ni) on the différence of 
the line intensif y of Mn (Z = 
= 2576,1 Â) and the line in
tensité of Со (À — 2583,1 Ä) 

The results obtained are given

The détermination of manganèse in different matrix
(from ref. 9)

Tabel 1

Observation
No.

1
1 Different matrix
1 1 - 3 4 5 6

1 13 17 13 15 15 17
2 14 13 14 16 17 15
3 15 13 13 19 18 14
4 17 17 15 15 17 14
5 17 17 15 16 16 17
6 17 17 17 14 17 16

référencé standard.the last being used as a 
in Table 1.

The null hypothesis 
sis

ITf : py fi-, = ... />«

The probabilitics p. are calculated with équation (10). This is équivalent to 
hypothesis ZZ*  : E,-} == -- or E^ = — -- 0.1667. Empiricul informațional energy g ” 6
associated with the probabilitics jy is given by

(i

== £ -

i-‘ i
52915

316969
-- 0.1669

Sinea E--: Exi. the différence between samples is not signilicant, and is 
coneluded that the rnatrix effect shov.ld be taken as insiguificant.

2 — C'hcrnid in.
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By apylying classical ANOVA at the 5% confidence level one obtaincd 
the sain? results becausc tlie ealculated F value (1.1) is smaller than tabula- 
ted value (2.53). The sanie resuit is obtained also, using the Abbe test. 
In this case one calculâtes

к- 1

2 k

52 (;f. "*)2i -1
where л, and Æ are the means and the great mcan, respectively. Thus, the 
ealculated A value (1.077) is higher than tabulatcd value d«0’ (0.4454). As 
a conséquence, the hypothesis that the matrix effcct is null is not rejected.

The two-way layoul. An experiment was conducted to evaluate the effect 
of two factors on spectrograpliically détermination of molybdenum, namely 
aluminium content at three levels and manganèse at two levels. Five repli
cate nuasurements were made for each combination of aluminium and man
ganèse content. The response variable y was the blackening différence of molyb- 
denuni (7. = 2816,1 Ä) and iron (X = 2813,6 Л), the last was used as a ré
férencé standard. The results obtained are given in Table 2.

1 !s<> détermination of inolybdenuin in presenee of aluminium and manganèse (írom ref. 9)

Table 2

Al 1
3i 1 2

Mn ''"\l
1 i 43 41 42 40 43 - 40 42 41 43 43 37 36 34 36 38
2 \ 44 43 43 41 44 i 42 43 38 40 40 38 35 35 39 36

Using AXOVA at the 5% confidence level [9, 101, the first null hypo
thesis is rejected becaiise the ealculated F value (47.40) is higher that the 
tabulatcd value F^ (3.40), wliich means that is a significatif contribution 
to the total variance due to the aluminium content. The second hypothesis 
is accepted because the ealculated F value (0.23) is sinaller than the tabula- 
ted value F0^ (4.25), wliich means that th re is no significant contribution 
to the total variance due. to the manganèse content. In otlier words, the dé
termination of manganèse in different saniples dépends in a significant nianner 
on the aluminium content and it is indifferent on the manganèse content.

Considering the informațional analysis of variance the hypothesis a, = 0 
(i = 1, 2, 3) is équivalent to the hypoth :sis

H*  ; yq = p., = pa

This is équivalent to Н\ : 0.3333
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Bmpirical informațional energy associated with the probabilitics pt is gi- 
ven by

3 2Dy--
■ (g-

19280.64

57600
= 0.3347

As B(5), the effect of aluminium content is significant.
The hypothesis ßy = 0 (j = 1, 2) is équivalent to the hypothesis .

H*  -Pi = P'2

This is équivalent to H*  : E^ =--- ~ = 0.5000

The estimated informațional energy concerning the probabilitics pj is gi- 
ven by

r=l

28 800.08

57600
= 0.5000

As = E(^ there is not a significant effect due to the manganèse 
content.

Conclusions. The problem of analysis of variance has beeil dealt with in 
a mathematically simpler way using the informațional energy concept. The 
informațional analysis of variance (IANOVA) can be more efficient than the 
usual ANOVA methods because, like robust Statistical techniques, it is résis
tant against uncertainties concerning the data, such as outliers or divergences 
from the normal distribution. An additional advantage of this method is that 
it is simple to carry out.
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L’ÉLECTRODÉPOSITION DU MANGANÈSE DE SOLUTIONS 
AQUEUSES DE MnSO4. I. ÉTUDE COMPARATIF.

LI\H ОМШ , PETRI ILKA, IONEL CĂTĂLIN POi’ESCL, MELAMA I HDĂ el CSABA HOLLA

ABSTRACT. The eleelrodeposilhin of тапунпеяе írom aquenus solutions of MtiSO4.
I. Comparative stuily. In this paper the principal methods fór the electroche- 
mical préparation of tnanagnese found in the literaturo are revjcwed. A spe
cial attention is paid to the electrolysis of the MnSO4 aqueous solution, 
the most important industrial application. The specific Parameters of the process 
(the electrolyte composition, pH, température, current density) as well as the 
performances of the process (the deposit qualitv, the current vield and the spe
cific energy consumption; are analyzed here. The parallel elvetiodeposition of Mn 
and the oxidation to, MnO, in tiie same electrochemical reactor, is also presented.

Introduction. De manganèse est un métal ayant une importance stratégi
que et technique notable. Son importance vient du fait qu’il est employé à 
l’é-aboration d’alliages, surtout d’aciers et des fontes, auxquel il confère une 
meilleure résistance à la rompre, usure et corrosion. La consommation moyen- 
in. de Mit par tone d’acier est estimée à 6,4 kg [1[.

Il est difficile d’estimer la production mondiale de Mu métallique 
par manque de données et pour cela, nous contenterons par l’indication de le. pro
duction de minerai de Mn [2—51. Il faut noter que celle-ci montt seulement, 
indirectement, le développement de la production de Mn. parce (рае, à partir 
de la même matière première, on prépare du MuOo et des permanganates.

Les données du Tableau 1 attestent une augmentation continue de la pro
duction de minerai de Mn ; jusqu’à l’année 2000 il y a prevue d’une augmen
tation annuelle de 2,5% [4>]. Il faut mentionner aussi que des réserves pas né
gligeables de Mn, se trouvent dans les nodules marins de l’Océan Atlantique 
et Pacifique [6, 7j.

L’obtention électrochimique est possible par electrolyse en solution aqueu
se ,-t par electrolyse ignée (8—11] ; le Mu d’haute pureté est obtenu par 
éiectrolyse en solutions aqueuses de MnCl2 ou MuSO4

Les conditions d’électrolyse des solutions aqueuses de MnCL, sont présen
tées dans le. Tableau 2 [12—15]. Il faut remarquer que, généralement, les 
rendements de courant se situent entre 78 et 81%. L’ékctrolyse des solutions 
de MnCL est recommandée pour obtenir du Mn plastique d’haute pureté, ayant 
des destinations diverses, même pour dus matrices cathodiques utilisées à élec
trodéposition du Mn.

Une variante ingenicu.se propose une cellule équipée d’une cathode de 
Hg, sur laquelle le décharge d’hydrogène est inhibé et l’amalgame de Alu ne 
se forme pas [61.

L’éleetrolyse des solutions aqueuses de MnSO4. L’électrodéposition du Mm + 
a partir des solutions aqueuses de MnSO4 est l’alternative la plus répandue

ingenicu.se


Tableau 1
La production de minerai de Mn dans ie inonde (milles tonnes)

Anné/Reference 1941- 1946- 1951- 1956- 1961/ 1982/ 1984/ 1985/ 1986/ 1987/
1945/ 1950/ 1955/ 1960/

Pays P] [2] [2] [2] [2] P] [4] [4] [5] [5]

Union Soviétique 1584 1814 4498 5352 5986 2957 9980 9980 9705 9705Brésil 282 186 212 786 998 1268 2200 2180 2699 2721Afrique du Sud 256 449 750 884 1418 2175 3050 3450 3719 3175Inde 552 560 1555 1412 1214 555 1300 1300 1300 1270Gabon — — — — 771 2120 2090 2510 2268Australie — — — — 588 1630 1900 1649 1633Chine 7 — 170 848 998 479 1600 1630 1596 1596Maroc 44 183 409 455 571 _ —
Mexic — — — — 183 518 454 459 476Roumanie __ _ _ 55
Ghana 588 698 680 392 77
Japon 256 73 190 308 297
Cuba 254 71 237 105 42 _
Autres 531 500 1400 1937 1634 _ 59Q
Production mondiale 4354 4534 10101 12667 13550 - - 24236 24236 23452

Tableau 2

O
N

ICIU et al.

Los conditions d’électrolyse de solutions aqueuse de MnCl2.

Composition d'électrolyte g/1
Électrodes 

e Anode
Séparateur 
interpolaire

Densité 
de 

'courant
A/cm2

Rendement de 
courant

Ref.
No.

Catholytc Anolyte Cathod

MnCl, HCl
catho
dique

ano- 
diqueMnCl, NIljCl

1
2

299 98 291 22,5 Cu Pt asbeste 10— J1 81 90 [12]
[13]151-315 182-198 189-403 7,3-36,5 Pe Ti céramique, 10,7 78 94

platiné, polyester
graphite 
imprégné 
avec AgCl

tresagc

3 190 200 - - Te Ti + Pt céramique 10,7 78 94 [14]
[15]

4 110--195 150-200 Pe-Mn polychlorurc 
de vviiil

5 -25 81
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dans lu monde. I,es conditions optimum d’électrolyse envisage à la fois la com
position de l’électrolyte et les conditions d’électrolyse : la densité de courant, 
la nature des électrodes, la température et le séparateur interpolaire.

A cause du potentiel d’électrode fort négatif (e^ 2 ; y -- —1,18 V.EHN'), 
lu Mn- est dévancé dans la réductions électrochimique par les ions H3O + 
ainsi que par les ions des tous les métaux plus nobles que Mn. Pour cela, 
du la solution de MnSO4 il faut éliminer tous ces ions ou, au moins, diminuer 
au. minimum leur concentration.

La purification des solutions de M11SO4 d’ions de métaux lourds (Ni, 
Со, Cu, Ее) s’effectue par précipitation avec H2S, Xa2S, (XH4),S ou meine 
MnS, par rétention sur une résine éihangeuse d’ions, par complexation, etc..

Les solutions aqueuses d’éleetrolyte utilisées contient deux catégories de 
constituent s : les constituants de base et les additifs. De la première catégorie 
font parti les MnSC)4, (XH4)2S()4 et un agent réducteur, d’habitude Xa2SO3. 
De la deuxième, font parti des composés du Se et d’agents de nivelement.

Poursuivant l’influence de la concentration des ions Mn2” sur le rende
ment de courant, on a constaté que l'optimum est situé dans l’interval 40 — 
60 g Z Mn'-" [17;. Des tel contenus de Mn2 + sont généralement réalisés dans 
lus études consacrées à l’élucidation de l’influence des differents facteurs sur 
lelectrodéposition du Mn2” 18--23]. Parfois, on est obligé d’utiliser, même 
dus concentrations plus faibles [24 — 31 J, mais il est toujours préfé
rable de travailler avec des concentrations élevées, chaque fois quand cela est 
possible. Dans ces solutions concentrées, l’électrodépositlon du Mu2” peut s’ef
fectuer à des densités de courant plus grandes, obtenant une bonne producti
vité, sans affecter la qualité du dépôt cathodique par la décharge simultanée 
de l’hydrogène.

A coté du Mn2 + il est présent aussi l’ion XH4+, fourni par le (XH4)2SO4, 
en concentration d’environ 130—150%/ il, 17]. Le (XH,)2SO4 a le roi de 
tampon acido-basique (le couple XH4”/XH3 à la cathode et le couple HSO4”/ 
SO42” à l’anode) et peut-être de générateur des complexes Mn2r-XH3 32].

Pour stabiliser le Mn métallique et, à la fois, pour éviter l’oxidation du 
Mm” (331 à cause de la présence du l’oxygène, l’électrolyte doit être addi- 
tionéc d’un agent réducteur. Par exemple, en présence du Xa2SO3 33 •, en 
milieux alcalin :

SO2” + 2HO” SO2” + 2^ + H2O, e’^14 = -0,93 VpEHN ;
la concentration optimum de SO2 est d’environ 0,1 g/Z [26, 30, 34, 35], des 
quantités plus importantes étant responsable de l’impurification du dépôt de 
Mn avec du soufre [34]. En ce qui consume les additifs, leur efficacité se mani
feste à des concentrations de l’ordre du g'Z.

La présence des comp,osés du Se dans l’électrolyte [36, 37] a, une 
influence positive sur le rendement de courant, sur la pureté du dépôt 
cathodique, sur la résistance à la corrosion du Mn déposé et, à la fois, permet 
l’opération à des températures plus élevées. Ainsi, la présence du (XH4)2SeO4 
0,1 —0.2 g'/Z, à 50CC augmente le rendement de courant, jusqu’à 84% 37].
Le même additif assure des rendements de courant >70% même en milieux 
acid (pH « 2,5). L’électrolyse dans les solutions contenant d’impurétes comme 
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Cu et Ag, découle dans bonnes conditions en présence de 0,14%/ (NH4)2SO4 
à pH « 7 et à des densités de courant de 500 A/m*  [21 J. Également, l’éffet 
négatif des substances organiques accidentellement présentes dans l’électrolyte 
est beaucoup diminué en présence des composés du Se 34 . La stabilité du 
dépôt de Mn est beaucoup augmentée par la présence de l’ion 8еО%, qui in
hibe la dissolution du Mn /35/. La présence simultanée des composes de Se 
et d’agents de nivellement déterminent l’apparition d’un éffet sinergétique sur 
le rendement de courant /36/.

La manière d'action des composés du Se n’est pas encore entièrement 
connue, mais on suppose que le Se et l’ion Se2“ peuvent être déterminantes. 
Ces composés du Se augmentent le surpotentiel de déihirge d’hvdrogène 23, 
24/.

Les agents de nivellement sont dis substances tensioaetives qui assurent 
l’obtention des dépôts de Mn plus lisses /17] ; pour ce but ont été utilisées: 
méthylorange, sulfamide /38/, silicate de sodium, gélatine, dextrine, colle forte 
/39/, phénol /40], thiourée /4L, des composés du type éthyléne-diamine /421 
pyridine /35], polyacrylamide 35/, acide oxalyque /27], diéthylamine, sulfure 
de carbone /19/, hexaméthylène tetraminne, urée /43/, extrait de saponaria 
officinalis /17, 44 .

Parmi les composés employés il faut remarquer la KP' et les ions Zn-'L 
La KF «0,1 tpi augmente le rendement de courant et diminue la surtension 
dans la cellule d’électrolyse /28/. À coté des composés du Se, les traces de 
Zn- exercent un effet sinergetique sur le rendement de courant /45/.

Le coût du processus et la qualité du Mn obtenu ipar l’électrolyse s 
solutions aqueuses de MnSO4, dépendent, en même temps, de la nature de l’ékc- 
1rode, du séparateur interpolairc, du pH, de la densité de courant et de la 
température.

Les cathodes d’acier inoxydable donnent des bons résultats jusqu’à 50LC. 
Pour des températures plus élevées il est recommandé le Ti. L’alimentation 
du Se petit se faire en utilisant une cathode d’acier inoxydable, contenant 
0,1 0,7% Se /30], quand le rendement de courant est supérieur à celui er.-
ngistré avec des cathodes d’acier inoxydable sans Se et à celui avec une élec
trolyte contenant des composés de Se.

D'habitude, les anodes sont en plomb allié avec l’argent (1 %). L’utilisa
tion des anodes ayant qualitées électrocatalytiques pour la décharge d’oxygène 
conduit à la réduction de l’énergie consommée grâce à la diminution du surpoten
tiel auodyque [46] et à la formation de MnO2 /47/.

Le séparateur interpolairc microporeux peut-être réaliser en polyehlontra 
de vinyle /48/, en polyesters ou en cotton.

Le contrôle et le réglage du pH représentent des aspects décisifs pour 
atteindre des rendements de courant élevés. Pratiquement il est très important 
le contrôle du pH de l’électrolyte. Le pH de l’électrolyte, ayant la composi
tion 15—30%Z Mn2 ~, 130—150 gjl 0,1— 0,3 g 7 SO2 et des composes
de Se, peut varier entre 2 et. 9,5 /49] ; par contre le pH du eatholyte peut 
rester dans le domaine 7—8 par la suite de la difusion d’ions 1LO“ provenant 
de l’anode [50]. Dans ces conditions l’augmentation du surpo*-  mticl de déchar- 



L ËLECTRODÉPOSITIÔN DU MANGANESE DE SOLUTIONS AQUEUSE, I. 25

-ge de l’hydrogène est nécessaire (par exemple en additionant des composés de 
Se et de soufre).

La majorité des études recommande des densités du courant cathodique 
-comprises entre 400 et 500 Ajm2; à des valeurs supérieures, le rendement de 
courant et la qualité du dépôt diminuent. En présence des ions Ag*  ( г 25 mgîl) 
or. obtient des rendements de courant acceptables aux densités de courant 
d’environ 2 500 —5 (MX) /1/яг2 [51 J. De l'étude des voltammogrames on a constaté 
qu’en présence de Zn2 ", la séparation du Mn commence aux densités du cou
rant moins élevées 52 , ce qui correspond, à des consommations d'energie plus 
faible 20..

En conclusion, on peut affirmer qu’au dessus de 500 .L w2 on travaille 
uniquement en solution concentrées de Mn2 ", à des températures qui dépassent 
la valeur ambiante, en présence des additifs qui empêchent la décharge simul
tanée de l'hydrogène et, en même temps, ont des effets de nivellement.

En général, on travaille entre 15 —30°C ; à des tempérâtures plus élevées, 
dans l’éspace anodique augmentent les quantités de MnO2 Г531. Dans les 
solutions contenant des composés de soufre, l’élévation de la température 
conduit à l’impurification du dépôt cathodique avec du soufre [34 j. Contrai
rement à l’opinion générale pour l’influence négative des températures élevées 
sur la déposition cathodique de Mn, on a constaté [22 j que l’on peut obtenir 
aussi jusqu’à 803C, à la condition que*  l’électrolyte soit ultrapur. Le rendement 
de courant reste bon si aux températures plus élevées on opère avec densités 
de courant plus grandes: par exemple, à 50 °C et à 2 000 A ‘m- le rendement 
de courant dépasse 80%.

Pour accroître l’efficience énergétique de l’électrolyse, en 1973, commencent 
les recherches pour l’obtention simultané de Mn et MiiO2 [54— 57J. Il est à 
souligner que 1 kWh donne 113 127 g Mn (en parallèle avec la décharge
anodique de l’oxygène) et 455 g MnO2 (avec la décharge cathodique de l’hydro
gène) 58..

Dans l’électrolyse parallèle de Mn et MnO2 il est nécessaire de maintenir 
des conditions très differentes pour le déroulement des réactions d’électrode. 
Ainsi, le Mn électrolytique est obtenu industriellmvnt à 35°C aux densités 
de courant de 400—500 A ,m-, à partir des solutions de MnSO4 neutres et dans 
un réacteur compartimenté, tandis que le MtiO2 électrolytique est obtenu, à 
90 C, à une densité de courant de 100 A m2, à partir des solutions de MnS()4, 
acides, dans un réacteur non-compartimenté. Les densités de courant difiéreu- 
ti> pour к-s deux processus d’ékctrode, peuvent être réalisées choisissant un 
raport adéquat cutie les surlhcis actives des électrodes. La différence de pH 
peut-être maintenue utilisant un séparateur interp.olaire de porosité et stabilité 
chimique adéquates. La contrainte la plus difficile est celle dû? a la différence 
d< température d’environ 50 qu’on doit maintenir entre l’espace cathodique 
et anodique. Ainsi, s’explique les études dédiés à l’obtention du Ain à des tempéra
tures plus élevées [22, 25j. La présence de (NH4)2ScO4 0,05—0,1 %/ permet 
1 obtention catodique (à 80°C) du Mn avec un rendement convenable et, à 
la iois, à l’anode, du MnO, cristallin. D’autre parte, la présence de (NH4)LSeO4 
permet d’abaisser le contenu de (HN4)2SO4 de 150%/ à 50%/, l’utilisation, 
d’un électrolyte ayant un contenu d’impuretés plus élevé et l’électrolyse à 
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une densité de cotirant de 1000 Ajm2 [551. La cathode peut-être en Al ou 
en acier inoxydable et l’anode en Ti recouvert d’une couche de MnO.>.

Une autre variante d’obtention parallèle de Mn et AInO,, recommende 
une différence de température anolyte-catholyte de 70cC [56j. Le catholyte 
est refroidit par l’intermédiare de la cathode en Ti, ayant une geometrie tu
bulaire, cpii permet la circulation de l’eau de refroidissement.

L’anode est en graphyte ou en alliage Pb —Ag. Pour éviter la pénétration’ 
d’ions NH4~ dans anolyte, le niveau de celui-ci dépasse celui du catholyte. 
La littérature contient peu d’informations relatives aux séparateurs interpo
laires employés. Pour la variante parallel sont indiqués le polychlorure de vinyl 
armée aux fibres en verre _56[, les permutites. ou les résines synthétiques- 
echangeuses d’ions contenant des groupements NH3 ou S [57 \

Conclusions. L’électrolyse ignée est energo-intensive (on consomme 
environ 5,1 kWh'.kg Mn uniquement pour la déposition cathodique du Mn. sans 
compter l’énergie nécessaire pour maintenir l'électrolyte en état fondu) et ta 
pureté du produit obtennu est modérée. L’ékctrolyse de solutions aqueuses cl<- 
MnCl2 est caractérisée par une énergie spécifique plus faible (aprox. 4,5 kWh'k^ 
Mn), mais elle pose des problèmes de corrosion très importants, à cause de 
la présence du Cl-. Celui-ci empêche la préparation parallèle du MnO2. à cause 
de la décharge anodique du Cl,. En revanche, l’ékctrolyse des solutions de 
MnCL est recommandable pour l’obtention d’un métal très pur, destiné par ex- 
ample à la fabrication des matrices cathodiques employées dans l’electrolyse 
des solution de MnSO4.

L’ékctrolyse de solutions aqueuses de MnSO4 ]:our l’obtention de Ain mé- 
talique, est caractérisée' par une consommation d’environ 8 ÄILÄ kg Mn. Elle 
est la plus répandue*  pour les raisons suivantes :

— la solubilisation du minerai de MnO, avec une solution aqueuse*  de 
H2SO4 est plus efficace ;

— la corrosion dans l’instalation d’éleetrolyse est moins accentuée ;
— les solutions de*  MnSO4 peuvent-être employées simultanément a l’ob- 

tentions du MnO2 ;
— les perfectionnements du procédé, réalisés récemment, permettent la di

minution de la consommation d’énergie au dessous de 8 kWh.kg Ain ;
— l’obtention simultané de Mn et AInO2 à partir de solutions de MnSO4 

représente*  une alternative attrayante pour la rentabilisation du processus ano
dique. Elle peut mettre en valeur les meilleurs résultats obtenons dans la re
chercha des deux processus d’électrodes concernés : température élevée et pH 
acide, en présence des composés de Se pour le processus cathodique, et l’uti- 
lissation de d’électrodes électrocatalytiques pour le processus anodique.
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STUDIA UNIV. BABEȘ-BOLYAI, CHEMIA, XXXVII, 1—2, 1992

L’ELECTRODEPOSITION DU MANGANÈSE DE SOLUTIONS 
AQUEUSES DE MnSO4.

II. Voltammetrie dans le système MnSO4 — (NH4)2SO4 à la présence des 
certains additifs.

I.IV1U 0МС1Г, PET1IU ILKA, IOM1 LĂTĂLIX POPESC! et MEI.AMA I HI)À

Rtuived 21.09.1S92

AIISTIIACT. Tlie eieetrotleposltioii oi manganèse Iront aqueous solution of MnSO,. 
II, Linear sweep voltammetry in the syttem MnSO4 (М14)гЯО4 ami sotr.e addi
tives. Manganèse is an electroactive metal, that is why its electrodeposition 
from aqueous solutions requires spécial conditions for counteracting simultaneous 
discliarge of hydrogeu ions. Electrolyte composition and the présence of certain 
additives (Йе4+, See + , Zn**',  P'“, urca) influences the current efficiency of the 
electrodeposition process. Using linear sweep voltammetry, the inhibition of the 
hvdrogen discharge reaction by tested additives and the existence of their syner- 
getical action was proved.

Introduction. L'analyse de l’électrodéposition du manganèse de solutions 
aqueuses de MnS04 a relevé l’influence de la composition de l’électrolyte 
(NH4)<,SO4 Г1 ] et des certains additifs, tel que les composés du Se [2~, l’urée 
[31, Lion F~ [4j et l’ion Zn2+ [51.

Le but de cet étude a été d’éclaircir la spécificité d’action des constituants de 
base et d’additifs mentionnés dans la réaction de décharge de l’hydrogène (rdH) lj.

La méthode utilisée a été la voltammetrie au balayaje linéair de potentiel.
Partie expérimentalle. Les mesures voltammétriques ont été effectués dans une cellule c< tnpar” 

timentée (h'ig. 1) par l’intermédiaire d’une parois en verre fritté (porosité G3). Le Compartiment 
catodique (aprox. 50 ml) a été équipé d'un fil en Pt (electrode de travail, ET) ayant 0= e.ônmi 
et Sä8 »гиг2, d'une électrode de calomel saturée (referance, EK) et d’une électrode en verre iliV) pour 
la mesure du pH. Dans le compartiment anodique a été placé une contreélectrode en platine (Sx 5 < m2).

La vitesse de balayage et les limites du potentiel exploré sont spécifiées sur les voltarnmogra- 
mes onbtenues. Avant chaque mesure, l’électrode de travail a été nettoyée en UNO, ccr.c.. ia\ée 
à l'eau distillée et puis flambée dans une flame d'alcool éthylique.

Fig. 1. Le montage expérimental



30 L. ONICIU et dl.

Résultats et discussions. Dans 
l’électrodéposition du Mn de solu
tions aqueuses de MnSO4, la rdH 
est entretenue, plus ou moins, 
par chacun constituant de la so
lution d’électrolyte.

Le mode d’action de l’élec
trolyte support sur la rdH (Fig. 2. 
au p H — 3 et Fig. 3, au pH = 1) est 
présenté par comparaison à celui 
du XH4C1, du KC1, et du K2SO4.

On constate que tant en 
milieux acide (pH = 3), qu’en 
milieux neutre (pH = 7), la rdH 
a lieu aux potentiels de plus 
en plus négatifs, dans l’ordre : 
(NH4)2SO4/nH4C1, KC1, K2SO4.

Les deux sauts de courent 
remarqués sur les courbes 1 et 4 

de la Fig. 2 correspondent à la réduction de l’hydrogène provenant de deux sources 
protogènes : HCl et H2O (courbe 1) et respectivement HSO4~ et H2O (courbe 4).

Apparément, le meilleur électrolyte support semble être le K2SO4. En ré- 
7 (condition d’opération industrielle), seulement le (NH4)2SO4 

dans le domaine 7—8.
dans la zone de potentiel 
déterminée par la présence

alité, au pH 
a un effet tampon efficace pour maintenir le pH

La diminution de l’intensité de courant 
correspondante à l’électrodéposition du Mn2- 
du JL,SeO:i (Fig, 4) pourait-être 
associée a l’empecliemcnt de 
la rdH et, par conséquent, à 
l'augmentation du rendement 
en courant de l’électrodéposition 
du manganèse.

Une confirmation indirecte 
de ее fait nous a fourni l'ana
lyse des surfaces et des hauteurs 
des boucles anodiques des vol- 
tammogrames cycliques (Fig.5) 
On observe, (la courbe 1 Fig. 
5A et la courbe 2 Fig. 5B) que , 
la présence des ions NH4H dans 
l’électrolyte support, a aussi un 
effet bénéfique sur le rendement 
de déposition cathodique du 
Mn2', grâce à l’effet tampon du 
système XH4+/(XH3) ; ainsi dans 
le voisinage immédiat de la cat-

Fig. 3. Voltammogrames des systèmes: (XH4)2SO4 IM 
(1), XH4C1 Ш (2), KCl IM (3) et K,SO4 0.5M (4); 

pH^ 7,0.



L'ÉLECTRODÉPOSITION DU MANGANESE DE SOLUTIONS AQUEUSE. II. 31

И/ла:

-7S

Л.С0 m V/ m in 4' 
/

/

/..... -■
....■■y
-fZ, , - - — -J- -

-0,4 -Q6 - Gfb
i

p

l*'ig.  4. Voltamogrammes du système (ХН4)28О4 IM:
(1) pH = 3,0 et (3) pH 7,0 et du svstème

(NI-IJ2SO4 Ш-r H2SeO4 1,5 mil: (2) pH - 3,0 et (4) pH - 7

hode, l’augmentation excessive du pH est évitée en assurant ainsi la stabi
lité des ions Mn2+.

L'effet de H2SeO4 dans électrolyte est beaucoup plus faible en comparai
son avec le H2SeO3 (Fig. 6, les courbes 1 et 2), probablement, à cause de 
la stabilité électrochimique du SeO|- [6].

Les ions Zn2+ en concentrations de l’ordre de ppm, inhibent la rdH, (Fig. 7,

F i g. 5. Voltammogrames evcliques, pH — 7, des svstèmes :
(A) MnSO4 IM + (NH4),SO4 IM ’(1) et MnSO4 IM + K2SO4 0.5M (2); 

(H) MnSO4 IM + (NH4)2SO4 IM + H2SeO3 1,5 ■ 10“3M(3) et 
MnSO* IM 4- K,SO4 0.5M + H2SeO3 1,5 • 10~3M (4).
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Fig. (i. Voltamnn»grames des systèmes:
MnSO, IM + (XH,),SO, IM + H.SeO, 1.5 • 10 ’M. />// ■= 6.8 (1), 
MnSO, IM -j- (NU,),SO, IM -t- H,SeO, 1.5 ■ 10 3 M, pii = 7.0 (2).

ilv/ECSi

!•' i g. 7. Voltammogrames, pH = 7, des systèmes :
MnSO, lM-ț- (XH,),SO, IM, (1);
MnSO, IM j- (XH,),SO, IM + Zn: 0,31 ppm (2) ;
MnSO, IM-Г (XH,),SO, IM + Zn’+ 0,62 ppm, (3) ;
MnSO, IM + (XH,)tSO, IM + Zn3+ 5 ppm, (4) ;
MnSO, IM- (XH,I.SO, П1 + Zni+ 15 ppm, (5).
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1’ i g. S. Voltammogramcs, pli ■=- ~, des 
systèmes :

unso, im țxiî4)sso4 !м, ți);
MnSO. IM-.(N’UJsSOj lM-i-H.SeO-
1.5 10 3 M, (2) ;
MnSO, IM - iXIlp.SO, Ш r uree 1.2 g'I, (ЗЧ 
MtiSO, IM • (X1I4)2SO4 IM —Zn2 5 ppm. (4, ;
MiiSO, IM - (XH,)sSO4-E- 30 ppm. p).

les courbes 1 —5, et, par conséquent, la déposition des ions Mil1 se fait 
avec- des rendements meilleurs, aux densités de courant plus petites Ç5i. L’ef
fet augmente progressivement avec la concetration du Zn- jusqu’à la valeur de 
5 /’/н», ou il se plafonne.

La Eig. 8 montre l’inhibation de la rdH, due à l’ILSeO,, à l’urée, au Zn2+ 
et à la KE.

D’après les résultats obtenus l’effet des additifs étudiés, exprimé par la dimi
nution des densités de courant de la rdH, peut s’ordoner de la manière suivante :

Se (IV) > Zn2* > uree > F- (voir Fig. 8 les courbes 2—5).
Si l'électrolyte contient à la fois, à coté de H,SeO3, les additifs menti

oné*  (lüg. 9, les courbes 1 —5), on constate un effet synergétique qui baisse 
dans l’ordre :

(F - V Se (IV)) > (Zn2 - Se(IV)) > (uree q- Se(IV)).

F i g. 9. Voltamniogrames, pH — 7, «les 
systèmes :

MnSO4 IM Í- (XH4)„SO4 IM. (1);
JlnSO, l.M r (XII4)2SO4 IM - IljSeO,
1,5 • 10’ 3 M. (2) ;
MnS<)4 IM • (Xll4qso4 IM - HjSeO,
1,5 ■ 10 3 M ‘ uree 1200 ppm, (3) ;
MnSO4 l.M , (XII4)2SO4 IM - n.,Se()3
1,5 • 10 3 M - Zn2 + , (4) ;
MnS<>4 IM I- (XIIJjSOj IM - HjSeO,
1 .5 • 10-3 M -4 F 30 ppm. (5).

3 ..  СЬипна nr. t—2/1992
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Conclusions. L’analyse de la voltammogranie de l’électrolyte support, 
(NH4)2SO4, montre que dans le domaine de pH neutre-faiblemcnt alcalin, 
l’ions NH4+ constitue une source importante de protons pour la rdH, ce qui 
suggère que les ions NH(+ doivent être évités. Mais, en réalité, la basicité 
induite par NH3 fourni à la cathode par la déprotonation de l’ion NH/ est 
favorable pour les conditions de déposition du manganèse.

Des pe tites quantités du Sc (IV), déterminent une augmentation notable du 
rendement de courant de i’élcctrodéposition du Mn-+, surtout quand l’électrolvte 
est (NH4),SO4.

Les effets de certains additifs dans l’élc-ctrodépositon du Mn- de soluti
ons aqueuses de MnSO4 — (XH4)2SO4, montrent que la présence simultanée 
du Se(IV) 1,5-10-3 M et de la l'~ à 0,32 ppm est la meilleur, à cause 
de l’effet synergétique.

D’autre part, la présence simultanée du Se(IV) l,5-10~3 M et du Zn2+ 
à 5 ppm a un effet positif ; d’ailleurs le minerai de manganèse contient des tra
ces de Zn, ce qui est positif pour l’électrodéposition du manganèse.

BIBLIOGRAPHIE

1. L. Oniciu, P. I 1 e a, I. C. P о p e s c u, Melánia Urdá, Cs. Bolii, Studia Univ.
Babes —Bolyai, Chem., en press.

2. O. S. Sadunish vili, X. T. Cl о f in a n, R. I. Api a d z e, T. A. L о ni i y a, D. Y a.
S e p e r t e 1 a d z e, Elektrokhim. Margantsa, 7, 50, (1978).

3. Shavoshvili, I. V., K. u h a s h v i 1 i M. T., A g 1a d z e R. I., Sabsh. Akad. Xauk. 
S.S.R., 93, 81 (1979).

4. K i r i y a m a, S., Yamamura, K., Patent Japonia, 743—011 p974).
5. Lai, S. C. Patent SUA, 3.821.096, (1974).
6. J a n i c к i s, P. V., V i s h к y a 1 i s., P. J. S u ] y a к a s, A. K. Trud. Л.Х. Lit. S.S.R., 

Ser. H. 3, 18 (1984).



STUDIA UNIV. BABEȘ-BOLYAI, CHEMIA, XXXVII, 1—2, 1992

CONTRIBUTIONS ТО THE KINETICS AND MECHANISM 
OF THE CHROMATE ACID OXIDATION OF ALCOHOLS.

OXIDATION OF CYCEOHEXANOE AND BENZYL ALCOHOL.

IOAX BALIGA,*  MARIA Gll IUill*

Receivcd : 05 10.1992

ABSTRACT. The kinetics of benz.yl alcohol aud cyclob.exanol oxiilatiou by chro- 
mate in strung acid media have been studied spectrophotonietiically over a tem
pérature range 10 — 30’C and various II“ and ROII concentrations. Forth-order 
rate expression

-d[Cr(VI)]/d/= Â4 [HCrOpȚ [ROII] [II +]';

have been determine«! for boții oxidations, witli Aq — (2.ă± 0.1 i x 10_1 dm*  mol..:!< 1
forCjHjCHjOII at 25.5 ~C and kt— (4.5—0.2) X IO"3 dmhnol~*s~ l for ciclo—CeIIu OII 
at 25.0”0. Activation parameters have been calculated. Relative low values of 
AH * and negative and large values AS*  have been obtained. The proposed 
mechanism involves the formation of chromic esters, anii one- aud bi- équiva
lent redox processes.

Introduction. Ûiromium (VF) is a well-known oxidizing agent used in cheini- 
cal analysis and as a common reagent for the oxidation of organic matcrials. 
The oxidation of alcohols yields aldéhydes, ketones and other products where 
cleavagc of C — C bond takes place, depending on the nature of alcohol and 
on the concentration of reacting species [1, 21. Westheimer reviewed 
chroniate oxidation in 1949 [3] concerning himself chiefly with the mechanism 
of the oxidation of alcohols. The mechanism he claborated for the oxidation 
of 2-propanol [31 has served as a model for the oxidation of alcohols, aldéhy
des or organic acids. The alcohols or other reducing agents having —OH group 
form esters with HCrO4_ [4], which undergo internal oxidation-reduction in 
the rate-determining step to give chromium (IV).

R2CH-OH 4- HC1O4- î± R2CHOCrO3- + H2O (1)
R2COCrOr - R2CO + Cr(IV) (2)

Westheimer and Watanabe [3, 5] considered several possible path- 
ways involving subséquent reactions of chromium(IV) as A and B, A being 
preferred

A : Cr(IV) + Cr(VI) - 2Cr(V)

B : Cr(IV) + R,CH0H - Cr(II) A R_CO

Cr(II) + Cr(VI) - Cr(III) + Cr(V)

(3)

(4)

(5)

Babé} Bolyai L'nivesiiv, Dtpi. of Ckfwislry, Cluj-.Xapoca, 3/00, Rontania
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(6

Chronûam( V) b.liaus likv chromate itself and oxidizes RXHOH m a 
équivalent step 6

Cr(V) r RX'HOH Cr(III) -- R..CO
Косе к and coworkers have presented evidence that clironmim(lV) oxidi- 
zes the substrate in an one-equivalent reaction '1 __ forming ketyl frec radi
cal

Cr(IV) i- RXHOH Cr(III) + R,CIIO3
R,CH( ) Cr(VI) Cr(V) 4- R..CO

W i b e r g and M u к li e r j e e 8_ followed the rate of acetone formation 
írom 2-piopaiiol relative to the growth of ebromium(V) ESR signal in acetic 
acid solution, giving support to the C pathway of the réaction. Chromium 
(IV) is considered responsible for the cleavage reaction 4)J.

Many scientista dealt with the oxidation of alcohols or glycols 10 16 .
aldéhydes ..17—20., organic acids 21—27. and sonie co-oxidation of alcohols 
and oxalic acid 28, 29. by chromium(VI). Some of them determined acti
vation parametrs 30, 36 and involement of free radicals 9, 32..

The decay of the ester has been the subject of inueh discussion, mainly 
concerned with hidride transfer in a two-equivalent rate-detennining step, as 
well as the fate of the intermediate Cr(V) and Cr(IV) oxidation states. Long- 
lived compounds of Cr(V) have lxen identified and monitored [27. 334

The purpose of this paper is to compare the oxidation of benzyl alcohol 
(primare aromatic) and cyclohexanol (secondary, cyclic) and to search for the 
involvement of free radicals, nnder the conditions of strung acid solutions.

Experimental. Chemicals used in tliis study were of analytical grade purity. Inorganic mate
rial s wert of E. Merck’s p.a. grade and uscd without further purification. Alcohols wert of 
Reactivul’s p.a. grade and were distilled prior to use.

Stock solutions of KHCrO4, IIC1O4, XaClO4 were prepared in twice distilled water and stan- 
dardized by usual procedure. Aliquots of XaC104 solution were passed through a column of catio- 
nic resign Amberlite IR Г40 (H — fonul and released IIC1O4 was then determined. Solutions of 
alcohols were freshly prepared before each set of runs by measuring a known volume of pure orga
nic substrate to a volumetric flask and making it to the mark with twice distilled water, Iknzvl 
alcohol was used near to its solutibility limit, and diluted to the concentration required by each 
experiment.

The oxidation réaction was followed spectrophotometrically at 350 îuii in a eell either oi 
1 cm or 5 cm path length, using a Zeiss Spekord spectrophotometer having a cell-holdcr provided 
with a température jacket. Température was kept constant by means of a tlurmostate to within 
-4-0.05 ( .

The ionic strenght of reaction mixture was adjusted by addition of sodium perehlorate.
Reaction was started by injecting a known volume of acid solution of Cr(VI) into the ccll 

containing a solution of alcohol, sodium perehlorate and K-rehlorate acid at the température oi the 
experiment. Absorbance values wete then read as a function of time.

The stoichiometry of the reaction was determined by extraction of organic materials into ethyl 
eter after the process was aecoinplished, when increasing amounts of Chrominm(Vi) was uscd, 
and rerording the spectra of the products.

The involvement of free radicals during the oxidation process was checked by using the Sys
tems to inițiate polymerization of butvia relate. Somé attempts were made using vinyl acétate, 
but concurernt oxidation of it has occured. Cumulative effect of increasing température of the 
mixture, contained in a small calorimeter, has been used .38].
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Results and Discussion. At lew chromium(VI) concentration of ä 10 ’ 
mol.dm'"3 the equilibriuni

Cr2O'j"~ + H,0 2 HCtO4- (9)
is entirely shifted to the right |35._, so that the oxidizing species of chromium 
(VI) is HCrO; under the conditions investigated. The acid dissociation

ИСгОр H " — CrOJ (10)
has beeil completely ncglected (pKa ' 0 ----7 .36.) at HC1O4 concentration 
employed.

The ester formation in the acid catalized condensation equilibriuni (eq. 1) 
is cliaraeterized by K, having value of the order of magnitude of 10’ — 101 
r4, 37.. At 350 nm, the molar absorbance for the esters are less than 1560 
dm3mol which is s3M, fór HCrO/ 4,6 To verif y the involvement of
such au equilibriuni, we have recordcd the absorbance at around 20 s aíter nii- 
xing when a. relative constant value has been maintained for a short tinié, 
under the condition where the oxidation process is relativele slow compared 
to the condensation process. Figure 1 prezents the absorbance values as a 
fonction of concentration of chromium(VI). Lambert-Beer law was 
ftilfilled, and a mean molar absorbance 1470— 10 dm3mol Ч'иГ1 could be 
calculated from the slope of the line. Snialler value of г as compared to that 
for HCrO, , shows the involevnient of the equilibriuni

C(.H,CH2OH -f- HCrO/ СвН.СН,ОСгО3 + H,O (11)
The absorbance measured at 350 

and the ester ROCrO;(
A - .L>hc...4 ■ [HCrO4 j j-

4- Av,1; ■ ROCKb (12)

where d is the path length of the 
cell. Monitoring the decrease of absor
bance with time, correlated with-the 
deeav of total Chromium(VI), we 
were able to obtain pseudo-first-order 
rate constants from the slope of se- 
milogarithmic plots

ln(. 1 — J , ) — ln(.4o — A a ) —
(13) 

where indexes ”o” and ”<x” denote 
absorbance values at / =-- 0 and at 
the end of the run t = cc respectively. 
The requirements for that were con
ditions of low chromium(VI) conce
ntration, to avoid the involvement of 
dichromate species, and excess con-

nm is a communion oi iree riwnq ion

F i g. 1. Absorbance values after about 20 s from 
the mixing of C fiHrCH2()H (3.85 X Ю2 nioldm~3) 
and varions concentrations of Cr(VI)-

• [1I + ] 0.24, u- 2.4, T = 295 K
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Fig. 2. First-order piots for the oxidation of benzyl 
alcohol with Cr(VI). Conditions indicated in table 1.

r Ъг
centration of both the alcohol and perchloric acid. First-order plots were 
linear up to more than 90—95% of reaction. Figure 2 présents somé examples 
in the case of benzyl alcohol. Similar plots were obtained with cyclohexanol.

The order with respect to the Substrate and hydrogen ion were determined 
at constant H+ concentration and ROH concentration respectively. Table 1 
and 2 illustrate dependenee of first-order rate constant on concentration of 
ROH and H+ respectively, at the oxidation of benzyl alcohol. Bach value 
in the table has been obtained írom 2 —3 individual runs under the same 
experimental conditions using a least-square procedure to determine the slope 

'fable 1

The eîieet of henzyl alcohol concentration ou 
the rate :

[HCrOp] = 1.2 X Ю-t 1.44, ir =
= 2.4, T = 309.5 К

fable 2

The eîîeet of IR concentration on the rate at 
283.8 К

reeH.CH2OH] 3.08 X Ю~г mol ■ dm'3 and 
[HCrOT] 1-2 X IO“4 mol ■ dm~3, y = 2.4

[CeH.CII2OH]x IO2
HiOl 4

102 %s 0 orrelation
coefficient

0.38 0.35 0.998
0.76 0,81 0,998
1,62 1,41) 0.999
2.30 2.00 0.997
3.08 2.40 0.998
4.14 3.70 0.998
6.16 4.80 0.995
7.70 6.20 0.992

[H + ]
viol • dm. 3

103 kobS
S_1

Corrélation 
coefficient

2.40 25.0 0.993
1.46 9.50 0.997
1.36 7.88 0.997
1.09 5.63 0.998
0.93 3.24 0.998
0.82 2.54 0.999
0.56 1.34 0.999
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of the lines (eq. 13). Similar behaviour was noticcd using cyclohcxanol. The 
dependence shown in Table 1 could be described by the linear relation

kobs = (1.3± 1.2) X 10 " + (0.78± 0.02) [ROHJ (14)
with a corrélation coefficient of r = 0.994. Taking intő considération the crror 
of the intercept, as well as the stoicihometry requircments, we considered that 
zero-order terni in eq. 14 could be negleeted. A plot of kobs vs ROH] givcs 
a line passing througli the origin. On the other hand, using data givcn in Table 
2, a plot oï 1g kobs vs. lg H+ is a. line. A slope of 2.07—; 0.05 has been found, 
which is the ordcr with respect of II'. Consequentlv, these findings led to 
the following rate law :

_ f/nc-O, "КОП H? (15)(H
as previously dctcrmincd for other alcohols.

Table 3 and 4 collect the data for the oxidation of and CeH5 CH.OH
undor various conditions employed. As seen írom the tables, the oxidation 
of benzyl alcohol is much faster than that of cyck hexanol, with about two 
Orders of magnitude.

Troin the dependence of forth-order rate constant with température, 
activation paramétere have been dota rmincd, as shown in Table 5. Activation 
parameters for the oxidation of cyclohexanol an very close to those pireviou- 
sly dctcrmincd by K wart and Nie kl e 31' (En = 52.8 or
by AI ti e 11 e r and P e r 1 s b e r g e r _30j (ДН- = 54.8 kJin acetic

3

conditions at tlie oxidation of ejclohexaiiol
1V ‘ u.-- 1.6

Kinetie results under various experiniental
[Cr(VI)] = 4 X

T(K') [H+]
■mol •

104 ROH]
■ eZw“3

101 /<• .40 S HP Â-4
dnibitor^1

293.0 0.952 4.60 1.43 3.40
2.30 0.67 3.18

0.893 2.88 0.75 3.28
298.0 1.35 2.88 2.28 4.35

0.952 4.60 1.87 4.49
2.30 0.95 4.56

303.0 1.35 2. У 8 3.22 6.13
0.952 4.60 2.60 6.24

2.30 1.25 6.33
0.893 2.88 1.43 6.24
0.595 2.88 0.62 6.09
0.388 2.88 0.27 6.23

313.0 0.952 4.60 6.13 14.71
2.30 3.08 14.79

0.893 2.88 3.35 14.59
0.595 2.88 1.47 14.43
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acid solutions. We have not found activation data for the oxidation of benzyl 
aleohol, kinetic being studied in acetic media, where the oxidizing species is 
acetochromate acid CH3COOCrO3H.

Measuring the absorbance values of benzaldehyde and cyclohexanone at 
283 and 290 tini respectively, on tbc recordcd sepctra of tlie products, and 
coniparing with calibration eurves obtained with pure substances, ratios verv

Table 4

Kinetic results nnder various experimental ennditioiw at the oxidation
г 4

<»I benzyl aleohol
[Cr(VI)] 1.2 ■ 10 1 [л =

:/■(/<) 10*1  ROII]
mol ■ dm Ç 1 dm 2 ♦ moT 3 • s 1

283.8 2.40 3.85 2.70 0.122
3.08 2.50 0.141
2.31 1.70 0.128

1.46 3.08 0.95 0.144
1.36 3.08 0.79 0.139
1.09 3.08 0.56 0.154
0.93 3.08 0.32 0.122
0.82 3.08 0.25 0.125
0.56 3.08 0.13 0.139

291.5 2.40 3.85 3.70 0.167
3.08 3.00 0.167
2.31 ?.20 0.165

1.59 3.85 1.60 0.164
1.44 3.85 1.30 0.163
1.33 3.85 1.16 0.171
1.22 3.85 0.96 0.166
1.06 3.85 0.71 0.164
0.90 3.85 11.53 0.168
0.69 3.85 0.31 0.169

298.5 2.40 3,85 5.30 0.262
3.08 4.20 0.237
2.31 3.28 0.246
3.08 4.30 0.242
2.31 3.40 0.255

309.5 2.40 3.85 9.50 0.428
3.85 8.80 0.396
3.85 8.40 0.379
3.08 6,56 0.367
2.31 5,60 0.420
1.54 3.50 0.395

Activation paramcter;*  calculated from

Table 5

tlie fourlh order rate
consta nls

Cycle ihexauol lk-nzyl Aleohol

к[ ■ B!Ol 1 56.8 00.5 31.4 ; 0.6
Ald 4/ ■ mol ‘ 54.1 >-0.5 29.0 L0.6

J ■ mol lK 1 108 j. 6 159+8
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close to 1.5 alcohol: 1 CUVI) have been determined, when large excesses 
of alcohols were used. Carbonyl compounds are produeed as main products 
in these oxidations.

Using the redox cyclohexanol-chromate process to initiale polymerization, 
increases of température of around 1.3 CC were measured when mixtures con- 
tained butvl acrylate as compared to the Systems without monomer. The solu
tion volume in the calorimeter was 15 cm3 for each experiment ; concentra
tion range was the same as for kiuetic runs. No différences of température 
inerease was noticed with the System CBH5CH2OH — Cr(VI) in the présence 
or absence of butylacrilate monomer. The small inerease of température in- 
dieates the involvement ol' some free radicals at a very low concentration 
during the oxidation of cyclohexanol.

Kiuetic data obtained, stoichiometry, molar absorbante smaller than ex- 
pected for HCrOT ion at the beginning of the reaction, as well as the activa
tion parameters (relative small AH' and negative AS*)  could be rationa- 
lized by a Westheimer type mechanisms (eqs. 1 and 2)

ROiï + HCrO4 + H - # H.O b ROCrOjH K, (16)
ROCrO3H - II - > Cr(IV) I- R' == () k (17)

with formation of carbonyl compound and chromium(IV) in the rate —de- 
termining step.

Chromium(IV) reacts further through the route .4 (eqs. 3 and 6) in the 
case of benzyl alcohol and either through the sanie route or route C in the 
case of cyclohexanol. It is also possible that a few free radicals to be formed 
by some further oxidation, with the last System, with the eleavage of the 
cvele in a very small proportion (stoichiometric ratios a little bit lower than 
1.5:1).

From the H r catalized preequilibrium (16) and the di-equivalent élection 
transfer step (17), taking into aecount that the total Cr(VI) concentration 
has been measured, one can obtain the rate law as :

- .. . 2MÍÉL rHCro4..i (IS)
<1/ 1 j A, RoIII 1Г: ~

Assuming that K, is of the. order of magnitude of unity, as for the other 
alcohols (37j, the proportion of ester from the total Cr(VI) concentration in 
the mixture is about 8—15%. Thercfore, Kf [ROH][H < 1 at the concentra
tion range used in the study, and a simpler form of the rate could be writ- 
ten :

_ ,>•/<. ROH4H 2 HCrO4 (19)
<1/

which is in agreement with the rate law experimentally determined, with 
k ; - k K ..

'fhe relative small values of activation energy or enthalpy for the oxida
tion processes, with major changes of the structure ol the reagents in the. 
rate-determining step, could be understood by the involvement of the exo- 
thermic preequilibrium.
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The différence in the forth-order rate constant for the two studied alcohols 
with about two Orders of magnitude consists of the energy requirements to 
change sp3 to sp2 hybridization at the réaction centre during the rate-determi- 
ning step. When C atom is involved in a cycle, a higher barrier should be 
surpassed as compared to the primary benzylic C atom. Sonie tension is in- 
troduced in cvclohexanone ring relative to cyclohexanol, and a higher activa
tion energy and a less negative activation entropy are involved.
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XBSTRACT. The present paper reports a kiuetîcal study of the free and IgG 
v-'Aidently eoupled perosidase. According to our resuits, it is possible to use 
iiîiiuunoenzymatical techniques, in order to design inimunochemkal reagents, 
which inay be useful in the clinica! diagnosis of different kinds of diseases, in 
h um ans or animais.

Introduction. Immunoenzymatical techniques have bien introduceți l’or 
very short tinié, but they showed a large development, due to their high 

-nsibilit y and specificii y, and easy handliug ’1\ These techniques euable 
the studying of the antibody-antigen interaction while one of the two partners 
is labeled using an enzyme (immunoenzymatical conjugate). The covalentlly 
bounded enzyme reacts with a specific substrate by modifying its structure 
and, of course, its physical properties. In sorne cases the cases the substrate 
niav be chosen so that, following the enzyme action, a change in its spectral 
properties can be detected. I'or exemple, the colour of the solution containing 
the substrate ma y change as a resuit of the enzyme action.

The covalent binding of the enzyme to antibody requires very mild treat- 
ment with various reagents. The conformation of the two macromolecules should 
i>e least affected. so that the enzymatie antibody activity be maintained.

Immunoenzymatical techniques can be largely applied in virology, bac- 
tcriologv, pathology and immunopathology, endocrinology etc. 72—6].

The following assumptions were made, in order, to estimate the kinetical 
Parameters of the studied reactions [7; :

a) the enzyme (E) and the substrate (S) combine at a high rate, for- 
ming the enzyme-substrat complex (ES)

b) the dissociation of this complex (ES) gives a single product and the 
free enzyme

c) the Substrate1 concentration is much larger than the concentration of 
the enzyme

d) after a short, prestationary period of time, tire ICS complex will be 
i’ormed at the same rate as it will dissociate

The enzymatical reaction may be written as:

E-S./ 1 -ES : • E ■ i’ ■ (1)
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Peroxidase takes an oxigen atom from the H2O2 molecule, and delivers 
it to the 5-amino salicilic acid molecule. The oxidation of the last one appears 
as a change in the colour of solution, which can be measured spectrophoto- 
metrically.

According to the above assumptions, we used Michails — Menten kinetical 
équation in processing our data :

1 0

шах

t'o — the initial reaction velocity, at a certain substrate concentration 
vmax — the maximum observed velocity
’Sj — substrate concentration
Kv — Michaelis — Menten constant :

(3)

with k+1, the rates for the forward and backward reactions in the 
reversible step and k2 the rate for the irreversible stop in eq. (1!

Modifying the Michaelis — Menten équation, the Lineweaver — Burk 
équation ma y be obtained :

(4)

Thus, the plot (of the fonction) :

(5)

will be a straight line. Its crossing points with the coordinate axes will give 
the values: (on the horizontal axis) and l/vmu., (on the vertical one).

Experimental. We hâve determined the remaining activi tv of the pcroxida.se in imunoenzy- 
matical conjugate obtained in our laboratory, according to a modification [8] of method of A v r a- 
m e a s and Te rn y clk [9].

Bovine antibodies were purified by’ affinity chromatography. Peroxidase and perhvdrol were 
delivered by Merck. The peroxidase .substrate, 5-amino salicilic acid, was delivered by’ P 1 u k a.

The kinetical study has been carried out in a 0.1 M phosphate buffer, pH 6.95, at a room 
température. The substrate was added in quantities that made possible the enzyme concentration to 
limit the rate of the reaction. The peroxidase activity was assayed by determining the rate of pro
duct formation, monitoring the inerease of the absorbance at 405 nm with the time.

Résulte and Discussion. While the enzyme concentration was kept at 
3.06 * 10 mM, we measured the rate of product formation in solutions in 
which the 5-amino salicilic acid concentration varied from 2.56 mM to 7.68 mM. 
The H2O2 concentration was always high enough, so that the reaction rate be 
independent on it. The kinetical plots shown in Fig. 1. were obtained.

pcroxida.se


IMMUNOENZYMATICAL CONJUGATES. PEROXIDASE ACTIVITY 47

Fig. 1. The kinetical plots for 
free enzyme

Fig. 2. The Lineweaver—Burk plot for] free 
enzyme

The Lineveaver — Burk (4) plot of our data. gave a straight line (Fig. 
2‘. The following values of KM and v^x could be determined :

vmax = 0.355 mM/min
Kyi = 3.95 mM

If the whole quantity of the enzyme is catalitically active, the following 
équation may be written [10J :

* Ie J (6)
with k.,, the rate constant of the ES dissociation, representing the molecular 
activity of the enzyme. We obtained :

k2 = 1.16 * 105 min-1
The turnover nuniber of the peroxidase was :

l/Ăq = 8,6 * 10_G min.
it counting the time the enzyme needs to complete a catalytical act.

The Characterisation of the free peroxidase could be completed by deter- 
niining its enzymatical activity [11J :

J g —. AA/Af çjj
г*  cE

with : s — molar absorbance coefficient of the 5-amino salicilic acid oxidation 
product ;

ДА — increase in absorbance of the product solution during the period 
Af of time ;

cE — enzyme concentration (mgjml)
The free peroxidase activity (s = 11.64 mM-1 cm-1) turnéd out be 140.83 

U/wg, value is that given by Merck (188 U/mg)
The saine way, the kinetical parameters and the enzymatical activity of



48 GH. COMAN et al.

1' i g. 3. The kinetical plots for 
conjugated enzyme

Fig. 4. The Lineweaver Burk plot for conjugated 
en zv me

the IgG covalently bounded peroxidase were determined. The kinetical plots 
are shown in Fig. 3.

The Lineweaver — Burk plot (Fig. 4) led to the lollowing values for the 
kinetical parameters :

= 0.25
= 8.4 mM

Fquation (6) led to :
k2 0.73 * 105 mni'' 

1 ;Л2 = 1.73 * IO-6
The enzymatical activity of the covalently bounded peroxidase was 2.3 

Ujmg, representing 1-65% of the free peroxidase activity.
A remarcable decrease in the enzymatical activité of the IgG antibody 

bounded peroxidase, as compared with the free peroxidase activité;, сап be 
observed. This decrease can be understood, considering the conformational 
changes which mav occur in the enzyme and the possible inactivation of sonie 
the peroxidase molécules during the binding to the antibody.

The relative decrease of the peroxidase activity we obserwed, is consis
tent with the values given in the literature for remaining activities antibodj’ 
covalently bounded enzymes (0.95 —5%) (12J.

With the decrease iu peroxidase activity, k2 also decreases. The turnover 
nuniber is larger for the bounded peroxidase than for the free one, so that the 
tinié required to complete a catalitical act is longer for the bounded peroxidase.

A inerease in the Kv value of the enzyme in the immunoenzymatical con
jugate may also be noticed. This demonstrates that affinitv of the peroxi- 
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dase for its substrate decreased during its covalentlv coupling to the IgG anti- 
bodv, most probably because of the conformâtional changes which could modi- 
fy the shape the catalitical center of the enzyme.

Conclusions. The decrease in enzymatical activity is due not only to inac
tivation (and therefore loss) of peroxidase during the process of binding, but 
also to the important conformational changes of its active center. This con
clusion is supported by the concomitant de crease in enzymatical activity and 
increase of the*  KSI value of the IgG covalentlv bounded peroxidase.

The changes in the value of kinetical parameters and in the enzymatical 
activity of the peroxidase in the immunoenzymatical conjugate is consistent 
with the general data available in the literature on antibodv bounded enzy
mes. Therefore our immunoenzymatical conjugate may be used as immunoche- 
mical diagnosis reagent.
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ABSTRACT. Saples from the 40 groups of white beet, each of them consisting 
of 25 individuale, have beeil assayed usiug ELISA for the degree of infection 
with the BNYVV virus. The immunoenzymatical reagents used during the assay 
were prepared in our laboratories. It is possible to select BNVVV-resistant 
individuals, which should be further analised for their root productivité’ and 
sugar content.

Introduction. Viral diseascs in white beet are extremely important be- 
cattse of the remarcable decrease in sugar content of the roots of the affected 
jilants, which may even drop to zero. The Beet Necrotic Yellow Vein Virus 
(BNYVV) [1] is one of the viruses affecting the white beet sugar content, cau- 
sing the Risomania diseases.

ELISA (Enzyme Linked Immunosorbent Assay) is one of the most frcc- 
vently used immunoenzymatical techniques. Because of its sensibility and spe- 
cifity, it is largely applied in the diagnosis of different microorganism infe
ctions in humans and various species of plants and animais [21.

The present paper reports the usage of ELISA in studving the BNYVV 
infection of different variétés of white beet. The results of this study, together 
whith the sugar content analisis of each variety, should be used in selecting 
virus-resistant varieties, which are to be cultivated over the contaminated 
areas.

Experimental. The immunoenzymatical reagents used during the ELISA test were prepared in 
our laboratories [3]. The enzyme used for antibody labeling was alcaline phosphatase. 4-Nitrophenil 
phosphate was used as substrate. The „sandwich” alternative was chosen in order to assay the pré
sence of BNYVV. Product concentration was measured by monitoring the optical density at 405 нт 

[4].
The study was extended over 40 groups of the white beet, each of them including 25 sam- 

ples.

Results and Discussion. The results of the ELISA are shown in Fig. 1, 
for two of the 40 gropus of white beet studied.

The différences in virus infection degree among the groups, and even 
within each group, is large enough to permit the sélection of virus résistant 
plants.
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F i g. 1, The test of ELISA. Relation- 
ships between optical density and the 
number of the sample for two groups 

of white beet

Fig. 2 présents the différences observed among the average values of the 
observed optical density (and therefore different average infection degrees) among 
groups. Considering that all groups have been cultured ou the same infected 
soil, we eould distinquish the groups 8, 15 and 16 which showed minimum 
optical densities and, therefore, are least infected. Most infected showed up 
to be groups 1, 37 and 40.

The main Statistical parameters (the standard déviation s, the variance 
s- and the variance coefficient s70) of the studied groups were determined. 
The values obtained are syntheticallv shown in Fig. 3.

The standard déviations and the variations are, as expected, similar among 
the studied groups, but their values are specific for each one. This finding 
proves that each group is different írom all the others in its behaviour towards 
the virus.

Différences among the variance coefficient values for different groups can 
also be noticed. The large values of this synthetic paraméter, which best ex
presses the dispersion of the particular optical density values, prove that a 
strict sélection among individuals within each group is necessary.

Conclusions. The groups taken as samples and immunoenzymatically as- 
sayed showed different degrees of viral infection. Somé of them seemed to 
be virus — résistant more than the others.



IMMUNOCHEMICAL DIAGNOSIS RE AGENTS 53

00
20

13

/5

14

Fig. 3. The main statistica! parame-
ters of the studied groups

a) .. . standard déviation (s)
b) - variance (<2) oe
c ) — ■- variance coefficient (s%! Íí6

C4 

c?

0

h

The next step in seleeting a BNYVV 
follow, with assaying the root production 
and the sugar content of ecah variety.

см со

résistant white beet variety 
over a certain unit of land

should
surface

R E F E R E X C E S

1. A. Macovei: Buletin de protecția plantelor. 2, 7 (1989.
. R. 1’iroid, M. Lombard: Rev. M.-d. Vet.. 131. 1, 25 -40 (1983).
. G h. C о m a n, R. Z a b a v a, V. Cio e h i a. C. II e n e g a r : l.itcrârile celei d ! a din i Con

ferințe Nationale de Proiecția mediului prin metode «' mijloace budehnice. Martie 1992.
4. M. F. Clark, A. Adams : J. Gen. Virol., 34. 475 -483 (1977).





-ÍTiíÖIA l'XtV. BABEȘ BOLYAI, CHEMIA, XXXVII, 1—2, 1992

THE STUDY OF LEAD SULFIDE FILMS.
III. THE ADÖESIOX OF PbS LAYERS OX GLASS

CREȘTINA NAȘ«:*,  ILEANA POP*.  VIOLETA IONESCV*  and VALENTINA VOMIR*

: 05.10.1992

ABSTRACT. Tbc study of PbS layers adhesion on glass, deposited by chemical 
methods was realized through FTIR spectroscopy. It was established that in 
the first phase of chemical déposition process, lead hydroxide and lead carbona- 
nates are fonning, which are responsible for the PbS adhesion on glass.

Introduction. То obtaiii micro and optoelectronica! componentă by dépo
sition of metallic or semiconducting layers (in our case PbS £11) is neces- 
s.iry to assure a good adhesion of the layer on support.

In that purpose it must be considered a few aspects connected with the 
structure and the physico-chemical properties oi the glass. A fresh formed 
glass surface reacts with atmospheric water vapors covering itself with a neu
tral layer of OH groups. A unique characteristic of this exposed hydroxyl 
layer is its ability to retain neutral water molécules by covalent hydrogen 
bonds. Due to this ability to form hydrogen bonds with polar molécules the 
glass surface, free of physically adsorbed gases, may be completely wetted 
by water and other substance having OH or XH2 groups [2, 3]. This property 
is used to test the cleaning grade of the glass which will be the support for 
déposition of thin layers. The cooled surface of the glass may be covered with 
a few adsorbed gases monolayer whose thickness varies between 15 to 30 Ä 
or more [4]. The nature of the gases and the proportion in which they are 
mixed was determined by Langmuir [5J. The gases adsorption in glass 
surface is caused by the presence of microscopie inhomogeneitics varying in 
size from 0.01 —0.1 am [6].

Due to the glass surface reactivity a special care will be accorded to the 
glass cleaning methods before the déposition of the thin layers. It is important 
to clo ”water break” test [71, used to establish if gross contaminants have 
been removed from a glass surface. The glass surface cleaning grade déter
mines the adhesion and the quality of the deposited layer.

According M a 11 о X [8] the adhesion mechanism is correlated with 
the structure of the interfacial régions between the film and the support.

As in the literature was not found references regarding the adhesion of 
PbS layers on glass we proposed ourselves the study this subject that has 
an especially interest for us.

Experimental. On plates of Mediaș glass sized at 25 X 25 x 0.17 mm was deposited PbS 
layers using solutions of Pb(NO3)2 0.12 M, thiourea SC(XH2)., 0.48 M, sodium hydroxide 1.32 M, 
aud hydroxylamine hydrochloride NH2OEI ■ HC1 0.43 M at 25 °C [1]. Before that the plates were 
■extremely well cleaned according [1].

• lustitv.ic <J (J.cfi.iiity GO Fir.tír.elt Str., GGtG ( ( hi, l eih t:ia
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In the same time at Institute of Isotopic and Molecular Technology (ITIM) Cluj-Napoca was 
deposited PbS layers on sanie size plates by vacuum évaporation.

IR transmission spectra of PbS layers (obtained by’ chemical déposition and vacuum évapora
tion) was realized with a b'TIR spectrometer Bruker, which assures vanishing of glass effect, and 
with a spectrophotometer Specord 75 IR.

Because in documentare material which was avaible for us we bave not found IR speetrum 
of lead hydroxide, this was prepared from a solution containing lead salt and sodium hydroxide 
(the same reagents that we hâve used for PbS déposition), after that taking IR speetrum (in 
KBr).

Results and Discussions. To establish the nature of PbS layers adhesion 
on glass, it must be considered the laver forming réaction meehanism. After 
Kitaev and co-workers [9] PbS laver fromation takes place by decomposing 
of thiourea hydroxocomplexes with lead in alkaline medium. In the System 
containing lead salts, thiourea and alkalies, it may be found in balance, de- 
pending of the components concentrations ratio, the following species : Pb(OH)2, 
Pb(N2H4CS)32 : and Pb(OH)42<

The forming reaction of PbS layers is catalysed by Pb(OH)., partíciós 
which are deposited on the plates and also on the walls of the bottle in which 
the reaction takes place. This affirmation does not infirm the explanation 
of the activation process with SnCl2 solutions, which leads to the formation 
of hydrolysis products with the same effect.

Kitaev and coworkers r9J, hâve established that in the range of />OH = 
= 2 - 0.5, particles of Pb(OH)2 are forming in the System as nucléation cen- 
ters. In the same time important cpiantities of lead remain in solution as so
luble plumbite. At pOH < 0.5, the qualitv of layers go wrong, concerning both 
adhesion and aspect. It may be considered that formation of PbS layers on 
glass is realized through a Pb(OH)2 laver adsorbed on glass. The lead hydroxide 
particles dimensions must be correlated with microeavities existing on the 
surface of the support, 0.01—0.1 um [6J.

The existence of the lead hydroxide laver presumed by these authors 
T)‘ hâve been distinguished by us using FTIR transmission spectroscopy.

In Fig. 1 it is presented FTIR transmission speetrum of a PbS laver de
posited on glass by vacuum évaporation, in Fig. 2 — FTIR transmission spee
trum of the layer obtained by chemical déposition and in l'ig. 3 — IR trans
mission speetrum of Pb(OH)2 prepared by us and carefully handled to avoid 
decomposing in Pb3O2(OH)2 (10J.

We mention that lead suliidé présents absorption peaks in far IR speetrum 
(<400 cm"1).

In the case of PbS layer deposited by vacuum évaporation (Fig. 1) there 
are not absorption peaks to show’ the presence of impurities. In the speetrum 
of PbS obtained by chemical déposition (Fig. 2) tliere are absorption peaks 
similar with these observed in Pb(OH)2 speetrum (Fig. 3), at 480 cm"1. There 
are also peaks for lead carbonate PbCO3 (at 660 an 1 and 840 cm"1) and for 
basic lead carbonate 2 PbCO3 • Pb(OH)2 (at 660 cm"1) [T1J. bead carbonates 
formation is cxplained by CO2 absorption from atmosphère П2 .

The spectra shown in Fig. 1 and 2 proves that in PbS layers deposited. 
by vacuum évaporation, an interlayer between glass and PbS does not form.
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For that reason the PbS layers deposited by vacutini évaporation are not 
adhèrent to the glass surface and eau be easily renioved.

By clieniical déposition of PbS from alkaline solutions, a lead hydroxide 
and lead carbonate laver is fornied, which gives the adhesion to the support. 
Its existance concords with the niechanism of PbS and PbSe forming on glass 
support [9, 13' .

The forming of lead hydroxide takes place in the initial phase of the 
déposition process when Pb(II) concentration in solution is higher and the 
réaction of forming PbS doesn’t take place being characterized by an induc-

Fig. 2. ET IR transmission spectruin of PbS film chemically deposited on 
glass plate
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tion period necessary to form thőse nudei which will act as catalyst for furtlxi 
déposition of PbS.

The adhesion degree of PbS layers was evaluated semiquaiititâtivdy by 
tape test [14]. The scotch tape test is utilised to give a quick nicasure of ihm 
film adhesion. A pièce of mylar-base tape is pressed on to a freshly deposited 
thin filin and thon renioved by a snap action. If the film romains eonipletely 
on the Substrate it has an adhesion greater than 300 to 500 psi (pomid square 
inch). In general, the minimum adhesion requin, ment l'or most thin film appli
cations is that the film pass this tape test.

The PbS layers exceeds this test eveti if it is do»' immédiat t Пу ait er 
préparation. It ma y be observed a growth of adhesion in time.

Conclusions. Through IR spcctroscopy in the case of eheniicully deposi- 
ted PbS layers, the existence of a layer composed írom lead hydroxide and 
lead carbonates was shown, which is considered the cause of the film adhésion 
on glass. In the case of PbS layers depositi.fi by vacuum évaporation there 
are not distinguished any other species and tliat is whv the adhesion of these 
layers is much weaker.

The autliors express their gratitude to dr. Emil Indrca from Institute of Isotopie and Mole
cular Technology Cluj-Xapoca, for préparation of the PbS films by vacuum évaporation anc Sir 
recording l’TIR transmission spectra.
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ON THE L’SE OF METHANE-AIR FLAME IN FLAME SPECTROMETRY 
I. THE BURNER.

E. EOHltOȘ*,  !.. kl KEDY XAGY»

Ktttirril: 2».10.1992

AB.STKACT. The use of nu-thane-air flame is propose«! to generate émission 
,-md/or absorption spectra of analytes in flame spectrometry. The characteristics 
of a suitable new burner are reporteri. The transi,-itional température of the lami
nar flame obtained in. the 12-15 imn region «ver the burner is 1875 K.

Introduction. Flame spectrometry is a widespread method for the déter
mination of some analytes in low concentrations il j. The émission spectra 
usually are obtained by excitation in acctylene-air, hydrogen-oxygen or acety- 
lene-nitrogen protoxid fiâmes. Considering that the analytical laboratories in 
our country are supplied with higli porit y natural met bane gas, an attempt 
is niade for the tise of the methane-air flame in flame spectrometry in order 
to reduce the cost of the analysis. .Such a procedure is not known in the 
literaturo.

The aim oï this work and that of the ïollowing ones is to investigate the 
phvsico-chcmical properties of the methane-air flame as well as the possibilités 
of the détermination of some analytes by omission or absorption speetrenntry 
using this flame.

Experimental. For this purpose a suitable methane-air burner was projcctcd 
considering thc physico-cliemical properties of the methane-air flame. In the 
literaturo there exist a great number of fundamental studios concerning the 
flame structure as well as thc chemistry of combustion [2j. The investiga
tions concerning the methane-air flame arc based on the results obtained with 
different burners used in the industry. The combustion of methane in air :

CH4 4- 20., + 8N2 CO2 4- H2O A 8N2 (1 )
is strongly exothermic with 802.491 kjhnol. The chemical energy is liberated 
stepwise in the course of many successive elementary reactions and equilibria, 
supportcd by some frec radicals !2j. The activation energy of the ignition 
of the methane is high, the burning velocity is slow and the danger of im
plosion is also small. This simplifies considerably thc' handling of the gas and 
the design of the burner. Further it becames supcrfluous to equip the spectro- 
photometer with special antiexplosivc devices.

The main characteristics of the methane-air (M — A) flame are : limits of 
ignition between 6.26% and 11.91% methane, température of ignition 918 A’ 
for a stoichiometric mixture in standard conditions 3 . The gas laver before 
the burning zone, the preheating zone, in our case has a thicknuss of 0.798

liabey iCilyat Cnnersity, Drpt. of Chemistry, 3400 Cluj Napoca, Rnmanai
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mm. The highest température of a stoichiometric AI — A mixture iu the pri
mare reaction zone is 2228 K [4[. The burniug vclocity (the rate of propaga
tion of the chemical reaction zone) for a stoichiometric AI— A mixture in stan
dard conditions is 33.8 cm-s^1 5 8. The increase of the initial température
of tin- gas mixture increases considérable the burniug velocitv Г9—1О2- The 
shape aud the properties of the flame dépend on the flowing conditions of 
the gases through the burner ton. If the Reynold’s number is less than 2300 
(A[ < 2300) the flow of the gases is laminar, yielding a laminar flame. When

> 2300 the flame becomes turbulent. In flame spectrometry, the most fre 
quently used fiâmes are the so called ] remixed (the fuel and the oxybant 
are proviuosly mixed), laminar, stationäre lames which сап be ob^ainedby 
a judicious choice of the gas flow velocity as well as by the design and s ze of the 
btmivr. Usually the flame is stationär and laminar if the flow speeci of gases 
in the burner exceeds 3-10 times the burniug vclocity of the gas mixture. 
Taking into account ail tliese, a special burner was projected for a AI—A 
mixture with the aim to obtain a premixed laminar flame to be used in flame 
spectrometry (Fig. 1).
The premixed fiâmes hâve well defiued burniug zones assuring optimal ex
citation conditions. The new burner has the l’ollowing characteristics :
a) Made öl' brass, it is provided with 80 bores each bore having 1.5 mm dia- 
meter. The flame cannot enter in the burner because the diameter of the bores 
are smaller than the extinction diameter of the flame. Thus the danger of 
explosion is completelly eliminated. b). The elongated form of the burner al- 
lows to be used both in émission and absorption spectrometry. The length 
of the optical path in the flame is 50 mm ensuring an enhaneed sensitivity. 
c). The bores are arranged in four parallel rows thus the flame lias S -12 mm 
width. Tbe cold ambient air cannot reacli the central zone of the flam<-, thus 
the température in the central zone of the flame, in a 1 —2 mm width, is prtc- 
tically constant. As a resuit of this design the danger of sclfreversal of the 
lines decreases, but the possibilité' of autoabsorption increases. d). The burner 
was made of a 10 mm thick brass block providing a rapid p.reheating of the

Fig. 1. Schematic diagram of the humer for a laminar M — A flame
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. The biirnîng velocity of a stoichiom trie 
M —.Y mixture versus the initial temperatura ui 

thé mixture [2]

gases, which increases the burning 
velocity and the stability of the 
flame, e). The nuinber of the bores 
have been determined considering the 
flow rate of the gases, determined 
mainly by the nebulizer whose op
timal efficiency is at a flow rate of 
the air of 500 lui. f). In order to 
isolate the flame Írom the ambieiri 
air with an im-rt gas, the burner 
was provided with two peripheral 
rows of bores. Thus an excess of 
oxygen can be introduced in the flame 
in order to increase its température, 
without the danger of explosion [11, 
12j. gj. The laminar flame with a 
low burning velocity exhibits fluctu
ation due to the influence of the ambient air. To reduce this effect, the bvrm r 
was provided alongside with a protection mase ma de of a thin brass sinet.

The burner was settled on a mixing chanibcr of an AAS —1 Cari Zeiss 
atomic absorption spectrophotometer. The flame obtained with this burner is 
a so-callcd fiai flame with separated cones over each bore (the primary com
bustion zone) and with a single secondary merging combustion zom , respic- 
tively. The thickness of the preheating zone extends from 0.4 to 1 mm with. 
the increasing niethane content of the gas mixture. In the same time, the hight 
of the cones also increases from 2 to 3 mm. The secondary combustion zone 
extends 100 -‘200 mm over the burner head. In work, the burner warnis up 
to 410 —440 К preheating the gas mixture to 330---350 К which increases con
sidérable the stability of the flame (Fig. 2). The stability limits of the flame ham 
been cstablished too. The lower stability limit corresponds to a substoiehio- 
metrie composition of the M —A mixture at which the flame burns out be- 
cause of low burning velocity. The upper stability limit, corresponds to a gas 
mixture in which the niethane is in excess. In this case the separate cones 
risc and then merge owing again to the slow combustion velocity. During this 

kept. constant, and that of the 
found that the lower stability 

1.24 M—A stoichiometric ratio.
of 0.88 and 1.12, respectivele, 

work with the wanned burner.

investigations, the l’low rate of the air was 
méthane was changed. Experimentally it was 
limit corresponds to a 0.8, the upper to a 
In practice one can work between the limits 
expressed in the same units. It is advisable to 
4 —5 minutes after igniting the flame.

As a main characteristic, the translational température of the flame has 
been determined at different heights, from 0 to 18 mm over the burner head, 
in 1 mm steps, at three different M— A stoichiometric ratios (0.88; 1.00; 1.12) 
using the sodium line inversion method [13]. The schematic diagram of the 
apparátus tised is shown in Fig. 3.

For this purpose the intensity of a line of a light, source at /. = 589.0 uni 
has been determined alter passing the flame. Afterwards an aqueous
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Fig. 3. Schematic diagram of the apparátus used for the déter
mination of the translational température of the flame

NaCl solution with э ppm Na was introduced in the tlame and the intensity 
of tli ■ sanie line was followed. И the température of the light source is 
equal to that of the traslational température of the flame, the two inten
sifies remain constant both in th? présence or in the absence of Na. The tem
pérature of the light source is varied by the voltage applied to the filament 
till no variation in intensity is observed. In tliis moment the translational 
température of the flame is equal to the température of the filament, this 
being determined with an optical pvrometer. The results obtained are shown 
on I'ig. 4.

It can be seen that the translational température of the flame increases 
slowly and non-uniforinly with the h?ight of the flame, the maximal value 
oi 1857 К being observed at 12 mm over the burner head. In the 12—15 mm 
region, the température practically is constant. The température values ob- 
seved are lower than the theoretical 
tion and radiation as well as to the 
presence of water pulverized in the 
flame, being lower with approximetvly 
200 K t han t he température of a similar 
M —A flame eiiriched with oxygeii.

Apparátus. The spectrophotomet- 
ric measurements were carried out with 
a HEATH—701 spectrophotometer 
using a HEATH EU—700 grating 
monochromator and a HEATH 
EU—700 -30 type photomidtiplier 
module. The pliotomultiplier current 
was recorded as an ohmic poten
tial drop with a, K-201, Cari Zeiss 
Jena, recorder. The síit width of 
the monochromator was 0.1 mm 
enabling a spectral résolution of 
0.2 nm. The spatial resolution in 
the Haine was 1 mm. In the spectral 
range of /. — 200 —700 mm an 1P28A 
(RCA) type photonmltiplier was used, 

oncs owiug to lossvs of beat by convec-

I1' i g. 4. The translational temperaturi- of the 
M A flame versus the distance over the burner 

head as a fonction of the gas mixture
1. Stoichiometric ratio 0.88
2. Stoichiometric ratio 1.00
3. Stoichiometric ratio 1.12
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and in a higher wavclengths а МГ2ЕС51 (NARVA) otic, respectively. The 
0.1 mm slit width as well as the 700 V applied to the photomultiplier ensured 
the required sensitivity without raising the background noise of the system 
Г14 — 17j. A pneumatic nebulizer was used witli premixing chamber írom a 
ÁAS-1 Cari Zeiss Jena speetrophotonieter. The flow rate of the air was kept 
constant at 500 L:h recpiired for the optimal performance of the nebulizer, 
the rate of methane being varied as a fu net ion of the composition of gas 
mixture wanted.
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OX THE DIOXIMIXE COMPLEXES OF TKAXSITIOX METALS 
(LXXXIX)

Study of sonie mixed azido-coinplex acids and nonelcctrolytes of 
cobalt(III) with ali] hatic a— dioximes
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ЛВЯТНЛСТ. Xew diaziílo-coniplex acids of cobaltiIIR with aliphatic a-di<>xi- 
mes : H [Со((Иуох.Н)±(Х3)2]. H [Co(DM)2(X:i)2] aivl HíCoíPropox.II !3(X3)a] 
(Glyox.ITj — glyoxime, I)H2 — dimethylglyoxime, Propox.H2 -- methyi-iso- 
propyl-2,3-dione dioxime) were obtained by oxidatioii <»f the coniponents. 
[CoiI)H)2(X:}')Cl]", ГСо(1)Н)2(Х3)(СХ)] and 14 new nonelcctrolytes [(Co(I>II)2(Xa) 
(amine)] were obtained by substitution réactions. The composition of the :iddo- 
acids was proved also by isolation of a nuinber of 27 new binary salts by double 
décomposition réactions.

The azido-complexes were characterized by UV and IR spectra, thermal-, 
poteutioinetric and polarographic measurements.

Introduction. The azidc ion (X:f) with large nuckophylic properties reacts 
vt.'i’y with varions transition metal complexes and substitutes the halogen, 
H2O, other aeidic ligands and neutral groups. ” Mixed” classical complexes 
and clielate comnounds with X-f ligand are known in a considérable number 
(e.g, [Co(XH3) (X3)F- [11, (Co(en)2(NO2)(N3)] + [2]. rCr(en)2(N3)2F [31, 
!Fuio-phen).,(X3).; Г41, [Rh(NH3).(N3) W l5k [Co(ec)(N3)(Ph3P)l, [Co(salen)(N3)Pv] 
[6—8\

The formation of homogeneous azido-complexes (M(N3)”'(n = 1..6, m = 
--- -~-3,. .0. . --4) in aqueous solutions and in nonaqueous media has been in- 
vestigated by means of spectrophotometric, potentiometric and electric con
ductance measurements [9—10]. We have observed that the azide ion enfers 
easily in varions dioximino-clielates of cobalt (III) and rhodium (III) [11—13]. 
Tir anation and other substitution réactions of [Co(Diox.H),(H2O)X] and 
fCo!Diox.H),X,.~ (X = Cl, Br, I, XCS, XCSe, NO,) with Xk leads to the 
formation of mixed complex sekk.

Results and discussion. In the pris-nt paper varions alipliatic a-dioxi- 
mes : glyoxinie, dimethylglyoxime and propoxime (inethyl-isopropyl-2, 3-dione 
dioxime) were used for the synthesis of azido- cobalt (III) — complexes.

The starting compound for the synthcsis of mixed azido-dioximino-com- 
pkxes is the dichloro- acid: H[Co(DH),Cl,[ (and the analogous derivatives 
wirb, other dioximes). With stoechiometrical X'3~ -ion (molar ratio 1 :1) the 
chloro-azido derivative is formcd :

Н[Со(1)Н),С1,[ -i- NaX3 = H[Co(DH),Cl(X3) ] + XaCl
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Using an c-xcess of NaX3 (molar ratio 1 : 2—2.5), the main product is the 
corresponding diazido-aeid.

The chloro-azido-bis-dioximino-chelates are suitable for the synthesis of 
otli.-r mixed azido-complexes. The chloro-ligand can be substituted easily by 
NOȚ, CN“, NCS“, SO5”, amines and phosphines.

Like the other (Co(Diox.H)2XYj_ type allions, the mono- and diazido- 
acids form characteristic, crystalline, generallv slightly soluble précipitâtes 
with monovalent métal ions (Cu , Ag+, Tl~ and with diaci do-tetra mine type 
complexes of cobalt (III) — and chromiuni(ITI) (e.g. [M(cn),X.,l~r,
[M(XH3)4XJ + )Co(l)iox.H)2(aniine)2j+, etc).

A number of 27 uew binary salts of the azido-bis-dioximino-eobalt(III)- 
acids obtained by double décomposition reactions in aqmous or dil. a'.coholic 
solutions are charnelerized in Tables 1—4.

Xew salts oï (lie II [Co(I>Il),Cl(X3) ] complex acid

Table 1

Formula Appearance Anal V si s ( °/0 !
Calccl. l'otiud

■'Coi Dllhjo-anisidine).»] • A brow n prisms y o îo.(h5 12.68
X 20.19 20.44

fCo(DlIb(o-ethvianiiineL>'] • A brov/n dendrites C 0 13.12 13.14
[Co(DlI)2(p-ethylaiiiliiie),] ■ A bruivn dendrites Со 13.12 13.2П

X 20.28 19.92
ГСо(1)11 )2(thiouree)2] • A brown prisms Со 14.59 14.46

S 7.94 8.15

A = [Co(DII),Cl(N,)]

Хен salts of the II [Co(I)II)2(t..\) (XJ ] complex acid

Taule 2

Formula App, aran -e Analysis
Calcd.

(%)
.Found

[Co(DH)2țaniline,j ■ В vellow dendrites Со 14.15 13.89
X 23.55 23. du

rCo(DII)2(m-xylidinel„J ■ B vtllow dendrites Со 13.26 13.30
trans-[Cr(en),(XCSL,] ■ B' Yellow ileedîes С ( ; - - С г 17.19 17.45

s 9.93 9.72

B - [Co(DH),(CN)(N,)l
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New derivatives oî tlie П |Co(Propox.H)2(X2)21 aud II [<.o((ílyo\.H)2(X3hl complex acids
G.',- >

Formula Appvarance Analvsis d', 
Calcd. round

H[Co(Glyox.H),(X3)2] ■ 2I1/J brown irreg. crv.st Go 1 G. 6 4 ■ 6.Ș9
II.,O 10.17 о sg
X 39.56 39, í 9

[Coí TU Г ;2ípyriilinei,] . IX 1.5 11,0 short, iigdit Go 13.04 13.49
brewn nrisms 11,0 2.9 p '( Q~

[Co(D’E2(pyridine)2] • 11. 1.5 11,0 sir irt. l'-rown Co ! 4.89 14.64
1 ‘ríl-ins 11,0 3.41 3 27

[Co( DH.i2(aililine)2] ■ I) br< >W11 hcxagoUui pl ates V < > 13.03 13. i 7
X 24.77 24.42

[ColDH)2(aniline),] • 11 • IEO br<леи, rhonib. p’ates C о 14.54 i 4.49
П.-О 2 22 2.16

[Co(I.;Hi2(tliiouree)2] • I ) • II2O brown, hexagonal plates Со 13.26 13.34
H,0 2.92 2.1 1
s 7 22 - 7

rCo(DH)2(thiouree)2] - 11 ■ 1.5 11,0 dark bri'un, short prisais Go 15.01 15.20
II a,) 3.44 3 35
S 8. IG 7.95

’CoDII).,Án-chlor anilineÈ1 ' U irregulär, brown plates lu 12.26 12.19
y 23.32 23.1 9

[Co(D1I)2(XH3)2] • E ■ H20 short, brown ilew 1 ios C о 1 7.91 17.64
11,0 2.74 2.63

Irans-^Cr(vn'i2(XCS)2] • :n ■ 311,0 light brown microciw st. vo - ■Cr 14.38 14.74
s 8.31 4. .5 5
11 „1! 7.1 hi

trans/Co(eii ,01,1 • E ■ iI2O gohl vdhw irreg. cr\>t. Co 20.1 5 ] o s. ;
и,O 3.ÓS 2. a
X 33.52 34/w

trans-[Co(eni.,Br2j • IS • 11,0 olive yellow dwitlrilcs Go 17/9 17.''5
11,0 2.6 / 2..’ 2
X 29.10 2S.au

D — [CoțPropox.H>2 N3i»...: E -- Co(Crlyox.ll)2íN3) .] : Со - Ст <iitn ;is -ian (■> C »4 - Ста’, 9()<i С. 2 : 1

Xew derivatives oí the JH |С<>(!)11),(\J, |-aeid
T O,’, 4

Formula Appearam.-e Analysis p
Cah-d. r oun-1

trans-rCo(enj,(NO,),)] • C ■ II2O dark vdiow priwns Co 17.80 ] 7.35
H ,o 2.72 2.10
X 33.85 34.1 p

[Co(DII)2(thiource)2] ■ t.: • n2o dark ydiow dendrites Co 14.15 13.8!
HnO '2.1(5 1 .92
s 7.70 7. S 9

[Со(Г>П j2(aniline)2] ■ C long, brown prisais Co 13.89 Í3.7S
[Co(üllj2(o-ethyianillne )2] • C • H„O br< ív. n Co 12.72 1 2.37

dendrites 1:1,0 1.95 2.2' '
[_Co(DII)2(p-cthylanilineЫ • c brown Go 13.03 13.17

dendrites X 21.77 25. ! I
[Co(DH)2(p-ehloraniline )z] * vc 11 ( >w -brоwn pri .sms Co 12.84 12.79
[С o ( DII ) 2 ( p -br ( > man i 1 i ne vel low-brown dendrites Co 11.71 1 1.54

X °2 27 22.66
[Co(DII x(o-anisi<liíie)2] ■ C brown dendrites Co 12.97 1 2.58

X
X 24.67 24.2"'

C — [Co(DH)2(Na)2 ' ; Со detn : compíexcrnetricallv; S tktn. os B;iS<)4 ; N ditn gazvolunietrically as N.
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The halogeiio-ligand in the H[Co(DH)2C1(N3)j acid can be replaced by 
neutral ligands too, e.g. NH3, pyridine bases, aromatic primary amines (pKb 
values : 9 —12) and tertiary alkyl-aryl-phosphines.

H[Co(DH).,Cl(N3) I + amine = [Co(DH)2(amine)(N3) j HCl

The reaction was carried out in ammonium acetate butter solution by water 
bath température.

Sonie beautiful, cliaracteristic crvstalline products are characterizcd in 
Table 5.

Table 5

Aew noneleetrol ytes of the [Со(1Ш)2(.¥3)(ат1пе) ] type

Formula Appearance Analysis 
Calcd.

J
Found

[Co(I.)II)2(N3)(m4olui<iiue)] ■ 211/) brown prisms Co 12.42 12.66
H 2O 7.59 7.33
X 23.62 24.06

rCoiDHJjiX^fin-xvliiline';] • 2H,O browu-irregular crvst. Со 12.07 12.23
IkO 7.37 7.18

[Co(l...HI)/X/(p-phenotîdine) ] ■ 2II2O dark brown prisms Со 11.68 11.54
IL,O 7.14 7.34

LCo(I.)H)2(X3)(p-ani.sidine)] • 2H2O gold-brown plates Co 12.02 11.98
H2O 7.35 7.21
X 22.85 22.40

[C.o(I.)II)2(X3)(p-ch1orani.liiie)J ■ 211.,и sparkling, dark Co 11.91 11.75
brown plates 11,0 7.2S 6.85

< '• I>11j/X3)(m-chloraniline)] ■ 2M/) sparkling brown plates Co 11.91 11.84
IL,O 7.28 6.90

[Co(I...)II)2(N’3)(p-bromani.l.ine)] • 2H/) brown plates Co 10.93 10.80
X 20.78 21.10
IL,O 6.68 6.40

[Coi 1Ш ),(X, H ]>-j< ><!-Ilà 1 ■:«t s J • 2IL.O sparkling. dark Co 10.05 10.02
brown plates H.,() 6.14 6.50

[C.O( Í HI ;2i X3H7-?vXi il..-) 1 brown prisms Co 13.89 13.76
[u>-.l>ii N.iiS.r» - .ti.? Lue) ] veHow-brown plates Co 13.44 13.46

X 25.57 25.40
[Coi Tel low-brown plates Co 13.44 13.28
Í Cui DIT !.:,(X.j’){’4-eth vh)vri(ÍKic)] brown plates Co 13.44 13.50

DH VX.{!(iinida 'Du 1 vdlow-brown Co 14.76 14.71
platw X 31.58 32.01

V" HÍ 2 X3)(2-aiiiiib d'iu-iye ’ short brown plates Co 13.66 13.70

Potentiometrie ineasurements. The- iso'ated H )Co(DH)2C1(X3)_) and 
H_Co(I)II)2(N3)2; are middle strong monobasic acids.
The dissociation coudants (25 C, ionic strenght : 0.1 ni) are: 4.10 X 10_3 and 
5.05 X 10 3. These values were calculated using the pH values of the half
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neutralized aqueous solutions of the complex acids (c = 1 -2 x 103 ni о 1 e;1), 
following the équations :

_ [ii+] • -Co(i)iiqxY]~

H[Co(I)II)2XY]

log K = PL:1L±.+ pH
a • c -Ь [H + ] - [OU ]

(for the neutralization, 0.1 n KOH has been used) 
(c — concentration mole/1 ; a — degree of neutralization) 
The azido-cobalt(III) - acids eliberate CO2 from NaHCO3 HCN írom KCX 
solution. The obtained azido-complexes hâve not explosive charactcr and ean 
be handled without explosion danger.

Polarographie hehaviour. In a previous paper [14] the anodic oxidation 
of some azido-complexes of the type [Co(DH)2X(N3)j~ on the dropping mer
cury electrode was studied. It was found that the co-ordinated azide is oxi- 
dized more easily than the ionic one. The oxidation of the co-ordinated li
gands takes place without the change of the oxidation state of the central 
cobalt atom.

The polarographic réduction of some H [Co(DH),(N3)X] type complexes 
(X = Cl, N3, NO2), as cotnpared with those of the [Co(en)3]Cl3 was studied 
in B r i 11 о n—R о b i n s о n ’ s buffer solutions. Some typical polarogrc.ms 
are presented in Figs. 1 and 2.
The polarographic data are shown in Table 6.

In the case of the hexamine type complexes ( [Co(en)3]3 + and [Co(NH3)e_)3+, 
respectively) two réduction waves appear corresponding to the following pro
cesses : [15].

Co(III) —- Co(II) (I.)
Co(II) Co(O) (II.)
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!■' i g. 2. a) Polarogramms of H[Co(DH)3(X3)2]
b) Polarogramms of H гСо(Г)1Г)2(Х3)С1] (in the presence of gelatine 0.5%)

Polaropra phic data oî some cobalt(IIÏ)-eomplexes
Table 6

Compound Cône.
x 10 •

pH Sensibilité
A/l>iv

X lo 7

E (vs.8
C/2

;c.E; Heiglit of the wave (Div)
I II

rCoieni.JCl., 0.0 5.02 0.6 0.45 -1.23 11 22.1
H rco(l)ll 1 ] 0/208 3.29 1.2 -0.79 -1.03 15.6 19

5.0'2 0.92 - 0.92 - 1.07 19.0 18.5
7.96 -1.1 32

НГСо(1>Н),(Х.,х1 0/23 3/29 1.2 - 0.78 -1.02 16.2 17.3
5.02 - 0.91 -1.06 19.0 17.2

Hrco(i:ii)2fx3)(NO.;l'1 0/284 3/29 2.0 -0.88 -1.05 51
5.0'2 - 0.9'2 — 1.08 53
7.96 -0.86 40.8
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The height of the second wave is double as coinpared with that of the 
first one. The first wave has an irreversible character with Elj2 —0.4 — 
— 0.6 V (vs. SCE). The half wave value of the second wave is —1.2 — 1.3 Г 
(vs. SCE).

In the case of the dioximino-chelates, the first wave has a more coin- 
plicated character with Ei/2 = —0.7—1.0 V (vs SCE) ; 5—6 fold higher as by 
the hexamine-type complexes, and influenced by the pH value of the suppor- 
ting electrolyte. This means, that the réduction of the central cobalt(III) ion 
is accompanied with the réduction of the oxime groups.

The total réduction of the dioxime ligand is an eight-electronic process :
R —C = N -OH R -CH -NH2

I + 8e + 8H+ = I + 2H,0
R -C = N -OH R -CH -NH2

The second wave is sílifted towards more positive values as comparcd 
with those of the hydrated (Co(H2O)e]2’ ion (—1.4 V vs. SCE). In the case 
of the H[Co(I)H)2(NO2)(N3) j acid the nitro-group is also reduced (The first 
wave is higher then by other azido-derivatives studied).

The IR spectral data of some new azido-complçxes are presented in Table 7.

Infrared spectral data of sonie azido-<obalt(ni)-eomplexes

Table 7

Characteristic frequency A z i d о - с о m p 1 c x
V.T. II. III. IV.

VN-H — - - 3130 m __ 3130 m
3030- 3035-
3070 m 3080 m

VO-H 2300- 2300 - 2300- 2330- 2320-
2380 s-m 2370 s-m 2300 s-m 2390 s-m 2400 s—m

VasN, 2035 v s 2040 v s 2050 v s 2030 s 2045 s
2120 v s

V
O —H. .O 1750- 1720- 1700- 1740- 1750-

1770 m 1780 m 1750w 1800 w 1800 w

V-N 1540 s 1570 s 1570 v s 1575 s 1575 s
1570 s

VsN, 1380 m 1360 ni 1340 m 1370 m 1360 ni

VN-OH (oxime) 1240 v s 1745 v s 1250 v s 1250 v s 1245 v s
V 1085 v s 1100 v s 1090 v s 1100 v s 1100 v sX—O.. (oxime)

980 m 960 ni 985 s 980 m 975 ni>0-11
ÏC H 750 m 740 s 750 s 750 s /60 ni

VC<>- X-X (azi.lc) 610- 625 m 660 s 630 - 610 m
630 w 580 m
520 s 515 m 520 m 520 m 515 sCu —îs (amine, oxime)

«N-Co-X 440 m 450 m 440 m 445 m 450 w
420 ni 420 w

I - H LCo(DH)aCl(N,) ] ; 11 - H [Co(C4vox.H)a(K3)t] ; ni - (CoțDii). imidazole) ; ; IV - iCo(DH).[(N’a) (panisidinc)j ;
V — [Co(DH)3(Na)(m-xyiidiae)]. vs — very strong, s — streng, m — medium, w — wcak)
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Th - position of the v O—H and 3 O—H. .0 frequencies show the présence 
of strong intramolecular O—H. .(') hydrogen boundings similar to those observed 
in th: cas? of the analogous H[Co(DH)2X2j, LCo(DH)2(amine)2]X type comple
xes. Th-s? hydrogen bridges stabiliza the coplanar Co(I)iox.H)2 ring System, 
i.e. th- trans-geometric configuration of the azido-bis-dioximino complexes. 
Th.-n-iore ligand exehange réactions occtir with rétention of the geometrie 
configuration.

Th.- V C -X, V X—OH and v X —O. . frequencies of the coordinated a- 
dioxime ligands appear at 1550 —1570 an~‘ (s), 1230—1240 сиг“1 (v.s.) and 
1080 —1100 cm_1 (s.) showing strong covalent Со —X (oxime) bondings.

The azido-complexes show generaliv 5 characteristic absorption bands at 
2030-2080. 1300, 600, 300 -400 and 2Ó0 cur', respectivele. These bands сап 
be considvred in a first approximation as M—Хя group frequencies. : v„sX3 
yX3 Stretching vibrations, the 8N-3 and M —X —X deformation frequencies. 
[16, 17,. The free, non co-ordinated azide ion is linear and svmmetrical with 
equal X -X atomic distances. Bv co-ordination appears a svmmetrv dimini- 

( ZX-X-X)
shing with M — azide angular bonding (Mz J 181.

The increase of the ru — interaction between the p Orbitals of the X- 
atom and the h- orbital of the metal ion leads to the increase of both the 
X—X atomic distances and of the vÆ<X3 value, (in the case of ionic azi des, 
e.g. XaX3 : v„,. X3 : 2120 —2140 cm_1 (v.s.) and 8X3 : 643 cm"1 (m).

Th ■ stretching and deformation vibrations of the co-ordinated azido-groups 
are sílifted as compared to those of the frec ionic X3“, as seeii írom Table 
7. This pli nomenon show the Co—X3 bond to hâve strongly covalent cha- 
racter.

Th- s X —H stretching frequencies of the co-ordinated primarv amines 
apu ar at 3100-3200 сиг“1, shifted with 200—250 cm 1 towards lower frequency 
Values. (The Co-amine bonding is also a strongly covalent bond).

Elccfronic spcctra of the azido-complexes were recorded in met hanoi. Sonie 
spcctra are shown in b'igs. 3. and 4. and the spectral data are oresented in 
Table 8.

în the case of the diazido-acids two bands appear in the visible region, 
at 14 —16 kK and 19 kK, respectivei}'.

By substitution of an X3 -ligand with amines or with other ligands, the 
baud at 14—16 bX disappears and the second one is shifted towards higher 
frequency values (20 —21ЛК). The bands in the 14 -20 kK region hâve a 
ligand tieid character. The wide, strong band at 39—41 kK, overlapped with 
th ch irge traiïsfer bands of the X3“ and of the neutral ligands (amines), 
is dm-, probable' to the présence of the Co(DH)2, Co((11yox.H)2 and Co(Propox.H)2 
— groiips. This band appears in the spectra of the majorit}' of bis-dimethyl- 
glyoximmo-complexes of cobalt(III) [19J.

Thermal behavioiir. The binary azido- comples salts and azido-non-elect- 
rolytes décomposé suddenly on beating. Sonie derivatographic derivatographic 
measurenients show that the décomposition in air between 150—240°C is fol- 
lowed b}' évolution of X2, XO, CO, CO2, H_,O in non-stoechiometric ratios. 
The linal residue in the crucible is not a stoechiometric âmount of Co3O4 be-
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P i g. 3. Electronic spectra of
a) II[Co'DH)2(X3),]
b) Il rC<j(DH)2(X.,)Cl]

I' i g. 4. Electronic spectra of 
al [Co(DH)2(X3)(p-l -aniline)] 
b) [Co(DH)2(\;)H3.5-luti<linei] 
ej K'o(DH)2(N3>(m-toluidine>]

Table S

Electronic spéciről dala of somé uzido-eohall(111) complexes

F 0 r m u 1 a Al b>g г. л2 log 4 '■3 k,g^ '< ;<)gr4 1('g E.

И [Со(ОН),(Х,),] 15.2 1.38 19.0 2.28 31.0 3.82 39.0 4.23 42.0 4.15
II ГСо((11уох.Н)2(Х3)а] 15.0 1.4 18.8 2.4 32.0 3.9 39.5 4.4 41.0 4.3
II [Co(I>H)3Cl(N3)J 15.0 1.45 18.0 1.93 30.0 3.4 40.5 4.5 49.0 4.1
[Co(ÜH)2(X3)(3.4-lutidine)] 20.0 1.8 30.5 3.4 31.0 3.5 40.5 4.3 43.7 43
'Co(I>H)2(X3)(m-toluidine)] 20.0 2.02 28.0 3.4 32.0 3.5 39.7 3.9 44.0 3.6
rCo(DII)2(p-am.smine(N3)] 19.0 1.5 25.7 3.8 31.0 з.ъ 39.8 4.3 43.6 4.3
;Co(DH),(X1)(p-chloraniline)] 20.0 2.1 22.0 2.3 39.6 4.35 45.2 4.4 49.0 4.5
[Co(DH)2(X3)(p-iodaniline)] 19.8 2.2 27.5 3.8 39.7 4.40 43.5 4.4 49.5 4.4

wave number in kK)

cause of a great mass loss dtiring the rapid décomposition processcs (explosion 
in every cases !).

Hot conc. HNO3 and H2SO4 décomposé the mentionod substances with 
formation of Co(NO3)2 and CoSO4, respectively.

Experimental. Xa[Co(Diox.H)2(N3)s]-soluti<>ns. 0.1 viole cobalt(II)acetatc in 150 ml aqueous 
solution were treated with 0.2 mole aliphatic a-dioxime (glyoxime, dimethylglyoxime.propoxime) 
in 200 ml. dil. alcohol (1 : 1) and oxidized by air bubbling during 4—5 liours. After addition of 
0.22— 0.25 moles NaNa in 50 ml water, the oxidation was eontinued 2 hours. The precipitatei! dark- 
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О' '<n bv product biÁido-aípio-Tds-dio'riuiino-cobakfinj : TTi'JȚ w. И .X. T Ei ) ; 1 ■ was filtered 
off. Th-- da/k-brown solation was c'-mpl-etvd with water to 500 /,.T und used l'or double cxchanqe

a Í.T • DH J 2Ci( T / к-лоТг/ог’. 0,1 ;;m/w П ; Co( DIÏECD] wäre trcated. in 209 nF water with 
0.08 m-Ps XaX;{ in 25 ml aqueous solution. By continuons stirring tbc dichloro-aeid dissolves
aider 5 lo minutes aud reddish-violet solution is formed. The mixture was icu eooled, filtered aud 
use'! for double decomnosiiion ''■caution,

J-: < о : ab osE. The solutions of X:i C-> DIIȚX.. Clj and Xa’CofDiox.H 12(Х3)2] were treated 
wiîii a Iargv oue ss of 3’1 -35 per cent sulfuric acid. The crystalline free azido-acids were filtered 
oft wadiud w:th ether a:id dried ou air.

К ÇA l)l{„Е(Л'.5 ) ÍC\} }-mhdion. 25 niWomf H ’Co(DU,i2Cl(X3)] in 100 ml water were treated 
with 25 -3o ;?,■ a-o'/'u KC.X in cmic. aqueou.s s-«b.;tion ou a wat'?r bath. The brown-violet solution was 
use< l 1- >r double décomposition "valions.

,c 'of j)>l i.y л fa mim-’) j mímemcfrolvtcs. 10 mmo’es H Xy DIIWX.pCJ ] in 60 -80 ml water were 
irtatod with 2 c amiU 'itiuin ac .-tate and ló— 12 mmoles amine in 10—15 ml alcohol. After 15 — 
21-' aua. ot beating on a wa'er kuli, the ehara-turistic crystalline products separated were filtered 
ой washed with wat', r and dried on air.

The i К mnlia w.-re r w>rd<-d in KBr psllets b>' nv.ris of a UR 20 Car! Zeiss Jena speetro- 
ju; '‘.íun- t -• bt i wecn 40íi 4000 cm к

UP-s,u 'w were rccorded in Ilié 12 and 50 kK region in methanol. Concentrations in the 
visible : (*.5  ■■■■ 2 a 1 0 "'3 m mell : l'V region: 0.1 -1 X 10 1 mole’l.

r, c:> a measiinmifm's. The polarograms were takeu with a RADELKIS-TYPIC OH- 120 
pokirograpli using a convențional polarographic e.-ll with a saturated -adóméi référencé -dectrode, 
<wx-wV X t.hc celi by íru-ans ot au agar-agar bridge (1 M KXO..'. The oxygcn was eliminated 
írom the solution with purífied metlume.

'Ehe supp.unitig екчи rolytes were jirepa-wl from В r i t t о u - R о Ъ i n s о n solations with 
addition of XatdOj to vo.'.íirc an ionic strength of approximately 0.1 M. The measurcmeuts were 
carricd ot. at 2J C. pH micasiaraments wert' carrivd out Üt 25 (' with an EPE- -0.1 (U.S.S.R.) />11- 
irwcr lutviiig a glass-cketrode as indicator and a sat iratod calomel as standard électrode.
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SOME NEW COBAET(III)-AMINE PERIODATES.
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ABSTRACT. A íiuinbar of 10 new cobalt(III)-ainine periodates of the [Co(Diox.II)2 
(Àm;.,]IO4 tvpe (Diox.H2 — diniethylglyoxime, heptoxime, Am — pyridine 
bases, tertiary alkyl-arylphosphines) were obtaùr. d and characterized Ъу chemical 
methods, solubilité measurements and l»y IR spectra, respecțively.

Sonie derivatives of this type were used, as comparer! with the thallium-, 
silver-, mercury- and lead periodates for the gravimetric détermination of the 
periodic acid. The résulta were statistically evaluated using the usual methods 
and programa written in the Turbo-Pascal lauguage.

Introduction. The periodates appear in varions fornis as : metaperiodatcs : 
УНО4, mezoperiodates : M3IO5, dimezoperiodates : M4I2O9, orthoperiodates : 
ÏLÏO- and also in other self condensation product s and heteropolyperiodates, 
dvnending on the pH, the nature of cations and allions "present in the réac
tions media and the experimental conditions, rcspectively (reaction in solu
tion or in solid state) il —31.

The metal salts of tliese acids, exceptiug the alkaline — and ammonium 
salts. arc generally sparingly soluble in water. The analogous derivatives of 
t lie other oxoacids of the halogens, especially the salts of HC1O, HC1O2, HC1O3, 
HC1O4, and in everv cases also the bromates and iodates hâve a higher solu- 
bility in analogous experimental conditions.

The periodic acids form also slightly soluble salts with various metal-ami- 
ries Г4—6J, e.g. [Pt(NH3)4]2+, [Pt(en)3]4+, [Pd(en)2]2+, and some chrommm(III) 
— amines.

l'rom, analytical point of view one cannot distinguish among the various 
forms of the periodates. One can determine oxidimetrically only the quantity 
of I7~ in ail the periodates present, on the basis of the redox processes :

Г+ + 2e = F 7 (Ю.Г ЮГ ; pH = 9-10)
and

I7’ -f- 8c = I- (10? -> I“; in acidic media).
Following the former équation the periodate can be determined iodomet- 

rically in NaHCO3 or borax media in the presence of arsenite [71, manga- 
nese(ÎI) [8j, H2O2 [91, ethane diol and polyalcohols [101, hydroxylamine [11] 
or hydrazine [12 j.
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Sonie non-specific spectrophotonietric methods were proposcd for the dé
termination of micro amounts of periodates also in the presence of several oxo- 
acids. For spectrophotonietric measurc ments, some amines, oximes, semicar- 
bazones, hydrazones, phénols and dyes were proposed [13—16;.

Some metaperiodates and orthoperiodates (unitary, sparinglv soluble, easily 
filtrable précipitâtes) seem to be suitable for the gravimetric détermination 
of this oxoacid ; for this reason, some heavy metal- and cobalt(III)-amine 
periodates were proved in this paper for the above mentionod purpose.

Results and discussion. In earlier papers [17—251 we studied the forma
tion conditions of the cobalt(III)- and chromium(III)-amine periodates of 
varions types. Thus, the hexamines and nionoacido-pentamines form ortho
periodates, mezo- and dimezoperiodates with varions number of water mo
lécules, espeeially at higher .^Я-values hâve been obtained. The aciclic me diu in 
promûtes the- séparation of metaperiodates in the case of ail cobalt(III)- and 
chromium(III)-amine bases. The metaperiodate, espeeially with diacido-tetra- 
mine type complexes, are separated, generally, as anhydrous sait s. '

The metaperiodates are slightly soluble in water. Their solubility is in
fluencée! by the composition of the complex cation. The ligands with hydro
phobie character diminish the solubility of the corresponding periodates.

In this paper we describe 10 new metaperiodates of the [Co(Diox.H)2(Am).,[- 
■ IO4etype (Diox.H2 — dimethylglyoxime, Heptox.H2 — heptoxime, Am — 
pyridine bases and tertiary phosphines). The characteristic data ol the new 
products are summarized in Table 1.

Xew metaperiodates of the [Co(I>iox.H)2 (amine)»] IO4 tjpe

Table 1

F o r m ii 1 a Yield (° ’'0) Appearance
Analysis

Cal cd. Fourni

[Co(DH)2(pyridin.e)2]IO4 90 sparkling, brown Co 9.23 9.11
rhomb. prisms I 19.88 19.65

[Co(l)H)4(3,4-lutidine)2]lO4 90 brown prisms Co 8.49 8.66
I 18.28 18.01

[Co(DH)2(3,5-lutidine)2]IO4 95 brown microcrvst. Co 8.49 8.38
I 18.28 17.96

rCo(DH),,(3-ethyl-pyridine),lIO4 85 brown prisms Co 8.49 8.32
I 18.28 18.11

rCo(DH).(4-ethvl-pyridine),]IO4 90 brown microrcvst. Co 8.49 8.55
I 18.28 17.75

[Co(Heptox.II)a(pvridine),lIO4 95 yellow-brown needles Co 8.20 8.33
I 17.66 17.33

[Co (Heptox.H) 2( (3-picolin.e) 2]IO4 95 vellow-broun needles Co 7.89 7.65
fCo(Heptox.H),(3,5-lutidine),]I04 96 brown microcrvst. Co 7.61 7.49

I 16.38 16.32
[Co(Heptox.H),(3,4-lutidine),]IO4 90 short, brown prisms Co 7.61 7.54

I 16.38 16.10
[Co(DH),(diethyl-phenyl-phospliine),l • yellow-brown microcrvst. Co 7.25 7.03
■ io4 I 15.62 16.10

DH — deprotonared dimethylglyoxime: C4HTNzOt; Heptox.H — deprotonated heptoxime (1,2- cyeloheptemedione dioxime) :
ОД.ХД
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The solubility in water of the metaperiodates obtained, varies between 
10 ~4 — 10 ~3 'noie l at room température. Similar values were obtained also 
for Ag2H;!IO(;, T12H3IO6, Pb2HIO6 and Hg5(IOg)2, respeetively. Some solubility 
dat?, determined gravimetrically and iodometrically are presented in Table 2.

Table 2
Solubilise of some mêlai- and metal-ainin-perioilates in water

Compound Solubility (molelí'i

Pb2HIOc 4.38 X 10
Hg5(IO6)â 2.87 X 10'5
Ag3H3IOe 1.45 X 10~*

iCo(I)H)2(pyridine)3]IO4 1.10 X lu1
[C<>(0H)2(ß-picoline)JIO4 1.15 X 10 4

The cobalt(III)-ainine periodates were characterized also by IR spectral 
me.surements.

The IR spectra show, that the new obtained salts are metaperiodates. 
Th. vl—O valence vibrations appear in ail cases at 840 —860 cm_1, as strong 
bands, not influeneed by the varions deformation vibrations of the co-ordina
ted oxime, amine or phosphine ligands. In the case of other periodates these 
frequencies are shifted towards lower values: orthoperiodates: ~ 700cm~l, 
ni.‘z:>periodates : ~ 750 cm"1, dimezoperiodates : 785—790 cm'1 [26, 27].

Gravimetrie détermination of the periodic acids as Ag2H3IO6, T12H3IO6, 
Hg.(IO6)2, Pb2HIO8 and [Co(I)H)2(pyridine)2]IO4.

The aqucous solution of periodic acid was treated with an excess of a 
soluble silver-, thallium-, lead-, mercury- or other complex salts of the type 
Co! DH)2(amine)2acetate (amine — pyridine, ß-picoline), at room température. 
Th.- crystalline précipitâtes fonnod wc-re filtered off, washed with ice cooled 
water and dried. The results are presented iu Table 3.

The results were statistically evaluated with the known methods [28]. 
For the üuearization of the experimental data the LIN—EXE program writ- 
ten in the Turbo-Pascal language was used. This program is based on the 
least square method [291. For the détermination of the accuracv of the new 
gravimetric methods a sériés of 10—10 déterminations were made with iden
tica! H,IO« amounts (50—50 mg). q'he mean values and the statistica! data 
were calculatcd using a MEDIA—EXE—program [30] written also in the 
Turbo-Pascal language (Table 4).

The accuracv of the gravimetric déterminations is approximately the same 
in ail the examined cases. The interférence of the other oxoanions of the halo- 
gens. following our qualitative observations, seems to be the less in the case 
of [Co(DII)2(amine)2[IO4.

Experimental. Periodic acid (H5IO,) was obtained írom KIO4 according to the reac
tions (31] :

2K.IO, -i- 4KOII + 3BațNO,)2= BaJLpO.h + 6KNO,
Ва3Н,(Ю6), 4- 6HXO3 - 2H6IO, + 3Ba(NO3)t
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Table 3

Gravimetrie détermination ot tlte periodic acid

m (IO4 ) g sample vveighed for ail determin.
forms 0.0150 0.0300 0.0500 0.0750 0.1000

Determination form : Äg2lI3IO,

m (IO4 ) g calculated 0.0149 0.0301 0.0498 0.0747 0.09998

2.7476E —03 

0.99998

Equation of the straight line: Y = —0.0000051 + 1.9349 * X

Determination form: T12H,1O6

ni (IOf) g calculated I 0.0148 0.0295 0.0500 0.0751 0.1001

sxy j 3.2522E—03

Txy J 0.99998

Equation of the straight line: Y — —0.00052 4- 2.2903 * X

Determination form: Hg5(IOB)2

m (IO4 ) g calculated 0.0149 0.0300 0.0498 0.0748 0.09999

sxy 3.1836E —03

rxy 0.99999

Equation of the straight line : Y = — 0.000044 + 2.2419 * X

Determination form: Pb2HIO,

m (IO, ) g calculated 0.0148 0.0300 0.0500 0.0749 0.1000

sxy 3.2626E-03

0.99999

Equation of the straight line: Y = —0.000154 + 2.2976 * X

Determination form : [Co(DH)2(py)2]IOj

m ) 4' calculated 0.0149 0.0297 0.0501 0.0749 0.1001

Sxy 4.6921E—03

I xy 0.99999

Equation of the straight line: Y = —0.00046 + 3.3042 * X
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Slatistieal dates on the aeeuraey of the gravimetrie déterminations

Table 4

Determination m (IO, ) g m (IO4'P g X XP(95%)form weighed calculated ' X

Hg5(IO6)2 0.0500 0.0499
0.0498
0.0497
0.0498 2.33E- 4.979E-2
0.0498 5 --
0.0498
0.0497
0.0497
0.0499
0.0498

4.979E-2 5.3E-5

Ag2H3IO, 0.0500 0.0499
0.0498
0.0501
0.0498 3.141- -5 4.991E-2
0.0499 4.991E -2 —
0.0500
0.0499
0.0500
0.0498
0.0499

7.1E-5

Pb2HIO, 0.0500 0.0501
0.0500
0.0500
0.0499
0.0501

5.00015 -2
2.11E-5 5.00E-2

0.0500 —
0.0500
0.0499
0.0500
0.0500

4.8E-5

X = average; .Ç — standard dev. of rneau ; P ~ con idence lunits. I (Student distribution) = 2.26

[С o (D i о x. H)2(a ni i n c)2]I O3 ■ 10 mmoles of 'Co(Diox.H)2(amine)!1] acétate [32] in 100 ml 
water were treated with 11 — 12 mmoles of H5IOC in 50 ml aqueous solution. The crystalline pro- 
ducts fornied were filtered off after 15 — 30 min. standing, washed with water and dreid on air.

Analysis. Cobalt was determined complexometrically and the IO4 
content iodometrically in the tisual way.

S o 1 u b i 1 i t V déterminations. I. Melhod. 100 —200 ml satura- 
ted aqueous solution of Ag2H?IOe, T12H3IOH, Pb2HIOfi) Hg5(IOe)2, [Co(DH),(pyri- 
dine)2JIO4, [Co(DH)2(ß-picoline)2JIO.l etc. were evaporated to dryncss in a 
crucible. and dried at 120 °C during 2 hours. The solubility was calculated 
front the net weight.

II. Method. 100 ml saturated aqueous solution of the corresponding periodate 
were treated with 10 ml 10% KI and 25 ml 10% HCl and the eliberated iodine 
titrated whit 0.01 n Na2S2O3 on the usual way.

6 — Chcmia nr. Í — 2/1992
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Tlv- IR s 1 ) i- c t r a were recorded in KBr pellets with an UR 20 spectro- 
photonieter (Cari Zeiss Jena, Germany).

G г e. V i m et ri c d e t <- r ni ination о 1' t h e periodic acid 
(General procedure) : 15—100 /»p of periodic acid in 50 ml aqueous solution 
were treated with an excess of 0.1 n AgXO?. Tl(acetate), Pb(acetate)2, Hg(NO3)2 
or 2% Co(DH)2(aiinne)2Jacetate, respectively. After about 30 min. standing 
tin- précipitâtes l’ornivd were filtered off on a G4 glass porous crucible, washed 
with 35 ml ice cooled water and dried at 110—120 ;C during 2 hours.
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CATIONIC TENSIDES BASED ON А1ДРНАТ1С ACIDS AND ALIPHATIC 
DIAMI NES
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ABSTRACT. The present work deals with the synthesis of several cationic ten
sides (quaternary ammonium salts) starting from aliphatie acids, ethylenediamine, 
acrylonitrile, acrvlamide and the correspouding agents to obtaine the quaternary 
salts. The réaction parameters for the synthesis of amidoamines and tertiary 
amines are discussed ; the quaternary ammonium salts have beeil tested as corro
sion for steel, in hydrochloric and sulphnric acid solutions. All the compounds 
have beeil proved to be efficient as corrosion inhibitories (their effieaeitv being 
48-89%).

Cationic tensides, due to their specific propertics, arc of practicai use 
in varions fields such as corrosion inhibitories, flotation agents for clays, ad
ditives for cationic émulsions containing bithums etc. The great majoritvof 
cationic tensides consists of long ehain aliphatie and naphtenic amines, or their 
derivatives, mainly the quaternary ammonium salts.

The classical path in obtaining long chain aliphatie amines is that star
ting írom aliphatie acids, which react with ammónia in order to obtain ni- 
triles, followed by hydrogénation, resulting in aliphatie amines ; in turn, these 
amines сап be alkylated forming secondary and tertiary amines, or even qua
ternary ammonium salts. This process présents the disadvantage of using high 
températures (300—320°C) for nitrile synthèses, as well as relative difficultés 
in operating specific reactors.

In the present work, we report on different ways to obtain cationic tensi
des, avoiding the above-mentioned difficulties. Thus, staring from long chain 
aliphatie acids and ethylene diamine, the following reactions have been carried 
out :

1. The synthesis of amido-amine :
R1 -COOH + H. N -CH„ —СН, -NH2 # R, -СО -NH -CH„ -CH, -nh2 + 

+ H2O
2. Alkylation of amido-amine in order to obtain a tertiary amine :

a) wilh acrylonitrile :
R, CO -NH CIECILMI, + 2CII, = CH -CN 

RiCO -NH ■ CH..CH..N
/CH2CH2CN

\ch2ch2cn

Pelytechnical Institute of Bucharest, Calea Victoriei 7 19, Romania



84 I. ILIUȚĂ et al.

b) ivith acrylamidc fOl.4):

R,CO-XH-СНХЩХН., X 2CH2 = CHCONH, 
j /CH2COXH,

# R,COXHCH .Cn,Xr
XCH.,COXH,

3. Quati'inizatioii of Oriiary amine using the corresponding agent:

R,
RiCOXHCH.,CH,X<' ' +

R,
R,C1

ZR2
RjCOXHCHXH, - X—R.,

4
cr

As quatcrnization agents, monochloracetic acid (ClAc), benzyl chloride 
(BzCll and dichloretane (DCE) rcspectively, hâve becn used. In this way, a 
nuinb.-r of six quaternary ammonium salts hâve bc-en obtained, according to 
the scheme given below :

Oleic acid X ethylènediamine

•ЛСХ

I amidoamine

tertiaryamine II

ClAcOH s -f-Bz.Cl
I 1

i tertiaryamine I j

______ ;

1 i QAS 2 ;

XClAcOH
I

j +BzCl 
J_____
QAS 5 j

I +DCE
j_____
QAS 6

Thus, the general formula for the synthesized quaternary salts is :

3

or CH, —CH, —CONH, ; R3 = CH, -COOH, C .H5 or CH3 -CH.Cl ; X = Cl
We hâve studied the influence of the molar ratio of rejetants on reac

tion selectivity, as well as the time dependence in ail réaction stops.
The synthesis of amino-amine takes place in a round bo+tom iT.isk equip- 

ped with thermometer, stirring and heating Systems : an A STAI de-vice allowed 
water removal from the reaction medium, as azeothrope (with xylene). After 
introducing the reactants as well as the solvent (xylene), we hâve startod 
the stirring and heating Systems. The first vapour amounts hâve appeared 
arouud 110 C ; after condensation, they hâve been collected in the ASTM 
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â/.vicv. The bTtom laver consists of a mixture of water-ethylene diamine (to- 
tally miscible), vende the upper laver contains xylene (rvfluxed in ' li ■ flask). 
The réaction kincties was put in evidente in an indirect way, by measuring 
tlia voluim of the liomogeneous mixture water-ethyleiie diamine. During 
the reaction process, tir- température has been gradually risen up to 230 — 
240 C. After an appropriate time, considering the solvent, as well as the excess 
of ethyl diamine (obviously withiut. refluxing). Thon the réaction mass has 
b en washed by an alkalyne solution, which, in turn, removes the unreacted 
acid (as water-sohible sait) ; finally, the volatile fractions are distilcd under 
vacuum. In this way, the réaction product romains in the flask and can be 
amiivsed.

When synthesizing the amido-amine in order to obtain the monoamide, 
tir.- rcactants’ molar ratio must be favourable with regard to diamine. Car- 
rying ont c.xperiments at different molar ratios, we have found as the most 
favourable situation the ratio ethylene diamine/oleic acid = 1.2’1 (this value 
lias been cstablished bv anaiysing the content of diainine in the final mixture 
(sec Fig. 1).

Accordingly, during the ncxt tests, we have used the above-mentioned 
molar ratio. In Fig. 2 we present the évolution of conversion versus time ; 
eue can sec ihat alter 240 min. the maximum conversion (95—96%) has been 
rcaclied.

The second step, namely the obtiining of tertiary amine, takes place in 
a polar solvent, prcferably isoeropanol, at 75 —90 C, under vigouros stirring ; 
acrylonitrile is added graduaiiy, finally a certain time is providvd in order 
to get a high conversion. A small excess of acrylonitril (5—10%) is needed : 
this unreacted excess is subsequently removed by distillation. VA have found 
that the condensation réaction of amine takes plaw with a soiuewhat slower 
tare than the lirst step, a conversion of approx. 84%, being rw.ched afte-r 
7 —8 hours.

ethylene diamine/oleic acidmo^r r<3^

The influence of rcactants molar ratio on the composition of réaction prothicts.
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О 0,5 1 15 2 2,5 3 3,5 4 1,5 5 Time [h]

F i g. 2. — The évolution of conversion as a function of time for amido-amine 
synthesis.

When svnthesizing the tertiary amine using acrylamide, a polymerization 
inhibitory (preferably hydroquinone or phenothiazine) is, obviously, needed. 
The procedure is similar to that used in the condensation with acrvlonitrile ; 
nevert heless, the maximum conversion is somehow higher (approx. 88%).

The last step, quaternization, is carried out also by refluxing in a polar 
solvent (isopropanol) with a molar ratio tertiary aiiiine/quaternization agent = 
= 1/1.5, during 12—14 hours, thus obtaining a conversion between 75 and 
85%.

,01 23456789 10 Timeth]

Fig. 3. — The évolution of conversion as a function of time for the synthesis of 
tertiary amine with acrvlonitrile.
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The svatÍv•sizi.’d produits haue bucii svdmritted io varions ■ ihysko-cli .mical 
amdyscs (IR, XMR) ; th-y hnve provcd the proposed structure. The prodiicts 
are pastc-like, coloured in varions brown shades, soluble in alcohols (the solu- 
bility in isopropanol is, for instance 25%), in acetone (up to 1%) and less 
water soluble (ander 0.1%).

The rcsiiltcd quaternary ammonium salts hâve been tested as corrosion 
inhibitories for stei l, in aqueous media containing minerai acids (MCI or H2SO4). 
at room température as well as at higher température (60 C). The degree of 
corrosion lias been estimated by gravimetric measurements. The obtained 
results hâve an orientating value. It has been shown that the ik-w products 
présent a strong inhibition efïect ; at verv low concentrations (20 —60 frpm) 
in corrosive media they provide a verv effective protection (up to 85% at 
room température and up to 67% at higher température). These results are 
presented in Tables 1 and 2.

The results of corrosion tests in HCl sol. (15%)

7 Me 1

PW-

».

I nhibitor Corosion rate fmiu/vearl -Efficience Corosivii rate jniii ;trl Iiffieiciu-y
diict concentration at 20 C

[ppm] without inh. with 'inh.
L%] at 60

without inh.
c
with inh.

• о 1

20 7.22 2.7 62.6 1 35 70.05 48.1
1 40 7.22 2.47 65.8 135 6 2. /1 53.5

60 7.22 2.09 71.0 135 5 4.2 / 59.8

20 7.22 2.6 64.1 13.5 68.W1 49 3
2 40 7.22 O 1O 66.4 135 67.66 50.1

60 7.22 2.5 65.3 135 o- 5 50.7

20 7.22 3.1 57.3 135 65.97 51.8
3 40 7.22 2.71 62.1 135 61.83 .54.2

60 7.22 2.67 63. u 135 60.75 55.0

50 7.22 3.05 58.2 135 77.2 43.2
4 40 7.22 2.74 61.8 135 71.5 47.5

60 7.22 1.98 73.5 ; 35 66.8 50.3

20 7.22 3.5 51.4 135 82.0 38.9
5- ’ 40 7 29 3.06 58.0 135 79.2 41.5

60 7.22 2.46 76.4 135 55.0 58.9

20 7.22 2.90 60.3 135 65.2 51.3
6 40 7.22 2.52 65.2 135 58.3 57.1

60 7.22 1.58 7 8.3 135 50.5 62.3
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The results of corrosion tests in*H2SO4 sol. (15%)

Table 2

Pro
duct

Inhibitor 
concentration

[ppm]
wi

Corosion rate 
[mm/year] 
at 20C

Efficiency
[%]

Corrosion rate
[mm/vear]

Efficiency
[%]

at 60CC 
without inh. with inh.thout inh. with inh.

20 1.37 0.450 67.1 88.3 35.4 59.9
1 40 1.37 0.304 77.8 88.3 33.5 62.0

60 1.37 0.223 83.7 88.3 30.1 65.9

20 1.37 0.225 83.5 88.3 9Q 9
2 40 1.37 0.267 86.5 88.3 28.5 67.7

60 1.37 0.220 83.9 88.3 28.1 68.2

20 1.37 0.371 72.9 88.3 34.5 (SU. 9
3 40 1.37 0.263 80.8 88.3 32.2 63.5

60 1.37 0.258 <81.2 88.3 32.9 62.7

20 1.37 0.470 65.3 88.3 38.6 58.3
4 40 1.37 0.391 71.4 88.3 33.6 61.8

60 1.37 0.232 82.9 88.3 29.6 66; 4

20 1.37 0.562 58.9 88.3 43.0 51.3
5 40 1.37 0.413 70.3 88.3 31.4 64.6

60 1.37 0.211 84.8 88.3 27.8 68.5

20 1.37 0.392 71.5 88.3 38.2 58.0
6 40 1.37 0.304 78.0 88.3 40.2 64.5

60 1.37 0.202 85.3 88.3 27.0 69.3

A botter characterization for the newly synthesized products will be con- 
tinued by electrochemical measurements.

Conclusions.
1. Six new quaternary ammonium salts, unknown in the literaturo, hâve 

been synthesized ;
2. The products hâve been characterized ;
3. The synthesized products act as effective corrosion inhibitories.
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ELECTRON BEAM EVAPORATION - A SUITABLE METHOD ТО
OBTAIN MAGNETIC RECORDING MEDIA

АХСА ». SlI.VESTHl*

АВ ST Н А СТ. Tllíll magnetic films uiay possess longitudinal or vertical magnetic 
propertics. Erőm the first eláss, the luost used material is the CoXi alloy (80/20), 
and from the second one the CoCr alloy. A very suitable method to obtain a 
tape as registering media is the vacuum déposition ot the mentioiied material, 
using an electron beam equipment.

Düring the experimenta, the process was driven at a pressure of about 
IO' 3 tory. vvitli an accélération rate of the électrons of (S/10 AT, ai a current 
intensity of 0.1 — 1.0 .1. There were obtained varions déposition rates, according 
то the process parameters and the .-source that is used. The obtained films are. 
of homogeneous structure, adhérente to the targets and of a good purity.

There is made a study upon the déposition conditions and their influence 
for the magnetic propertics of the film. There are inwstigated : rate of déposi
tion, substrate température, incidence angle of déposition, composition and thick- 
ness of the film, the most suitable substrate and intermediar laver, in order to 
obtain a film with good magnetic propertics useful as registering media. There 
are aualysed the possibilities to protect the magnetic film either against corro
sion or friction.

L Introduction. Tiu? electron beam évaporation method is based upon the 
principie of bombarding the evaporating material with an energetic electron 
beain produced by an electron beam gun. When the energetic électrons meet 
the evaporating material, their cinetic energy is changed into termic energy, 
that determins the heating of the material untill it melts and, moreover, it 
boils and goes intő vapors. The vapors possess sufficient cinetic energy for 
noving as a divergent beam to the target on which we want to deposit the ma
terial by condensation.

The electron beam gun equipment allowes the évaporation of a large scale of 
materials and a good déposition of thin, adhérente layers on different supports.

As évaporation sources, there werc used different metals and alloys (Cu, 
Al, Ti. Ni, CrNi, CoNi) whieh were deposited on polyesteric and polyamidic 
foiie.

Th? process was driven at a pressure ol 6 x K)"5 torr, and an accélération 
’■ >itage о! 10 15 KV. The obtained filins wäre of homogeneous structure, adhé
rente to the support and of a good purity.

2. CoCr films. The CoCr films are still used on a large scale because of 
their good magnetic propertics, high registering density and, not on the last 
tune, because of the botter characteristics offered by a perpendicular regis
tering medium in comparison with a longitudinal one. W

Labes-i'-olyai Ini-ersity, Lepi. of Chemistry, I<() АЮ0 Cluj-Napoca, ГА . 1A ! A
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CoCr films can be obtained either by vacuum évaporation or by sputtering. 
In the first case, using an electron beam gun equipnient, in order to obtain 
good magnetic properties (Hc > 500 Oe), the targct had to be heatcd to 250’C. 
[41

The process was realised in an évaporation equipnient with two électrons 
beam guns. The déposition was made onto a polyimidic folio having a thx- 
knes of 15—20;хш. Between the support and the niagnreic film it was de- 
posited a titanium laver of 0,03 \im. The CoCr film was of a 0,25 g;;? thick- 
acss. The target’s température was incrcased from 70° C to 300: C and, accor- 
ding with this increasing, there were obtained H. values of about 200 Oc at 
70° C and 900 Oe at 300CC ^5J.

Tiw qualité of the registering realized with such kind of tapes is deter
mine d b y :

— the perpendicular anizotrop field ; — the coercive force Hc ;
— the saturation magnetization Ms ; — the thickness of the deposited film.

a) The perpendicular anizotrop field In Fig. 1 is presented the charaete- 
ristic curve of the registering density. Hkefl, Hrl, Hcls, d/s and the thickness of the 
film were about : 2,2 KOe, 500 Oe, 330 Oe, 570 emu ce and, respectiv, 0.23 ç.m.

It can be seen that the reproduced voltage is mr.cli g-vater at MfàkFRPI 
than at 10 kFRPI and it lowers very rapidelv upon 150 kFRPI. This is a 
characteristic behaviour for the perpendicular media and can not be find to 
the longitudinal ones. ; it is determined by the reduced demagnetization ïielcl 
at high liniar density [6J.

b) The coercive force Fig. 2 showes the Ht ± dépende-nue of reproduced vol
tage at 10 kFRPI and at 100 kFRPI. It is obviously that the recording den
sity is not limited by the coercive force for the perpendicular registering 
media "7, 8].

c) The saturation magnetization, As we can see from Fig. 3, at high va
lues of J/s, the reproduced voltage dccreascs, ma y be because of the changes

Reccrding density IkhRP !
1'i g. 1. Recording density characteristics
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that occure intő the perpendicular anizotropic properties. For a CoCr film 
with a thickness of 0,2—0,23 \j.m the, reproduced voltage has a maximum a- 
round the value of 500 cmficc. [9,10].

d) The CoCr film thickness. From fig. 4 it appears obviously that the re- 
produced voltage arises with the thickness if the film till around the value of 
0,2 'im. Upon this value it romains the same [11].

The magnetic properties of the CoCr films can be improved by a termic 
treatment in air at 400 C. The cromium is preferentially oxidized and is con- 
verted into Cr2()., which has antil'eromagnetic properties [12].

3. CoXi films. Acording with its good magnetic properties that allowed to 
obtain great recording densifies, the CoXi alloy (80 20) is a suitable mate-

0, J u oi

Z2-Û.23^m

-7---------------------- 1------------------,_____________ ,__________

eoo iOO 6'00 000 Ю00
И $(ети/сс)
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rial for ivcording audia. This material is ccmsidered to bc a medium with lon
gitudinal magnetization, altough the films possess th- perei, ndicular conipontr.r 
too aud they bchave as multicomponcnt media 13_.

In order to obtain good magnetic properties and, rálátod to tlu-se, a goed 
recording density, it has to be used an oblique incidence technique oi déposi
tion. Tir? déposition шау b. at fix angle of incidence <>;- at a commua- v?- 
rying meid- nec angle.

At incidence angles less than, 60°, the structure of tlie films is differem 
from that of films obtained at incidence angles grenier tliau 60 . This f, cr 
déterminés important changes in the magnetic properties of the dcnositi <1 film 
J<.

The increase of th? recording density is supposer to b? duc to the per
pendicular magnetic properties that appear iK-ar th? main longitudinal pro- 
perties, when the proccss takes place at incidence angles grcater than 60°.

The magnetic properties of the laver are dépendent on the target tem
pérature, rate of déposition, the laver deposited between the support and the 
magnetic film and on the composition and thickncss of the film J5j.

Со aud Xi having vapours pressure ncarlv the same, the deposited fi.lm 
will Imi je in a good aproximation. the sanie composition whith the source.

4. The influence of the déposition-conditions on the nuu-nelie properties 
and the structure of the film. Th • properties of the magnetic film deposited 
on the tape are imlnenced either by the parameters at which the process 
takes plac«-, or by tir- quality of the évaporation source. The déposition ra
te, support ti-nq er iturv, incidence angle composition and thickncss of the film 
determini-, by th ir variation, changes int o the magnetic and structural pro
perties of tire film.

a) Raie- of deposition. The cocrcivity of the deposited films is strong de- 
pendently on. the d-,-position rate. Я,- incrcases while the déposition rate is 
diminished and the- température of the target arises. As it can be sc-en from 
Fig. 5, a. notable inen-ese of the H. value takes place on a narrow domain oi
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Hc 700

01 g ....................  !_ ___ _ 1.....  I____ ,...... ,...........       __....,...________
ô 2 0 > Z 2 5 ’O 20 100 0 00

De::es;t'on rai' i'rvn/sZ

F i g. 5. Déposition rate dependente of Hc

lowcring of tlie rate of déposition, for a given target’s temperat tire. With the 
inervase of the température, the notable increase of the H value takes placv at 
greater évaporation rates. There is possible to obtain films with high H va
lues at low température of the targets and using small evaj:oration rat< s. "16J

b) The subsirage température. Figure 6 présents the dependence ci the 
coercivity on the substrate température for CoCr films deposited at (a) 400 u»; s 
and (b) 2 nmjs. At the same température, a smaller rate of déposition générâ
tes films with higher coercivity [17j

c) The incidence angle. The structure of the CoNi films and their mag
netic properties are strongly influcnccd by tlie values of the incidence angle [14[.

F i g. 6. Substrate température dc- 
pendenc-e of llc for a déposition 
rate of (a) 400 >im/s and (b; 2 nmis.
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1' i g. 7. Anisotropy constant K as a 
inaction of incidence angle

c) The incidence angle. The structure of the CoNi films and their mag
netic propertics arc stronglv iniluenced bv the value of the incidence angle

14.
As it eau be seen Írom Fig. 7. around the value of 60° is a change of 

sign for the anizotropy constant K. l'or values greater than zéro, the anizo
tropé axis is perpendicular on the vapors plane and for negative values of 
K it is -parallel with tliis plane.

Around the value of 60° of the incidence angle taxes place a change in the 
structure of the film: for incidence angles less than 60°, the deposited criys- 
tals arc of a platclike structure, whik at incidence angles greater than 60° 
the crystals are of a rodlike structure. This change in th? structure of the film 
determins variations of the anisotrope and, rck.ted to tliis, variations ol the 
coercivit y.

The CoNi films deposited at angles of incidence greater than 60 présent, 
near th? inain longitudinal magnetic propertics, also cnotigh strong vertical 
magnetic propertic-s, that improve their reeording charucteristics.

d) ( ’o/nposition and thickncss of the film. For CoNi films, "th? magnetic pro
porție» íncrease while the tickness of the film dccreases. Good magnetic and re- 
cording propertics are obtained when is used a CoNi alloy with 208,, Ni L18j.

e) Tin oxvgen conicul. The présence- of oxygen in the CoNi films depo- 
sited by évaporation influeiiced stronglv the structure aud the magnetic pro
pertics of the film. Th? films deposited in the presence of oxigen present a 
columna:' structure, tlr? size of the- crystalitcs being dependent on the oxygen 
content. Without oxvucii the film has a desordered structure, with long crvstals

fi The inlennediar laycr. To improve th? aderenez of the magnetic iilm 
on th? polyestheric or polyitnidic substrat, it is usvivl to deposit a thin inter
media! laycr of a nonmagnetic material (Al, Ti, Ri, etc.). This intermediar 
laver influences very stronglv th? structure of the magnetic film 120,21 J.

Tiv magnetic -properties of a CoCr film deposited on a polyimidic support 
with mai without an intermediar laver of titanium are presented in Figures 
8 and 9.
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F i g. 8. Perpendicular magnetic properties 
of CoCr films deposited on Ti underlayers 
and on a substrate without any underlayer.

•ъ 40

£

°0 —u
0.1 02
CoCr film thickness / um)

Fig. 9. Anisotropy field of CoCr films

The increase of the values of Hc and HK (the anisotropy field) is obvions in 
the présence of the Ti underlayer [22—24].

The intermediar laver influences more the form of the crvstals and onîv 
a little their orientation. The intermediar layer has a notable influence at any 
thickness of the magnetic field.

5. Mechanic properties and corrosion prévention. The thin metalic films, 
tised as recording media, envolv two problems to be solved : — the resistence lo 
friction — corrosion prévention.

• To solve these two problems, is very 
useful to deposit a proiective coat upon 
the magnetic film. Silicon and carbon are 
very suitable materials for this purpose.

The durability of a tape is deter- 
mined by the magnetic head material or 
by the System “Magnetic head + proiective 
coat”. The protective coat must be chosen 
so, that, together with the magnetic head 
material to offer the optimum solution 
for maximum durability of the magnetic 
layer [25].

Fig. 10 shows the dependence of the 
durability for a CoCr film on the thic- 
kness of a silicon layer. The durability of 
about IG3 times when a 20 nm silicon 
layer is deposited.

The DLC films are the most suitable 
to improve the durability of the magnetic 

Fig. 10. Durability dependence on pro- 
tective layer (Si) thickness. Slider ; Mn Zn 

ferrite
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layers ; they are cliaracterized by a low coefficient of friction and a good 
chemical stability. Their structure is a proper one, different either from that 
of graphite or dianiond, containing a small aniount of hidrogen.

In table no 1. are presented the properties ef a DEC film in cotnparison 
with other inorganoc proiective films )26J.

Coefficient of friction and Knoop liardness

Table 1

Film Knoop 
liarilness

(Kg/mni

Coef. of friction

SÍ;- 1200 1 pass 0.16
1200 1 pass 0.16

• 10 pass 0.22
Aly 1000 1 pass 0.12

10 pass 0.12
Si. nooo 1 [lass 0.16

10 pass 0.50
DLC 2800 1 pass 0.08

10 pass 0.08

Tlie higli hardness and the low coefficient ol friction make the DEC films 
very suitable for protective layer of magnetic recording media.

I'ig. 11 shows the results ol' a friction test for a tape with CoNi magne
tic film, without protective coat and with DEC coat 2(S .

The tape with 100 .4 DEC film présents no dégradation ol' the output levet 
after 100 liours of activity (friction), while the tape without protective coat 
présents a fall after 2 liours.

The magnetic head shows no scratches after passing on a DEC layer; the 
magnetic head whicli passed on a tape without protective coat, présents scra
tches and adhesions of metallic powder of the magnetic layer.

DlC coclrd tapel’OC

Hecd runmnțț ríme ihr)
150 200 Ю00

d-rd -Lhnmg riumber/ten 'hCusand pes.
1 1. Still durability on rotary-head
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The amorf carbon (graphite) can also be used to improve tlie durability 
The carbon laver gives a resister.ee to corrosion to the magnetic film too. It 
protects the tape againts corrosive media (SO2, O.,. CI ". u midit y) [27].

The durability of the magnetic layer can also be irnproved by the déposi
tion of a lubrifiant coat (greasy acids or their salts). The déposition of a lub
rifiant coat (greasy acids or their salts). The déposition can be realîsed eit her 
by a chemical method or by vacuum évaporation. The second one gives continuons 
adhérente films that ptotect against friction either the tape or the magnetic 
hcad.

Fig. 12 shows lu- behaviour of a magnetic tape with a proiective layer 
of C17H33CO.,Li (litium salt of the oleic acid) deposited (a) from a solution of 
C17H33CO2bi in M-hexane and (b) by évaporation [28].

It is obvions that the properties of the tape with an evaporated coat are 
gTe-atly irnproved.

The CoXi films can be protected against corrosion by a wet oxidation (the 
tape must be mcntaincd for 150 hours at 60°C and 10% umidity). The cor
rosion prévention is realised in 1 h> case by the formation of a Co(III) oxy- 
hidroxyde amorf laver, with a small content of Co-+ ions [29j.

5. Conclusions. The évaporation of different materials with the aid of an 
energetic electron beam gencrated by an electron beam gun is a very sui- 
table method to obtain recording media with good magnetic properties.

According to the literature and the experimental data it was rcalized 
an equipnient for recording tapes, having the following characteristics : 1. 
Substrate material : polyimidic or polvestheric folio ; 2. Thickncss of the sub
strate : 6 —20;лш ; 3. i’ndeilayer material: aluminium or titanium; 4. Thick
ncss of the underlayer : 200 A; 5. Magnetic material: CoNi (80/20) or 
CoCr (70 20; alloy; 6. Thickncss of the magnetic material: 1000 A; 7. Inci
dence angk- : 600—90" . 8. Uniformité of the déposition : 5 -—10% ; 9- Proiective 

— Clicnii,! nr. 1—2'1992

resister.ee
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laycr : Lítium salt of the oleic acid ; 10. Process gas : oxygen + specific 
additives; 11. Predeposition unit : electron beam gun 12. Coating unit : electron 
beam gun; 13. E-beam gun’s power : 10-15 KW; 14. Folio’s breadth:100 — 
—200 mm — 15. Rolling rate: 2—10 m/min.
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KORINDONISCHE UNTERLAGEN FÜR MALEISCHSAUEREANHYDRID 
KATALYSATOREN

LIVII LITERAT*

RiCf.ied: 10.11.1992

ABSTRACT. Corund Supports for Maleic Anhydride Catalists. Bascii ou litera
turo data and personal experiments one provide somé new recipes for au- 
hydrous maleic acid catalysator supports. I'sing indigenous raw-materials, one 
sat down new prescriptions for obtaining fire-proof binder-materials. One maile 
also experiments and description of mechanical, optic and structural charac- 
teristics of the obtained refractorv superaluminous. materials.

Einleitung. Den Unterlagen für Katalysatoren (aktive Komponente V2Oä 
und MoO3) im Falle der Oxidierung mit Luft des Benzols zu Maleischsäuerean- 
hydrid, werden strenge Erfordernisse verlangt, in was die Zusammensetzung 
(ÁLO3 min. 86,5% ; Na20 max. 0,1% ; Summe Na20 und K2O max.0,5%), 
die Porosität (überwiegend Poren zwischen 10 und 100 pm) und die Form 
(Zylinder mit dem Verhältnis 1/d zwischen 1,2—1,5) betrifft. Diese Erfordernisse 
beeinflussen die Rohstoffe, die Massen von feuerfesten Bindemittel, die Techno
logie und die Rezepte in derselben Massregel.

Rohstoffe und Basisrezepte für feuerfeste Bindemasse
Wenn wir berücksichtigen dass die maximale Grenze für Na2O 0,1 ist, 

aus Gründen der katalytischen Selektivität, muss die Struktur der Unterlagen 
ein Mehrheitskomponent aus reinem Korund (Elektrokorund, tabellarische 
Tonerde) enthalten, mit einer passenden Kornzusammensetzung in der Bildung 
eines porösen Skeletts, befestigt durch Sinterisierung in eine feuerfeste Masse 
so dass es in derselben Zeit die Texturerfordernisse beantwortet [1].

In diesem Zweck wurde als Strukturmaterial körniges E-lektrokorund 
(Österreich) und tabellarische Tonerde (ICITPR-Plloiești) verwendet. Als feuer
feste Bindcniassen wurde Kaoline aus Aghireș und Harghita, Tonerde Typ 
Nitrat (VEGA-Ploiești), Dolomit aus Voșlobeni und Rutyl (TiO2) verwendet.

Die Rohstoffe und ihre oxidische Zusammensetzung sind in Tabellel 
gestellt.

Bei der Anpassung d. r b. ideii Sorten von Kaolin ist man aus technolo
gischen Gründen angekonn-n, gebunden an die Gestaltung der Produkte (Plasti
zität) und Weniger aus G.haltgründen an Alkalien der Kaoline. Die Plastizi
tätziffer für den Kaolin aus Aghireș war 47,1 und für den Kaolin aus Harghita 
64,1.

Zusammenset'.imgoi für die feuerfeste Biudemasse

Universität ,,Babeș-Bolyai'' Jfacu'tai det Chemische Tehnologie“ 3400 Cluj-Napoca, Rontani»
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Tändle 1

К oll Stof f
SICA A12O3

Oxidische Zusammensetzung
K.O XVFe2O:1 TiO2 CaO MgO Хар 1

Kaolin (Aiddre.ș') 53 30 30,85 0.98 0,40 0.59 0,32 0,22 1,02 0 50
Kaolin (Haryhita) 40.04 29,32 1,52 0,36 3,10 0.85 O.-W 2,16 12 36
Tonerde (VEGA, 65,36 0,29 0,05 0.24 0,12 UX 0,02 T“ 10
Dolomit (Voslobcni) 0.2 5 0,12 0,15 29,96 19,80 43,04
Elektrokorund (import) 99,75 .... __ — —
Rutil — 99,82 — —

Die Schlussfolgerungen eines l’aktorialen Experiments haben Ix stimmt, 
dass die Zusammensetzung und Tcxturbedimingen erfüllt sind für die Verhält
nisse von 55—60%, Elektrokorund oder tabellarische Tonerde und 40—45% 
Bindemittel durch Sinterisierung. Infolgedessen wurden mehrere Rezepte für 
die Bindemasse zusammengestellt, welche*,  unter Form von Paste neben den 
Porengeneratoren und den Verarbeitungszusätzen (Fassonierung) den Ausgan
gspunkt in die Realisierung der Produkte Typ Komposit konstituiert haben. 
Die gebildeten Varianten sind in Tablle 2 dargestellt.

Mit den Pasten AM, und AM2 wurden die Basisrezepte in der Forschungs
technologie gebildet. Die Verhältnisse aus den Komponenten für einige aus 
diesen, sind in den Tabelle 3 und 4 dargestellt.

Tabelle 2

Rohstoff Rezeptsvinbol und Massenverhältnisse
AM, AM,1 la AM,, AM, AM,.lb lc 4

Uf2a AM2b

Kaolin (Aghireș) 10 - 10 5 5 5
Kaolin (Harghita) 5 20 20 5 10 10 10
X’itrate Tonerde 24 10 10 24 24 20 20
Dolomit 2 2 1 4 2,5 2,5 2.0
TiO. 2 2 <1 О 1,5 1,5 1.0

Hezeptvnrin iiten auf Hasis von AM, llin.lemittel

Tabelle

Komponenten Rezempt Symbol and Massen verhältni sse
AMU AMl; AMrl AM,, am15 A?.l,r, am17 AMr

Paste AM, 43 43 43 43 43 43 43 43
Elektrokorund 5 7 57 57 57 57 — -•
Tabeiarische Tonerde 57 57 57
Polystyrolperl < n — 20 - 20 —
Zeamil — — 20 — 2o
Stärke - 30 30 30 4íf 30 30
Wasser 20 20 20 20 25 40 30 30
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Tabelle 4

Rezepte auf Basis von AAL Bindemittel

Komponenten Rezeptsymbol und Masse Verhältnisse
A)L3 AM, AM,e AAL,

1О.ЧС ЛМ2
I.iektrokorund
T а Ь e 1 ar i sc h e Tonen! e
Polystyrolperlen
Zeamyl
Stärke
Wasser

43 43 43 43
57 57 57

m
SS
20

... 2i i
30 Ri 4" 30
15 2' 1 3’4 20

In den Tabellen 3 und 4 die Pasten АЛ1. und AM, repräsentieren den 
massischen Inhalt von Trockenmaterial (43%) und die Verhältnissen von Zea- 
myl und Polystyrolperlen, in Volumen.

Elemente aus der Formgcbungs und BrennitHgstccHiudijgie der
Feuerfesten Untcrlagemnassen
Auf der Basis der gebildeten Rezepte wurden die plastisch«. n Rohstoffe 

(Kaoline) einer Feuchtmahlung ausgesetzt. Die hydrate Tonerde, das Dolomit 
und TiO2 vorher dosiert, wurden trockviigemahkn, durch ein Sieb 009 STAS 
1077 67 gebracht und nachher zusammen mit dem Kaolin 16 Stunden Ducht
gemahlen. Der Schlicker wurde- nachher 6—10 Tage mazeriert. Aus den înaze- 
rierten Teilen wurden Muster für die rohen Unterlagen gebildet, entsprechend 
den Tabellen 3 und 4. Die Wasser und Stärkeverhältnisse wurden beigebracht 
in Funktion der Notwendigkeit einer leichten Extrusion.

Die Feuchtigkeit verändert sich nach den Rezepten und ist zwisch« n 20 — 
—40% für AMj Rezepte und zwischen 15—30% für die AM, Stric- enthal

ten.
Die Trocknung der Zylinder wurde in zwei Flappen gemacht. Fine lang

same Ftappe von 24 Stunden bei der Mediumtemperatur und die andere wurde 
durch Heizug in dem Trockenschrank bei 120 C. 8 Stunden gemacht und 
nachher noch 4 -Stunden bei dieser Temperatur gehalten.

Die Brennung der Proben wurde im Tunnelofen bei 1530, 1580 und 1620:C 
(Zeitpallier 1,5 Stunden) gemacht. Gleichzeitig wurden die Kalzinierungen in 
den Elektrischofen mit Stagen aus Superkantal KO—II verfolgt. Das Bnnnungs- 
diagram in dem elektrischen Ofen 1550C'C und 6 Stunden ist im Bild 1 dar
gestellt.

Bei der Feststellung des Diagrams wurden die polymorphen Verwandlungen 
des Siliziumdioxyds (Krsytobalit-Tridimit-Quarz) berücksichtigt um die Zer
brechlichkeit der Produkte zu vermeiden.

Die Prüfung des Fertigprodukts hat die mechanische Festigkeit, die Poro
sität, dii Zusammensetzung der Mikrophasen durch elektronische und optische- 
Mikroskopie und X Diffraktometrie (2. 3], verfolgt.

Die textúráin Charakteristiken, gefolgert aus der Adsorbtion des Stickstoffes 
(SORPTOMATIC-1800, Karlo Erba) sind in Tablle 5 dargestellt.
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4

Struktiiral-textiiarl Karakferistiken von ЛЛ, und ÄM2 I’roben

Tabelle 5

Karakterist ik
AM13

Probe
AMgjjam15 AMle AM17

Gesamtvolumen der Foren ml/ç 0.2309 0.1712 0.2477 0.3189 0.3202
I’orenvolumen unter 75 A 0.1936 0.1222 0.1971 0.2652 0.2618
Poren volumen 75— 10*  A 0.0378 0.0492 0.0650 0.0537 0.0584
Porenverteilung (Mikroporen)

0.1-1 (ЛШ (%) 20.77 5,89 26,84 20,75
1 - 10 58,67 74,88 37,74 32,58

10 -100 20,56 19,23 35,82 47,17
über 100 — — —

Mi-tiuiak-r Radius A ■ 10e 1.14 1.58 1,90 2 27 1,75
Reale 1 Hellte g/ml 3,63 3,79 3,70 3,74 3,51

Die strukturalen inul textúráién Charakteristiken der AM, und AM2 Massen
Für die Muster AAL.o mit Höchstleistungen vergleichbar mit Importka- 

talysatoivn sind die textúráién Charakteristiken in was die Verteilung der Mikro
poren betrifft in Tabelle 6 dargestellt.

Die Beugung X Analyse (Diffraktometer PHILIPS PW-750 mit Eintrag
zähler) auf die integralen Pulver aus Katalysator«..nunterlagen hat grosse Korund
verhältnisse, mittlere aus Maliit und Silimanit und kleinere aus a-Quarz ge-

Die ein imsehe Zusammensetzung der Muster, erlangt aus den erprobten 
Rezepten AM, und AM, entspricht den verlangten Erfordernissen. Für einen 
Vergleich sind in Tabelle 8 die Daten nach einem LONZA Patent dargestellt.

S c kl и s sbeni er kni ige ) i
Die realisierten Ent erlagen sind im Ganzen vergleichbar mit den Referenz

mustern in «„s den Aspekt, die Festigkeit, die Pöräsität und die minerale 
Zu samme lisct ztmg betrifft.
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Tabelle 6

AMB Katalysatorunterlagen. Dia strukturale und texturale Charakteristiken

Charakteristik :
Gesamtvolumen der Poren
Porenvolumen unter 75 A
Porenvolumen zwischen 75— 104Л
Makroporen Verteilung (75—75.000 A) 

75-100 Ä (%) »
100-300
300-600
60 1000

1000-5.000
5000-10.0000

10.000-100.000
Verteilung des Gesamtvolumen (75—10".4)

75 -10" А
105 -10«
über 10®

Maximaler Radius der Poren
reale Dichte
scheinbare Dichte
Porosität (%)

0.320 ml’g
(»,2618
0,0584

17,12%
31,17
13.70
.3,42

27,57
3,60
3.42

23,89%
57,24
18.87

1,75 10« Л
3,51 [Tml
2,66 g!ml

24.22

Tabb 7
Beugung X Linien auf Interlagen AM

Nr.
der

Linie
d/n (A) I (°o) Mineralkomponent

1 5,3594 4.76 Silimanit
О 3,4634 34,76 Korund
3 3,4112 5,71 Silimanit
4 3,3731 8,57 Mullit
5 2,6883 3,33 Mullit
6 2,5404 18.09 Mullit
7 2,3719 8.09 Korund
8 2,2046 4,76 Mullit (Silimanit1»
9 2,0832 77,14 Korund

10 2.0770 41,75 Korund
11 1,7384 10,47 Korund
12 1,5988 37,14 Korund
13 1,5466 3,33 Mullit(-Ouarz)
14 1,5299 100 Mullit.
15 1,5255 60,00 Silimanit
16 1,3757 33,33 Mullit

Table 8
Oxidische Zusammensetzung der Interlagen für Katalysatoren

Muster SiO, TiO, A1,O, h'e2O3 CaO MgO Na,O K,O

AM, 9,10 2,31 86,64 0,21 0,92 0,53 0,06 0,24
AM, 8,79 1,20 88,68 0,27 1,14 0,62 0,08 0,31
LONZA 9,63 0,85 87,02 0,52 1.38 0.12 0,21 0,27
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Die Diagramme der elektronischen und optischen Mikroskopie, die nicht 
dargestellt wurden aus technischen Gründen, bestätigen makroporöse Strukturen, 
gebildet aus eckigen Kristallen und Korundfragmenten zementiert bei den Kon- 
taktpunkten mit der mulhtisehen Masse,

Die Porengrösse, die b'orin und das Hohlräumeverhältnis sind variéból 
und abliänging in einigen Grenzen von dem porogenen Zusatz und dem ther
mischen Zustand.

Hinsichtlich d.r phasiehen Zusammensetzung (Tabelle 8) stellt man fest 
Verhältnisse von Na3O und K_,0 unter dem Wert des LONZA Musters, dass 
was die Selektivität in dem Verfahren der katalytischen Oxidierung versichert.

In was die Mehrheitskomponente A12O3 und SiO2 betrifft, sind die Rezepte 
praktisch untereianderliegcnd, wichtige Unterschiede sind im Fall des TiO2 
verzeichnet. Spätere Studien werden zwischen anderen, die Reduzierung des 
Rut y 1 Verhältnisses unter 1(’.', verfolgen.
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ETHYLBENZENE DEHYDROGENATION ON Fe-Cr-K CATALYST.
III. Catalyst Modification by Addition ol Used Materials with Vanadium

N. Dl’EĂMIȚĂ, M. STANCA, F. Bl dl MAN, I. IIOF.ÂBTEAN, F. 1H1M1E*

Kmived : 15.1 .1992

ABSTRACT. — In this papcr the eatalytic performance of the Fe-Cr—К 
catalyst in the ethylbenzene dehydrogeiiation to styrene are companii to tbose 
of Fe —Cr —K —Xr2Ö5/SiO2 catalyst.

1. Introduction. The styrene is one of the oJdest and most important :;nv 
material utilised in the inanufacturing of plasties, mainly for the polystyu ne 
and synthctic rubber. Industriallv, styrene is obtaind through ethylbun/.-. ne 
dehydrogenation using a catalyst based on ferrie oxide, with promotor addi
tions. Preponderantly, the research tends to improve the vidd and selectivity 
in styrene by adding promotor substances to the Fe2O3-Cr2O3-K2CO3 catalyst 
with a view to intensil'ying the etylbenzene dehidrogenation procvss and to 
rudiicing the specific consmnption of raw materials, utilities and energy '1, 2].

This paper studios and compares the performances of the Fe2O3-Cr2O3-k2CO3 
catalyst, with or withowt addition ol residual 'canadie matiriais (used vrna- 
dium catalyst, unwashed or washed with wat. r to pH = 6) in the réaction 
of ethylbenzene dehidrogen ation to styrene.

2. Experimental. 2.1. Catalyst préparation. The compositions of catalysts arc given in Tab’e 1. 
The Fe2O3, Cr2O3 and K.,CO, powders were supplied by Borzești Chemical Plavt. In catalvst no 
2 was introduced used and dried catalyst from the sulphuric acid plant of Baia Ilare ; in catalyst 
го. 3 the same material was introduced, but it was previous’.y w.whe.l to pil = 6 and .Iricd, Simi- 
larlv, in catalyst no. 4 was introduced Wolffen-tyep catalyst, used, respectivele washed in cata’yst 
no. 5 (provided by the sulphuric acid plant of Copșa Mică). In the materials containiny vanadium, 
no arsene was identified. The granulation of powders was about 2—10 microns. In a stu rer iure 
introduced and mixed for 30 minutes, the Fe2<„>;), CraO3 and V2O,/SiO2 dried (catalysts no. 2 und 4)

Ta bis 1

Catalyst composition and mechanikai strenyth

Cat
Composition (wt. %) C vo-re.-’Y ii 

sirtntihl
Ло.

Fe2O, Cr2O3 K2CO3 VjOJSit ,)2 (kg/pellet!

1 87 3 10 _ 7,0
2 60 3 10 27 12.5
3 61 3 10 26 14.6
4 59 3 10 28 13.1
5 60 3 10 27 15.7

• UfiiverSily „Baheș-Bolyát”, Department of Teli4oopi:<i' Chemistry, jOJ,
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aud waslied (catalysts 3 an<l 5, respectivele) powders, then the K,CO., solution was added and the 
inixiug eontinued for another 30 minutes. The humidity of the fluid paste was 25 — 35% as com
păreți to the solid mass. The wet paste was extruded in cylinders of 4 mm «liameter and 5 — 6 mm 
lenght. The pellets are dried at rooin température for 4—5 hours, at 110-120'6 for 5 6 hours,
then calcinated at 700 'C for 1 — 2 h. The rate of heating is 100°C//iour to avoid the crushing of 
the pellets.

2.2. Tin’ ineckunical streiiglh. The components of the enhancement of the compressive streiight 
as one eau see in Table 1.

2.3. Tlhylbenzene. dehvdrogenation. In a tubulär isothermal reactor, 40 cm3 Catalyst, with gra
nulation in the range of 0.8.. 1 mm, were loaded, plaeed betwen two beds of silicon carbide of same
granulation. Over the Catalyst, a mixture of ethylbenz.ene and steam in a mass ratio of H2O/EB = 
-= 3/1 pas.wci, t:iie spaee veloei ty, in rapport to the liquid ethvlbenzene is 0.5 Ä_1. The ethylbenz.ene 
used had the composition, in weight %; EB — 99.08; benz.ene + toluene — 0.40; styrene — 0.40; 
diethvilién-une ... 0.10. The reaction gases were eooled and Condensed, the organic product was
separated from water, measnred and the liquid vield was calculated. The product composition was 
analysed by gas-ehromatography and the catalytic performances, for the work température, were 
calculated.

Experimental results aud catalitic performances

Composition of the product Performances (wt. %)

Table 2

C al. 
No.

1 OUI]).
( '<• Í

(wt. %)

B+T EB St K C S

1 520 3.94 54.62 41.44 40.68 47.72 85.25
2 620 6.14 51.98 41.88 40.10 49.57 80.90
1 540 4.59 4 .67 47.74 46.24 55.29 83.63
2 640 8.70 41.00 50.30 47.11 60.40 78.00
1 500 9.05 29.79 61.16 56.06 72.80 77.00
2 660 15.02 31.80 53.18 59.04 82.00 72.00

n y 'Г _- sum benzene - - toluène ; EB — etylbenzene ; St — styrene ; R - yield; C — couver-
siou ; S — selectivity.

Température (°C) remperafure (°C)
1'i g, 1. The variation of styrene content 
in the product according to température.

1' i g. 2. The content of light hydrocarbons 
(sum B-fï) in the product fonction of 

temperazure.
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!•'i g. 3. The Variation of sum (B—T) with 
the styrene content in the product at diiic- 

rentt emperatures.

or washed), the V2O-/SiO2 added to

3. Results and discussions. The per
formances of catalyst no. 1 (with no 
V2O5/SiO2) are compared with the per
formances of catalysts no 2 —5 (eon- 
taining V2O5/SiO2 dried or washed) in 
the reaction of ethylbenzene dehydro- 
genation with steam dilution. The ex
perimental results are shown in Table 
2 ; Fig. 1 and 2 show the variation, ac- 
cording to température, of styrene con
tent and light hydrocarbons (i.e. benzè
ne 4- toluene = B 4- T), in the organic 
product. At 520°C on the catalyst no. 
1, 41—43% styrene was produced, and 
4% light hydrocarbons simultaneously. 
At a near content of styrene in the 
product (see Table 2), the thermal 
level incre;is<-s with 100 =C for catalyst 
no. 2, wihch brings th? dccrease of 
the selectivity with 4—6%.

Irrespective of iis treatment (dried 
catalyst no. 1 decreases the performances, i.e. the styrene content in the pro- 
dv.ct, in the same work conditions. For cxaniple (sec Fig. 1.), at 600 C the 
styrene content is 68% for catalyst no. 1, 36‘% for catalyst no. 4, 27—29% 
for catalysts no. 5 and 3. At the sanie température, the content of light hydro
carbons (see Fig. 2) is 14% for catalyst no. 1 and at most 4%, for catalysts 
no. 2—5. The variation of (B -f- T) suin with the styrene content, at different 
températures, is presented in Fig. 3. Catalyst no. 1 is the most selective ar 
a high content of styrene in the organic product. The addition of dried va
nadium materials (catalysts no. 2 and 4) is more active at températures below 
600°C. while the washed material lead to a styrene content of 40% at 620 
—630°C. The dried material Iront the Wolffen catalyst seems to be more active 
than the Románián one (catalyst no. 2.). The situation is inverse for the washed 
material (see Fig. 1.).

The performances of catalysts no. 2—5 decreascd because the irreversible 
poisoning of the active centers on the Fc-Cr-K System surface, duc to the 
silicovanadates and sulphovanadates of the used catalysts. Catalysts no. 3 
and 5 prepared with washed material présent the lowest performances in ethyl
benzene dehydrogenation, although their mechanical strenght is double in com- 
parison to catalyst no. 1.

The results of the test of ethylbenzene di hydrogénation to styrene allow 
the iollowing observations :

— the performances of catalyst no. 1 dccrease when any of the presen
ted vanadium materials is added ;

— the thermal level increases with at least 100cC to achieve the same 
styrene content in the product, which affects negatively the selectivity ;
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— the addition of V2O.'SiO2 dried ot washed in the Fe-Cr-K catalyst 
has au inhibitory effect on the catalytic activité, although the mechanical 
strengt h doubles.

4. Conclusions. Irrespective of the provenience and treatment, the used 
vanadium materials studied lcd to a lower catalytic activité' of the Fc-Cr-K 
catalyst whicli they were added. The washed vanadium material presented 
an éveil lowcr activité than the dried material.

Conseqiicntly, the utilisation of used V2O-/SiO2, dried or washed in order 
to promote and enhance the mechanical strengt h of the Fe-Cr-K catalyst is 
not recommandée!.

K E F E S

1. X. I) u 1 r.i i ț ă, M. S t a ti c a, F. B n c i u m a n, React. Kínét. Calai. Lelt., in press.
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Al IC simpozion național de ingineria proceselor chimice, Piatra Xeamț, 1988, p. 313.
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O.V THE USE OF METHANE-AIR FLAME IX FLAME SPECTROMETRY. 
I'. THE EMISSION SPECTRUM OF THE METANE-AIR FLAME.

L. K ÉKEI) Y NAGY*

linei-,,-à: 15.12.1992

ABSTBACT. The émission spectrum oi the methane-air flame in the spectral 
domain, л == 190 — 800 nm consists of the molecular émission bands of the radicals 
OII. CX, Cil and C2 and of the stable molécules CO and O2, respectively. 
The intensitv of the émission spectruni (the concentration of the radicals), varies 
strongly with tne composition of the gas mixture and with the height over the 
burner head. Its maximum value lies between 3 — 6 mm over the buruer head 
and increases with the methane content of the gas mixture.

Introduction. The émission spectrum of the flame consists of émission 
L.nds of different radicals and molécules. It plays an important role in the 
flame photometrical déterminations, being the background of the flame. The 
spectrum could overlap with the spectral line of tlie analyses, resulting the 
><■ called spectral interférence [1 —3j. The fluctuations of the background in
ervase considerably the noise level of the analytical signal, decreasing at the 
smne time the signal-to-noise ratio. On the other hand the émission spectrum 
pu »vides useful information on the niechanism of the combustion réactions, 
th? equilibria in different zones in the flame as well as on the excitation con
ditions of different cléments.

In order to estab’ish the conditions of the détermination of different élé
ments in the methane-air (M-А) flame using our new type burner [-U, first 
о. ail the émission spectrum of the flame was recorded. There hâve been iden- 
tified the cmittent species as well as the correspondent transitionsbetween 
tlie different energetic states. The variation of the flame spectrum as a func- 
tion of the distance from the burner head has been determined too in order 
to draw some seinicantitative conclusions on the kinetics of burning rcctions, 
on the concentration of different radicals and molécules in the flame.

Experimental. The apparátus used was the same as described in our previous paper [5]. The 
émission spectrum of the M—A flame was recorded in the 190 — 800 nm range, the most frequently 
used in the flame spectrometry. In order to obtain a maximum concentration of different species 
in tlie flame, a fuel rieh flame was used (stoichiometric ratio 1.12). 'The observation zone was fixed 
experimentally : 4 mm above the burner head, in the middle of the flame. Here the émission sig
nal was found to be maximum. The monochromator slit width was 0.1 mm corresponding to a 
spectral resolution of 0.2 nm over the entire spectral domain, allowing to record the weak lines 
too. The sweep rate of the monochromator was of 0.05 nm/sec. The sensitivity of the recorder, 
S'.l/div), was chosen in accordance to the line intensifies in the given spectral domain. The émission, 
spectra of the M—A flame at 4 different wavelength domain between >, = 190 — 620 nm are repre- 
sented in Figures 1 — 4.

Babeș-Bolyai University, Dept. of Analytical Chemistry, 3400 Cluj, Romania



110 L. KÉKEDY-NAGY

Fig. 1. The émission spectrum of the M—A flame in the spectral domain À= 190—300 nm

Fig. 2. The émission spectrum of the M—A flame in the spectral domain X= 300 — 410 nm
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Fig. 4. The émission spectrum of the SI—A flame in the spectral domain X= 520 — 630 :m
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From thèse spectra the wavelength of the spectral Unes of the band hearls hâve been deter- 
mined. The emittent species were identified using spectral tables Г61. The results are summarized 
in Table 1.

In the next step the variation of the flame .spectrum intensity versus the height over the 
humer head at 3 different methane-air ratios: 0.88; 1.00; 1.12, respectivelv, was determined. For 
this purpose the strongest band headlines corresponding to molecular radicals : for OH the line

Table 1

The band heads of the emittent species in the M—Л flame

Wavelength The emittent species Wavelength The emittent species 
(шп) (nm)

191.81 CO 416.78 ex
206.83 CO 431.20 Cil
217.38 CO 437.14 c2
237.82 f-2 467.86 ^2
248.63 C„ 468.48 c2
258.90 cl 469.76 C2
260.90 oïl 471.52 Ct
265.63 c. 473.71 ч
281.10 oïl 509.77 <•'■2
285.50 C2 512.93
294.50 OH 516.52 Q
306.40 ou 547.03 c2
308.90 OII 550.19 c2
312.20 OH 554.07 G
318.50 ou 558.55 C.A
385.47 ex 563.55 C2
387.14 ex 612.21 c3
389.20 CH 619.12 C.... 2

F i g. 5. The variation of the flame background at 
X = 306.4 nm versus the height and the composition 
of the M—A flame, 1) 0.88; 2J 1.00; 3) 1.12

S= 20.10-«

F i g. 6. The variation of the flame background 
at X = 385.5 nm versus the height and the com
position of the M—A ,flame, 1) 0.88; 2) 1.00;

3) 1.12 S= 2.10-»
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!■' i g. 7. The variation of the flame back
ground at >s --= 431.2 nm versus the height 
aivl the composition of the M--A flame,

!) 0.88; 2/1.00; 3) 1.12 S - 10.10 9

F i g. 8. The variation of the flame back
ground at л - 518.5 nin versus the height 
and the composition of the M..-A flame,

!) 0.88; 2j" 1.00; 3) 1.12 5;---- 2 • 10 9

at 7. 306.4 nm; for CX the line at д — 385.5 um ; for CH the line at 7. 431.2 лиг and for C2
the line at л -- 516.5 nm (see also Table 1.) were selectcd. The intensities of thèse Unes were recor- 
ded between 0 and 18 mm over the borner head with a spatial resolution of 1 mm. The results are 
represented in Figures 5- 8.

ilesults and discussion. L'roni the ( mission spectre, the présence in the 
M-Л flame of the molecular radicals OH, CN, C2, CH as well as of the stable 
molécules СО, and O2 wen- identifică. The spectra obtained are similar to the 
émission spectra oi other hydrocarbon fiâmes (C2II6, C2H4, C2H2, С3НД etc.) 
with air. This confirmes that the sanie radicals are formed and similar btirning 
réactions occur regardlcss of the hydrocarbon used [71. The émission ofthe 
M-Л flame is the strongest in the À — 300 — 400«w and 510—520 nm régions 
respectivele, decreasing towards the longer wavelenghts. The background in- 
creases with t lie met ha ne-content of the gas mixture.

The background of the flame exhibits a variation with the height of the 
flame over the burner head too : First it increases sharply, reaching its maxi
mum at 3— 5 mm over the burner head, than decreases and about at 12 mm 
becomes insignificant, regardlcss of the composition of the gas mixture. Ta- 
king intő account that the gas mixture is fed with a constant flow rate, the 
abscisses on Figures 5—8 represents in the sanie time the axes of time too. 
Considering this tact, írom the shape of the curves results that the OH and 
CN radicals are formed relatively slow, through parallel reactions. Their ma
ximum concentration is reached at 4.5 — 4.7 mm over the burner head. The 
lifetime of thèse radicals is relatively long and their concentration in different 
zones of the flame is only slightly infltienced by the gas mixture composi
tion.

The CH and C, radicals are formed faster tlian the OH and CN ones, 
their maximum concentration being observed at 2 mm and 3 mm respectively 
over the burner head. The présence of the plateau on the respective curves 
shows the attainement of a constant concentration of these radicals over 2 
—3 mm distance in t-he flame. The fact that the maximum concentration of

g — C'hc-mia nr. 1—
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F i LJ. 9. The variation of the émission 
of the OU radicale (1) and the trans- 
lational température (2) of the M—A 

fiamé versus the height

ăre
col-

con- 
t lic

the СИ radicals is attained earlier than that 
of the C, ones, shows that these radicals are 
formed by consecutive reactions. The sudden 
increase of the CH and C2 radical concen
tration with the méthane content of the 
gas mixture shows that the pyrolysis reac
tions predominate ovei*  the burning reac
tions. The lifetimes of these radicals 
short due to high efficiency inelastic 
lisions with other particles.

If one compares the variation of the 
centration of OH radicals as well as 
translational température of the M-А flame 
versus the height (Fig. 9) it results that the 
translational température maximum appears 
much later than the émission maximum.

This dénotés that the flame in the priniary 
reaction zone is far from thermal equilibrium

relative to different energetic states. The energy released by chemical reac
tions is stored most in vibrational and electronic states of the radicals and 
molécules. The thermal equilibrium between the different energetic states is 
reaeh.-d only in the secondary reaction zone, in higher régions in the flame.

Conclusions. 1. The omission spectrum of the M—A flame consists of the 
molecular émission bands of the radicals OH, CN, CH and C2 and of the stable 
mokculcs CO and O2, respcctively.

2. The spectrum is similar to those presented by other hydrocarbon fiâ
mes with air.

3. The intensity of the émission spectrum increases with the methane 
content of the gas mixture. Its maximum value lies in the 3—6 mm region over 
the burner head. This région corresponds to the maximum concentration of 
radicals and to the optimal excitation conditions of different éléments too.

4. The energy is released stepwise by chemical reactions in the primary 
réaction zone. This energy is stored most in the vibrational and electronic sta
tes of the radicals and molécules. The thermal equilibrium is reached only in 
the secondary reaction zone.

5. In order to maintain the excitation conditions constant in the flame, 
the composition of the gas mixture must b.- k pt constant.

6. The most suitable 
domains of л = 200 —300 
where the background is

spectral domain l'or analytical purposes lies in the 
nm ; 440 —510 nm and 540—800 nm, respcctively, 

relativele slow.
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ABSTBACT. The electrochemical reaction of the lithium batteries is baserl on 
the intercalation phenomenon of the lithium ions in a host lattice of oxides or 
sulfides.

This paper présents some theoretical aspects concerning the intercalation 
of T,i+ as well as some structural characteristics of the resulting compounds, as 
TixMnO2, LixCuO and LitTiS2.

Introduction. In the lithium nonaqueous batteries there are used various 
cathodic depolarisants, such as oxides, calchogenides oxosalts etc. fis Their 
running is based on the intercalation phenomenon, which consists in the inser
tion of guest species between the lavera of a crystalline compound lattice, with- 
out essential modifications of the host structure ; the resulting products hâve 
been callcd intercalation compounds.

1. Theoretical considérations about intercalation phenomenon. The inter
calation phenomenon takes place by diffusion of the metal ion, M+, in a ma
terial lattice structure, which is proper for intercalation, and called host mate
rial <H>. The intercalation reaction is given by :

xM + + xe~ + <H> # <3/ II>, (1)
where the coefficient x can vary continously from 0 to a maximum value 
xmaz (0 < x < The degree of occupancy or the dcgree of intercalation,
y, is defined by the relationship :

y = (2)

In conformii y with reaction (1), transport of material occiirs through a double 
flux of charged species (3/ + and e~) in the bulk of the host material whatever 
the concentration is. This fact lias been demonstrated for LixMnO2, LÿNbSe 
compounds, which are characterized by the preferențial diffusion paths [2j.

The électrode potential variation at the equilibrium has experimentally 
been followcd, finding out a value mucii deviated from the calculated one ; 
also, the concentration of the lithium ions within the intercalation compounds 
has been found very different from the calculated value. These déviations occur 
because of some interactions which generate the structures with maximum dis
tances between the nearest neighbours ГЗ— 5].
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Th : influence of ion-ion interactions on intercalation kinetics has Ix-en in
vestigatei by Deroo et al. ȚF, who has improved A r m a n d ’ s the-ore- 
tical model (2j.

Th- chemical potential of an alkaliiie métal Al in a host structure is 
given b y :

'J-м' = Aé + R T lu (y;(l — y)] + ay, (3)
where a is the menu interaction energy between nearest neighbour ions, v the 
intercalai ion degrce, whose standard value is p" =0.5, according to Yongfang [7].

The chemical potential of the ion M+ in the electrolytic solution can be 
considered a constant if the concentration and the diffusion coefficient of M + 
are high.

Assuming that migration and convection fluxes are neglected, the overall 
flux is reduced to the diffusion component :

J = —C°D 3y]3r, (4)
wh.-re D = Do [1 — ay(l —y)IRT] is the apparent diffusion coefficient and D° 
the diffusion coefficient in absence of ion-ion interactions.

Ululer these conditions, mass conservation is given by the relationship :

= (5)et r cr
wh-iv <1 is the dimension (uni, bi or tridimensional) of the diffusion spacc, C° 
is the maximum concentration of intercalated ion F-the Faraday and r is a 
spaev coordinatc. Two possibilities were considered : the ions are not subjected 
to any interaction (a), and the interactions are involved (b).

(a) For tliis case the free energy variations for the ionic transfer from the 
electrolytic solution to the electrode are given by :

ÁGC = AG’ + ßrFs (6a)
and

AG„ = AG] - (1 - ßkFs, (6b)
where ß is the cathodic transfer со, f 'ident. (1 - - ß) Иго nnmlie " mn-T-r coeffi
cient, z is the number of électrons chang <1. sud г th- of. ctrodic uok ntial.

The kinetic constants in th? two directions are expia ss.d as:

A F'-XP - - > . À 1:< 1 i
a n d

K zÂ\’

and the eu. .ont density is given Ъу :

i = zF/GO1 |_e exp (1 ? ' Ar ~ - (1 ..-V! eXI , ( о
1 H Ai

(7b)

(8)
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vivre rl = г — г’ = = —. -R".vjí is the ovcrpotentia 1 : the vxch.’.nge current
density is given by :

log ?' == 12 vF/ACA (9)
(b) Wh -n ion-ion interactions arc present, the frec energy intő the dvpola- 

ri-mit is reduced by a value a y and if the interactions lui ve the same vffect 
on the surface and inside, it is expressed as :

AGi: = AG’ -r ßuv y Z:Fz (10a)
and

AG, == AG" - (1 - 3)(:Fs -mm). (10b)
The current density is beeame :

a i1 i

J\T
i = -FF’C1' jexp (1 - ß) Ы''г‘ '

1) e г о о et al. T\ has been coneluded reasereliing ion-ion interaction in 
the homogencous diffusion, the forces of répulsion favour grater spacing bet
ween ions and make ions to leave the intercalation material. In the case of 
semi-infinite diffusion, a great part of the repulsion forces favours the displa- 
ccinent of ions towards the bulk of the intercalated material : tiu se interactions 
increase the coulombic efficiency of the galvanostatic discharge.

2. Structure of the intercalation compounds. At th time wheii the d.-greu 
of intercalation is not exceeding a certain limit (~30"(l), the structure of t Im 
intercalation compound is not different from the host structure. Howcvct 1 h ■ 
intercalation generates a specific volumie modification for tim last.

It has been found that, between MnO, crystallographic forms, only 3 — 
aud — у — MnO2 modifications are favorable for tiu- lithium insertion. Tir-su 
are coexisting as a mixture in the natural ore. which in eonsidered as a 
disadvantage. For that reason it is préférable to use tlie ekctrolytic MnO2 8_.

In the case of Li/MnO2 colis, the active electromotive reaction is given 
by the insertion :

xLi+ + xc~ + MnO, - Li MnO, ; 0 < x < 1 (12)
duriug them it takes place a partial réduction of tlm ions Mn44':

Mn4 + + c~ -> Mu»A (13)
As the intercalation process advances (y y 30‘țo) by A'-ray diffraction 

(Xl\I>i has been found that Li,MnO, alters the initial rutile-type [1 X l.or 
ramsdellite-type [1 X 2j structure ; it gives risc to the conditions for the coe
xistence of the ramsdellitc-type with the rutile-type structure [8—11 j. The 
différence between thèse structures is given by the distribution of manganèse 
ions in the same hexagonali}’ close-packed oxygen matrix.

Fig. 1 shows an idealized crystal structure of the resulted compound by 
the Lir insertion into rutile-type structure and its X-ray diagram for x =-0.25. 
The idealized structure has a tctragonal sublatticc with the lattice constants



118 G. ȚARĂLUNGĂ et al.
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i: i g. 1. The idealized rutile-tvpe structure of 
the Li^MuOa (x = 0,25)

]•'i g. 2. The idealized renisdellite-tvpe 
structure of the I<il.MnO2 (x 0,25)

a = 5.0 Â, b = 5.0 Â and c = 2.85 Ä. The arrows indicate the possible Jahn- 
Tcller distorsion of the [Mn3"O«“] unit octahedron. The points noted with — 
indicate the possible octahedral sites in which lithium ions are located.

The idealized crystal structure of the resulted compound by the lithium 
intercalation into the ramsdellite-type structure and its X-ray diagram for x = 
= = 0.25 arc illustrated in Fig. 2. This idealized structure has an orthorombic 
unit cell, which consists of two tetragonal sublattices with the reticular parame- 
ters : a = 2 X b = 9.9 Ä. The points noted with + rcprcsented the possible 
octahedral sites where the lithium ions may intercalate, and the arrows show 
the possible distorsion due to the repulsion and Jahn-Teller effect ol Mn3 r ions.

The X-ray effected calculations indicate the existence of a little varia
tions of the lattice constants, which permits to conclude that the significant 
changes oï the intercalation compound structure do not arise in comparison 
with the host structure, where the lithium lias becii intercalated (0 < x < 0.3). 
It lias been ensured a little expansion in the л-axis and an insignificant shrin- 
kage in the c-axis as resuit of the lithium ion intercalation.

Another cathodic depolarisant material for nonaqueous lithium batteries 
is the copper oxide which has only two crystallographic structure : monoclinic 
and tetragonal lattice [12]. The monoclinic structure approaches TiO2 rutile- 
tvpe structure, which permits the lithium ions insertion with the formation of 
the intercalation compounds Li^CuO [13].

The nonstoichiometric copper oxide has a relatively regular crystallographic 
lattice. The existent defects are favourable for the diffusion of lithium ions into 
the CuO crystallites.

The stoichiometric samples, thermally treated, maintain certain crystal
lographic deffects of a mosaic texture type, which are ereating strains in the 
CuO crystallites, facilitating the diffusion of lithium ions [14].
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Th? transition métal dichalcogenides liave a lavered structure. Thus, the 
di-uliidm are fenned by two hexagonally close-packed sulphur lavcrs between 
which résidé the transition métal ions. These metal ions arc found eit her in 
sile" of oct air. rirai symmetry or in unes ol' trigonal prismatic symmetry. The 
transition inet als of the group IV B (Ti, Zr, Hf) are in octahedral symmetry, 
the group VI B (Cr, Mo, W) in the trigonal prismatic sites, but Xb and Ta 
o; the group V B are found in both [15, 16).

The titanium disiilfide has been the most studied. lu Fig. 3 is shown the 
ordering of th? Ti and S hivers, as well as the octahedral symmetry sites. The 
S ?.nd Ti atoms are covalent bonded. but the sandwich-type building nuits are 
m.'.intained together by van der Waals forces.

The compound is nonstoichionietric, the titanium or sulpluir exccss foun- 
ding in the van der Waals laver. The titanium exccss stabil Ízes th? compound, 
but a subséquent intercalation becomes more dill'ieuit, and sulphur excess lcd 
to the moulding of th? titanium trisulfide, which has been unable for reversible 
i 111 c r e a 1 a t i о 11 ( F i g. 4 ).

The cell reaction, which results in the moulding of the intercalation com- 
pcemds, is giveii by :

Л-1Д- + xe~ d- MS2 - Li.MS,, 0 < .v < 1. (M)

Tic- diffusion of the lithium ions takes place only in the van der Waals layer, 
there being non-significant mobility perpendicular to these plase. Therefore, the 
diffusion is bidimensional and there is not diffusion through the sulphide la- 
y.rs [15].

The structure of the LixMS2 intercalation compound is about the same with 
th? crystalline structure of the host dichalcogenide. The structure of the inter
calation compound Ij/TiSa (x == 0.8) is illustrated in Fig. 5.

The alkaly ions insertion into the crystallographic lattice ol the dichalco- 
genides caused an incrcased distance between the hexagonally close-packed hivers. 
By X-ray measurements, it has been observed an extension of the hexagonal 
lattice along the c-axis with about 10% [17].

(0}
van der Wbals

P i g. 3. The ordering lay?rs in TiS2 (a). The octahedral symmetry sites of the 
Ti Atoms (b).
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ü/TiyS2

F i g. 5. Stcucture of Li TiS2 
compound ix = 0.8)

O
@L-

The a and c parameters of the soine dichalcogenides as well as their iutet- 
calation compounds are given in Table 1.

The variation of the a lattice paraméter shows tli • appearanee of sonie 
crystalline lattice distorsions more nronounced for ZrS» and HfS2 than for TiS2. 
The different behaviour of the a paraméter intercalatvd suggests a possible 
departure from close-packing of the anions, for the heavier éléments. Thus, 
the little expand of the a piarameter is expected because the electron 
density increases on the hexagonally close-packing. l'or the heavier cléments 
of the group V B (Nb and Ta), if the transition metal résidas the trigonal pris
matic site, the a paraméter is not changed, because niobium and tantal disul- 
fides intercalate lithium very slowly (x < 5%) even in the stoichiometric com
pound.

X-ray parameters of the dichalcogenhles and their inlerealated «ompounds [15]

Table 1

MS2

«.(d) cl a a(d) c(d) cia

TiS2 3.407 1* X 5.696 1.672 3.455 1*  X 6.195 1.793
ZrS2 3,665 1* X 5.835 1.592 3.604 3*  X 6.250 1.734
HfSj 3.635 1* X 5.856 1.611 3.560 3» X 6.375 1.791
XI>S2 3.340 3* X 6.000 1.796 3.342 3*  X 6.421 1.921
TaS2 3.340 2* X 6.040 1.808 3.340 2*  X 6.457 1.939
MoS2 3.160 2* X 6.150 1.946 — ? X 6.400 —
WSi 3.160 2* X 6.180 1.956 — — —

number of the transitional métal layers of the unit cell.
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The molybdenum disulfide is the most stable of thèse disulfides and the 
kss favourable for the intercalation. However, at low lithium content (x < 1), 
Li MoS2 is stable, but at higher values (л -» 1) is unstablc, disproportionating 
in bgS and Mo.

Conclusion. The intercalation occurs by the diffusion phenomenon of sanie 
ions to the host crystalline lattice. If the difiusion takes place in the cathodic 
depolarisant of souk* galvanic cvlls. the inteicalation is given by the ccll reac
tion.

The crystalline structure of the intercalated compound is about the same 
with the host material, nouvxistiiig an inij ortaiit variation of the unit crystal
line cell parameters.

There arc two essential factors which influence lhe intercalation. Tliey 
arc : the thermal treatment of the host material, and the size of the particles, 
which hâve an important role for the lithium ion intercalation.

In conclusion, th? intercalation compounds can occur to the discharge 
process of the lithium batteries. The electrochemical performances as well as 
the i'vatures of these nonconventional Systems arc determined by the physical, 
chemical and structural properties of the active material, which takes part in 
the cell depolarisant.
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ABSTKAÎ’T. Specific fivld aiul the basic method of operation of this type 
of centrifuges arc weli-known. The real way for accumulation of sediment, res
pectivele solid.-» discharging, is more difficult to be obtained, but it is verv 
important for technological process. A short theoretical point of view is presen- 
ted. The wholc process is considered to reduce in two simultaneous phases, accu
mulation of sediment and solids Settlement, and radius of cake surface, rs, is 
given. Assumed as a hasis, it is possible an automatic discharge control by an 
automatic cycle. Certaiuly, several experimental applications are required, to get 
useful informations.

SYMBOLS

Ap — difercncial density
—- angular velocitv of bowl 

t — eurent radii for partide position
rs — radii of sol/! interface
o — angle of slide
a — half includvd angle of disc 
Rf — specific résistance to filtration of the cake
г, — dinamic viscosity
x — volume rate
l — sediment layer thickness
Re — RcynoldT nuinber
Rț — radii of internai bowl
L -- 1 —s, index of romprcssibiîity
с —- density of solid
n -.. Universa; constant
Со -.. initia! solid concentration
Cf —- final solid concentration

General aspects. Uiids-r the паше of seif diseli irge centrifugal .Separators 
arc fcimvn ali disc centrifuges [1, 2, 6j which have conica 1 or biconical solid 
bowl and wliieh arc equiped around the periph?ry of the bowl by means of 
valves, by means of noz.zks designod to open on a finind basis or posts opening 
ou a tiined cycled (eonunonly known as opening bowl centrifuges) etc., intended 
to diseharg" tic*  solid phase.

.Dee to 1 h.ir construction, these Separators niay work in both manners, 
s*.  :ni-contitiuous and continuons, depending on the technological requirements 
of the process. As exception, we mention nozzle discharge disc centrifuges with 
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continuons discharge of solid because their discharge dynamics is totally dif
ferent for that case, discharge ol solids is frec, continuons or quasi-contintious.

As specific area of application, dise centrifuges are rccommendcd to be used 
to clarify a liquid containing solid and to separate solids within a liquid (fine 
séparation). As concrete exemples, there are as follows : recovery of prenions 
éléments within slurry, obtaining of B12, A, C vitamins and alcaloids, beer 
clarification etc. Although, continuons scroll discharge centrifuges and décanta
tion apparátus working by extraction are charactcristic for residual wat ers, but 
in the first stage of the purification process, for slurries which hâve lowc-r con
centration of solids, is very justified the use of self die harge centrifuge! Sepa
rators.

Tlieoretic préservation. Because solids diseharge is <onditioned first of ail by 
technological r>..q virements as recovery ratio, solids contint etc., it is obvioir.sly 
required a specific automatic programúmig as far as solids discharge is concer- 
ned. The problem eiitailed meríts special mention and t liât, is the concordance 
between technological requircments confronted by sediment and physieal mi-ans 
of solids to rnove within discharging area.

Consequently, the propertics oi the sediment — and ihat ineans solids quan- 
tity, ratio of solids to Settlement, respcctively, operation of the centrifugal se
parator — are conditioned by the dynamics of sédimentation.

It is well known that the dynamics ol sédimentation has two different 
phases which take place sinnilte.iieously : accumulation of sediment, respecti
vele. solids sett l<-mcnt. Bot h phases of tire process are conséquences of the high 
i'ielci of centrifugal forces created in the separator.

If for the accumulation it is possible to suppose relative stationary condi
tions. in a given technological situation, as far as the solids settlement phase 
is concerned, it is neeessary to consider a centrifugal force of the solids svdi
nié nted strata which is increasing continuously, in accordance with the solids 
accumulation. This aspect is evaluated by the référencé material )2, 4J as Set- 
tling pressure :

The solids settlement phase is achieved niainly by dccrcasing residual mois- 
turc content, ol solids sedimented and by increasing dreid substance content ol 
the sediment, both corresponding to a suppiimentary évacuation of liquide phase 
as an effect of Д/f settling pressure. The plienomeiion is aecepted only till the 
reach of a given si li ling factor, a, 4, 5) dépendent on the solids sedimented 
compressibility factor, s, '2, 6). both with specific values for each type of slurry.

If solids smiiib iited settlement is analysed by assimilation with filtration 
through the pneipitate stratum, in the opposite direction with the sense of 
the field ol centrihig.il forces, it is possible to considerate the following hypo
thèse :

a) fluid partieks dislocated by the solid particks, which continue accumu
lation will displace with a significant energetic eonsumption in the opposite direc
tion of the field of centrifugal forces.

centrihig.il
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b) associated filtration is a filtration 
through the precipitate stratum with 
a constant rate of filtration, laminar 
flow conditions, Rc < 5 . . . 40, [6, 7J.

c) the gradient of pressure which 
produces solids Settlement is the saine 
with that one which produces associa
ted filtration.

These hypiothcses такс possible to 
evaluate the l..\v of variation of cake 
thickncss, that means to determine the 
current radius, rs, depending upon the 
ratio of solids to settlemcnt or upon the 
solids sedimcnted comprcssibility factor, 
both experimentally déterminable. Ail 
thèse experiment s are ia alised in such 
a way that sediment can be cvacuatcd 
throughout discharge area.

The condition for the movement of 
the sediment deposited towards dischar
ge areas is as follows :

x p arctg (2)
Considering sediment settlemcnt as 

a resuit of the moving off the liquid —- remanent humidity, and being gove
rned by the differential équation of filtration through the deposcd solids sira
tom 6 j :

_ — <3)
dt ~ KL ■ L

and for compressible sediment, where
KL = Rr ■ Tj ■ jx, experimentally déterminable and expressing the moving 

layer thickncss, as :
l = RT - rs (4)

liquation (3> takes the form :

АРУ1 = RL(Rr -rs) A)(U
In conformitv with hypothesis c), Equations (1) and (5) permit to ob-t;.:n 

the expression of the law of variation of cake thickncss and that means to calcu
late r, as radius of solids sédimentation layer.

Equation (3) becomes :

АРУ = Krp. -A a)

wherc :
b =- 1 - s
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In conformii y with hypothesis c), Equations (1) and (6) are equal. That 
situation appears when the law of variation for radius of solids sédimentation, 
rt, is succeded.

Because it is not intended to obtain a law of an absolute variation for the 
laver thickness, practice cannot verify it ; it is more important to evaluate 
a limite situation, reaehed for the maximum rank of settlement, when the 
solid sedimented becomes practically incompressible, Equation (6) becomes :

Др = — —• Kl(Rt — rj, because b ~ 1.
<1/

The approximation is verified by practice, for a wide range of technological 
situations.

Usuallv, the cake coinpressibility factor, s, has values between 0,1 . . . 
. . . 0.2 roj.

From Equation (1) and (5) we hâve :

kl(rt - rp (6)

if :

r rs
llT ’

Equation (6) becomes : 

where, r is a variable depending on sediment accumulation.
Separating variables and interpreting, we obtain, from Equation (7), as 

follows :

T s — léf cc L2 K

For initial conditions, t = 0, r ~ 1, th? expression of th? law of variation 
of sedim-nt accumulation, in limit situation, becomes :

Í j
r. А'Д“' -IJ (8)

Considering, in the sam? time, that the dynamics 01 sediment accumulation 
is simuitaneously achieved with the solids settlement process, when elemeiitary 
mass accumulation aud elementary volume accumulation are :

u dKdur = pâ------  

dV = - 2n(A‘r — rs)rsdr tg a
(9)
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In conformity with Eq. (5) :

rs = R-re <r (10)
where : q(t) — unit flow capacity,

1
2?r p tg а

Evaluation of rs with q(t) / const., (for a big variation of porosity in the 
sediment stratum) in conformity with Eq. 5 is recommended :

(H)
where :

ß = 1 + 7), К = r
ginpR-p tga

Evaluation of rs with q(t) = const, is as follows :

(12)

(13)
As far as the unit flow capacity is concerned, for the yield capacity of the 

centrifuge Q(t), the next équation is obtained :
q(t) = Q(t)[c0 -с,! (14)

Concluding, if the requests concerning the efficiency and quality of the 
self-discharge centrifugal Separators are respected, it is obviously necessary to 
use accurate methods and devices to evaluate and control the solids sedimented 
■within the bowl of centrifuges.

Conclusions. In the conditions of industrial séparation, in many cases, the 
solids concentration on the feed slurry varies between wide limits. Thecom- 
mands to discharge solids sedimented, based on a timed cycle pre-established, 
are not any more efficient because they lead to solid phase losses, decrease of 
productivity etc.

It is necessary a very accurate analysis of the situation using the considé
rations presented before.

For the recovery of solids, following a very good rate of recovery at a mini
mal number of discharges, it is necessary to control through sensor System, a 
value of the sediment stratum, Rs < rs, according to Eq. (8).

The limit value of the Eq. (8) means incompressible sediment which practi- 
cally does not move through orifices, but this value is a certain limit value 
comming from the choice.
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To establish the real discharge condition, Rs, experimental trails are recom- 
mended.

If the advanced sensors permit to verif y continuously the sediment, it is 
possible to use curent values, doubled by continuous analyse of solids’ concen
tration within the clarified effluent values given by Eq. (9) ... (13) to esta
blish discharge programming.

Based on such theoretical considérations, practice imposed the following 
versions of self discharge centrifugal Separators :
— Discharge by parametric pre-established commands as : sediment level, sedi

ment quantity etc., using expressions in the form of Eq. (8) ;
— Discharge by mixed commands — parametric and temporizing commands, 

pre-establishing the duration of séparation cycle using expressions in the 
form of Eq. (1) ;

— Discharge by other adapting commands, with closed loop, slurry feeding- 
sediment discharge, corrected by optical control of solids concentration wi
thin the clarified liquid.
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IN MEMÓRIÁM

100 de ani de la nașterea 
profesorului Ioan Tănăsescu

PROFESORUL IOAN TĂNĂSESCU
Anul 1992 marchează 100 de ani de la nașterea profesorului și omului de 

știință Ioan Tănăsescu, cel care a dat strălucire Facultății de Chimie din Cluj 
ca șef al catedrei de chimie organică între anii 1931— 1959.

Serii de studenți poartă în memorie și în suflet imaginea Omului Profe
sorului, Cercetătorului de mare anvergură, numit simplu, cu respect și afecțiune 
„Magistrul".

Profesorul Ioan Tănăsescu s-a născut la 23 februarie 1892 la București, 
unde a urmat atît liceul cît și universitatea ca student al Facultății de Chimie- 
Fizică, avînd profesori iluștri printre care : C. Istrate, A. Ostrogovich, D. Rădu- 
lescu și alții. După terminarea facultății și a școlii militare este angajat ca și 
chimist în cadrul laboratorului de chimie al armatei, în perioada campaniei din 
1916—1918. în 1919, anul nașterii României Mari, înființîndu-se Universitatea 
Daciei Superioare din Cluj, profesor A. Ostrogovich și prof. D. Rădulescu răspund 
invitației de onoare de a pune bazele învățămîntului chimic românesc. Tînărul 
doctorand I. Tănăsescu, îi însoțește fiind numit asistent la catedra de chimie- 
fizică și chimie organică condusă de prof. D. Rădulescu.

Asistentul I. Tănăsescu susține cu deplin succes teza de doctorat (conducă
tor prof. D. Rădulescu), fiind primul doctor în chimie a noii universități clujene, 
titlu ce-i confirma excelenta pregătire teoretică și practică și îi deschide porțile 
carierei universitare (șef lucrări, profesor agregat, profesor titular în 1931). Numit 
șef de catedră, va conferi acesteia, prin activitatea didactică și științifică un 
prestigiu și o individualitate bine conturate și recunoscute.

Alături de activitatea de la catedră s-a implicat și în conducerea unor 
colective de lucru atît în cadrul Institutului de Chimie a Filialei din Cluj a Aca
demiei cît și al Institutului de Cercetări Chimico-Farmaceutice. Tocul pe care 
acest eminent om de știință îl ocupă în rîndul celor ce sínt preocupați de dome
niul chimiei îl confirmă și faptul că în 1948 a fost ales membru corespondent, 
iar în 1957 membru titular al Academiei, fiind de asemeni membru al societăților 
de chimie din Franța și Germania.

Prin stingerea din viață în 1959 a Profesorului Ioan Tănăsescu științele 
chimice și învățămîntul chimic din Cluj și din țară au suferit o grea pierdere.

Profesorul I. Tănăsescu acorda prelegerii o deosebită atenție sub felurite 
aspecte. în primul rînd al conținutului — an de an erau inserate după o rigu
roasă selecție noutățile ce îmbogățeau capitolele clasice cărora li se adăugau 
altele noi impuse mai ales prin perspectivele ce le deschideau aprofundării cu
noașterii. Răsfoind caietele în care își nota cu consecvență trimiterile din revis
tele de centralizare, se remarcă semnalarea nu numai a lucrărilor direct legate de 
cercetările pe care le efectua ci și a celor care aduceau ceva principial nou în 
chimia organică sau chiar în domenii conexe.

Dotat cu o putere de stăpînire de sine rar întîlnită prof. I. Tănăsescu era 
în măsură să țină prelegeri mereu egale în cel mai bun sens al cuvîntului. Dispo
ziția de moment nu se trăda în nici un fel ca și cînd în fața auditoriului orice 
alte preocupări care grevează starea sufletească (decepții, bucurii) dispăreau. 
Cursurile aveau o deosebită claritate. Ori de cîte ori apărea posibilitatea, se 
urmărea firul logic al faptelor experimentale care pas cu pas impuneau atri
buirea unei anumite structuri pentru compuși cu molecule mai complexe sau o 
anumită explicație a unor comportări. Nu rare erau ocaziile în care se atrăgea 
atenția asupra problemelor ce își așteaptă rezolvarea. Prin aceasta, fără Să-și 
dea seama, studentul se familiariza cu tehnica cercetării.

9 — Chemia nr. 1—2/1992
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Prin expunerea calmă în care accentele se puneau nuanțat, fără stridențe, 
folosind un limbaj ales și adecvat, cursurile prof. I. Tănăsescu au rămas un model 
pentru cei care au avut șansa de а-l avea dascăl. Importanța acordată lucrărilor 
practice o ilustrează între altele eforturile făcute spre a crea studentului posi
bilitatea de a lua contact cu metodele de lucru modeme.

E, semnificativă, din acest punct de vedere, introducerea în programul 
lucrărilor a microanalizei într-o perioadă în care această metodă, la alte facultăți 
de profil nu numai de la noi, abia începea să fie folosită în cercetare. în această 
ordine de idei e de menționat că prof. I. Tănăsescu este autorul primei cărți de 
lucrări practice dé chimie organicii tipărită In țara noastră.

ba examene, prof. I. Tănăsescu era exigent și deosebit de corect avînd 
răbdarea să asculte pe fiecare student. Prin, felul întrebărilor urmărea să vadă 
în ce măsură cel audiat poate opera cu noțiunile de bază și valorifica cunoștințele. 
Căută să convingă pe cel care nu era suficient pregătit, de lacunele pe care le 
are și care se cer completate.

în îndrumarea activității de cercetare a doctorahzilor acorda o mare pon
dere libertății de acțiune. în discuțiile purtate privind strategia atacării proble
melor hu impunea categoric punctul său de vedere chiar daca intuiția și ascen
dența sub multe aspecte ale prof. Tănăsescu erau argumente de prim plan 
pentru o anumită cale de urmat. Prefera ca doctorandul să analizeze diferitele 
alternative și să se convingă singur, experimental, de cea care e mai eficientă.

Profesorul I. Tănăsescu a avut o foarte bogată activitate științifică ilu
strată prin cele peste 100 lucrări publicate, dintre care majotitatea (60) au apărut 
în reviste de specialitate de prestigiu din străinătate (Bulletin de la Société 
Chimique de France, Berichte der deutschen Chemischen Gesellschaft (Chemische 
Berichte), Journal für praktische Chemie).

Activitatea de cercetare, care în jurul anului 1935 a fost cea mai fructuoasă 
se resimte, datorită celor 5 ani în care facultatea, ca urmare a dictatului de la 
Viena, a fost obligată să se refugieze la Timișoara de unde a revenit la Cluj 
abia după eliberarea Ardealului de Nord. Greutățile inerente unei reinstalări și 
cele datorate urmărilor războiului au făcut, ca abia după 1950, treptat, activi
tatea de investigare să revină la ritmul inițial.

Chiar și o analiză mai puțin aprofundată a contribuțiilor aduse prin cerce
tările efectuate, scoate în evidență cîteva trăsături definitorii pentru omul de 
știință I. Tănăsescu.

în primul rînd interesul pentru problemele de actualitate sau de perspec
tivă. Chiar lucrarea de doctorat, condusă de prof. D. Rădulescu se înscrie intr-un 
domeniu abia apărut, acel al chiralității în clasa spiranilor. Rezumîndu-se doar 
la încă un exemplu, sínt de menționat cercetările d:n clasa steroidelor, clasă de 
compuși pentru care se întrevedeau deja implicațiile majore în biologia.

Reține apoi atenția curajul cu care s-au atacat probleme complexe a căror 
rezolvare cerea un volum mare de muncă și ridicau dificultăți la interpretare 
Să nu uităm că la acea vreme laboratorul era tributar aproape exclusiv meto
delor chimice extrem de laborioase și implicit cronofage.

Pot fi amintite în acest context condensările o-nitrobenzaldehidelor cu com
pușii aromatici, reacții ce pot lila cursuri diferite : închiderea ciclului acridinic 
formarea de feniiantranili, trifenilametani, benzofenóne, direcția preferată fiind 
impusă de factori structurali (natura substituenților grefați pe nucleele de bază) 
sau condițiile de lucru (mediu, temperatură, etc.) ceea ce duce la preponderența 
unuia sau altuia dintre componenții amestecului complex de reacție. în aceeași 
ordine de idei, revenind la Steroide, ținînd seama de importanța pe care confor
mația o are penltu înțelegerea comportării lor și implicit în alegerea modului de 
a ataca molecula, apar evidente dificultăți pe care le ridică abordarea unei ase
menea probleme într-o perioadă cind structura acestei clase de compuși nu era 
cunoscută pină la detalii conformaționăle. Nu niai puțin complexe (era de pre
văzut) s-au dóvédit teacțiile fotochimice la compușii în care este prezent schele
tul o-nitrobënzaldéhidic, în special acefalii de acest tip.

Mdlți din cei 37 colaboratori care au avut norocul să fie îndrumați în 
cercetare de profesorul I. Tănăsescu $l-au putut dă seaiha de îndemînarea de 
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experimentator și ușurința cu care, chiar din primele date experimentale la 
care se ajungea intuia esența procesului urmărit. Principalele domenii pe care 
prof. I. Tănăsescu le-a abordat au fost chimia heterociclurilor, fotochimia deriva- 
ților o-nitrobenzaldehidelor și chimia steroizilor.

în clasa heterociclurilor s-au adus contribuții deosebit de valoroase în clasa 
acridinelor, antranililor, tiazolochinolinelor. Dintre rezultatele la care s-a ajuns 
în această direcție e de remarcat o nouă sinteză a acridonelor, rămasă în litera

tură sub denumirea de reacția Tănăsescu—Dehmsted, metodă brevetată de con
sorțiul german I. G. Farben-Industrie în 1930.

Unul din cele mai importante rezultate înregistrate la investigarea compor
tărilor fotochimice ale acetalilor o-nitrobenzaldehidei cu compușii polihidroxilici 
este cel care a dus la constatarea că acetalii galactozei, manozei șt glucozei sub 
acțiunea luminii se transformă în unul și același produs derivind de la galactoza 
racemică. Prin aceasta s-a demonstrat posibilitatea unor izomerizari fotochimice 
încă nesemnalate în clasa glucidelor cu ecouri foarte interesante in biogeneza lor.

în sfera steroizilor, cercetările au fost focalizate în special spre urmărirea 
acțiunii amestecului nitrant asupra acizilor biliari cu formarea esteriior nitrici 
și între altele posibilitatea de valorificare a lor în sinteză. Pe baza acestor rezul
tate s-a elaborat o metodă originală de preparare a acetatu ui de dezoxicorticos- 
teronă (hormon steroid). Așa cum reiese din această succintă prezentare pot fi 
remarcate contribuțiile foarte valoroase ale cercetărilor inițiate și conduse de 
prof. I. Tănăsescu care au îmbogățit cunoștințele în domeniul chimiei organice 
atît sub aspect teoretic cit și aplicativ.

în,ceea ce privește primul aspect, ar fi de scos în evidență încercările de a 
înscrie într-un context cît mai general, interpretarea fenomenelor observate, 
așa cum o ilustrează poate cel mai convingător și titlul uncia dintre lucrări „Ex
plicarea mecanismului izomerizărilor și a reacțiilor spontane în chimia organică 
cu ajutorul teoriei polarității valențelor”.

Referitor la cel de-al doilea aspect, cel aplicativ, ar mai fi de adăugat la 
cele deja amintite, contribuțiile aduse la prepararea unor medicamente : sulfa- 
tiazol, PAS, atebrină, plasmochină. Nu în ultimul rînd se cere menționat ecoul 
pe care l-au avut cercetările efectuate de profesorul I. Tănăsescu în lumea chi- 
miștilor așa cum rezultă și din discuțiile purtate cu specialiști de prim rang ca 
A. Kliegel, F. Arndt, H. Gilemann, K. Dehmstedt și alții, reflectate de conți
nutul unora din lucrările publicate de cei de mai sus amintiți cît și de cores
pondența purtată.

Profesorul I. Tănăsescu a fost și un om de cultură interesat în mod deose
bit de literatură. Competența în aprecierea valorilor culturale o ilustrează între 
altele și invitația acceptată de a face parte din comitetul de lectură a Teatrului 
Național din Cluj. Admirația pentru natură l-a făcut un mare iubitor al drume
țiilor, fiind imul dintre membrii activi ai „Turing Clubului”.

Cultul pentru adevăr, pentru dreptate, pentru demnitate au făcut din pro
fesorul I. Tănăsescu un model al dîrzeniei, im simbol al rezistenței, al dăinuirii 
valorilor morale într-o perioadă, cea mai întunecată a istoriei noastre, cînd mon
struoasa ideologie comunistă impusă cu forța poporului român, se străduia să 
distrugă tot ce era autentic : tradiție, cultură, demnitate umană și națională. 
A avut de suferit din partea mai marilor acelor zile de tristă amintire, dintre 
care mulți, după ce au pus umărul la instaurarea și consolidarea comunismului 
în țară, au părăsit-o și beneficiază azi de pensii în dolari, mărci sau shekeli. 
Prof. Tănăsescu asumîndu-și toate riscurile, nu a cedat în fața presiunilor și a 
șantajului, a rămas aceeași distinsă personalitate stimată și admirată de marea 
majoritate a celor din jurul său, care credeau în acest simbol al speranței și 
demnității, sperau, în supraviețuirea adevăratelor valori morale și spirituale ale 
națiunii.

Această succintă prezentare a personalității și realizărilor profesorului I. 
Tănăsescu este departe de a reflecta dimensiunile operei sale de educator, cerce
tător și creator. Este doar un pios omagiu adus Magistrului lor de către cei care 
l-au cunoscut, prețuit și respectat, este un mesaj de suflet transmis tinerelor ge
nerații datoare să cunoască și să urmeze pilda iluștrilor inaintași.

REDACȚIA „STUDIA”
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TUE 42nd MEETING OF INTERNATIONAL SOCIETY OF ELECTROCHEMISTRY 
Montreux. Switzerland, August 25 — 30, 1991

Montreux and Vevey, resorts located on Lake of Geneva, have aptly earned the nick- 
name of „Pearl of the Swiss Riviera” : 16 kilometers of shcltered bays bordered by palm 
trees and tropical flowers. Surrounded by vineyrad, thev rank amongst one of the most 
snnny areas of Switzerland, and are protected from the cold winds by the Rochers de Naye 
(2042 m) Stretching up behind Montreux. Düring, spring, the fields above Montreux-Vevey 
are covered with milions of fragrant narcisses. Not far, the Chillon castle svmbolizes thee 
présence of the savoyards in this area ; the castle was the princely résidence of Pierre Comte 
de Savoie (1203—1268). Among the famous people attracted by this place were J. J. Rous
seau and Byron.

The main themeof the"42ndMeetingwasAPPLIED ELECTROCHEMISTRY : PROCES
SES AND PRINCIPLES, with the following simposia :
1. Fuel Celis for stationary Power Generation: Electrochemical Engineering Aspects (31 pos

ters) ;

TIMETABIE
Tuesday, August 27

.IL 1-3 

IL1-4 

IL 1-5

IL 1-6

IL 1-7

IL 2-3 

IL 2-4 

IL 2-5 

IL 2-6

IL 2-7

Monday, August 26

Qpening Ceremony 

Opening Lecture 
H Rohrer

Coffe

KL 2-1 KL 1-1

KL 2-2 KL 1-2

IL 2-1 IL 1-1

IL 2-2 IL 1-2

Wednesday.A'jgust 23 Friday ,August 30

Plenary Lecture 1 
U Bossel

Coffee

IL 3-1 IL 5-6

IL 3-2 IL 5-7

IL 3-3 IL 5-4

Coffee

IL 3-4 IL 5-5
IL 3-5 IL 5-3

IL 3-6 IL 5-1
IL 3-7 IL 5-2

KL 3-1 KL 5-1

Plenary Lecture 3 

G. Wilson

Cot fee

IL 4-7 IL6-4

PD 4

Plenary Lecture2
L .T. Romc.nlaw

IL 4-5
IL 4-6
IL 4-4

KL 3-2 KL 5-2

Legend: KL-Keynote lecture; First number désignâtes symposium 
IL - Invited lecture : First number désignâtes symposium 
PO- Poster Sessions; Number désignâtes symposium 
PD-Poster cfecusslon: Number désignâtes symposium 

Hatched areas Authors were present at posters

■i
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2. Electrodcposition and Dissolution in Electronice (64 posters) ;
3. Electrochemical Synthesis of Thin Film Materials (61 posters) ;
4. Mechanism of Inhibition in Corrosion and Electroplatiug (38 postres) ;
5. Electrochemistrv of Water Treatment and Recycling (29 posters) ;
6. Electrochemical Sensors for Medical Applications (28 posters) ;
7. General Session (201 posters).

The Meeting has totalized 6 plenary lectures, including the opening lecture and the 
2 award lectures, 12 Keynote lectures, 45 invited lectures and 459 posters (See Time table).

The plenary lectures :
1. Perspectives of Nanometer Scale Science and Technology, H. ROHRER, Nobel Prize 

Winner 1986.
2. Fuel Celis for Stationa-y Power Generation : An Engineer's View, U. G. BOSSEL.
3. Electrochemical Technology in Electronics : Past Achievements and Future Challenges, 

L. T. ROMANKIW.
4. The Role of Bioelectroohemistry in Medicine : An Electrochemist’s View, G. WILSON.
5. The Study of Surface Reactions with Atomic Scale Resolution, D. M. KOLB, Pergamon- 

Electrochimica Acta mdalist, 1990.
6. Electrochemical Studios of Some Biologically Active Molécules, J. M. RODRIGUEZ- 

MELLADO, Tajima-Pri'.e winner 1990.
There were 539 participants, the most nutnerous from Germany, 88 persons (16,3%), 

from Switzerland 73 (13,5%), Japan 65 (12%), France 55 (10,2%), USA 38 (7%) etc. Rou- 
mania was represented by 4 persons : 3 from the University of Cluj-Napoca (Prof. L. Oniciu, 
Assistant Prof. I. C. Popescu aud Assistant Prof. ing. S. Agachi) and 1 from the Technical 
University of Bucarest (lecturer ing. M. Ungureanu).

The posters from our University (Faculty of Chemistry and Industrial Chemistry) were : 
— Classification Procedure for Selectivity Control in Acrylonitrile Electroreduction (L. Oniciu, 

D. A. Löwy and D. Dumitrescu).
— Linear Sweep Voltametry in the System MnSO1/(NH4)aSO</H,SeOJ in the Presence of 

Some Additives (Zní+, H2C2O4) (L. Oniciu, I. C. Popescu and P. Ilea).
— Application Software Concerning the Control of De Nora Brine Electrolysis (L. Oniciu, 

S. Agachi, A. Imre-Lucaci and I. Socol).
During the Meeting th.ey were some very attractive social events, starting with the wel- 

come reception, and continuing with the reception (Vin d’honneur) at the Congress Center, 
offered by the City of Montreux and the Canton of Vaud, steam boat tour on the Lake 
Geneva, excursion to the Berner Oberland and ending with the banquet at the Casino of 
Montreux.

Ail meetings were held at the Congress Center, in Montreux. Among the 22 sponsors 
can be mentioned Asea Brown Boveri, Ciba-Geigy, Crédit Suisse, Nestlé, Sandoz, Swisair, 
Sulzer-Innotech.

LIVIU ONICIU

THE Xl-th ANALYTICAL CHEMISTRY NATIONAL CONFERENCE,
September 24—25, 1992, Cluj-Napoca, Romania

The Xl-th Analytical Chemistry National Conference was organized by Faculty of Chemistry 
(Cluj-Napoca) under the direct guidance of Románián Analytical Chemistry Society (SCAR). Romá
nián specialiste and well-known, remarcable scientists from abroad participated at this Conference.

The scientific program covered all fundamental aspects, new developments and applications 
in the filed of Analytical Chemistry.

This scientific meeting was consisted of plenar Conferences, of papers presented within four 
sections : Separation Methods, Spectrométrie Methods, Electrometrie Methods and Various Methods ; 
and of poster présentation.

The following plenar Conferences were presented :
* "Analytical Chemistry in Romania” by G. E. Baiulescu and G. L. Radu from University of 

Bucharest, Romania ;
* "Industrial Problems Solved by Combinated Techniques” by Jeanette G. Grasselli from Ohio 

University, U.S.A. ;
* "Mechanisms for Working Ion-Selective Electrodes” by E. Pungor from Technical University 

of Budapest, Hungary
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* "Instrumental Chemistry-Strategy for New Methode” by Y. Gohshi from University of Tokyo, 
Japan.

* "Technological Innovations by the co-operations University-Industrv” by G. R. Brown, Uni
versity of Claveland, U.S.A.

* "Progresses in Analytical Chemistry” by L. Kékedv from University of Cluj-Napoca, Romania.
A lot of plenar Conference was presented also for each section :

* "Tra-e analysis of metals by HPLC méthode”, V. A. Ilie and G. E. Baiulescu, ICECHIM- 
Bucharcst and University of Bucharest.

* "Progresses in TEC”, S. Gocan. University of Cluj-Napoca.
* ..Corrélation between structure of analytical Systems and mathema'.ical structures which reflect 

them”. I. Al. Crișan, University of Cluj-Napoca.
* Ton-sensitive membrane-electrodes with PVC support". E. Ho; ârtcan, V. Cosma, A. Coroian, 

Institute of Chemistry, Cluj-Napoca.
* "Electroanalytical studv of some electrodic surfaces", Al. Duca et al., Polytechnical Institute 

of Iași.
* "Active transport mechanisms through membranes, with macrociclic transportors”, C. Luca, 

Polytechnic Institute of Bucharest.
* "Quality assurance of analytical measurements”, I. Rica, Siderurgica S. A. Hunedoara.

It were presented also a total number of 134 papers and 60 posters. Thèmes of these works 
were very diverse and covered a field of major interest in Analytical Chemistry.

The XlI-th Conference of Analytical Chemistry in Romania will take place between Septem
ber 22—24, 1994 at the "Ovidius" University of Constanța.

SIMION GOCAN
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RECENZII

Mircea Diudea, Michaela Pi
tea, Mioara Butar, Fenotiazine și 
medicamente structural tnrudite, Ed. Dacia 
Cluj, 1992, p. 250.

The well-known Publishing house "Da
cia” from Cluj, had issued in 1992 the book 
having the above mentioned title ("Phe- 
nothiazines and structurali^ related drugs") 
It is included in the collection "Biblioteca 
Farmacistului” ) and consists of 250 pp., 
'58 tables, 179 eqs, 22 schemes, and 13 figs.

The phenothiazine derivatives — sul- 
fur containing heterotricycles — have im- 

‘ posed themselves in modern therapy because 
of their psychotropic properties, . able of 
influencing some psÿchicâl stàtës, and èspiè- 
cially human behaviour.

' 'Oh' thé other sidè,' progress in the 
chemistry of heterocycles has lead to new 
types of compounds, structurally related to 
them such as : azaphenothiazines, homo- 
thioxanthenes, thioxanthones, thianthrenes, 
dibenzothiepines, dibenzothiazepines, which 
have proved to be especially active from 
biological point of view.

The book, organised in 10 chapters 
and one appendix, approaches a sériés of Prob
lems concerning the chemistry and pharma- 
cologyof these psychotropic drugs,out of each 
the phenothiazines are the most important. 
Because in the last years the progress in 
instrumental and computing tehniques has 
brought a decisive contribution to the en- 
hancement of our knowledges on these 
heterocycles. the first file chapters deal with 
their electronic structure and their kinetic 
response when reacting with nucleophiles. 
These aspects are essential in understanding 
the SAR (Structure Activity Relationship) 
and OSAR (Quantitative Structure Activity 
Relationship) studies, the reaction mecha- 
nisms, the pharmacokinetics of these com
pounds, ail these topics being developed in 
the following chapters.

Chapter 6 shows the spectrum of bio
logical activities, the last résulte of research 
in this area included : antihistaminic anti- 
parkinson, anticholinergic, antibacterial, anti
proliferative. A classification of these drugs, 
based on chemical and pharmacological 
criteria, is proposed.

The problem of relationship between 
chemical structure and biological activity, 

both from SAR and OSAR points of view,« 
is developed in chapters 7 and 8, by stres-1 
sing the structural and steric factors res- ' 
ponsible for a given pharmacological profile. 
The various possible conformations for such 
a structure have been suggested to be the 

. cause of the polyvalent action of these phar- 
maceuticals. The OSAR studies attempt a 
quantitative approach of the steric and 

-electronic contributions of selected fragments 
in these molécules.

An important wieght was given to the 
study of mechanisms of biological action, 
stressing the molecular interaction of drugs 
with dopaminergic receptors and their anta
gonism with camoduline. Pharmacokinetics 
iof métabolites supplément these biological 
studies..

The last chapter, "Topologicul description 
of the receptor”, illustrâtes the authors’ 
original contribution to the OSAR studies. 
By analysing substructures both qualitatively 
and quantitatively, attempts were made in 
describing the pharmacophore probably res- 
ponsible for the antipsychotic activity of 
these drugs.

An appendix lists the computer program 
used for the topological description of mo
lécules therein discussed.

The list of refereces (exceding 1200 en- 
tries) is only selectively, chronologically pre
sented, according to well' known methods 
of computerized data storage.

Because of the complexity of considered 
topics, the book can be viewed as a mono- 
graphy in the field, a singular one in our 
country and apart of the books with the 
same issued in the foreigh literature. It is 
useful for specialiste involved in drug rese
arch : chemists, biologiste, physiciens as well 
as for students. SORIN MAGER

Hellmut York, Werner Funk, 
Walter Fischer, Hans Wim
mer ; Thln Layer Chromatography, Reagents 
aud Détection Methods, Physlcal and Che

mical Détection Methods : Fundamentale, 
Reagents I, VCH Verlagsgesellschaft mbH, 
D-6940 Weinhein, 1990, 464 pag.

în cromatografia pe strat subțire și 
in general, in cromatografia plană, metodele 
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de detecție au un roi primordial, dar cu 
toate acestea ele nu au fost tratate în mod 
special pînă' acum. De obicei, aceste metode 
erau prezentate în cărțile de specialitate la 
exemple practice de separare sau, în cel 
mai fericit caz, îrtr-un capitol separat. 
Volumele elaborate de specialiștii York, 
Funk, Fischer, Wimmer, și anume:” Phy- 
sical and Chemical Détection, Methods”, 
"Radiometrie Détection, Methods” și ”Bio- 
chomical and- Biological Détection Methods" 
vor umple acest gol în literatura, de spe
cialitate; Aceste date vor fi de mare folos 
analiștilor care lucrează in. domeniul croma- 
tografiei plane, astfel că ei. vor putea-op
timiza în- mod; separat procesul, de, separare 
de cel de detecție.

Revenind la volumul "Physical and 
Chemical Détection Methods : Ftmdamentals, 
Reagents”, acest volum cuprinde două.părți, 
și> anume : "Metode de detecție" și, 'Reac- 
tivi ln ordlne alfabetică”. Metodele de detecție 
sínt grupatei în metode de detecție: fizică 
și metode de detecție chimică, astfel, că 

permit experimentatorului alegerea metodelor 
optime scopului propus.

Alături de aceste metode, autorii prezintă 
un capitol separat cu probleme de docu
mentație și sugestii pentru experții în cro- 
matografie.

în partea a doua a cărții, sínt prezen
tați o serie de reactivi utilizați în detecția 
cromatografică. Descrierea lor, modul de 
preparare a soluțiilor, modul de utilizare, 
precum și reacția care are loc între reactiv 
și substanța de detectat reprezintă un sprijin 
real pentru cel care efectuează o separare 
cromatografică, indiferent dacă este chimist, 
farmacist, biolog sau medic.

Cititorul care lecturează această carte, 
primește informațiile necesare pentru separa
rea și identificarea unor clase de substanțe 
prin cromatografia pe strat subțire. Pentru 
o documentație mai profundă se pót utiliza 
indicațiile bibliografice care sínt în număr 
destul de mare' în această carte.
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în cel de al XXXVII-lea an (1992) Studia Universității Babeș-Bolyai apare în următoarele 
serii :

matematică (trimestrial)
fizică (semestrial)
chimie (semestrial)
geologie (semestrial)
geografie (semestrial)
biologie (semestrial)
filosofie (semestrial)
sociologie-politologie (semestrial)
psihologie-pedagogie (semestrial)
științe economice (semestrial)
științe juridice (semestrial)
istorie (semestrial)
filologie (trimestrial)
théologie ortodoxă (semestrial)

In the XXXVII-th year of its publication (1992) Studia Universitatis Babeș-Bolyai is issued 
in the following séries :

mathematics (quarterly)
physics (semesterily)
chemistry (semesterily)
geology (semesterily)
geography (semesterily)
biology (semesterily)
philosophy (semesterily)
sociology-politology (semesterily) 
psychology-pedagogy (semesterily) 
economic sciences (semesterily) 
juridical sciences (semesterily) 
history (semesterily) 
philology (quarterly) 
orthodox theology (semesterily)

Dans sa XXXVII-e année (1992) Studia Universitatis Babeș-Bolyai paraît dans les séries sui
vantes :

mathématiques (trimestriallement)
physique (semestriellement)
chimie (semestriellement)
géologie (semestriellement)
géographie (semestriellement)
biologie (semestriellement)
philosophie (semestriellement)
sociologie-politologie (semestriellement) 
psychologie-pédagogie (semestriellement) 
sciences économiques (semestriellement) 
sciences juridiques (semestriellement) 
histoire (semestriellement) 
philologie (trimestriellement) 
théologie orthodoxe (semestriellement)




