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FRAGMENTATION OF DIPHENYLANTIMONY (IIT)
DIPHENVLDITHIOARSINATE Ph,SbS,AsPh, UNDER ELECTRON
IMPACT

L. SILAGHI-DUMITRESCU, I. HAIDUC

Recieved : 01 03,1992

The electron impact fragmentation scheme of Ph,ShS$,AsPh, is discussed on
the base of the mass spectrum recorded at 70 ¢¥. The loss of a sulfur is fol-
lowed by the cleavage of the Ph,SbSAsPh, in similar antimony and arsenic
containing fragments. The conversion of [Ph,E]™ (15 == As, 8b) into the corres-
ponding dibenzoheterocyelic ions is observed.

Introduction. The diorganodithioarsinic antons, R,AsS, arc very good ligands
towards both transition and main group metals. Few crystal and molecular
structures are reported [1—61, most of the papers describing the spectroscopic
behavior of the metallic and organometallic diorganodithioarsinates [3-—13].
Data concerning the mass spectra arce reported only for Mey,As —S —As(S)Me,
11, (CO)ReS,AsMe, (7] and FAB spectra are discussed for Sbh{S,AsMe,),,
PhSb(S,AsMe,), and Ph,SbS,AsPh, 61

After the synthesis and the molecular structure [4] we report now the
fragmentation of diphenylantimony (III) diphenyldithioarsinate, Ph,SbS,AsPh,,
under clectron impact.

Results and Discussion. The 1mass spectrum of Ph,SbS,AsPh, recorded
at 70 ¢1” is presented in Fig. 1. Table 1 contains the monoisotopic mfe values
for both, arsenic and antimony coutaining peaks.

Diphenylantimony (III) diphenyldithioarsinate is a dimer in solid statc,
as shown by the x-rav cryvstal® structure determination [4]. However, as it
can be scen from the spectrum and the Table 1, even the monomeric the
molecular ion peak is missing. The base peak is mje = 154 "Ph,] ™

The highest molecular weight fragment, [Ph,SbSAsPh,] ", m/e = 536 is
formed by the cleavage of a sulfur {rom the parent monomeric molecule. No
loss of phenyl groups is obscrved at this stage. The next smaller fragments
are formed by the cleavage of ¢ither the arsenic-sulfur bond or antimony-sulfur
bond. The relative intensities of the arsenic-containing and antimony-containing
fragments formed from [Ph,5b —S —AsPh, ™, support the preferential cleavage
of the As —S bond, rather than antimony-sulfur bond. This is not a surprising
behavior for the softer, , comparced to arsenic, antimony in relation to sulfur.
The fragments are of quite similar composition: [Ph,ES]™ and/or [Ph,E]*
{E = As, Sb) and follow two alternative routes (Scheme 1).

Babes-Lolyai University, Chemisiry Deépartsuent, RO - 3100 Cluj-Napoca.
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Fig. 1. Mass spectrum of Ph,SbS;AsPh,

Fable 1
Monoisotopie mfe values and the relative intensities of the
peaks in the mass spectruin of Ph ShS AsPh

mje Relative intensities Fragment
77 35.47 [pPhl*
107 9.88 [AsS]™
152 84.88 [PhAs]T
153 50.00 [$hS]™
154 100.00 [Ph,1*
183 20.93 [PrAsS]™
198 35.75 [P6SL]T
227 72.09 [CH AsTH
229 93.31 [PhyAs}
261 16.28 [Phy,AsS]H
273 4.00 [C,H SbTT
275 16.00 [PhySb]™
306 14.95 [PhyAs]™
307 27.01 [Ph,SbS]T
338 10.90 [Ph,AsS]*
384 8.45 [Ph,SbSTT )
536 14.29 [Ph,SbSAsPh, ]
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Ph,SbS; AsPh,
R
[th,SbSAsPh,]
(m/e= 538)
\
Ph,sp5) hp 455 ]
(Phasps) -Ph,AsS ", ~Ph,Sbe [Py s8]
{m/e=307) \\ {m/e=281)
ol 2/ \ "
+ ;
[PhsbS) [Ph,Sb)* [Phas)* [Phass)”
(m/e=23; (mye=275) {m/e=229) {mye=183)
l-Ph l— Ph l-Ph : j“’h
.
[sbs)’ [ohss] [Pras) [ass]?
{m/e=153) ‘ mye =198) {mfe=152) {mye =167)

Scheme 1. The fragmentation of Ph,SbLS,AsPh, under electron impact.

The mfe = 229 peak, assigned to [Phy,As]™, is accompanicd by another
one at mje = 227, which can be the result of a cvclization process by the
. ! R - -

loss of two hyvdrogen atoms, with the

E
I E=As; II E=5b

formation of the same dibenzoheterocyclic compounds (I) found in the mass
spectra of triphenylarsine and other diphenylsubstituted arsines [14].

The identification of antimony containing peaks is facilitated by the fact
that they are all doublets, in accordance with the existence of the two natural
isotopes *1Sh and 13Sb. The ratio of the relative intensities of each pair of
peaks in the mass spectrum reflects the natural abundance ratio (ca.1.33).
There was only an exception from this behavior, for the [Ph,Sb]* fragment,
the ratio of the two isotopes peaks being 1.6. If the formation of the dibin-
zolicterocyclic ion (II) is taken into account the relative intensity of the mie =
= 275 peak is shared between the two specics [Ph,Sb]*t and the heteroeycle
(I1), as follows:

[Ph,Sb]+ 4 (mje = 273) 3 (mje = 275) ratio = 1.33
II 16 (mje = 275) 12 (mfe = 277) ratio = 1.33.

A higher rate of cyclization is assumed from the corresponding relative
intensities for the diphenylarsenic ion than for diphenylantimony ion.

TLoss of phenyl groups is important in subsequent stages and the major

low mass fragments are [Ph,]*, [Ph]*. The smallest arsenic- or antimony-
containing fragments of some significant abundance are [ES]* (E = As, Sb).
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The mass spectrum contains also fragments formed as a result of colli-
sion processes. The most important collision ions are [PhyES]T (E = AS, Sb),
but also fragments containing two heavy atoms are formed: [PhAs,]*
(m/c = 438), [(PhAs,)S]T  (m/e = 490), [Ph,SbAsPh,]™ (m/e = 504) and
[(Ph,Sb,)S1t+ (m/e = 584).

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

Aknowledgement, The authors thank Prof. dr. M. 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, MIHAI HORYN, DALILA KOVACS, SORIN MAGER*

Received : 15 11992

ABSTRACT. New tetrasubtituted derivates of 1,3-dioxane were synthetized Ty
means of the katalisation reaction between methyl and ethyl esters of the ace-
tvlacetic acid and bis-(hydroximethyl) malonic ester.

The stereochemical investigations by means of the H—NMR spectroscopy
show mobile structures proving small differences bhetween the conformational
free enthalpy of the two substituents located in the 2-position of the 1 3-dioxanic
ring. The influence of the solvent (ASIS effect) un the chemical shift was also
reported.

Farlier stercochemical studies [1 —6] in the field of substituted 1,3 —dioxa-
nes were continued with the synthesis of new 2,2,5 5-tetrasubstituted 1,3-dirxa-
nes (I—VI), using the ketalisation reaction of the methyl and cthylesters
of the acetylacetic acid with bis-(hydroxymethyl)malonic ester (1):

H a
EH\3 HO—CHz. /COOR o /Q-CHZ /COOR
/CZO hd /C ——— / ‘.\ (1
RODE~LH,, HO-CH, \COOR' - RoOg—cHg OtH2 ‘coor
oo 1-l
Scheme 1

d e
I R=R = —-CH,CH,;

f
II R = —CH, R = —CH,CH,
o
oS
III R = —CH,CH;, R' = —CHj
The hydrolysis of I gave the potassium salt /17 which with HC1 in alcoo-

lic solution delivered the acid V. With diazomethane it gave the trimecthiies-
ter VI

~ COOC2H5 _s3KOH Hy D COOK
rgczooc—w

C00CgHg K0OC-CHy COCK
' v

* Babes- Bolyai University, Chmu'shy. Déphmnmt, R—3400 Cluj-Napoca, Arany Jdnos 17, ROMANIA
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R £00H (Hy O CO0CHy -
+3HC >< *3CHoN, 2 o (2}
—_——) » )
-3KCL VAN -3Np 0 s
HOOC-CH; CGOH CH300C-CH, 00CH3
vI

v

Scheme 2

The hygroscopic acid T7 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 TH-NMR spectroscopy, proves the existance of a mobile structure
represented (Fig. 1) by the equilibrium 4 =2 B (3).

COOR’ CHy \
Od 4 s ?&%CO{)R’ (3)
H3C ) ROOC COooR* .
ROOC—CH2
A B
Tig, 1

o

The difference between the AG® values for a CH; or a —CH, —COOR
group is too small for obtaining anancomeric structures. This situation was
also found for other compounds which have a CH; and a CH, —X group at
the C, [71].

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

A representative spectrum for dioxanes I —F1 is shown in Fig. 2a for
compound II (R = CH; R’ = Et). Only onc peak (8§ = 4.20 ppm) mav b
observed as a mean value for the ecuatorial and axial protons of the C(4)
and C(6) atoms, one quartet (mean value § = 4,15 ppm and one triplet (mean
value § = 1,17 ppm) for the protons of the cthyloxycarbonyl groups.

In a field 1,3-dioxanic structure boaring an anancomeric isopropyl group
in position 2 "4} the distinet values for th: equatorial and axial protons of
C4(6) atoms are 4.52 ppm respectively 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 same good concordance was found for the mean position of the
cquatorial and axial quartet of the CH;—CH,—O —CO —group in compound
II (3 = 4.15 ppm) as compared with the mean value (3 = 4.115 ppm) of the
—CH, — protons in the equatorial (3 = 4.06 ppm) and axial (8 = 4.17 ppm)
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position of the anancomeric compound in which the axial one feels the des-
hielding influence of the two oxygen atoms belonging to the 1,3-dioxanic ring.

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

It was possible to separate the overlaped signals using as solvent CD,
instead of CDCl,. The ASIS effect is very easy to observe in Fig. 2b which
presents the part of the spectrum of compound II inveolved.

The singlet and the quartet are very well separated having the values:
3 =417 ppm; § = 3.65 ppm. The same separation of the signales was
observed for compound 1.

Table 1 — shows the difference of the chemical shifts caused by the ASIS
effect for all the signals of compounds [ and I

Takl> 1
Compound  Solvent 8 ppm
a b c W e i
CD(l, 4,22 1,45 2,70 417 117 -
I CeD, 418 1,31 3,45 3,68 0,62 —
A3 0,04 ) 0,25 0,49 0,54 =
CDCl, 4,20 45 270 415 1,17 3,57
11 CeD, 4,17 1,27 2 42 3,65 0.62 3,05
TAS 0,03 0,15 0,28 05 0,55 0,52
a £ I'4 & e
v f
__/J ~ §J. ~—— L — - - ____" T -
420 415 357 270 %5 117 Spom 477 365 305 lpom

4

Tig, 2L — NMR-Spectrum o

Fig, 2a M - NMR-Spectrum of Compound II in
compound 11 i Cghy solutien

N CDCL, solution
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The spectrum of the ester V1 (R = R’ = —CHj;) obtained by the esteri-
fication of the triacid V with CH,N,, is a very simple one, showing one peak
for the methyl groups of C(5) atom (medium Vvalue 3'= 3.67 ppm), one peak
for the methyl of the esteric group belonging at C(2) atom (medium value
3 = 3.537 ppm) and onc peak for the protons of C(4) and C(6) atoms (medium
value 3 =="4.22 fpm) beeing alike the spectra of compounds IV and V.
Experimental part. Compounds I —IIT 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 pre-
sence of catalytical amounts of p-toluenesulfonic acid. The reaction flask is
provided with a trap for the separation of the water resulted from the reac-
tion After the whole reaction water has been separated, the reaction product
was neutralized with natrium acetate, 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 MH:z
spectrometer in CDCly or CD, solutions, with HDMSO as standard.

2-Methyl, 2-(methviencthyloxyearbonyl-)-3,5-his(ethvio xvearbonyl)-1,3-dio xane
(1)

Liguid (b.p. 160 —2°'T mm Hg). 'H —NMR (CDCly): 3 422 ppm ;
S = 145 ppm; 5 =270 ppm; 8 =417 ppm; § = 1.1/ f)/mz.
C H,,0 (332.34) 1 9(C, 53,88 (caled. 34.21), 9%H 7,07 (caled. 7.27).

2-\ (’f?:j?l,2— (methvlenemethyloxvearbonyl)-3,5-bis(etlhivioxvearbonvly-1,3-dioxane
(17.

Liguid (h.p. 1534 —6°/1 mm Hg). TH —~NMR (CDClyy: 8 =424 ppm; § =

= 143 ppin; § =270 ppm; = 415 ppm; 5 == 1153 ppm; 3 = 3.58 ppm.

C“H O, (318.32) 1 9,C 52,11 (calcd 52.82), 9% H 6.37 (caled. 6.96).

11&&\1,2 (mcthvlenethvioxvearbonyl )-5,5-bis (methyvloxvearbonyvl )-1,3-dio-

xane (I17)

Liquid (b.p. 150 —2°/1 mm Hg). 'H —NMR (CDCly): 3 =4.27 ppm; § =

= 1.47 ppm; & =272 ppm; § =410 ppm; 3 == 1.15 ppm; 38 = 3.72 ppm.

CiH,, O (314.20) ; 9%,C 49,30 (calcd. 49.69), %H 6.11 (calcd. 6.41).
2-Methyl,2- (methylenoxvearbonyl )-5,5-bis (oxycarbonvl )-1,3-dioxane  tri-

potasiuwm salt. (V)

Solid (m.p. > 350°) TH—NMR (D,0): 3 = 4,45 ppm, § = L72ppm, § =
2,92 ppm.

C HO 1x5((3(”) 15) 9,C 29,60 (caled. 2984) 9 H 2.25 (caled. 2,50) %K 31,80

(uul. 32.30%,)

2-Methyl, 2-(methvlenemethvloxycarbonyl)-5,5-bis (methyloxycarbonyl)-1,3
dioxane (VI)

Liquid (b.p. 144 —6°/1 mm Hg). 'H—NMR (CDCl,): & =422 ppm; 3 =
145 ppm; & =270 ppm; § = 3.57 ppm; & = 3.67 ppm.
Ci:H, O (290.26) : 9,C 49.22 (caled. 49.65), 9% H 595 (calcd. 6.25).
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A COMPARATIVE STUDY OF ANALYSIS OF VARIANCE

C. SARBU*, V. LITEANU*, DORINA POP**

Recesved : 21 09,1982

ABSTRACT. The fundamentals of informational statistics are explained in their
importance for analvtical chemistry. Informational statistics like robust sta-
tistical techniques are resistant against uncertainties concerning the data, like
outliers or divergencies from the normal distribution. Using a new informational
function, namely informational energy,we tested the null hypothesis to decide
wlhether a certain factor has a significant effect on the results.

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

It is the objective of the analysis of variance (ANOVA) to investigate
the several kinds of factors, operating simultancously and to decide which
arc important and to estimate their effects. ANOVA assumes the additivity
of wvariances of random varizble duc to effect of independent factors. It is
used to breakdown the total variance into its components, i.c. into a sum
of several distinct components, each corresponding to a source of variance.

The F-tests that are subscquently made are determined from the ratios
of these respective components. The I ratio can then be compared with ta-
bulated F-valucs using the degrees of freedom corresponding to the numera-
tor and denominator for cach F ratio. If the observed F ratio excceds the
tabulated value at the chosen confidence level, then we would conclude sta-
tical significance at this level of confidence. If, on the other hand, the
caleutated value of F ratio is smaller than that given in tables, the factor
in qiestion docsn’t alfect the mean value.

When applying ANOVA one assumes that: (1) the overall errors arc nor-
mally distributed ; (2) the crrors are statistically independent and (3) the er-
rors have the same variance. Very often the homogencity of variance is not
respected. In these cass ANOVA could lead to erroncous conclusions, if me-
thods with widely differing precisions are compared.

~ The analysis of variance can be applied in several distinet forms, accor-
ding to the structure of the process being investigated. An excellent discussion
of this topic has been presented by Hirsch (11 and by Massart and
al. [2, 3. )

~In the present paper using a new informational function, namely in'forma-
tional energy, we tested the null hypothesis to decide whether a certain fac-
tor has a significant effcet on the results.

* Babes-Bo'yai University, Department of Analityeal and Inorgan ic Chemistry, 3400 Chuj-Napoca, RKowvisia.
* ¢, Phoeniz’ S.4. Plant, Baia-Mare, Romania



14 C. SARBU, V. LITEANU, D. POP

Theory. The informational energy (IE) concept and its detailed theore-
tical studyv as well as its implications in the field of mathematics called ,,in-
formational statistics” was introduced by Omnicescu [4, 5].

IE describes with the same success as Shannon’s entropy the uniformity
or diversity of a system, process or phcnomenon. IE is more sensitive in a
certain way than the entropy to the modification of the system. Moreover
this informational function permits the calculation of the informational correla-
tion (IC) and the informational corrclation coefficient (ICC), paramcters of

interest in analvtical chemistry.
Informational energy and correlation. The IE of a {inite sct of events or

states A,, d,,..., 4, each having a associated probability p,, p,...., P,
with $;>0 and 35 p, =1 is given by

i=1
E(p,, [ ) ::E?bf . (1

=
The equation (1) gives information concerning the degree of organisation of
a system or the mode of partition of its clements. Defined in this way, /E
reveals some remarkable properties. First it reaches its minimum value when
all the probabilities are equal (p, = p, = ... =p,), i.e. the casc of total
unorganised systems:
- (2)

E(p,, Pr e By) T N

If p,=1 and pix =0, ie. the case of well organised systems, then IE is
Etp pyovspyy = 1 (3)

. . . 1
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
A,, 4, ..., 4, and By, B,, ..., B,, each with probability $,, p,, ..., $, and
gits 4o - - -G, Tespectively, the g,; is the conditional probability of the event

given c¢vent 4, ie.

i = p(B,/4,) (4)

The IE of the svstem of events B,, B,, ..., B, conditioned by occuring of
the integral svstem or events A,, 4, ..., 4, the so called ‘“conditional in-
formational cuergy” (CIE) is defined by

» »

Ew, n, .. B A A Ay T }: }_ Pigs (5)

i=] j=

When the two systems are independent, 7E of the system of events (A,-,BJ-)
will be
Eyay=Euy, a4y~ Es, 8, ..., B) (6)

1' )
This means that IE is multiplicative and not additive as Shannon’s entropy.
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The informational correlation (IC) betwecn two systems (probabilistic par-
titions) has the {following equation

Zc(m, PN NN N S A R E 2.4 (7)
=1

The IC is always positive, but lower than one, being zero if and only if all
$.9, are null, ie. the two systems are “indifferent”.

By the normation of correlation, similar to the statistical correlation coef-
{icient, an informational correlation coefficient (/CC) may be obtained:

”
C E Pigi

- (Vs Pay voes Py Ty Qas - oo qn) . i=1 8
r(?n Pas vres Py o Q80 -0 G - ( )

m) E x It o # %
Py Pay o1 P ) (T G2, oo )
( [ ( n E 22 E q‘f
i=1 =1

It is obvious that the possible values for ICC are between 0 and 1, being
wnity if and only if the probability distribution of the two partitions are the
same.

Informational analysis of variance. The majority of ANOVA mecthods refer
to the testing of the null hvpothesis Hy: yy = g, = ... = u, where u, >0
(0 £ 7 < g) are means of ¢ statistical populations. If the null hypothesis is
truc it results that the ¢ populations have the same mean. This homogeneity
concerning the means may be tested also using the informational energy con-
cont (6, 8]

The one-way layout. Supposc some factor 4 which we consider as having
some cffect on a respouse variable of interest v has ¢ levels. We set up an
¢xperiment in which »# measurements are made of the response y at all levels.
The levels ¢ are called treatments of controlled factors, there being ¢ control-
led factors in the experimental design. Each y; result can be written as a
sum of a constant u {the general mean), «; a term which measures the effect
of the factor A4 at its level and a error term ¢, called the residual error or
rezidual, The linear {or additive) model

Vi =gy 9
can be written for the one-way lavout. It is necessary now to test the null
hypothesis Hy: gy = Uy = ... == W,

Icet be £ a new random variable with g values each having an associa-
ted probability 2,

Wi

pi=—, ,i=12 ...,9¢ (10)
Pw
i=1
Now, it is possible to observe that the null hypothesis H, is equivalent with
the hypothesis H*: py=py = ... = p, = —j; .
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. 1. . .
H* hypothesis is true when Ey = — i.e. when the informational energy of the
q
random wvariable Z is minimal:

N2
~. >q-'\ o 1=1 o
}1(2):2:;.75? - o (11)

S
J
-
R
e

If E; = E the null hypothesis is accepted and by the other hand if
Eg # E(z the null hypothesis is rejected, hence the cffcet of factor 4 is
taken as significant.

The two-way layout. Iet us consider the case in which must sct up an
experiment to study the effects of two factors 4 and B on a responsc variable
v. Factor A has g levels whereas factor B has m levels. For cach combina-
tion of levels, we measure the response v,; by carrying out # observations.
In cases with no replications and if we assume that there is no interaction
between the two factors, one may adopt a lincar model

Vo=t 21 B+ 12)
The hypothesis H, (x; = 0), i.c. the factor 4 has no significant cifeet is cqui-
valent to the hypothesis

H¥*: pp=p, = ... = Py

This is equivalent to H; : Eg =—

The estimated informational cnergy, FEg concerning the prohabilitics 5. is
given by equation (11). The null hypothesis is then accepted when Eg, = Eg)»

+£

hence all «; values are cqual to zero; the offect of factor A4 is not signi-
ficant.

The hypothesis &, = 0(j = 1, 2, ..., m), 1.c. the factor has no significant
effect, 1s cquivalent to the hypothesis

H*: pl=po= ... = p,

where

and which is cquivalent to the hypothesis

1
° 4

. . 1
H} @ Egy = -
i
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The cstimated informational energy concerning the probabilities p is given

by
. 2
Egy = E P = ; ’
=1
S 2

If Egy # Ei; the null hypothesis is rejected, hence the cifect of factor B
is significant.

Results and diseussion. Two relevant cases discussed by Litcanu in
his books [9, 10] using classical ANOVA methods are considered for comparing
the advantages of informational analysis of variance.

The onc wav-lavout. Scven
Tabel 1 steel samples containing Mn at
the same concentration level

(14)

The determination of manganese in different matrix

(from ref. 9) and different matrix were ana-

lysed  using cmission  spectro-

Observation E Different matrix graphy 19, 10]. For cach sample
No. Ty T Ty Ty g were performed 6 independent
- - ‘ - - — determinations. The aint of the

é i; %é ii i(: i; }é, study is to investigatc if there

3 i5 13 13 19 18 14 is an effect of the matrix (Fe,

4 17017 13 15 17 14 Cr, Ni) on the difference of

5 bz 17 15 16 18 17 qhe line intensity of Mn (% =

6 17 17 7 M W18 .9257614) and the line in-

tensity of Co  (n = 2583,1 A)
the last being used as a reference standard. The results obtaimmed are given
in Table

The null hypothesis «; =0 (1 =1, 2, ..., 6) is cquivalent with hypothe-
sis
]’1*: pl ::])2: ... ::‘,])G

The probabilitics p, are caleulated with cquation (10). This is ¢quivalent to
1 - 1

hypothesis H¥ 1 Eyy == — or Eg = — = 0.1667. Empirical informational energy
o ’ 6

associated with the probabilities p; i1s given by

2
- © L Vi
Fo = 2 P o BI9LS 59
o ! 6 316969

(=

it

Since Ky == iz, the difference between samples s not significant, and is
concluded that the matrix ffect should be taken as msigmhicant.

2 — Chemia nr, 1271992
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. By applving classical ANOVA at the 5% confidence level one obtained
the same results because the calculated F value (1.1) is smaller than tabula-
ted value FiY (2.33). The same result is obtained also, using the Abbe test.

3,30
In this case one calculates
k1
(#,., — &2
1 ‘ ¢ 5.149 —_—
Ao it = = 1.077
2 k 4.78076
o &)2
E (,rz %)
FEEDS

where 1, and & are the mecans and the great mean, respectively. Thus, the
calculated A value (1.077) is higher than tabulated value A¢% (0.4454). As
a conscquence, the hypothesis that the matrix effect is null is not rejected.

The lwo-way layoul. An experiment was conducted to evaluate the effect
of two factors on spectrographically determination of molybdenum, namely
aluminium content at three levels and manganese at two levels. Five repli-
cate measurements were made for each combination of aluminium and man-
gancse content. The response variable v was the blackening difference of molyb-
denum (7 = 2816,1 A) and iron () = 2813,6 A), the last was used as a re-

ference standard. The results obtained are given in Table 2.

Tuble 2

The determination of molybdenum in presence of aluminium and manganese (from ref. 9)

. Al . | 5
— | 2 9
Mn \\\\' i‘ i
1 43 41 42 40 43 ! 40 42 41 43 43 37 36 34 36 38

2 44 43 43 41 44 . 42 43 38 40 40 38 35 35 39 36

Using ANOVA at the 59 confidence level 19, 101, the first null hypo-
thesis 1s rejected bocause the caleulated Foovalue (47.40) is higher that the
tabulated value Fyyi (3.40), which means that is a significant contribution
to the total variance due to the aluminium content. The sccond hypothesis
15 accepted because the calculated F ovalue (0.23) is smaller than the tabula-
ted value FU2; (4.25), which means that thre is no significant contribution
to the total variance due to the mangancse content. In other words, the de-
termination of manganese in different samples depends in a significant manner
on the aluminium content and it is indifferent on the manganese content.

Considering the informational analvsis of variance the hypethesis o, =0
(t=1, 2, 3) is equivalent to the hypoth sis

H*: p = p, = p;

This is cquivalent to Hj:Eg = 71 = 0.3333
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Empirical informational energy associated with the probabilitics 4, is gi-

ven by
3
y?
3 . ,
= . = 1928064 ,
Eg = ;);( P = Z T e 0.3347
(=)
=1

As Ey; # Ep), the effect of aluminium content is significant.

The hypothesis ;=0 (7 =1, 2) is equivalent to the hypothesis
H*3p} = 1}

This is equivalent to Hj: Eg)= l) = 0.5000

ve

The estimated informational energy concerning the probabilities p; is gi-

n by
~ 2 et 7 28 800.08
E;zy= R e ~2 = 0.5000
(&) ]Z: ?; P 57600
(E :y,}-)
=1

As Ey = Ey there is not a significant effect duc to the manganese

content.

a

Conclusions. The problem of analysis of variance has been dealt with in
mathematically simpler way using the informational cnergy concept. The

informational analysis of variance (IANOVA) can be more efficient than the
usual ANOVA methods because, like robust statistical techniques, it is resis-
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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ABSTRACT. The electrodeposition of manganese from agqueous selutions of MnS0O .
L Comparative study. In this paper the principal methods for the electroche-
mical preparation of managnese found in the literature are reviewed. A spe-
cial attention is paid to the electrolysis of the MnbSO, aqueous solution,
the most important industrial application. The specific paramcters of the process
(the electrolyte composition, pH, temperature, current density) as well as the
performances of the process {the deposit quality, the current vield and the spe-
cific energy consumption) are analyzed here. The paralle! electrodeposition of Mn
and the oxidation to, MnQ, in the same electrochemical reactor, is also presented.

Introduction. Le manganése est un métal avant une vnpovtance stratégi-
¢t technique notable. Son importance vient du fait qu’il cst cmplové a
“laboration dalhagts surtout d’aciers ¢t des foutes, auxquel 11 confere une
melleure résistance a la rompre, usure et corrosion. La consommation moven-
ne de Mn par tone d'acier est estimée a 64 kg 11

II est difficile d’estimer la  production 111!)11(1ialc de 2n mdétallique
par manque de données et pour cela, nous contenterons par 'indication de 1o vro-
duction de minerai de Mn [2 51 Il faut noter que celle-ci montr: seulemient,
indirectement, le developpemen‘c de la produchou de Mn, parce que, a partir
de¢ la méme matiere premiére, on prépare du MnO, ¢t des pennanganates.

T.es données du Tableau 1 attestent une augmentation countinue de la pro-
duction de minerai de Mn; jusqu'a Panndée 2000 il v a prevue d'une augmen-
tation annuelle de 2,59 [47]. Il faut mentionner aussi que des réserves pes né-
gligeables de \In se trouvent dans les nodules maring de POcdan Atlantique
¢t Pacifique 16,

1 obtention clutrochnmquc est 1)05>1b ¢ par electrolyse en solution aqueu-
st ot par électrolyse iguée (8—117; l¢ Ma d'haute pureté est obtenu par
¢lectrolyse en solutions aqueuses de MnCl, ou MnSO,

Les condit 10*15 ddccholvsc des solutions aqucuses de MnCl, sont présen-
téos dans le Tableau 2 —151. 11 faut remarquer que, aénéralement, les
rendements de courant se Sltmnt entre 78 ¢t 819,. I ¢lectrolyvse des solutions
de MnCl, est recommendée pour obtenir du Mn plastique d’haute pureté, avant
des destinations diverses, méme pour des mattices cathodiques utilisdes & élec-
trodéposition du Mn.

Une variante ingenicuse propose une cellule équipée d'une cathode de
Hg, sur laquelle le décharge d’hvdrogene est inhibé ¢t amalgame de Mu ne
s¢ forme pas ‘6]

L’électrolyse des solutions aquenses de MuS0,. T ¢lectrodéposition du Mn®?
a partir des solutions aqueuses de MnSO, est Palternotive la ples rdpandue


ingenicu.se

Tableaw 1 ﬁ
La production de minerai de Mn duns le monde (milles tonnes)

Anné/Reference 1941—  1946—  1951— 1956 1961/ 1982/ 1984/ 1985/ 1986/ 1987/
1945/ 1950/ 1955/ 1960/
Pays (21 2] {2} (2] (2] 3] [4] [4] [5] [5]
Union Sovietique 1584 1814 4408 5352 5986 2957 9980 9980 9705 9705
Brésil 282 186 212 786 998 1268 2200 2180 2699 2721
Afrique du Sud 256 449 750 884 1418 2175 3050 3450 3719 3175
Inde 552 560 1555 1412 1214 555 1300 1300 1300 1270
Gahon - - — . — 771 2120 2090 2510 2268
Australie — - - — - 588 1630 1900 1649 1633
Chine 7 - 170 848 908 479 1600 1630 1596 1596
Maroc 44 183 409 455 571 — — — — -
Mexic - - - — — 183 518 454 459 478
Roumanie — — — — —_— 55 — - — —
Ghana 588 698 680 392 77 — — — — _
Japon 256 73 150 308 297 — — - - — =
Cuba 254 71 237 105 42 — — — — — o
Autres 531 500 1400 1937 1634 — — — 599 608 &
Production mondiate 4354 4534 10101 12667 13550 — — 24236 24236 23452 g
g
&,

Tableaw 2
Les conditions d’électrolyse de solutions agueuse de MnCl,.

Composition d’électrolyte g/l Densité  Rendement de
filectrodes de courant
No. Séparateur " courant ° Ref.
Catholyte Anolyte Cathode Anode interpolaire Alcem?
catho- ano-
MnCl, NI MnCl, HCC1 dique dique
1 299 98 291 22,5 Cu rt asheste 10—11 81 90 [12]
2 151--313 182198 189--403 7,3—36,5 I'e Ti céramique, 10,7 78 94 [13]
plating, polyester
graphite tresagd
imprégne
avee AgCl
K] 190 200 — — Ye Ti - Pt céramique 10,7 78 94 [14]
4 110--195 150200 — — —_ Fe-—-Mn polychlorure 5--25 81 — [15

de vynil
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dans l¢ monde. Les conditions optimum d’électrolyse envisage 4 la fois la com-
position de Uélectrolyte et les conditions d’électrolyse @ la dcnsltc de courant,
la’ naturce des dlectrodes, la t(mpgmturc ¢t le séparateur interpolaire.

A cause du potontml d’électrode fort négatif (€2 == —1L18 V/EHN),

le Mn®® est ddévancé dans la réductions électrochimique par les ions H,OF
alusi que par les ions des tous les métaux plus nobles que Mn. Pour cela,
de 1a solution de MnSO, il faut éliminer tous ces ions ou, au moins, diminuer
av minimum leur coucentration.

La purification des solutions de MnSO, d'ions de métaux lourds (Ni,
Co, Cu, I'¢) s'dffeetue par préeipitation avee H,S, Na,S, (NH,)L,S ou memé
Alns, par retention sur une résine ¢changeuse d’ions, par complexation, ete..

Les solutions agueuses d'électrolyvte utilisées conticnt deux catégories de
constituents : les constituents de base et les additifs. Do la pramiére catégorie
font paiti les MnSO,, (NH,),S0, ¢t un agent réducteur, d’habitude )a2503.
D¢ Ta deuxieme, font parti des composés du Se et d’agents de nivelement.

Poursuivant linfluence de la concentration des ions Mn*7 sur le rende-
ment de courant, on a constaté que Voptimum est situé¢ dans Vinterval 40 —
60 ¢/ 3Mn*" 17, Des tel contenus de Mn?t sont géneralement réalisés dans
Ies ctudes consacréss o Uélucidation de Uinfluence des differents facteurs sur
Iélcctroddposition du Mn*7 71823, Parfois, on c¢st obligé d'utiliser, méme
dvs  concentrations plus  faibles 24317, mais il ost toujours  préfé-
rable de travailler avee des concentrations élevées, chaque fois quand cela est
possible. Dans ces solutions concentrées, thulodcposltmn du Min®" pent s'ef-
fectuer a des densités de courant plus grandes, obtenant une bounc producti-
vité, sans affecter la qualité du dépot cathodique par Ia déchrge simultande
de hydrogéne, :

A coté du Mn?* il est plox(nt aussi Uion NH, ¥, {fourni pn I (NH,)L,50,,
en concentration d’environ 130 ~-130 g 11, 170 Te (NH LS a le rol de
tampon acido-basique (le couple NH," \H a la cathode i le umpm H50,7/

SO#7 a Vanode) et peut-étre de ;_goncm‘w w des complexes Mn*T —NH, 321

Pour stabiliser le Mn métallique et, & le fois, pour dviter Poxidation du

Mut™ 1337 4 cause de la préscuce de Poxygene, Pélectrolvie doit étre addi-
tionée d'un agent réducteur. Puar excmple, en présence de Na,50y 33, ¢n
milleux alcalin:

S03™ 4+ 2HO = = SO~ + 20~ + IO, €y = —0,93 V/EHN ;

Ia concentration optimum de SO, est d’environ 0,1 ¢/l (26, 30, 34, 35], des
quantités plus importantes étant ruponﬂblo de llmpun fication du dépét de
Mu avee du soufre [34]. En ce qui conserne les additifs, leur cfficacité se mani-
feste 4 des concentrations de Pordre du gl

La présence des composés du Se  dans électrolyte 136, 37] a une
influence  positive sur le rendement de courant, sur la purété du  dépot
cathodique, sur la résistance a la corrosion du Mn déposé c¢t, a4 la fois, permct
Popdration a4 des températures plus ¢levées. Ainsi, la présence du (NH4)2S€O4
0,1-02g/, a 50°C augmente le rendement de courant, jusqu’a 849%, 371
Le mCmc additif assure des rendements de courant >70%, méme en milieux
acid (pH = 2,3). L'électrolyse dans les solutions contenant d'impurétes comme



24 L. ONICIU et alL

Cu et Ag, découle dans bonnes conditions en présence de 0,14 g/t (NH,),S0,
a pH = 7 et a des densités de courant de 500 A/m? 211 hgqlement Iéffet
négatif des substances m‘gqniqum accidentellement présentes dans Vélectrolvte
est beaucoup diminué en présence des Lomposcs du Se [341. Ta stabilité dua
(kpot de Mn est beaucoup <1u;,m(ntu par la présence de Tion ScO%, qui -
hibe la dissolution du Mn [35]. La présence simultanée des composes de Se
et d’agents de nivellement determinent Papparition d'un dffet sinergétique su
le rendement de courant (36,

La maniére d'action des composés du Sc n'est pas cncore entierement
conntie, mais on supposc que le Se et on S¢2™ peuvent étre déterminantes.
Ces composés du Sc augmentent le surpotentiel de déchirge d'hyvdrogene 23,
24 .

Les agents de nivellement sont des substances tensioactives qui assurent
obtention des dépdts de Mn plu% lisses 17 ]; pour ce but ont été utilisecs:
mcéthylorange, sulfamide (38, silicate de sodium, gélatine, dextrine, colle forte
139, phénol 407, thiotrée »41 I des composés du type c¢thyléne-diamine 42
pyridine 133, polvacrvlamide 135, acide oxalyque [27], di¢thylamine, sulfure
de carbone (197, hexaméthvlene tetraminne, urée [43], extrait de saponaria
oificinalis 17, 441

Jarmi les composés emplovés il faut remarquer la KF et les jons Zn*™.
La KF x 0.1 g/l augmente le rendement de courant et diminue la surtension
dans la cellule d’électrolyse [287. A coté des composés du Se, les traces o
Znt7 exereent un effet sinergetique sur le rendement de courant 45

Le cott du processus et la qualité du Mn obtenu par D'électrolyse «
solutions aqueuses de MnS0O,, dépendent, en méme temyps, de la nature de 1'¢lec-
frode, du separateur interpolaire, du pH, de la densité de courant et de la
tempdérature.,

Les cathodes d'acier inoxyvdable donnent des bons résultats jusqu’a 30°C.
Pour des températures plus élevées il est recommandd¢ le Tio L'alimentation
du Se peut se faire en utilisant une cathode d’acier mO\\d able, contenant
0.1-07% 5S¢ 301, quand le rendement de courant est supérieur a celul on-
registré avee des cathodes d’acier inoxydable sans Sc¢ ¢t & celul avee une  Clee-
trolyvte contenant des composés de Se.

Dhubitude, les anodes sont ¢n plomb allié avee Pavgent (19%). T utilisa-
tion des anode avant qudhtus clutro«atal\hq s pour Le décharge d'oxygénc
cmldmt d la réduction de Uénergic consommeée grace a la diminution du surpoten-
ticl anodyque [46] ¢t a la formation de Mn(,)2 t;l/j.

T séparateur interpolaite microporenx peut-étre réaliser en polvehiorure
de vinyle (48], en polyesters ou en cotton.

Le contrdle et le réglage du pH représentent des aspects decisifs pouy
atteindre des rendements de courant élevés. Pratiquement il cst trés important
Ie controle du [)H de P'électrolvte. Le pH de Pdélectrolyvie, avant la composi-
tion 15 --30 g/I Mn*+, 130150 gjl (NH,),50,, 0.1 -0, 5 af \U. ¢t des u)mpo\u
de Se, p(ut varier entre 2 ot 9,5 491 par contre le [][ du catholyte peus
rester dans le domaine 7 -8 par la suite de 1o difusion dlons H, O T provenant
de Tanode [S0]. Dans ces conditions 1’ wgmentation du surpot ontiel de déchar-

Tos
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ge de I'hydrogéne est nécessaire (par exemple en additionant des composés de

Seoct de soufre).

La majorité des études récommande des densités du courant cathodique
comprises entre 400 et 500 A/m*; a des valeurs supérieures, le rendement de
courant et la qualité du dépét diminuent. En présence does ions Ag™ (225 mg/l)
o obtient des rendements de courant acceptables aux densités de courant
d’environ 2500 —5 000 4/m® [51!. De I'étude des voltammogrames on a constaté
qu'en présence de Zn*", la séparation du Mn commence aux densités de cou-
rant moins Clevées 132, ce qui correspond, a des consommations d'energic plus
faible 26

En coucluston, on peut affirmer qu’au dessus de 300 4m2 on travaille
uniquement o solution concentrées de Mn*~, a des températures qui dépassent
la valeur ambiante, en présence des additifs qui empéchent la décharge simul-
tande de Uhvdrogéne et, en méme temps, ont des effets de nivellement.

En général, on travaille entre 15 —30°C; a des températures plus élevées,
dons U'dspace anodique augmentent les quantités de MnO, [33]. Dans les
soiutions contenant des composés de  soufre, l'édlevation de la température
conduit & Uimpurification du dépdt cathodique avec du soufre 347, Contrai-
rament a Popinion génerale pour 'influence négative des températures ¢levées
sur la déposition cathodique de Mn, on a constaté [227 que Uon peut obtenir
aussi jusqu'a 80°C, a la condition que l'électrolyte soit ultrapur. Le rendement
de courant reste bou st aux températures plus élevées on opére avec densités
de courant plus grandes: par cxemple, 4 50°C et 4 2000 4 'm?* le rendement
de courant dépasse 809

Pour accroitre Uefficience énergetique de 'électrolyse, en 1973, commencent
les recherches pour Pobteation simultané de Mn et MnO, [54 —57]. Il est a
souligner que 1 AW/A donune 113 —127 ¢ Mn (en paralléle avece la décharge
anodique de Poxyvgene) ot 435 g MnO, (avee la décharge cathodique de I'hvdro-
gene) (381

Dans U'électrolyse parallele de Mn et MnO, i1 est néeessaire de maintenir
des conditions trés differentes pour le déroulement des réactions d’électrode.
Ainst, e Mn o électrolvtique  est obtenu industricllment 4 353°C aux densités
de courant de 400 =300 .Lm2, & partir des solutions de MnSO, neutres ot daus
un réacteur compartimenté, tandis que le MuQ, électrolytique est obtenu a
S0, a une densité de courant de 100 4 m?2, a partir des solutions de MaS0O),,
actdes, dans un réacteur non-compartimenté, Les densités de courant différen-
tes pour fes deux provessus d'¢lectrode, peuvent étre réalisées choisissant un
raport adéquat cutie les surfacecs actives des Slectrodes. TLa différence de pH
peut-Ctre maintenue ntilisant un séparateur interpolaire de porositd ot stabilitd
chimique adéquates. La contrainte la plus difficile est celle die a la difference
de température d’environ 30°C, qu’on doit maintenir eatre Vespace cathodique
vt anodique. Ainsi, s'explique les études dédiés a obtention du Mn a des tempéra-
tures plus clevées {22, 2537 La présence de (NH,),S¢O, 0,05 —0,1 g/l permet
Fobtention catodique (a 80°C) du Mn avec un rendement convenable ct, a
li iois, a U'anode, du MnO, cristallin. D’autre parte, la préscuce de (NH,) SeO,
permet  d'abaisser le contenu de (HN,),S0, de 150 g/7 & 30 g/l ntilisation
d'un dlectrolyte ayant un contenu dimpuretés plus dlevé ot Pélectrolyse a
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une densité de courant de 1000 A/m? [557. La cathode peut<étré en Al ou
en acier inoxydable ¢t I'anode e¢n Ti recouvert d’une couche de MnO,.

Une autre’ variante d’obtention parallele de Mn ¢t MnO,, recommende
une difference de température anolyte-catholyvte de 70°CI561. Le catholvte
cst refroidit par Uintermédiare de la cathode en Ti, avant une géometric tu-
bulaire, qui permet la circulation de l'eau de refroidissement.

I anode est en graphyte ou en alliage Pb —Ag. Pour éviter la péndétration
d’tons NH} dans anolyte, le niveau de celui-ci dépasse celui du catholyvie.
Ia littérature contient peu d'informations rélatives aux séparateurs interpo-
laires emplovés. Pour la variante parallel sont indiquéds le polychlorure de vinyvl
armée aux fibres en verre (567, les permutites. ou les résines synthétiques
echangeuses d'ions contenant des groupements NH_ - ou s 37

Conelusions. I.'Clectrolyse  ignée  est  cnergo-intensive  {ou consomric
environ 3,1 £AWhkg Mn uniquement pour la déposition Cathodique du Mn, siaus
compter 'énergic néeessaire pour maintenir l'électrolyte en état fondu) ot la
purcté du produit obtennu cst moderée. I'¢élcctrolyse de solutions aqueuses do
MnCl, est caracterisée par une énergie spécifique plus fuible (aprox. 4.5 2114 ke
Mn), mais elle pose des problemes de corrosion tres importants, & cause de
la présence du Cl7. Celui-ci empeche la préparation paralléle du MnO,. a causc
de la décharge anodique du Cl,. En revanche, I'é¢lectrolyse des soiutions de
MnCl, est recommandable pour 'obtention d'un métal trés pur, destiné par ox-
ample a la fabrication des matrices cathodiques cmplovies dans  Pelectrolyse
des solution de MnSO,. :

I.¢k ctrolyse de solutions aqueuses de MnSO; pour Uebtention de Mn méd-
talique, est caracterisée par une consommation d'environ 8 AW kg M. Elle
est la plus repandue pour les raisons suivantes:

— la solubilisation du minerai de MnO, avee une solution aqueuse de
H,S0, e¢st plus efficace;

— la corrosion dans l'instalation d’électrolyvse est moins accentuée ;

— les solutions de MnSO, peuvent-étre emplovées simultanément a 'ob-
tentions du MnO, ;

— les perfectionnements du procédé, réalisés récemment, permettent la di-
minution de la consommation d’énergic au dessous de 8 AIW/i/kg Mn

— Dobtention simultané de Mn et MnO, a partir de solutions de MnSO,
représente une alternative attravante pour la rentabilisation du processus ano-
dique. Elle peut mettre en valeur les meilleurs résultats obtennus dans la re-
cherch: des deux processus d’électrodes concernés: température élevée ¢t p
acide, ¢u présence des composés de Se pour le processus cathodique, et Puti-
lissation de d’électrodes électrocatalytiques pour le processus anodique.
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L’ELECTRODEPOSITION DU MANGANESE DE SOLUTIONS
AQUEUSES DE MnSO,.
II. Voltammétrie dans le systeme MnSO, —{NH,50, a la présence des
certains  additifs.
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ABSTRACT, The electrodeposition of manganese from agueous solution of MnS0,.
H, Linear sweep voltammetry in the sytiem MnS0,— (ML), S0, and some addi-
tives, Manganese is an electroactive metal, that is why its electrodeposition
from agueous solutions requires special conditions for counteracting simultancous
discharge of hydrogen ions. Electrolyte composition and the presence of certain
additives (Set™, Sef™, Zn*" P~ urea) influences the current efficieney of the
clectrodeposition process. Using linear sweep voltammetry, the inhibition of the
hydrogen discharge reaction by tested additives and the existence of their syner-
getical action was proved.

Introduetion. I’analyse de Uéleetredéposition du manganese de solutions
aqueuses  de MnSO, a relevé Uinfluence de la  composition de Pélectrolyte
(NH,),50, (1] et des certains additifs, tel que les composés du Se {27, 'urde
[3], Vion F~ [4] et l'ion Zn* [57,

Le¢ but de cet étude a été d’éclaircir la specificité d’action des constituants de
base ¢t d’additifs mentionnés dans la réaction de décharge de 'hydrogéne (rdH) 11

La méthode utilisée a été la voltammetrie au balayaje lindair de potenticl.

Partic expérimentalle. Les mesures voltammétriques ont ¢té effectucs dans une cellule compar”
timentée (I'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) avant @ = 0.5 mm
et Sx 8 mm?, d'une électrode de calomel saturée (referance, ER) et d'une ¢lectrode en verre (V') pour
la mesurc du pH. Dans le compartiment anodique a ét¢é placé une contreélectrode en platine (82 5 cm2).

La vitesse de balayage et les limites du potentiel exploré sont spécifiées sur les voltammeoegra-
mes onbtenues. Avant chaque mesure, V'électrode de travail a ¢té mettovée en HNQO, conce. iavde
a l'eau distillée et puis flambée dans une flame d’alcool éthylique.
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Fig. 1. Le montage expérimental
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Résultats et diseussions. Dans
I"électrodéposition du Mn de solu-
tions aqueuses de MnSO,, la vd H
est entretenue, plus ou moins,
par chacun constituant de la so-
lution d’électrolvte.

I.¢c mode d’action de I'élec-
trolvte support sur lardH (Fig. 2.
aupH =3 et Fig. 3,au pH=7) est
présenté par comparaison a celut
du NH,CL, du K(, et du K,50,.

On constate que tant cn
milieux acide (pH = 3), qu’en

-» milieux neutre (pH =7), la vdH

222 e s Y

Pig

KT 1

e EfvpEecs
¢, 2. Voltammogrames des systémes:
(NH,),S0, 1M (1), NH,CL 1M (2),

M (3) et K,80, 0.3M (4); pH == 3,0.

a lieu aux potentiels de plus
en plus negatifs, dans ordre:
(NH,),S0,, NH,Cl, KCl, K,50,.

Tes deux sauts de courent
- wgelemarqués sur les courbes 1 et 4

dela Fig. 2 correspondent a la réduction de I'hydrogéne provenant de deux sources
protogenes : HCL et H,O (courbe 1) et respectivement HSO,™ et H,O (courbe 4).

Apparément, le meilleur électrolyte support semble étre le K,S0, En ré-
alit¢, au pH = 7 (condition d’opération industriclle), sculement le (NH,),50,
a un effet tampon cfficace pour maintenir le pH dans le domaine 7 —8.

La diminution de
du H,5¢0; (Fig, 4) pourait-étre
associée  a  lempechement de
la rdH ¢t, par conséquent, a
Paugmentation du  rendement
cu courant de Pélectrodeposition
du manganese.

Une confirmation indirecte
de ce fait nous a fournt lana-
Tvse des surfaces ¢t des hauteurs
des boucles anodiques des vol-
tammogrames cvelignes  (I%g.5)
On obscrve, (la courbe 1 Tig.
5A ¢t la courbe 2 Fig. 5B) que,
Ia préscnece des ions NH;" dans
Pélectrolyte support, a aussi un
effet béndiique sur le rendement
de  deposition  cathodique du
Mn®", grace a l'effet tampon du
systéme NHY(NHy) ; ainsi dans
le voisinage immédiat de la cat-

Uintensité de
correspondante a4 Délectrodéposition  du

potentiel
présence

la zone de
par la

dans
ddtermindée

courant
Mn=

Huaid
i

—75 1

I L
e —i4
EV/zCsh
Fig. 3. Voltammogrames des systémes: (NH,),50, 1M
(1), NH,CL 1M (2), KCl IM (3) et K,S0, 0.3M (4);
pH = 7,0.
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'ig. 4. Voltamogrammes du systéme (NH,),50; 13M:
(1) pH = 3,0 et (3) pH == 7,0 et du systéme
(NH,)p80, 1M -+ H,8e0; 1,5 mM: (2) pH = 3.0 et (4) pH = 7
hode, 'augmentation excessive du pH est evitée en assurant ainsi la stabi-
1ité des ions Mn?*,

I effet de H,SeO, dans électrolyte est beaucoup plus faible en comparai-
son avee le H,SeO, (Fig. 6, les courbes 1 et 2), probablement, a causcde
la stabilité électrochimique du SeO3~ [6].

Les ions Zn?* en concentrations de I'ordre de ppm, inhibent la #rdH, (¥Fig. 7,

XmA) ‘

JimA)
0 _! -
J
|
(& —?C,S
| |
! |
Ci—
~05
—10L

Fig. 5. Voltammogrames cycliques, pH = 7, des systémes:
(A) MnSO,; IM + (NH,),50, 1M (1) et MnSO, IM + K50, 0,5M (2);
(B) MnSO, 1M 4 (NH,),S0, IM + H,Se0; 1,5 - 1073)(3) et
MnSO, 1M 5 K,80, 0,5M + H,;SeO, 1,5 . 1073 M (4).
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Fig. 6. Voltammogrames des svstémes:
Mn$0, 1M 4+ (NH,),S0, 1M + H,SeO, 1.5 1073 M, pH == 6.8 {1),
MuS0O, 1M 4 (NH,),B0, IM + H,30, 1.5 1073 M, pH = 7.0 (2).
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Pig. 7. Voltammogrames, pH = 7, des systémes:
MnSO, 1M + (\'H‘)zso 1M, (1);
MuSO, 1M 4 (NH )50, 1M Z,n” 0,31 ppm (2),
MaSO, 1M - (\H 150, 1M + Znt 0,62 ppn, (3)
MBSO, 1M - (NH, )80, 1M + Znt 3 ppm, (4);
MasO, 1M < (NH, 1,50, 1\{+ zurt 15 ppm, (3).
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IipA)
[ 4 ~2
758 i
KO0 mV /min )‘
Tig 8 Voltammogrames, pH = 7, des ™2
systémes ~ 3
MuSO, 1M 0 (NH,B0, 1M (1) 500 ~/ Mo
MusO, 1M (NHL),S0, 1M HLSeO, ¢
1510 50, 12 {
MusO, 1M (NS0, I 4-uree 1,2 ¢/1, (3 I
MuSO, M (NH S0 IM-=Zn2 75 ppm (41
MaSO, 1M (N80, +F~ 30 ppm, (3). 259
5
3 I e
-0.7 =13 =15 -7
EIV/ECS)

ivs courbes 1 —5, et, par conséquent, la déposition des lons Mn-= se {fait
avee des rendements meilleurs, aux densités de courant plus petites 5. L'ef-
fet augmente progressivement avec la concetration du Zn* jusqu’a la valeur de
3 ppm, ou il se platonne.

La Fig. 8 montre Uinhibation de la rdH, duc a VH,5¢0;, a lurée, au Zn**
et a la KI

1Y aprés les résultats obtenus Ueffet des additifs ¢tudiés, exprimé par la dimi-
nution des densités de courant de la »dH, peut s’ordoner de la maniére suivante:

Se (IV) > Zn?" > uree > F~ (voir Fig. 8 les courbes 2 -—35).

St Véleetrolyte contient a la fois, a coté de H,ScQOy, les additifs menti-
ouds (Iig. 9, les courbes 1--3), on coustate un cffet syuergétique qui baisse
dans Dordre:

(F7 <4 Se (IV)) > (Zn* = Sce(IV)) > (urce + Se(IV)).

Zim4}
175
1000mV/miin
/ ’ 2.3 Fig. 9 Voltammogrames, pH = 7, des
g systemes
250 {- MnSO, IM -4 (NH,),50, IM, (1
5 AMnSO, 1M o+ (NHLLSO, 12 = [1,8¢0,
1,5 - 1073 0, (2);
AMnSO, 1M 4 (NHL,S0, 1M =+ 11,8e0,
1,5 - 1073 M <+ uree 1200 ppm, 135
125 I MuRO, 1M o (NIL3,S0, 1M - I,seO,
15 10 30 - Zntt) (4]
MnSO, 1M i (NFL),80, 1M - H,ScO,
LA 1078 M 6 B 30 ppm, (5).
“ay —L L L
i -09 =1 =13 -15 -17.
E1v/ecsy
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Conelusions. I analyse de la voltammograme de Uélectrolyvte support,
(NH,),50,, montre¢ que dans le domaine de pH ncutre-faiblement alcalin,
'ions NH,* constitue unc source importante de protons pour la rdH, ce qui
suggere que les lons NH,* doivent étre évités, Mais, en réalité, la basicité
induite par NH; fourni a la cathode par la déprotonation de ion NH* est
favorable pour les conditions de déposition du manganese,

Des petites quantités du Se (IV), déterminent une augmentation notable du
rendement de courant de 'électrodéposition du Mn*, surtout quand l'électrolyie
est (INH,),S0,.

Les effets de certains additifs dans Pélectrodépositon du Mu de soluti-
ons aqueuscs de MnSO, — (NH,),50,, montrent que la présence simultance
du Se(IV) 1,5-1073 M ¢t de la F™oa 0,32 ppm est la meiileur, & cause
de Veffet syncrgétique.

D’autre part, la présence simultande du Se(IV) 1,5-107% M ¢t du Zn**
45 ppm a un effet positif ; d’ailleurs le minerai de manganése conticnt des tra-
ces de Zn, ce qui est positif pour Pélectrodéposition du manganése.
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ABSTRACT. The kinetics of benzyl alcohol and cvelohexanol oxidation by chro-
mate in strong acid media have been studied spectrophotometrically over a tem-
perature range 10—30°C and various H™ and ROIL concentrations, Vorth-order
rate expression

—A[Cr(VI)]/ds = kg [HCrO71 TROTI) T 22

have been determined for both oxidations, with k== (2.5-20.11 x 107 dm® ol 3
for C4H,CH,OH at 25.5 °C and k= (+.5-0.2) X 1073 dm®mol s Hor ciclo— (4, O
at 25.0°C. Activation parameters have been calculated. Relative low values of
AH # and ncgative and large values AS” have been obtained. The proposed
mechanism involves the formation of chromic esters, and one- and bi- equiva-
lent redox processes.

Introduction. (hromium (Vi) is a well-known oxidizing agent used in chemi-
cal analysis and as a common reagent for the oxidation of organic materials.
The oxidation of alcohols yields aldehydes, ketones and other products where
cleavage of C —C bond takes place, depending on the nature of aleohol and
on the concentration of reacting species [1, 2. Westheimer reviewed
chromate oxidation in 1949 [3] concerning himself chiefly with the mechanism
of the oxidation of alcohols. The mechanism he elaborated for the oxidation
of 2-propanol [3] has scrved as a model for the oxidation of alcohols, aldehy-
des or orgaunic acids. T'he alcohols or other reducing agents having —OH group
form esters with HCrO,~ [4], which undergo internal oxidation-reduction in
the rate-determining step to give chromium (IV).

R,CH-—OH - HCrO,~ = R,CHOCrO; + H,0 (1)
R,COCrO; — R,CO + Cr(IV) (2)

Westheimer and Wataunabe 3, 53] counsidered several possible path-
wavs involving subsequent reactions of chromium{IV) as 4 and B, A being
preferred

A0 Cr(IV) + Cr(VI) — 2Cr(V) (3)
B: Cr(IV) +- R,CHOH — Cr(II) -~ R_ CO (4)
Cr(II) 4- Cr(VI) — Cr(III) + Cr(V) ()

* Babey Doivai Univesity, Dept. of Chemistry, Cluj-Napoca, 3400, Romania
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Chromium( V) bLohaves like chromate itself and oxidizes R,CHOH in o twe-
equivalent step 6 )
Cr(V) -+ R,CHOH - Cr(ITI) + R,CO (6}

{
Rocek and coworkers have presented evidence that chromium(1V) oxidi-
zes the substrate in aun onc-cquivalent reaction 7. forming ketvl free radi-
cal '

€. Cr(IV) 4 R,CHOH - Cr(III) 4 R,CHO® (7)
R.CHO® +- Cr(VI) — Cr(\) + R,CO (8)

Wiberg and Mukherjee 8. followed the rate of acetone formation
trom Z-propanol relative to the growth of chromium(V) ESR signal in acetic
acid solution, giving support to the C pathway of the reaction. Chrominm
(IV) is considered responsible for the cleavage reaction 9.

Many scientists dealt with the oxidation of alcohols or glycols 10 16,
aldehyvdes (17 =20, organic acids 21 -27  and somie co-oxidation of alcohols
and oxalic acid 28, 297 by chromium(VI). Some of them determined acti-
vation parametrs 30, 31 and involement of free radicals (9, 32 .

The decay of the ester has been the subject of much discussion, mainly
concerned with hidride transfer in a two-equivalent rate-determining step, as
well as the fate of the intermediate Cr(V) and Cr(IV) oxidation states. Long-
lived compounds of Cr(V) have been identificd and monitored 127, 33..

The purpose of this paper is to compare the oxidation of benzyl alcohol
(primary aromatic) and cyclohexanol (sccondary, cyelic) and to scarch for the
involvement of free radicals, under the couditions of strong acid solutions.

Experimental. Chemicals used in this study were of analytical grade purity. Inorganic mate-
rials were of E. Merck’'s pa. grade and usced without further purification. Alcohols were of
Reactivul’s p.a. grade and were distilled prior to use.

Stock solutions of KHCrO,, HCIO,, NaClO, were prepared in twice distilled water and stun-
dardized by usual procedure. Aliquots of NaClOg solution were passed throngh a column of catio-
nic resign Amberlite IR - 120 (H — form) and released HCIO, was then determined. Solutions of
alcohols were freshly prepared hefore each sct of runs by measuring a known volume of pure org:-
nic substrate to a volwmetric flask and making it to the mark with twice distilled water. Bongyl
aleohol was used near to its solatibility limit, and diluted to the concentration required by cach
experiment.

The oxidation reaction was followed spectrophotometrically  at 350 zm in a ccll cither of
1 ¢m or 5 em path length, using a Zeiss Spekord spectrophotometer having a cell-holder provided
with a temperature jacket. Temperature was kept constant by nmwans of a thermostate to within
+0.05°C.

The fonic strenght of reaction mixture was adjusted by addition of sodium perchlorate.

Reaction was started by injecting a known volnme of acid solution of Cr{VIj into the cell
containing a solution of alcohol, sodium perchlorate and perchlorate acid at the temperature of 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 cthyl
eter after the process was accomplished, when inereasing amounts of Chrominm(Vi) was used,
and recording the spectra of the products.

The involvement of free radicals during the oxidation process was checked by using the svs-
tems to initiate polvmerization of hutvlasrylate. Some attempts were made using vinyl acetate,
but concurernt oxidation of it has occured. Cumnlative effect of inereasing temperature of the
mixture, contained in a small calorimeter, has Leen used 38].
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Results and  Diseussion. At low chromium(VI) concentration of 21071
mol.dm ™3 the cquilibrium

Cr,0¢~ -+ H,0 = 2 HGO, (9)

is entirely shifted to the right [35, so that the oxidizing species of chromium
(V1) is HCrO; under the conditions investigated. The acid dissociation

HCrO, 2 H -+ Cro? (10)

has been completely neglected (pK, 2 6 -7 36) at HCH, concentration
emploved.

The ester formation in the acid catalized condensation cquilibrium (eq. 1)
is characterized by A, having value of the order of magnitude of 107 — 101
4 370 At 350 mm, the molar absorbance for the esters are less than 1560
dnPmol Yo7}, which s egy, for HCrO, 14,67 To wverify the involvement of
stich an equilibrium, we have recorded the absorbance at around 20 s after mi-
xing when a relative constant value has been maintained for a short time,
mder the condition where the oxidation process 1s relatively slow compared
to the condensation process. Figure 1 prezents the absorbance values as a
function of concentration of chromium(VI). Lambert-Beor law was
fulfilled, and a mean molar absorbance & = 1470 = 10 dpPmol 1™t could be
calculated from the slope of the line. Smaller value of & as compared to that
for HCrO;, shows the involevment of the cquilibrium

CH,CH,OH 4+ HCrO, = (H.CH,0CrO - + H,0 (11)

The absorbance meesured at 350 #m 1s a contribution of free HCrO ion
and the ester ROC:O,

A = d{£11&n4’ - THCO, § -
- ERocro, "ROCrO; 3§ (12)

where d is the path length of the
cell. Monitoring the decrease of absor-
bance with time, correlated with-the
decay of total Chromium(V1), we
were able to obtain pseudo-first-order
rate constants from the slope of se-
milogarithmic plots

In(l — A, ) =In(d, —A,) — kad
(13)

where indexes 70" and Ve’ denote
absorbance values at (= (0 and at _
the end of the Tun £ = oo respectively, 9 6z~ as 06 08 W vz
The requircments for that were con- (et
ditions of low chromium(VI) conce- F '_-‘-"}:A"‘*f”r‘b“““.o V“l““‘”‘,fftfr,albo_“f205;“’,‘?\
ntration, to avoid the involvement of — L¢™Emee CallCHLOTL (3,85 510 Tl

. . and  various  concentrations  of  Cr(\VI).
dichromate species, and excess con- SUHT] 024, pe 24, T= 295 K

[1} < 1 i 1 1 -
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t(s)

Fig. 2. Pirst-order piots for the oxidation of benzyl
aleohol with Cr{VI). Conditions indicated in table 1.

r

centration of both the alcohol and perchloric acid. First-order plots were
lincar up to more than 90 —959, of reaction. Figure 2 presents some 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 H7Y concentration and ROH concentration respectively. Table 1
and 2 illustrate dependence of first-order rate constant on concentration of
ROH and H?t respectively, at the oxidation of benzyl alcohol. Each value
in the table has been obtained from 2 -3 individual runs under the same
experimental conditions using a least-square procedure to determine the slope

Table 1 Table 2
The eiiect of henzyl alcohol concentration on The eifect of II™ coneentration on the rate at
the rate: 283.8 K
[HCrO7 J= 1.2 x 1074 {17 ] == 144, po== TCLHCHL,OH] == 3.08 x 10™2mol - din™? and
== 2.4, T == 309.5 N THCrO7 ] = 1.2 X 107 mol - dm™3, y = 2.4
[CeH CIT,OH ] 102 102 &, Correlation [H*] 10% &, Correlation
wiol « dm 3 ! cocfficient wol - dm™3 1 coefficient
0.38 0,35 0,998 2.40 25.0 0.993
0,76 0,81 0,998 1.46 9.50 0.997
1,62 1,40 0.999 1.36 7.88 0.997
2.30 2.00 0.997 1.09 5.63 0.998
3.08 2.40 0.998 0.93 3.24 0.998
4.14 3.70 0.998 0.82 2.54 0.999
6.16 4.80 0.995 0.56 1.34 0.999

7.70 6.20 0.992
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of the lines (eq. 13). Similar behaviour was mnoticed using cyelohexanol. The
dependence shown in Table 1 could be described by the linear relation

Eops = (1.3 1.2) X 1073 + (0.78 - 0.02) [ROH] (14)

with a correlation coefficient of 7 = 0.994. Taking into consideration the crror
of the intercept, as well as the stoicithometry requirements, we considered that
zero-order term in eq. 14 could be neglected. A plot of %y vs ROH. gives
a linc passing through the origin. On the other hand, using data given in Table
2, a plot of Ig keps vs. 1g H* is a line. A slope of 2.07-- 0.05 has been found,
which is the order with respect of H ™. Conscquently, these findings led to
the following rate law:
eeneTs
_ eIy eor 1 (ROM H (13)

[§%3

as previously determined for other alcohols.

Table 3 and 4 collect the data for the exidation of C, H, OH ard C;H, CH, OH
under various conditions c¢mployed. As scen from the tebles, the oxidation
of benzyi alechol is much faster than that of cyvelchexanol, with about two
orders of magnitude.

From the dependence of forth-order rate constant %, with temperature,
activation parameters have been detormined, as shown in Table 5. Activation
parameters for the oxidation of cyelohexanol are very close to those previoa-
sly determined by Kwart and Nickle 310 (E, = 328 kJmol™, or
by Mueller and Perlsberger 30; (AH* =348 kJ.mel™) in acetic

Tuble 3

Kinetie results under various experimental conditions at the oxidation of eyclohexanol

[Cr(VI)] == 4 x 1074 w== 1.6

T(K) [E] 102/ROH ] 0k, 10% &,
mol - dm™3 st dm®inol 3s™t

293.0 0.952 4.60 1.43 3.40
2.30 (.67 3.18
0.893 2.88 (.75 3.28
298.0 1.35 2.88 2.28 4.36
(1952 4,60 1.87 4.49
2.30 0.95 4.56
303.0 1.35 2.85 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
alcohol, kinctic being studied in acetic media, where th: oxidizing species is
acetochromate acid CHZCOOCrO,H.

Measuring the absorbance values of benzaldehvde and cvelohexanone at
283 and 290 nm respectively, on the recorded sepctra of the products, and
comparing with calibration curves obtained with pure substances, ratios verv

Table 1

Kinetie results nnder various experimental conditions at the oxidation of benzyl aleohol
(V] L2107t o 204

1K) (1) 10t ROT 0%, ey
mol - dm * st dm™® - mol™3 . s
283 .8 240 385 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 (.56 0.154
0.93 3.08 .32 0.122
.82 3.08 0.25 0.125
0.56 3.08 0.13 0.139
291.5 2.40 3.83 3.70 0.167
3.08 3.00 0.167
2.31 2.20 0.165
1.59 3.85 1.60 0.164
1.44 .83 1.30 0.163
1.83 385 1.16 0.171
1.22 3.85 0.96 0.166
1.06 3.83 0.71 0.164
0.90 3.85 .33 0.168
0.69 3.85 0.31 0.169
298.5 240 3.85 5.30 0.262
3.08 4.20 0.237
2.31 3.28 0.246
3.08 4.30 (.242
231 3.40 0.255
304.5 2.40 3.83 9.50 0.428
. 385 8.80 0.396
3.85 8.40 0.379
3.08 6.56 0.367
2.81 5.60 0.420
1.54 3.50 0.395
Table 5

Aectivation parameters ealculated from the fourth order rate

conslanis
Cyelohexanol Benzyl Aleohol
Iy, kS - owmol ! 368 0.5 31412086
AHT W] - omol ! 341005 29.0--0.6

AST ] ool 'KV - 108 -6 15948
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close to 1.5 alcohol: 1Cr{VI) have been determined, when large excesses
of alcohols were used. Carbonyl compounds are produced as main products
in these oxidations.

Using the redox cyclohexanol-chromate process to initiate polvmerization,
increases of temperature of around 1.3°C were measured when mixtures con-
tained butvl acrylate as compared to the svstems without monomer. The solu-
tion volume in the calorimeter was 15 ¢m® for each experiment ; concentra-
tion range was the same as for kinetic runs. No differences of temperature
increase was noticed with the system C,H,CH,OH — Cr(VI) in the presence
or absence of butylacrilate monomer. The small increase of temperature in-
dicates the involvement of some free radicals at a very low concentration
during the oxidation of cyclohexanol.

Kinetic data obtained, stoichiometry, molar absorbante smaller than cex-
pected for HCrOY 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)

ROH -+ HCrO, - H™ = H,0 - ROCrO,H K, (1
ROCrOH + H* — Cr(IV) - R’ = O k (1

D

)
)

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

Chromium(IV) reacts further through the route 4 (egs. 3 and 6) in the
case of benzyl alcohol and either through the same 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 cleavage of the
cevele in a very small proportion (stoichiometric ratios a little bit lower than
1.5:1).

From the H7 catalized preequilibrium (16) and the di-equivalent electron
transfer step (17), taking into account that the total Cr(VI) concentration
has been measured, one can obtain the rate law as:

~I

AfCr(Vl)] KK TROHJHT

‘ THCrO, ] (18)
dz 14 KyJROH][HY]

Assuming that K, is of the order of magnitude of unity, as for the other
alcohols [37], the proportion of cster from the total Cr(VI) concentration in
the mixture is about 8 —159. Thercfore, K, [ROH}{H . « 1 at the concentra-
tion range used in the study, and a simpler form of the rate could be writ-
ten:

LT Gk, ROHITH 2 HCrO, | (19)
d¢ N ;

which is in agrcement with the rate law experimentally determined, with
Ry = kK. .

The relative small values of activation energy or enthalpy for the oxida-
tion processes, with major changes of the structure of the reagents in the
rate-determining step, could be understood by the involvement of the exo-
thermic preequilibrium.
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The difference in the forth-order rate constant for the two studied alcohols

with about two orders of magnitude consists of the cnergy requirements to
change sp? to sp* hvbridization at the reaction 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. Some tension is in-
troduced in cyclohexanone ring relative to cvclohexanol, and a higher activa-
tion cnergy and a less negative activation entropy are involved.
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IMMUNOENZYMATICAL CON]JUGATES.
REMAINING PEROXIDASE ACTIVITY.

GH. COMAN.® S. GOCAN** R. ZABAVA *** (. TEODOQRU****, P, SZARO*

Recerne 1 G300, 1992

ABNTRACT. The present paper reports a kinetical study of the free and IgG
covatently coupled permi(‘law According to our results, it is possible to use
innnnnoenzymatical techniques, in order to design immunochemical reagents,
which may be useful in the (lnuml diagnosis of different kinds of diseascs, in
huans or animals.

Introduction. Immunocenzymatical techniques have Dbeen introduced for
very short time, but they showed a large development, due to their high
~cnsthility dnd spumut\ and easy handling 1. These techniques euable
1t studving of the antibody-antigen mtuxwtlon while one of the two partners
is labeled using an enzvme (nnnumocn/,_\nmtwal conjugate). The covalentlly
bovuded cnzyme reacts with a specific substrate by modifying its structurc
and, of course, its physical propertics. In some cases the cases the substrate
mav be chosen so that, [ollowing the enzvme action, a chauge in its spectral
properties can be detected. Tor example, the colour of the solution containing
the substrate may change as a result of the enzvme action.

The covalent binding of the ¢nzyme to antibody requires very mild troat-
ment with various reagents. The couformation of the two macromolecules should
b least affected, so that the cenzvmatic antibody activity be maintained.

Immunocnzymatical techniques can be largely applied in virology, bac-
teriology, pathology and immunopathology, endocrinology cte. 261

The following assumptions were made, in order, to estimate the kinetical
parameters of the studied reactions 7

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

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

¢) the substrate concentration is much larger than the concentration of

he enzvme

d) after a short, prestationary period of time, the £S5 complexw will be
formed at the same rate as it will dissociate

The enzymatical reaction may be written as:

—E P ’ (1
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Peroxidase takes an oxigen atom from the H,0, 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 Michalis — Menten kinetical
equation in processing our data:

g — s} (r)}
Umiax Hap = 5] ‘
7, — the initial rcaction velocity, at a certain substrate concentration
0
Uae — the maximum observed velocity
'S] — substrate concentration
K, — Michaelis — Mcnten constant:
_ h_y
I‘M = . (3)
koy

with %4, k2., the rates for the forward and backward reactions in the
reversible step and A, the rate for the irreversible step in eq. (1)
" Modifying the Michaelis — Menten equation, the Iinewcaver — Burk
equation may be obtained:

Thus, the plot (of the function):

1 1 =
—=/(5] )
Vo ]
will be a straight line. Its crossing points with the coordinate axes will give
the values: —1/K,, (on the horizontal axis) and l/v,,, (on the vertical onc).
i
Experimental. We have determined the remaining activity of the peroxidase in imunoenzy-
matical conjugate obtained in our laboratory, according to a modification [8] of method of Avra-
meas and Ternvyclk [9]
Bovine antibodies were purified by affinity chromatography. Peroxidase and perhydrol were
delivered by Merck. The peroxidase substrate, 5-amino salicilic acid, was delivered by Fluk a.
The kinctical study has been carried out in a 0.1 A phosphate buffer, pH 6.95, at a room
temperature, The substrate was added in quantities that made possible the enzyme concentration to
limit the rate of the reaction. The peroxidase activity was assayed bv determining the rate of pro-
duct formation, monitoring the increase of the absorbance at 405 nm with the time.

P

Results and Diseussion. While the enzyme concentration was kept at
3.06 *x 10-¢ mM, we measured the rate of product formation in solutions in
which the 5-amino salicilic acid concentration varied from 2.56 m3 to 7.68 mM.
The H,O, concentration was always high cnough, so that the reaction rate be
1ndgpgndu1t on it. The kinetical plots shown in Fig. 1. were obtained.
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Fig. 1. The kinetical plots for Fig. 2. The Lineweaver—Burk plot for] free
free enzyme enzyme

The Lineveaver — Burk (4) plot of our data gave a straight line (Fig.
The following values of K, and v,, could be determined:
Upar = 0.355 mM [min
K, =395 mM

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

Upax = /‘33 * EE3 (6)

with k,, the rate constant of the ES dissociation, representing the molecular
activity of the enzyme. We obtained:

Ry = 1.16 % 10% min~1
The turnover number of the peroxidase was:
1/ky = 8,6 * 107 min.

it counting the time the enzyme needs to complete a catalytical act.
The characterisation of the free peroxidase could be completed by deter-
mining its enzymatical activity [11]:

AAJAL :
AE. — AAA (7)
2k ¢g
with:e — molar absorbance cocfficient of the 5-amino salicilic acid oxidation
product ;
A4 — increase in absorbance of the product 501111.1011 during the period
At of time;
¢g — enzyme concentration (mg/ml)

The free peroxidase activity (¢ = 11.64 md ™ cm™1) turned out be 14083
Ulmg, value is that given by Merck (188 U/myg)
The same way, the kinetical parameters and the enzymatical activity of
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1" iy, 3. The kinetical plots for  Fig. 4. The Lineweaver - Burk plot for conjugated
conjugated enzyme enzyme

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

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

Uar = 0.23 mM min
K, =84 mll
Equation (6) led to:
ky == 0.73 * 105 in—t
1k, = 1.73 * 106

The enzymatical activity of the covalently bounded peroxidase was 2.3
U/mg, representing 1.659%, of the {ree peroxidase activity.

A remarcable decrease in the enzymatical activity of the IgG antibody
bounded peroxidase, as compared with the frce peroxidase activity, can be
observed. This decreasc can be understood, considering the conformational
changes which may occur in the enzyme and the possible inactivation of some
the peroxidase molecules 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 antibody
covalently bounded cnzymes (0.95 —59%) (12

With the decrease in peroxidase activity, %, also decreases. The turnover
number is larger for the bounded peroxidase than for the {ree one, so that the
time required to complete a catalitical act is longer for the bounded peroxidasc.

A increase in the Ky, value of the enzyme in the immunoenzymatical con-
jugatec may also be noticed. This demonstrates that affinity of the peroxi-
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dasc for its substrate decreased during its covalently coupling to the IgG anti-
body, most probably because of the conformational changes which could modi-
fv the shape the catalitical center of the enzvme.

Coneclusions. 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 decrease in enzymatical activity and
increase of the K, value of the IgG covalently bounded peroxidasc.

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 antibody 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 individuals, have been assayed using ELISA for the degree of infection
with the BNYVYV virus. The immunoenzymatical reagents used during the assay
were prepared in our laboratories. It is possible to select BNYVV-resistant
individuals, which should be further analised for their root productivity and
sugar content.

Introduection. Viral diseases in white beet are extremely important be-
cause of the remarcable decrease in sugar content of the roots of the affected
plants, which may cven 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 free-
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 animals [2].

The present paper reports the usage of ELISA in studving the BNYVV
infection of different varietes 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 pre-
sence of BNYVV. Product concentration was measured by monitoring the optical density at 405 mum
(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. I,
for two of the 40 gropus of white beet studied.

The differences 1n virus infection degree among the groups, and even
within each group, is large emough to permit the sclection of virus resistant

plants.
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Fig. 1. The test of ELISA. Relation-

ships between optical density and the

number of the sample for two groups
of white beet

Fig. 2 presents the differences observed among the average values of the
obscerved optical density (and therefore different average infection degrees) among
groups. Considering that all groups have been cultured on the same infected
soil, we could 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 paramecters (the standard deviation s, the variance
s¢ and the variance coefficient s%) of the studied groups were determined.
The volues obtained are swvnthetically shown in Fig. 3.

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

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

Conclusions. The groups taken as samples and immunoenzymatically as-
saved showed different degrees of wviral infection. Some of them seemed to

be virus — resistant more than the others.
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Fig. 3. The main statistical parame-
ters of the studied groups

a) . . . standard deviation (s)
) - variance (s%)
¢) - variance coefficient (s°,:

The next step in selecting o BNYVV resistant white beet variety should
follow, with assaviung the root production over a certain unit of land surface
and the suagar content of ecah varietv.
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ABSTRACT. The study of PhS lavers adhesion on glass, deposited by chemical
methods was realized through FTIR spectroscopy. It was established that in
the first phase of chemical deposition process, lead hydroxide and lead carbona-
nates are forming, which are respomsible for the PbS adhesion on glass.

Introduetion. To obtain micro and optoclectronical components by depo-
sitton of metallic or semiconducting layers (in our case PbS [13) is neces-
suryv 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 of 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
laver is its ability to retain neutral water molecules by covalent hydrogen
bonds. Due to this ability to form hydrogen bonds with polar molecules the
giass surface, free of physically adsorbed gases, may be completely wetted
by water and other substance having OH or NH, groups [2, 3]. This property
15 used to test the cleaning grade of the glass which will be the support for
deposition of thin layers. The cooled surface of the glass mayv he covered with
a few adsorbed gases momnolaver whose thickness varies between 13 to 30 4
or more [4]. The nature of th: gases and the proportion in which they are
mixed was determined by Langmuir [51. The gases adsorption in glass
surface is caused by the presence of microscopic inhomogencitics varyving in
size from 0.01 —0.1 um [6].

Due to the glass surface reactivity a special care will be accorded to the
glass cleaning methods before the deposition of the thin lavers. It is important
to do "water break’ test [7], used to establish if gross contaminants have
been removed from a glass surface. The glass surface cleaning grade deter-
mines the adhesion and the quality of the deposited layer.

According Mattox [8] the adhesion mechanism is correlated with
the structure of the interfacial regions between the film and the support.

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

Experimental. On plates of Medias glass sized at 25 X 25 X 0.17 nun was deposited PbS
layers using solutions of PL(NOy), 0.12 A, thiourea SC(NH,), 0.48 31, sodium hydroxide 1.32 M,
and hydroxylamine hydrochloride NH,OH « HCl 0.43 1 at 25°C [1]. Before that the plates were
extremely well cleaned according [1].

* Institute «f Clomisiry Clrj-Nofoaa, S0 Fintinee Str., 2000 Chui-Nafoa, Lo nia
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In the same time at Institute of Tsotopic and Molecular Technology (ITIM) Cluj-Napoca was
deposited PbS lavers on same size plates by vacuum evaporation.

IR transmission spectra of Ph$ layers (obtained by chemical deposition and vacuum evapora-
tion) was realized with a FTIR spectrometer Bruker, which assures vanishing of glass effect, and
with a spectrophotometer Specord 73 IR.

Because in documentary material which was avaible for us we have not found IR spectrum
of lead hydroxide, this was prepared from a solution containing lead salt and sodium hydroxide
(the same reagents that we have used for PbS deposition), after that taking IR spectrum {in
K Br).

Results and Diseussions. To establish the nature of PbS lavers adhesion
on glass, it must be considered the laver forming reaction mechanism. After
Kitaev and co-workers [9] PbS laver fromation takes place by decomposing
ol thiourca hyvdroxocomplexes with lead in alkaline medium. In the svstem
containing lead salts, thiourca and alkalics, it may be found in balance, de-
pending of the components concentrations ratio, the following species : Pb(OH),,
PH(N,H,CS),27 and Ph(OH),* .

The forming reaction of PbS lavers is catalysed by Pb(OH), particles
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 SnCl, solutions, which leads to the formation
of hvdrolysis products with the same effect.

Kitaev and coworkers (9], have established that in the range of pOH =
= 2—0.5, particles of Pb(OH), are forming in the system as nucleation cen-
ters. In the same time importaunt quantities of lead remain in solution as so-
luble plumbite. At pOH < 0.5, the qualitv of lavers go wrong, concerning both
adhesion and aspect. It mayv be considered that formation of PbS lavers on
glass is realized through a Pb(OH), layer adsorbed on glass. The lead hyvdroxide
particles dimensions must be correlated with microcavities existing on the
surtace of the support, 0.01 —0.1 um [61.

The existence of the lead hydroxide laver presumed by these authors
9. have been distinguished by us using FTIR transmission spectroscopy.

In Fig. 1 it is presented FIIR transmission spectrum of a PbS laver de-
posited on glass by vacuum evaporation, in Fig. 2 — FTIR transmission spec-
trum of the layer obtained by chemical deposition and in Fig. 3 — IR trans-
mission spectrum of Pb(OH), prepared by us and carefully handled to avoid
decomposing in PbyO,(0OH), 710

We mention that lead sulfide presents absorption peaks in far IR spectrum
(<2400 cm ™1y,

In the case of PbS laver deposited by vacuum cvaperation (Fig. 1) there
arc not absorption peaks to show the presence of impurities. In the spectrum
of PbS obtained by chemical deposition (Fig. 2) there are absorption peaks
similar with these observed in Pb(OH), spectrum (Fig. 3), at 480 cm 1. There
arc also peaks for lead carbonate PLCO, (at 660 ¢! and 840 cm ™) and for
basic lead carbonate 2 PbCO, - PH{OH), (at 660 cn~1) [11]. Lead carbonates
formation is explained by CO, absorption from atmosphere 7121

The spectra shown in Fig. 1 and 2 proves that in PbS lavers deposited
by vacuum evaporation, an interlayver between glass and PbS docs not form.
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By chemical deposition of PbS {from alkaline solutions, a lead hydroxide
and lead carbonate laver is formed, which gives the adhesion to the support.
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tion period necessary to form those nuclel which will act as catalyst for furiha

deposition of PbS.

The adhesion degree of PbS layers was eveluated semiquantitatively by
tape test [14]0 The scotch tape test 1s utilised to give a quick measure of thin
film adhesion. A picee of mylar-base tape is pressed on to a freshlyv deposited
thin il and then removed by a snap action. If the [ihn romains completely
on the substrate it has an adhesion greater than 300 to 300 psi (pound square
inch). In general, the minimum adhesion requirement for most tlun [ilm apyli-
cations is that the film pass this tape test.

The PbS layers exceeds this test evea if it is done immediatclly aiter
preparation. It may be obscrved a growth of adhesion in time.

Conelusions. Through IR spectroscopy in the case ol chemicelly deposi-
ted PbS layers, the existence of a layver composcd irom lead hvdroxide and
lead carbonates was shown, which is considered the cause of the film adhesion
on glass. In the case of PbS lavers depositcd by vacuum evaporation there
are not distinguished any other specics and that is why the adhesion of these
layers is much weaker.

The authors express their gratitude to dr. Emil Indrea from Institute of Isotopic and Mole-
cular Teehnology Cluj-Napoca, for preparation of the PLS films by vacwunm evaporation and or
recording FTIR transmission spectra.

REFERENCES

.C Nascu, V. Vomir, V. Tonescu and I. Pop. Submitted to Rev. Rowmnaine Chini.
.S, Bateson, Vacuumm, 2, 365 (1952).

. P J. Hazdra, Ceramic Industry, 5, 45 (1963).

. W. D Harkinsand F. . Brown, J. Amer, Chem. Soc., 41, 499 (1919).

3. Langmuir, J. Amer. Chem. Sec., 40, 1361 (1918).

- L. Hollard, Tie Propertics of Glass Surface, Chapman and Hall, London {1966), p. &e7.
.D. O. Feder and D. E. X oontz, Svmposion on Cleaning of Electronic Device Comjo-
nents and Materials, AST Special Tech. Pub. No. 246, 40 (1939).

T i3 (R S S


depositi.fi

THE STUDY OF LEAD SULFIDE FILMS. IIL 59

8. D. M. Mattox, Sandia Corp. Reprint SC-R-65-997 (1966).

$.

10.
11.

12,
13.

14.

G. A. Kitaev, G. M. Fofanovand A. B. Luodin, Izv. Akad. Nauk SSSR, Neorg
Mater., 3, 473 (1967).

D. Negoiu, Tratat de chimie anorganicd, vol. 11, Ed. Tehnicd Bucuresti (1972), p. 1123,

R. A, Nyouist and R. O. Kagel, Infrared Spectra of Inorganic Compounds, Academic
Press, New York and London, (1971), p. 83.

V. N. Vertsner, G. P. Tihomirov, M. 8. Davidov, V. S. Kosnirev, Izv.
Akad. Nauk SS8SR, Seria Fizic 27, 9. 1228 (1963).

R, . Kainthla, D. K. Pandya and R. I,. Chopra, J. Electrochem. Soc., 127 (2, 277
(1980).

G. G. Paulson, Ph D. dissertation (University of Illineis! 1969 p. 25 Uuiversity AJicro-
films Inc. M. Arbor, Michigan.






STUDIA UNIV. BABES-BOLYAI, CHEMIA, XXXVIL, 12, 1992

ON THE UsSE OF METHANE-AIR FLAME IN FLAME SPECTROMETRY
I. THE BURNER.

E. CORBOS*, L. KEKEDY NAGY*

Recrived : 20.30.1992

ABSTRACT. The use of methane-air flame is proposed to gencrate emission
and/or absorption spectra of analvtes in flame spectrometry. The characteristics
of a snitable new burner are reported. The translational temperature of the lami-
nar flame obtained in the 1215 mm region over the burner is 1875 AL

Introduetion. Flame spectrometry i1s a widespread method for the detor-
mination of some analvtes in low concentrations [1]. The cmission spectra
usually are obtained by excitation in acctvlenc-air, hydrogen-oxygen or acety-
lene-nitrogen protoxid flames. Considering that the analyvtical laboratories in
our country arc supplied with high purity natural methane gas, an attempt
is made for the use 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
Iiterature.

The aim of this work and that of the {ollowing ones is to investigate the
physico-chemical properties of the methane-air flame as well as the possibilities
of the determination of some analytes by emission or absorption spoctrometry
using this flame.

Experimental. For this purpose a suitable methane-air burner was projected
considering the physico-chemical properties of the methane-air tlame. In the
literature there exist a great number of fundamental studies concerning the
flame structure as well as the chemistry of combustion 21, The investiga-
tions concerning the methane-air flame are based on the results obtained with
different burners used in the industry. The combustion of methance in air:

CH, + 20, + 8N, = CO, + H,0 + 8N, (1)

is strongly exothermic with 802.491 /cj/m()l. The chemical energy is liberated
stepwise in the course of many successive clementary reactions and equilibria,
supportcd by some free radicals [2]. The activation energy of the ignition
of the methane is high, the burning velocity is slow and the danger of «x-
plosion is also small. This simplifics considerably the handling of the gas and
the design of the burner. Further it becames superfluous to equip the spectro-
photometer with special antiexplosive devices.

The main characteristics of the methane-air (M —A) flame are: Hmits of
ignition between 6.269) and 11.91% methane, temperature of ignition 918 K
for a stoichiometric mixture in standard conditions [3'. The gas laver before
the burning zone, the preheating zone, in our case has a thickness of 0.798

¢ Babee- Bolyas Usaversity, Drpt. of Chemistry, 3400 Cluj-Napoca, Romanis
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mn. The highest temperature of a stoichiometric M —A mixture in the pri-
mary teaction zone is 2228 K {47, The burning velocity (the rate of propaga-
tion of the chemical reaction zone) for a stoichiometric M —A mixture in stan-
dard conditions is 33.8 cm.s™ [5 —81. The increase of the initial temperature
of the gas mixture increases considerably the burning velocity (9 —101 The
shape and the properties of the flame depend on the flowing conditions of
the gases through the burner too. If the Revnold’s number is less than 2300
(R, << 2300) the flow of the gases 1s laminar, viclding a laminar {lame. When
R, > 2300 the flamc becomes turbulent. In flame spectrometry, the most {re
quently uscd flames are the so called jremixed (the fuel and the oxybant
are proviuosly mixed), laminar, stationary ‘lames which can be ob*tained by
a judicious choice of the gas flow velocity as well as by the design and s ze of the
burner. Usually the flame is stationar and laminar if the flow speca of gases
in the burner exceeds 310 times the burning velocity of the gas mixture.
Taking into account all these, a special burner was projected for a M —A
mixture with the aim to obtain a premixed laminar flame to be used in flame
spectrometry (Fig. 1),

The premixed flames have well defined burning zones assuring optimal ex-
citation conditious. The new burner has the following characteristics :

a) Made of brass, it is provided with 80 bores cach bhore having 1.5 sun dia-
meter. Ihe 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. §). The elongated form of the burner al-
lows to be used beoth in emission and absorption spectrometry. The length
of “the optical path in the flame is 30 mon ensuring an enhanced sensitivity.
c). The bores are arranged in four parallel rows thus the flame has 8 —12 nun
widih, The cold ambient air cannot reach the centrel zone of the {lame, thus
the temperature in the central zone of the flame, in a 12 mm width, is proe-
tically constant. As a result of this desion the danger of selfreversel of the
lnes decreases, but the possibility of autoabsorption increascs. d). The burner
was made of a 10 mm thick brass block providing a rapid prchesting of the

‘ |
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Fig. I. Schematic diagram of the burner for a laminar M—A flame
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gases, which increases the burning
velocity and the stability of the
flame. ¢). The number 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 300 ;4. f). In order to
isolate the flame from the ambiew
alr with an inert gas, the burnes
was provided with two peripheral 0 1 , ‘ ! 1 ;
rows of bores. Thus an excess of 80 160 240 320 4G0 480 560 @0
oxygen can be mtroduced in the flame T (K}
in order to increase its temperature, Fig 2T T
. ) . “ig. 2. The burning velocity of a stoichionmirie
“;;t,hOUt the (12111&!)(*'1' of CXPIOSIOH_ [11’ M\ mixture versus the initial temporature of
. ¢). The laminar flame with a the mixture {2
low buarnin o velocity exhibits fluctu-
ation due ‘Lo the influence of the ambient air. To reduce this effcet, the brma
was provided alongside with a protection mase made of a thin brass shect.

The burner was scttled on a mixing chamber of an AAS —1 Carl Zoiss
atomic absorption spectrophotometer. The flame obtained with this burner is
a so-called flat flame with separated conces over cach bore (the primary con-
bustion zouc) and with a single sccondary merging combustion zone, respec-
tively. The thickness of the preheating zone extends from 0.4 to 1w with
the increasing methane content of the gas mixture, In the same time, the hight
of the cones also increases from 2 to 3 mm. The scecondary combustion sone
extends 100 —200 mm over the burner head. In work, the burner warms up
to 410 —440 K preheating the gas llll\tUI‘L {0 330 --350 K which increascs cou-
siderablis the stability of the fla ‘me (Fig. 2). The stability limits of the flame have
been established too. The Jower btdblllty limit corresponds to a substoichio-
metric composition of the M —A mixture at which the flame burns out be-
causc of low burning velocity. The upper stability limit corresponds to a gas
mixture in which the methane is in ¢xcess. In this case the separate cones
risc and then merge owing again to the slow combustion velocity. During this
investigations, the flow rate of the air was kept constant, and that of the
methane was changed. Experimentally it was found that the lower stability
limit corresponds to a 0.8, the upper to a 1.24 M —A stoichiometric ratio.
In practice one can work between the limits of 0.88 and 1.12, respectively,
expressed in the same units. It is advisable to work with the warmed burner,
4 —5 minutes after igniting the flame.

As a main characteristic, the translational temperature of the flame heas
been determined at different heights, from 0 to 18 wmim 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
apparatus used is shown in Tig. 3.

For this purpose the intensity of a line of a light source at 7==589.0 nm
has been  determined after passing the flame. Afterwards an  aqueous

~- —~
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Fig., 3. Schematic diagram of the apparatus used for the deter-
mination of the translational temperature of the flame

Na(Cl solution with 3 ppm Na was introduced in the flame and the intensity
of th: same line was lollowed. 1f the temperature of the light source is
equal to that of the traslational temperature of the {lame, the two inten-
sities remain constant both in the presence or in the absence of Na. The tem-
perature of the light source is varied by the voltage applied to the {ilament
till no variation in intensity i1s observed. In this moment the translational
temperature of the flame is cqual to the temperature of the filament, this
being determined with an optical pyrometer. The results obtained are shown
on Fig. 4.

[t can be scen that the translational temperature of the flame increases
slowly and wnon-uniformly with the h:ight of the flame, the maximal value
of 1857 N buing observed at 12 mm over the burner head. Tn the 12 —15 wiin
region, the temperature practically is constant. The temperature values ob-
seved are lower than the theoretical oncs owing to losses of heat by convee-
tion and radiation as well as to the
presence of water pulverized i the 1900
flame, being lower with approximetely puy
200 K than the temperature of a similar
M —A flame enriched with oxyaen.

Apparatus. The spectrophotomet-
ric measurcments were carried out with 1500 -
a HEATH —701 spectrophotometer
using o HEATH KU -700 grating )
monochromator  and a HEATH
EU —700 30 type photomultiplicr
module. The photomaltiplier current 3
was rceorded as an ohmic poten-
tial drop with a K-201, Carl Zeiss
Jena, recorder. The slit width of 1000
the  monochromator  was 0.1 non b {mm)
cnabling a  spectral  resolution  of FPig. 4. The tramslational temperature of the
0.2 nm.  The spatial resolution in M- A flame versus the distance over the burner
the flame was 1w, In the spectral head as a function of the gas mixture
range of 7 == 200 700 nm an 1284 L Stofehiometric ratio (L85

<y L. 2. Stoichiometric ratio 1.00
(RCA) tvpe photomultiplier was used, 3. Stoichiometric ratio 1.12
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and in a higher wavelengths a MIZFCS1 (NARVA) ouce, respectively. The
0.1 mm slit width as well as the 700 V' applied to the photomultinlicr ensured
the required sensitivity without raising the background noise of the system
[14—17:. A puneumatic nebulizer was used with premixing chamber from a
AAS-1 Carl Zeiss Jena spectrophotometer. The flow rate of the air was kept
constant at 300 L/ required for the optimal performance of the nebulizer,
the rate of methane being varied as a function of the composition of gas
mixture wanted.
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ABSTRACT. New diazido-complex acids of cobalt{IIT: with aliphatic x-dioxi-
mes:  H{Co(Glvox.H),(Ny),]. HCo(DHL(N,] and  Co(Propox. H1,{ Nyl ]
(Glyox. I, — glyoxime, DH, -- dimethylglvoxime, Propox.H, — methyl-iso-
propyl-2,3- dimu dioxime) ware obtained by oxidation of the components.
[CoiDHLNHCHT]™, [CoDMH)LINOICNY] ~ and 14 new noncleetrolytes [[ColDEL(NY)
{amine)] were obtained by \,ul)st\tutmn reactions, The cownosition of the azido-
acids w a»pm\wl also by isolation of a number of 27 new hinary salts by double
decomposition reactions.

The arido-complexes were characterized by UV and IR spectra, thermal-,
potentiometric and polarographic measurements.,

Introduction. The azide fon (N;) with large nucleophylic properties reacts
cestly with various transition metal complexes and substitutes the halogen,
H.O, other acidic ligands zmd neutral groups. UMixed” classical complexes
and chelate compounds with N hgmd arx known in a considerable number
(¢.5. [Co(NHy) (f;;)k"" iy (Co(cn o (NO, 17120 [Cr(en)y(Ny)y ™ 3],
(Fefo-phen),(Ny), 4], [Rh(NH,) (N 3) B ‘, rCO((L)( {PhsP) 7, Lo’salcn)( 2Py
g

}«
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Thc formation of homogencous azido-complexes (M(Ng)P (n=1..6, m =
~3,..0.. —4) in aqueous solutions and in nonaqucous media has been in-
vestigated by means ol spectrophotometric, potentiometric and clectric con-
ductance measurements (9101 We have observed that the azide ion cnters
casily in various dioximino-chelates of cobalt (III) and rhodium (TIT) [11 131
Tho anation and other substitution reactions of [Co(Diox.H),(H,0)X1 and
CoDiox. HLN, 1~ (X = Cl, Br, I. NC5, NCS¢, NO,) with Ny lcads to the
formation of mixed complex acids .

Results and diseussion. In tae ;ms»nt paper various ahiphatic  e-dioxi-
mes @ glyvoxime, dimethyviglvoxime nnd propoxime {methyl-isopropyi-2, 3-dione
dioxime) were used for the synthesis of (\/1do— cobalt (III) — complexes.

The starting comjpotnd for the synthesis of mixed azido-dioxumino-com-
plexes 18 the dichloro- acid: H Co(DH)LCL ) (and the analogous derivatives
with other dioximes)., With stocchiometrical Ny~ -ion (molar ratio 1:1) the
chloro-azido derivative 15 formed :

HCo/DH),CL, - = NaN,; = I Co(DH),CI(N,) T - NaCl

dranion Museum Association, Cluj-Napoca, Romania
o Cluj-Napoca, Romania
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Using an exeess of NaXjy (molar ratio 1: 225}, the main product is the
corresponding  diezido-acid.

The chloro-azido-bis-dioximino-chelates are suitable for the synthesis of
othior mixed azido-complexes. The chloro-ligand can be substituted casily by
NO7, CN7, NCS—, »0;7, amines and phosphines.

Like the other Co(Diox.H),NXY [~ type anions, the mono- and diezido-

acids formn characteristie, crvstalline, gencrally slightly soluble precipitates
with monovalent metal fons (Cu™, Ag™, T17 and with diacido-tetramine tvpe
complexes of cobalt(IIl) — and chromium(III) (e.g. [Men),N, ™,
[IM(NTL,), X, 17, [Co(Diox.H).(aminc), | T, ete).

A number of 27 new binary salts of the azido-bis-dioximino-coba1g(TIT)-
acids obtaincd by double decomposition reactions in aqureors or dill wlcoholic
solutions are characterized in Tables 1 —4.

Table 7
New salts of the H [Co(DI),CIHN,) | eomplex acid
Formula Appearance Analesis (%)
Caled. Found
Lo(DID,(o-anisidine),] + A brown prisms Vo 1306
N 20.19
[Co(DITi(o-ethyiunitine),] - A Drowin demdrites Co i3.12
o(Dlijy(p-ethylaniline),] - A brewir dendrites Co 13.12
N 20.28
[Co(UH),(thiouree), 1 « A brown prisms o 14,59
S 7.4
A = [Co(DI},CHNy) ]
Tuble 2
New salts of the I [Co{DH),(CN) (X)) ] complex acid
Formula Appvarane Anaivsis (%))
Caled. Pound
[Co(IDH)y(aniline,] - B vellow dendrites Co 1415 13.84
N 23.33 25390
[Co(DH){m-xvlidine),] - B vellow dendrites Co 13.26 13.30
trans- [Crien),(NCSL, ] - B yvellow needles Co-=0r 1719 17.45
5 9.93 0.7

B = [Co(DH),y(CN}(N,)]




STUDY OF SOME MIXED AZIDO-COMPLEX ACIDS £9

IR )

il
New derivatives of the H [Co{Propox.H) (N}, | and H [Co(Glvox.H},(N,),] complex acids
Tormula Appearance Analysis (9
Caled. Fouad
H{Co(Glyvox H},(Ng),] + 21,0 brown irreg. cryst Co P64 R34
11,0 1017
N 3456
[Co{IH ,iprridined, ] - Dy 1.5 11,0 short, tight Co FRRAE
Brown prisms 1T RN
Loy (pyridine), ] - 1. 1.5 TLO short, brown Lo 1489 .
prisms 11,0 341 307
LoD (aniline),] - D brown hewagonal plates < 15,03 1507
27T Sl
KofDH)(aniline), ] - 1 - 11,0 brown, thomh. plates 5 IEN
. 218
LCuiDHithiouree),] - D+ 1,0 brown, hexagonel plates Co G5 T334
1,0 2 21
S 702 ToaT
Ko(DH ), /thiouree),] - X - 1.5 I1,0 dark brown, shert prisms On 1501 1520
0 344 IR
S R.16 7.85
Lo DHj,om-chloraniline,] - D irreguler, brown plates o 206 12iy
N ¢
[Co(DI,(NH), ] - B - TL,0 short, brown neadies Co
L0
trans- Crien},(NC8)YT - Iy« 3I1,0 light brown microervet, Co--Ur
>
1,0
trans- Cofuni, LT - L« i1L,0 gold yellow drreg. eryst. Co
H,0
X
trans-[Cofen s, Bryj - 15 - 1HL,O olive vellow o Co
H 0
N 2910
D - CoPropox.}, Ny)o 770 E - ColGlyex M (NG 1T 1 €Co - Ur detn as s of Coutg -~ Crpoy, 900 00 0

New derivatives of the [H [Co(DI),(\,), |-acid

1l
Formula Appearance Analvsis (9,
Caled.
trans-[Co{en,{(NQOy),)] - © - 11,0 dark veliow prisims Co 17.80
H,0
N
[Co(DIT),(thivurce),] - C - 11,0 dark vellow dendiites U
H, 0
s
[Co(DiTj,{aniline),] - C long, bHrown prizms Lo
[Co(DILj(0-ethylaniline), ] « C - H,0 brown Co
denedrites .0 i
[Co(DH)y(p-cthylanilinej,] - C brown Co 1817
dendrites N 24.77 23000
[Co(DH)y(p-chloraniline),] - C vellow-brown prisms Co 12.84 12,79
[Co(DI ), (p-bromaniline),} - C vehiow-brown dendrites Co 11.71 11.54
N 22.27 22 o8
[Co(DIl{0-anisidine),] - C brown dendrites Co 12.97 12.58
N
N 24.67 24.29

C — [Co(DH),(N),7; Co detn: complexametrically: S detn. as BasO, 1 N dan gazvolumetrically as N.
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The halogeno-ligand in the H[Co(DH),Cl(N;)] acid can be replaced by
neutral ligands too, e.g. NH;, pyridine bases, aromatic primary amines (pK,
values: 9-—12) and tertiary alkyl-aryl-phosphines.

H{Co(DH).CI(N,) | + amine = [Co(DH),(amine)(N;)]

+ HCI1
The reaction was carried out in ammonium acetate buffer solution by water

bath temperature.

Some beautiful, characteristic crystalline products are characterized in
Table 5.

Table 5

Aew nonelectrolytes of the [Co(DH),(N;)(amine)] type

No. Tormula Appearance Analysis (7))
Caled. Found
[Co(DH(Ny) (in-toluidine)] - 2I1,0 brown prisms Co 12,42 12.66
1,0 7.59 7.33
N 23.62 24.06
TCO(DH (N (m-xylidine'] - 2H,0O brown-irregular cryst. Co 12.07 12.23
H,0 7.37 7.18
Co(DH LN p-phenotidine)] « 211,0  dark brown prisms Co 11.68 11.54
11,0 7.14 7.34
[Co(DH),(Ng) (p-anisidine) ] - 2H,0 gold-brown plates Co 12.02 11.98
H,0 7.35 7.21
N 22.83 22.40
[Co(DH (N ){p-chloraniline)] « 21,0 sparkling, dark Co 11.91 11.75
brown plates H,0 7.28 6.85
o DN (m-chloraniline)y] « 2H,0  sparkling brown plates  Co 11.91 11.84
1,0 7.28 6.90
Lo{DI,(Ny)(p-bromaniline)] - 2H,0  brown plates Co 10.93 10.80
N 20.78 21.10
11,0 6.68 6.40
fCoiDI, ST RIT sparkiing, dark Co 10.03 10.02
brown plates 1,0 .14 6.50
(Coi T, Drown prisms Co 13.89 13.76
[CoiDIiiy veliow-browu plates Co 13.44 13.46
N 25.57 25.40
TCoi DL INNG w-hutid vellow-brown plates Co 1344 13.28
CorDIT, N i(d-ethvins brown plates Co 13.44 13.50
Coi DIy Npdmidaoles] vellow-brown Co 14.76 1471
plates N 31.58 2201
oty N j-aminadhinnoles short. brown plates Lo 13.66 13.70

Potentiometrie measurements.  The  isoluted  HCo(DH),CUHN,) - and
H Co(DH},(Ny),1 are middle strong mounobasic acids.
The dissociation constants (25°C, fonic strenght @ 0.1 m) are: 4.10 x 1078 and
5.05 x 1073, These values were caleulated using the pH values of the half
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¥ig. 1. Polarogram of [Co(en),ICl; (pH = 5.02; gelatine 0.5%)

neutralized aqueous solutions of the complex acids (¢ =1 —2 X 162 mol¢ 1),
following the equations:
H*]. Co(DH,XY ]~
K — ] (DI, XY]

H [Co(DI),XY]

1 - a)c— [H]) + [OH ] u
a-c- [HT]— [OII7] T

(for the neutralization, 0.1 # KOH has been used)

(¢ — concentration mole/l; a — degree ol mneutralization)

The azido-cobalt(III) — acids eliberate CO, from NaHCQO, HCN from KCN
solution. The obtained azido-complexes have not explosive character and can
be handled without explosion danger.

Polarographie hehaviour. In a previous paper [14] the anodic oxidation
of some azido-complexes of the type [Co(DH),X(N,;)]~ 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 reduction of some H[Co{(DH},(N;)X] tvpe complexcs
(X = Cl, N;, NO,), as compared with those of the [Co(en),]Cly wes studied
in Britton—Robinson’s buffer solutions. Some typical poiarcgrams
are presented in Figs. 1 and 2.

The polarographic data are shown in Table 6.

In the case of the hexamine type complexes ([Colen); P+ and [Co(NH,),*T,
respectively) two reduction waves appear corresponding to the following pro-
cesses: [151,

log K = !

Co(III) — % Co(II) (1.)
Co(I1) 2% Co(0) (IL.)
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¥Tig. 2 a) Polarogramms of H[Co(DI),(N,),]
b) Polarogramms of HTCo(DH)(N,CI] (in the presence of gelatine 0.5%)

Table 6
Polarographie data ol some  cobalt(IT)-complexes

Compound Cone. pH O pensibility I (vs.SCE; Height of the wave (Div)
w 107 A/Div B, L, I 11
2 /2
X 107
[Cotend, JC1, 0.9 5.02 0.6 0.45 --1.23 11 22.1
HICo(DI,CUN, ] 0208 529 1.2 —-0.79  —1.03 15.6 19
5.02 .92 — (.92 —1.07 19.0 18.5
7.96 —1.1 32
HCo(DH,{N,i,] (.24 3.49 1.2 - (.78 —1.02 16.2 17.3
5.02 - 0.91 —1.06 19.0 17.2
H{Co(LH),(N,)iINOS T 0.284 329 2.0 —0.88  —1.03 51 '
5.02 —0.92 —1.08 33

7.96 —0.86 40.8




STUDY OF SOME MIXED AZIDO-COMPLEX ACIDS 73

The height of the sccond wave is double as compared with that of the
first one. The first wave has an irreversible character with E,, = —04 —
—0.6 V (vs. SCE). The half wave value of the sccond wave is —1.2 — 13 17
{vs. SCE).

In the case of the dioximino-chcelates, the first wave has a more coni-
plicated character with E;, = —0.7—1.0 IV (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 reduction of the central cobalt(III) ion
is accompanied with the reduction of the oxime groups.

The total reduction of the dioxime ligand is an cight-clectronic process:

R —C = N-OH R —CH —NH,
| 4 8¢ +~8H™ = | -+ 2H,0
R—C=N~-OH R —-CH -—-NH,

The second wave is shifted towards more positive values as comparcd
with those of the hydrated Co(H,O)¢]*" fon {(—1.4V vs. SCE). In the case
of the HCo(DH),(NO,)(N;)] 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-complexes are presented in Table 7.

Lable 7
Infrared spectral data of some azido-cobalt(Ill)-eomplexes
Characteristic frequency Azido-complex
I. 1L I11. Iv. V.
YNl — - — 3130 m 3130 m
3030~ 3035 --
3070 m 3080 m
Yoo 2300 — 2300 -- 2300 — 2330— 2320 —
2380 s—m 2370 s—m 2300 s—m 2390 s—m 2400 s—m
VN, 2035 v s 2040 v s 2050 v s 2030 s 2045 s
s 3
2120 v s
YoH..0 1750 — 1720— 1700 — 1740 — 1750—
1770 m 1780 m 1750w 1800 v 1800 w
Ye=N 1540 s 1570 s 1570 v s 1575 s 1575 s
1570 s
Vex 1380 m 1360 m 1340 m 1370 m 1360 m
'3
YN OH (oxime) 1240 v s 1245 v s 1250 v s 1250 v s 1245 v s
Yy-o.. (oxime) 1085 v s 1100 v s 1090 v s 1100 v s 1100 v s
Yo—1 980 m 960 m 985 s g80 m 975 m
Ye—H 730 m 740 8 T30S 75008 760 m
Yoo N =N (azide) 610 — 625 m 660 5 630 — 610 m
630 w 580 m
Ve, N (amine, oxine) 520 s 515 m 5320 m 520 m ain s
S coox 440 m 450 m 440 m 445 m 430 w
420 m 420 w
1 — H{Co(DH)CHN,)]; 11 — H[Co(Glyox. H),(Ny)a1; 111 — [Co(DILNH{imidazole) 3 IV — (Co(DIN,{XN,) (panisidine)];

V — [Co(DH),(N,)(m-xylidine)]. ¥s — very strong, 8 — strong, m — medium, w — weak)
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The position of the v O—H and § O —H..O frequencies show the presence
of strong intramolecular O —H. . O hydrogen boundings similar to those obscrved
in the case of the analogous H Co(DH),X, ], [Co(DH),(amine), X type comple-
xes. These hydrogen bridges stabilize the coplanar Co!Diox.H), ring system,
i, the trans-geometric configuration of the azido-bis-dioximino complexcs.
Thercfore liwand exchange reactions occur with retention of the geometric
coniguration. -

Th: v (=N, v N—~OH and v N —0O.. frequencies of the coordinated «-
dioxime  lisands appear at 15530 —15370 cm ™' (s), 1230 —1240 ein™1 (v.s.) and
1080 —1100 ¢m 71 (s.) showing strong covalent Co—N (oxime) hondings.

The azido-complexes show generally 3 characteristic absorption baunds at
2030 —20890, 1300, 600, 300 —400 and 200 cm ™1, respectively. These bands can
be considered 1n @ first approximation as M-—-N; group {requencics.: v, Nj
v Ny stretehing vibrations, the 3y; and M —N —N deformation frequencies.
[16, 177 The free, non co-ordinated azide ton is linear and symmetrical with
equal N =N atomic distances. By co-ordination appears a svmmetry dimini-

N —N—-N
with M —azide angular bonding (M/ } 181,
he inercase of the © — interaction between the p orbitals of the N-
atom and the d- orbital of the metal fon leads to the increase of both the
N—XN atomic distances and of the v, Ny value. (in the case of 1onic azides,
c.go NaNg: v, Ny 2120 =2140 en ™1 (v.s)) and 8N;: 643 cin™? (m).

Th - stretching and deformation vibrations of the co-ordinated azido-groups
are shifted as compared to thos. of the free ionic Ny7, as seen from Table
7. This plhenomenon show the: Co—N, bond to have strougly covalent cha-
ractor.

Th- v N—H stretching frequencies of the co-ordinated primary amines

ar at 3100 —3200 cm 7L, shifted with 200 —250 cm 1 towards lower frequency
5. (The Co-amine bonding is also a strongly covalent bond).

Elicetronic spectra of the azido-complexes were recorded in methanol. Some
spectra are shown in Figs. 3. and 4. and the speetral data are presented in
Table 8.

In the case of the diazido-acids two bands appear in the visible region,
at 14 —16 2K and 19 2K, respectively.

By substitution of an N, -ligand with amines or with other ligands, the
band ot 14—16 2K disappears and the sccond one is shifted towards higher
frequency values (20 —21 kK). The bands in the 1420 2K region have a
Ligand ficld character. The wide, strong band at 39 —41 kK, overlapped with
the chirge trausfer bands of the N,7 and of the ncutral ligands (amines),
is due, probably to the presence of the Co(DH),, Co{Glvox.Hj, and Co(Propox.H),
== groups. This band appears in the spectra of the majority of bis-dimethyl-
glvoximino-complexes of cobalt(IIT) [19.

Therinal behaviowr. The binary azido- comples salts and azido-non-clect-
rolvtes decompose suddenly on heating. Some derivatographic derivatographic
measurements show that the decomposition in air between 150 —240°C is fol-
lowed by cvolution of N,, NO, CO, CO,, IO in non-stocchiometric ratios.
The final residue in the crucible is not a stoechiometric amount of CozOy-be-
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Fig. 3. Electronic spectra of - Fig 4. Llectronic spectra of
a) H{Co(DH),(N,},] 4t [Co(DH) 2(\' ‘(p T-aniline)]
b) 11{Co(DH),(N,)CL] b [Co(DHL(N3.5-utidine; ]
¢l ~U;(ULI&R'\ }\m totuidine *j
Tatic
Eleetronie spectral data of some azido-cobalt(III) complexes
Formula Ay loge, %y loge, 7y loge, 24 lomzg  n, logeg
H [Co(DE)R(N,),] 152 138 190 228 31.0 382 390 423 420 415
H [Co(Glyox. H)y(N,),] 150 1.4 188 24 320 39 395 44 410 43
T[Co(DE,CL(N)] 150 1.45 180 1.93 30.0 3.4 405 45 490 4.1
[Co{LH),(N,)(3.4 utidine)] 200 1.8 305 3.4 310 3.5 405 43 437 43
L()(DH) o(Ng)(m-toluidine)] 200 202 280 3.4 32.0 3.5 39.7 39 44.0 3.6
Co(DH),{p-anisinine(N;)] 19.0 1.5 257 38 31.0 36 308 4.3 436 43
\()(DH\J\ (p-chloramlme)] 20.0 2.1 220 23 396 435 452 44 49.0 4.3
[Co(DH (N ) (p-iodaniline) ] 19.8 22 275 38 397 440 435 44 495 44

wave number in AR’}

cause of a great mass loss during the rapid decomposition processes (explosion
in cvery cases!).

Hot conc. HNQO,; and H,S50, decompose the mentioned substances with
formation of Co(NO,), and CoSQ,, respectively.

Experimental. Na[Co(Diox.H),(N,),]-sclutions. 0.1 wmole cobalt(IDacctate in 150 ml aqueous
solution were treated w1th 0.2 mole aliphatic x-dioxime (glyvoxime, dimethylglvoxime,propoxime)
in 200 mi. dil. alcoho!l (1:1) and oxidized by air bubbling during 4—3 hours. After addition of
0.22-- 0.25 moles NaN, in 50 ml water, the oxidation was continued 2 hours. The precipitated dark-
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(R}
ol
reattions.

N Col D L, CIfN i saliion, 001 oles TTCo/DINLCL] were treated in 200 e/ water with
0.0 0 gedes NaN, 123 aed avqueouns sobition, By continnous stirrine the dichloro-acid dissolves
after 5 - 1o mbtmates and red-dish-violet solution is formed. The mixture was ice cooled, filtered and
used for donble decomnosition reaction
solutions of Na.CorDIT
sooese ssoof 39033 per eent salfuric a
off wash with ether and dried oo ale

N DL, (NG JTON ) Yvolution, 25 smolos of FUCoIDHLCHN) Tin 100 ml water were freated
with 23 =30 poofes KON incone, afueons solution on a water bath, The brown-violet solution was
used tor double decomposition reastions.

Cat oMby o Ny famine ) Jsraaelectrol vies. 10 ninoles TLCo{DI (N CLY in 60--80 ! water were

treated with 2¢ avmmonium acctate and 10—12 junefes amine in 10—15 ! alcoliol. After 15—
poof heating on a water bath, the charasteristic ervstalline products separated were filtered

Pawith water aned dried on air,

o peckraowere recorded in KBr pellets by means of a UR 20 Carl Zeiss Jena spectro-

Deiween 400 40000 e 1,

Uk e were reconded in the 12 and 39 A region in methannl. Concentrations in the
visible: 20 0B gngdel/l s UN region: 011 x 1074 50/l

Dolarvagia divic measirements, The polarograms were taken with a RADELKIS-TY P OH 120
polarograph asing a conventional polarographic cell with a saturated calomel reference electrode,
connzered to the celi by means of an agar-avar hridge {1 3 KNO,. The oxvoen was eliminated
froon the solution with parified methane,

‘The supoorting electrolvtes were prepaved from Britton-Robinson solations with
addition of NuUIO, to cnsure an ionic streisth of approximately 0.1 A7 The measurements were
carvicd ot at 20°C. pH-neasurements were carricd out 4t 25°C with an LPU--0.1 (U885 R)) pH-
crer havings a glass-cloctrode as indicator and o satarated calontel as standard electrode.

br oproduct Cazido-aquo-bis-diovimino-eobalt{XITi 0 7ColDiox . 11.,/N
Javk-brown solation was complected with water to 300 5

L, was filtered
ad wsed tor double exchange

Do andaeids, The

W and NalCofDiox 11,IN,), 1 were treated
The ervstalline free azido-acids were filgered

a b

o
EAY I

ol v

photonet:

oML Livhard, MW
245 (19307 267, 121 n
Staples, M. T Tobe, J. Chem. Soc., 1960, 4812; 1963, 32728,

I
’ RIS =

ioel, I Flyoare, Z.o anory. allg, Cheny, 262, 328 [19350%; 263,

0P

8.0 Liinhard, W. Berthold Z anorg alig. Chem., 279, 173 [1933).

WL Beek, Ko Madoeja W, Wilke, 5. Smidt, Z. anorg. allg. Chem., 346, 306 (1966).
.08 Davis, GoCo Lalor, J. Chem. Soc. (A), 1970, 4435,

6oW, Becek, LK. Schuierver, K. Feldl, P. Pollmann, W. . Fehlhammer,
Augew. Chemt., 77. 438 (1963); 78, 267 (1966).

7.W. Beck, W, P Fehlhammer, P. Poéllmann, B Schuierer, K. Feldl,
Chent. Ber,, 100, 2335 (1957,

8 W, P, Fehlhammer, T. Kemmerick, W. Beck, Chom. Ber., 112, 488 (1979).

SR, G Clem, E. M. Huffman, J. Inorg. Nucl. Chem., 27, 365 (1963).

Jo. V. Gutmann, O. Ireitmann, Monatsh., Chem., 97, 926 (1956).

HoUCs Viarhelyi Fo Mdanok, S Kiss, Studia Univ. Babes—Bolyai, Chem., 18, (2),
105 (19735,

127, Finta, Cs. Véarhelyi, J. Tnorg. Nucl. Chem., 36, 2199 (1974).

B0 Niarhelyi, ¥. Mdanok, J. Zsakd, Proc. NI'TI Intern. Conf. on Coord. Chem.,
6— 1 sept, 1976, ITamburg, F.R.D., Abstracts of Puapers, p. 337,

Mo Manok Cs, Vdarhelvi, Rev. Rowmaine Chim,, 23, 917 (19781,

IS0 1 Moltzeiaw, Do P. Shetz, J. Amer. Chem. Soc., 75, 3033 {1933).

6. P, Gray, €. Waddington, Trans. Faraday Soc., 33, 901 (1957},

7.9, Milligan, H. W. Brown, G. C. Pimcentel, J. Chem. Phys., 25, 1080 (1953),

1I8. D, Foster, W, D, Ilorrocks, Inorg. Chem. 3. 15310 (19861,

190 A Vo Ablov, M. P Filippovy, “Zhur. Neovg, Khim., 3, 1365 (1958},



rn.org

STUDIA UNIV. BABES-BOLY AT, CHEMIA, XXXVII, 12, 1902

SOMIE NIiwW COBALT{IID)-AMINE PERIODATES.
The gravimetric determination of the periodic acid with metal-
and metal-amine salts.

FERENG MAKKAY#, CSABA VARHELYI** and SINDOR GAL SEMER*
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ABSTRACT. L number of 10 new cobalt(IITj-amine periodates of the [Co(Diox I,
{Am;, 10, tvpe (Diox.H, — dimethviglyoxime, heptoxime, Am - pyridine
bases, tertiary alkyl-arylphosphines) were obtainsd and characterized by chemical
methods, solubility measurements and by IR spectra, respectively.

Some derivatives of this type were used, as compared with the thallium-,
silver-, mercury- and lead periodates for the gravimetric determination of the
periodic acid. The results were statistically evaluated using the usual methods
and programs written in the Turbo-Pascal language.

Introduction. The periodates appear in various forms as: metaperiodates:
MIO,, mezoperiodates: MGIO,, dimezoperiodates: MyI,OQ,, orthoperiodates:
AM.IO; and also in other sclf condensation products and heteropolyperiodates,
sending on the pH, the nature of cations and anions’present in the reac-
tion’s media and the experimental conditions, respectively ({reaction in solu-
tion or in solid state) [1-3..

The metal salts of these acids, excepting the alkaline — and ammonium
salts, are generally sparingly soluble in water. The analogous derivatives of
the other oxoacids of the halogens, especially the salts of HCIO, HCI10,, HCIO,,
HCIO,, and in every cases also the bromates and iodates have a higher solu-
hility in analogous experimental conditions.

The periodic acids form also slightly soluble salts with various metal-ami-
nes 461, e.g. [Pt(NH;), 2%, [Ptlen),]**, [Pd(en),]*", and some chrominm(III)
— amines.

From, analytical point of view one cannot distinguish among the various
forms of the periodates. One can determine oxidimetrically only the quantity
of I in all the periodates present, on the basis of the redox processes:

TP 4 20 =157 (107 — 105 ; pH = 9-10)
and

17T + 8¢ =1~ (I0; — I7; in acidic media).

Following the former equation the periodate can be determined iodomet-
rically in NaHCO; or borax media in the presence of arsemite [7], manga-
nese(II) [8], H,0, [9], ethane diol and polyalcohols [10], hydroxylamine [11]
or hydrazine [12].

* Babes- Bolyai University, Faculty of Chemistry, 3400 — Cluj-Napoca, Romania
** Transylvanian Muzeum Association, Dept. of Nat. sciences and Mathematics, 3400 — Cluj-Napoca, Romania
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Some non-specific spectrophotometric methods were proposed for the de-
termination of micro amounts of periodates also in the presence of several oxo-
acids. For spectrophotometric measurcments, some amines, oximes, semicar-
bazones, hydrazones, phenols and dyes were proposed [13—167.

Some metaperiodates and orthoperiodates (unitary, sparingly soluble, casily
filtrable precipitates) scem to be suitable for the gravimetric determination
of this oxoacid; for this reason, some heavy metal- and cobalt(III)-amine
periodates were proved in this paper for the above mentioned purpose.

Results and discussion. In earlier papers [17 —25] we studied the forma-
tion conditions of the cobalt(III)- and chromium(II)-amine periodates of
various types. Thus, the hexamines and monoacido-pentamines form ortho-
periodates, mezo- and dimezoperiodates with various number of water mo-
lecules, especially at higher pH-values have been obtained. The acidic medivm
promotes the separation of metaperiodates in the case of all cobalt(ITI)- and
chromium(III)-amine bases. The metaperiodate, especially with diacido-tetra-
mine type complexes, arc separated, gencrally, as anhydrous salts.

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

In this paper we describe 10 new metaperiodates of the [Co(Diox. H),(Am), -
-I0etype (Diox.H, — dimethylglyvoxime, Heptox.H, — heptoxime, Am —
pyridine bases and tertiary phosphines). The characteristic data of the new
products are summarized in Table 1.

Taviz 1
New metaperiodates of the [Co(Diox.lt), (amine),] 10, type
N . orn Analysis
Formula Yield (%) Appearance Caled. Found
[Co(DH),(pyridine), JI0, 90  sparkling, brown Co 9.23 9.11
rhomb. prisms I 19.88 19.65
[Co(DH)(3,4-1utidine), 10, 80 brown prisms Co 8.49 8.60
I 18.28 18.01
[Co(DH),(3,5-Iutidine),]10, 95  brown microcryst. Co 8.49 8.38
I 18.28 17.96
[Co(DH),(3-ethyl-pyridine),]10, 85  brown prisms Co 8.49 8.32
I 18.28 18.11
[Co(DH),(4-ethyl-pyridine), ]10, 90 brown microrcyst. Co .49 8.55
I 18.28 17.75
[Co(Heptox.H)y(pyridine), JIO, 95  yellow-brown needles Co 8.20 8.33
1 17.66 17.33
[Co(Ileptox.H)y(8-picoline), 110, 95 vellow-broun needles Co 7.89 7.65
[Co(Heptox.T),(3,5-Iutidine), JIO, 96 brown microcryst. Co 7.61 7.49
I 16.38  16.32
[Co(Heptox.H),(3,4-lutidine), J10, 90  short, brown prisms Co 7.61 7.54
1 16.38 16.10
[Co(DI),(diethyl-phenyl-phosphine),] - yellow-brown microcryst. . Co 7.25 7.03
< 10, I 15.62 16.10

DH — deprotonared dimethylglyoxime: CH,N,0,; Heptox.H — deprotonated heptoxime (1,2-cycloheptanedione dioxime):
C,H,,N,0,
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The solubility in water of the metaperiodates obtained, varies between
1074 — 1073 mole’l at room temperature. Similar values were obtained also
for Ag, Hy104, TLHIO,, Pb,HIO; and Hg(IOg),, respectively. Some  solubility
dat: determined grav mutrically and iodometrically are presented in Table &

Table 2

Solubility of some metal- and metai~-amin-periodates in wafter

Compound Solubility {mole/l}
}’szl()6 438 >0 1073
IIg,(104) 2.87 % 1078
Ag, H I() 1.45 x 101
rCof I)H)z(p}rxdmn) IO4 1.10 x 10
[Lo DH),(8-picoline),}10, 115 x 16+

The cobalt(IIT)-amine periodates were characterized also by IR spectral
Hicnsurements.

The IR spectra show, that the new obtained salts are metaperiodates.
Th: vI—O valence vibrations appear in all cases at 840 —860 c¢m ™1, as strong
bands, not influenced by the various deformation vibrations of the co-ordina-
ted oxime, amine or phosphine ligands. In the case of other periodates these
frequaencies  are  shifted towards lower values: orthoperiodates: ~ 700 o1,
mezoperiodates:  ~ 750 cm ™l dimezoperiodates : 785 —790 em ™1 [26, 27].

Gravimetrie determination of the periodie acids as Ag,H,I0,, TLHLIO,,
Hy (I04),, Pb,HIOg and [Co(DH)y(pyridine), J1O,.

The aquceous solution of periodic acid was treated with an excess of a
soluble silver-, thallium-, lead-, mercury- or other complex salts of the type
ColDH), (amnm)zacetate (amine == pyridine, @8-picoline), at room temperature.
Th. crystalline precipitates formed were filtered off, washed with ice cooled
water and dried. The results are presented in Table 3.

The results were statistically evaluated with the known methods [28].
For the lincarization of the experimental data the LIN —EXE program writ-
ten in the Turbo-Pascal language was used. This program is hased on the
least square method 729]. For the determination of the accuracy of the new
gravimetric methods a series of 1010 determinations were made with iden-
tical H.JIO,; amounts (50 —30 mg). The mean values and the statistical data
were  calenlated using a MEDIA ~EXE —program [30] written also in the
Turbo-Pascal langunage (Table 4). .

The accuracy of the gravimetric determinations is approxlma‘cdy the same
in all the cxamined cases. The interference of the other oxoanions of the halo-
gens, following our qualitative observations, scems to be the less in the case
of [Co(DH), (ammc) 0,

Experimental. Periodic acid (H,I04) was obtained from KIO; according to the reac-
tions [317:

2KIO0, -+ 4KOII 4 3Ba(NOy), = BayH,(I0,), - 6KNO;,

BagH,(104), -~ 6HNO, = 2H,JO4 + 3Ba(NO,),
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Table 3
Gravimetrie determinaiion of the periodic acid
m (10;7) g sample weighed for all determin,
0.0150 0.0300 0.0500 0.0750 0.1000

forms

Determination form: Ag,H,10,

m (107} g calculated I‘ 0.0149  0.0301 0.0498 0.0747 0.09998

2.7476E—03

Ser ”%7

}; ) |7‘».99998 : o
Equation of the straight line: Y == —0.0000051 + 1.9349 %« X

Determination form: TLH,10,

m (I0;7) g calculated 0.0148  0.0295  0.0500  0.0751 0.1001
Sy _| _gZSZiZE—-OI%

T,, ] 0.99998

Iquation of the straight line: Y = —0.00052 4 2.2903 % X
g

Determination form: Hg (10,),

m (10]) ¢ calculated 0.0149  0.0300  0.0498  0.0748  0.09999
Sey 3.1836E 03
T,y 0.99999

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

Determination form: Pb,HIO,

m (I0;) g calculated 0.0148 0.0300 0.0500 0.0749 0.1000
Sxy 3.2626E—03

Tay 0.99999

Equation of the straight line: V = —0.000154 4 2.2976 % X

Determination form: [Co(DH),(py);]10,

m (I0;7) g calculated ! 0.0149  0.0297  0.0501 0.0749 0.1001
Szy 4.6921E—03
Tay 0.99999

Equation of the straight line: Y = —0.00046 -- 3.3042 % X
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Tabie 4

Statistieal dates on the aecuracy of the gravimetric determinations

S Spese

Determination m (1I0.7) ¢ m (10,7} g <
form weighed calculated -

Hg, (104), 0.0500 38:3:
0.0497
0.0498 233E— 497952
0.0498 3 .
0.0498 497952 53E—5
0.0497
0.0497
0.0499
0.0498

Ag,HZI0, 0.0500 ?nf;z
).0498
0.0501
0.0498 314E~5 4.99E-2
0.0499 1.991F -2 -
0.0500 715 -5
0.0499
0.0500
0.0498
0.0499

PhHIO, 0.0500 0.0501
0.0500
0.0500
0.0499 5.0008 — 2
0.0501 2A1E~3 S.00E—-2
0.0500 -
0.0500 48E—35
(.0499
0.0500
0.0500

% = average; Sy = standard dev. of mean; P = conidence limits. { (Student distribution) = 2,26

CoDiox. Hidamine),]T O - 10 mmoles of Co(Diox.H),(amine),] acetate [32] in 100 m!
water were treated with 11--12 mmoles of H 1O, in 50 ml aqueous solution. The crystalline pro-
ducts formed were filtered off after 15--30 min. standing, washed with water and dreid on air.

Analysis. Cobalt was determined complexometrically and the IO,
content iodometricallv in the usual way.

Solubility determinations. I. Method. 100 —200 ml satura-
ted aqucous solution of Ag,H;IO0,, T1,Hz10,, Pb,HIO,, Hg(I0,),. [Co(DH),(pyri-
dine), IO, [Co(DH),(B-picoline), IO, etc. were evaporated to drymess in a
crucible and dried at 120°C during 2 hours. The solubility was calculated
from the net weight.

II. Method. 100 ml saturated aqueous solution of the corresponding periodate
were treated with 10 m/ 109, KI and 25 ml 10%, HCI and the eliberated iodine
titrated whit 0.01 » Na,S,0, on the usual way.

6 — Chemia nr. [—2/1992



89 F. MAKKAY et al.

The TR speetra were recorded in KBr pellets with an UR 20 spectro-
photoneter (Carl Zoiss Jena, Gernany).

Gravimetric determination of the periodic acid
(General procedure) @ 153 —100 mg of periodic acid in 50 ml aqueous solution
were treated with an excess of 0.1 7 AgNO,, Tl(acetate), Pb{acetate),, Hg(NO,),
or 2% Co{DH),{ainine), Jacetate, respectively. After about 30 min. standing
the precipitates fornwed were filtered off ou a Gy glass porous crucible, washed
with 303wl ice cooled water and dried at 110 —120°C during 2 hours.
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ABSTRACT. The present work deals with the synthesis of several cationic ten-
sides (quaternary ammonium salts) starting from aliphatic acids, cthylenediamine,
acrylonitrile, acrvlamide and the corresponding agents to obtaine the quaternary
salts. The reaction parameters for the synthesis of amidoamines and tertiary
amines are discussed ; the quaternary ammonimm saits have been tested as corro-
sion for steel, in hydrochloric and sulphuric acid solutions. All the compounds
have been proved to be efficient as corrosion inhibitories (their efficacity being

48—-899,).

Cationic temsides, due to their specific propertics, are of practical use
in various fields such as corrosion inhibitories, flotation agents for clavs, ad-
ditives for cationic cmulsions containing bithums ete. The great majority of
cationic tensides consists of long chain aliphatic and naphtenic aminces, or their
derivatives, mainly the quaternary ammonium salts.

The classical path in obtaining long chain aliphatic amines 1s that star-
ting {from aliphatic acids, which recact with ammonia in order to obtain ni-
triles, followed by hyvdrogenation, resulting in aliphatic amines; in turn, these
amines can be alkvlated forming secondary and tertiary amines, or even qua-
ternary ammonium salts. This process presents the disadvantage of using high
temperatures (300 —320°C) for nitrile syntheses, as well as relative difficulties
in operating specific reactors.

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

1. The synthesis of amido-amine :
R, -COOH + H.N —CH, —CH, —NH, 2 R, -CO —-NH —CH, —CH, —NH, +
+ H,0
2. Alkylation of amido-amine in order to obtain a tertiary amine:
a) wilh acrylonitrile :
R,-CO-—-NH -CH,CH,NH, + 2CH, = CH-CN &
CH,CH,CN

= R,CO —NH —CH,CH,N{
N\CH,CH,CN

* Polytechnical Imstitute of Bucharest, Calea Victoriei 119, Romania
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b)) ool acrvlamiae fA44)
R,CO —NH —CH,CH,NH. ! 2CH, = CHCONI, =
! ,CH,CONH,

= R,CONHCH CILX

N\CIHLCONH,
3. Quaternization of tertiary amine uxing the corresponding agent:
R, | Rop”
RLCONHCH-:CH}\:&R + RyCl 2 | R,CONHCH,CH, — N\——Rz Ci~
2 . R,

As quaternization agents, monochloracetic acid (ClAc), benzyl chloride
(BzCl and dichloretane (DCE) respectively, have been used. In this way, a
number of six quaternary ammonium sclts have been obtained, according to
the scheme given below:

] B . . . B
P Oleic acid - ethylenediamine |

LACN L AA

| amidoamine |—————

7
!

i
!

! }
v

__f_ tertiaryamine I ‘\ l———t tertiaryamine IT I
+ClAcOH | +BzCl t +DCE | +ClAcOH ] +BzCl ! 4+DCE,
! ! { ! ! !
Qas T |Qas 2 [QAS 3| |QAS4|  |QASS5[ [QAS 6|

Thus, the general formula for the syvnthesized quaternarysaits is:

R,CONHCH,CH, — N—R,| -+ X, whire R, = C, Hyy; R, = CH, —CH, -CN

R
or CH, —CH, ~CONH, ; R; = CH, -COOH, C I, or CH;—CH.Cl; X = I

We have studied the influence of the molar ratio of reactants on reac-
tion selectivity, as well as the time dependence in all reaction steps.

The synthesis of amino-amine takes place in a round bottom lask equip-
ped with thermometer, stirring and heating systems : an ASTAL deviee allowed
water removal from the reaction medinm, as azeothrope (with xyvlene). After
introducing the reactants as well as the solvent (xylene), wo have started
the stirring and heating svstems. The first vapour amounts have appeared
around 110 C; after condensation, thevy have boen collected in the ASTM

3
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!.31\' mif"*ib‘w?. while the upper laver countaing xyviene {refluxed in

e reaction process, the temperature hes been gradually risen un

dovicos e Dotton laver consists of o mixture of water-ethvlene diami
N
A

che Il s}\)
e rraction kKinetios was put in ovidence in an indiveet wav, by measoring
volum.  of the homogencous mixture water-cthylene dianine,

IRY

During
to 230 —

"4‘)( After an appropriate time, considering the solvent, as well as the excess

ol othyt dismine {obviously withiut refluxing). Thea the reaction

mass has

boen washed b\ an alkalvine solution, which, in turn, removes the unreacted

Gl d ( S

water-soluble salt); finally, the volatile {ractions arc distiled under

vacuunt. In this way, the reaction product remains in the flask and can be

am:;\\ (.

When svathosizing the amido-amine in order to obtain the monoamide,

47

tiie reactants molar ratio must be favouwrable with regard to diamine. Car-

rving out experiments at different molar ratios, we have found as the most
favourable situation the ratio ethyvlene diamine/oleic acid = 1.2/1 {this value
futs boen established by analysiug the content of diemine in the final mixture

{see g, 1),

Accordingly, during the next tests, we have used the above-mentioned
mwolar ratio. In Fig. 2 we present the evolution of conversion versus time;

one can see that after 240 men. the maximum conversion {95 967,
reached.

The sccond step, namely the obtaining of tertiary amine, takes

) . t= -
o polar solvent, preferably isopronanol, at 75 =90 C, under vigouros
acrvionitrile 15 added gradeadly, [inally a certain time is provided

has bueen

place in
stirring ;

in order

to get a high conversion. A sinall cxeess of acrvlonitril (3109, is needod
this unreacted excess 15 subsequently removed by distillation. Wo have found
that the condensation reaction of amine takes place with a somewhat slower
tare than the {irst step, a comversion of approx. 819, boing veched after

7 —8 hours,

% diamide in the
final mixture

1 1 1.2 13 1,4 ethylene diamine/oleic acid

Fig. 1. — The influence of reactants molar ratio on the composition of reaction

molar rgha

pl’o:lu('ts.
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f Conversion (%]
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Tig. 2. — The evolution of conversion as a function of time for amido-amine

synthesis.

When synthesizing the tertidry amine using acrylamide, a polvmerization
inhibitory (preferably hydroquinone or phenothiazine) is, obviously, needed.
The procedure is similar to that used in the condensation with acrvionitrile ;
nevertheless, the maximum conversion is somchow higher (approx. 889%).

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

859,

Conversion {%]
1001
] R e oy
= R S R A
o e G T B S B
40f A
. G
VAR R
oVt 4w v
0 1 2 3 4 5 6 7 8 9 10 Timelh]

Fig. 3. — The evolution of conversion as a function of time for the synthesis of
tertiary amine with acrylonitrile.
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The svathrsized products have been submitted to variors shvasico-ch mieal
ansvses (IR, NMRY; they have proved the proposcd structure. The products
arc voste-like, coloured in various brown shades, soluble in olechnls (the solu-
hility dn dsopropanol is, Tor instance 257%), in acctoune (vp to 190) and less
water soluble {under 0,190

The resulted quaternary ammoniwm salts have been tested as corrosion
inhibitorics for stucl, in aqueons media containing minceral acids (FICH or H,50,),
at room temperature as well as at higher temperature (60 C). The degree of
corrosion has bren cestimated by gravimetric measurcments. The obtained
resalts have an orientating valtue. It has boeen shown that the new products
present a strong inhibition eficet; at very low concentrations (20 —60 ppm)
i corrosive media they provide a very offective protection (up to 839 at
roou1 temperature and up to 677, at higher temperatare). These results are
presented in Tables 1 and 2

Table 1

The results of corrosion tests in HCI sol. (152))

»

Pre- Inhibivor Corosion rate [mmjvear] ILfficiency  Corosion rate ‘mmivear] Tificiency

duct  concentration at 20 C % at 60 C g
ppm]  without inh.,  with+inh. without inh.  with inh.

20 7.22 2.7 626 135 451
1 40 7.22 o.47 638 133 535
‘ 60 7.22 2.09 71.0 133 59.8
20 7.22 2.6 64.1 133 SR
Z 40 7.22 2.42 66,4 135
60 7.22 2.5 3.3 113
20 7.22 3.1 57.3 1335 6307 51.8
3 40 7.22 2.71 621 133 G1.53 54.2
60 7.22 267 63.0 135 60.75 35.0
20 7.22 3.05 38.2 133 77.2 43.2
4 40 7.22 2.74 61.8 133 715 5
GO 7.22 1.98 73.3 R Bi3.8 50.3
20 7.22 3.5 51.4 135 82.0 33.9
5 4 7.22 3.06 A8.0 135 79.2 41.35
60 7.22 2.46 70.4 135 55.0 38.9
20 7.22 2.9 G0.3 135 65.2 51.3
6 40 7.22 2.52 (3.2 135 33.3 37.1
60 7.22 1.58 23

~1
o
w
[
91
. <
Ut
2}
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Table 2
The results of eorrosion tests in"I[S0, sol. (159
Pro- Inhibitor Corosion rate Lfficiency Corrosion rate Efficiency
duct concentration [mm/year] (%% {mm/year] [%
[ppm] at 20 C at 60°C
without inh. with inh. without inh.  with inh,
20 1.37 0.450 67.1 §8.3 35.4 39.9
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 63.9
20 1.37 0.225 83.5 88.3 29.2 66.9
2 40 1.37 0.267 86.5 88.3 28.5 67.7
60 1.37 0.220 839 88.3 28.1 68.2
20 1.37 0.371 72.9 88.3 34.5 619
3 40 1.37 0.263 30.8 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 88.3 386 583
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 38.9 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 88.3 278 6G8.5
20 1.37 0.392 71.5 88.3 38.2 58.0
(3 40 1.37 0.304 78.0 88.3 40.2 64.5
60 1.37 0.202 85.3 88.3 27.0 89.3

A better characterization for the newly synthesized products will be con-
tinued by e¢lectrochemical measurements.

Conelusions,

1. Six new quaternary ammonium salts, unknown in the literature, have
been synthesized ;

2. The products have been characterized :

3. The synthesized products act as cffective corrosion inhibitories.

»
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LECTRON BEAM EVAPORATION — A SUITABLE METHOD TO
OBTAIN MAGNETIC RECORDING MEDIA

ANCA Do SILVESTRU*

Recertved @ 20.11,1992

ABSTRACT. Thin magnetic films may possess longitudinal or vertical magnetic
properties. From the first class, the most used material is the CoNi altoy (80/20),
and from the second one the Colr allov. A very suitable method to obtain a
tape as registering media is the vacuum deposition of the mentioned material,
using an electron beam equipment.

During the experiments, the process was driven at a pressure of about
1073 torr, with an acceleration rate of the electrons of 6/10 A}, at a current
intensity of 0.1—1.0 .1. There were obtained various deposition rates, according
to the process parameters and the source that is wsed. The obtained films are
of homogencous structure, adherente to the targets and of a good purity.

There is made a study upon the deposition conditions and their influcnce
for the magnetic properties of the film. There are investigated: rate of deposi-
tion, substrate temperature, incidence angle of deposition, composition and thick-
ness of the film, the most suitable substrate and intermediar layer, in order to
obtain a film with good magnetic properties useful as registering media. There
are analvsed the possibilities to protect the magnetic film either against corro-
sion or friction.

1. Imtrodustion. The clectron beam evaporation method is based upon the
principle of bombarding the evaporating material with an encrgetic electron
buun pmduc(d by an alut]on beam gun. When the cenergetic clectrons meet
the evaporating material, their cinetic energy is changed into termic energy,
that determins the heating of the Illdttll&] untill it melts and, morcover, it
boils and gocs into vapors. The vapors possess suflicient cinetic energy for
noving as a divergent beam to the target on whichh we want to deposit thL ma-
tertal by umdcnmtmh

The cleetron beam gun cquipment allowes the evaporation of a large scale of
materials and a good deposition of thin, adhercuate la\'(rs on differe n‘t supports.
As evaporation sources, there were used ditferent metals and alloys (Cu,
Al Tio Ni, CrNI CoNi) which were deposited on polyvesteric and polvamidic

The process was driven at a pressare of 6 x 10738 jorr, and an acecleration
itage of 10715 KV, The obtained [ilms were of homogencous structure, adhe-
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 properties, high registering density and, not on the last
tine, b“:L e ol the better characteristics offered by a perpeandicular regis-
tering meditn in comparison with a longitudinad one. 3

v

* LDabes-Lolvar University, Dept. of Chemistry, KO 3100 Cluj-Napoca, ROM ANTA
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CoCr films can be obtained either by vacuum cvaporation or by spuittering.
In the first case, using an electron beam gun equipment, in order to obtain
good maguetic properties (H, > 300 O¢), the target had to be heated to 250°C.
4]

The process was realised in an evaporation equipment with two clectrons
beam guns. The decposition was made onto a polyvimidic folio having a thee-
knes of 15 —20 wm. Between the suppert and the magnreie film it was de-
posited a titanium layver of 0,03 wm. The CoCr film was of a 0,25 win thick-
mess. The target’s temperature was increased from 70° C to 300° C znd, accor-
ding with this increasing, there were obtained H, values of about 200 Oc at
70°¢ C and 900 Q¢ at 300°C (51

The quality of the registering realized with sich kind of tapes isdutor-
mined by :

— the perpendicular anizotrop ficld (M) ; — the cocercive force
— the saturation magnetization M ; — the thickness of the deposited {ifm.

a) The perpendicular anizotrop field In Fig. 1 is presented the charocte-
ristic curve of the registering density. Hy.y, H.,, H,, 3 and the thickness of the
film were about : 2,2 KOe, 500 O, 330 Oe, 570 emu'cec and, respectiv, 0,23 v,

It can be seen that the reproduced voltage is much  greater at 100RFRPI
than at 10 AFRPI and it lowers very rapidely upon 150 AFRPI. 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 ficld
at high liniar density [6].

bj The coercive force Fig. 2 showes the H,; dependence of reproduced vol-
tage at 10 AFRPI and at 100 RERPI. It is obviously that the recording den-
sity is not limited by the coercive force for the perpendicular registering
media 7, 8].

c) The saturalion magnetizaiion, As we can sce from Fig. 3, at high va-
lues of M, the reproduced voltage decreascs, may be because of the changes

i
[Sa
“

200 -

Reproduced Vaitage (ihp-p/mm Ton/s)

1 ! !
0 20 5¢ 100 260

Recerding density (kFRP.)

Fig 1. Recording density characteristics
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that occure into the perpendicular anizotropic properties. For a CoCr film
with a thickness of 0,2-—0,23 pym the, reproduced voltage has a maximnm a-
round the wvalue of 500 emaulcc [9,10].

d) The CoCr filn thickness. From fig. 4 it appears obviously that the re-
produced voltage arises with the thickness if the {ilm till around the value of
0,2 wm. Upon this value it remains the same 7117,

The magnetic properties of the CoCr {ilms can be improved by a fermic
treatment in air at 400°C. The cromium is preferentially oxidized and is con-
verted into Cr,O, which has antiferomaguetic propertics [12],

3. CoNi films, Acording with its good magnetic propertics that allowed to
obtain great recording densities, the CoNi alloy (8020) is a suitable mate-

e of  reonroduced
on Mg

= N Fig 3. Depend:
- ; \ voltage

i

250 g0 8007000
Mstemu/ecc)
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Fiao 4 Depondence  of  ropraeduced
voliage on thickuoss
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rial {or vecording wmedia. This material s constdered te Ho o oowedinm with lon-
gitudine! magnetization, alteugh the films possess the peapondiculay componens
too and they behave as muiticomponent media ‘13'

In order to obtain good magnctic propertics and, rilated to these, o goo?
recording density, it has to be wsed an oblique incidence tochnigque of deyas-

tion. Th- deposition may be at fix angle of incidence or at @ continue vo-

ryving acidonee angle.

At incidence (uwhs fess then, 607, the structure of the filins is differes
from that of {ilms obtained ut Jnudthco cngles greater 1}11111 60 Tis oo
determines important changes in the megnetic properties of the devoesited fitg

RE

The increasce of the recording density is supposed o be due to the per-
pendicuiar magnetic properties that anpear near th~ nain longitudinal pro-
pertios, when the process tekes place 2t incidence angles greater than 607,

The magnetic properties of the laver are dalmhmnf on the target tem-
perature, rate of deposition, the laver deposited between the \1‘)‘})(11‘[ and the
magnetic itlim and on the cumposition and thickness of the it 715

Co amd Ni having vapours pressure nearly the same, the C‘Mnmtc Afiim
will koep. tnoa good aproximation. the same composition whith the source

4. The influenee of the deposition-eonditions on the magnetie properties
and the strueture of the {ilm. Th: proportics of the magnetic {ihn deposited
ont the tupe are influenced either by the parasmeters at which the process
takes place, or bo the quality of the cvaporetion source. The deposition ra-
te, support toun ersture, facidenee anw‘»c: composition and thickness of the {ilm
determine, by their variation, changes into the magnetic and structural pro-
perties of the [l

a) Rate of deposilion. The coercivity of the deposited [ilms is strong de-
pendently on. the duposition rate. H, increases while the deposition 1 rate is
diminished and the temperature of the target arises. As it can be scen {rom
Fig. 3, o notable increese of the M| value takes place on o narrow domain of
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Fiyg. 5. Depusition rate dependence of H

lowering of the rate of deposition, for a given target’s temperature, With the
increase of the temperature, the notable increase of the H value takes place at
greater evaporation rates, There is possible to obtain films with high H va-
lucs at low temperature of the targets and using small evaporation rates. '16]
b) The subsivage temperature. Figure 6 presents the dependence of the
coercivity on the substrate temperature for CoCr films deposited at (a) 400 s
and (b) 2 mm/s. At the same temperature, a smaller rate of deposition gosera-
tes films with higher coercivity [17]
c) The incidence angle. The structure of the CoNi films and their mag-
netic propertics are strongly influcnced by the values of the incidence angle 7147,
Hc
{De !

T

Haay

Tig. 8. Substrate temperature de-
pendence of I, for a deposition

(bj2nm/s , B :
rate of (a) 400 aim/s and (by 2onjs

400

200+ (01400 nm /s

. L. ]
I 125 260 300
Tsubstrate (°CJ
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Kkx19®
\ (erg/::m"l ]

7 NP, WY

== Yig. 7. Anisotropy constant K as a
function of incidence angle

1 1
0° s 40° £0° 8¢°

4ngle of incicence

¢) The dncidence angle. The structure of the CoXNi films and their mag-
netic properties are strongly iniluenced by the value of the incidence angle
.

As it can be seen from Fig. 7. around the value of 607 is a change of
sign for the anizotropy constant K. For values greater than zero, the anizo-
tropy axis is perpendicular on the vapors l)l‘mc and for ncgative valucs of
IV it is parallel with this planc.

Around the value of 60° of the incidence angle tales place a change in the
structure of the film; for incidence angles less Hmn 607, the deposited criys-
tals arc of a platelike strocture, while at incidence ancles groater 1‘11"11 60°
the ervstals are of a rodlike structure. This change in the structure of the {ilm
determins variations of the anisotropy and, reluted to this, variations of the
cocreivity,

The CoNi films deposited at angles of incidence greater than 60 1:r~;»s‘ynt,
near the madn longitudinal magnetic propertics, also cnotigh strong vertical
mag otic propertics, that improve their 1‘(»cm‘dmjf C} aructeristics.

&) Compositicic and hickuess of the film. For CoNi films, 1h: magnetic pro-
nertics increase while the tickness of the film deereases. Good magnctic and re-
umlwu properties are obtained when is used a CoNi alloy with ‘l()?(, Ni 18

o) T oxveen conlenl. The presence of oxygen in the CoXNi films depo-
sited by evaporation influcnced strongly the structure ond the magnetic pro-
pertios of the fitm. The films deposited in the presence of oxigen present a
columuar structure, the size of the erystalites being dependent on the oxvgen
content. Without oxyeen the [t fins a desordered structure, with long crvstals
190

0 The inleriediar laver. o improve the aderenc. o) the magnetic {ilm

cu the polyestheric or polyimidic substrat, it is useinl to deposit a thin inter-
mediar laver of a nonmagnetic material (Al Ti, Ri, cte.). This intermediar
Javer  influcnces very strongly the structure of the magnetic filin [20, 217,

The magnetic properties of a CoCr {ilm deposited on a polyvimidic support
with wad without an intermediar javer of titanium are presented in Figures

S oand 9.
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of CoCr films deposited on Ti underlayers
and on a substrate without any underlayer.

The increase of the valucs of H, and Hy (the anisotropy field) is obvious in
the presence of the Ti underlaver [22-241

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

thickness of the magnetic field.

5. Mecchanic properties and corrosion prevention. The thin metalic [films,
used as recording media, envolv two problems to be solved: — the resistence to

friction — corrosion prevention.

- T'o solve these two problems, is very
useful to deposit a protective 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 -+ protective
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. I'he durability of
about 10® times when a 20 wm silicon
layer is deposited.

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

_ Durabitity (passesy

108,

105

04

ke

— ¢ 1

0° 10 20 30 147
Thickness {nm)
Fig. 10, Durability dependence on pro-

tective Jayer (8i) thickness. Slider: Mn - “n
ferrite
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layers; they are characterized by a 'low coefficient of friction and a good
chemical stabilityv. Their structure is a proper one, different either from that
of graphite or diamond, containing a small amount of hidrogen.

In table no 1. are presented the properties ef a DLC film in comparison

with other inorganoc protective {ilins

26].

Coefficient of friction and Knoop hardness

Tuble 1

Film Knoop  Coef. of friction
hardness

(Kg/mm?)
i, 1200 1 pass 0.16
1200 1 pass 0.16
10 pass 0.22
,’\ly 1000 1 pass 0.12
10 pass 0.1Z
S, 3000 I pass 0.16
10 pass 0.50
bLC 2800 I pass 0.08
10 pass 0.08

The high hardness and the low coefficient of friction make the DLC films

very suitable for protective laver of magnetic recording media.

Ttig. 11 shows the results of a {friction test for a tape with CoNi magne-

tic film, without protective coat and with DLC coat 26

The tape with 100 4 DLC film presents no degradation of the output level

after 100 hours of activity (friction), while the tape without protective coat
presents a fall after 2 hours.

The magnetic head shows no scratehes after passing on a DLC laver ;) the

magnetic head which passed on a tape without protective coat, presents scra-
tehes and adhesions of metallic powder of the magnetic layer.

N

i

o

5

20

Hecd runnmq time ‘hr)

120

150

200

Heod roaning rumber(ten

Fig. 11
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The amor! carbon {graphite) can also be uscd to improve the durability
The carbon laver gives a resistence to corrosion to the magnetic film too. It
protects the tape againts corrosive media (50, O,. CI7. umidity) [27].

The durability of the magnetic layer can also be improved by the deposi-
tion of a lubrifiant coat (greasv acids or their salts). The deposition of « lub-
rifiant coat (greasy acids or their salts). The deposition can be realised cither
by a chemical method or by vacuum evaporation. The second one gives continuous
adberente films that ptotect against friction either the tape or the magnctic
head.

Fig. 12 shows hie behaviour of a magnetic tape with a protectivé layer
of C.H,,CO, L1 (littum salt of the oleic acid) deposited (a) from a solution of
C,-HyCO,L1 in s-hexane and (b) by cvaporation [28].

It is obvious that the propertics of the tape with an evaporated coat are
greatly fmproved.

The CoXNi films can be protected against corrosion by a wet oxidation (the
tape must be mentained for 150 hours at 60°C and 109 umidity). The cor-
rosion prevention is realised in th's case by the formation of a Co(Ill) oxy-
hidroxvde amorf laver, with a suwall content of Co?™ jons [29].

5. Conelusions. The cvaporation of different materials with the aid of an
crergetic clectron beam generated 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 realized
an equipment for recording tapes, having the following characteristics: 1.
Substrate material @ polvimidic or polyvestheric {olio; 2. Thickness of the sub-
strate: 6--20um; 3. Underlayver material 0 aluminium or titanium; 4. Thick-
ness of the underlayer: 200 A, 50 Magnetic material: CoNi (80/20) or
Colr (70 20; allov; 6. Thickness of the magnetic material: 10000 A 7. Inci-
dence angle: 600--907 8. Uniformity of the deposition: 5 —109%, ; 9. Protective

7 — Chemia nr, 1--2/1992
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layer: Litium salt of the oleic acid; 10. Process gas: oxygen - specific
additives; 11. Predeposition unit : clectron beam gun 12, Coating unit : electron
beam gun; 13. E-beam gun’s power: 1015 KW ; 14. Folio’s breadth: 100 —
—200 mm — 15. Rolling rate: 210 m/min.

e
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KORINDONISCHE UNTERLAGEN FUR MALEISCHSAUEREANHYDRID
KATALYSATOREN

LIVIU LITERAT*

Received s 10.11.1992

ABNTRACT. Corund Supports for Maleie Anhydride Catalists. Based on litera-
ture data and personal experiments one provide some new recipes for an-
hyvdrous maleic acid catalysator supports. Using indigenous raw-materials, one
sat down new prescriptions for obtaining fire-proof binder-materials, One made
also experiments and description of mechanical, optic and structural charac-
teristics of the obtained refractory superaluminous. materials,

Einleitung. Den Unterlagen far Katalysatoren (aktive Komponente V,0,
und MoO;) im Falle der Oxidierung mit Luft des Benzols zu Maleischsduerean-
hydrid, werden strenge Frfordernisse verlangt, in was die Zusammensetzung
(ALO; min. 86,5%; Na,O max. 0,1%; Summe Na,0 und K,0 max.0,5%,),
dic Porositit (itherwiegend Poren zwischen 10 und 100 um) und die Form
(Zyvlinder mit dem Verhiltnis 1/d zwischen 1,2 —1,5) betrifft. Diese Frfordernisse
beeiuflussen dic Rohstoffe, die Massen von feucrfesten Bindemittel, die Techno-
logic und die Rezepte in derselben Massregel.

Rohstoffe und Basisrexeple fiir feuerfeste Bindemasse

Wenn wir bericksichtigen dass die maximale Grenze fir Na,O 0,1 ist,
aus Grinden der katalvtischen Selektivitiit, muss die Struktur der Unterlagen
c¢in Mchrheitskomponent aus reinem Korund (Elcktrokorund, tabellarische
Tonerde) enthalten, mit ciner passenden Kornzusammensetzung in der Bildung
eincs porosen Skeletts, befestigt durch Sinterisierung in eine feuerfeste Masse
so dass es in derselben Zeit die Texturerfordernisse beantwortet [1].

In dicsemm Zweck wurde als Strukturmaterial  kérniges Flektrokorund
(Osterreichy und tabellarische Tonerde (ICITPR-Plloiesti) verwendet. Als feuer-
feste Bindemassen wurde Kaoline aus  Aghires und Harghita, Tonerde Typ
Nitrat (VEGA-Ploiesti), Dolomit avs Voslobeni und Rutyl (Ti0O,) verwendet.

Die Rohstoffe und ihre oxidische Zusammensetzung sind in Tabellel
gestellt,

Bei der Anpassung der boiden Sorten von Kaolin ist man aus technolo-
gischen Grinden angekomen, gebunden an die Gestaltung der Produkte (Plasti-
zitit) und weniger aus Gohaltgriinden an Alkalien der Kaoline. Die Plastizi-
tdtziffer fiir den Kaolin aus Aghires war 47,1 und fir den Kaolin aus Harghita
64,1.

Zusammensetiungen jur die feuerfeste  Bindemasse

* Universitat ,, Labeg-Bolyai” Iacwltai dey Chemuiche Tehnologie® 3400 Clug-Napoca, Romania
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Tabile 1

Rohstolf Oxidische Zusammuensctzung (%))
Si0,  ALO, Te,Of Ti0, CaO  MgO Nayoy ,0 XKV

Kaolin {Aghires) 3360 30,85 098 040 039 032 022 102
Kaolin (Marchita) 4094 2932 1,52 0,36 3,010 085 644 218
Tonerde (VEGA) ¢l 65,36 029 005 024 0,12 cos 002
Dolomit (Voslobeni) 6.U5 0 0,12 015 29,96 1980 - --
Elektrokorund (import) . 99,75 — - - — e —
Rutil - - - 9982 — - —

Dice Schlussfolgerungen cines {aktorialen Expoeriments haben bostimmt,
dass dic Zusammensctzung und Texturbedinungen corfillt sind {ar die Verhilt-
niss¢ voun 55 —609,, Elektrokorund oder tabellarische Toncrde und 40 —439
Bindemittel durch Sinterisierung. Infolgedessen wurden michrere Rezepte far
die Bindemasse zusammengestellt, welche, unter Form von Paste nchen den
Porengeneratoren und den Verarbertungszusitzen (Fassonicrung) den Ausgan-
gspunkt in die Realisicrung der Produkte Typ Komposit konstituicrt haben.
Die gebildeten Varianten sind in Tablle 2 dargestellt.

Mit den Pasten AM; und AM, wurden die Basisrezepte in der Porschungs-
technologie gebildet. Dic Verhiltnisse aus den Komponenten fiir cinige aus
diesen, sind in den Tabelle 3 und 4 dargestellt.

Tabelle 2

Rohstoff Rezeptsymbol und Massenverhiltnisse
AM O AM O AMAM, O AM, AM, AM
1a b ic 2 2a 2b

Kaolin (Aghires) 10 — 10 5 5 5
Kaolin (Harghita) 5 20 20 5 10 10 10
Nitrate Tonerde 24 10 10 24 24 20 20
Dolomit 2 2 1 4 2.5 2.5 2.0
Ti0, 2 2 2 3 1,5 1,5 1.0
Tabelle 5
Rezeptvavianten auf Basis von AM| Binlemitte]
Kompouenten Rezemptsymbol and Massenverhidltnisse

AM,, AM, ANy AN, AM,. AM,, AM,. AM,

Paste AM, 13 43 43 43 43 3 43 43
Flektrokorund 37 — 57 57 57 57 — —-
Tabelarische Tonerde - 57 . — - 57 57
Polystyrolperlen - — e 20 - 20 -
Zeamil .- — - —_ - 20 — st
Stiirke - 30 30 30 4it 30 30

Wasser 20 20 20 20 23 40 3 30
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Tabelle 4

Rezepte auf Basis von AM, Bindemitiel

Komponenten Rezeptsymbol und Masseverhiltnisse
AMy;  AM, AM,, AM;

aste AM, 43 43 43 ER)
Iicktrokorund 57 A7 a7 .
Tabelarische Tonerde e - . 38
Polyvstyrolperlen - 20 20)
Zeamvl .- 20
Stirke 39 30 40 30
Wasser 13 20 30 20

In den Tabellen 3 und 4 dic Pasten AN, und AM, repriscuticron den
massischen Inhalt von Trockenmaterial (43%) und die Verhithinissen von Zea-
myl und Polyvstyrolperlen, in Volumen.

Elemente aus der Formgcbungs awnd  Bremiangsicehnclogic der

Feuerfesten Unterlagenmassen

Auf der Basis der gebildeten Rezepte wurden die plastischen Rohstoffe
{Kaoline) einer Feuchtmahlung avsgesetzt. Dic hydrate Toncrde, das Dolomit
und TiO, vorher dosiert, wurden trockengemehicn, durch cin Sich 009 STAS
1077-67 gebracht und nachher zusammen mit dem Kaolin 16 Stunden foucht-
gemahlen. Der Schlicker wurde nachher 610 Tzigc mazericrt. Aus den moze-
rierten Teilen wurden Muster fir dic rohen Unterlagen gebildet, Crts]: rechend
den Tabellen 3 und 4. Dic Wasser und Stirkeverhitltnisse wurden beigebracht
in Funktion der Notwendigkeit eincr leichten Estrusion.

Die Feuchtigkeit verdndert sich nach den R(/q:‘un und ist zwischen 20 —
—4094 fir AM; Rezepte und zwischen 15--309 f{ir dic AM, Scaric onthal-
ten,

Die Trocknung der Zylinder wurde in zwel Etappen gewacht. Fine lang-
same Etappe von 24 Stunden bei der Mediumtemperatur und dic andere wurde
durch Heizug in dem Trockenschrank bei 120°C, 8 Stunden gemacht und
nachher mnoch 4 “Stunden bei dieser Temperatur gehalten.

Die Brennung der Proben wurde im Tunnelofen bei 1330, 1580 und 1620°C
(Zeitpallier 1,5 Stunden) gemacht. Gleichzeitig wurden die Kalzinierungen in
den Elektrischofen mit Stagen aus Superkantal KO —11 verfolgt. Das Brennungs-
diagram in dem clektrischen Ofen 1550°C und 6 Stunden ist i Bild 1 dar-
gestellt

Bet der Feststellung des Diagrams wurden die polymorphen Verwandiungen
des Siliziumdioxyds (Krsytobalit-Tridimit-Quarz) beriicksichtigt um  die Zer-
brechlichkeit der Produkte zu  vermeiden.

Die Prifung des Fertigprodukts hat die mechanische Festigkeit, die Poro-
sitdt, div “Zusammensctzung der Mikrophasen durch elektronische und o:atisc‘nc
Mikroskopic und X Dlnmktom(txn 2, 31, verfolgt.

Die texturale Charakteristiken, gefolgert aus der _deovbuon des Stickstol!
{SORPTOMATIC-1800, Karlo Lﬂm) A4l sind in Tablle 5 dargestellt.

bt
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[ e 3 £ o or

A bbb, 1. Bremnungsdiagram in elektrischen Ofen.

Tabelle 5

Struktural-textuarl Karakteristiken von AM, und AM, Proben

Karakteristik Probe
AM,,  AM,,  AM,,  AM,,  AM,
Gesamtvolumen der Poren ml/g 0.2309  0.1712  0.2477 03189  0.3202
Porenvolumen unter 75 A 0.1936 0.1222 0.1971 0.2652 0.2618
Porenvolumen 75—104 A 0.0378 0.0492 0.0650 0.0537 0.0584
Porenverteilung (Mikroporen)
0.1—1 pm (%) 20.77 5,89 26,84 20,75 —
1 — 10 58,67 74,88 37,74 32,58 —
10 —100 20,536 19,28 35,82 47,17 —
iiber 100 — — - — -
Mavimaler Radius A . 108 114 1.58 1,90 2,27 1,73
Reale Dichite g/l 3.63 3,79 3,70 3,74 3,51

Die strubiuralen wund texturalen Charakieristiken der AM, und AM, Massen

Far die Muster AM.., mit Hochsticistungen vergleichbar mit Importka-
talvsatoreu sind div texturalen Charakteristiken inn was die Verteilung der Mikro-
poren betrifft in fabidle 6 dargestellt.

Die Beogung N Analvse (Diffraktometer PHILIPS PW-750 mit Eintrag-
zithicer) ouf dic integralen Palver aus Katalvsatorenunterlagen hat grosse Korund-
verhiltansse, mittlere aus Mallit and Silivianit und kleinere aus «-Quarz ge-
A St

Dic chenvische Zusammensetzang der Muster, erlangt aus den erprobten
Rezepten AM, wnd AM, entsprieht den verlangten Erfordernissen. Fiir einen
Vergleich sind i1 Tabelle 8 die Iraten nach einem LONZA Patent dargestelltf.

Scilusshemerkungen

Die realisierten Unterlagen sind im Ganzen vergleichbar mit den Relerenz-
mustern in was den Aspekt, die Festigheit, dic Pordsitit und die minerale
Zusammensctzung betrifft,
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Tahbelle 6

AM,, Katalysatorunterlagen. Die strukturale und texturale Charakteristiken

Charakteristik :

Gesamtvolumen der Poren 0.320 mly
Porenvolumen unter 75 A 01,2618
Porenvolumen zwischen 75— 101 4 0,0584
Makroporen Verteilung (75—75.000 4)

75—100 4 (°}) 8 17,120
100—300 31,17
300—600 13,70
60 1000 3,42

1000—5.000 27,57
5000—10.0000 3,60
10.000-—100.000 3,42
Verteilung des Gesamtvolumen (75— 10°.4)
75 —105 4 23,899,
105 —10¢ 57,24
iiber 108 18 87
Maximaler Radius der Poren 1,75 18 A4
reale Dichte 3,51 giml
scheinhare Dichte 2,66 gl
orositit (9 24,22
Porositit (%) »
Table 7

Beugung X Linien auf Unterlagen AM

Nr.
der din (4 I (%) Mineralkomponent
Linie
1 53,3594 4,78 Silimanit
2 3,4634 34,76 Korund
3 34112 5,71 Silimanit
4 3,3731 8,57 Mullit
5 2,6883 3.33 Mullit
6 25404 18,09 Mullit
7 2,3719 8.09 Korund
8 2,2046 4,76 AMullit (Silimanit)
9 2.0832 77.14 Korund
10 20770 41,75 Korund
11 1,7384 10,47 Korund
12 1.5988 37,14 Norund
13 1,5466 3.33 Alullit(-Quarz)
14 1,5299 100 Mullit
13 1,5235 60,00 Silimanit
16 1,3757 33,33 Mullit

Table 8
Oxidisehe Zusammensetzung der Unterlagen fiir Katalysatoren

Muster 8i0, TiO, ALO,; Fe,0; Ca0 MgO Na,0 K,0
AM, 910 2,31 8664 020 092 053 006 024
AM, 8,79 1,20 8868 027 114 062 008 0,31

LONZA 963 0,85 87,02 052 138 ¢12 0,21 0,27
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Die Diagramme der clektronischen und optischen Mikroskopie, die nicht
dargestellt wurden aus technischen Griinden, bestitigen makroporése Strukturen,
gebildet aus eckigen Kristallen und Korundfragmenten zementiert bei den Kon-
taktpunkten mit der mullitischen Masse,

Die Porengrésse, die Form und das Hohlriumeverhiltnis sind varieb.l
und abhiinging in cinigen Grenzen von dem porogenen Zusatz und dem ther-
mischen Zustand.

Hinsichtlich dir phasichen Zusammensctzung (Tabelle 8) stelit man fest
Verhiltnisse von Na,O und K,0 unter dem Wert des LONZA Musters, dass
was die Sclektivitit in dem Verfahren der katalytischen Oxidierung versichert.

In was die Mchrheitskomponente Al,O, und S$i0, betrifft, sind die Rezepte
praktisch untercianderlicgend, wichtige Unterschiede sind im Fall des TiO,
verzeichnet. Spitere Studicn werden zwischen anderen, die Reduzicrung des
Rutvyiverhiltnisses unter 19, verfolgen.
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ETHYLBENZENE DEHYDROGENATION ON Te-Cr-K CATALYST.
III. Catalyst Modiflication by Addition of Used Materials with Vanadium
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ABSTRACT. — In this paper the catalytic performance of the Fe—-Cr—¥K
catalyst in the ethvlbenzene dehvdrogenation to styrene are compared to those
of Fe—Cr—X—V,0,/8i0, catalyst.

1. Intreduction. The styrenc is onc of the oldest and most important saw
material utilised in the manufacturing of pla%tic&‘ mainiy for the polystytone
and svathetic rubber. Industrially, styvrene is obtaind through othyvibonzone
dehvdrogenation using a catalyst Dased on furric exide, with promotor addi-
tions. Preponderantly, the rescarch tends to improve the vield and sclectivity
in styrenc by adding promotor substances to the Fe,04-Cr,04-K,CO, catalvst
with a view to intensifying the etyvibenzene dehidrogenation process and to
reducing the specific consumption of raw materials, © filities and cne rov 71, 2]

This paper studies and compares the performances of the Fe,Oy Cr‘,() -K.COq4
catalyst, with or withowt addition of residual vanadic materials (u sed vna
dium catalyst, unwashed or washed with watir to pH = 6) in the reaction
of cthylbenzene dehidrogen ation to styrene.

2. Experimental. 2.1. Catalyst preparalion. The compositions of catalysts are given in Table 1,
The FeyO,, Cry05 and K,CO, powders were supplied by Borrzesti Chemical Plart. in «‘;\1;11}'sti no
2 was introduced used and dried catalyst from the sulphuric I plant of Baia Mare; in catalys
ro. 3 the same material was irtroduced, but it was previously washel to pIf = 6 amd dricd,
Tarly, in catalyst no. 4 was introduced Woltfen-tyvep catalyst, used, rospeetively wasl w\ in catalyvst
no. 5 {provided by the sulphuric acid plant of Copsa Mica). In the materials containin: vanadimn,
no arsene was identified. The granulation of powders was about 2—10 microns. In a stirrer were
introduced and mixed for 30 minutes, the Fe,0,, Cr,0; and V,0,/8i0, dried (catalysts no. 2 and 4)

Tabis 1
Catalyst esmposition and mechanieal strength

Cat Composition (wt. 9,) Comnnression
\.‘:) strenght
o Fe,0p  Cr,0, K00, V,0,/8i0, thy /peliet)

1 87 3 10 — 7.0

A 60 E 10 27 125

3 61 3 10 26 14.6

4 59 3 10 28 13.1

5 60 3 10 27 15.7

* Universdy ,,Bahes-Bolyai”, Departinent of Tehnolvzical Chemistry, 500, 2lwi-Najpoia, R s
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and washed {catalvsts 3 and 3, respectively) powders, then the K,CO, solution was added and the
mixing continued for another 30 minutes. The humidity of the fluid paste was 25-357, as com-
paretl to the solid mass. The wet paste was extruded in cylinders of 4 yun diameter and 3—6 mm
lenght, The pellets are dried at room temperature for 4--5 hours, at 110—-120°C for 56 hours,
then caleinated at 700°C for 1—2 k. The rate of heating is 100°C/liour to avoid the crushing of
the pelicts.

220 The mechanical strength. 'The components of the enhancement of the compressive strenght
as one can see i Table 1,

2.3, Lthylbenzene deqvdrogenation. In a tubular isothermal reactor, 40 om® catalyst, with gra-
nuiation in the range of 0.8 1 nun, were toaded, placed betwen two beds of silicon carbide of same
granulation. Over the catalvst, a mixture of cthylbeizene and steam in a mass ratio of H,O/EB =
=2 371 passed, the space veloeity, in rapport to the liquid ethyvlbenzene is 0.5 A7 The ethyibenzene

used had the composition, inweight 2, : EB — 99.08; benzene -+ toluene — 0.40; styrene — 0.40;
diethyvibenyene — 0100 The reaction gases were cooled and condensed, the organic product was

separated front water, measured and the liquid vield was caleulated. The product composition was
analvsed by gas-chiromatography and the catalvtic performances, for the work temperature, were
caloulnted,

Table 2
Lixperimental results and catalytie performances
. Composition of the product Performances (wt. °p
Cat. Temp. (wt. °4)
No. { O “ﬂ' : N i
B-+-T EB St R ¢ S
1 328 3.94 54.62 41.44 40.68 47.72 85.23
2 620 6.14 51.98 41.88 40.10 49.57 80.90
1 340 +4.539 47.67 47.74 46.24 55.29 83.63
2 RR 8.70 41,00 50.30 47.11 60.40 78.00
i 3646 9.05 29,79 61.16 56.06 72.80 77.00
2 664 15.02 31.80 33.18 59.04 82.00 72.00
¥4+ T = sum benzene - toluene; EB — etylbenzenc; St — styrene; R — yield; C — conver-

stont; 5 — selectivity.

=
7~ ~
£ :
< 2
C —~
QL |l
= +
= m
52 E\}/
Otetr—s e~ e
520 560 600 640 - 560 600 640
Temperature (°C) Temperature (o()
Fig. 1. The variation of styrene content Fig. 2 The content of light hydrocarbons
in the product according to temperature, (sum B-+T) in the product function of

temperazure.
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3. Results and discussions. The per-
formances of catalyst no. 1 (with no
V,0,/510,) are compared with the per-
formances of catalysts no 2-5 (con-
taining V,0,/S510, dried or washed) in
the reaction of ethylbenzenc dehydro-
genation with steam dilution. The ex-
perimental results are shown in Table
2; Fig. 1 and 2 show the variation, ac-
cording to temperature, of styvrene con-
tent and light hydrocarbons (i.c, benze-
ne + toluene = B 4 T, in the organic
product. At 520°C on the catalvst no.
1, 41 —439, styrene was produced, and
4%, light hydrocarbons simultancously.
At a ncar content of stvrene in the
product  (sce Tuble 2), the thermal
level increases with 100°C for catalyvst  Figo 3. The variation of sum (BT} with
no. 2’ wihch brings 1he deerease V()f the styvrene m;ﬁf&teﬁ )erfhj;z(:hu:t at diffe-
the selectivity with 4 —69. beratures.

Irrespective of its treatment (dried or washed), the V,0,/510, added to
catalyst no. 1 decreases the performances, i.e. the styrene content in the pvo-
duct, in the same work conditions. Ior example {sce Fig. 1.}, at 600°C the
styrene content is 689 for catalyst no. 1, 36", for catalyst no. 4, 27 —2977
for catalysts no. 5 and 3. At the same temperature, the content of light hyvdro-
carbons (see Fig. 2) is 149, for catalyst no. 1 and at most 49 for catalysts
no. 2—5. The variation of (B - T) sum with the styrene content, at different
temperatures, 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 dricd va-
nadium materials (catalysts no. 2 and 4) is more active at temperatures below
600°C. while the washed material Icad to a styrene content of 409, at 620
~~630°C. The dried material from the Wolffen catalyst seems to be more active
than the Romanian one (catalyst no. 2.). The situation is inverse for the washed
material (see Fig. 1.).

The performances of catalysts no. 2—5 decreased because the irreversible
poisoning of the active centers on the Fe-Cr-K system surface, due to the
silicovanadates and sulphovanadates of the used catalvsts. Catalysts no. 3
and 5 prepared with washed material present the lowest performances in ethyvl-
benzene dchydrogenation, although their mechanical strenght is dovble in com-
parison to catalyst no. 1.

The results of the test of cthylbenzene dihyvdrogenation to styrene allow
the following observations :

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

— the thermal level increases with at least 100°C to achicve the same
styrene content in the product, which affccts negatively the sclectivity;

.
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— the addition of V,0./510, dried ot washed in the Fe-Cr-K catalyst
has an iuhibitory cifect on the catalytic activity, although the mechanical
strength doubles.

4. Gonelusions. Trrespective of the provenience and treatment, the used
vanadium materials studied led to a lower catalytic activity of the Fe-Cr-K
catalyst to which they were added. The washed vanadium material presented
an even lower activity than the dried material.

Conscquently, the utilisation  of used V,0./510,, dried or washed in order
to promote and enhance the mechanical strength of the Fe-Cr-X catalyst is
not reconmunended.
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ON THE UsE OF METHANE-AIR FLAME IN FLAME SPECTROMETRY.
II. THE EMISSION SPECTRUM OF THE METANE-AIR FLAME.

L. KEKEDY NAGY*
Recerved: 15121992

ABSTRACT. The emission spectrum of the methane-air flame in the spectral
domain x = 190--800 ;1n consists of the molecular emission bands of the radicals
OH., CN, CII and ¢, and of the stable molecules CO and O,, respectively.
The intensity of the emission spectrum (the concentration of the radicals), varies
strongly with the composition of the gas mixture and with the height over the
burner head. Its maximum value lies between 3—6 mm over the burner head
and increases with the methane content of the gas mixture.

Introduction. The emission spectrum of the flame consists of emission
bonds of different radicals and molecules. It plays an important role in the
flume photometrical determinations, Dbeing the background of the flame. The
socetrum could overlap with the spcctml line of the analyses, resulting the
s¢ called spectral interference [1—3]1. The fluctuations of the background in-
criase considerably the noise level of the analyvtical signal, decreasing at the

sume time the signal-to-noise ratio. On the other hand the emission spectrum
mn\ ides useful information on the mechanism of the combustion reactions,
the equilibria in different zones in the {lame as well as on the excitation con-
ditions of different elements.

In order to estab'ish the conditions of the determination of different <le-
meats in the methane-air (M-A) flame using our new type burner [4), [irst
- all the emission spectrum of the flame was recorded. ThLlL have been iden-
'A,»d the cmittent species as well as the correspondent transitions between
the 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 semicantitative conclusions on the kinetics of burning rections,
on the concentration of different radicals and molecules in the flame.

Experimental. The apparatus used was the same as described in our previous paper [53]. The
cmission 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 the flame, a fuel rich flame was used (stoichiometric ratio 1.12). The observation zone was fixed
experimentally : 4 smm above the burner head, in the middle of the flame. Here the emission sig-
nal was found to be maximum. The monochromator slit width was 0.1 smm correspouding to a
spectral resolution of 0.2 yun over the entire spectral domain, allowing to record the weak lines
too. The sweep rate of the monochromator was of 0.05 swm/sec. The sensitivity of the recorder
S{d/div), was chosen in accordauce to the line intensities in the given spectral domain. The emission

spectra of the M— A flame at 4 different wavelength domain between h = 190—620 nm are repre-
sented in Figures 1—4.

* Babeg-Bolyai University, Dept. of Anmalytical Chemistry, 3400 Cluj, Romania



110 L. KEKEDY-NAGY

'
1007
5
50+ N,
25+
4
3 ! NIRRT VS w——ts b R A A !
200 20 240 260 280 300 Arm
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Fig. 2. The emission spectrum of the M—A flame in the spectral domain A = 300410 nm
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From these spectra the wavelength of the spectral lines of the band heads have been deter-
mined. The emittent species were identified using spectral tables [8]. The results are summarized

in Table 1.

In the next step the variation of the flame spectrum intensity versus the height over the
burner head at 3 different methane-air ratios: 0.88; 1.00; 1.12, respectively, 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— 2\ flame

Wavelength

The emittent species

Wavelength

The emittent specics

{nm} (nm)
191.81 cO 416.78 CN
206.83 cO 431.20 CIL
217.38 CO 437.14 Cy
237.82 C, 467.86 Cy
248.63 Cy 468,48 C,
258.90 C, 469,76 Cy
260.90 011 471.32 C,
265.63 C, 473.71 Oy
281.10 OH 509.77 Co
285.50 C, 512.93 Cy
294,50 O 516.52 C,
308.40 O 547.03 C,
308.90 O 530019 C,
312.20 O 554.07 Cy
318.50 OH Cy
385.47 oN : Co
387.14 N 81221 .
389.20 CIr 619.12 Cy

oy
75}
S0+
b4
L S S N R AN TR T I YT

Fig. 5. The variation of the flame background at

A== 306.4 nm versus the height and the composition

of the M—A flame, 7) 0.88;
S = 20.10"*

2)

1.00;

3) 12

190

25

° [

W hiant

Fig. 6. The variation of the flame background
at » = 385.5 nm versus the height and the com-
position of the M—A flame, 7) 0.88; 2) 1.00;

3) 112 §$= 210-*
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1*ig. 7. The variation of the flame bark- I"ig. 8 The variation of the flame back-

wround at x = 431.2 ysm versus the height ground at 2 == 516.5 yn versus the height
awdl the composition of the M-—A flame, andd the composition of the M-~ flame,
/) 0.88; 2) 1.00; 3) 1.12 5= 10.10"* /) 0.88; 2, Lou; 3) 112 5 2010 0#

at v 3064 nm; for CN the line at 7 = 383.5m; for CH the line at 7 - 431.25m and for ¢,
the line at » == 516.5 nm (see 2lso Table 1.} were sciceted. The intensitics of these Hnes were recor-
ded between 0 and 18 mm over the burner hewd with a spatial resolution of 1ani. The results are
represented in Iigures 5--8.

Results and diseussion. Trom the cmission spectra the prescuce in the
M-A flame of the molecnlar radicals OH, CN, C,, CH as well as of the stable
molecules CO, and O, were identified. The spectra obtained are similar to the
ciiission spectri of other hydrocarbon flames (C,H,, C,H,, CIL,, C.H, cte.)
with air. This confirmes that the same radicals are Tormed and similar burning
reactions occur regardless of the hydrocarbon used 71 The cmission of the
M-A flame is the strongest in the = 300 -— 400xm and 310 =320 nm regions
respectively, decreasing towards the longer wavelenghts, The background in-
creases with the methane-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 increascs sharply, reaching its maxi-
mum at 3—5 mm over the burner head, than decreases and about at 12 num
becomes insignificant, regardless of the composition of the gas mixture. Ta-
king into account that the gas mixturce is fed with a constant {low rate, the
abscissas on Figures 5 -8 represents in the same time the axes of time too.
Cousidering this fact, {rom the shape of the curves results that the OH and
CN radicals arc 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 these radicals is relatively long and their concentration in different
zones of the [lame is only slightlv influenced by the gas mixture composi-
tion.

The CH and C, radicals are formed faster than the OH and CN ones,
their maximunm concentration being observed at 2nm and 3 mm respectively
over the burner head. The presence of the platean on the respective curves
shows the attainement of a constant concentration of these radicals over 2
—3 mm distance in the flame. The fact that the maximum concentrasion of

8 — Chemia nr. 1—H19¢2
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N - ’tl}c CH‘l‘adicals is attained carlier tl}an that
; . Of the C, ones, shows that these radicals are

formed by consecutive reactions. The sudden
increase of the CH and €, radical concen-
tration with the methane content of the
gas mixture shows that the pyrolysis reac-

8y -

£y

oy “%  tions prcdominate over the burning reac-

4 tions. The lifetimes of these radicals are

short duc to high efficiency inclastic col-
lisions with other particles,

If one compares the variation of the con-

centration of OH radicals as well as the

. L., translational temperature of the M-A flame

L versus the height (Fig. 9) it results that the
Fiyg 9 The variation of the emission  translational teruperature maximum appears
of the OIL radicals (1) and the trans- ), p Jater than the emission maximum.
lational temperature (2) of the M-—-2A N - !

fiame versus the height This denotes that the flame in the priunary

reaction zone is far from thermal equilibrium
relative to different cnergetic states. The energy released by chemical reac-
tions is stored most in vibrational and electronic states of the radicals and
molceules. The thermal equilibrium between the different energetic states is
reach:d only in the sccondary reaction zoue, in higher regions in the flame.

Conelusions. 1. The emission spectrum of the M —A flame consists of the
molccular emission bands of the radicals OH, CN, CH and C, and of the stable
molceules CO and O,, respectively.

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

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

4. The cnergy is released stepwise by chemical reactions in the primary
reaction zone. This cnergy is stored most in the vibrational and electronic sta-
tes of the radicals and molecules. The therinal equilibrium is reached only in
the secondary reaction zone.

3. In order to maintain the cxcitation conditions constant in the flame,
the composition of the gas mixture must b k pt constant.

6. The most suitable spectral domain for analytical purposes lics in the
domains of A = 200 =300 nm; 440 —510 e and 340 —800 nm, respectively,
where the background is relatively slow.
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ABSTRACT. The electrochemical reaction of the lithium batteries is based on
the intercalation phenomenon of the lithium jons in a host lattice of oxides or
sulfides.

This paper presents some theoretical aspects concerning the intercalation
of Lit as well as some structural characteristics of the resulting compounds, as
Li,MnO,, Li,CuO and Li,TiS,.

Introduction. In the lithium nonaqucous batteries there are used various
cathodic depolarisants, such as oxides, calchogenides oxosalts ete. {11 Their
running is based on the intercalation phenomenon, which consists in the inser-
tion of guest species between the layers of a crystalline compound lattice, with-
out essential modifications of the host structure; the resulting products have
been called intercalation compounds.

1. Theoretical considerations ahout interealation 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 rcaction is given by:

A M7F 4 xe” 4 (HY =2 (M H), (1)

where the coefficient x can vary continously from 0 to a maximum value
Tmar (0 << & << X,0,). The degree of occupancy or the degree of intercalation,
v, 15 defined by the rclationship :

X ¢
y= . (<)

X
max

In conformity with reaction (1), transport of material occurs through a double
{lux of charged species (M ™ and e¢7) in the bulk of the host material whatever
the concentration is. This fact has been demonstrated for Li MnO,, LiNbSe
compounds, which are characterized by the preferential diffusion paths [2].

The electrode potential variation at the equilibrivm has experimentally
beenn followed, {inding out a value much 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 deviations occur
because of some interactions which generate the structures with maximum dis-
tances between the nearest neighbours [3—5].

* Babes-Bolayi University, Laboratory of Electrochemistry, 3400 Cluj-Napoca, Komania
** Babes-Bolyai University, Dept. of Physical Chemisry, 3400 Cluj-Napoca, Romania
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The inflocnce of lon-ion interactions on intercalation kinetics has been in-
vesticated by Deroo ¢t al. 76, who has improved Armand’s theore-
tical model (2.

The chenieal potential of an alkaline metal M™ in a host structure is
given by

aypos= a4 RT In (v (L — )1 4+ ay, (3)

where @ s the mean interaction energy between nearest neighbour ions, v the
intercalation degree, whose standard value 1s v == 0.5, according to Yongfang [7].
The chemical potential of the ion M7™ in the electrolytic solution can be
considered a constant if the concentration and the diffusion coefficient of M™T
are high.
Assuming that migration and convection fluxes are neglected, the overall
flux is reduced to the diffusion component:

J = —CoD 2&y/ar, (4)

where D=1, {1 + av(l —v)/RT] is the apparent diffusion coefficient and D?
the diffusion coefficient in absence of ion-ion interactions.
Under these conditions, mass conscrvation is given by the relationship:

CoL L (i), (5)
(44 ¥ (44

where d s the dimension (uni, bi or tridimensional) of the diffusion spacc, C°
15 the maximum concentration of intercalated ion F-the Faraday and » is a
space coordinate. Two possibilities were considered : the ions are not subjected
to anv interaction (a), and the interactions are involved (b).

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

AG, = AG: + BiFe (6
and
AG, = AG! — (1 —8).F¢, (6b)

where £ is the cathedic transicr cooilich (1 =50 the cnedie

. ! . - . '

cient, 2 18 the number of electrons chane . cnd =t bty
The kinetic constants in the two divections are oxpross d as:

wler coeffi-
sotential,

i 2 -
Ry = k0 xpi— 4 3 (7
f o
and
AP | —_
ko= kboxp it s, Nl {(7h)

and the cuoent density is given Hy:

1= s RO {\ exp (1 — 4 77— (1 2oy {- 5 ’ri} (8)
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where o — g% == (g e a0 18 the overpotentinl ;s the exclinnge current
donsity 3 ¢iven by

log 19 == 1.2 FR09, (9)

(b) Wh n jon-ion interactions are present, the froc encrgy mto the depola-
risont s reduced byoa value avoand if the interactions have the same offect
o the surface and inside, it 1s expressed as:

AG, = AGY + Sev - 8iF: (104)
and
= AGY — {1 — %) —av). (10L)
The current density 1s became :
TR {(-XP (1 — 8y av e _(_:";'L;:uffl’ﬂ}. (11)
RT o

Deroo ¢t al. 76 has been concluded reaserching ion-ion intceraction in
the homogencous diffusion, the forces of repulsion favour grater spacing bet-
weent dons and make ions to leave the intercalation material. In the case of
seini-infinite diffusion, a great part of the repulsion Jorees favours the displa-
ccement of 1ons towards the bulk of the intercalated material ) thesc
inerease the coulombic efficiency of the galvanostatic discharge.

2. Strueture of the interecalation compounds. At the time when the degree
of intercalation is not excecding a certain Hmit (~307,) the siructure of the
intercalation compound is not different from the host stroctere. However dh
intercalation generates a specific volumic modification Jor the last.

It has been found that, between MnO, crvstallographic forms, only % —
and — vy — MnO, modifications are favorable for the lithium insertion. Thsc
arc coexisting as a mixture in the natural ore. which in considered as a
disadvantage. For that reason it is preferable to use the clectrolytic MO, 8.

In the case of Li/MnO, cclls, the active clectromotive reaction is ¢iven
by the insertion:

interactions

AT 4 ae” 4+ MuO, - LidMnO,; 0 < v << 1 (12)
during them it takes place a partial reduction of the ions Mnt™:
Mndt 4- 7 - Mn®™, (13)

As the intercalation process advances (y = 307%,) by N-ray dilfraction
(XKD} has been found that LiMnO, alters the initial rutile-type [1 > 1jor
ramsdellite-type (1 X 27 structure ; it gives rise to the conditions for the coc-
xistence of the ramsdellite-type with the rutile-type structure (8 —117. The
difference between these structurcs is given by the distribution of manganesc
tous in the same hexagonally closc-packed oxyvgen matrix.

Fig. 1 shows an ideal IZL‘d crystal structure of the resulted compound by
the Li™insertion into rutile-type structure and its N-ray diagram for x = 0.25
The idealized structure has a tetragonal sublattice with the lattice constants
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Fig. 1. The idealized rutile-type structure of I ig. 2 The idealized remsdellite-type
the Li,MnQ, (x= 0,23} structure of the LiMnO, (x == 0,25)

a=50A4,b=504d and ¢ =285 A. The arrows indicate the possible Jahn-
Teller distorsion of the [Mn37O§~ ] unit octahedron. The points noted with -
indicate the possible octahedral sites in which lithium jons are locnted.

The idealized crystal structure of the resulted compound by the lithium
intercalation into the ramsdellite-type structure and its N-ray diagram for x =
== .25 arc illustrated in Fig. 2. This idealized structure has an ortherombic
unit cell, which consists of two tctragonal sublattices with the reticulur parame-
ters: a =2 X b =99 A. The points noted with + represented 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 of Mn®7 ions.

The X-ray effected calculations indicate the existence of a little varia-
tions of the Ilattice constants, which permits to conclude that the significant
changes of the intercalation compound structure do not arise in comparison
with the host structure, where the lithium has been intercalated (0 << x << 0.3).
It has been ensured a little expansion in the a-axis and an insignificant shrin-
kage in the c-axis as result of the lithivm ion intercalation.

Another cathodic depolarisant material for nonaqueous lithium batterics
i1s the copper oxide which has only two crystallographic structure : monoclinic
and tetragonal lattice [12]. The monoclinic structure approaches TiO, 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 creating strains in the
CuO crystallites, facilitating the diffusion of lithium ions [14].
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The transition metal dichalecogenides have a layered structure. Thus, the
disullides are formed by two hexagonally close-packed sulphur lavers between
which reside the trawsition metal ions. These metal ions are found either in
sites of octahedral symmetry or in ones ol trigonal prismatic svmmetry. The
runsition metals of the group IV B (Ti, Zr, Hf) arc in octahedral symmetry,
the group VI B (Cr, Mo, W) in the trigonal prismatic sites, but Nb and Ta
oi the group VB are found in both 715, 16,

The titaninm disulfide has been the most studied. ITu Fig. 3 is shown the
ordering of the Tiand S lavers, as well as the octahedral symmetry sites. The
S zad Ti atoms are covalent bonded, but the sandwich-type building units are
mointained together by van der Waals forees.

The compound 1s nonstoichiometric, the titantum or sulphuor excess foun-
ding in the van der Waals layver. The titanium excess stabilizes the compound,
but o subscquent intercalation becomes more difficult, and sulphur excess led
to the moulding of the titanium trisullide, which has been unable for reversible
interealation (Fig. 4).

The cell reaction, which results in the moulding of the intercalation com-
pounds, 1s given by

XLiT x4 MS, — LiMS,, 0 < v 2 1. (14)

I diffusion of the lithium ions takes place only in the van der Waals layver,
there being non-significant mobility perpendicular to these plase. Therefore, the
dirfusion is bidimensional and there is not diffusion through the sulphide la-
yers (151

The structure of the Li, M5, intercalation compound is about the same with
the erystalline structure of the host dichalcogenide. The structure of the inter-
caintion compound Li,TiS, (x = 0.8) is illustrated in Fig. 5.

The alkaly ions insertion into the crystallographic lattice of the dichalco-
genides caused an increased distance between the hexagonally close-packed lavers.
By N-ray measurements, it has been observed an extension of the hexagonal
lattice along the c-axis with about 10%, 171

S layer
TI.SZ 72777777777 Ti IG);'P r
sandWlCh{ \
YIIIIIINITIIIIIIE, forces
van der Waals
(a)

(b)

Fig. 3. The ordering lavers in Ti8, (a). The octahedral svuunetry sites of the
Ti Atoms (b).
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Fig 4. Electrochemical characteristics  of Fig. 3. Steueture of LiTiS,
TiS,. compuund (x = 0.8)

The a and ¢ parameters of the some dichaleogenides @s well as their inter-
calation compounds are given in Table 1.

The variation of the a lattice parameter shows the appearance of somwe
crystalline lattice distorsions morc pronounced for ZrS, and HIS, than for Ti%,.
The different behaviour of the a parameter interc aated suggests a 1)0\\11)’
departure from close-packing of the anions, for the heavier elements. Thus,
the little expand of the @ parameter is expected because the electron
density increases on the hexagonally close-packing., For the heavier clements
of the group V B (Nb and Ta), if the transition metal resides the trigonal pris-
matic site, the a parameter is not changed, because niobium and tantal disul-
fides intercalate lithium very slowly (x < 3%)) ¢ven in the stoichiometric com-
pound.

Tuble 71
X-ray parameters of the dichalcogenides and their interealated compounds [15]
MS, Li, M8,
a(d) o(d) cla atdy oAy cla
TiS, 3.407 1* X 5.696 1.672 3.4535 1* X 6.195 1.793
Zrs, 3.665 1* x 5.835 1.592 3.604 3* X 6.250 1.734
HIES, 3.635 i* x 5.856 1.611 3.560 3* x 6.375 1.791
NbS, 3.340 3* x 6.000 1.796 3.342 3% ¢ 6,421 1.921
Ta8, 3.340 2* % 6.040 1.808 3.340 2% X 6.457 1.939
MoS, 3.160 2* x 6.150 1.946 — ? X 6.400 -
WS, 3.160 2* x 6.180 1.956 — — -

number of the tranmsitional metal Jayers of the unit cell




INTERCALATION COMPOUNDS. [L-THEORETICAL ASPECTS 121

The molybdenum disulfide 1s the most stable of these disulfides and the
less favourable for the intercalation. However, at low lithium content (v < 1),
Li oS, is stable, but at higher values (v — 1) is unstable, disproportionating
m 1,5 and Mo.

Conelusion. The intercalation occurs by the diffusion phenomenon of same
1013 to the host cryvstatline lattice. If the diftusion takes place in the cathodic
depolarisant of some galvanic colls, the mtorealation 1s given by the coll reae-
tion.

The ervstalline st reoof the interealuted compound is about the sane
with the host material, nonexisting an imyjortant variation of the unit erystal-
line cell parameters.

There arc two cssential factors which influence the intercalation. They
aret the thermal treatneent of the host material, and the size of the particles,
which have an important role for the Dithivm ion intercalation.

In conclusion, the iutercalation compounds can cccur to the discharge
process of the lthium batteries. The clectrochemical performances as well as
the features of these nonconventional syvstems are determined by the physical,
chemical and structural properties of the active material, which takes part in
the ecll depolarisant.
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ABSTRACT. Specific field and the basic method of operation of this type
of centrifuges are weli-known. The real way for accumulation of sediment, res-
pectively solids discharging, is more difficult to be obtained, but it is very
important for techuological process, A short theoretical point of view is presen-
ted. The whole process is considered to reduce in two simuitaneous phases, accu-
mulation of sediment and solids settlement, and radius of cake surface, g, is
given. Assumed as a basis, it is possible an automatic discharge control by an
automatic cycle, Certaiuly, several experimental applications are required, to get
useful informations.

SYMBOLS
Ap — diferenciat density
o — angular velocity of bowl
14 — curént radii for particle position
I — radii of sol,d interface
% — angle of slide
3 — half included angle of disc
R, — specific resistance to filtration of the cake
n - dinamic viscosity
x — volume rate
] — sediment Tayver thickness
ke — Revnold's number
Iy — radii of internal Low!
L — 1—s, imlex of compreasibility
z — density of solid
T - universal constant
Co - i ! solid concentration
Cr — {inal solid coucentration

General aspeets, Under the name of self dischirge centrifugal separators
arc kuaown all dise centrifuges 71, 2, 67 which huve conical or bicounical solid
bowl and which cre cquiped around the peripliay of ths bowl by maoans of
valves, by means of nozzles designed to open on a timed basis or posts opening
o a timed eveled (commonly known as opening bowl centrifuges) ore., intended
te discharg: the solid phase.

Due to their construction, these separators may work in both manners,
soi-continuous and continuous, depending on the technological requirements
of thu process., As exception, we miention nozzle discharge dise centrifuges with

* Politecimical University Ducharest, Depl. of Techunlogical equipment for process tndusiries, Lucharest, Roinania
** Duhes-Dotvar University, Dept. of industrial ckemistry, 3400 Cluj-Napoca, Romania
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continuous discharge of solid because their discharge dynamics is totally dif-
ferent ; for that case, discharge of solids is free, continuous or quasi-continuons.

As specific area of application, disc centrifuges are recommende d T() be used
to clarify a liquid coutaining solid and to scpurate solids within a quid (fine
“separation). As conerite cxulplu, there are as follows: recovery of precious
e¢lements within slurry, obtaining of Bl"’ A, C vitamins and mm?md\ MU
clarification ete. Although, continuous scroll discharoe contrifuges and decant:
tion apparatus working by extraction arc choracteristic {or residual wates rs, but
in the first stage of the purification proccss, {for slurrics which have lower con-
centration of solids, is very justified the use of self discharge centrifvge] sepa-
rators.

Theoretic present: ttion. Because solids discherge is conditioned first of all by
technologival reguirements as recovery ratio, solids caontent ete., it is obvionsiv
ﬁ'quirvd a specitic antomatic programming as far as solids discharge 1s concer-

1ed. The problem entailed merits special mention and that is the concordance
bct\\un technole ovical requircnents confronted by sediment and physical means
of solids to move within discharging area.

Conscquently, the propertics of the sediment — and that means solids quan-
tity, ratio of solids to scttlement, respectively, operation of the centrifugal se-
parator — arc couaditioned by the dynamics of sedimentation.

It is well known that the dynamics of sedimentation has two different
phases which take place simuitancously @ accumulation of scdiment, respecti-
velve salids settlement. Both phasces of the process are consequences of the high
ficld ot centritugal forees 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 necessary to cousider a centrifugal foree of the solids scdi-
mented strata which is Increasing continuously, in accordance with the solids
accumulation. This aspect is evaluated by the reference material 2, 41 as set-
tling pressure:

Aeod N
Ap = h = (1 = 1Y) (1

The solids settlement phase is achieved mainly by doercasing residual miois-
ture content of solids sedimented and by inercasing dreid substance content of
the sediment, both corresponding to a supplimentary evacuation of lquide phase
as an ciicet of Ap scttling pressure. The phenonenon is aceepted only till the
recach of a given scttling factor, «, 4, 537 dependent on the solids scdimented
compressibility foctor. s, 2, 67, both with specific vatues for cach type of slurry.

If solids sciimented settlement is analysed by assimilation with filtration
through the procipitate stratum, in the opposite dircction with the sense of
the ficld of centrifueal forees, it is possible to considerate the foll lowing hyvpo-
these :

a) fluid particics dislocated by the solid particles, which continue accumu-
lation will dlsy ace witha significant energetic consumption in the opposite direc-

tion of the rield of contrifugal Jorees.


centrihig.il

[
B
b]
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through the precipitate stratum with
a constant rate of filtration, laminar
flow conditions, Re¢ <3 ... 40, [6, 7.

¢) the gradient of pressure which
produces solids settlement is the samc
with that one which producces associa-
ted {iltration.

These hypotheses make possible to
evaluate the low of variation of cake
thickuess, that means to determine the
current radius, 7, depending upon the
ratio of solids to scttlement or upon the
solids sedimented compressibility factor,
both cxperimentally determinable. All W
these experiments are realised in such
2 wayv that sediment can be cvacuated
throughout discharge arca. — -

The condition for the movement orf
the scdiment deposited towards dischar- |
ge arcas 1s as lollows: !

b) associated filtration is a filtration |

% » arctg (2) Fig. l.ml"aftir%}e F(ftt?l"ﬂg in”a' 'ts’})%<'zul self
discharge centrifugal separator
Considering sediment settlement as
a result of the moving off the liquid — remancnt humidity, and being gove-
rnced by the differential equation of filtration through the deposcd solids sira-
tum 6] :

S VI 3)

and for compressible sediment, where
K; = R, - - |x, experimentally determinable and expressing the moving
layer thickness, as:
] = Ry —7, {4
Tquation (3) takes the form:

G Tu— =
(Alb)b S e —;{f' IXL(RT -— VS) \O)

In conformity with hypothesis ¢}, Equations (1) and (3) permit to obtion
the expression of the law of variation of cake thickness and that means to calen
late 7, as radius of solids sedimentation layer.

Iigquation (3) becomes:

(Ap)r = — s K (R, —r) {3)

d¢
where:

b =1 —s



126 R. TATAN et al.

In conformity with hypothesis ¢), Equations (1) and (6) are equal. That
situation appears when the law of variation for radius of solids sedimentation,
r,, 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 lunite situation, reached for the maximum rank of scttlement, when the
soiid scdimented Dbecomes practically incompressible, Equation (6) becomes :

Ap = _ﬁli*- - K (Ry —7), because b ~ 1.
¢

The approximation is verified by practice, for a wide range of technological
situations.
Usually, the cake compressibility factor, s, has valucs between 0,1 ..,
.02 2
From Equation (1) and (5) we have:

Az . . dry
SRy ) = = KRy ) )
if :
—
Ry’
Equation (6) becomes :
Azof Ry . Ay _
**5,7;_(1—"‘) === (L —7), (7)

where, v is a variable depending on sediment accumulation.
Separating variables and interpreting, we obtain, from Equation (7), as
follows

_\pmg[l'\’r ‘l
Tk
7, = Rplce Lo — 1
For initial conditions, f = 0, r ~ 1, th. expression of the law of variation
of sedimrnt accumulation, in limit situation, beconies:

—Aat‘,\z[)\‘T 3
S D7 !
[ — ]\T T L — 1 (8)

3

H

Considering, in the same time, that the dyvnamics of sediment accumulation

1s simultancously achieved with the solids settlement process, when clementary
mass accumulation aud clementary volume accumulation are:
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In conformity with Eq. (5):

rs = Rre < (10)
where : q(t) — unit flow capacity,

1
2rptg a

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 :
R=1+17, K= [
inpR-p tga g
Evaluation of rs with q(tf) = 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[0 -c,! (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
mwithin 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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(;I'%I establish the real discharge condition, Rs, experimental trails are recom-

mended.

If the advanced sensors permit to verify 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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100 de ani de la nasterea
profesorului loan Tanasescu

PROFESORUL IOAN TANASESCU

Anul 1992 marcheaza 100 de ani de la nasterea profesorului si omului de
stiintd loan Tanasescu, cel care a dat stralucire Facultatii de Chimie din Cluj
ca sef al catedrei de chimie organica intre anii 1931— 1959.

Serii de studenti poartd Tn memorie si Tn suflet imaginea Omului Profe-
sorului, Cercetatorului de mare anvergura, numit simplu, cu respect si afectiune
,,Magistrul™.

Profesorul loan Tanasescu s-a nascut la 23 februarie 1892 la Bucuresti,
unde a urmat atit liceul cit si universitatea ca student al Facultatii de Chimie-
Fizica, avind profesori ilustri printre care : C. Istrate, A. Ostrogovich, D. Radu-
lescu si altii. Dupa terminarea facultatii si a scolii militare este angajat ca si
chimist Tn cadrul laboratorului de chimie al armatei, Tn perioada campaniei din
1916—1918. Tn 1919, anul nasterii Romaniei Mari, Infiintindu-se Universitatea
Daciei Superioare din Cluj, profesor A. Ostrogovich si prof. D. Radulescu raspund
invitatiei de onoare de a pune bazele Tnvatamintului chimic roméanesc. Tinarul
doctorand 1. Tanasescu, Ti Tnsoteste fiind numit asistent la catedra de chimie-
fizica si chimie organica condusa de prof. D. Radulescu.

Asistentul 1. Tanasescu sustine cu deplin succes teza de doctorat (conduca-
tor prof. D. Radulescu), fiind primul doctor Tn chimie a noii universitati clujene,
titlu ce-i confirma excelenta pregatire teoretica si practica si Ti deschide portile
carierei universitare (sef lucrari, profesor agregat, profesor titular Tn 1931). Numit
sef de catedrd, va conferi acesteia, prin activitatea didactica si stiintifica un
prestigiu si o individualitate bine conturate si recunoscute.

Alaturi de activitatea de la catedra s-a implicat si Tn conducerea unor
colective de lucru atit Tn cadrul Institutului de Chimie a Filialei din Cluj a Aca-
demiei cit si al Institutului de Cercetari Chimico-Farmaceutice. Tocul pe care
acest eminent om de stiinta 7l ocupa Tn rindul celor ce sint preocupati de dome-
niul chimiei Tl confirma si faptul ca Tn 1948 a fost ales membru corespondent,
iar Tn 1957 membru titular al Academiei, fiind de asemeni membru al societatilor
de chimie din Franta si Germania.

Prin stingerea din viata Tn 1959 a Profesorului loan Tanasescu stiintele
chimice si Tnvatamintul chimic din Cluj si din tara au suferit o grea pierdere.

Profesorul |. Tanasescu acorda prelegerii o deosebitd atentie sub felurite
aspecte. Tn primul rind al continutului — an de an erau inserate dupa o rigu-
roasa selectie noutatile ce Tmbogateau capitolele clasice carora li se adaugau
altele noi impuse mai ales prin perspectivele ce le deschideau aprofundarii cu-
noasterii. Rasfoind caietele Tn care Tsi nota cu consecventa trimiterile din revis-
tele de centralizare, se remarca semnalarea nu numai a lucrarilor direct legate de
cercetarile pe care le efectua ci si a celor care aduceau ceva principial nou Tn
chimia organica sau chiar Tn domenii conexe.

Dotat cu o putere de stapinire de sine rar Tntilnita prof. 1. Tanasescu era
Tn masura sa tina prelegeri mereu egale Tn cel mai bun sens al cuvintului. Dispo-
zitia de moment nu se trada Tn nici un fel ca si cind Tn fata auditoriului orice
alte preocupari care greveaza starea sufleteasca (deceptii, bucurii) dispareau.
Cursurile aveau o deosebita claritate. Ori de cite ori aparea posibilitatea, se
urmarea firul logic al faptelor experimentale care pas cu pas impuneau atri-
buirea unei anumite structuri pentru compusi cu molecule mai complexe sau o
anumita explicatie a unor comportari. Nu rare erau ocaziile Tn care se atragea
atentia asupra problemelor ce Tsi asteapta rezolvarea. Prin aceasta, fara Sa-si
dea seama, studentul se familiariza cu tehnica cercetarii.

9 — Chemia nr. 1—2/1992
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Prin expunerea calma Tn care accentele se puneau nuantat, fara stridente,
folosind un limbaj ales si adecvat, cursurile prof. I. Tanasescu au ramas un model
pentru cei care au avut sansa de a-l avea dascal. Importanta acordata lucrarilor
practice o ilustreaza Tntre altele eforturile facute spre a crea studentului posi-
bilitatea de a lua contact cu metodele de lucru modeme.

E, semnificativd, din acest punct de vedere, introducerea Tn programul
lucrarilor a microanalizei Tntr-o perioada in care aceasta metoda, la alte facultati
de profil nu numai de la noi, abia Tncepea sa fie folositd Tn cercetare. Tn aceasta
ordine de idei e de mentionat ca prof. I. Tanasescu este autorul primei carti de
lucrari practice dé chimie organicii tiparita In tara noastra.

ba examene, prof. |. Tanasescu era exigent si deosebit de corect avind
rabdarea sa asculte pe fiecare student. Prin, felul Tntrebarilor urmarea sa vada
Tn ce masura cel audiat poate opera cu notiunile de baza si valorifica cunostintele.
Cauta sa convinga pe cel care nu era suficient pregatit, de lacunele pe care le
are si care se cer completate.

Tn Tndrumarea activitatii de cercetare a doctorahzilor acorda o mare pon-
dere libertatii de actiune. Tn discutiile purtate privind strategia atacarii proble-
melor hu impunea categoric punctul sdu de vedere chiar daca intuitia si ascen-
denta sub multe aspecte ale prof. Tanasescu erau argumente de prim plan
pentru o anumita cale de urmat. Prefera ca doctorandul sa analizeze diferitele
alternative si sa se convinga singur, experimental, de cea care e mai eficienta.

Profesorul 1. Tanasescu a avut o foarte bogata activitate stiintifica ilu-
strata prin cele peste 100 lucrari publicate, dintre care majotitatea (60) au aparut
Tn reviste de specialitate de prestigiu din strainatate (Bulletin de la Société
Chimique de France, Berichte der deutschen Chemischen Gesellschaft (Chemische
Berichte), Journal fur praktische Chemie).

Activitatea de cercetare, care Tn jurul anului 1935 a fost cea mai fructuoasa
se resimte, datorita celor 5 ani Tn care facultatea, ca urmare a dictatului de la
Viena, a fost obligatd sa se refugieze la Timisoara de unde a revenit la Cluj
abia dupa eliberarea Ardealului de Nord. Greutatile inerente unei reinstalari si
cele datorate urmarilor razboiului au facut, ca abia dupa 1950, treptat, activi-
tatea de investigare sa revina la ritmul initial.

Chiar si o analiza mai putin aprofundata a contributiilor aduse prin cerce-
tarile efectuate, scoate Tn evidenta citeva trasaturi definitorii pentru omul de
stiinta 1. Tanasescu.

T™n primul rind interesul pentru problemele de actualitate sau de perspec-
tiva. Chiar lucrarea de doctorat, condusa de prof. D. Radulescu se Tnscrie intr-un
domeniu abia aparut, acel al chiralitatii Tn clasa spiranilor. Rezumindu-se doar
la Tnca un exemplu, sint de mentionat cercetarile d:n clasa steroidelor, clasa de
compusi pentru care se Tntrevedeau deja implicatiile majore Tn biologia.

Retine apoi atentia curajul cu care s-au atacat probleme complexe a caror
rezolvare cerea un volum mare de munca si ridicau dificultati la interpretare
Sa nu uitam ca la acea vreme laboratorul era tributar aproape exclusiv meto-
delor chimice extrem de laborioase si implicit cronofage.

Pot fi amintite Tn acest context condensarile o-nitrobenzaldehidelor cu com-
pusii aromatici, reactii ce pot lila cursuri diferite: Tnchiderea ciclului acridinic
formarea de feniiantranili, trifenilametani, benzofenéne, directia preferata fiind
impusa de factori structurali (natura substituentilor grefati pe nucleele de baza)
sau conditiile de lucru (mediu, temperatura, etc.) ceea ce duce la preponderenta
unuia sau altuia dintre componentii amestecului complex de reactie. Tn aceeasi
ordine de idei, revenind la Steroide, tinind seama de importanta pe care confor-
matia o are penltu Tntelegerea comportarii lor si implicit Tn alegerea modului de
a ataca molecula, apar evidente dificultati pe care le ridica abordarea unei ase-
menea probleme Tntr-o perioada cind structura acestei clase de compusi nu era
cunoscuta pina la detalii conformationale. Nlu niai putin complexe (era de pre-
vazut) s-au doévédit teactiile fotochimice la compusii Tn care este prezent schele-
tul o-nitrobénzaldéhidic, Tn special acefalii de acest tip.

MdIti din cei 37 colaboratori care au avut norocul sa fie Tndrumati Tn
cercetare de profesorul I. Tanasescu $l-au putut da seaiha de Tndeminarea de
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experimentator si usurinta cu care, chiar din primele date experimentale la
care se ajungea intuia esenta procesului urmarit. Principalele domenii pe care
prof. 1. Tanasescu le-a abordat au fost chimia heterociclurilor, fotochimia deriva-
tilor o-nitrobenzaldehidelor si chimia steroizilor.

Tn clasa heterociclurilor s-au adus contributii deosebit de valoroase Tn clasa
acridinelor, antranililor, tiazolochinolinelor. Dintre rezultatele la care s-a ajuns

Tn aceasta directie e de remarcat o noua sinteza a acridonelor, ramasa in litera-
tura sub denumirea de reactia Tanasescu—Dehmsted, metoda brevetata de con-
sortiul german 1. G. Farben-Industrie Tn 1930.

Unul din cele mai importante rezultate Tnregistrate la investigarea compor-
tarilor fotochimice ale acetalilor o-nitrobenzaldehidei cu compusii polihidroxilici
este cel care a dus la constatarea ca acetalii galactozei, manozei st glucozei sub
actiunea luminii se transforma in unul si acelasi produs derivind de la galactoza
racemica. Prin aceasta s-a demonstrat posibilitatea unor izomerizari fotochimice
Tnca nesemnalate Tn clasa glucidelor cu ecouri foarte interesante in biogeneza lor.

Tn sfera steroizilor, cercetarile au fost focalizate Tn special spre urmarirea
actiunii amestecului nitrant asupra acizilor biliari cu formarea esteriior nitrici
si Tntre altele posibilitatea de valorificare a lor Tn sintezd. Pe baza acestor rezul-
tate s-a elaborat o metoda originala de preparare a acetatu ui de dezoxicorticos-
terona (hormon steroid). Asa cum reiese din aceasta succinta prezentare pot fi
remarcate contributiile foarte valoroase ale cercetarilor initiate si conduse de
prof. 1. Tanasescu care au Tmbogatit cunostintele Tn domeniul chimiei organice
atit sub aspect teoretic cit si aplicativ.

Tn,ceea ce priveste primul aspect, ar fi de scos Tn evidenta Tncercarile de a
Tnscrie Tntr-un context cit mai general, interpretarea fenomenelor observate,
asa cum o ilustreaza poate cel mai convingator si titlul uncia dintre lucrari ,,Ex-
plicarea mecanismului izomerizarilor si a reactiilor spontane Tn chimia organica
cu ajutorul teoriei polaritatii valentelor”.

Referitor la cel de-al doilea aspect, cel aplicativ, ar mai fi de adaugat la
cele deja amintite, contributiile aduse la prepararea unor medicamente : sulfa-
tiazol, PAS, atebrina, plasmochina. Nu Tn ultimul rind se cere mentionat ecoul
pe care l-au avut cercetarile efectuate de profesorul I. Tanasescu Tn lumea chi-
mistilor asa cum rezulta si din discutiile purtate cu specialisti de prim rang ca
A. Kliegel, F. Arndt, H. Gilemann, K. Dehmstedt si altii, reflectate de conti-
nutul unora din lucrarile publicate de cei de mai sus amintiti cit si de cores-
pondenta purtata.

Profesorul I. Tanasescu a fost si un om de cultura interesat Tn mod deose-
bit de literatura. Competenta Tn aprecierea valorilor culturale o ilustreaza Tntre
altele si invitatia acceptata de a face parte din comitetul de lectura a Teatrului
National din Cluj. Admiratia pentru natura l-a facut un mare iubitor al drume-
tiilor, fiind imul dintre membrii activi ai ,,Turing Clubului”.

Cultul pentru adevar, pentru dreptate, pentru demnitate au facut din pro-
fesorul 1. Tanasescu un model al dirzeniei, im simbol al rezistentei, al dainuirii
valorilor morale Tntr-o perioadd, cea mai Tntunecata a istoriei noastre, cind mon-
struoasa ideologie comunista impusa cu forta poporului roman, se straduia sa
distruga tot ce era autentic: traditie, cultura, demnitate umana si nationala.
A avut de suferit din partea mai marilor acelor zile de trista amintire, dintre
care multi, dupa ce au pus umarul la instaurarea si consolidarea comunismului
Tn tara, au parasit-o si beneficiaza azi de pensii Tn dolari, marci sau shekeli.
Prof. Tanasescu asumindu-si toate riscurile, nu a cedat Tn fata presiunilor si a
santajului, a ramas aceeasi distinsa personalitate stimata si admiratda de marea
majoritate a celor din jurul sau, care credeau Tn acest simbol al sperantei si
demnitatii, sperau, Tn supravietuirea adevaratelor valori morale si spirituale ale
natiunii.

Aceastd succintd prezentare a personalitatii si realizarilor profesorului I.
Tanasescu este departe de a reflecta dimensiunile operei sale de educator, cerce-
tator si creator. Este doar un pios omagiu adus Magistrului lor de catre cei care
I-au cunoscut, pretuit si respectat, este un mesaj de suflet transmis tinerelor ge-
neratii datoare sa cunoasca si sa urmeze pilda ilustrilor inaintasi.

REDACTIA ,,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. During, 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

Monday, August 26 Tuesday, August 27 Wednesday.A'jgust 23 Friday ,August 30

Plenary Lecture 1 IL3-1 IL5-6 Plenary Lecture 3

Qpening Ceremony U Bossel IL32 IL57 G. Wilson
Opening Lecture Coffee IL3-3 IL5-4 Cotfee
H Rohrer IL2-3 .IL1-3 Coffee
Coffe IL 2-4 IL1-4 IL 3-4 |L 55
KL 2-1 KL 1-1 IL 2-5 IL 1-5 IL3-5 IL5-3
IL 2-6 IL 1-6 IL 3-6 IL51
KL2-2 K12 IL2-7 IL 1-7 IL3-7 IL5-2 IL 4-7 1L6-4
IL 4-5
Plenary Lecture2 IL 4-6
L.T. Romc.nlaw IL 4-4
KL 3-1 KL51
PD 4
L2 Il 11 KL3-2 KL 5-2
IL2-2 IL 1-2 '
Legend: KL-Keynote lecture; First number désignates symposium

IL - Invited lecture : First number désignates symposium

PO- poster Sessions; Number désignates symposium
PD-Poster cfecusslon: Number désignates symposium

Hatched areas Authors were present at posters
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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. Lowy and D. Dumitrescu).

— Linear Sweep Voltametry in the System MnSO1/(NH4)aSO</H,SeOJ in the Presence of
Some Additives (Zni+, H2C204) (L. Oniciu, 1. C. Popescu and P. llea).

— Application Software Concerning the Control of De Nora Brine Electrolysis (L. Oniciu,

S. Agachi, A. Imre-Lucaci and 1. 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 XI-th ANALYTICAL CHEMISTRY NATIONAL CONFERENCE,
September 24—25, 1992, Cluj-Napoca, Romania

The XI-th Analytical Chemistry National Conference was organized by Faculty of Chemistry
(Cluj-Napoca) under the direct guidance of Romanian Analytical Chemistry Society (SCAR). Roma-
nian 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 lon-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. llie 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”. 1. Al Crisan, University of Cluj-Napoca.
Ton-sensitive membrane-electrodes with PVC support”. E. Ho; artcan, V. Cosma, A. Coroian,
Institute of Chemistry, Cluj-Napoca.
"Electroanalytical studv of some electrodic surfaces”, Al. Duca et al., Polytechnical Institute
of lasi.
"Active transport mechanisms through membranes, with macrociclic transportors™, C. Luca,
Polytechnic Institute of Bucharest.
"Quality assurance of analytical measurements”, |. Rica, Siderurgica S. A. Hunedoara.
It were presented also a total number of 134 papers and 60 posters. Thémes of these works

were very diverse and covered a field of major interest in Analytical Chemistry.

The XII-th Conference of Analytical Chemistry in Romania will take place between Septem-

ber 22—24, 1994 at the "Ovidius" University of Constanta.

SIMION GOCAN
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Mircea Diudea, Michaela Pi-
tea, Mioara Butar, Fenotiazine si
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 eqgs, 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 psychical statés, and espié-
cially human behaviour.

' 'Oh' thé other side," 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 Kkinetic
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,

RECENZII

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”, illustrates 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, Funk,
Walter Fischer, wWim-
mer ; Thin Layer Chromatography, Reagents
aud Détection Methods, and Che-

wwerner
Hans

Physlcal
Methods : Fundamentale,
Reagents 1, VCH Verlagsgesellschaft mbH,
D-6940 Weinhein, 1990, 464 pag.

mical Détection

Tn cromatografia pe strat subtire si
in general, in cromatografia plana, metodele
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de detectie au un roi primordial, dar cu
toate acestea ele nu au fost tratate Tn mod
special pinda' acum. De obicei, aceste metode
erau prezentate Tn cartile de specialitate la
exemple practice de separare sau, Tn cel
mai fericit caz, Trtr-un capitol separat.
Volumele elaborate de specialistii York,
Funk, Fischer, Wimmer, si anume:” Phy-
sical and Chemical Détection, Methods”,
"Radiometrie Détection, Methods” si ”’Bio-
chomical and- Biological Détection Methods"
vor umple acest gol Tn literatura, de spe-
cialitate; Aceste date vor fi de mare folos
analistilor care lucreaza in. domeniul croma-
tografiei plane, astfel ca ei.vor putea-op-
timiza Tn- mod; separat procesul, de, separare
de cel de detectie.

Revenind la volumul "Physical and
Chemical Détection Methods : Ftmdamentals,
Reagents’, acest volum cuprinde doua.parti,
si> anume : "Metode de detectie” si, 'Reac-
tivi In ordlne alfabetica”. Metodele de detectie
sint grupatei Tn metode de detectie: fizica
si metode de detectie chimica, astfel, ca

permit experimentatorului alegerea metodelor
optime scopului propus.

Alaturi de aceste metode, autorii prezinta
un capitol separat cu probleme de docu-
mentatie si sugestii pentru expertii Tn cro-
matografie.

Tn partea a doua a cartii, sint prezen-
tati o serie de reactivi utilizati Tn detectia
cromatografica. Descrierea lor, modul de
preparare a solutiilor, modul de utilizare,
precum si reactia care are loc Tntre reactiv
si substanta de detectat reprezintda un sprijin
real pentru cel care efectueaza o separare
cromatografica, indiferent daca este chimist,
farmacist, biolog sau medic.

Cititorul care lectureaza aceasta carte,
primeste informatiile necesare pentru separa-
rea si identificarea unor clase de substante
prin cromatografia pe strat subtire. Pentru
o documentatie mai profunda se pot utiliza
indicatiile bibliografice care sint Tn numar
destul de mare' Tn aceasta carte.

CONSTANTIN MARUTOIU
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n cel de al XXXVlI-lea an (1992) Studia Universitatii Babes-Bolyai apare Tn urmatoarele
serii :

matematica (trimestrial)

fizica (semestrial)

chimie (semestrial)

geologie (semestrial)

geografie (semestrial)

biologie (semestrial)

filosofie (semestrial)

sociologie-politologie (semestrial)

psihologie-pedagogie (semestrial)

stiinte economice (semestrial)

stiinte juridice (semestrial)

istorie (semestrial)

filologie (trimestrial)

théologie ortodoxa (semestrial)

In the XXXVII-th year of its publication (1992) Studia Universitatis Babes-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 Babes-Bolyai parait 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)






