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DERIVATOGRAPHISCHE UNTERSUCHUNGEN UBER
HALBLEITEROXVD-BORATGLASER

L JANATSCHKOWA, | I. PETROW |, L. IWWANOW*

Der Herstellung von Halbleiteroxidglasern wurde in letzter Zeit er-
hohte Aufmerksamkeit gewidmet. In diser Hinsicht wurden Oxidgliser
verschiedener Systeme entwickelt : Silikat-, Borat-, Phosphat-Gliser u.
dgl.m. Eine Reihe von Glasern findet fiir Thermistoren, Lichtfilter, Lumines-
zenz- und Lasermaterialien Anwendung.

Bekannt sind die eingehenden Untersuchungen von Mackensie
(1Jund Kennedy [2] iiber Halbleiteroxid-Gliser, in denen die Haupt-
grundsétze ihrer Herstellungsweise dargelegt werden. R oe [3] beschreibt
neue Glaszusammensetzungen, die in verschiedenartigen Kombinationen
der Ubergangselemente mit alkalischen und erdalkalischen Oxiden von
Si, B, P, Al und Zn gute Leitfahigkeit fir Elektronen aufweisen. In den
systematisehen Untersuchungen von Karapetjanz u. Mitarb. [4,5] sind
Adsorptions- und Lumineszenzspektren von Oxidglisern mit Seltenerdele-
menten als Aktivatoren dargestellt worden. Denissow u. Mitarb. [6]
haben Glaser des Syvstems Na,O—B,0, durch Aktivierung mit Oxiden
von Sm, Tb und Dy hergestellt Von Interesse ist die Untersuchung von
Block (7] iiber die durch Streuung von Rontgenstrahlen bewirkte Vertei-
lung der erdalkalischen Kationen in Boratglisern. Miliikow [8] verd-
offentlichte die Anwendung eines tehermographischen Analyseverfahrens zu.
Untersuchung von mikroheterogenen FErscheinungen in  Silikatglisern-
In den geharteten Einphasengldsern, die zu Liquation neigen, kommt die
Liquation in Begleitung auftretender Niedertemperatur-Exoeffekte der
DTA-Kurven zur Geltung. Caslavska u. Mitarb. [9] haben durch eine
elektrooptische Methode Doppelphasenstruktur in photoleitenden Oxid-
glasern entdeckt.

Aus diesem Grunde wire es von Bedeutung, die bei der thermischen
Bearbeitung der Ausgangsgemische im Laufe der Gewinnung von Oxidborat-

* Mitteilung aus der Technischen Hochscule fiir Maschinenbau u. Elektrotechnik — Lehr-
stuhl {. Physik u, Chemie — und von der Hochschule f. chemische Technologic — Lehrs-
tuhl f. Chemie n. Technologie der Halbleiterwerkstoffe, Sofia 56, Bulgarien.
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glasern stattfindenden Prozesse aufzukldren. Die Autoren vorliegender
Arbeit stellten sich die Aufgabe, eine derivatographische Analyse des Aus-
gangsgemisches fiir Halbeiter oxid-Boratglaser anzustellen, um die Phasen-
dnderungen wihrend der thermischen Bearbeitung zu untersuchen.

Die chemisch reinen Ausgangsstoffe wurden mit Ricksicht auf die
Anforderungen der Technologie der Halbleitermaterialien gewihlt. Angaben
iber die Zusammensetzungen der hergestellten Gliser wurden in Tabelle
1 zusammengestellt.

Tabelle 1

No Zusammensetzung der Gliser

I Oxide B,0, 11,0 Na,O MgO Sm,0,
Gewicht 9, 59,8 20,0 10,0 10,0 0,2

11 Oxide B,0, Li,0 V,0, TiO, -
Gewicht 2, 60,0 8,0 30,0 2,0 —

IIT  Oxide B,0, Li,0 C,0, S10 —
Gewicht 9 79,4 10,6 9,3 0,7 —

Zur Gewinnuog von B0, Li0, Na,0, U,04 und Sr0 wurden folgende Verbindungen :
H,BO,, Li,CO;, Na,CO,; UO,(CH,;CO0), - 2H,0 und $rCO; angewandt und fir jede Zusam-
mensetzung je eine Probe von 25 g zubereitet, Die Gemische wurden trocken in einem Morser

innerhalb von 60 min zerkleinert und trocken sowie nall — in deionisiertem Wasser — homo-
genisiert. Nach der Trocknung bei 60--70°C wurde wiederum Homogenisieren — zwecks Desag-
gregation (Zerreibung) der Teilchen — vorgenommen.

Die Ausgangsgemische wurden darauf einer DT G-, D'T'A- und TG-Analyse mit Hilfe cines
Derivatographen vom Typ OD-102 [10] unterzogen. Dabei wurden je 0,3—0,5 g der Gemische
im Tiegel No 1 zwischen Zimmertemperatur und Schmelztemperatur der Gemische bei einer
Aufheizgeschwindigkeit von 10°C/min untersucht. Zur Identifizierung einiger endgiiltigen
Zwischenprodukte wurde eine Rontgen-Phasenanalyse der einzelnen Komponenten durchge-
fithrt. Zu diesem Zwecke wurde die Pulvermethode von Debye-Scherrer mit Difraktometer
URC 50 IM (Cu—Ka-Strahlung) in einer RKD-Kammer (d = 57,3 mm) angewandt.

Abb. 1 zeigt die DTG-, DTA- und TG-Analysen des Gemisches No I. Die thermogravi-
metrische Kurve zeigt einen Gesamtverlust von 25,6 Gewichtsprozenten. Uber 590°C ist ein
horizontaler Teil in der TG-Kurve zu beobachten, der auf die Bildung einer neuen, genau defi-
nierbaren Phase schlieBen 1d4fit. Die Thermodifferentialkurve weist zwei endotherme Effekte
mit Maximal-werten bei etwa 145°C und 270°C auf, die laut Schema

145°C 270°C
H,BO; .y HBO; ——> B,0,
—H,0 1
. H,0O

auf die Dehydrierung von H,BO, zurickzufiihren sind. Die endothermen Y¥ifekte bei 465 und
560°C kommen durch das Schmelzen des B,0, zustande. Von Bedeutung ist der zusammen-
gesetzte Effekt bel etwa 5907°C, der anf eine Wechselwirkung der Oxide zuruckzufiihren ist und
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von einem Gewichtsverlust auf der TG-Kurve begleitet wird. Der doppelte endotherme Eifekt
bei etwa 820 und 840°C deutet auf polymorphe Umwandlungsprozesse des N,CO,, wie es
folgt :

o —Na,COy = 3—Na,CO; =+ a— Na,CO,.

Die Schmelztemperatur des Ausgangsgemisches betridgt laut Derivatogramm 870°C

Abb. 2 stellt die DTG-, DTA- und TG-Analyse des Gemisches No II (H,BO,, Li,COy,
V,0,, TiO,) dar. Der erhebliche Gewichtsverlust mit Hochstwerten bei etwa 180 und 190°C
ist der Zersetzung der Borsdure zuzuschreiben. Auf der DTA-Kurve 1aBt sich ein exothermer
Effekt bei 110°C beobachten, der aller Wahrscheinlichkeit nach auf Umwandlungen im Kristall-
gitter zuriickzufiihren ist. Der doppelte endotherme Effekt bei etwa 180 und 190°C ist durch
die zweistufige Zersetzung des H;BO, — wie oben erwidhnt — zu erkliren. Das zwischeu 360
und 520°C erhaltene B,0, schmilzt. Der kennzeichnende exotherme Effekt, der die Wechsel-
wirkung der Oxide zum Ausdruck bringt, tritt auch hier bei 590°C auf. Das Vanadiunmoxid
(V,0,) schimlzt bei etwa 700°C und unterliegt einer polymorphen Umwandlung {11]. Das
Schmelzen des Ausgangsgemisches setzt bei etwa 950°C ein.

76

SY o —%—mw
&N Samw—B—1i0

S 3

00+
120t

0 10200 3% wj/’y 60 TR0 00900 10 0700 AT 300 W0 500 600 700 B G000
—=t5C —00C

20

Abb. 1. Derivatographische Analyse des Abb. 2. Derivatographische Analyse ges
Gemisches I Gemisches II
{H,;BO,;—Li,CO3—Na,COy — MgO — Sm,0,), (H3;BO, — Li,CO, — V,0,—Ti0,), m =03 g,
o= 0,5 ¢, V = 10°C/min. V = 10°C/min.
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1244
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Abb. 3. Derivatographische Analvse des
Gemisches 111
(H3BO;— 11, O, — VO, (GH,CO00),.
2HL,0—81C0Oy), m = 0,3 g, V = 10°C/min.

Abb. 3 zeigt die DTG-, DTA- und TG-
Analyvse des Ausgangsgemisches No III. Der
Gesamtgewichtsverlust auf der TG-Kurve be-
trigt 43,3 9. Auf dieser sind drei Gewichtsver-
luststufen zu beobachten, die auf Prozesse mit
unterschiedlicher  Verlanfsgeschwidigkeit zu-
riickzufithren sind. Uber diese gibt uns die
DTG-Kurve einige Aufschliisse. Auf der DTA-
Kurve sind zwei exotherme XNiedertempera-
tureffekte bei 50 und 110°C feststellbar. Sie
lassen sich anf Umwandlungen im Kristallgitter
zuriickfithren. Der stark ausgeprigte doppelte
endotherme Effekt bei etwa 190 und 200°C
bringt das gleichzeitige Zersetzen des Uranyl-
acetats (zu UO, und Pyrolyseprodukten) und
der Borsdure (zu B,0,) zum Ausdruck. Bei
360°C ist ein Inflexionspunkt zu beobachten.
Der steile exotherme Effekt bei 4007°C kann-
auf den Oxvdationsprozef

TO, ~ U0,

zuriickgefithrt werden. Die Rontgenphasen~
analvse zeigt, dafll sich das TUranylacetat in
U,0, umwandelt 712, 131 Der endotherme
Fifekt bel etwa 545 C weist auf Schmelzen des.
B,0, hin. Der charakteristische exotherme
Effekt der Wechselwirkung der Oxide tritt
bei etwa 630°C auf. Das Ausgangsgemisch
schmilzt bei etwa 890°C.

Die derivatographische Untersuchung der
Ausgangsgemische fiir Halbleiteroxid-Boratgli-
ser fithrt zu folgenden Schlitssen :

Die thermische Zersetzung von H;BO,
vollzieht sich in mehreren Stufen, bis glasformi-
ges B,0, entstanden ist. Das Uranylacetat
zersetzt sich zu UO,, welches sich tiber die bei
etwa 4007C erfolgende Oxydation zu U0, in
U,0, umwandelt. Das Natriumkarbonat un-

terliegt Dbei Temperaturen von etwa 820 und 840°C polymorphen Umwandlungen.
Unmittelbar nach dem Schmelzen des B,0, entstehen bei Temperaturen zwischen ctwa
590 und 630°C charakteristische exotherme Effekte, wodurch die Wechselwirkung der Oxide,
verbunden mit Gewichitsverlusten, auf den TG-Kurven zum Vorschein kommt,
Das Vorhandensein von Ionen verschiedener Wertigkeit in den erhaltenen Boratglisern
begiinstigt die Ausbildung ihrer Halbleitereigenschaften — Widerstands — und Lumineszenz-
fithigkeit. Uber diese berichtet die nachfolgende Arbeit [147].

(Eingegangen am 10 Marz 1972V
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STUDIUL DERIVATOGRAYIC AL UNOR STICLE
OXIDO-BORATICE SEMICONDUCTOARE

(Rezumat)

Se descrie un procedeu de obtinere a sticlelor semiconductoare de tipul oxido-boratic
pornind de la sisteme multicomponente, Se studiazi descompunerea termnicii la aer a amestecuri-
lor initiale (HBO,;, Li,CO; Na,COy MgO, Sm,04; HBO,, Li,CO,, Vo0, TiO,; HyBO,,
11,C04, UO,{CH;—CO00), » 2H,0, SrC0,), utilizind metode termice, termogravimetrice si
analiza rontgenografici. Se observa la 590 respectiv 630°C un efect exoterm, caracteristic, care
se datoreazii interactiunii oxizilor,

JAEPVBATOTPAGHUYECKOE HCCJENOBAHHE HEKOTOPLIX
NOJIYTIPOBOAHHMKOBBIX OKCHIO-BOPATHBIX CTEKOJI

(Peswume)

ABTOpHL ONHMCHIBAIOT METO TIOYUeHHs! NOJYNPOBOLHMKOBBEIX CTEKON OKCHAO-6OPaTHOro:
THIA, HCXOJAS M3 MHOTOCOCTABHLIX cHCTeM. Mayuaercs TepMHuecKoe pasJio:KeHHe Ha BO3jiyxe
nepBoHaualbHBIX cMeceil (H,BO,, Li,CO,, Na,(O,, MgO, Sm,0,; H,BO,, Li,CO,, V,0; TiO,;
H,BO,, Li,CO,, U0, (CH,—CO0),-2H,0, SrC0,) ¢ npnMeHeHHeM TepMHYECKHX, TepMOIPaBH-
MeTpHUeCKHX H peHTreHorpaduiyeckux Meroios. [Ipu 590°C u 630°C, coorBeTcTBeHHO, HAG1I0~
JaeTcs XxapaKkrepHblil sK30oTepaHueckuil addeKT B pedyabTaTe B3aHMONENCTBUS OKHCell.






ACRIDONES (XLVII)*

The Proton Magnetic Resonance (P.M.R.) Spectra
of Aminoacridones

I. PANEA and M. IONESCU

Our interest in nitration of acridones, including the aminoacridones
711, as well as our intention to study the influence of different substituents
upon the chemical shift of the acridone protous (see also [2}), made us to
record and analyse the P.M.R. spectra of some ‘momno-aminoacridones.

Results and discussion. A. Assignment of signals. Since the spin-spin
splitting of proton signals of the studied compounds is practically of first
order, we can consider the P.M.R. spectra of these compounds to be of
quasi-first order (see also [2—47). The much higher values of the difference
between the chemical shifts of the coupled protons (8, — §;) ascompared to
the value of the coupling constant (J;) is consistent with the above
consideration (see [5]). The ratio of these values % gy larger than

Ji
five (see table 1) with a few exceptions (see the proton couples: 7 =3, j =4
and 7 =5, 7 = 6).

Table 1
Ratio of the diference between the chemical shifts of the eoupling protons
to the corresponding coupling eonstant, for the compounds studied.
8; — 8
Jis |i=li=1 d=1 =21 /=21 0=3i=517i=58|i=51i=6]1=6)i=
J=2|j=3|j=4|j=3|j=4|j=4 =6 =7 |j=8|7=7 |j=8]|j=8
Compound
acridone 8.0 1 20.0 /100.0§ 5.0| 10.0} 1.6} 1.6 |10.0|100.0] 5.0 20.08.0a)
<2-aminoacridone - 8.0 4.0 — | — 1.5 1.5[11.0119.0} 5.0 {23.0]8.1
3-aminoacridone 9.3 | — 1225.0f — 2.7 — 1.7,/ 10.0 | 110.0{ 4.8 | 21.0 | 8.0
3-acetylaminoa-
cridone 7.0 — 13.0f — {351} — 1.5110.0 {110.0{ 46({20074
a) see (2,4,

* Part XILVI: M. Tonescu and I. Hoplirtean, Stund. Univ. Babes-Bolyai,
Chem ., 17, (2), 105, (1972)
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On the other hand the two benzenic nuclei of the acridonic cycle (I) in
these compounds can be considered independent of each other (see [2—4]).
This assumption is supported by the nearly complete absence of the trans-
mission of the substituent effects from one benzenic nucleus of the acridone
(I) to the other one ([2], see also present paper, paragraph B.).

On the basis of the above general considerations, we shall analyse the
P.M.R. spectra of the aminoacridones as the sum of the quasi-first order
subspectra of the two marginal benzenic nuclei. These subspectra are ana-
lvsed as a four-spin ABCD system for the unsubstituted nucleus (see also
{2—4]) and as a three-spin ABC system for the monosubstituted nucleus
(see also [2,6,7 ) The inter-ring coupling of the HIO(NH) proton with the
protons of the marginal nude — Hi (where 7 =1 — 8) is applied as a
first order perturbation of these svstems.

The P.M.R. spectrum and the corresponding splitting diagram of
the 3—aminoacridone (II) are given in fig. 1.

Analougus diagrams may also be applied to the other studied com-
pounds; they can be established on the basis of the quasi-first order character

300 240 160 120 &0 47pem .‘?f

I S 2 e B O B O B S S A 5 ML A B B S SR SRS SR SLAR SN S A AL LA NLALAL AL BRALELEMES

ad ool a1y [J._
Jd,’a/om

Fig. 1. PALR. spectrum and splitting diagram of 3-aminoacridone.
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of the spectra, on the basis of characteristic environments of the protons
and of the relative strength of coupling due to these environments, since
it is known that always:

jorto = ]meta >]para

The assignment of the signals to different protons takes these diagrams
into account. These diagrams involve, in the case of the ABCD system, for
the signal of the proton A a strong splitting with B(Jorto), a medium split-
ting with C (Jmeta) and a weak one with D(Jpara). Similarly, for the signal
of the proton D, a strong splitting with C(Jorto), a medium
splitting with B(Jmeta) and a weak one with A (Jpara) (see also [8]).
From the two signals of similar multiplicity, the low field one will be assi-
gned to proton A, strongly deshielded by the vicinity of the carbonyl group
(see [2-—4, 6-137). The protons B and C will also show an analogous mul-
tiplicity, viz. two strong splittings (J orto) and a weaker one (Jmeta).
Individualization of the two signals can be made ou the basis of some consi-
derations, concerning the maximum relative electron density in position
2—(see [2—47), which can be deduced from the electronic effects observed
in the acridone molecule (I) and which is confirmed by the mode in which its
electrophylic substitution occurs (see [2,11,147), Thus the high field signal
is due to B and one can make an unambiguous assignment of all proton sig-
nals of the unsubstituted benzenic nucleus of the studied acridones.

The integrated intensity of the signals, as well as the comparison
with the P.M.R. parameters determined earlier for some other acridones
(see 2-—-47) support the assignments made.

As the quasi-first order P.M.R. subspectrum, due to the substituted
benzenie nucleus from acridone, is concerned, the situation is simplified
to some extent, since this nucleus has only one three-spin ABC svstem.
For this subspectrum the signals can be assigned unambiguously taking
into account the same deshielding effect of the adjacent carbonyl group,
the effect of the present substitutent, the multiplicity, i.e. the signal split-
ting, and the strength of coupling interaction of each proton (see also
[2,67,117), this strength being determined by the reciprocal position of
the protous in the ABC svsteni. Thus, for instance, in the case of the
subspectrum, due to substituted benzenic nucleus, from the spectrum of
3-aminoacridone (IT), the proton A has to be strongly coupled with B ([octo)
and weakly with C(/yar), whereas B shall be strongly coupled with A (Joreo)
and moderately with C(Jpew). C is strongly coupled with none of the pro-
tons, having only one medium coupling (Jmew) and a weak one ([ para)-
Thus, the signal of minimal width from the spectrum shall be duc to the
proton C.

The supplementary differentiation of A {rom B is achicved by the
strong deshielding effect of the cvelic YC == O group on the adjacent proton
(A). Thus, from the two signals, corresponding to these protons (A and B),
the lower field one is due to A.

These assignments are also in agreement with the effect of the —-NH,
substituent, which, as it is known [15], strongly shields the orto protons
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(B), and less the meta protons (A), thus leading to an increased separatiom
of the proton signals A and B.

The studied acridones contain an additional ring proton corresponding
to the acridone NH group. Due to the participation of this group in a strong
association of the acridone molecules, through hydrogen bonding {2,4,16] or
dipolar interactions {2,417, the corresponding H,o(N—H) signal appears
at a very low field § > 11 ppm, in all acridone P.M.R. spectra studied
so far. This 1s the case with acridones substituted both with electron donating.
113]* and electronwithdrawing {2] groups. This region of the field § ==
10—12 ppm, is characteristic for the strongly associated amidic NH reso-
nance (8,17, thus confirming again the vinvlogous amide character of
acridones (see¢ 14b, 167). In the P.M.R. spectra of the aminoacridones,
the assignment of the only signal appearing in this region, is simple, because
a single amidic NH, namely the acridonic NH group, is present. On the
basis of above mentioned condition, however, even in the case of 3—acetvl-
aminoacridone, which contains two amidic—NH groups and in the spectrum
of which appear two signals in this region, at 3 = 10.59 and 11.96 ppm,
the signal at § == 11.96 ppm can be assigned unambiguously to the acri-
done NH resonance.

Consequently, the signal at & = 10.39 ppm will correspoud to the
acetyvlaminic —HN resonance.

Concerning the proton signals of the substituents, these could be
recorded and assigned only when thev appeared at a field 8§ > 6 ppm,
as a result of working conditions used (solutionsin undeuterated dimethy-
Isulphoxyde — DMS). This is the case of the aminic protons of 3—amino-
acridoue and of the acctylaminic proton (— NH) of the 3-acetyvlaminoacri-
done. We assign the signal at 6.31 ppm, in the PAM.R. spectrum of the
3-aminoacridone, to the aminic protons, on the basis of the integrated inten-
sity and of the shape of the signal, which indicates two identical protons,
possibly coupled only very weakly (J~ 0,4 Hz) with other protons. This
situation corresponds only to the state of NH, protons in 3-aminoacridone.
The resonance of these protons at such a low field is explained through
the strong conjugation of the amino-group in position 3-with the acrido-
nic C = O group (see I1). This conjugation explains also the sensible upfield
shift of the acridonic NH resonance (8 == 11.31 ppm) as compared to the
acridone (8 = 11.87 ppm.), as a result of the corresponding decrease of
the conjugation of the acridonic NH with the same C = O group.

The impossibilty of a direct conjugation of the aminogroup from posi-
tion 2-with the acridonic C = O group (see III) makes the resonance
of the aminic protons of the Z-aminoacridone to appear at a field < 6
ppm, excluding it from our recording possibility.

As shown above, the signal at § = 10.59 ppm in the spectrum of
3-acetylaminoacridone, has been assigned to the acetylaminic NH proton,
It is known, however, that generally in P.M.R. spectra of the acetanilides,

* Tor 1,3- dimethoxyacridone 8yg =- 11 - 17 ppm [13]. For 1,4-dimethoxacriydoene,
the P.M.R. spectrum of which has been recorded by us, Sypy == 11 - 25 ppm.
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the acetylaminic HN resonance appears in the region & = 7.5—-8.5 ppm,
except the cases when the NH group is involved in a strong dipolar or
hydrogen bonding interaction, when this resonance is shifted to a much
lower field, 8 = 10—12 ppm [17]. Thus, one can conclude, on this basis,
that the acetylaminic NH group of the 3-acetylaminoacridone is involved
in a very strong association. So, as shown further,’ the most probable of
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the possible spatial structures (IV--VII}* for the 3-acetylaminoacridone
is IV. This structure (IV) explains the low field resonance of acridonic
NH, on the basis of its dipolar and hydrogen bonding interaction with the
acetylaminic carbonyl, near in space,as well as the downfield shift of the
acetylaminic NH resonance, since from the possible intermolecular associa-
tions (VIII—X) on the basis of this structure (IV) the association (X) is
favoured, in which — acetylaminic HN interacts with the acridonic )C = O
group. This association involves (see [8,17]) a strong downfield shift of
the HN resonance. The common associations of the acridones (VIII) (see
[2,4,16]) is dipolarly hindered, a fact which also occurs partially with IX.

The results of the interpretation of P.M.R. spectra, of the aminoacri-
done derivatives studied, are given in tables 2. and 3. The P.M.R. chemical

* The straight arrows in these formulae show the direction of amidic dipoles.
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shifts (8 values, in ppm) and the coupling constauts (f, in Hz) have been
obtained directly from the experimental spectra.

B. The influence of ~-NH, and —NH-—-CO—CH, group upon the che-
mical shifts. The influence of the substituents upon NMR chemical shifts
is a particularly important problem, since, taking into consideration the
relation between the chemical shift and the reactivity [2—4,15], one can
establish a correlation between this influence and that upon reactivity.

The influence of —NH, group upon the chemical shift of the protons
from the substituted benzenic nucleus in aminoacridone is similar to that
in anilines [15,18a, b, 19] and aminothiophenes [18c] (see table 4).

Due to the nonequivalence of the positions in acridone, this influence
is a function of the position occupied by — NH, group (see also [18b]).
On the other hand the two orto positions relative to NH, group in the
analvsed aminoacridones, suffer different influences due to the different
conjugation possibilities of the —NH, group towards them (see II, III).

As far as the influence of —HN-—-CO-—CH, group upon the chemical
shift of the protons of the substituted benzenic nucleus in 3—acetyl-
aminoacridone is concerned, we can observe that though it is similar to
that of acetanilide (see table 4 and [15¢—197), it presents an interesting
peculiarity.

Firstly, this influence appears exclusively in the case of one of the
two orto protons relative to the 3-acetylaminic group ; secondly, it is very
large for this proton (a deschielding of ~ 0,8 ppm). These experimental
facts are explained by taking into consideration the possible spatial struc-
tures (IV—VII) for 3-acetyvl-aminoacridone and the effect of acetylamine
group upon the adjacent protons, effect known as acylation shift (see
117,19,201)*

In 3-acetylaminoacridone there are two amidic dipoles, the acridonic
one and the acetylaminic one, their direction being from the positivated
nitrogen towards the negativated oxvgen. The most favourable orientation
of the two dipoles (see also [17b)] is that given by the structures IVand
V. Structures VI—VII, which correspond to an unfavourable orientation
of the dipoles, can be eliminated.

Since in the case of structure IV a supplementary stabilizing dipolar
interaction is possible (in constrast with structure V) between the negativated
acetylaminic oxigen and the positivated acridonic nitrogen, structure IV
will be the most stable and therefore the most probable one. The steric
hindrances caused by the methyvl group in the case of structure V are consis-
tent with this conclusion. In fact, all studies made so far upon cis-trans
{or endo-exo) isomerism of monsubstituted amides in which the acyl group
is larger than formyl, indicate the unique or preponderant existence of
the cis or endo isomer [17,19,20]. In ourcase this isomer coorrespondsto
structure IV.

* The acylation shift of a proton in an acetvlamino derivative is the difference between
the chemical shift of this proton and the chemical shift of the coresponding proton in the ami-~
noderivative.

9 — Chemia 11973
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Chemieal shifts {8 in ppm) of th

Chemicél shift
in pp:; S, 3u, 3m, 3w, Su, 3a,
Compound

b)
2-nitroacridone 9.04 —_ 8.55 7.72 7.67 7.96
3-acetylaminoacridone 8.37 7.34 — 8.45 7.67 7.89

[b)
acridone 8.40 7.40 7.90 7.67 7.67 7.90
2-aminoacridone 7.58 - 7.31 7.56 7.61 7.82
3-aminoacridone 8.14 6.75 — 6.66 7.57 7.81

a) Chemical shifts increase towards the low values of the field relative to T.M.S., for which § = 0.
b) See [2, 4].
10

€) Bfop = Syop — Sy, While Syoy = 1§1 Syg; (see also 12, 43).

d) Value to be compared to st,ot of 3-amino- and 3-acetylaminoacridone.

e) Value to be compared to st’ot of 2-nitro- and 2-aminoacridone.

Coupling eonstants (/) of the protons

Coupling
constants
in Hz Jie Jis ]81’: Jas J2a Jsa
Compound
acridone 8.0 1.6 0.4 6.2 1.6 8.3
-aminoacridone — 2.0 0.4 — — Q.1
-aminoacridone 9.0 —_ 0.4 — 1.9 -
-acetylaminoacridone 9.0 — 0.4 — 1.9 -

The analysis of P.M.R. spectrum of 3-acetylamioacridone confirms
the structure IV, since it is the only structure in agreement with the very
large acylation shift (1.79 ppm) of orto proton from position 4—, and
with the very low value (0.59 ppm) of this shift in the case of the other
orto proton in position 2.

It is known that the acylation shift of orto protonsof cyclic systems
is determined mainly by the magnetic anisotropy of the acetylaminic
>C = O group. This anisotropy has its maximal deshielding effect in the
case of coplanar disposition of the »C = O group and the orto protons.
Such a disposition is allowed [17,19h, 20b—d] only for the residual orto
proton of the acetylamino derivatives, which carried an orto substitutent,
able to form intramolecular hydrogen bonding with the acetylaminic
HN group.



ACRIDONES (XLVII) 19

Table 2
tons for the studied eompounds
c) 8
3H, 3u, 3H,, 8, z 8y For other protons
o =35
7.48 8.35 12.41 69.17 31.46
.3 . 3 Sun = 10,59
7.38 8.40 11.96 67.46 31.34 acetylaminic
66.71 d)
7.40 8.40 11.87 resp. 67.21 ¢ 31.37
7.30 8.40 11.68 65.26 31.13
7.30 8.35 11.31 63.89 31.03 3N, = 6,31
Table 3
in the studied compounds, in Hz.
lelﬂ
f;,m . ]s.m
J7»8 JG’S J&ﬂ J&ﬂ ]5;8 ]2:10 .]auo
5,10 7.18
8,10
8.0 1.3 6.2 1.6 8.3 0.4 0.3 0.3 0.3
8.1 1.5 6.3 1.6 8.3 0.4 — 0.3 0.3
8.1 1.5 6.3 1.6 8.3 0.4 0.3 — 0.3
8.3 1.5 6.6 1.6 8.5 0.4 0.3 — 0.3

The acylation shift of such an orto proton, subjected to the maximal
magnetic anisotropy deshielding effect of the acetylaminic >C = 0 group,
is comprised between 1.3 and 2.1 ppm [17c¢]. Lately dipolar interactions
are frequently admitted to intervene in the fixation of the acetylaminic
carbonil group in cis conformation and in preferential coplanar disposition
relative to one of the two orto positions [17b,c,d]. These dipolar interactions
are, if not the only ones, at least preponderant in determining the cis conforma-
tion of the amide group and the coplanar disposition of the acetylaminic
>C = O group relative to the proton in position 4 (H,) in the case of 3-acetyl-
aminoacridone (accordingly to IV, see also above). The above mentioned
coplanar disposition allows the acetylaminic >C = O group to exert its
maximal magnetic anisotropy deshielding effect upon the orto proton H,. This
explains why the proton H, of the 3-acetylaminoacridone shows the maximal
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Table 4

Effect of —NH, and —IIN~CO—ClH; substitutes upon the resonance of aromatic protons
(relative shift as compared to the resonance of corresponding protons in unsubstituted compound,
in ppm)

Relative shift** of the resonance of
the protons in positions
Compound References
orto teta i para

aniline _ 5 1.93%* 1.36* - 1.75% T18Ba
aniline ) - 0.71 - 0.20 -0.61 19a
aniline S 0.76 0,20 <062 1 i13a
aniline -0.77 ~0.13 SO0 [15h
aniline -2 0,80 0.15 1 - 0,40 [15¢
aniline - {).82 - 0.300 -{1.68 [18h:
4-methylauiline -0.93 - 0.53 19h
2-amino-thiophene -0).95 -0.45 - 0.85
3-aminothiophene - 1.23 -0.25 - } 18c:

resp. 40,53
2.aminoacridone --0.82 -1 0.26 ——

resp. -+0.59 l this paper
3-aminoacridone +1.01 --0.26 —

resp. -+-0.65
acetanilide —0.40 --0.20 =-0.30 T15¢]
acetanilide -0.17 --0.08 +0.27 [19a;]
4-methylacetanilide —0.12 --0.22 - [19h:
3-acetylaminoacridone —0.78 +0.03 — this paper

resp. -+0.06

* We mention the discrepancy between these values [18a] and those given by other authors [15, 18b, 19a]
*¥ Shifts with plus sign are upfield (as a result of a shiclding effect), those with minus sign are downfield
ones {due to deshielding effect).

orto acylation shift (1.79 ppm) observed up to now in the case of an acety-
laminoderivative with two unsubstituted orto protons.

Since the acylation shift of the other orto-proton (H,) of 3-acetylami-
noacridone (0.59 ppm) is close to the medium value (0.4 ppm) (see {17b,c]) of
the para proton acylation shift, which is determined exclusively by the
electronwithdrawing conjugation effect characteristic of the amidic group,
one can conclude that the acylation shift of H,is mainly, if not exclusively,
due to the same efect.

This conclusion can also be explained by the spatial structure IV of
3-acetylaminoacridone. In this case the proton in position 2 is not exposed
to the magnetic anisotropy deshielding effect of the acetylaminic >C =0
group, but onlv to the deshielding due to electronic effects exerted by
this group.

The influence of the examined substituents upon the proton chemical
shift of the unsubstituted benzenic nucleus of the corresponding acridone

8
(see > 5, table 2) is minimal. However, to what extent it exists, it is due

i B
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to the conjugation of the acridonic HN group with the unsubstituted ben-
zenic nucleus, which is facilitated by the amino-substitutents of the other
benzenic nucleus (see II, III). Thus, in these cases the electronic effects
of the substituents aretransmitted only very weakly from one benzenic
nucleus of the acridone the other one (see also [2]).

The effect of the aminosubstituents upon the chemical shift of H, (HN)
is the expected one. The upfield shift of this proton resonance is a result

of incresing negative charge density on the acridonic nitrogen atom due
to these substituents.

Since the influence of substituents upon the chemical shifts is cleared
up, one can make some considerations concerning their influence upon
reactivity (see above). By comparing 3, values (see [2.4)], one can obser-
ve, as expected, the aminogroup to activate the acridone molecule for
electrophylic substitutions. In contrast, the acetvlamino group deactiva-
tes the molecule for this substitution. This conclusion seems to bhe
interesting. ¥

The sequence of electrophylic reactivity of the position of 3-acetvla-
minoacridone is given by the sequence of the coresponding proton chemical
shifts: 2007 > 35 > 6> 184,

very

C. The influence of substituents upon the coupling constanis. As seen
from table 3, the influence of the amino substituents upon the coupling
constants of the benzenic nucleus protons of aminoacridone is only partially
similar to the influence of the amino group in aniline. This influence is more
like the similar influence of nitro group in 2-nitroacridone (see table 5). This
is not surprising if one takes into account (see "18b, 217) the correlation
of these couplhing constants with the electronegativity of the first atom
of the substituent, which is the same for both the amino-and nitro-deriva-
tives, viz. nitrogen.

The coupling constants of the unsubstituted benzenic nucleus protons
of acridones are not affected by the substituents of the other marginal
benzenic nucleus (see table 3).

The proton coupling constants of the studied acridones are situated
generally in the characteristic range for aromatic compounds (see [15b, ¢;
18b, 21)) and acridones (see [2—4 ).

Experimental part (see also |2 —4%})). P.OLR. spectra have been recorded** with a  Jeol
NMC 60 HIL apparatus of 60 MHz, using DM as solvent (saturated solutions) and tetramethyl-
silane {T.M.S0) as external reference.

* This conclusion has been tested experimentally, too. Acridone and 3-acetvlaminoacri-
done have been treated with copper nitrate in acetic anhydride at 0°C. The former is nitrated
quantitatively, but the latter does not react at all.

** Authors cxpress their thaunks to Prof. Dr. Docent. I. Zugrivescu, Lecturer
I. Druta and I. Bidrboi, physicist, for providing the facilities to record the spectra.
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Table 5
Inflaence of the substituent upon the coupling constants
4 5
in various 3/_\— X type eompounds
N\ # yP p
2 1
Modification of the coupling constants
relative to the non-substituted deri-
Compound X vate, in Hz. References
Ju | Ju | Ju | D | Ju | Ju
nitrobenzene —~NO, 0.82 | —0.19] —0.14] 1.03 | —0.07] 0.11 [18.21
0.82 | —0.22] —0.21] 0.98 |—0.10] 0.05 (21
2-nitroacridone —NO, 1.00 — 0.00; 0.70 — —
2-aminoacridone —NH, 0.80 — 0.00[ 0.40 - —
3-aminoacridone — NH, 1.00 - 0.00; 0.30 - — this
3-acetylaminoacri- paper
done CH;—~CO-~NH 1.00 - 0.00] 0.30 — —
aniline —NH, 0.48 | —0.26] —0.22] 1.16 | ~0.15] 0.02 21}

3-aminoacridone has been obtained by means of a multi-step synthesis, starting from
p-nitrotoluene [17.
The 3-aminoacridone, acetylated with acetic anhydride [17, gives 3-acetylaminoacridone,

2-aminoacridone. has been obtained accordingly to [14Db1.
{Received August 17, 1972)
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ACRIDONE (XLVII)
Specivele de vezonanid magneticd protonicd (R.M.P) ale aminoacvidonelor

(Rezumat)

Lucrarea prezinti analiza completd a spectrelor RMP ale 2-aminoacridonei, 3-aminoacti-
donei i 3-acetilaminoacridonei precum si valorificarea rezultatelor acestei analize la: a) stabi-
lirea structurii spatiale (IV) a 3-acetilaminoacridonei, b) deducerea reactivititii relative a sub-
:stantelor examinate fati de reactantii electrofili, in raport cu acridona, ¢) evaluarea influentei
.grupelor —NH, si NH—CO - CH, asupra deplasiirilor chimice $i a constantelor de cuplare ale
‘protonilor acridonici, inclusiv cu ajutorul deplasirii de acilare.

AKPUIIOHBI (XLVII)
Cnexmpot npomornozo mazrumnozo pesonanca (ITMP) amunoaxpudonos

(PezoMe)

ApTophl mpoBen# NoJHBH aHalH3 crnekTpoB [IMP 2-aMHHOakpHAOHA, 3-aMHHOAKpPHAOHA
‘4 3-alleTHJIAMUHOAKDPH IOHA, IPHMEHS ST Pe3YJIbTaThl 3TOTO aHAJNH3A JUIA ¢ a) YCTAHOBJIEHHS NIPOCT-
‘pancTBeHHO# cTpYKTYpHl (IV) 3-aueTHNaMHHOAKPHO0HA, 6) BLBEAEHHS OTHOCHTE/bHOH PeakTHB-
HOCTH pPaCCMaTpPHBAeMblX BeLIECTB K 3JIeKTPOMHJbHLIM PeareHTaM II0 OTHOLIEHHIO K aKPHIOHY
M B) OLEHKH BAUSIHUA — NH,; 1 —NH-—CO-—CH, rpynn na xuvuueckue CABHIH H 114 KOHCTAHTHI
‘CTIHH-CIIHHOBOrO B3aHMOZEHCTBHS aKPHAOHOBLIX IIPOTOHOB, B TOM YHCJE H C TOMOILBIO CABHIa
-alM/IHDOBAHHUA.






ACRIDONE (XLVIII)*
SINTEZA UNOR DERIVATI AT 1,2,3,- TRIETOXIACRIDONEI
MEARIA TONESCU, 10NEL HOPARTEAN si MARIA KEZDI

In aceastd lucrare prezentim obtinerea 1,2,3,-trietoxiacridonei analo-
ga cu alcaloidul 1,2,3-trimetoxi-lo-metilacridona si a citorva derivati ai
sai, cu scopul studierii influentei grupelor etoxi-comparativ cu cele metoxi-,
asupra proprietatilor fizice si chimice ale nucleului acridonic.

1,2,3-Trietoxiacridona (IV) s-a sintetizat prin ciclizarea acidului 3,4,
5'-trietoxidifenilamin-2-carboxilic (I1I), care se obtine prin condensarea
3,4,5-trietoxianilinei (II) cu acidul o-clorbenzoic (I).

Pentru obtinerea 3,4,5-trietoxianilinel se porneste de la acid galic, care
este esterificat cu etanol absolut in prezenta acidului clorhidric gazos [11. In
continuare cele trei grupari hidroxil ale esterului etilic al acidului galic se
eterificd cu iodurd de etil in prezenta hidroxidului de potasiu alcoolic {27
cind se obtine esterul etilic al acidului 3,4,5-trietoxibenzoic, care in urma
hidrolizeil gruparii esterice duce la formarea acidului 3,4,5-trietoxibenzoic.

Acidul 3,4,5-trietoxibenzoic este transformat prin nitrare decarboxilan-
td [3] in 3,4,5-trietoxinitrobenzen, care prin reducerea cataliticd a grupei
nitro trece in anilina corespunzatoare (I1).

Condensarea acidului o-clorbenzoic (I) cu 3,4,5-trietoxianilina (II}
se realizeazd in alcool n-amilic, la fierbere in prezenta cupru-bronzului si a
carbonatulul de potasiu anhidru. Final 1,2 3-trietoxiacridona (IV) este
obtinutd prin ciclizarea acidului 3,45 -trietoxidifenilamin-2-carboxilic
(I1I) in acid polifosforic, dupa schema de reactie 1.

Introducerea a trei grupe etoxi- in nucleul acridonic in pozitiile 1,2 si
3 duce la obtinerea unei substante de culoare mai inchisa, cu punct de topire
mai ridicat (peste 300°), greu solubild in majoritatea solventilor organici
uzuali, spre deosebire de 1,2 3-trimetoxiacridona care are p.t 207—2087,
este mail usor solubild si are o culoare mai deschisa.

Acidul (IT1I), prin refluxare cu oxiclorurd de fosfor, trece in 1,2,3-
-trietoxi-9-cloracridinag (VI), care se obfine si din acridona (IV<V) prin
tratare tot cu oxiclorura de fosfor.

* Aevidone (XLVII) : I Panea, M. Tonescu, Stud. Univ. Babes-Bolyai, Chewm,
18 (1) 11 (1973).
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Din 1,2,3-trietoxi-9-cloracridina (VI) prin tratare cu sulfurd de sodiu
se obtine 1,2,3-trietoxitioacridona (VII). Prin refluxarea 9-cloracridinei
(VI) cu acid clorhidric 1N se obfine 1l-hidroxi-2,3-dietoxiacridona (VIII),
solubild in alcalii, datoriti aparitiei OH fenolic in pozifia 1, comportare
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analoagd cu 1,2 3-trimetoxiacridona, care prin tratare cu acid clorhidric IN
d3 1-hidroxi-2,3-dimetoxiacridona [4]. Spectrul IR al 1-hidroxi-2,3-die-
toxiacridonei (VIII) prezintd o bandid foarte slaba la 2650 cm—1, iar in
spectrul 1-hidroxi-2,3-dimetoxiacridonei banda apare la 2680 cm—1. Aceste
benzi sint atribuite grupelor hidroxi- chelatizate [5].

Studiul spectrelor IR al acestor trietoxiderivati, comparativ cu spectrul
IR al acridonei si al 1,2,3-trimetoxiacridonei, ne-a permis identificarea a
citorva benzi de valoare analiticd. Aceste benzi, la circa 2990 cm—1 si 2890
cm~? caracteristice vibratiilor de valentd C-H asimetrice si simetrice, sint
datorate grupdrilor etoxilice aromatice. Benzile de absorbtie de la aproxima-
tiv 1156 cm~1 1 1120 ecm~? se datoresc vibratiilor de deformatie in afara
planului ale grupei CH, (v,). Vibratiile de valen{d asimetrice §i simetrice
ale legiturii Cyc—O0-C,; apare la aproximativ 1250 cm—1, respectiv 1035
cm™!, Vibratiile caracteristice ale grupelor etoxi- si vibratiile vec ale com-
pusilor I11, IV, VI, VII si VIII sint date in tabelul 1. Din analiza datelor
cuprinse in tabelul 1, se constati o buna concordantd cu rezultatele obti-
nute de alti cercetdtori pentru acridoni [6], 1,2,3,-trimetoxiacridond [4] si
a unui numair foarte mare de alcoxicompusi [7].

Tabel 1

Vibratiile caracteristice ale grupei etoxi si vibratiile voc a citorva derivati acridonici

Vibratii ale leg. C—H | Vibratiile
din C,H,—OAr. leg. C-0-C
Nr. . . Vibratiile vee
ert. Compusul e . v em—1
Vas Ys as S
cm™! fem™! cm™! lem™!
cm™?
|
1 Acidul 3’4’5 -trietoxi- | 2985
difenilamin-2-carboxilic | 2935| 2885] 1161} 1130! 1242] 1035 — — — —
(XIT)
2 1,2,3-Trietoxiacridona 2986
(IV) 2035| 2889| 1154 1115] 1246 1031] 1623 1597] 1526| 1475
3 1, 2,3-Trietoxitioacridona | 2970
(VII) 2935 2868| 1140| 1116| 1256| 1028] 1623 1580} 1515| 1468
4 1-Hidroxi-2,3-dietoxiacri- | 2984
dona (VIII) 2040| 2898| 1158| 1130 1252| 1033| 1600; 1560, 1528] 1469
5 1,2, 3-Trietoxi-9-cloracri- 1115
dina (VI) 2993| 2880| 1154 1135 1230] 1035| 1605 1546; 1523| 1483
6 1, 2, 3-Trimetoxiacrido-
na [4] 2942 2841 1200{ 1145] 1255] 1008| 1608 1570! 1530 1482
7 Vibratiile grupei etoxi- 2990
Briggs si colaboratorii 2930f 2890| 1156/ 1120 1250, 1035 — - — —
(73
8 Vibratiile CC ale acrido- |
nei (6] 1599, 1568; 1532| 1475

Partea experimentalii. 1. Isterul etilic al acidului galic a fost preparat dupit indicatiile
din literaturd [17, p.t. 150°, randament 799%,.

2. Esterul cetilic al acidului  3,4,5-trietoxibenzoic st acidul  3,4,5-trietoxibenzoic  au fost
preparali prin metoda W. Will [2] cu randament de 509, respectiv 909%,.
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3. 3, 4, 5-Trietoxinitrobenzenul a fost obfinut prin metoda H. Schiffer 3], produsul
fiind purificat prin cromatografie pe coloand (oxid de aluminiu, eluare cu benzen), p.t. 747,
randament 909;. -

4. 3, 4, 5-Trictoxianilina (I1) a fost obtinutd cu randamente de peste 909 prin metoda
H. Schiffer {3, imbunititita de noi.

5. Acidul 3, 4, 5 -trietoxidifenilamin-2-carboxilic (III). Un amestec de 3°, 4, 5-trie-
toxianilind 2 g acid o-clor-benzoic 1,71 g (exces 109;), carbonat de potasiu anhidru 5 g, fin
mojarat, cupru-bronz 0,3 g, cu 25 ml alcool n-amilic se refluxeazi timp de 4 1/2 ore. Se distila
prin antrenare cu vapori de api excesul de alcool n-amilic. Solutia fierbinte se trateazid cu cir-
bune animal, se filtreaz#, se rdceste. Dupé ricire solutia se filtreazd din nou, cind se separi
0,5—0,7 g amind nereactionatd. Solutia se aciduleazd cu acid clorhidric conc., cind se obtine
o substantd de culoare inchisd care dupd citeva ore se solidifica. Precipitatul obtinut se filtreazi,
usucd gi se fierbe de 3 ori cu cite 100 ml. apd. Produsul obtinut se recristalizeazd din etanol
apos, cind se obtine o substantd cristalind, de culoare cenugie, p.t. 179— 1807, randament 31,5" .

CgH,NO,(345,3) caleulat C 66,07; H 6,71; N 4,05
gdsit C 66,25; H 6,81; N 4,30

6. 1, 2, 3-Trictoxiacridona (IV). Intr-un flacon cu dop rodat se adaugii in 4 ml acid poli-
fosforic proaspit preparat, 0,2 g acid 3’, 4, §,-trietoxidifenilamin-2-carboxilic. Amestecul de
reactie se incalzeste in etuvd la temperatura de 100—105°, timp de patru ore. Dupd ricire, se
introduce in flacon 100 ml api si se alcalinizeazd cu o solutie concentratd de amoniac. Precipi-
tatul se filtreazi, se usuci si se recristalizeazd din dimetilformamidad apoasi, solutia are fluorcs-
centd slab verzuie, p.t. peste 300°, randament 509,

C1oH,, NO4(327,3) calculat C 69,70; H 6,46; N 4,28
gisit C 69,50; H 6,28; N 4,02
7. 1, 2, 3-Tyictoxi-9-clovacridina (VI). Aceasti substantd s-a preparat prin doud metode.
Metoda a. Se adaugd la 1,2 g acid (III), 10 ml oxiclorurd de fosfor (proaspat distilati}
si se refluxcaza trei ore. Amestecul de reactie se toarnd in picaturi sub agitare continud intr-un
amestec de amoniac conc si ghiata. Dupa filtrare si uscare substanta obtinutd se recristalizeaza
din dioxan, se obtin cristale aciculare de culoare galben deschis, p.t. 121,5—-122,5 -, randamecent
aproape cantitativ.
Metoda b. Se ja 0,2 g acridona (I'V) care se refluxeazd cu 12 ml oxiclorurd de fosfor. {u2
continuare se prelucreazi cala punctul a.

CH, CINO, (345,8) calculat C 65,99; H 5,83; N 4,05
gisit ¢ 68572; H 5,84; N 3,80
8. 1-Hidroxi-2,3-dietoxiacridona  (VIIL). Se refluxeazd (,1 g. 9-cloracridoni (VI) cu
2 ml! acid clorhidric IN timp de 3—4 ore. Solutia se filtreaz# si la rdcire depune o substanta
de culoare galben deschis, care se filtreazd, usuci gi recristalizeazd din dioxan apos, p.t. 182,53~
183,5°, randament 909, ’

C,H,NO, (299,3) caleulat € 68,21; I 5,72; N 4,67

s

7
gdsit C 68,40; H 5,90; X 4,50

9. 1,2,8-Tyietoxitioacridona (VII). 1,2,3-Trietoxi-9-cloracridina (0,2 g in 15 ml eta-
nol, 0,5 g sulfurd de sodin, se refluxeazit 1 1/2 ore. Solutia caldi se filtreazi, aciduleazi cu acid
clorhidric 1:1 la pH §,0—35,5, dupd ricire cu ghiatd, precipitatul obtinut, de culoare rosie,
se filtreazii, usuci si recristalizeaza din piridind apoasid, se obtin cristale aciculare de culoare
rosie p.t. 180" randament 759%,.

C Hy NO S (348,4) calenlat € 66,47; H 6,16; S 9,33
wilsit C 66,25; H 6,30; S 9,07
Punctele de topire au fost determinate la blocul de cupru si aparatul Boetius si sint necorec-

tate.
(Intrat in redactic la 8 august 1972
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AKPMIOHDI (XLVIII)
Cunines nekomopuix npoussoduoix 1,2,3-mpusmorcuakpudona

(Peswonme)

[loayuensl HOBLle AKPHIOHOBBIC 3TOKCHIIPOU3BOAULIE, a uMerno: 1,2,3-TPU3TOKCHAKPUIOH
41V}, 1,2,3,-rpustoxcntroaxpujor (VII), 1,2,3-rpustokcu-9-xaopakpuaun (VI) u 1-raaporcu-2,3-
austorcHakpuaon (VIII).

Axpugos 1V nonyuaercst unkiauzauneii 3',4°,5°, -rpusToKCH AudernIamMut-2-kap GOHOBOR
KHCJAOTH ¢ nodudochoprOil KHCAOTOH HAR ¢ xnopokucsio docdopa.

ACRIDONES (XLVIII)
La synthése de cevtains dévivés de la 1,2 3-trietoxycridone

(Résumdé)

L’article présente le moyen d’obtenir de nouveaux éthoxydérivés acridoniques comme :
1,2, 3-triéthoxyacridone  (IV), 1,2 3-triéthoxythioacridone (VII), 1,2,3-triéthoxy-9-chloro-
acridine (VI), 1-hydroxy-2,3-dié¢thoxyacridone (VIII).

On obtient l'acridone (IV) par la cyclisation de 'acide 34’5 -trié¢thoxydiphénylamine-
2-carboxylique avec de lacide polyphosphorique on de Uoxyehlorure de phosphore.






THIOCYANATO-CHROM (I11I)-KOMPLEXE IN DER CHEMISCHEN
ANALYSE (XIX)*

Indirekte volumetrische Bestimmung des Zinks und des Cadmiums mit
Rhodanilat

ION GANESCU, €SABA VARHELYI und ALEXANDRU POPESCU

Von den Pseudohalogen-Ionen: NCO—, NCS—, NCSc— ind NCTe—
ist das NCS— in sauren und alkalischen Lésungen das bestindigste
und deshalb ist die Zahl der Thiocyanato-Komplexe der Ubergangs-
metalle in der Literatur sehr erheblich. Die Cyanato, Thiocyanato-
und Selenocyanato-Salze der zweiwertigen Uberganosmetalle sind im
allgemeinen in Wasser leicht 16slich. Die mit ein- bzw. zweizihnigen aroma-
tischen und heterocyclischen Aminen komplexierten Metallionen bilden
aber schwer Iosliche Salze vom Typ [Me!' (Amin),] (NCX), (n = 2 oder
4, X = 0, Se oder S). einige Derivate des Co(II), Ni(II), Cu(II) und Cd(II)
des obenerwidhnten Typs wurden auch fiir analytische Zwecke verwendet
.

Die Zn2* un Cd?* -Ionen, mit sehr dhnlichen chemischen und analy-
tischen Eigenschaften wurden in Form von [MeX (Amin),] (NCS), gravi-
metrisch oder volumetrisch bestimmt. Spacu und Dick [2] bestim~
men das Cadmium als [Cd (Pyridin),] (NCS),. Grec u und Mitarbeiter
[3] als [Cd (Pyramidon),] (NCS),, Pirtea [4] als [Cd(Dipyridyl),]
(NCS),. Analoge Bestimmungsmethoden fiir Zink wurden von Liteanu
und Mitarbeiter [5] ausgearbeitet. Filippova und Lurie [6] bes-
timmen das Zink als Zn(NCS), (Acridin. HCNS),. Fine genaue Bestimmun-
gsmethode des Zinks ist die Messung in YForm von Zn [Hg (SCN),] (7].

Die Loslichkeit der Reineckate der hydratisierten Zn2* und Cd?+ —
Tonen ist sehr erheblich. Es ist bemerkenswert, dass die ILé&slichkeit der
Reineckate sich vermindert, wenn diese Metallionen mit heterocyclischen.
oder aliphatischen Aminen komplexiert sind.

* XVIII. I. Gdnescu, Al. Popescu und M. Cioici, Chem. Anal. {Warshaw}
im Druck.
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Diese Erscheinung fithrte zur Ausarbeitung einiger neuen gravimetrischen
und volumetrischen Bestunmungsmethoden fiir die obenerwidhnten Metallen.
Die [Zn (Amin),] [Cr(NCS), (NH,),], und (Cd (Amin),] [Cr(NCS), (NH,),].
haben annidhernd gleiche Loslichkeit im Wasser oder in anderen Losungs-
mitteln und deshalb ist es noétig vor der Analyvse die Trennung des zu
bestimmenden Metalls durch Elektrolyse [87 oder durch Extraktion [97.
vorzunehmen,

Ahnlich verhalten sich auch die hydratisierten und komplexierten
Zn** und Cd** — Ionen gegeniiber Rhodanilat [Cr(NCS)(Anilin),]— und
der verwandten Substanzen: Amin. H [Cr(NCS),(Amin),], wo “Amin” —
p-Toluidin, Benzyalmin, p-Phenetidin, usw. [10—12].

Wir haben beobachtet, dass die mit alip} hatischen Diaminen (Athylen-
diamin, 1,2-Propylendiamin) und heterocyvclischen Diaminen (Dipyridyl,
o-Phenanthrolin) komplexierten Zn** und Cd*t — Ionen aus neutralen
oder schwach alkalischen Losungen durch rhodanilatahnlichen Verbindun-
gen als rotviolette, mikrokristalline D 1edelschlage quantitativ ausfallen.
Diese I&omple\sal/e sind in Wasser und in verd. Athanol unléslich. Sie
16sen sich leicht in Dimethylformamid, Aceton und Pyridin. Die obenerwihn-
ten Eigenschaften ermoéglichen die Ausarbeitung einer Reihe von gra-
vimetrischen, volumetrischen wund phyvsikochemischen Methoden zur
Bestimmung des Zinks und Cadmiums.

Die Bestimmungen kann auch in Anwesenheit von Alkali-, und Erdal-
kali-Tonen, als auch neben drei — und vierwertigen Metallen (Al, Ta, Zr
Th, UOZ*, usw, mit guter Genauigkeit ausgefiihrt werden. Die zweiwertigen
Ubergangsmetalle und Hg, T1, bzw. Ag stéren die Analyse.

In fritheren Arbeiten [13,14] haben wir neue gravimetrische und
kolorimetrische Methoden fiir diese Metalle mit rhodanilatdhnlichen Reagen-
zien beschrieben.

Der erhebliche Thiocyan-Gehalt der obigen Substanzen ermoglicht
die Ausarbeitung von indirekten oxydimetrischen (permanganometrischen,
jodatometrischen, bromatometrischen) Methoden zur Bestimmung des
Zinks und Cadmiums. Vom oxydimetrischem Standpunkt aus, ist die
Reaktion zwischen NCS— und MnOp sehr giinstig:

NCS— — 6e + 4H,0 — SO~ + HCN -+ 7H* (1)

hzw.
5NCS™ -- 6 MnO; + 13H* == 6Mu?* 4 5502~ + 5HCN + 4H,O (2)

{fiir 1 Mol NCS™ sind 6 Grammiquival. MnOy notig).

Die permanganometrische Bestimmung des NCS~ muss in 1,5—2,0 n
Salzsdure, in Anwesenheit von JCl ausgefithrt werden. Im Aqqulen/—
punkt wird die violette Jodloésung in CCly entfarbt und die wiassrige Lo~ung
vom Permanganatiiberschuss rosa gefarbt. So wird in diesem Falle die
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Beendigung der Titrierung durch Extraktion ohne Reagenziiberschuss
bestimmt.

NCS— + 6 J* + 4 H,0 = SO~ 4+ HCN + 3 J, 3)

5 J, 4+ 2 MnOJ 4 16 H* — 10 J* + 2 Mn2* £ 8 H,0 (4)

5 NCS— + 30 J* + 20 H,0 =5 SO + 5 HCN 4 15 J, + 35 H* (5)
15 J, - 6 MnOj - 48 H* = 30 J* 4 6 Mn** + 24 H,0 (6)

Das JCl wird aus KJO,;, KJ und HCI erhalten [15].
KJO, -+ KJ + 6HCI = 3 JCI + 3HCI + 3H,0 (7)

Die Stabilitdat des JCl1 wird von der Konzentration der HCl beeinflusst

{15]. Die Konzentration der HCl muss in der Nihe des Aquivalenzpunktes

zwischen 1,5 und 2,0 N sein. Die giinstigste Sdurekonzentration: 1,7 N
kann mit konz. HCl (12,1 N) nach der Formel einstellen:

L7V, ., + Vo
VHCL — ( Aus.glo‘4 I\)[no‘) (8)

Experimenteller Teil. Das Ammoninm-rhodanilat : NH, [Cr(NCS),(Anilin),]) H,0 wurde
aus entwissertem K, {Cr(NCS)q] und Anilin erhalten [10]. Fiir die analytischen Messungen wurde
eine 39, -ige Losung in Athanol-Wasser-Mischung verwendet.

Volumetrische Bestimmung des Zinks als [Zn(en),] [Cr(NCS)(Anilin)y),, brw. als [Zn(o
Phen),] [Cr{(NCS), (z‘lmlm)j2

1,0—~10,0 mg Zink in 20 ml Wasser werden bei Wasserbadtemperatur mit einem Ubers-
schuss von Komplexbildnern (Athylendlamm -0-Phenanthrolin) behandelt und nach einigen
Minuten Stehenlassen mit einem Uberschuss von 39%-iger NH,[Cr(NCS),(Anilin),] — Losung
versetzt. Nach einigen Minuten wird die ausgeschiedene rozviolette, mikrokristalline Masse
auf einem Filtrierpapier (©:2—3 cm) abfiltriert, mit verdiinntem Athanol (1:2) gewaschen,
dann in 10 ml 5%,-er NaOH - Losung und 10 ml Wasser aufgelost. Die violette Losung wird
zum Sieden erhitzt um das [Cr(NCS8),(Anilin), 7" zu zersetzen. Nach Ausscheidung von Cr(OH),
wird die Mischung abgekiihlt mit HCl neutralisiert und die Xonz. der Salzsiure nach Formel
(8) auf 1,7 N eingestellt. Die Losung wird mit 10 ml CCl, und 10 Tropfen JCI versetzt und unter
stitigem Umrithrem mit 0,1 N KMnO, — Losung titriert. In der Nihe des Aquivalenzpunktes
muss man nach Zufligen von jedem Tropfen der KMnO,-Losung 2—4 Sek. wartemn.

Die Ergebnisse sind in der Tabelle 1 ersichtlich.

Tabelle 1

Volumetrische Bestimmung des Zinks als [Zn(en),][Cr(NCS), (Anilin),], (A), bzw. [Zn(o-Phen),
[Cr(NCS), (Anilin),],(B)

Bestimmungsform : A B
311:: ;ilgl AZn AZu 1%11; Iig AZn AZn Statistische Daten
ber gef. mg (%) ber. ;ze;. ms (%)
1,45 | 1,44 —0,01 | 0,7 1,45 1,44 | -0,01 0,7 ty = 0,00034; ty = 0,1
2,90 2,91 --0,01 0,3 2,90 | 2,89 | —0,01 0,34 | t, ,a = 8 18, « == 9589,
4,35 | 4,35 0,00 0,0 4,35 ] 4,31 | —0,04 0,91 S2 = 10‘4 ;
5804 579 —0,01 0,17 | 580 | 5,78 —0,02 0,34 | S = 0 01265
7,25 | 7,27 | --0,02 0,27 | 7,25 7,20 —0,05 0,68 | Sg = 0 004; ¢ = 0,012
52 =0, 000144
G = 0,00381

(Alle Messergebnisse sind die Mittelwerte vou je 5 Bestimmungen) 1 m! 0,1 N KMnO, euntspricht 0,1359 mg
Zu (A), bzw. 0,1126 mg Zn(B)

3 — Chemia 1/1973
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Volumetrische Bestimmung des Kadmiums als [Cd{en),| [Cr(NCS) (Anilin),], 2—10 mg
Kadmium (Cd?*) in 20 ml Wasser werden mit Athylendiamin wie das Zink (Zn?*) kom-
plexiert und mit Ammonium-rhodanilat ausgefdllt. Der Thiocyangehalt der Proben wird
permanganometrisch ermittelt. Die Frgebnisse sind in der Tabelle 2 zusammengestellt.

Tabelle 2

Volumetrische Bestimmung des Cadmiums als [Cd(en),][Cr(NCS), (Anilin),], ()

Bestimmungsform : C
cd Cd ed \cd Statistische Daten
mg mg g (©2)
ber. gef. 0
2,18 2,18 0,00 0,00 t, o= 0,0005; t, = 0,03; A = 6,56
4,37 4,37 0,00 0,00 = asm. qr_ e ,
6,56 6,51 0,05 0,76 X 655588 =3,61.1074; § = 0,019
8,74 8,70 0,04 0,41 S--0,006; £=0,0182; ¢2:=0,00032:
10,93 10,88 -0,05 0,45 * =

G = 00,0057

(} ml 0,1 n KMnO, entspricht zu 1,230 mg ca’ v

Von den analogen [Zn(en), [Cr(NCs),(Anilin),’, und “Cd(en),][Cr(NCS),(Anilin), 1, ist
in Wasser oder in Athanol das Kadmium-Derivat schwerer loslich.

I'ir die Bestimmung der Genauigkeit der obenerwiahnten volumetrischen Methoden
wurden die Messergebnisse auch statistisch verarbeitet {16].

Die Sudent-sche ,,t”
te = 0,15 und t, == 0,1 {iir die Tabile 1 (A)
t, == 0,00034 und t, .- 0,1 fiir dic Tabelle 1 (B)

ty = 0,005 und t; 0,31 fiir die Tabelle 2

Parameter fiir die experimentellen Werte sind:

Der Vergleich dieser Werte mit den tabellaren ty.2 o-Werten, (n — 2 = Freiheitsgrad..
a == die Wahrscheinlichkeit einer Abweichung in Prozenten) bestiitigt, dass in allen Fillen
ty < th-2 o und und t; << ty -2 o In den obenerwihnten Fxperimentierbedingungen ty—2 «
gleich 2,78 ist. Diese neuen Analvsenmethoden sind mit einer Wahrscheinlichkeit von 959
durch systematische Fehler nicht beeinflusst.

Es wurden auch je 10 Analyvsen mit gleischen Metallion-Mengen 4,35 mg Zn*", bzw.
6,56 mpg Cdz*) durchgefithrt. Die statistische Verarbeitung der Analysenergebnisse zeigt eine-
geniigende Genauigkeit P = 952, X — Al <

Anevkennung © Die Verfasser danken dem Absolventem I. Neacsgu fiir die Ausfith-
rung einiger analytischen Bestimmungen.

(Eingegang am 28 September, 1972,
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COMPLECST TIOCIANATO-CROMICI IN ANALIZA CHIMICA (XIX)

Deteyminarea volumetvicd indivectd a Zn(I1) si CA(II) cu rodawnilat

(Rezumat)

S-a elaborat o noud metodd volumetricad indirectd de determinare cantitativd a Zn(II)
si CA(II) sub formé de combinatii analoage sirii lui Reinecke : [Zn(en),] [Cr(NCS) (anilini),],,
[Zn{-o-fen),] [Cr(NCS),(anilind),], i respectiv [Cd(en),] [Cr(NCS),(anilind),],. Continutul
in tiocian al complecsilor de mai sus s-a determinat permanganometric folosind ca indicator JC1
in CCl, cu punct final extras. Preluarea statisticd a datelor experimentale aratd cd metoda este
suficient de precisd i nu este afectatd de erori sistematice.

THOLHHMAHATOXPOMOBLIE KOMIVIEKCH! B XUMHMYECKOM AHAJIM3E (XIX)
Koceennoe obsemnoe onpederenue Zn (11) v Cd (II) podaruramom

(PeswomMme)

BeipaGotan HOBbIH KOCBeHHBIH 0ObeMHEIH MeTOJ KOJIMUECTBEHHOTO omnpeieieHust Zn (II}
H Cd (II) B BHJe COelMHEHHH, AaHANOTHUHBIX colH Pefineke: [Zn(en),]1[Cr(NCS),(anHaun),],,
{Zn(o-fen),]- [C1(NCS), (anuauH), ], 1 Cd(en),][Cr(NCS), (anuaun), ], coorBercTBerHO. Coflepxa-
HHe THOLMAHA BLILIEYNIOMSHYTHIX KOMIJEKCOB GbUIO ONpejiesleHO IepMaHraHOMeTPHYECKH C
SKCTPAarHpPOBAaHHON KOHEYHOH TOYKOH, HCOONB3yst B KauecTBe MHaukartopa JCl B CCl,. Crath-
cTHYecKas 00pafoTka 3IKCIepHMeHTadbHEIX NAHHBIX TNOKa3blBaeT, YTO METOMA JOBOJbHO TOYHHHA B
He MMeeT CHCTeMaTHYeCKHX OLIHOOK.






ELECTRONIC SPECTRA OF TRANSITION METAL COMPLEXES(II)*

Ligand Field Parameters of some Bis-a-Benzyldioximatodiamino-Co(III)-
-Complexes

T10AN ZSAKO, JENO SATA and CSABA VARHELYIQ

Like in the analogous [Co(DH),Am,]* type Dimethyl-glyoximato
complexes, the amine molecules ~Am’ are in trans position also in the
[Co(Diph.H),Am,]* type complexes {1], where Diph.H, = «-benzyldioxim
(diphenylglyoxim): C,,H,,N,O,. These complexes can be considered to be of
approximately D,, symmetry. Spectral characteristic of D,, complexes may
be approximated as a tetragonal perturbation of the octahedral problem.

Since all Co(III) complexes (excepting[CoFg]?—) are diamagnetic, the
strong field approach must be used. In octahedral environment the ground
state configuration of Co®* is 7, and it has just one term '4,,. The ¢}
first excited state consists of the 7, 37, 1T, and 3T, terms. By using
the Tanabe-Sugano [2] approach and the experession of the diago-
nal elements of the electrostatic matrix [3—5], we have for the energy
levels in O,, relative to the d-electron energy in crystal field of shperical
symmetry, the following expressions {6]:

E(t4,) = —24 Dg; EQCTy) = —14 Dg — C;
E(T,,) = —14 Dg + 16 B — C;
E@Ty) = —14 Dg — 3 C;
E@T,) = —14 Dg+ 8 B —3 C.
where B and C are the Racah parameters [7].
In the visible region of the octahedral Co(III) complexes two absorb-

tion bands are generally observed, which can be assigned to the two possible
spin allowed transitions:,

14,, > T, with §, = 10 Dg - C
and 4, ->T,, with5,=10 Dg + 18 B —C

* Part I, J. Zsaké, J. Sata and Cs. Varhelyi, Rev. Roumaine Chim,,
1973, in press.
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Besides these, also a very weak band, frequently only an inflexion point,
is observed, assigned to the spin forbidden transition:

14, —» 3Ty, with %, =10 Dg—3 C

1g
These 3 wave numbers allow us to derive the 10Dg, B and C parameters
39 — '\7},1 v, — v,

10 Dg = — B :Vii:v‘ and C == — 2 m

In a Dy, field the above terms are splitted as follows:
Ay > dyg; Tyy— Ay + Ly Toy» By, -+ E,

Since the tetragonal perturbation cannot be too strong as compared
to the interaction of electrons, instead of the two £, terms we have to
use their linear combinations [8]:

Ef =2F,+ YE, and 17 = 1E, - E, (2)

g > B

1ol

Using the diagonal elements of the clectrostatic matrix, one obtains
the following energies for the singlet terms in Dy;, relative to the d-electron
energy level 1in spherical svmmetry (8]

E(Ay) = —24 Dg+ 14 Dt 45 B8 C
EQE}) = —14 Dg + 41 DE+5B-+-7C

E(A,) = 14 Dg -+ 14 Dt -5 B 47 C (3)
E(B,) = —14 Dg—4 Ds -9 Dt + 21 B+ 7 C

EQE;) = —14 Dg + 2 Ds + ‘?Dt L2l BL7C

where D¢ and Ds are the tetragonal perturbation parameters [5, 9, 10]
and B and C the Racah parameters.

We can consider the two spin allowed transition bands of the octahed-
ral complex, characterized by 3; and 35, to be splitted in the case of
Db complexes in two components each, viz:

A, - EF with  5,(I) = 10 Dg - 3;]){ —C
4, =171,
Py, ol with 8,10 — 10 Dg - C
oty > 1B, with 5y(I) = 10 Dg — 4 Ds — 5 Dt + 16 B — C
EA 1e — 1']’2?\\ ,

YAy, = Uy with 5,(IT) = 10 Dg + 2 Ds - 4 Dt -16 B —-C

7]
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The splitting of the second band can never be observed experimentally
5] 1.e.

5,(I) = By(IT) = 5,(I, IT) = 10Dgq ——%?Dz 4+ 16 B — C and Ds = 224 Dt (4

If the first band is splitted, the parameter Df can be obtained accordin-
¢ly to the formula

4 ~ =
Dt — 2 [3,(I11) — 5,(1)° (5)

In order to derive the Racah parameters, one must know 10Dg which
can be obtained in first approximation from the spectrum of an analoguos
octahedral complex by means of formulae (1).

In this case we have:

C = 10 Dq (0,) — 5,(IT)
Gus(I, II) — 60 Dg(0y) - 35 Dt 4 6C

If the first band is not splitted enough to allow the separation of the
two components, one can consider the energy to be the arithmetical mean
of the energies of the two transitions, i.e.

B =

Wt (R 35
ST, 1) = 20 9 pg - T —c (7)
For deriving the unknown parameters, it is necessary to imake two
presumptions, viz, to take 10 Dg = 10 Dg(0,) and C = C(0,).

Thus, we have: Df = 32- [01(0,) — 5,(1, ID);;
)

_ Bwy(I, TI) — 60 Dq(0,) - 35 Dt -~ 6C(Op) ®)
- 926

Apparently it is necessary to have the spectrum of an octahedral
“’parent” compund. In our previous study [11] concerning the spectra
of [Co(DH),Am,]* complexes, the [Co(DH),] non electrolytic compound
has been taken for this parent compund. The analogous [Co(Diph.H),]
complex is not known and therefore there is no possibility to obtain experi-
mentally the needed 10Dq(0,) and C(0,) values. To avoid this difficulty
an approximate calculation of these data has been performed, by presuming
the shift of the spin allowed bands due to the tetragonal perturbation to
be the same in the case of Diph.H, derivatives as for DH, ones. By calcu-
lating the arithmetical means ,(X, II) and §,(I, II) from the experimental
data published earlier [111}, the following shifts can be derived for the
DH, derivatives:

AS, = 5,(0,) — 5y(I, 1I) = 21.2 — 20.36 = 0.84 kK
A5, = 5,(0,) — Bu(I, II) = 28.0 — 27.22 - 0.78 kK

B

9
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According to the above presumption, the wave numbers of the d-d
transition bands for the hypothetical [Co(Diph.H),] complex are given by
formulae

5.1(0,) = B(I, II) + 0.84 kK ; 5,(0,) = 5,(I, II) + 0.78 kK (10)

Concerning the wave number of the spin forbidden transition band,
it has been presumed that it is equal to Uy, observed inthe reflexion spec-
trum of [Co(DH);] [11], i.e.

8, = 12.4 kK (11)

In this very rough approach we need only the v,(I, II) values of several
[Co(Diph.H),(Am),]* type complexes. The absorbtion spectra of 5 complexes
of this type have been determined in the visible and UV range. The spectra
are presented in fig. 1., the wave numbers of the absorbtion maxima and
of the inflexion points observed are given in table 1.

Yog &

7 . 3.” . 40 — e

VK
Fig 1. Visible and UV absorbtion spectrum of:
I— [Co(Diph.H),(pyridine),]I; II— [Co(Diph.H)4(NH,),]CL;

111 - [Co(Diph.H),(f-picoline), 110, ; IV — [Co(Diph.H),(p-
toluidine),]Br; V — [Co(Diph.H),(aniline),]Br.



ELECTRONIC SPECTRA OF COMPLEXES (1) 41

Table T

Wave numbers of the absorbtion bands of some [Co(Diph.H);Am,]X type complexes (in kK)

Am (a) () (c) () {e)
pyridine 19.7 26.75 30.8 385 50
NH, 19.9 26.7 31.7 38.7 48-50
3-picoline 19.8 26.75 32.5 38.539 48—49

P
p-toluidine 20.0 26.85 30.5 38—39 48—50
aniline 19.9 27.0 32.0 39 50
|

The localization of the d —d transition bands is very difficult since they
are partially masked by the stronger ligand transition and charge transfer
(CT) transition bands. Like in the case of the analogous DH derivatives,
the tirst inflexion point (a) has been taken for ¥;(I, II), and the second infle-
xion point (b) has been presumed to be situated at %,(I, II), although the
absorbance is too high to be due only to a d—d transition. Presumably
there is an important contribution of other transitions, too. Concerning the
nature of this band and of the other 3, more intensive bands, one must
presume their complex character.

The free, non- coordinated Diph.H has Leen reported to have 3 absorb-
tion bands [12]: a weak one at 25,3, and stronger ones at 28.5 and 34.5 kK.
The authors [12] have not investigated the whole UV range and it is very
probable, that there is another band at about 48—50 kK. Since the pure
DH ligand bands of all DH derivatives appeared at higher wave numbers.
as in the free dimethylglyvoxime [11], a contribution of a pure Diph.H ligand
transition seems to be very likely in the case of all (b), (¢), (d) and (e)
bands of the compounds studied.

Concerning the other contribution to these bands one can make some
presumptions by comparing these spectra with those of the DH derivati-
ves [11].

In the case of the pyridine derivative the bands (d) and (e) may be
presumed to contain also a contribution of the pyridine ligand transition,
since the free pyridine has absorbtion bands at 38.8 and 47—50 kK [13].
Concerning the CT transitions one may presume the band (b} to involve
a pyridine—»Co, the band (¢) a Co~Diph.H [14] transition. The intensity
of band (c)is much larger than in the case of the analogous DH complex,
which supports our presumption concerning the direction of this CT, since
the electron repulsive CH, groups of DH hinder, while the electron-with-
drawing aromatic rings of Diph.H lessen the CT from the metal to the
ligand. The last two bands (d) and (e) are not clearly separated, which
suggests the idea that the Diph.H-Co CT band might be situated between
40 and 50 kK ; this seems to be likely on the basis of the positions of
this band in the case of DH derivatives.
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In the spectrum of the NH, derivative, the NH, ligand band may be
presumed to contribute to band (e) [15]. A C7T transition may contribute
to band (b). Band (c) is rather intensive owing to the Co-»Diph.H CT
transition. Band (e) must also involve a Co—+NH, CT transition [15] and
at about 45 kK a Diph.H—Co CT transition can be presumed, which could
explain the bad separation of the last two bands.

In the case of the 8-picoline derivative band (b) involves also a pico-
line—sCo CT transition. The asvmmetry of this band suggests the idea that
the CT band is shifted towards lower energies as compared to the analogous
pyridine derivative. This would be in good agreement with the electron
repulsive character of the CH, group of the picoline,

One of the most important components of (¢) must be the Co—Diph.H
C7T band. Bands (d) and (e¢) must involve the picoline ligand transitions.
Band (e) is very wide, which suggests the idea that it contains the Diph.H—
—Co CT band, as wellas a Co—picoline CT band, which seems to be in accor-
dance with litterature data [15].

The p-toluidine ligand transitions may contribute to bands (c), (d)
and (e) of the corresponding derivative (11, 167. The CT transitions can
be assigned to the following bands: p-toluidine—Co to (b), Co—Diph.H
to (¢), Co—p-toludine to (e) and Diph. H—Co might be situated between
(d) and (e) causing their bad separation.

The free aniline bands are situated at 35.0, 42.5 and 30.53 kK [177.
Thus the aniline ligand bands in the last compound investigated mav
contribute to bands (¢), (d) and (e). The aniline—Co C7 band must be the
principal compounent of (b). The Co—Diph.H C7 transition is involved in
band (c). Presumably a Co—aniline CT transition contributes to band (e)
and the Diph.H—Co CT transition band is situated between (d) and (e),
nearer to (e).

In order to derive some ligand field paramcters, first the position of the
d —d bands must be evaluated for the hyvpothetical [Co(Diph.H),]
complex.

The arithmetical mean of the (I, IT) and v,(I, IT values obtained
above for the tetragonal complexes is:

9, (I I1) ~ 1984 and 3, (I, II) -- 26.81 kK
Thus, relations (10) give
vi(0,) == 2068 kK and v,(0,) == 27.59 kK

These values and the presumed v, value (11) cunable us to calculate by
means of relations (1) the following data:
10Dg(0,) = 2482 kHK; B = 0432 kK and C(0,) = 4.14 kK (12

Using these values and data of table 1, by means of relations (8) and
(4) the B, Dt and Ds parameters have been calculated. These results
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together with the percentage of covalent character of the metal-ligand
bond [100(1 — B)], are presented in table 2. The magnitude

= _ (13)

is the nephelauxetic ratio, calculated with the Racah parameter of gaseous
Codt; B, = 1.065 indicated by Tanabe and Sugano [2]

Table 2
Ligand field parametres of the [Co(Diph.H,),Amn,]* type complexes
Am Di(K) Ds(K) [ B(K) 100(1 — 8)
NH, 178 37.2 440 58.6
Pp-toluidine 170 34.8 446 58.1
#-picoline 200 41.9 450 57.8
pyridine 225 46.7 460 56.7
aniline 190 39.6 465 56.4

By using the B value (12), obtained for the hypothetical parent compound
one obtains 100(1 — B) = 59.4, i.e. the substitution of Diph.H by two
amine molecules diminishes the covalent character of the bond, but in a
very small degree. Taking in account that both in the case of Diph.H
and of the amines the Co is linked directly to N atoms, this small variation
is quite understandable. On the other hand, this explains the very small
D, and D, values, characterizing the distorsion of the octahedron. This
distorsion is very small, since all the metal-ligand bonds are very similar,
Nevertheless, a nephelauxetic series can be established, indicating the
increasing covalent character of the bond. This series, containing also our
earlier results [11], is the following :

aniline < pyridine < B-picoline <¢ p-toluidine ~m-xylidine <
< NH,;< Diph.H < DH

It is worth mentioning that in all cases the covalent character of the
bond is less in the Diph.H derivatives than in the analogous DH complexes.
This 1s quite understandable, since the substitution of CH,; by an aromatic
ring withdraws the electrons of the ligands, and this diminishes both the
coxalent character of the Co-ligand bond and the strength of the ligand
field. This effect is shown also by the lower value of 10Dg(0,) of the Diph.H
derivative (24.82 kK) as compared to the DH derivative (25.6 kK), and
by the lower value of the electronic repulsive parameter C(0,) (4.14 kK
for the Diph.H and 4.4 kK for the DH derivative).

Using the parameters (12) and those given in table 2, one can make
a rough evaluation of the energy of the ground state and of the excited
singlet states on the basis of relations (3). Results are presented in table 3.

By comparing these terms of the [Co(DH),Am,]T type complexes, one

can observe that the 4, and 'E, terms have higher, the '4,, and 1B,,, 1E
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Table 3

Spectral terms (in kK) of some [Co(Diph.H),Am,]* type complexes relative to the d-electron
term in ligand field of spherical symmetry

Am ‘ 14, EF 14,4 ‘B, Ef
NH, 1 —21.75 —2.63 —1.07 4.95
p-toluidine ~21.87 —2.66 —1.20 1.98
8-picoline —21.87 —2.45 —0.69 5.38
pyridine \ —21.01 —2.20 —0.33 5.74
aniline ; - 21,47 —2.45 —-0.79 5.53

terms to have lower energies than in the case of the analogous DH
derivatives.

In order to obtain a better resolution of the baids we intend to repeat
the measurements at liquid nitrogen temperature. We will attempt to
prepare the octahedral parent compound {Co(Diph.H),] to obtain experimen-
tally the values of ligand field parameters 10D¢(0,) and C(0,).

Experimental part. The complex salts studied have been synthesized as described in our
previous papers. [1, 17, 18]

Electronic spectra in the visible and UV ranges have been determined using a Carl Zeiss —
Jena spectrophotometer VSU 1. Measurements have been carried out at room temperature
n methanolic solutions, 10—15 minutes after dissolution of the sample.

( Received October 28, 1972}
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SPECTRELE ELECTRONICE ALE COMPLECSILOR METALELOR TRAN-
ZITIONALE (IT)

Pavametrii de cimp de ligand ai wnor complecsi bis-a-benzil-dioximatodiamino-cobaltici

(Rezumat)

S-au inregistrat spectrele de absorbtie ale unor complecsi de tipul [Co(Diph.H),Am,] X
{Am = piridind, NH,, B-picolind, p-toluidini si anilind) in vizibil si in UV. Se discutd aparte-
nenta benzilor observate la diverse tranzitii de cimp de ligand, de ligand si de transfer de sarcina.
Se calculeazd parametrii Racah B §i C, precum si parametrii de perturbatie tetragonald D,
si D, din pozitia benzilor corespunzitoare tranzitiilor d—d. Se calculeazi de asemenea raportul
nefelauxetic § si se stabileste o serie nefelauxeticid a liganzilor. Se discuti caracterul legiturii
Co-—N.

Rezultatele sint comparate cu cele obtinute pentru complecsii analogi de dimetilglioxiid
si deosebirile observate sint interpretate pe baza structurii electronice. Se calculeazi pozitia
relativi a primelor nivele energetice.

SJIEKTPOHHBIE CITEKTPBI KOMIIVIEKCOB TIEPEXOJHDLIX METAJIJIOB (II)

Hapamempsr aueandnoeo noaa Hexkomopoix Guc-x-6eH3uA-OUOKCUMAMO-OuaMUHO-K0DAAbMOBHX
KOMNAEKCO8

(Peziome)

3aperdcTpHPOBaHLI CIEKTP bl NOMJIOLIEHH ST HEKOTOPHIX KoMisiexcos THna [Co(Diph. H),Am, ]
X(Am = nupuiny, NH,, B-NHKOJHH, N-TOJAYHIHH W AHHJIHMH) B BHAUMOH ¥ Y obaacrax.
O6eyK1aeTcs NPHHANIEKHOCTh II0JIOC, 3aMEUYEHHBIX NPH DPa3/IHYHBIX HepPeXOAaX JIHraHIHBIX
noJlei, JWranja u nepexoca 3apsja. Breuucasiorcs napamerpsl Pakax B u C, a Takxe napa-
MeTphl TETParoHaJbHOH IepTypbauud D, v D B HOJOMKEHHH M0J0C, COOTBETCTBYIOUIHX Tepe-
xoaan d—d. TloncunTeiBaeTcs Takmke HedesayKceTHUeCKoe OTHOWIEHHe (3 M YCTAHABJIMBAETCH
Hede1ayKceTHuecKHH psif auranfoB. Ofcyxaaercs xapakrtep csssu Co—N.

PesyJbTaTol ONBITOB CPABHHBAIOTCA C NAHHBIMH, NMOJAYUYEHHBIMH [JIS1 AHAJOTHYHBIX KOMILIEK-
COB JIHMETHJII/IMOKCHMA, 2 OTMEUEHHbIe PA3JIHUHS HHTEPIPETHPYIOTCS HA OCHOBE 3JEKTPOHHOH
CTPYKTYPbl. BLIUHCASAETCH OTHOCHTENLHOE NOMOMKEeHHe NePBhLIX HEPreTHUeCKHX YPOBHeil.






THE FORMATION OF THE CHROMIC ACID ESTER OF THE
2,2, 6-TRIMETHYL-NONANE-6-THIOI, IN ACETIC ACID

LOAN BALDEA and SIEGFRIED SCHON

Introduction. The oxidation of alcohols to aldehvdes or ketones by
chromic acid occurs by rapid formation of chromic acid esters [1] according
to the reaction:

mt

R—OH + HCrO7 <= R—0—CrO~ + H,05 (1)

Similar to alcohol oxidation, thiol reactions with chromic acid which yield
disulfides, necessarily proceed via thioester formation, involving a S-Cr bond.
The existence of such compounds was proved by spectral measurements
and the equilibrium constants for the processes of the type:

T&

R—SH - HC1Oj = R —S—CrO7 -+ H,0 (©)

in the case of C,H;SH [2] and HOOC--CH(NH,) —CH,SH [3] have been
determined. These compounds, as well as the condensed products of the
chromic acid with the inorganic thioacids as thiosulfuric and thiophosphoric
[3b, 4] exhibit charge transfer absorbtion bands shifted towards the red
range of the spectrum as compared to the corresponding oxygen compounds,
The red shifts are related to the nature of the R radical.

The formation of a condensed intermediate as a first step in the oxi-
dation of 2,2,6-trimethyl-nonane-6-thiol by chromate in acetic acid medium
was investigated in the present paper.

Experimental. Analytical grade chemicals were used throughout the study without furt-
her purification. The preliminary attempts were made with t —C,,H,;—5H solved in ethanol,
in which the aqueous solution of the chromic acid was injected. A colour change from vellow to
red-orange was noticed, but the studied reaction interfered with the oxidation of this solvent.
Further, acetic acid was used as nonoxidable solvent and all the solutions were prepared in
this acid.

The spectral measurements were made hy means of a Beckman DB spectrophotometer,
using an 1 cm path length cell. The temperature jacket which surrounded the cells was connec-
ted to a Wohser U—8 thermostat. The temperature was maintained constant at 25,0 4 0,1°C.

The mixing of the reagent solutions was performed in the cell by injecting 1 ml of Cr(VI)
solution over 2 ml of t—C;,H, SH solution. A green colour appeared within 15-30 seconds,
while the disappearance of the colour occured within 10— 20 minutes in the redox process. In
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this manner the spectrum was recordered in small portions with freshly prepared mixtures.
TFach spectral range was covered three or four times.
The equilibrium measurements were done in the same aparatus at 750 nm in the 1 cin path

length cell, with 2 nm slit width. The absorbances were measured when the equilibrium state
was reached.

Results and Diseussions. The spectral recordings at two concentrations
of t-C,H,;SH are presented in Figure 1 along with the spectra of Cr(VI)
in acetic acid and the pure thiol. The experimental conditions are indicated
at the bottom of the figure. One can observe significant modifications in
the spectra as compared to the reagent spectra. A high absorbtion bhand
located at 750 nm appears in the spectra of the mixtures. It should be
mentioned that in the ethanol oxidation by chromate in acetic acid media,
the mixture also gets a weak green colour.

In acetic media, the oxidizing agent is a heteroacid — acetochromate
acid HOCrO,0Ac, having the formation constant of 4.5. The presence of
this species in acetic media was ascertained spectrophotometrically [5].

According to the above considerations, a condensation product bet-
ween Cr(VI) and t-C,H,,SH may occur following the equilibrium :

CpoH,s—SH + HOCrO,0Ac = CpoHay— S —CrO,0Ac — H,O0  (3)

The fact that the thicester is 1ot in ionic form was proved by its extrac
tion into n-pentane.

AN | ! —

N |
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Fig. 1. Percentage of transmitted light intensity as a function of wavelength:

1) Cp,H,SH 7,05 % 1072 mol/l and Cr(VI} 3,33 x 107* mol/l; 2) C,H,SH

1,7 1072 mol/l and Cr(VI) 3,33 x 1074 mol/l; 3} Cr(VI} 3,33 x 107* mol/l in
acetic acid ; 4) C,H,,;SH 7,05 » 1072 mol/l,
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Fig. 2. The spectra of thioester and acetochromate.
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The process (3) could be characterized by the equilibrium constant

_ [CypH,SCr0,0Ac] - [H,0]
[HOCr0,0Ac] » [C)Hq,SH]

(4)

In order to determine the equilibrium constant X one must know both
the thioester and water concentrations. The thioester concentration could
be obtained from the absorbance measurements at 750 nm if the molar
absorptivity was known :

A = £[C;,H,,SCr0,0Ac] - 1

(5)

The absorbance data at different thiol concentrations are presented in
Table 1. Each value is the mean of 2—3 individual experiments which do
not differ more than 19, .From the values of experiments 2 and 7, both
the equilibrium constant and the molar absorptivity using a succesive

4 — Chemia 1;1973
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Table ¥

Absorbances at equilibriur, thioester concentrations and formation constant in CH;COOH 99°,.
at 25°C and [Cr(VI)] = 3,33 x 10™% mol/l

Exp. | [CyH,SH] \ [C1oHy,SCrO AC] K K

Nr. % 102 - : X 104 1.mol™?
i 0.631 0.152 0.451 24.6 37.9
2 1.292 0.222 0.675 20.4 31.4
3 1.936 0.348 1.06 21.8 33.6
4 2.580 0.415 1.27 23.8 37.2
5 3.227 0,466 1.43 23.2 35.7
6 3.872 0.489 1.49 20.0 30.8
7 4.518 0.527 1.60 20.6 31.7

Mean: 22,1 4 2.0 34.1 -+ 3.1

approximation method previously described [4] were calculated. A value
of 3280 1 - mol—! . cm~?! was found for the & at 750 nm, assuming that the
water concentration was constant. The water concentration was (.65 mol/l,
derived from the 19, water content of the acetic acid and the oxidizing
agent solution. The latter was prepared by dilution of 0.5 ml of 0.2 mol/l
KHCrO, in aqueous solution to 100 ml with CH,COOH. By means of the
3280 1 - mol—! - cm—* value of ¢ derived from the above pair of experi-
ments, the fractions of Cr(VI) in the complex were calculated for the
other experiments, and then equilibrium constants were obtained. These
values are given in the fifth column of the table. The final result is 22.14+
4-2.0M—1, The last column presents the equilibrium constants obtained
from the latter by dividing with the water concentration.

The equilibrium constant of the process under consideration cannot
be compared to the values observed for C,H SCrO3 (1.6 x 10%) [2] and
HOOC—CH(NH,) —CH,SCrO3 (1.4 x 10%) (3], which were determined in
aqueous solutions. However, it may be noted that the formation constant
is greater than that measured for oxygen condensed compounds {35! by
one order of magnitude.

Further, we could calculate the concentration of thioester in the spec-
tral measurements case by meauns of the formation constant or molar absor-
ptivity and values of = as a function of wavelength were derived. The
values of = as a function of wavenumber are plotted in the figure 2 along
with the acetochromate spectrum.

The crhomophore group has a low symmetry as compared to CrO3~
or RSCrOj3 ions and many transitions are expected to appear. By compari-
son with the other spectra of thiochromates we could attribute the maxima
to the following transitions: The first absorbtion band located at 13330
cm~! is due to the charge transfer transition RS—Cr and coresponds to
the second maximum (at 28750 cm™?) in accetochromate. The first maximum
in acetochromate — due to the charge transfer from oxygen atoms to
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chromium atom and located at 22500 cm—1! is strongly shifted to the lower
wavenumbers in the thiocompound and overlaped with the large RS~Cr
maximum. The peak at 24450 cn—? coresponds at one of the three transitions
which are contained in the third large band of acetochromate (at 26500
cm—1) [2] involving weak bonding orbitals,

The pronounced shift of the bands towards the red region of the spec-
trum is probably due to the solvent effect, the dielectric constant of the
acetic acid being lower than its value in water and the charge transfers
of type n — =* are facilitated in nonpolar solvents [6]. At the same time,
the reduced symmetry of the condensed compound which produces a suple-
mentary splitting of the double degenerated orbitals may also have a
role in this red shift of the charge transfer maxima.

( Received October 30, 1972)
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FORMARTEA ESTERULUI CROMIC AL 2,2,6-TRIMETIL-NONAN-6-TIOLULUI
IN ACID ACETIC

(Rezumat)

La oxidarea alcoolilor i a tiolilor cu cromat in mediu acid se formeazi intermediar esteri
§i, Tespectiv, tioesteri cromici. In lucrarea de fati se studiazd formarea intermediarului de con-
densare in reactia dintre 2,2,6-trimetil-nonan-6-tiol si acidul cromic in acid acetic :
¥ 4 'y

CH, SH -~ HOCr,0Ac = C,H,8Cr0,0Ac + H,0.

S-a determinat o constanti de formare de 22,1 4~ 2,0 M™%, incluzind si concentratia apei.
A fost inregistrat spectrul de absorbtie al tioesterului in domeniul vizibil $i ultraviolet si au fost
atribuite diferitele benzi de absorbtie la diferite tranzitii de transfer de sarcind S — Cr i
O = Cr.
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OBPA30OBAHHE XPOMOBOTO 30HPA 2,2,6-TPHMETH/I-HOHAH-6-THOJIA
B YKCYCHOM KHCJIOTE

(Pe3ome)

Ilpy okMCAEHHH CHHPTOB H THOJIOB XPOMAaTOM B KHCJOTHOR Cpejie NpoMexyTOUHO o6pa3y-
foTcH 3QHPLI U XPOMOBLIe THOS(HPHI, COOTBETCTBeHHO. B craTee Hayuaercs oOpa3oBaHHe npome-
KYTOUHOFO KOHJIEHCALHOHHOr0 COeAHHEHHS NIPH PeakluH Mexay 2,2,6-Tp HMeTHIT-HOHAH-6-THOMTOM
¥ XpOMOBOH KHCJOTOH B YKCYCHOH KHCJOTe:

CpoH, SH + HOCr0, OAc = Cy, Hyy Ser0, OAc -+ H,0.

Onpenenena KoHcTanTa oGpasoBauns 22,1 4 2,0M—1, BKAOUas U KOHUEHTPaUHIO BOAB. 3ape-
THCTPHPOBAH CHEKTP MOrOUeHus THOIPHPa B BHAUMOI H Y ofaacTsax ; pasjHuHbie aGcopOiHoH-
HBle TI0J10CH! GbIJIH OTHEeCEHE! K Pa3/IHYHbIM NepexoiaM nepeHoca 3apsaia S—+Cr 1 O —» Cr.



CARACTERIZAREA ELECTROZILOR-MEMBRANA ION-SELECTIVI
CERAMICI (VIII)

Despre limita de detectie a electrodului~-membranid
din Ag,S, Ag*-selectiv.

C. LITEANT, L. C. POPESCU si V. CIOVIRNACHE

In urma studiilor anterioare [1—3] s-a stabilit ci electrodul-membrani
ceramica din Ag,S se comportid ca un electrod Agt-selectiv tipic, dezvoltind
un raspuns nernstian pe domeniul de concentraii IM—10—%M [2]. La
pAg > 6 functia de electrod E-pAg se aplatizeaza, fapt ce reflectd atinge-
rea limitei de detectie a electrodului. Pe de altd parte, fie in literatura
de ¢pecialitate [4], fie in prospectele firmelor producitoare de electrozi-
membrand Agt-selectivi se pot intilni diverse valori pentru limita inferioara
a domeniului de concentratii accesibil electrodului (tabel 1), dintre care
unele neobisnuit de coborite.

Pentru a se stabili dacd limita de Tabel T
qetec',“e de '.r/)Ag =6 corespundg acestut Limita de detectie a diferitelor tipuri
tip de electrod sau este proprie meto-  de eleetrozi-membrani Ag+ — seleetivi
dei utilizate pentru etalonarea electro-
dului s-a elaborat prezenta nota. Tirma Limita

producitoare pe detectie

Partea experimentali. Aparaturd si veac-
tivi. Pentru trasarea functiei electrodice I'— pAg, ORIONa 1077 mol/l
cu cele doud metode folosite, s-a utilizat un  ORION? (ref. [4]) 1072 mol/i
montaj potentiometric obisnuit in care f.e.n. BECKMAN?2 1077 mol/t
a celulei: COLEMAN?®? 1077 mol/l

PHILIPS? 10727 mol/l

Pt, Hg|Membrani!Solutie || Punte de sare || ESC  CRYTUR? 107¢ mol/l
Ag,S itest KNO, 0,1 M RADLLKISE 10~7 mol/l;

i agar-agar 10717 mol/l

) a - omogen {monacristal)
b — heterogen {(Ag,S inglobati in cauciuc siliconic).

s-a misurat cu un milivoltmetru electronic [(Carl Zeiss). Solutia test a fost termostatd
{25-- 0,1°C) si agitatd magnetic.
Electrodul-membrand, de constructie proprie, a fost descris anterior [5].

Conform primei metode solutiile test au fost obtinute prin diluare dintr-o solutie stoc
de AgNO; 2 M cu sau fard for{d ionicd constantd. Pentru ajustarea fortei ionice (J = 0,1 M}
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s-a utilizat KNO,. Pentru cea de a doua metodi de etalonare s-au utilzat solutii de AgNO,
1072 M, care au fost titrate cu diverse solutii de anioni ce precipitd sau complexeaza jionul de Ag.t
Solutiile din urma au fost obtinute prin cintirire. Toti reactivii, de puritate p.a. au fost utili-
zati fard purificiri ulterioare.

Modul de lucru : Pentru trasarea functiei electrodice E—-pAg, folosind prima metodi,
s-a misurat f.e.m. a celulei (1) pentru diverse solutii test de AgNO, (cu sau firi J = ct.) de
concentratii cuprinse intre 1 M—1077 M (J = var.) 5i 1071—1077 {J = ct).

Cea de a doua metod4, folositd pentru obtinerea functiei £ —pAg consti in corelarea poten-
tialului electrodului-membrana cu valoarea pAg a solutiei adiacente, valoare obtinuta prin calcul,
cunoscindu-se concentratia solutiei de AgNO, titrate, stadiul titririi si produsul de solubili-
tate sau constanta de formare a compusului rezultat prin titrare,

Rezultate experimentale. Functia de electrod obtinutd, folosind prima
metod3, este reprezentatd in fig. 1. Ecuatiile celor doud drepte, calculate cu
metoda celor mai mici patrate, sint :

— pentru J == var.

E =1726,1 — 58,0 pAg 4 218 (2)
— pentru J =01 M
E = 7252 — 59,5pAg 4 18,1 3)

Pentru intocmirea functiei de electrod conform metodei a doua a fost
efectuata titrarea AgNO, 10— 2M cu diversi agenti precipitan{i sau comple-
xanti ai ionului de Ag* (fig. 2—3).

Corelind valorile pAg obtinute prin calcul cu valorile de potential masu-
rate (tabel 2) s-a obtfinut functia de electrod £ —pAg din figura 6.

Ecuatia corespunzitoare dreptei din fig. 6, calculati cu metoda celor
mai mici patrate este urmitoarea:

E = 592,2 — 57,7pAg -+ 23,1 (4)

L)

700\
\ sool
a °

800 b
0+
s ~
0\
-
w0 wap
s 300/.2 I 56 7
. 2 J 4 bl 6 7,0’4? /0.9

Tig. 1. Functia de electrod E—pAg la J = var (a) si J = 0,1 M (b).
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irl) w0 MAGNG,
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Y oogc
: 300, . .
0 4 & iz 7w 0 2 % 6 810 1274 16 18
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Fig 2. Titrarea AgNO; cu Na,C,0; (a) si KyCrO, (b).

Eml| 1072M 49 MO,
440
420t
Eol)y so-2m ag oy
400 550 L
3801 4001 ,
b)
360 350F
297 0 \\\x
’7'200 4 8 2 16 2500 v 8 12 16 %
7l MaAs 0y 107°M ml Nay PO, 10™H

Fig. 3. Titrarea AgNO, cu NazAsOQ, (a) si NagPO, (b).
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71 Nay SOy 2-10°W ! K, (6 (CH )2 10N
Fig 4. Titrarea AgN(y, cu Na,S50; (a) si K [Fe(CN) ] (b).
Lmily 1072M Ag NUs Emb)y
4{)03—%'&}‘:’ 400 JO_ZMAg N(/j»
260 ! 200
0 o1
a) -200}
~200 ¢
-~ 400
~400 -600 }
—— ‘m A A e "
C 8 8 % 32 0 ¥ 0 2 &« 6 8 10 12 14
mlKCH 107 M ml Na,$ 2-107°M

111 g, 5. Titrarea AgNO, cu KCN (a) i Na,5 (b).

Discutii. Rezultatele experimentale obtinute cu cea de a doud metoda
de etalonare aratd cd electrodul-membrani ceramicid din Ag,S functioneazd
ca electrod Agt-selectiv pind la concentratii cu mult inferioare pAg = 6.

Contradictia dintre rezultatele pentru limita de detectie obtinute cu
cele doud metode este aparentd. Intr-adevir, aplatizarea functiei de elec-
trod la pAg = 7 (fig. 1a) apare probabil din cauza acumularii ionilor de Ag™
pe suprafata membranei de Ag,S. Acest efect are drept urmare insensibili-
zarea electrodului la valori pAg > 6—7. In prezenta unui compus (precipitat

sau complex) capabil sd fixeze ionii de Ag™ liberi din solutie la un anumit
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Tabel 2
Valorile pAg caleulate si valorile g
miisurate corespunzitoare potentialului f/.3//
electrodului-membrani
+ g0
Titrantul b.mqh.l.l PAg E(EnV)
atilizat titrarii caleu- | masu- R
i (%) lat rat ¢
Na,(,0, 200 4,30 | --344 e
K,CrO, 200 4,67 | --320
Na,AsO, 200 4,73 | --320 -
Na, PO, 200 | 5,70 | --264
Na,50,; 200 5,86 | --264 -£00
K [Fe(CN)1 1 200 | 9,55 | +40
KCN 200 9,92 —20 -0
’ g 4 8 12 16 20 24
Na,8 100 |16,30 | —330 249
KCN 400 118,30 | —300 -
}ig. 6. Functia de electrod £ pAg obtinuta folo-
Na,s 150 23,50 | —750 sind cea de a doua metodd de etalonare.

nivel de concentratie, efectul de acumulare nu va mai avea loc, deci elec-
trodul isi va mentine sensibilitatea (fig. 6).

In concluzie, electrodul-membrand ceramicd din Ag,S poate fi folosit

pentru urmirirea activitdtii totale de ioni de Ag* pind la pAg =7, iar
pentru urmdrirea activitdtii de ioni de Ag™ liber pina la pAg == 23,5,

(Intrat in vedactic la 6 noiembrie 1972)
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XAPAKTEPHCTHKA KEPAMHYECKUX HOH-CEJIEKTUBHbBIX MEMBPAHHDBIX
AJIEKTPOIOB (VIII)

O npedeae demexmuposarus Agt-cesexmusnozo membpannozo 3sexmpoda u3 Ag,S

(Peswome)

[lpuBesieHO HECKOJIbLKO HOBHX 3JKCIIEPHMEHTAJbHHIX Pe3y/AbTaToOB, KacaloWHXCA BOHPOCA
npenesia AeTeKTHPOBaHHS Agh-CelleKTHBHOTO KePaMHYeCKOro MeMOpPaHHOTO 3JeKTpola H3 Ag,S.
B pesyabrate MOCTPOEHHS 3/71eKTPOLHON GYHKUHH E-pAg, HCMOAb3Ys CTaHAAPTHblE PacTBOPbI
AgNO,; ¢ J = nmepeMenHblli B COOTBeTCTBEHHO € J == 0,1 M, caenyer, uTo 3/1eKTpo1 pa3BHBaeT
noterunan Hepuera B obaactd  pAgeymmapusit © [0—7], cooTsetcTBeHHO pAZeymmapumi
& [1—6]. TlocTpons ogHaKo 31eKTPOAHYIO DYHKIHIO E-pAg NDH NOMOILK 3TaIOHHEIX PacTBOPOB,
NOJYYeHHBIX OCAMJeHHeM RJM KOMIUIeKCooOpasoBanHem HoHa Agh, ofnactb JIHHeHROCTH

QYHKUHH E-pAg pacunpsiercsi, npuuuMas cdopmy pAg € [4,3—23,5]. dopmyaupyercs nos-
CHHTeJIbHOE TPeAnoNoKeHH e,

CARACTERISATION DES LLECTRODES-MEMBRANE
ION-SELECTIVES CERAMIQUES (VIIT)

Sur la limite de détection de I'électrode membrane de Ag,S, AgT —sélective

(Résumé)

On expose de quelques nouveaux résultats sur le probléme de la limite de détection de 1'élec-
trode-membrane céramique de Ag,S, Agh — sélective. La fonction électrodique, E—pAg,
tracée avec des solutions standard de AgNO,, a force ionique variable et constante (J = 0,1 M),
est nernstienne dans le domaine pAgtotal € [0—7], respectivement, pAgtotal & [1—86]. Mais,
utilisant des solutions d’étalonage obténues par la précipitation ou par la complexation de l'ion
Agt, le domaine linéaire de la fonction électrodique E — pAg s’'étend, ainsi que pAg Siinre[4,3 —23,5].
On donne une hypothése explicative.



ON THE NITRATION OF 24-DIPHENYLTHIAZOLE

ALEXANDRU SILBERG, VALER FARCASAN, ADRIANA DONEA and MARIA TOMOAIA

Subsequent studies of a part of our group intend to use as starting
material some amines of 2,4-diphenylthiazole, which can be prepared conve-
niently from the corresponding nitro compounds. This prompted us to
examine the nitration of 2,4-diphenylthiazole (I) — a possibly favourable
way to acquire such nitro derivatives — which has not yet been inves tigated
‘Only the action of nitric acid on substituted derivatives of T was repor ted [1]

N_______/—_\\._R 4 N________/_\\_R
@R N Ty T Ao
N= N Ng
1:R,—=R,—R,—H V:R,—R,—H
I: R, =R,=H; R, — NO, VI: R, = R, = NO,

III: R, =R, =NO,; R,=H

IV: R, = R, = R, = NO,

VII: R, =R, =H; R, = NH,

VIII: R, = R, = H; R, = NHCOC,H,

By reacting 2,4-diphenylthiazole (I) with a mixture of nitric acid
(d == 1,51) and concentrated sulfuric acid (I/HNO; 1:1) in the conditions
described in the experimental section, from the crude product two nitro
derivatives were isolated. The more soluble in ethanol is the 2-phenyl-4-(p-
nitrophenyl) thiazole (II), as shows the IR spectrum and the mixted melting
point with an authentic sample of 11 [2]. The other one is a dinitro deriva-
tive, with the metling point 257—258°, higher than that reported for
2,4-di(p-nitrophenyl) thiazole (III) [1]. For this reason we repeated the
synthesis of IIT according to the reference [1], but we recrystallized the
crude product from acetone, not from glacial acetic acid as it has been indica-
ted. Compound III purified by this method melts at 257 -258°. The pro-
ducts obtained by the two ways show identical IR spectra.
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If an excess of nitric acid was used (I/HNO; 1:7.5), from the reaction
product three compounds were isolated, namely II, III and a trinitro deriva-
tive, which we suppose to be the unknown 2 4-di(p-nitrophenyl)-3-nitro-
thiazole (1V). This assumption was supported by the fact that by the oxyda-
tion of IV with potassium permanganate only 4-nitrobenzoic acid was.
identified, which points out the absence of two nitro groups on the same
benzene ring. A further argument is supplied by the researches of Vernin
and Metzger [3] which show that by the nitration of 2-chloro-4-phenylthia-
zole (V), 2-chloro-4-(p-nitrophenyl)-5-nitrothiazole (VI) was formed.

The above obtained data indicate that the substitution of the three
positions of I, which afford the trinitro derivative IV, follows the sequence
4”7, 4 and 5.

As can be observed from the details reported in the experimental sec-
tion, the nitration of 2,4-diphenylthiazole (I) is a suitable method particu-
larly for the preparation of the mononitroderivative (II). Taking into account
this fact as the above mentioned aim of some of our subsequent researches,
we reduced 1I with hydrazine hydrate. By this way the amine VII is
obtained with good vields. By reacting VII with benzoyl chloride the 2-phe-
nyl-4-(p-benzoylaminophenyljthiazole (VIII) was prepared.

The IR and UV spectra of substances II, 1II, IV, VII and VIII were
registered. Further papers will be devoted to the discussion of the spectral
data.

Experimental*. Nufvation of 24-~diphenyithiazvic (1), 1.2 ¢ (0.00844 moler 2 4-diphe-
nylthiazole (I} {47 were dissolved in 20 il concentrated sulfuric acid and cooled at 0. To the
solution a mixture of U.354 ml (0.00844 mole} nitric acid (d = 1.51) and 10 ml concentrated sul-
furic acid was porticn-wise added, maitaining the temperature at 0° Then the mixture was
allowed to warm up at room temperature and poured into ice-water. The precipitate was {il-
tered and dried. The crude product was boiled twice with 100 ml ethanol and hot filtered. Thus
a solution (4) and an insoluble fraction (B) were obtained.

The solution A was evaporated and the residue (1,9 g) recrystallized several times from
ethanol vielding the pure substance (C), yvellow crystals, m.p. 138", The mixted wnelting point
with an authentic sample of 2-phenyl-4-(p-nitrophenyl) thiazole (IT) [2] shows no depression.
The IR spectra of C and IT arcidentical. 2y, 320 nm (in DMEFA). IR : 1600, 1522, 1345, 1110,
8§55, 753 em™

CpHpeN,0,8 (282.31)  Caled. : N 9.92

Found: N 9.9

The insoluble fraction F{0 4 ¢} was several times recrystallized from acetone, to afford
vellow needles, m.p. 257 —258". The mixted melting point with the 2,4-di(p-nitrophenyl)
thiazole (I11) prepared as described {1] and reerystallized from acetone, shows no depression.
The IR spectra of 11T prepared by these two ways arc identical. 2,5,347.6 nm (in DMFA). IR :
1600, 1520, 1343, 1110, 853, 755, 740 cm™*

CHN,O,8 (327.31) Caled.: N 13.15

Found: N 13.1.

* The melting point are uncorrected. The clectronic spectra were recorded on a "'SPI-
CORD” spectrophotomieter. For recording the IR spectra a "UNICAM 8P 200 G spectropho-
tometer was used ; the substances were prepared as KBr pellets (only some of the more intensc
bands were reported).
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2) To a solution of 2 g (0.00844 mole) I in 13 ml concentrated sulfuric acid, a mixture
of 2.6 ml (0.0648 mole) nitric acid (d = 1.51) and 3.5 ml. concentrated sulfuric acid were portion-
wise added at room teperature and then heated on a steam-bath for 2 hours. The mixture was
poured into ice-water, the precipitate filtered, washed with water and dried. The crude product
was boiled twice with 50 ml ethanol and filtered hot. Thus a solution (D) and an insoluble frac-
tion (Z) were obtained.

The solution D was evaporated and the residue (0.85 g) recrystallized several times from
ethanol yielding yellow crystals of 1T as demonstrated by the m.p. and IR spectrum.

The insoluble fraction E was twice boiled with 100 l. acetone and filtered hot : a solution
(F) and aninsoluble fraction (G) were thus obtained.

The solution F was evaporated and the residue (0.8 g) repeated recrystallized from
acetone yielding yellow crystalls. The m.p. (257°) and the IR spectrum are identical with those
of III prepared in the conditions described above.

The fraction G (1.05 g) was several times recrystallized from glacial acetic acid to afford
the trinitro derivative IV, nip. 274~276°, 2,,,,301.357 nm (in DMFA). IR : 1535, 1335, 1115,
863, 820, 710 cm™L

CsHgN, O (372.31) Caled.: X 15.05
Tound: N 14.9

Oxidation of V. A mixture of 0.3 g. IV, 1.8 g potassium permanganate, 0.15 g sodium
hvdroxide and 36 ml water was refluxed for 6 hours. After cooling the mixture was filtered and
the soluton acidified with hydrochloric acid. The white precipitate thus obtained melts at 236°

and the mixted melting point with an authentic sample of 4-nitrobenzoic acid shows no
depression.

2-Phenyl-4-{ p-aminophenyl) triazole (VII). To a solation of 0.5 g Il in a mixture of 5 ml
ethanol and 2,5 ml DMFA, boiling on a steam-bath 1 ml 80%, hydrazine hydrate and a small
quantity of nickel (from formiate) were added and the boiling carried on for 2 hours. Then the
same quantities of hydrazine hydrate and nickel were added, the boiling continued for 2 hours
and filtered hot. To the hot solution warm water was added until a slight opalescence became
visible. After cooling the precipitate was filtered. Thus 0.3 g pure white-yellow crystals of VII
were obtained. M.p. 147° Thesubstance can be recrystallized from ethanol.  2;,,x283.6 nm(in
ethanol),

CsHpN,S (252.33) Caled.: C 71.39; H 4.79; N 11.10

Found: € 714; H 4.4 ; N 10.6

2- Phenyl-4-(p-benzoylaminophenyl) thiazole (VIII). 0.1 g VII, § ml. anhydrous pyridine

and 0.5 ml. benzoyl chioride were heated on a steam-bath for 30 minutes. Then the mixture

was poured into a diluted solution of hydrochloric acid. The precipitate (0,3 g) was filtered and

recrystalized from glacial acetic acid. White-cream crystals, m.p. 208°, 2,,,,223,302.6 nm (in

<thanol).
CopH  NLOS (356.43) Caled. : C 74.13; H 4.55; N 7.86
Found : C 73.7; H 149; N 7.8
( Received November 16, 1972)
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NITRAREA 2 4-DIFENILTIAZOLULUI
(Rezumat)
Se cerceteazi comportarea la nitrare a 2,4-difeniltiazolului (I). Ca produsi de reactie se

izoleazd un mono, un di- §i un trinitroderivat (IX, III respectiv IV). Prin reducere, IT este trecut
in amina corespunzitoare VII, care prin benzoilare di compusul VIII.

HUTPHPOBAHHE 2,4-THOEHWITHA3OJIA
(Pesome)

Hayuaercs noeegenne 2,4-audenniatnasona (I) npH HHTPHPOBauHu. B KauectBe peakuuou-
HBIX NPOAYKTOB H30JAHPYIOTCS: MOHO-, AH- H TpHuuTponponspoanbie (1I, III u IV, coorser-
ctBerno). TlyreM BoccraHoBaenusi II mepexoaut B cootBercrByiomui amuu VII, obpasyouini
nocpeAcTBoM GeH3OHJIHPOBaHHs coefHHenHe VIII.



DETERMINAREA VANADIULUI DIN OTELURI
PRIN METODA CINETICA

D. COSTACHE®*, 5. SASU**

La baza determindrilor cantitative in microanalizi stau masuritorile
efectuate asupra diferitelor proprietdti ale elementelor in urme, cum ar fi
proprietatile optice, electrice, magnetice, etc.

In analiza de urme, analistul are la dispozitie cantitafi foarte mici de
substanta. Problema principald a analizei de urme este aceea de a gisi
procedee sau metode care sa permitd determinarea unor cantititi foarte mici
de component de determinat in prezenta unui exces foarte mare de alti
componenti.

La aceste tipuri de analize rdspund foarte bine metodele cinetice, care
se bazeazd pe misurarea vitezei de reactie si pe folosirea marimii ei pentru
determinarea concentratiilor de substante.

Se stie cd viteza de reactie este influentatd de o serie de factori cum ar
fi concentratia reactantilor, temperatura (si presiunea la reactiile cu partici-
parea sau aparitia gazelor), mediul de reactie (pH-ul solutiilor, constanta
dielectricd, etc.) ¢i catalizatorii. Dacd toti ceilalfi factori sint mentinuti
constanti in afara de catalizatori, viteza de reactie se va modifica proportio-
nal cu concentratia acestora.

Aceastd dependenta ce apare intre viteza de reactie si concentratia unor
substante cu rol catalitic, std la baza analizelor cinetice. Vanadiul a fost
determinat cinetic prin mai multe metode [1—5].

In lucrarea de fata se determind cantitativ vanadiul din oteluri, pe baza
reactiei de oxidare dintre bromat de potasiu si bordeaux R, in mediu de
acid acetic. Studiul cinetico-analitic al acestei reactii a aparut in literaturd 6.

Partea experimentalid. Am avut la dispozitie trei varietati de oteluri aliate pentru scule,
Rp,, Rpg, Rp,, analizate initial dupd metoda descrisi in STAS 2603 — 69. Principiul acestei metode

este urmdtorul : proba se dizolvd in H,50,, apoi se oxideazi cu HNO,, iar silicea precipitati
se indeparteazi prin filtrare. Vanadiul se oxideazi selectiv cu KMnO,, iar excesul de oxidant

* Catedra de Teoria Cinetici o materiei §i cinetica chimicd. TFacultatea de chimie —
Universitatea Bucuresti —~ B-dul Republicii nr. 13.
** Comitetul de Stat al Planificirii — Bucuresti.
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se reduce cu NaNO,. Apoi in solutie fosforicd se formeazi complexul galben solubil al vanadiului
pentavalent cu wolframat de sodiu, care se fotometreaza la 400 nm.

Reactivi. La dizolvarea probei si la determinarea cineticd propriu zisd am folosit urmaitorii
reactivi: :

- solutie de acid sulfuric 209,

— solutie de bordeaux R preparati prin dizolvarea colorantului in api, bidistilatit obti-
nind o concentratie de 6,05 - 1074 gfems3.

— solutie de bromat de potasiu de concentratie 1,88 - 1074 g/cms.

— solutie de acid acetic 1:1

— solutie de vanadat de amoniu necesari construirii graficului de etalonare, de concen-
tratie 227 - 1077 gV/em?,

Mod de lucrie. Am cintiirit la balanta analiticd 0,2 gr aliaj, pe care l-am trecut intr-un
pahar de 400 cm?® i am addugat peste el un amestec format din 20 ¢m? solutie acid sulfuric 209,
si 5 em?® colutie acid acetic 1:1. Solutia se evapord pind la incetarea reactiei, cind se pune in liber-
tate o cantitate mare de vapori de anhidridd sulfuricd.

Dupi ricire se reia cu apa bidistilatd si se trece totul intr-un balon cotat de 100 cm?, pe
care o numim solutie de baza.

Din aceastd solutie se iau 10 cm? care sint trecuti in alt balon de 1000 c¢m? al cdrui volum
a fost completat cu api bidistilatad pina la semn. De aici s-au luat probe pentru a analiza vana-
diul prin metoda cineticd, iar solutia aceasta o numim solutie de lucru.

Principiul mésuritorii constd pe scurt in urmitoarele : se formeaz3 un amestec din reac-
tivul organic colorat, mediul de reactie (acidul acetic), oxidantul si cantititi diferite de cata-
lizator.

Solutia coloratd initial se decoloreazd pe mdasurd ce avanseazd reactia; decolorarea este
mai rapidd in probele cu vanadiu mai mult. Aceastd schimbare de culoare este urmdriti spectro-
fotometric, la spectrofotometrul Pulfrich Zeiss-Jena, la lungimea de undi 2 = 496 mm.

S-a ales pentru determiniiri metoda timpuluifixat, care constd in a lisa reactia si se desfi-
goare pini la un moment dat cind se efectueazd miasuritoarea. Timpul la care se fac citirile in
acest caz este minutul 12.

Amestecul de reactie este preparat astfel ; in baloane de 25 cm? se introduc in ordinea urmi-
toare solutiile de bordeaux R, acid acetic, bromat de potasiu si 0,5 cm?® sau 1 cm? din solutia de
lucru. Se aduce la semin cu apd bidistilatd. Se porneste cronometrul si se agiti bine continutul

balonului, care este trecut apoi in cuva
spectrofotometrului de 2 cm, in cea-
y/; laltd cuvd se pune api.
Concentratiile solutiilor de oxidant
a6t si reducitor in cuvd sint urmditoarele :

05 Bordeaux R . 2,42 - 1078 g/em®
Bromat de potasiu . 7,52 - 1074 g/emsd,

04} o Graficul de etalonare, coustruit pe
baza rezultatelor obtinute cu cantititi

03t de vanadin cuprinse intre 4,54 - 107%—
—27,24 - 107® g/em?®, are aspectul din
figura 1.

02t

Rezultatele determindrilor
01+ obtinute prin metoda cineticd la
‘trei categorii de oteluri pentru

\ . \ . scule, sint date in tabelul 1.

4 & o 6 20 2% 28 Comparativ sint trecute si rezul-
109 gV/em? tatele obtinute prin metoda

_ descrisd in STAS-ul 2603 —69.
¥ig. 1. Variatia demsitdtii optice in functie de . . o x
concentratia catalizatorului (s-au considerat valorile Din E}Ces’tt vtabel rezulta ca
B L. corespunziroare minutului 12). metoda cineticd se poate aplica

" A
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Tabel 1
Analiza vanadiului din oleluari
Cant. de (_ant.' de Cant. de
Nr Nr. cm? v gasita | 740 Cant. de V. din |V gAsitd
o Proba |desol. de D pe grafic & ant. eo/. prin met.
crt. lucru gfem? - e lueru ofel % STAS
> Lo gfems® . o
. 107 g
1 | Rp. 1 0.5 0,40 9,20 4,60 2,30
2 0,5 0,42 7,60 3,80 1,90
3 0,5 0,41 8,40 4,20 2,10
4 0,5 0,38 10,80 5,40 2,70
35 0,5 0,39 10,00 5,00 2,50
media 2,30 2,27
1 Rp. 1 1 0,30 18,00 4,50 2,25
2 1 0,32 16,00 4,00 2,00
3 1 0,29 18,80 4,70 2,35
4 1 0,30 18,00 4,50 2,25
3 1 0,31 17,20 4,30 2,15
media 2,20 2,27
1 Rp. 4 0,5 0,39 10,00 5,00 2,50
2 0,5 0,40 9,20 4,60 2,30
3 0,5 0,39 10,00 5,00 2,50
4 0,5 0,41 8,00 4,00 2,00
3 0,5 0,38 10,80 5,40 2,70
media 2,40 2,39
1 Rp. 4 1 0,29 18,80 - 4,70 2,35
2 1 0,31 17,20 4,30 2,15
3 1 0,30 18,00 4,50 2,25
4 1 0,27 20,40 5,10 2,60
5 1 0,29 18,80 4,70 2,35
media 2,34 2,39
1 Rp. 8 0,5 0,39 10,00 5,00 2,50
2 0,5 0,40 9,20 4,60 2,30
3 0,5 0,40 9,20 4,60 2,30
4 0,5 0,42 7.60 3,80 1,90
5 0,5 0,38 10,70 5,40 2,70
media 2,54 2,40
1 Rp. 8 i 0,28 19,60 4,90 2,45
1 1 0,29 18,80 4,70 2,35
3 1 0,28 19,60 4,90 2,45
4 1 0,27 20,40 6,10 3,05
5 1 0,30 18,00 4,50 2,25
media 2,31 2,40

5 — Chemia 1f1973
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cu succes la determinarea vanadiului din oteluri, rezultatele sale aflindu-se:
intr-o bund concordantd cu cele obtinute prin metoda cu wolframat, accep-
tatd actualmente in standard.

La aceasta trebuie si adaugdm faptul ci metoda cinetica, datorita
sclectivitdfii actiunii catalitice a vanadiului, nu necesitd operatii prelimi-
nare de separare sau pregatiri suplimentare ale probelor.

Prin metoda cinetici se simplificd mult modul de lucru descris actual-
mente in STAS evitind oxidarea cu acid fosforic $i indepartarea silicei.
care, dupd cum se stie, este o operatie greoaie. Metoda se simplifica gi
mai mult prin faptul ca se renuntd la oxidarea vanadiului cu permanganat
de potasiu si reducerea acestuia cu azotit si apoi la complexarea vanadiului
cu wolframatul de sodiu.

Datoritd faptului ca la baza noii metode se afld o reactie care nu este
deranjatd decit de ionii de fier si de titan, dacd concentratiile lor fatd de
concentratia de vanadiu se gisesc Intr-un raport ce depdgeste valoarea
100 1(Fe: V) si (Ti:V), nu este necesar si recurgem .la o serie intreaga de
operatil preliminare de separare.

(Intrat in redactic la 13 deccmbrie 1972}
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SESE

OMNPEAEJEHHE BAHAIMS B CTATIX KUHETHUECKHUM METOIOM

(Peswe)

”3)"!21.10(‘}) onpelelieHHe BAHaAHS B CTAMSIX ¢ HCNOALIOBAHHEM KATAJTHTHUECKOrO Sq)(l)eKTS';
BatalMeBbiN HOHOB HA PEAaKIHIO MeXK Y BOP}IO R u GPOXHIOBRTOKHCHHM KaJigeM B Cpejie YKCyC-
HOIT KHCAOTHI. Pei&y.’leleM CPaBHEHL! ¢ JIaHHbLDMH, [I0TYUYEHHLIMA METOIOM, DEKOMEH AYEMBIM D YMbIH-

ekt TOCT.

DETERMINATION O VANADIUM IN STELLS BY THE KINETIC METHOD

Summary)

The determination of vanadium in steels using the catalytic effect of vanadinm ions on
the reaction between Bordeaux R and potassium bromate, in acetic acid solution, is studied.
The results are compared to those obtained with the STAS method (Romanian State Standard.
Method).
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INFRARED ABSORPTION SPECTRA OF COBALT AND TITANIUM
MIXED OXIDES OBTAINED BY THERMOLYSIS OF MIXED
COMPLEXES

C. GH. MACAROVICI and M. STRAJESCU

In previous publications {1, 2, 37 we described the preparation method
of various mixed complexes of the cobalt (III) ammine titanyvl-oxalate
type, as well as their thermogravimetric and thermodifferential analysis.

After the thermogravimetric and thermodifferential curves were plot-
ted, other thermal decompositions were performed on different samples
of mixed complexes at such temperatures for which changes of slope,
points of inflexions or thermal effects were observed on their thermoanaly-
tical curves. The samples were maintained at these temperatures for half
an hour and then cooled down rapidly (“frozen”) at room temperature.
The infrared absorption spectra of these samples were investigated.

The spectral measurements were performed as potassium bromide
pellets, using an UR-10 Carl Zeiss Jena spectrophotometer.

I.R. spectrophotometry was of great help [2] in the elucidation of
these processes which take place in the first period of the thermolysis,
namely the decomposition of the proper volatile part of the mixed complexes,
ie. up to 300°—400°.

The thermal decomposition of the mixed complexes of the cobalt (III)
ammine titanvl-oxalate tvpe start with the loss of water and chlorine
continuing with the loss of oxalate ions and NH, groups of the initial mixed
complex. At temperatures between 300° and 400° we find oxides in the
syvstems with a composition corresponding to the coexistence of TiO, and
Co,0,, in a lattice of mixed oxide with physically retained oxvgen.

From X ray diffraction patterns we found that, in all cases of thermal
decomposition of the synthetized mixed complexes, mixed oxides of cobalt
and titanium with an ilmenite type structure were obtained. This structure
appears along with the first system of oxides resulting at temperatures
between 300°—400° and persists till 1000°, although the oxygen content
of the mixed oxides decreases to a value corresponding to TiO, and CoO,
by a monotonous loss which causes no significant changes on the thermal
analysis curves.
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In the mixed oxides obtained from such complexes the ratio of the
constituent oxides, CoO and TiO,, did not vary more than one unit as com-
pared to the value in the cobalt metatitante (CoO-TiO,).

The crystalline structures of these oxides show defects and deviations
from the stoechiometry of the mixed oxides with a stable structure, being
very weakly organized.

The formation of the mixed oxides at relatively low temperatures
(300°—600°) is possibly due to the kinetic conditions, particularly favorable
for solid state reactions. The thermal decomposition of the mixed complexes
yields a homogeneous mixture of molecular size, of the residual components.

Thus, during the decomposition of the cobalt (III) hexammine titanyl-
oxalate, the following oxidic compositions were found :

The infrared absorption spectra

Table 7 of the oxides with compositions given

Composition of the mixed oxides obtained hy in Table 1, are reproduced in Fig. 1.
thermolysis of eobalt (III) hexamine titanyl- Because of the structural features

oxalate of these oxides, their spectra are bro-

adened in the region 3400 —400 cm—1.

‘Temperature . oy ..
e Composition of oxides The large number of cationic vacan-
cies 1n comparison to the stoechio-
330° 2/8C0,0, - 3TiO0, - 5/60, metry of the cobalt titanates [4] also
420° 2/3C0,0, + 3Ti0, - 1/30, contributes to this.

1907 2/3C0404 - 3Ti0, ‘ In agrement with literature data

540 2000 - 3Ti0; - 0,20, . - ! 4
750° 2C00 + 3TiO, * 0,040, [5], the ir. spectrum of CoO is
1000° 2C00 -« 3Ti0, characterized by a symmetrical broad

band at 1600 cm—! and a narrow
band at 650 cm—*. Other authors [6] give an additional frequency at
615cm—1,

For CoO, which we prepared from the cobalt (II1} hexammine chloride,
we found a narrow and intense band at 650 cm—?!, an intense band at 665
cm~? and other two larger bands with the maxima at 530 and 575 cm—1,
respectively ; we also found bands at 575 and 665 cm~1! in the spectra of
Cog0, (Fig. 1). The spectrum of the latter oxide also contains an inteu-
sive band at 470 cm—?* and a broad band with the maximum at 1625 cm—1,

The presence of the the bands at 575 and 665 c¢m—?! which are speci-
fic to Coz0,, in the i.r. spectrum of CoO, as shown by us, are due to the
property of CoO which is very reactive under the given conditions of prepa-
ration ; there is a chemosorption of oxygen already at room temperature,
reaching a composition which corresponds to Co,0,. This explains the above
mentioned observation and the discrepancies with the literature data
(Table 2).

Table 3 gives the ir. absorptions for TiO, obtained by a thermal
decomposition of the titanyl-oxalic acid, in comparison with the literature
data [7, 8, 9, 101.

The literature data do not give the i.r. absorption spectra of the cobalt
titanates. That is why we had to use spectra given in literature for other
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Fig. 1. The ir. absorption spectra of the mixed oxides obtained by the thermolysis of the
cobalt (11I) hexammine titanyl-oxalate. (The spectra of TiO,, Co,0, and CoO obtained from the
reactants utilized at the synthesis of the mixed complex are given also for comparison).
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Table 2
I. R. vibrational frequencies speeific te Co,0, and Co0.

Compound Frequency, cm™! References
Co,0, 470 575 665 1625 —
experimental (v.s.-b) v.s.-1) (v.s.-m)  (v.s.-b)

CoO 530 650 —
experimental (v.s.-b.) (v.s.-b.)
CoO from 615 650 1600 5,6
literature
Note: v.s. = very strong; b = broad; n = narrow.

Table 3

I. R. vibrational frequencies specifie to diiferent polymorphous states of TiO, and TiO, - xH,0

Compound Frequency, cm™! References
TiO,-rutile 400 510 650 750 —
experimental (v.s.-b.) (v.s.-b) (sh) (sh.)
TiO,z-rutile 361; 415; 422; 325; 548; 550; 630; 651 7, 8, 9,10
literature
TiO, - xH,0 500 750 900 1010 1420 1640 -
experimental (v.s.-b.)  (sh.) (shy  (sh)  (w.-b)  (w.-b)
TiO, - xH,0 358; 460 ; 344; 550; 650; 657; 730 7,8,89, 10
literature
TiO, - xH,0 467 ; 489; 499; 537 613; 666; 736; 1635 7,8,9, 10
amorphpus, (OH)
literature
Note: v.s. = very stroong; b = broad; w == weak; sh. = shoulder.
Table 4

1. R. vibrational frequencies, specific to cobalt and titanium mixed oxides and to
other titanates

Compound Frequency, cm™! References
2Co0 - 3TiO,* 450 510 525 630 650
(s.-m.) (sh.) (v.s.-b.) (sh.)) (sh.)
3Co0 - 4TiO, 430 525
(s.-b.) (v.s.-b.)
Co,0, - 2Ti0, - 0,20, 475 550
(5.-b.) {s.-b.)
3Co0 - 4TiO, 420 450 550 650 750
(m.-b.) (m.-b.) (s.-b.} (s.-b.)  (sh.)
1/3Co,0, - 2TiO, - 0,20, 445 510 550 675 760
(s.-n.j (sh.) (s.-b.) (s.-b))  (sh)
CoO - 2TiO, 425 450 515 665 750
(s.-n.) (sh)) (v.s.-n)) (mm) (sh)
CoO - Ti0, 430 515 560 600 760
(mn.-n.) (v.s.-b.) (sh.) (sh.) {(m.-n)
BaTiO, 178; 183; 340; 495; 510; 546 11,13
Na,TiO, 445; 666 9
Na,Ti;0, 460 ; 495; 666 9
Note: v.s. = very strong; s == strong; m = medium; b == broad; n = narrow; sh. = shoulder.

* The spectra of the oxides with a high content of oxygen arc given in Figure L.
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Fig. 2. The ir. absorption spectra of mixed oxides and of simple cobalt and titanium oxides,

obtained by the thermal decomposition of the mixed complexes, respectively of the cobalt (II1)

hexammine chloride and of the titanyl-oxalic acid. The oxidic compositions and the
preparation temperatures are marked on the curves
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titanates. Table 4 shows the vibrational frequencies which are specific to
titanates along with the frequencies we found for certain mixed oxides
of cobalt and titanium. These frequencies were inferred from the i.r. spec-
tra presented in Figure 2.

The monocrystals of BaTiO, have absorption bands at 495 and 340 cm—*
which are due to the normal vibrations of the TiO}~ groups [11]. The
first band 1is splitted if phase transitions occur at the change
of temperature. In ilmenites the high frequency band, as shown
in literature, is broad and less distinct while the low frequency band is a
doublet [11]. In the case of the monocrystalline BaTiO, [12], the vibrations
at 510 and 546 cm—1! are associated with the vibration of the TiO, octahe-
dron. The vibrations at 183 and 178 cm~! are assigned to the TiOj~
ion [121.

Generally, the vibrations between 800 and 400 cm~!, in the case of
the titanates [13], are specific to the TiOg; octahedron.

Tor the sodium titanates [9], Na,Ti,0, Na,Ti;O,, and Na,Ti;O,,
an absorption band with maxima at 666 c¢m~ ! could be found, the intensity
of which diminishes from meta- to trititanate. Na,TiO, gives a flat and
broad spectrum with a broad band at about 445 c¢m~?', which is shifted
to 460 cm—1! for trititanates. These bands correspond to the vibration of
the TiO4 octahedron. The absorption spectrum of Na,Ti;O, shows a band
at 495 cm—? which appears also in the spectrum of BaTiO;. This band is
shifted if modifications of the crystalline symmetry take place, which is
common for all sodium titanates.

It is obvious that the absorption bands in the 800--400 cm~?! region,
are due to the vibrations of the TiOg octahedron existing in all titanates.

By comparing the ir. absorption spectra of CoO, CosO, and TiO,,
with those of the cobalt and titanium mixed oxides obtained by a thermo-
lvsis of the mixed complexes, the formation of the mixed oxides becomes
evident. Actually, the mixed oxides are obtained directly, immediately
after the thermal decomposition of the initial complexes, i.e. at about
300°—600° (Fig. 1 and Table 1). In these mixed oxides, the presence of
Co,0, shows up very weakly. In the case of the oxides obtained by the
thermolysis of cobalt (II1I) hexammine titanyl-oxalate this appears ounly
in the spectra of the samples of 330° and 375°, as indicated by the
broad bands at 575 and 665 cm~ 1. In the case of CoO, the presence of
Co,0, can be observed only in the spectrum of the sample of 505°, by the
broad band at 530 cm—1,

Simultaneously with the increase of the temperature to 1000° the band
at 450 cm ', which is specific to 2CoO - 3Ti0,, becomes more evident, as
well as the intense and broad absorptions in the 1000—500 cm—?! region,
where other specific vibrations of this mixed oxide appear. The fact is
valid also for other mixed oxides.

(Received November 17, 1972)
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SPECTRELE DE ABSORBTIE IN INFRAROSU ALE OXIZILOR MICSTI DE TITAN
51 COBALT OBTINUTI PRIN TERMOLIZA COMPLECSILOR MICSTI

(Rezumat)

Se prezinta spectrele de absorbiie in ir. corespunzitoare fazelor intermediare si finale
ale descompunerii termice a complecsilor micsti de tipul cobalt (III) amino titanil-oxalat. Prin-
tr-o comparare sistematicd a acestor spectre cu cele ale oxizilor constituenti gi prin corelare cu
datele din literaturi, au fost obtinute dovezi suplimentare care certifici formarea oxizilor
micgti.

ABCOPBLIMOHHDBIE CITEKTPBI B UK OBJIACTH CMEILIAHHBIX OKHUCEM THTAHA
1 KOBAJIbTA, NNOJIVUHEHHBIX TEPMOJIM30OM CMELUAHHDbLIX KOMITVIEKCOB

(Peswne)

Hayuenst abcopbunonnsie cnektpsl B MK ofnacth, cooTsercTByIOU{He NPOMEKYTOUHBIM
H KOHeuHbIM (ha3aM TePMHUECKOTO Pas3siOXeHHS CMEeUIaHHBIX KoMmsekcoB ko6anasT (I1I)-amHHuo-
THTAHHJ-OKCaaaTHOro THNA. JIpH CHCTeMaTHYeCKOM CPaBHEHHH ITHX CHEKTPOB CO CHEKTPaMn
COCTaBHBIX OKHCeH H IIPH COOTHECEHHH C JIMTePaTYPHbIMH NAHHBIMH NOJYYEHbI JOMOMHHTENbHBE
J0Ka3aTeJbCTBA, NOATBepKaaiollne ofpa3oBaHHe CMellaHHbIX OKHCeli.






ELECTROOXIDATION OF METHANOL (1IV)

Oxidation on Cu-Pd and Cu-Ni-Pd porous anodes

L. ONICIU, E. SCHMIDT, A. SO0 and 1. ALEMAN

This paper is a continuation of the papers published on anodic oxida-
tion of methanol in alkaline media on porous electrodes [1—3].

The effect of the specific surface on the oxidation rate in alkaline
media on Cu-Pd (909,) electrodes and the effect of the Ni powder addition
to the Cu-Pd powder mixture were 1(mA)
investigated.

The electrooxidation was per- i
formed in a 6N KOH and 2,5
methano! solution, at 3 wvarious
temperatures, using a potentiosta-
tic technique The anodes, which had
a lozenge-form, were obtained by
compression with 2000 kgf/em? of
metalic powders having the specific .
surfaces and granulations indicated /
in the first, second and third co-
lumns of the Table 1. The 4th co-
lumn of the same table contains 0
the characteristics of the non-com-

26

pressed and finest metallic powder S
mixtures ; the specific surface was { w
-determined by a kinetic method [4]. {

Figs. 1—3 represent the pola- s 5
rization curves obtained by the zf! S
oxidation of methanol, on electro- /}
des 1—3 (tab. 1}, and in Fig. 4. /"/ o

the polarization curves of the sa- ez

me reaction on non compressed T A 0 T o0 e W T o,
powder (the dthelectrode, Tab. 1), L mb:

contained in an iron gauze are gi- Tig 1. Electrode 1.
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ELETROOXIDATION OF METHANOL (IV) i

Table 1
No. of electrode 1 2 3 4
Composition 10 9% Cn 109, Cu 109, Cu 109, Cu Non
909, Pd 909 Pd 909% Pd | 909% Pdcom-
pressed pow-
der
Pressure (kgf/cm?) 2000 2000 2000
Particle size (mm) 0.09—0.071 0.071—0.063 0.063 0.063
Actual surface (mms?) 81.836 82.778 83.249 100
Specific surface (m?/g) 10 16 21 42
Actual weight (g) 0.4230 0.4294 0.4276 0.42
Compact weight (g) 0.7562 0.7942 0.8146
Porosity 44.06 45.93 47.51
‘Thickness of the lozenge
{(mm) 1.6 1.64 1.66 1.7-2,0
Diameter of the lozenge
{(mm) 7.5 7.5 7.5 10
[(mA)
45
300
950/_____&.
{l 150 A3
!./ 20
! 100
‘I
i
i
1
7l
/1
11[0
s 20
2
Axg f—‘Kb}f‘f’f
3008002 20U H00 20 500 400 S0 <00 g,

T'ig. 4. Electrode 4.
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ven. As expected, the limiting currents increase with the specific surface
and temperature, the best performances being obtained with the non-com-
pressed metallic powder.

The apparent activation enthalpies of the methanol oxidation were
calculated (Table 2); it seems that in the explored potential range the reac-
tion kinetics 1s controlled by an adsorption step.

Table =
No. of electrodes
1 2 3 4
Potential
(mV) T
950 13.020 13.351 10,416 9.318
__995 13.484 13.974 12.852 11.321
200 13.888 11.734 12,499 11.151
175 8.311 11.263 12.152 10.623
—150 13,484 12.395 11.284 9159
125 13.888 12,022 HO416 9.867

T'rom the ternary mixture the best performances were obtained with
the composition 569, Cu, 28°, Ni and 16°, Pd. With this composition
were prepared electrodes having the following thickness: 0,82; 0,49 and
0,26 mm respectively. The corresponding polarization curves are given
in Figs. 5-- 7 ; the current-potential characteristics of the electrodes having
a thickness less than 0,5 mm are
comparable with those of the Cu-
Pd (902} electrodes. (See Tigs.
100 L 1--3).

In Table 3 are presented the
apparent activation enthaplies of
the anodic oxidation of methanol

o e On the ternary electrodes.
e The results obtained prove
the applicability of both Cu-Pd
(909%,) and Cu-Ni-Pd porous elec-
trodes, having a porosity of about
50°, and particle size less than
0,06 mm, for alkaline methanol-
airfoxygen fuel cells operating bet-
ween 25 and 45°C.

tmd)

200 X A/: (m¥')

Fig. 5. Electrade 3, thickness 0,82 mm. { Received November 17, 1972
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Fig. 6, Electrode 6. thickness 0,49 mm.
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Tabie 3
Apparent activation enthalpies (keal/mol}
Ni—Cu—~Pd eleetrodes
5 (thikness 0,82 mm) 6 (thickness 0,49 mm) 7 (thickness 0,26 mm)
P Amt Pe AHT P AH*
mVv keal/mol mV keal/mol mv keal/mol
—375 15.5 —375 15.08 —375 13.25
—200 9.14 —200 7.73 —200 6.39
— 150 | 7.31 — 150 6.39 —150 | 5.48
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ELECTROOXIDAREA METANOLULUI (IV)
Oxidavea pe anozi de Cu—Pd si Cu—Ni—Pd

(Rezumat)

Se studiazi caracteristicile curent-potential la electrooxidarea metanolului pe electrozi
porosi de Cu—Pd si Cu—Ni—Pd, de diverse porozitdti §i grosimi. Se calculeazi entalpiile de
activare aparente ale procesului de oxidare.

SNEKTPOOKHC/IIEHHME METAHOJIA (IV)
Oxucaerue na anodax Cu-—~Pd u Cu—Ni--Pd

(Peswne)

HayuaeTcs COOTHOMWEHHE TOKA U NIOTeHUHANA NIPH 3/1eKTPOOKHCIEHUH METAHOJMA Ha MOPHC-
ThiX 37eKTpoaax Cu—Pd ¥ Cu—Ni—Pd pasjuuHON MOPUCTOCTH H TOJMHHBL BouuUCASIOTCH
KaXKYUIHeCs SHTAaJbIHH AKTHBALHH OKHCJIHTENBLHOTO TMpolecca.



LA TENSION SUPERFICIELLE DES SOLUTIONS IVACIDE
LACTIQUE-AZOTATE D’ALUMINIUM

EMIL CHIFU et TOSIF ALBU

Iétude des systémes polycomposants reléeve — daus certains cas
— l'existence des valeurs extrémes de la tension superficielle en fonction de
1a composition. Ces valeurs extrémes — des minima et des maxima auxquels
s’ajoutent aussi des points d’inflexion a tangente horizontale — provo-
quées par diverses causes, peuvent étre fondées du point de vue thermody-
namique [1].

Habituellement, les valeurs extrémes de la tension superficielle, qui
apparaissent aux certains rapports molaires des constituants du systeme,
ont été attribuées a la formation de nouveaux composés (complexes,
associés moléculaires) ; on a mis en évidence expérimentalement surtout
des minima de tension superficielle ou interfaciale {27, mais on a prétendu
aussi 'existence des maxima [3].

Dans un travail antérieur [4] nous avons examiné, du point de vue
mentionné, le cas des solutions aqueuses d’acide maundélique-aluminium
(I11).

Nous présentons, dans ce travail-ci, des données expérimentales con-
cernant la tension superficielle des solutions aqueuses d’acide lactique-
azotate d’aluminium. I'intérét présenté par ce svstéme consiste dans les
réactions avec formation de complexes auxquelles il peut donner lieu. Mais,
les données de la littérature sont partiellement contradictoires quant aux
complexes alumino-lactiques. Ainsi, tandis que A. B. Sen et Subadh
N. Kapoor [5] soutiennent, en se basant sur des mesures conduc-
tométriques et potentiométriques, Uexistence des complexes acide lactique-
aluminium (III) en rapports de combinaison 3:1 et 2:1, A, K. Rali,
R. K. Mehrotra et R.C. Mehrotra [6], en opérant en milien
anhydre, trouvent, a c6té des complexes mentionnés plus haut, le complexe
1:1. 1. V. Pyatnitskiiet I. I, Kolomiets [7], en utilisantla
méthode spectrophotométrique, présentent des dounées qui relévent seule-
ment les complexes 2: 1 et 1: 1. Par la méthode interférométrique, T. Goi-
na e ILucia Bocaniciu [8 mettent en évidence un seul com-
plexe, celul en rapport molaire 1: 1.

6 — Chemia 11973
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Partie expérimentale. On a utilisé des réactifs & pureté adéquate : de I’acide lactique opti-
quement inactif Merck-Darmstadt et de 'azotate d’aluminium Serva-Heidelberg (pureté analy--
tique). Les solutions ont été préparées dans de 'eau doublement distillée.

La tension superficielle des solutions a été mesurée par la méthode de la pression maxi-
mum dans la boule de gaz, a I'aide d'un manométre encliné, avec une erreur de 40,07 dyn/em,
a la temperature de 25°C 4+ 0,1°. La pression dans la boule de gaz a été assurée avec un courant
d’azote. Pendant les mesures, on a pris des précautions afin d’éviter la contamination de la sur-
face des solutions avec des gaz étrangers.

Pour décider sur les valeurs extrémes de la tension superficielle dans le systéme ternaire-
eau-acide lactique-azotate d’aluminium, on a vérifié expérimentalement, au préalable, les iso-
thermes tension superficielle-concentration dans les systémes binaires eau-acide lactique et eau-
azotate d’aluminium, avec les réactifs indiqués plns haut.

L’isotherme tension superficielle-concentration pour les solutions aqueuses d’acide lactique-
a un aspect normal, propre a une substance tensioactive (superficiellement active) en eau. L'iso-
therme des solutions d’azotate d’aluminium aussi ne manifeste pas d’anomalies dans le domaine
de concentrantions utilisé pour le systéme ternaire.

I’absence des valeurs extrémes, ou des anomalies, dans la tension superficielle des systémes.
binaires étant ainsi vérifiée, nous avons effectué les mesures de tension superficielle au systeme
ternaire eau-acide lactique-azotate d’aluminium. Les résultats de nos mesures sont portés.
dans les diagrammes 1—4.

Dans le cas des mesures représentées sur la fig. 1, en partant d'une solution aqueuse d’acide
lactique & concentration donnée — par exemple, 0,7 M pour la courbe (1) etc. — on a ajouté
successivement des volumes d’une solution aqueuse d'azotate d’aluminium ayant la méme
molarité. On a mesuré ensuite, aprés chaque addition d’azotate, la tension superficielle (¢ dyn/cm)
de la solution.

Les points sur les figures 3 et 4 représentent des mesures de tension superficielle faites.
sur des ¢chantillons individuels, dont les concentrations en azotate d’aluminium étaient identi-
ques et celles en acide lactique étaient variables.

Toutes les courbes représentées sur les figures 1—4 sout des isothermes détermindes a.

Discussion des résultats expérimentaux. Dans la fig. 1 nous présentons
trois exemples de courbes tension superficielle-composition pour le systeme
ternaire eau-acide lactique-azotate d’aluminium. Elles se référent a des
mélanges isomolaires acide lactique -+ azotate d’aluminium a concentration
totale 0,7 M (courbe 1), 0,8 M (courbe 2) et 1 M (courbe 3). Dans le
diagramme sur la fig. 1, 'axe des concentrations est unique pour I'azotate
d’aluminium ; pour l'acide lactique, chaque courbe a sa propre axe des
concentrations.

On peut observer que les courbes sur la fig. 1 présentent — dans le
domaine de concentrations examiné — chacune trois minima. En effectuant

des mesures sur les mélanges isomolaires 0,3M, 0,4 M, 0,5M et 0,6 M, nous
avons chaque fois retrouvé les trois minima (les courbes correspondantes
ne sont pas figurées dans les diagrammes).

Ie tableau 1 contient les concentrations en acide lactique et azotate
d’alumininm correspondant aux divers mélanges isomolaires, aussi
bien que les rapports molaires 7, acide lactique/azotate d’aluminium o
apparaissent les minima. Il est bien visible que, dans tous les cas, les minima
se retrouvent aux meémes rapports molaires, sensiblement égaux a3, 2 et 1.
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Fig 1. Courbes tension superficielle () — composition (M) au systéme eau-acide lactique-
azotate d’aluminium, mélanges isomolaires [acide lactique’ - [azotate d’aluminium]}: 0,7 M

(courbe 1); 0,8 M (courbe 2); 1 M ({courbe 3).

Nous trouvons significatif, en ce qui concerne la réproductibilité des
résultats, le déplacement des minima sur la fig. 1 vers des valeurs de plus
en plus grandes de la concentration en aluminium (III) en passant de la
courbe (1) a4 la courbe (3). Cependant les minima se maintiennent aux
mémes rapports molaires 7, indépendamment du domaine des concentrations
ou de celui des valeurs de la tension superficielle dans lequel on a effectué
les mesures (voir tableau 1). Ce fait se reléve aussi dela fig. 2, danslaquelle
on a trausposé, cette fois en coordonnées tension superficielle (5) — rapport
molaire (r), les courbes de la fig. 1.

Dans une seconde série de mesures, la concentration en azotate d’alu-
minium a été maintenue constante, en variant seulement celle de P'acide
Tactique. La fig. 3 rend les résultats obtenus quand la concentration constante
en azotate d'aluminium €tait 0,01 M et celle de 'acide lactique variait dans
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Les concentrations et les rapports molaires acide lactique/azotate Tableau 1
d’aluminium ol apparaissent les minima de tension superficielle, pour divers mélanges isomolaires

Concentration du Concentration de Concentration de Rapport molaire
mélange isomolaire I'acide lactique I'azotate d’aluminium | acide lactique/azotate
M M M d’alumininm «
0,229 0,071 3,23
0,3 0,203 0,097 2,09
0,151 0,149 1,01
0,300 0,100 3,00
0,4 0,270 0,130 2,07
0,203 0,197 1,03
0,384 0,116 3,30
0,5 0,335 0,165 2,03
0,252 0,248 1,01
0,440 0,160 ' 2,75
0,6 0,396 0,204 1,94
0,285 0,315 0,91
0,526 0,174 3,02
0,7 0,466 0,234 1,99
0,348 0,352 0,99
0,597 0,203 2,94
0,8 0,537 0,263 2,04
0,408 0,392 1,04
0,748 0,252 2,97
1,0 0,676 0,324 T2,09
0,500 0,500 1,00
¢ ‘ )

G0

3
~ | i j
/ ? 3 4 r
Fig 2. Courbes tension superficielle (o) — rapport molaire (») acide lactique/azotate d’alu-
minium, mélanges izomolaires [acide lactique] + [azotate d’aluminium]; 0,7 M (courbe
1); 0,8 M (courbe 2); 1 M (courbe 3),
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Fig. 3. Variation de la tension superficielle de la solution aqueuse en fonction de la concentra-
tion de I'acide lactique, en présence de I'azotate d’aluminium a concentration constante 0,01 M.
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Fig 4. Variation de la tension superficielle de la solution aqueuse en fonction de la concen-
tration de I'acide lactique, en présence de l'azotate d’aluminium 3 concentration constante
0,1 M,
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I’intervalle 0,00—0,04 M. De facon similaire (fig. 4) on a expérimenté des
solutions d’azotate d’aluminium 0,1 M contenant de l'acide lactique jus-
qu’au 0,4 M.

Les figures 3 et 4 représentent des courbes isothermes tension superficiel-
le-concentration dont l’allure générale est typique pour une substance
tensioactive dans de 'eau, comme en est I'acide lactique. Mais ces courbes
contiennent aussi trois minima (fig. 3) respectivement trois points d’infle-
xion & tangente horizontale (fig. 4) dont la cause doit étre cherchée dans
Tinteraction de l'acide lactique avec 'aluminium (III). D’autre part, on
voit bien que les minima et les points d’inflexion apparaissent aux mémes
rapports molaires r acide lactiquefazotate d’aluminium, pratiquement
égaux a 3, 2, et 1, que dans les situations antérieures représentées sur les
figures 1—2 et dans le tableau 1.

On doit souligner que, du point de vue théorique, les points d’inflexion
a tangente horizontale peuvent étre englobés dans la catégorie des extréma
aussi bien que les minima, parce que, dans toutes les deux situations, la
dérivée premiére de la tension superficielle en rapport avec la composition est
nulle [1]. Le systéme que nous avons examiné nous a permis la vérification
expérimentale de la transformation des minima dans des points d’inflexion
4 tangente horizontale, quand le domaine des concentrations change.

En conclusion, les trois valeurs extrémes (des minima ou des points
d’inflexion 4 tangente horizontale), dans les courbes isothermes tension
superficielle-composition du systéme examiné expérimentalement, plaide-
raient pour lexistence de trois complexes alumino-lactiques aux rapports de
combinaison acide lactique/aluminium (I1I) égaux a 3:1, 2:1 et 1:1.

( Manuscrit regu le 17 november 1972)
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TENSIUNEA SUPERFICIALA A SOLUTIILOR DE ACID
LACTIC-AZOTAT DE ALUMINIU

(Rezumat)

Se prezintd date experimentale privind tensiunea superficiald a solutiilor apoase de acid
lactic-azotat de aluminiu. Tensiunea superficiald a sistemului examinat manifesti — in dome-
niul de concentratii cercetat — minime sau puncte de inflexiune la o tangentd orizontald la
rapoartele molare acid lactic/azotat de alumiuiu sensibil egale cu 3:1, 2:1 si 1:1. Aceste fapte

ar pleda pentru existenfa a trei complecsi alumino-lactici in rapoartele de combinare speci-
ficate.

TIOBEPXHOCTHOE HATSDKEHHUE PACTBOPOB MOJIOUHOM KHCJ/IOTBHI-HUTPATA
AJIIOMUHH S

(Pesionme)

[NpHBoAsiTCA IKCHEpHMeHTaNbHBIE JAHHLIE O MOBEPXHOCTHOM HATsIMKEHHH BOIHBIX PacTBO-
pPOB MOJIOUHOH KHCJIOTHI-HHTpara afioMHHHsl. [TOBepXHOCTHOE HATAKeHHe paccMaTpuBaeMoit
CHCTeMBI HMEET — B HCCJeLyeMoll 06/1acTH KOHUEHTPAUHH — MHHHMYMbI HJAM TOUKH meperufa
¢ HYJIEBBIM HAKJIOHOM NPH NPAKTHYECKH OAMHAKOBLIX MOJISIPHBIX OTHOLICHHSIX MOJIOYHAS KHCJOTA/
uuTpar amomuuug: 3:1, 2:1 u 1: 1. ABTOpH CYHTAKOT, YTO ITH GAKTHl NOATBEP K AAIOT HATHUHE
AJIOMO-MOIOUHOKHC/IBIX KOMIVIEKCOB B YKA3aHHLIX OTHOUIEHHSX KOMGHHHPOBaHHS.






STUDIUL POTENTIOMETRIC AL POLIACIDULUI ACRILIC
IN AMESTEC DE SOLVENTI (APA-ETANOL)

IUDITA MURESAN si LUCIA ZADOR

Odatd cu recunoasterea importanjei teoretice si practice a problemei
conformatiei polielectrolitilor in solutie a aparut un numar mare de lucrari
privind titrarea potenjiometrici a poliacizilor acrilic (PAA)in apa [1—6].
Majoritatea cercetarilor constatad ca, spre deosebire de poliacidul metacrilic,
Ja PAA nu apare in cursul titrdrii nici o transformare conformationala.
Diferenta esentiald intre comportamentul poliacizilor si acizilor carboxilici
obisnuifi se rezuma la faptul ¢ taria ultimilor practic nu depinde de gradul
de neutralizare « in timp ce uceea a primilor scade treptat pe masurd ce
sarcina electricd a catenelor macromoleculare creste. Pentru ilustrare se
redau valorile pH-log 1 2 o= pK, pentru PAA si acid acetic, conform date-

—
Jor din literaturd [7]. Astfel se pare cd pentru solutiile apoase de PAA se
verificd relatia lui Katchalskysi Gillis [8] (regasitd si de Harris
si Rice [9]) pentru dependenta disocierii polielectrolitilor de travaliul

JAF . . o . .
-ce trebuie cheltuit pentru a miri cu o unitate sarcina

electric @, =
v
electricd a unui mol de catene care poartd deja v sarcini,

PR, = pK, + 0,43 0,

- o P 1
K, fiind o constantd de ionizare, ,,in- 6ok
trinsecd” independentd de « si de taria
jonica. Aceasti verificare dovedeste *°
totodatd absenfa schimbarilor de con- 53} e
formatie in cursul titrdrii. Cum in - | .~
teraturd nu existd studii potenfiome- | 2o
trice a poliacizilor In amestec de sol- *6
venti, scopul prezentei lucriri a fost 42

microtitrarea potentiometrici a PAA ¢ 4 oe  G6 as 8
in amestecuri apa-EtOH.
¥ ig 1. Variatia cu « a valorilor pK apa-
Tehnica experimentaldi. S-au preparat so-  rente (pX,) pentrn PAA (1) si acidul acetic
lutii de concentratic identicd in apd hidistilatd (2), ambele in solutie apoasi 0,01 N.

* Rezultatele au fost comunicate la a I1I-a Conferintd Republicand de Chimie T'izicd,
Bucuresti 1972,
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gi alcool etilic 96%,. Ele au fost péstrate in flacoane de polietilend pentru a evita contaminarea
«cu ionii de sodiu din sticld. Prin amestecarea solutiei apoase si alcoolice s-au obtinut solutii de
concentratie constanta (1,11 - 1072 N) in PAA si raportul dorit de apid-alcool. Neutralizarea
s-a facut cu KOH solvit in amestec api-alcool de aceeagi compozitie ca solventul polimerului.
In felul aceasta s-a pistrat constanti compozitia solventului in tot cursul titrarii. Concentratia
solutiei alcaline s-a ales astfelinclt pentru neutralizarea totald volumul addugat sd nu depiigeascd
109, din volumul solutiei initiale.

Titrarea s-a efectuat la 25°C in atmosferd de gaz metan. Pentru reducerca modificirii
concentratiei polimerului prin evaporarea solventului, s-a folosit gaz metan saturat cu vapori
de solvent, iar dupad barbotare orificiul de evacuare s-a inchis. Adausul de KOH s-a ficut din
siringd de masi plasticd cu ajutorul unui micrometru gi corespundea variatiei gradului de neu-
tralizare cu 0,02, I'.e.m. s-a mésurat cu pH-metru MV-11 (in prealabil etalonat) folosind ca elec-
trod indicator un electrod de sticla gi drept electrod de referinti un electrod de calomel. Pentru
stabilirea potentialului de echilibru s-a agteptat 10—15 minute 1a inceputul titrarii i 2530
spre sfirsit.

Rezultate si discutii. Curbele de titrare potentiometricid ale PAA de
concentratie constantd In mediu ce contine cei doi solventi in proportii
diferite sint redate in figura 2.

Se vede cd alura curbelor de titrare in solventi bogati in apd (pind la
52,29, g EtOH) péastreazd alura celei in apd purd, in timp ce curbele de
titrare pentru solufii bogate in alcool prezintd doud trepte. Aceasta sugereazi
prezenfa a doud feluri de grupari carboxilice, fiecare caracterizatd printr-o
constantd de disociere, adicd un pK. Interpretarea curbelor este insi mai
complicatd, intrucit fiind vorba de polielectrolifi, pentru ambele forme
constanta de disociere poate varia cu o. De asemenea, potentialul chimic al
tuturor speciilor solvite difera fatd de cel in solutii apoase de dilutie infiniti,
atit in urma asa numitelor efecte de comncentratie (sare) cit si a celor de

DH H
! 9% 00

g i VAT 7F & 0 77 04 06 06«

Fig. 2. Curbele pH-a pentru PAA 1,11-10—2N in amestecuri apd —EtOH. Cifrele de pe curbid
indicd continutul de EtOH in procente de greutate.
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mediu [10]. Deoarece toate curbele noastre se referd la concentratii de poli-
acid acrilic identice, este evident cd efectul de concentratie este neglijabil.
Diferentele dintre curbe pot fi cauzate de efectul de mediu $i de schimbirile
conformationale survenite in structura anionului macromolecular,

Admitind cd pH -+ log1

- & » . .
= pK, si la amestecuri de solventi este

o masurd aproximativd a tdriei acidului, figura 3 redd variatia acesteia cu
gradul de neutralizare pentru aceleasi sisteme.

Dupd cum se vede, imbogatirea solventului in etanol are efectul scontat
asupra curbelor de titrare doar in domeniul de compozitie I (0—52,2 9, g
etanol). Aici se pastreazd alura curbelor gisite pentru solujcll apoase, unica
influentd a imbogatirii solutiei in etanol fiind deplasarea lor in sensul astep-
tat, adica citre pH, respectiv pK, mai mari. La fiecare solutie Inparte
pK, creste continuu cu gradul de neutralizare incepind cu « =~ 0,02-0,086.
Cercetdrile noastre orientative aratd ci in acest interval de « si numéirul
limita de viscozitate creste continuu.

Dimpotriva, in domeniul de compozitii 1I, cu confinut de 72,7—-969,
g LEtOH, atit concentratia etanolului cit si « influenteazd taria acidului
intr-un sens ce contrazice asteptirile, respectiv comportamentul in primul
domeniu. Astfel in acest domeniu cresterea concentratiei alcoolului depla-
seazd curbele catre pH, respectiv pK, mai mic. Exceptie face doar solutia
de 969, etanol, unde in urma concentratiei mici a apei, probabil, se schimba

J ?
N} b
NE ; RY LSS
§ Soxft-0 \lg’ /% qam/
] 413 :g\
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¥ig. 3. Variatia valorilor pK, cu gradul de neutralizare pentru PAA in amestecuri
de apd-FtOH.
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insugi mecanismul reactiei de disociere. Dacd pind la concentratia de 739,
etanol putem admite ca pK, este o caracteristicd a tiriei acidului, atunci
rezultatele obtinute indicd pentru acest domeniu cd PAA este un acid cu
atit mai tare cu cit solventul este mai sirac in apad s1 mai bogat in alcool.
Pentru o compozitie de solvent datd pK, scade mult cu « pind la o« = 0,2
dupi care creste brusc din nou. Este interesant de amintit cd in al doilea
domeniu se inverseazd s$i comportamentul viscozimetric. Alci viscozitatea
v, a solutiilor scade la inceput brusc (pind la « = 0,2) apoi lin cu =

La o solutie de compozitie intermediara (62,2%, g EtOH) s-a putut
surprinde tranzifia intre cele doud comportamente diferite. ILa grade de
neutralizare mici (« << 0,1) pK, s1 m cresc cu « ca si la solugiile din primul
domeniu, in timp ce la grade de neutralizare mai mari pK, trece printr-un
minim iar 7 scade cu =z, analog cu solutiile din domeniul bogat in alcool.

Desi explicatia acestor comportamente interesante mai necesitd studii
suplimentare, din rezultatele obtinute pind in prezent se poate presupune ci:

- In solutii bogate In apd existd catene de PAA care se indreaptd
si devin acizi mai slabi in cursul neutralizdrii ;

- in amestecuri de solventi

bogati in etanol catenele de PAA se¢

Los07 inghemuiesc si devin acizi mai tari

S pe misurd ce o creste incepind de

la v =0,2;

~— 1n solufii de compozitii in-

termediare indreptarea catenei este

. urmatd de inghemuire incepind de

Te-aeds la o = 0,1, ceea ce pare sa repre-

zinte o transformare conformatio-

nald noud si dificil de explicat.

Existenta el este sprijinitd Insa de

datele mnoastre viscozimetrice si
turbidimetrice.

In afard de problema trans-
formarilor conformationale, din da-
7 ‘ tele objinute se mai pot face cite-
- va constatdri interesante. Astfel se
o observda cd incepind de la concen-
L tratia de alcool de 339, cresterea
R valorii pK, cu gradul de neutra-
Vo lizare 1inceteazd aproximativ la
VoL a=0f o = 0,5. Dupé aceastd valoare cur-
5 bele pK, — « continud prin cite un
W =07 palier orizontal, ceea ce ar putea
. insemna ci la « > 0,5 interactiu-

g ! ‘ 3 © @, nile electrostatice nu mai modificd
g v i “EAOF travaliul de disociere, tiria acidu-

Fig 4. Influenta compozitiei solventului asupra lui nu mai S.Cade pe masurd ce gradul
tiriei PAA la diferite grade de meutralizare. de neutralizare creste. Solutia de

“logle.s

o
-m;x -
4,‘ -
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0969, alcool formeazid si in aceastd privinjd o excepfie. S-ar putea ca
in acest solvent pK, sa nu mai fie o masurd a tariei acidului, cel putin
la grade de neutralizare mari.

Figura 4 ilustreaza influenta compozifiei solventului asupra aciditafii
PAA la grade de neutralizare constante. Drept caracteristici a compozitiei
solventului s-a ales pe abscisd valoarea inversd a constantei dielectrice,
pentru a scoate in evidentd abaterile efectului de mediu dela liniaritatea
prevazutd de teoria electrostaticd a lui Born. Totodatd pe ordonata in locul
valorilor pK, au fost trecute valorile pK, = pK, 4 log c¢mo, Intrucit
fiind vorba de solventi in care activitatea apei nu este constantd, trebuie
54 ne referim la constantele de disociere care nu inglobeazd activitatea apei,
adicd la

K — ay— -agt K

A 4HL0 AH.0
Cu alte cuvinte se presupune ¢a in solutii sub 73% FEtOH reactia de disociere
rdmine
AH + H,O0 = H,O" 4+ A~

dar se tine cont de modificarea activitdfii apei. (Froarea survenitd prin
ignorarea abaterilor de la idealitate a amestecurilor apd-EtOH este de
sub 0,1%,). Punctele referitoare la solutia 969, au fost legate prin linii
mtrerupte intrucit pentru aceasta presupunerlle facute reprezintd probabil

aproxmmre prea grosolana. Se vede cd presupunerile teoriei electrostatice
se verifica pina la 529, EtOH. Abaterile care apar la solutii mai bogate in
FtOH nu seaminid cu cele intilnite la acizii mic moleculari, intrucit aici
nu este vorba de o crestere neliniard ci de schimbarea sensului variatiei.
Peste 529, etanol téria acidului creste monoton, pK, scade cu micsorarea
constantei dielectrice. Aceastd influentd neasteptatd a imbogitirii solventu-
lui in alcool este deosebit de accentuatd la grade de neutralizare mici. Astfel
la 2 = 0,1—0,2 tiria acidului in api ¢i amestec bogat in alcool este apropiata
desi pentru compozitii intermediare K, este mai micd cu aproape doud ordine
de mirime.

La cfcetuarea masuritorilor experimentale a contribuit si absolventul Cindea Alexandru.

{Intrat in redactic la 18 nolembrie 1972)
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TMOTEHUHOME TPMUECKOE WCCTENOBAHME TIOHAKPHUJIOBON KHCJ/IOTHI
(I1IAK) B CMECH PACTBOPUTEJIEN (BOIA-3TAHOJI)

(Pesiome)

ﬂmeuunomerpnqecxoe uecnegopante TTAK B Boge. ItOH u B HX cMecsx [0OKa3biBaeT,
4TO B n1epBOR obaactH coctaBa (0—529, EtOH) eMHCTBeHHO® BJHAHHe OGOralleHHsi PacTBOPH-
TeJ1sl CIHPTOM COCTOHT B CJBHI'€ KPHBbLIX THTPOBAHHS B OMHAEMOM HANPABJAEHHH, K MMOBLILEHHbM
snavennsnM pK,. Oanako, Kak H B BOJHLIX PacTBopax, 3HauyeHHs pK, H BA3KOCTb MOHOTOHHO
BO3DACTalOT CO CTeNeHblo HeliTpaidH3auuy (Haunmxas c o~ 0,05).

Bo Bropoit o6nactn (73—96°/, EtOH ) oforallleiHe PACTBOPHTENST CHHPTOM CMeliaeT
KPHBble THTPOBAHHsI K MeHbIUMM 3HaueHHsM pK,. C Apyroil cropousl, A5 Ka)KIOro pactsopa
3Toli O0JacTH, C BO3PACTAHMEM CTenexy HEHTPAJIH3allMM 3Hauenun pK, HMelOT Pe3KO Bbpa-
KEeHHbI MHHHMYM, B TO BPeMsi KaK BA3KOCTb MOHOTOHHO CHHXKaeTcs.

Y IpOMeXYTOUHOrO COCTaBa pacTBopHTets (62,29, EtOH) wuabawogaicsi Nepexoj
MeKAY ABYMS TIPOTHBONIOJNOXKHLIMH I[OBeJEeHHSIMH. DTOT pactBop sejer cebs 10 « = 0,1 Tax
e KaK M pacTBophl nepBoil oOJyacty, a npH o > 0,1 — aHaJOrHuHO pacTBopaM BTOPOH OGJIaCTH.

H3 nonyueHHbix pesybTaToB CieAyeT TaKKe, uTo KHeaoTHocTh [TAK cHHKaercsa ¢ oGoraie-
HHUEM pacTBODHTeJ CHHPTOM TOJABLKO 10 529, mnocsje uero, napauieibio CHUXKEHHIO JH3JEK-
TPHUeCKOHl NOCTOSIHHOMH, KOHCTAaHTa KHCJOTHOCTH BO3pacTaeT. JTOT POCT OCOGEHHO BbIpaXew
NDH MaJblX CTelleHsiX HeHTPaNH3aluH.

ITonyuennbie 4BTOPaMH Pe3yNbTaThl YKa3bIBAIOT Ha HEOJKHIAAHHBIA Nepexo] OT acHMMeTpH-
YeCKHX CTPOEHHIl ¢ MeHee IVIOTHOH CTPYKTYPOH (IPH MajoM «) K GoJiee KOMIAKTHLIN KAyGKam
{npu GonbumioM «) . HecmoTpst Ha TO, UTO JaHHBIH Nepexoi NOATBEP XKAEH NOAYYeHHbIMH BUCKO3H-
METPHUECKHMH H TYPOHIMMETPHUECKMMH AAHHbIMH, €70 AOKa3aHHe H OObSACHEHHe TPefyIoT 10NoaA-
HHTEJLHBIX HCCJIeOBAHHI.

POTENTIOMETRIC STUDY OI' POLYACRYLIC ACID
IN WATER-ETHANOIL MIXTURES

(Summary)

A potentiometric study of PAA in water, IitOH and their mixtures was carried out. It
was found that in the first composition range (0—-52 w2, EtOH) the only influence of increa-
sing F'tOH content is the expected displacement of titration curves towards higher pK,; values.
But as in the case of aqueous solutions, both pXK, and viscosity show a monotonous increase
with the degree of neutralization (starting from x ~ 0,05).

In the second range (73--96 w9, KtOH) the increase of EtOH concentration displaces
the curves towards smaller p/i, values. On the other hand, for each solution in this range, p/,
presents a very pronounced minimum with increasing « while viscosity monotonously dimi-
nishes,

For an intermediate solvent composition (62,2 w9, EtOH) a transition was observed bet-
ween the two opposite hehaviours. Up to « = 0,1 this solution behaves as the ones of the first
range, while at higher « it behaves analogously to the solutions in the second range.

These results suggest an unexpected transition from an assymetrical swollen conforina-
tion {(at low «) to more compact coils {at high «). The definite proof and explanation of such
a transition needs further investigations, although the obtained viscosimetric and turbidity
data are in agreement with it.



THE INFLUENCE OF INDICATING ELECTRODE PRETREATMENT
ON POTENTIOMETRIC TITRATION PARAMETERS (VI) BRIGHT
PALLADIUM PRETREATED ELECTRODE IN POTENTIOMETRIC
TITRATION OF VO3 WITH Fe*™ AND OF Ce't WITH [Fe(CN)gl*—

TOVANCA HAIDUC, SUSANA CRISAN and €. LITEANU

Introduetion. The potential distribution at the metal-metal oxide-sola-
tion interface was used by Gohrand I, an ge [1] to show that the decrea-
se of the potential between the metal-metal oxide and metal oxide-Helm-
holtz layer can be neglected only for the metal oxides of high conductibility
and at potentials at which the oxide composition is constant.

The so-called “noble” metals can be oxidized [27, when used as electro-
des in potentiometry or voltammetry, exhibit metal-metal oxide and
metal oxide-solution interfaces. Since these oxides (PtO,, Au,0, PdO, ete)
are not good electric conductors [3] their behavior should be taken into
account in the study of the electrod processes.

In a previous work [4] the behavior of the bright palladium electrode
in the potentiometric titration of Cr,0?~ with Fe?* was investigated. It
was assumed there that with a preanodized palladium electrode the end
of the titration is indicated by means of an auxiliary redox svstem in hete-
rogeneous phase (PdO,/Pd) [4]. The auxiliary redox system is formed during
the anodization of the electrode at E > 0,85 V. This type of indication re-
sults in an improvement of the precision in the potentiometric titration.

To explore further the effects of the pretreatment upon the behavior
of the electrode in the titrations we have investigated the potentiometric
titrations of VO3 with Fe?* and of Ce't with [Fe(CN) .

Experimental. The electrode used was a palladium wire 1 cm long and having a diameter
O == 0.5 m. The electrode was subjected to potentiostatic petreatment, both anodical and
cathodical by using the Radelkis R OH 102 Polarograph as sourse of constant potential. The
anodic pretreatment was done in 1 N H,SO, at 1.5 V, 1.2 V, 225 V and 2.50 V (SHE},
and in 0.1 N VO, at 1.5 V, 1.7 V, 2.0 V and 2.25 V. The solutions containing the VO;,
Ce** and Fert jons were prepared in 1 N H,S0, with doubly distilled water.

The potential-time curves (E—t) as well as the direct titration curves (E—V) and deri-
vative titration curves (dE/dV— V) were recorded with the same polarograph, by using an auto-
mated buret with a low rate of 3 mnl/inin. The reference electrode was a satured calomel electrode-
(SCE) but the potentials given in this paper have been recalculated in respect with a normal
hydrogen electrode (NHE) in the same solution,
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Results and discussion, The fitration of VO3 with I'e*t, This titration was
done in acidic medium (12N H,SO,) [6]. It was necessary to study the condi-
tions of the electrode pretreatment, in order to avoid the decomposition
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Fig. 1. The potential-time variation of a palladium electrode

introduced into 0,1 M NH,VO,. 1. untreated ; 2. preanodized

5 min, at 2.0 Vin 1 N H,S80,; 3. preanodized 15 min. at
2.0 Vin 1 N H,80,.
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Fig. 2. The potential-time variation of a palladium electro-

de introduced into 0.1 M NH,VO,. 1. untreated; 2. preano

dized 15 sec. at 2.0 V in 1 M NH,VO;: 3. preanodized
30 sec. at 2.0 in 1 M NH,VO,.

of the PdO, formed on
the surface, in the solu-
tion used. Therefore, the
electrode was pretreated
in 1 N H,S0, solution or
in0.1 N NH,VO, solution
at varios potentials and
for different durations
and then were introdu-
ced in the solution to be
titrated followed by re-
cording the potential-
time (E-—t). In fig. 1.
the E—t curves are gi-
ven for an untreated
electrode {curve 1) and
for a preanodized elec-
trode treated for 5 min.
at 2.0 V in H,S0,
{curve2), and for 15 min
at 2.0 V (curve 3). The
potential wvalue of ca
1400 mV shows the pre-
sence of the Pd/PdO,
svstem, but this oxide
is unstable and decom-
poses within 90— 100 sec
(fig. 1, curve 2).

Since an automated
titration requires 2—3
min (under our working
conditions) we attemp-
ted the preanodization
of the electrode in the
solution of an oxidizing
reagent, namely 0.1 N
VO3 The E—t curves
are given in fig. 2.

The electrode po-
tential again decreases
from values higher than
1400 mV to 1050 mV
(the potential of the un-
treated electrode in the
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same solution) within 80—90 seconds, after a 30 scc. anodization (fig. 2,
curve 3).

Titration of 0.1 M NH,VO, with 0.1 M FeSO,. Untreated palladium
electrode. Fig. 3 shows the titration curves of 0.1. M NH,VO, with 0.1 M
FeSO,, obtained with an untreated platinum electrode (fig. 3 curve 1)
and with an untreated palladium electrode (fig. 3, curve 2). The variation
of the palladium electrode potential around the end point (AE -4 19%,)
(which is connected to the precision of the potentiometric titration) is only
ca. 200 mV.

Preanodized palladium electrode. The palladium electrode, preanodized
in 1 N H,S0, solution, gives the titration curves shown in fig. 4. The poten-
tial variation around the equivalence point (AE 4- 19}) is 450 mV (Fig. 4,
curve 3). Therefore, the titration is miore precise with this electrode than
with an untreated electrode. When the anodic pretreatment was done in
0.1 N VO3, the titration curves shown in fig. 5 were obtained.

The indication of the end point in the titration is given by the Pd/PdO,
systems, which works as an auxiliary redox system. The increase in the
titration precission is due to the fact that the normal potential of the titra-
ted system (V(V)/V(III) is less positive than the normal potential of the
auxiliary redox system. The derivative titration curves for both the un-
treated electrode and preanodized electrode are given in fig. 6. It is obvi-
ous that the value of (dE/dV)V, is larger for the anodized electrode (fig. 6,
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I'ig. 3. Potentiometric titration of Fig 4. Potentiometric tiration
0.1 M VO, with 0.1 Fe**. 1. untrea- of 0.1 M VO with 0.1 M Fert.
ted platinum electrode ; 2. untrested 1. palladium untreated electrode;
palladium electrode. 2. palladium preanodized 5 min.

a 1.5 Vin I N H,;50,; 3. palla-
dium preanodized 15 min. at 1.75
Vin 1 N HgS0,.
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1'ig. 5. Potentiometric titration

of 0.1 M VO, with 0.1 M Fert,

1. palladium untreated electrode;

2. palladium preanodized 5 min.

at 2.0 Vin p.1 M VO; ; 3. pall-

adium  preanodized 15 min. at
20 Vin O.1 M VO; .
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Fig 6. Derivative potentiometric ti-
tration of 0.1 M VO~ with 0.1 M Fe?+,
1. paladium untreated electrode; 2. pall
adium preanodized 5 min at 1.75 V in
1 N H,50,; 3. palladium preanodized:
15 min. at 1.75 Vin 1 N H,S50,.
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g. 7. Potentiometric titration of 0.1 M VO with Fig. 8. Potentiometric titration of
M Yert with palladium electrode ignited for 2 min 0.1 M Cet+ with 0.1 M [Fe(CN)®].

1. palladium untreated clectrode ;
2. palladium preanodized for 5
min, at 2.25 Vin 0.1 M (et ;
3. palladinm preanodized for 10
- min at 2.25 V in 0.1 M Ce?t,
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curve 3). The shift on the figure is intentional in order to show more clearly
the differences in the values of the derivative at the inflexion point.

Ignited palladium electrode. There are several papers (e.g.[5, 7, 8))
describing the use of ignition for the reactivation of the electrode. Since the
ignited in an oxidizing flame results in the formation of an oxide on the elec-
trode surface, this will behave in the titration as an auxiliary redox systen.
The E -V curve and the derivative curve thus obtained are shown in fig. 7.

The potential variation around the equivalence point (AE_;4) is
ca. 400 mV and confirms this interpretation.

Titration of 0.1 M Ce'V with 0.7 M [Fe(CN)g)*~. The titration curves of
0.1 M Ce** with an 0.1 M [Fe(CN)¢]'~ solution, obtained with palladium
electrodes in various states are given in fig. 8.

As shown by the derivative curves, the preanodization does not bring
about great changes in the shape of the titration curves, This is probably
due to the magnitude of normal redox potential of the Ce(IV)/Ce(1II)
svstem, which is comparable to that of the auxiliary redox system
(Pd/PdO,). After more drastic anodizations (duration 10 min, E = 2.00 V)
the shift of the inflexion volume occurs, because of the reaction between
the surface PdO, with Fe?-

i Recetved November 17, 1972)
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INFLUENTA PRETRATAMENTULUI ELECTRODULUI INDICATOR ASUPRA
PARAMETRILOR TITRARII POTENTIOMETRICE (VI)

Frectrodul de paladiu luciv pretratat in titravea polentiomcetricd a VO cu Fert
sa Cett ocu [Fe(CN)gP—

(Rezumat)

Lucrarea cuprinde datele privind titrarea potentiometrici a VO; cu Fe** gi a Cett cuz
[Fe(CN)g '~ urmirind mersul titririi cu electrod indicator de paladiu Inciu pretratat. Datele
experimentale sint in concordanti cu mecanismul de indicare al sfirgitului titririi cu sistem redox

auxiliar (PdO,/Pd) in faza heterogena (suprafata electrodului) propus anterior pentru titrarea
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potentiometrica redox a sistemului VO;~ cu Fe?+ si o Ce!+ cu [Fe(CN),1~. Electrodul de pala-
dru anodizat se poate folosi ca electrod indicator in titrarea potentiometricd a oxidantilor al
cédror potential normal este sub valoarea potentialului sistemului PAO,/Pd (1,47 V). La sisteme
redox cu potential normal mai mare (exemplu Ce!t/Ced+) anodizarea nu este avantajoasi.

BJIIMAHHUE TIPEJBAPUTEJIbHOM OBPABOTKHM HMHIHWKATOPHOIO SJIEKTPO/IA
HA TTAPAMETPBHI MOTEHUHMOMETPHYECKOI'O TUTPOBAHUS (VI)

Ilpedsapumeavtio obpabomannvii eaadkuill narraduesoiti 32eKmpod € NOMEHYUOMEMPUUECKOM
mumposaruu VOz[Fe?t 1y Cett/[Fe(CN)

(Peswone)

ABTOpELI IPHBeJIH Pe3y/bTaThl NOTEHIHOMETPHYECKOro THTPOBAHH VO, /Fet2 1 Cet+/[Fe(CN) ]+~
OpOCHeXKHBasi XOJX THTPOBAHHA C NpefBapHTeJbHO O00paGOTAHHBIM TIJaAKHM HHAHKATOPHBLIM
na/yiajHeBbIM 3JIeKTPOJAOM. DKCIlepHMEHTANAbHbIE JaHHbIe COIMACYIOTCS C MEXAHH3MOM YKa3aHHSA
KOHIa THTPOBAHHs C BCHOMOraTesibHOil penokccucreMoit (PdO,/Pd) B rereporeHHoll ¢ase
(noBepXHOCTL 3JeKTPOAA), PaHee NPENOKEHHLIM 151 PeJOKCHOTO NTOTEHIIMOMETPHYECKOIO THTPO-
BaHHA CHCTeMbl VOj [Fe?t u Cet*/[Fe(CN)1¥~. AHOIH3HDOBAHHBIH NaMIafHeBblH 3JIEKTPOL
MOXKeT ObITb HCNOJABL30BAH B KaueCTBe HHIHKATODHOTO 3JIEKTPOAa B MOTEHLHOMETPHUECKOM
TATPOBAHHH OKHCJIHTeJIel, HOPMaJIbHbIH NOTeRIHa] KOTOPbIX CTOMT HHIKe 3HaueHHs NOTeHLHada
cucreMbl PdO,/PA (1,47B). Y pegokccucTeM ¢ GOJMbIUMM HOPMaJbHLIM TOTEHUHAJNOM (Hamp.
Cett/Ce3+) anOAM3aUHsT HEBHIMOAHA.



OBTINEREA TETRACLORURII DE TITAN DIN CONCENTRATUIL
ILMENITIC SEPARAT DIN PRODUSE DETRITICE DE DACIT

CONST. GH. MACAROVICE, EUGENIA PERTE si EMILIA MOTIU

In ultimii ani, titanul a dobindit o importanti economici deosebiti,
datoritd utilizarii lui ca adaus in diferite ofeluri, cdrora, pe lingd faptul ci
le mareste rezistenta, le conferd duritate si elasticitate. In metalurgie aliajele
titanului sint mult Intrebuintate ca materiale rezistente la coroziune.

Materia primd pentru prepararea titanului metalic este ilmenita sau
rutilul. Procedeul des intilnit pentru obtinerea lui este clorurarea minereu-
lui respectiv la tetraclorurd si reducerea ulterioard a tetraclorurii de titan
la titan metalic. Clorurarea ilmenitei poate fi realizatd in doud feluri:

— printr-un proces cu o singurd fazd, in care fierul ¢i titanul e clorurea-~
z4 simultan.

— printr-un proces cu doud faze, in care are loc o clorurare selectivi
a fierului, urmatd de clorurarea titanului.

Materia primd utilizatd de noi este o ilmenita indigend cu compozitia
chimicd cuprinsd In tabelul 1.

Esenta primului procedeu, folosit i de noi, consta in tratarea concen-
tratului ilmenitic in prezenta cdrbumnelui, la temperaturd ridicatd, cu clor
gazos. Tetraclorura de titan, care se volatilizeazd la 136,4°, se capteaza in
dispozitive de condensare, iar clorurile cu punct de fierbere mai ridicat
(ex. FeCl,;, p.f. 319°) ramin intr-un vas de colectare sub formd de cristale
solide.

Pentru desfasurarea clorurdrii cu cele mai bune rezultate, concentra-
tul se bricheteazd in prezenta unui liant, cu un agent reducitor, care in mod
obisnuit este pulbere de carbune (mangal, negru de fum sau cocs de carbune).
Dintre toti cdrbunii experimentati, mangalul are capacitatea de reactie

Tabel 1
Compozitia chimica a ilmenitej
Si0, f TiO, I FeO Te, Oy ALO, CaO MnO } v
(%) L (%) l (%) (%) (%) (%) (%) l (%)
| |
0,38 | 37,98 ! 34,15 2224 2,90 2,41 ) 0,40 ! 0,052
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cea mai mare. Prezenta reducatorilor coboard sensibil temperatura inijiald
de clorurare si deplaseazi echilibrul in sensul formdrii clorurii. In multe
cazuri, la temperaturi ridicate, cdrbunele reduce oxizii la o treaptd inferioara
de oxidare sau chiar la metal, care apoi se clorureazi mai usor. Dupa
cocsificare, brichetele se supun actiunii clorului gazos, liber de umiditate.
Durata cloruririi se determind experimental in functie de : viteza de alimen-
tare cu clor, de excesul de clor, de temperaturd, de dimensiunea brichetelor,
de compozijia ilmenitei etc.

Fierul este prezent in ilmenitd in ambele forme: FeO si Fe,0,. Cloru-
rarea acestor oxizi decurge dupa reactiile:

2 FeO + C - 2 Cl, 2 2 FeCl, -+ CO, (1)
2 FeCl, + Cl, 2 2 FeCl, )
2 Fe,0, - 3 C + 6 Cl, 24 FeCl, + 3 CO, (3)

Din literatura de specialitate [1] reiese cd cele mai importante reactii
care au loc in procesul de clorurare a combinatiilor oxigenate de titan
sint :

Ti0, + 2 C + 2 Cl, 2 TiCl, 4 2 CO (4)
TiO, + C + 2 Cl, 2 TiCl, + CO, (5)

1/3 Ti,0, + 2 Cl, + 5/3 C 2 TiCl, + 5/3 CO (6)
1/3 Ti,0, + 2C1, + 5/6 C 2 TiCl, + 5/6 CO, @)
2 Ti,0, + 2C1, + 3/2 C 2 TiCl, + 3/2 CO (8)

2 Ti,0, + 2Cl, + 3/4 C 2 TiCl, + 3/4 CO, )
TiO + 2Cl, + C 2 TiCl, + CO (10)

TiO + 2C1, + 1/2C 2 TiCl, -+ 1/2 CO, (11)

Pind la 700° predomind reacgia (5), iar peste aceastd temperaturd
(800—900°) in produsii de clorurare este prezent numai CO (reactia 4).

Modul de lueru. Procedeul cuprinde urmitoarele faze:

1. Sortarea ilmenitei dupi granulatia necesari, prin trecerea ei pe site cu ochiuri de dife-
rite marimi.

2. Pregitirea brichetelor.

3. Cocsificarea brichetelor.

4. Clorurarea brichetelor.

5. Condensarea clorurilor.

6. Distilarea tetraclorurii de titan obtmute

Concentratul ilmenitic prelucrat de noi constituie una din resursele naturale ale r:gmuu
noastre. Compozitia chimici i cea granulogicd este cuprinsi intr-o notd anterioari[2].

Amestecul de ilmenitd si mangal, impreunad cu liantul, se bricheteazi intr-o presi manuald.
Diametrul brichetelor formate este de 0,7 mm, iar indl{imea lor de 2 mm. Cantitatea de cirbune
adiiugat la pregitirea brichetelor a fost de 26,5 g. 1a 100 g. ilmenitd (cu 109 mai mult decit
cantitatea calculatid teoretic), iar liantul folosit, o solutie de glucozd tehnicd 109,. Clorurarea
s-a efectuat pe 10—15 g. brichete. Cocsificarea brichetelor s-a facut 1a 400°, timp de o ori, iar
clorurarea la 750°, timp de 4 ore. Cocsificarea este necesard pentru eliminarea componentilor
volatili ai cdrbunelui, deoarece orice continut rezidual apreciabil de hidrogen ar duce la consu-
marea clorului.

Instalatia pentru clorurarea councentratului ilmenitic este datdi in fig. 1.
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Clorul din bombii (1) trece prin trei vase spalatoare (2) si printr-un vas de siguranti (3,
umplute cu acid sulfuric concentrat pentru deshidratare. Viteza clorului (2—12 1/h) s-a reglat
cu ajutorul unui ventil de reductie (4) si s-a misurat cu un reometru (5) umplut cu acid sulfuric
concentrat. Brichetele sint plasate intr-un tub de cuart (6) cu diam. de 25 mm si lungimea de
650 mm, previazut la partea inferioari cu gituituri, pentru a impiedica cdderea brichetelor.
Acest tub de cuart, se introduce intr-un cuptor electric tubular, vertical (7), iar capitul i
inferjor face legitura etangi cu un vas de sticla (8) rezistent la temperaturi mai mari §i previzut
cu o deschidere laterald. Vasul de sticld se gdseste intr-un cuptor mic (9) a cirui temperaturid
nu trebuie si depiseascd 150—160° si este destinat colectirii clorurilor cu punct de volatili-
zare mai ridicat. Temperatura cuptorului (7) se mésoard cu un termocuplu (10) Pt/Pt—Rh,
introdus in spatiul dintre tubul de reactie §i cuptor, capatul lui fiind situat in regiunea briche-
telor. Variatiile de temperaturi pe portiunea de reactie a tubului au fost verificate experimental
si sint de 10°/10—15 cm lungime. Clorurile de fier, aluminiu $i calciu obfinute in urma reactiei
de clorurare se condenseazd in vasul de sticld (8) sub forma de cristale rosii (datorita fierului),
iar tetraclorura de titan trece prin deschiderea laterald a vasului (8) in vasele de colectare (11),
riicite cu un amestec de gheatd si sare, asigurindu-i, astfel, temperatura necesard condensarii.
Excesul de clor si urmele de tetraclorurd de titan necondensat sint obsorbite intr-un vas (12)
cu solutie de NaOH 209%,. La capatul sistemului se monteazd un alt vas de absorbtic (13) cu
acid sulfuric concentrat, pentru captarea vaporilor de api care ar rezulta din vasele anteri-
oare.

Dupi introducerea brichetelor in tubul de reactie se verificii etangeitatea sistemului, se
evacueazd aerul cu ajutorul unui curent de clor care se absoarbe pe solutii de NaOH din vasul
(12), iar excesul se elimind printr-o deschidere laterald a vasului (13). Se ridicd temperatura cup-
torului (7) pini la regimul stabilit pentru cocsificarea brichetelor i se mentine la aceastd tempe-
raturd timp de o ord. Se dia drumul curentului de clor si se ridicdl temperatura cuptorului (9)
la 150°, jar a cuptorului (7) la 750 . Dupd 4 ore, se deconecteazd ambele cuptoare, se lasd tot
sistemul s se rdceascd ¢l se evacueazd tetraclorura de titau formati.

Tabel 2

Compozitia chimici a produsului de clorurare hrut

Nr. ilmenitd 1 TiCl, brut Ti Te Vv
prob. (g (g {2 (@) (2

1 11,53 10,561 2,525 0,550 0,011
2 11,53 10,854 2,576 0,650 0,014
3 11,53 11,008 2,550 0,901 0,008
4 10,00 ’ 7,006 1,667 0,400 0,006
3 10,00 6,984 1,692 0,280 0,004
6 11,53 10,645 2,563 4,480 0,015
7 11,53 ! 10,606 2,558 0,470 0,006
8 ‘ 11,53 10,834 2,550 0,720 0,014
9 11,53 10,850 2,550 0,720 0,010

10 11,33 10,659 2,525 0,650 0,009

Tetraclorura obtinutd astfel, prezinti o coloratie gilbuie datoritit urinelor de fier i vana-
diu. Compozitia chimicit o acestui produs este cuprinsi in tabelul 2.

Tetraclorura obtinutd astfel se supune in continuare distilarii pe mercur, sub atmosferd
de azot, in felul aceasta indepirtindu-se urmele de fier complet. Continutul de vanadiu, rimas
dupi distilare, este de aprox. 0,0059%, si poate fi eliminat prin oricare din metodele de purificare
date in literatura.

Rezultatele practice obtinute sint cuprinse in tabelul 3.
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Tabel 3
Randamentul de extractie si puritatea TiCl; ebtinute
| e | e || | e e | P

i (2 (®) (%) (%)
1 15 11,53 10,40 10,00 96,18 99,81
2 15 11,53 10,40 10,20 98,11 99,91
3 15 11.53 10,40 10,10 97,15 99,74
4 10 7,68 6,93 8,60 95,24 99,90
5 10 7,68 6,93 6,70 96,68 99,63
6 15 11,53 10,40 10,15 97,63 99,84
7 15 11,53 10,40 10,13 97,43 99,85
8 15 11,53 10,40 10,10 97,15 99,83
9 15 11,53 10,40 10,12 97,32 99,85
10 15 11,53 10,4'0 10,60 96,18 99,84

Din examinarea datelor de mai sus rezultd ci, luctind in conditiile
descrise si cu concentratul ilmenitic de compozitia respectivid, se obtine
o tetraclorura de titan cu un randament bun si o puritate buni.

(Intrat in redactie la 23 nofembric 1972}
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MOJNIYYEHHME YETBIPEX XJIOPHCTOIO TUTAHA 13 WIBMEHHWTOBOI'O
KOHUEHTPATA, BBLIJEJAEHHOTO U3 HETPHTOBLIX [NPOOYKTOB IOALMTA

(PesoMe)

anMeHﬂH MeTOo X O}IHOCbOT%HO!‘O XJIOPDHPOBAHMUSI, aBTOPBI H3YUAJH IOJYUEHHE YEThLIPeXXJ0~
PHCTOrO THTaHa H3 HJIbMEHUTOBOIO KOHLEHTPATA, BbIAEJEHHOIO rHApPOrpaBUTAUHOHHBIM H 3JIeK-
TPOMArHuTHbIM METOJOM H3 JeTPHTOBBIX MPOAYKTOB JAlUTA.

ABTOpbl CO3Ja/¥ HEOGXOIMMOE ISl XJIOPHPOBAHHS YCTPOHCTBO H YCTAHOBHJIH METOXR
paGoTbl, a TaKkKe OITHMaJbHble YCJIOBHSI TEXHOJOrHYECKOTO MNpouecca € UeNbIO TNOJMyUYeHHS
YeTLIPEXXJIOPHCTOrO THTAHA BLICOKOH YHCTOTH H XOPOLIEro BEIXOAA NIPU JIaG0PATOPHBIX YCAOBHAX.
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IOBTENTION DU TETRACLORURE DE TITAN DU CONCENTRATE
ILMENITIQUE SEPARE D'UN PRODUIT DETRITIQUE DE DACITE

(Resumé)

En utilisant la méthode de chloruration en une seule phase, on a etudié¢ 'obtention du
tetrachlorure de titane & partir du concentré ilménitique séparé des produits détritiques de dacite,
par un procédé hydrogravitatif et électromagnétique.

On a réalisé l'installation de chloruration nécessaire et on a établi le procédé opératoire
et les conditions optima du processus technologique, en vue de l'obtention du tétrachlorure de
titane de pureté supérieure avec un bon rendement, a I'échelle de laboratoire.



PREPARATION AND MAGNETIC PROPERTIES OF THE
N,N’-0-PHENYLENEBIS(SALICYLIDENEIMINE)
CHROMIUM CLORIDE

CONST. GH. MACAROVICI and ENIKO MATHE

During the last years the complex compounds of the Schiff base ligands
were studied intensively. The Schiff bases form easily chelate compounds
with most of the transition metal ions. We report now the preparation of
«chromium (I11) complex with a quadridentate ligand. This method may
be generalized for the preparation of chromium (III) compounds with
N-donor sets.

There are only a few references on the compounds of Schiff bases of
<chromium-ion. The first paper [1] reports compounds of the type Cr(R—N—
(salicylideneimine); and Cr(H,N,N-ethylenasalicylideneimine),X, where R
is an alchil or aryl group, R = n—C,H,, i—CH,, p—CH,—C;H,, p—Br—
—CeH,— and X =1-, Br—, ClO;. These compounds were sinthetized
using the reaction of Cr(salicylaldehyde), with ethvlenediamine. The authors
considered that in the compounds the Schiff bases are tridentate ligands.
S. Yamada and his coworkers {2] have prepared the compund [Cr(N,N’-
-ethylenebis(salicylideneimine) (H,O) Cl.

Experimental. In continuation of our studies on the physico-chemical properties of the
-quadridentate Schiff base complex compounds of the type MeLX [3], [4], we prepared and
investigated the magnetic properties of the Cr{N,N’-o-phenylenebis (salicylideneimine) Cl,
Cr(salofen) Cl, The attempts of preparing this compound from chromium salts and Schiff
base were not successful, because of the stability of aqueous complex of chromium. We prepared
the desired compound using CrCl,, the water molecules being more labile bounded to the chro-
mous ion. The CrCl, was prepared from metallic chromium and HCI under inert atmosphere.
The reaction between Cr(l, and salofen was carried out in acetone. After aerial oxidation, the
compound formed precipitated out as brown-red cristallinesolid. The product precipitated was filt-
-ered off and washed with acetone, ether and then dried. The compound was identified by elemental
analysis as the cloro-derivative, Cr(salofen)Cl. Found: Cr, 128, N, 6.99%; Cl, 875%;
Cr(C,oH,y N,0,)C1 requires : Cr, 12.949,; N, 6.979% ; Cl, 8.829%,.

Results. The compound Cr(salofen)Cl was investigated by magnetic
susceptibility measurements and I.R. spectral data. We have measured
powder susceptibilities in the range 130—296 K. Table 1 lists the values
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Table 1 Table 2
Magnetic suseceptibility of Cr(salofen) Cl Characteristic L.R. {requencies of some
(in c.g.s. units) Me(saloien)Cl type eomplexes (in em~?)
TK X 1078 [ - 1078 BOM. Compound Veaen| Ye—0 | Vate—co
296 13.48 5,616 3.66 Salofen 1625 | 1285 —
258.5 15.59 6,464 3.67
241.3 16.72 6,918 3.67 Te(salofen)Cl 1620 | 1325 372
220.5 18.46 7,617 3.68
204.4 20.03 8,251 3.69 Cr(salofen)Cl 1610 | 1315 390
163.3 25.20 10,333 3.68
130.0 31.92 13,025 3.69 Ti(salofen)Cl 1600 | 1300 387

of molar susceptibilities vs. temperature and the mean magnetic mo-
ment.

The fundamental term of Cr(III) ion is a singlet, the molar susceptibility
in the octahedral field is given by the relation [5]

N o2

e e 1 —
Lo 31\“1‘g°(

4%k
10Dgq

SN B2
10Dgq

)2S<s 1)+

where N, B, &k, T, g,, k, o, Dg have the usual significance. The magnetic
moment is somewhat lower than the spin-only value. The low value of the
spin-orbit coupling constant (2, = 91 cm~—!) does not explain this reduction.
The reduction may be due to a weak spin-spin interaction between the neigh-
bour molecules.

The L.R. spectrum (KBr pellets) gives the following lines (cm—1):
280, 290, 304, 315, 327, 335, 355, 370, 376, 390, 400 and 990, 1040, 1055,
1130, 1155, 1195, 1240, 1260, 1290, 1315, 1395, 1440, 1465, 1495, 1540,
1580, 1610.

The characteristic C=N, C—O and Cr—Cl frequencies were compared
with the bands observed in the case of analogous compounds Ti (salofen)
Cl, Fe (salofen) Cl. The results are given in Table 2. The —C=N— stret-
ching frequencies are much lower than the ligand value vy = 1625 coi—1,
The lowering depends on the strength of the metal-ligand bond. \We observe
the following order of stability Ti*t > Cr3* = Fe3". The vq_, stretching
frequencies indicate the same direction for the metal-oxygen bond stability.
The stability of the coordination compounds of trivalent metal ions generally
indicate the following order {6]: Ti3* << Cr3* > Fe3t, The reversed sta-
bility order observed for the compound of the tvpe Me(salofen) Cl may
be explained with the formation of acceptor metal « ligand = bond, the
bond strength decreases with the increase of the d-electron number.

Another paper [4] treats the I.R. spectrum, bond type, thermal sta-
bility and electric conductivity of the compounds of quadridentate Schiff
bases.

{ Received November 23, 1672,
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PREPARARKEA SI PROPRIETATILE MAGNETICE ALE COMBINATIEL
CHELATICE CLORURA DE N,N’-0-FENILEN-BIS-SALICILIDEN-
IMINATO CROMICA

(Rezumat)

Ionul de crom trivalent in solutii apoase formeazd greu combinatii complexe cu liganzi
in care atomii de azot sint donori, astfel este dificild §i prepararea combinatiilor cu baze Schiff.
Clorura de N,N'-o-fenilen-bis-salicilideniminato cromica este preparati cu ajutorul reactiei intre
clorura cromoasii §i baza Schiff tetradentaté, compusul bivalent format fiind oxidat cu aer. Me-
toda poate fi generalizatd pentru sinteza combinatiilor cromului trivalent cu liganzi avind atomi
donori de azot. Se misoard susceptibilitatea magnetici a combinatiei preparate in intervalul
de temperaturi 130—-296 K. Sint comparate benzile caracteristice din spectrul L.R. ale combi-
natiilor Ti(salofen)Cl, Cr(salofen)Cl si Fe(salofen)Cl.

TIOAYYEHHE ¥ MATHWTHBIE CBOVICTBA XEJIATHOIO COEOAWHEHMS N, N'-o0-
-OEHHIEH-BUC-CAJTHIIMTHIAEH-MMHHATOXPOMOBBIHN XJIOPHI

Pezonme)

TpexpaneHTHBIH HOH XPOMa B BOJHBIX PACTBOPAX TPYIHO OGpasyeT KOMIJIeKCHhe COed-
HEHHF C JIMTaHJaMH, B KOTOPLIX 4TOML! A30T@ SIBJASIIOTCS TOHOPaMH, H II03TOMY TPY AHO [OJAYYa0-
TC W coeldunenus ¢ ochosanuaMH lladda. N,N’-o-pennnen-GHC-CalHUUIN 1€H-HMHHATOXPO-
MOBBIH XJIODH 1 NOJY4aeTCst peaKLHell Me:KAy XPOMHCTBbIM XJIODHAOM M TETPaleHTaTHLIM OCHOBA-
uuem [udha, npuiem ofpasoBaHHOe IBYXBaJeHTHOE COeIHHEHHE OKHCIISIETCA BO3AyXOM. MeTox
MOXKeT ObiTh O000UIeH A5 CHHTe3a COeAHHEHNH TPEXBaNEHTHOrO XPOMAa C JIHTAH IaMH, HMEIOULHMH
JCHODHBIE aTOMbI a30Ta. H3asmepseTcst MarHHTHAS BOCHPHAMUYHBOCTL MOJYUEHHOTO COeIMHEHHS
B TeMmnepaTypHoM kHTepBasle 130-—296 K. CpaBHensl xapakrepuctuueckde nogocot B MK o6na-
<TH coepnnennii Ti (camoden) Cl, Cr (canoden) Cl n Fe (canoden)Cl






STUDIU ASUPRA ELECTRODULUI-MEMBRANA
PCV -+ PLASTITIANT (X)
Utilizarea membranei PVC <+ tricrezilfosfat in titrarea potentiometricd
automata a unor acizi si baze

E. HOPIRTEAN, M. RADU si 0. GABOR

Electrodul membrand de PCV + tricrezilfosfat [1] a fost valorificat
analitic Intr-o serie de lucrari anterioare, fiind utilizat atit in titrari poten-
tiometrice acido-bazice 2—6 cit ¢i de precipitare [7].

In aceastd lucrare se studiazd utilizarea electrodului membrani de
PCV + tricrezilfosfat in titrarea automatd a unor acizi si baze prin tehnica
inregistririi curbel de titrare sau a curbel de titrare derivata. Premisa unoz
bune rezultate In titrdrile potentiometrice automate trebuie ciutatd in pri-
mul rind In raspunsul prompt al electrodului-membrani, motiv pentru care
in lucrare s-a urmadrit la inceput viteza de raspuns a electrodului-membrana.

Partea experimentald. Electrodul-membrand utilizat s-a preparat dupi modul descris
intr-o lucrare anterioard [1]. Lantul electrolitic a carui f.e.m, s-a urmirit este urmitorul:

1S8C | solutia
interni

membrani solutia de EsC
titrat

Solutia internd folositd a fost HCI - 107! n. Masuritorile de potential s-au facut la temperatura
camerei in conditii de agitare, utilizind in titririle punct ca punct pH-metru MV-11 iar in titr3-
rile automate polarograful Radelkis OH-102, Pentru inregistrarea vitezei de rdspuns a elec-
trodului s-a utilizat de asemenca polarograful Radelkis OH 102,

1. Viteza de vaspuns a edectrodului-membrand. S-a urmarit variatia
in timp a potentialului electrodului-membrana de PCV - tricrezilfosfat
prin Inregistrarea acestuia la scufundarea brusca in solutie de H,50, si
respectiv NaOH de concentratie 2 - 10~ 2n. Curbele inregistrate obtinute
sint redate In figura 1. Se constati ca potentialul electrodutui atinge valoa-
re constantd in ambele cazuri dupd aprox. 20 secunde. Portiunea inifiala
a curbelor aratd insd ca de fapt in primele 2 secunde se atinge o valoare
de potential care reprezinti 859 din valoarea potentialului de echilibru.
Viteza de rdspuns a electrodului este deci ridicatd, utilizarea acestuia in
titrari automate va putea duce la obfinerea umor rezultate exacte.
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Fig 1. Viteza de rispuns a electrodului-membrani.
1 — in H,S0,2-107'n; 2 — inNaOH 2 - 1071n,
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Fig. 2.Liniarizarea functiei de rispuns, E = {(timp)
a electrodului membrani. 1 — in H,SO, 2107 n;
2 — in NaOH 2 - 107! n,

O. GABOR

Presupunind valabild
ecuatia datd de Johan-
son si Norberg [8]
pentru a descrie formarea
in timp a potentialului elec-
trodului-membrani s-a re-
curs la reprezentarea graficd
a lg diferentei E.. — E; in
functie de timp (fig. 2).
Se disting douad portiuni
liniare cu pante diferite,
ceea ce sugereazd doud ti-
puri de procese ce survin
in formarea potentialului
de electrod. Prima portiu-
ne se poate atribui formarii
stratului dublu electric iar
cea de a doua ar fi legatd
de procese de difuziune.

2. Titrarea potentio-
metricd  automatd a  unor
acizt st baze. S-au efectuat
titrdri punct cu punct uti-

lizind atit electrodul de
sticla c¢it si electrodul-
-membrani. Volumele de

echivalen{d s-au calculat
dupd metoda Hahn-Wei-
ler [9]. S-auefectuat apoi
titririle automate prin in-
registrarea curbei de titrare
51 a curbei de titrare deri-
vatd. In cazul curbei de
titrare Inregistratd, volu-
mul de echivalentda s-a
aflat prin convertirea in
volum a valorii timpului,
¢, corespunzator punctului
de inflexiune al curbei.
Yvident in acest scop in
prealabil s-a fixat un debit
convenabil si cunoscut la
biuretd, prin utilizarea unei
capilare de diametru adec-
vat. Valoarea ¢; s-a calcu-
lat de asemenea dupd me-
toda Hahn-Weiler.
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Pentru curbele de titrare deriva-

S
te inregistrate volumele de echivalen- E
td sint cele corespunzatoare maxi- NP e——
mului inregistrat. T
S-a urmdirit exactitatea titrdri-

lor efectuate cu electrodul-membra- 20y \
nd prin eroarea objinutd fatd de ’1
electrodul de sticla. Precizia titrari- L
lor s-a exprimat prin variatia de po- st \
tential in jurul punctului de echiva-

lentd (determinatd grafic) pentru x
eroarea de +-19,. S-a urmarit influ- |
enta concentratiei asupra preciziei $i 40+
exactitdfii titrarilor automate efectu-
ate. In acest scop s-au efectuat ti- g k/
trari ale acidului sulfuric ¢i clorhidric

de diferite concentratii (2 - 10~ 1n, 0 !
2.10-2n s12 - 10~ 3%n) cu NaOH de e
asemenea de diferite concentratii (1ln, -2 ;
10-1n, si 10~ *n). = !

In figura 3 sint prezentate curbe- 7 !
le de titrare ale H,S0, 2 -10-1n ‘
cu NaOH 1 N, obtinute utilizind
electrodul-membrand in titrarea punct
cu punct (curba 1), in titrarea automa-
td inregistratd (curba 2) si in titrarea
derivatd automatd (curba 3). Curbele
de titrare obtinute la celelalte concen-
tratit ale acidului sulfuric precum si A
C?le 0b‘;mut§ pentru vac1du1 clorhidric AR S R
sint de forma analoagd. Datele privind
precizia gi exactitatea titrarii H,SO, Tig 3. Tlitrarea H,80,2-107" n cu
31 HCI cu NaOH pentru cele trei con-  NaOH 1 n. 1 — titrarea punct de punct;
centratii amintite sint trecute in tabe- 2 — cwrba “?jéi*t&:rtf%tfu_l curba deri-
Tul 1. Din datele inscrise in tabelul 1 se o o '
constatd cd exactitatea titrdrilor este
bund, eroarea maximd obtinutd fatd de electrodul de sticld unedepasind
—+0,6%,. Precizia titririlor pentru eroarea de + 1%, scade o datd cu sciderea
concentratiei de la 72 mV(c = 2 - 10~'n) la 20,4 mV (¢ =2 - 1073n) in
cazul H,SO; si de la 56 mV (¢ =2 - 10~'n) la 12 mV (c =2 - 107°n) in
cazul HCIL. Curbele de titrare derivate inregistrate scot de asemenea in
evidentd faptul cd precizia determinirilor, reflectata aici in indl{imea picu-
lui, scade o datd cu scdderea concentratiei in cazul ambilor acizi.

S-a efectuat de asemenea titrarea automatd a H,PO,. Curbele de titrare
obtinute pentru HyPO, 2 - 10~ n cu NaOH 1 n sint prezentate in figura 4.
Se constatd ca in cazul titrdrii punct cu punct (curba 1) se sesizeazd cele
2 puncte de echivalentd iar dupa cum se vede din datele tabelului 2 exacti-

}
AU

>
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¥Fig. 4. Titrarea H;PO, 2 - 107" 11 cu Fiyg 5. Titrarea NaOH 2 - 107 n cu
NaOH 1 n. 1 — titrarea punct cu punct; HCl 1 n. 1 — titrarea punct cu punct;
2 — curba inregistrati; 3 — curba deri- 2 — curba inregistrati; 3 — curba deri-
vati inregistratd. vatd inregistrati.

tatea titrdrilor este bunid (e < 4 19%). In titrarea automati insd, se sesi-
zeazd numai primul punct de echivalentd atit in cazul curbei inregistrate
(curba 2) cit si al curbei de titrare derivate inregistrate (curba 3), probabik
din cauza sensibiliti{ii mai scizute a aparatului folosit.

In continuare s-a trecut la determinarea automatid a unor produse
sodice ca : NaOH, Na,CO,, NaHCQO; si Na,Si0, prin titrare cu HCL In figura
5 sint trecute curbele de titrare obfinute pentru titrarea NaOH 2 - 10— In
cu HCl 1 n. Curbele de titrare obtinute la celelalte produse sodice precum
si la alte concentratii sint de forma similard. Este de remarcat faptul cd la
titrarea Na,CO, primul punct de echivalenjd nu se sesizeazd, pe cind in
titrarea punct cu punct se inregistreazi pe curbid o ugoard inflexiune cores-
punzitoare titriarii Na,CO, la NaHCO,.

In tabelul 3 sint prezentate rezultatele referitoare la exactitatea si
precizia titririlor produselor sodice luate in lucru, la diferite concentratii.
Dupa cum se vede, atit in cazul titririlor automate inregistrate cit si a celor
derivate inregistrate, in toate cazurile eroarea este sub 19, in majoritatea
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Tabel 1
Precizia si exaetitatea titrdrii automate a unor acizi tari
Electrod — membrani
Acidul Conc. Cone, glec‘gggx unct cu punct T‘tr;r:: istratd | deriv. inre
acd acidulni | NaOH % ?ml) P P g - 5
4
v, )| e(%) | AF 1% | v | e(o%) | voim)| e(%)
(mV)
H,80, |2-107* N 1IN 11,03 | 11,08 | 4-0,45 72 11,05 | +0,18( 11,05 | 0,18
2.1072 N [107IN| 11,54 11,61 { +0,60 52 11,60 | 40,52 11,60 | +0,52
2. 107312 1072N| 10,39 | 10,40 | 40,09 20,4 10,45 | +0,57} 10,35 | —0,38
HC 210N | 1IN 8,61 8,59 | —0,23 56 8,55 [ —0,68/ 8,60 | —0,11
2.1072 N [107IN] 10,14 10,11 | —0,29 36 10,15 [ —0,091 10,18 | +0,39
2.107% N | 1072N 9,08 9,10 | 0,33 12 9,10 | +-0,22| 9,13 | --0,66
Tabel 2
Precizia si exactitatea titririi automate de H,PO,
Electroc. — membrané
Concen- | Concen- | Electrod Titrarea
tratia tratia | de sticla n : <
H,PO, NaOH V,(ml) punct cu punct inregistratd | deriv. inreg.
Veml) | e(%) |(AE), ., [Ve(m| e(%) | Ve(mD)]| e(%)
2. 10N 1N 9,58 9,57 -0,11 52 9,50 I —0,83}] 9,52 | —-0,62
19,61 19,70 -+ 0,46 12 — — —_ —
2.107:N| 107 N | 10,29 10,37 +0,77 44 10,30 | 40,091 10,35 | 0,57
21,11 21,14 40,14 8 — - — —
2.1073N | 1072 N 9,35 9,39 -+0,42 14 9,42 | 40,321 9,30 | —0,53
19,28 19,40 -+0,62 4 — — — —
Tabel 3
Precizia si exactitatea titririi automate a unor produse sodice
Flectrod brani
Solutia de titrat Elec- Prectro mempen?
y Titrarea
Titrant trod
HCI de punct cu punct inregistrati | deriv. inreg.
Produsul Cone sticld N
sodie ' Veml) |y | e0g) | AE e v ] (o) | vomn| e(on)
(mV)
NaOH 2:107'N 1N 10,25 10,26 | —-0,1 32 10,30 | +0,5 | 10,29 | 10,4
NaOH 2.1073N | 107N 11,59 | 11,58 | —0,09 52 11,60 | 4-0,09] 11,62 | 40,27
NaOH 2.-1078N | 102N 13,18 | 13,24 | -+0,46 20 13,30 | 4-0,92) 13,28 | 40,74
NaHCO, [2-107'N 1 N 9,25 9,26 1 +0,11 23 9,30 | 4+0,55) 9,31 | 40,66
NaHCO, |2.107:N | 107N 10,37 110,33 | 0.4 20 10,40 | +0,3 110,36 | —0,10
NaHCO,; [2-1073N | 107N 11,11 | 11,25 | -+ 1,28 14 11,25 | -+1,28] 11,23 | +1,09
Na,CO, 210N 1 N 12,72 112,76 | 0,33 25 12,74 | --0,16 12,73 | 40,08
Na,CO, 2:-1072N | 107IN 19,31 | 19,36 | -+-0,26 53 19,30 | —0,05] 19,36 | --0,26
Na, Oy [ 2:1073N | 107EN 20,66 | 20,70 | -+-0,20 30 20,7 | +0,2 | 20,71 | +0,25
Na,8i0, |2-1072N | 107N 870 | 864|075 23 870 0,0 | 868|—0,22
Na,8i0,; | 2:1073N | 107N 9,44 9,38 | —0,66 13 9,50 | --0,66] 9,51 | 0,77
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cazurilor fiind chiar sub 0,59, ceea ce ne permite si afirmam ca electrodul-
-membrand de PCV 4 tricrezilfosfat poate [i folosit cu succes in astfel de
titrari.

Premisa bunelor rezultate obtinute in titrarea potenfiometrici auto-
matd a unor acizi $i baze a constituit-o de fapt viteza mare de riaspuns a
electrodului, ceea ce a permis ca titrarea automatd sa poatd fi realizati in
timpul de 2—3 minute.

AIntrat in reductie la 25 notembrie 1972)
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WCUIENOBAHUE MEMBPAHHOIC 2JIEKTPOIOA [XB-+INVIACTH®HKATOP (X)

Henoavzosanue membpanst 11XB+mpukpesuapocam 8 asmomamudeckom noMmeRyuoMempudecKos
MUMPOBAHUL HEKOMOPbIX KUCAOM U OCHOBAHUL

(PeswoMme)

IlprBeseHbl pe3ybTaThl, NMOJYUYEHHBIE NPH ABTOMATHUECKOM MOTEHIHOMETPHUYECKOM THUT-
POBAHHH HEKOTOPBIX KHCJIOT H OCHOBAHHI MOCPEJCTBOM TeXHHKH 3arHCH THTPAUHOHHOH KPHBOil
HJIH NPOH3BOJHON THTPAUHOHHOH KpuBOf. Dosbiias orBeTHAR CKOPOCTH MEMOPAHHOrO 3/EKTPOAA
fIpHBEJIa X NOJYYEHHIO Pe3yJIbTaToOB, NOTPELIHOCTb KOTOPLIX He Npesbiiaer 194 [0 CpaBHennio
€ pesy/bTaTaMHi, NMOJAYYeHHBIMH B NMPHCYTCTBHH CTEKJSHHOIO 3JEKTPOa.

CnegoBatenbro, MemGpanubiil aektpoy I[1XB +1pukpesnndocdar MoxKeT GHITh YCHENIHO
HCII0JIb30BAH B CePHIAHbIX ABTOMATHUECKHX NOTEHUHOMETPHUECKHX THTPOBAHHAX KHCJIOT H OCHO-
BaHHil.

STUDIES ON THE POLYMER - PLASTICIZER MEMBRANE ELECTRODE (X)

The use of the PVC - tricvesylphosphate membrane in automatic pofentiometric titrations
of some acids and bases

(Summary)

The results obtained in automatic potentiometric titrations of acids and bases by recor-
ding the titration curve or the derivative titration curve, are presented. High response speed
of the membrane electrode affords good results, with errors which don’t exceed 19} in compari-
son to the results obtained with glass electrode.

PVC 4 tricresylphosphate membrane electrode can be thus succesfully used in automatic
potentiometric titrations of acids and bases.



NEUE KOBALT(III)-MISCHCHELATE MIT KARBAMID
UND THIOKARBAMID

GHEORGHE MARCU, CSABA VARHELYI und GEORGETA CIRSTOIU

Das Karbamid und das Thiokarbamid verhalteu sich aus koordination-
schemischen Standpunkt dhnlich. Beide Liganden binden iiber das Stick-
toff- oder Schwefel-, bzw. Sauerstoffatom Metallionen. Fiir diese Komplex-
bildner kénnen wir folgende Grenzstrukturen annehmen:

NH, NHSF NH,
/ Y 4 N /
X =C — X-C — X-C
N AN N
NH, NH, NH.

Durch UR-spektroskopische Untersuchungen konnen wir entscheiden
welche Donoratome zu Metallionen koordinieren lassem [1-—3].

Die Zahl der Thioharnstoff-Derivate ist viel erheblicher als jene der
Komplexverbindungen mit Harnstoff.

Das dreiwertige Kobalt bildet nur gemischte Komplexverbindungen
mit den obenerwidhnten Komplexbildnern. Chan und Mitarbeiter haben
{Co(en),(Thio)C1]Cl, aus trans-[Co(en),Cl,]Cl und Thiokarbamid erhalten
{6]. Diese Iiganden treten leicht auch in die Kobalt(III)-dimethylglyo-
ximin-Kerne, wie aus den priparativen Arbeiten von Ablov und Samus’
hervorgeht {77, Safranski und Ablov [8] haben auch die Kinetik
der Aquation des [Co(DH),(Thio),!* — Tons untersucht.

In fritheren Arbeiten [9—11] haben wir einige Koordinationschemische
Probleme einer Schiffschen Base : Athylendiimino-bis-acetyl-aceton (ec.H,),
C,.H,(N,O,, welche durch Kondensierung von 1 Mol Athylendiamin mit
2 Mol Acetylaceton entsteht, untersucht.

Wir haben uns iberzeugt, dass dieser vierzdhnige Chelatbildner nur
gemischte Chelate mit Kobalt(III) darstellen kann.

Diese Chelate: [Co ec (Amin), ™ oder [Co ec X,]~ entstehen durch
eine Substitutionsreaktion oder durch direkte Synthese aus der Kom-
ponenten.

Wir haben beobachtet, dass sehr schwache Basen, wie Nitro-aniline,
Sulphanylsiuren, Anthranylsiuren mit pK-Werten von 14—16, fiir diese



118 GH. MARCU, CS. VARHELYI, G. CIRSTOIU

Tabelle 1
Neue Kiomplexalze vom Typ: [Co ee(Karbamid),] X(A), bzw. [Co eec (Thiokarbamid),}X(B})
Mol. . Analyse
Nr. X Typ | Gew. AEIOI/S;) Charakteristik
ber. ¢ Ber. Gef,.
1 [Cr(NH,),(NCS),] A 7189 15 Helibraune mikro- | 1/3Co,0, + 1/2Cr,0,
krist. Masse 21,73 21,65
N 23,38 23,50
2 [Cr(NCS)(Anilin), Braune mikrokrist.| 1/3Co,0; + 1/2Cr, 04
- 4H,0 A 892,91 10 | Masse 17,15 16,70
- N 18,82 18,70
H,0 8,06 9,20
3 [Cr(NCS8)(p-Anisi- Hellbraune mikro- | 1/3C0,0, + 1/2Cr,04
din),] - 11/2 H,O A 95991 10 krist. Masse 16,26 16,30
N 17,51 17,39
H,0 2,78 2,98
4 [Cr(NCS),(p-Tolui- Braune mikrokrist.| 1/3Co 0, + 1/2Cr,04
din),] A 8989 | 15 Masse 17,38 17,57
N 18,70 18,60
) [Cr(NCS) 4(m-Tolui- Braune mikrokrist. | 1/3Co;0, + 1/2Cry0,
din), ] A 8989 18 Masse 17,38 17,10
6 1/3[Cr(NCH)] - Hellbraune mikro- | Co,04 + 1/2Cr,0,
3 H,0 A 1656,8! 25 krist. Masse 19,12 19,60
N 20,28 20,10
7 [Cr{NCS),(NHy),] - Unregelmassige, 1/3 Co,04 + 1/2 Cr,,04
- H,O B 769 30 | kleine Krist. 20,31 20,54
N 21,85 21,78
H,0 2,3+ 3,20
8 [Cr{NCS),(Anilin}, ] Hellbraune mikro- | 1/3 CoO4 ~ 1/2 Cry0,
B 9389 | 35 krist. Masse 16,60 15,80
N 17,89 18,23
H,0 3,83 4,35
9 [Cr(NCS),{p-To- Braune mikrokrist.| 1/3 Co,0; + 1/2 Cr,04
luidin), H,O B 949,11 25 Masse 16,46 16,45
N 17,70 17,40
10 [Cr(NCS),(m-To- Braune, mikrokrist.| 1/3 Co,04 + 1/2 Cr,04
luidin),? « H,0 B 8491 30 Masse 16,46 16,60
11| [Cr(NCS),(Benzy- Hellbraune mikro- | 1/3 Co,0, + 1/2 Cr,0,
lamin),’ « H,O B 9491 25 krist. Pullver 16,46 16,50
N 17,70 17,50
12 1/8[Cr(NCS),) - Kleine, braune Co,04 + 1/2 Cr, 04
+ 3 H,0 B 1752 15 Nadel 18,07 18,28
N 19,17 19,30
11,0 3,30 3,60
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‘Synthese ungeeignet sind. Die Alkyl-aniline, Alkoxy-aniline, die Pyridin-
basen mit pK-Werten von 8—11 bilden durch direkte Synthese leicht Che-
late vom Typ*[Co ec (Amin),]™*.

In Fortsetzung dieser Versuche haben wir den Harnstoff und den
Thioharnstoff fiir eine analoge Synthese verwendet.

Die [Co ec (Karbamid),]* und [Co ec (Thiokarbamid),]* — Ionen
entstehen leicht aus den Komponenten durch Luftoxydation in wissrigen-
alkoholischen Ldésungen nach der Gelichung:

2Co?t + 2 ec.H, + 4 Am + 1/20, = 2 [Co ec (Am),]t + H,0 + 2H* wo
LAm” = OC(NH,), oder SC(NH,),.

Es wurden zwei Reihen von Kom-
plexsalzen vom Typ [Co ec {Karba- 7 [CoectThin), ], [Cr(NCS), ] 35,9
mid),]X und [Co ec (Thiokarbamid),] .0
X in festem Zustand isoliert. ‘

In Gegensatz zu den [Co ec
(Amin), X — Derivaten, wo Amin
aromatische oder heterocyclische Ami-
ne bedeutet, bilden die Harnstoff
und Thioharustoff-Derivate keine gut
kristallisierende, einheitliche Produkte
mit einem Uberschuss von Alkali-
halogeniden, KCNS, NaBF,, NaClQ,,
NH,[Co(NH,)»{(NO,),1, usw.

Fir die doppelten Umsetzungs-
reaktionen erwiesen sich die Thiocya-
nato-chrom (III)-Komplexe die bes- o )
ten Fallungsmittel. Aus der Klasse T loec Haro), L (GINCS) ] 5K, 0
der Thiocyanato-chrom (I1I)-Kom- - =30
plexe verwendeten wir K,[Cr(NCS),],
NH,[Cr(NCS),(NH,),] und Amin.
H{Cr(NCS),(Amin),], wo Amin: Ani-
lin,m- und p-Toluidin, Benzylamin
und p-Anisidin bedeutet.

Es wurden 12 neue Komplexsal-
ze erhalten. Die Versuchsdaten sind
in der Tabelle 1 zusammengestellt.

Wie schon erwihnt wurde, kén-
nen die Liganden O == C(NH,), und
S = C(NH,), durch das Sauerstoff-
bzw. Schwefelatom, oder durch die
NH,-Gruppen zu Metallionen kordi-
nieren.

Die *N-H — \/*alenzscl’lwingungs— A‘b b.‘ 1. "I‘herm(.)gravit?et‘rvis‘c}mﬂ 'K.urvenz
frequenzen der [Co ec (Karbamid),],- [Co o (Rarbamid),Jo[Cr(NES), 1 - 3 HLO;

g A [Co ec (Thiokarbamid),],
[Cr(NCS),] und der[Co ec (Thiokar- “Cr(NCS)g] * 3 H,0.

- [‘7)00' “:(’} 0!

TR e Aw

3
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bamid), j; [Cr(NCS),] liegen bei 3400— 3420, 3200, 305070 cm~ ! (im Falle
der freien, nichtkoordinierten Iiganden treten diese Frequenzen bei 3450,
3350 ecm~ 1 Na

Die "C-N — \a]enzsch\\mgungsfrequen/en der Liganden in den Kom-
plexen treten bei 1395—1400 cm~! auf, im Vergleich zu den freien
O=C(NH,), und S==C(NH,), (1470 cm™? sind sie nach neidrigeren Werten
verschoben.

Diese Erscheinung bestétigt dass die Co-Karbamid und Co-Thiokarbamid-
Bindungen wahrscheinlich durch die Stickstoffatome verwirklicht sind.

Die thermische Stabilitat der [Co ec (Karbamid),]X und [Co ec
(Thiokarbamid),]X Komplexe ist von der Natur des in dusseren Koordina-
tionssphidre Anions beeinflusst. Wie aus Abb. 1. hervorgeht, haben die
Thermogramme der [Co ec (Karbamid),]X und Co ec (Thiokarbamid),1X
— Komplexe mit indentischen Anionen annidhernd Gleichen Verlauf.

In dieser Abb. sind die Thermogramme der Co ec (Karbamid),,.
[Cr(NCS)e]-3 H,0 und [Co ec (Thiokarbamid),], [Cr(NCS),]-3 H,0 wie-
dergegeben. Dle Substanzen verlieren ihr XKristallwasser bis 120—130°
und zersetzen sich langsam zwischen 180--450° ohne wohldefinierte Abbau-
zwischenoprdukte, Das Endprodukt der Pyrolyse iiber 600--700° ist ein
stochiometrisches Gemisch von Co,O, -+ 1/2Cr,0,.

Experimenteller Teil. {Co ec (Karbamid),] acetat und [Co ec {Thiokarbamid),] acetal Losun~
gen 1 7.5 ¢ (30 mdol) Co(acetat), - 4H,0 werden in 50 ml Wasser aufgelost und mit einer Mis-
chung von 6.75 g Athylendiimino-bis-acetylaceton (30 mol) und mit 60 mMol Harnstoff, bzw,
Thioharnstoff in 150—200 ml] Wasser versetzt. Die so entstandene braune Fliissigkeit wird
mit einem starken Luftstrom 4 -6 $td. lang oxvdiert, dann abfiltriert und zur doppelten Umset-
zungsreaktionen verwendet.

Fir die Umsetzungsreaktion verwendet man 1—2 proz. NH,[Cr(NCS),(NH,), , K,[Cr
(NC5)g . in Wasser, bzw, 1—2 proz. Amin. H[Cr(NC8),(Amin),}, wo Amin: Anilin, m-und
p-Toluidin, Benzylamin und p-Anisidin in verd. Athanol (1 1.

Die Reineckesalz-Analoga wurden aus K [Cr{NCS8),) durch eine Substitutionsreaktion
niit den entsprechenden Aminen, ohne \(r\\endlmf* von Losungsmittel, erhalten.

Die Ultrarotspektren der [Co ec (Karbamid), ], Cr{NCS)y und [Co ec (Thiokarbamid),l,
[Cr(NC8), " wurden mit einem UR 20 $pektrophotomer (Carl Zeiss Jena) in XBr Presslingen
untersucht,

(Eingegangen am 25 November 71972,
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NOI CHELATI MICSTI COBALTICI CU UREEA $I TIOUREEA

{(Rezumat)

S-au obtinut doi chelati micsti tetradentati cobaltici cu bis-baza-Schiff : etilendiimino-bis-
acetilacetona: ec. H, si cu ureea, resp. tioureea. Compozitia cationilor complecsi monovalenti:
[Co ec (ureea),]T si [Co ec (tioureea), ] a fost doveditd printr-o serie de reactii de dublu schimb-
cu anioni complecsi tiocianato-cromici. Pe baza unor mésurdtori spectroscopice in i.r. s-au tras
concluzii referitoare la legaturile chimice in complecsi.

HOBBIE CMEIIAHHBIE KOBAJIbTOBLIE XEJIATBI C MOYUEBHUHOM
1 TMOMOYEBHHOM

(Peswome)

[Toayueno nBa cMewlaHHBIX TETPAJAEHTATHBIX KOOGAJIBTOBHIX XeJlaTa C GHC-OCHOBAHHEM
Hlndda, a AMeHHO : ITHEH IMHMHEO-GHC-aueTHaaneTol (ec. H,) H ¢ MOYeBHHOM, COOTBETCTBEHHO
C THOMOueBHHOH. COCTaB KOMIIIEKCHBIX OJHOBaleHTHbIX KaTHoHOB: [Co ec (MoueBHHE),]T B
[Co ec{rHomoueBHHa), |t HOKa3aH PAAOM PeakUHil ABOHHOrO OOMeHa C KOMIVIEKCHBIMH THOIHA-
HATO-XPOMOBBIMH aHHOHaMH. Ha ocHoBe cnekTpockonnueckux Hamepennii B UK o6nactu cuenanne
BBIBOJIEI O XHMHUECKHX CBSI3SIX B KOMILIEKCAX.






KINETICS AND MECHANISM OF SUBSTITUTION REACTIONS
OF COMPLEXES (LI)*

Aquation of Chromium (III) Complexes, Aquation
of the trans- [Cr{en),(NCS8),1* in Acid Solutions
CSABA VARIELYI, 10AN ZSAKO and GABOR SIMO

The substitution reactions of the chromium (III) — complexes are
wenerally slow reactions, similarly to Co (I1I). Rh(III) and Pt(IV) complexes.
In contrast with Co(III) complexes, the Cr(III) derivatives participate
in substitution reactions generally without geometric configuration rearrange-
ment. This configuration retention makes easier the kinetic study of
these reactions. However, in the case of mixed complexes, containing donor
N-atom, sometimes difficulties arise, due to the break up of the Cr-N honds,
in parallel with the substitution of monodentate ligands (halogenes, azide,
NCS, etc.) especially in aquation processes. In the case of the mixed Co(III)
complexes this phenomenon appears very seldom (only if the compound
contains monodentate primary amines).

Pearson and coworkers [1] have compared the kinetic parameters
of acid and basic hydrolysis of some ammonia and ethylenediaminic Co(III)
and Cr(III) chloro-complexes and have observed the aquation rate of the
chromium (III) chloro-complexes to be ever higher than that of the corres-
ponding cobalt derivatives. This is quite expectable on the basis of crys-
tal field theory, since the six f,, electrons of Co exert a larger resistance
against the modification of the octahedral configuration than the only
three electrons of the same symmetry in the case of Cr(III).

The most interesting difference appears in the basic hydrolysis of
these complexes. The reaction rate is 105—10° times less in the case of
Cr(I1I), than for Co(IlI) derivatives. According to Pearson and cowor-
kers [1] the slow basic hydrolvsis of [Cr(en),Cl,]* cannot be explained
with an Sy2 mechanism, either on the basis of VB, or on the basis of crystal
field theory. Thev presume an Sy1 CB mechanism. The acidity constants
of the analogous Co(III) and Cr(III) complexes do not differ essentially,

* Part. L. J. Zsakd and Cs. Var helvi, Izvest, Akad, Nauk., Kazakh. S.8.R,
1973, in press.
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thus the formation of the conjugated bases in both cases occur easily. The
increased reactivity of conjugated bases can be explained through
the = — type repulsion between the occupied p-orbital of the amide and
the d,, orbital of the central atom. The Cl atom leaves the complex ion
owing to this repulsion and to the trigonal bipyramidal rearrangement,
7 type attraction appears with the empty d.._,. orbital. Obviously, since
Cr(I1I) contains half as many electrons as Co(Ill), they exert a smaller
repulsion than the t,, electrons of the later.

The number of the mixed classical complexes and mixed chelates
offchromium is much smaller, than the number of the analogous cobalt deriva-
tives. This can be explained, in part, by means of the higer affinity of chiro-
mium to the oxygen atom than to the various complexing agents contaning
several donating N-atoms. This is why the number of kinetic papers dea-
ling with chromium complexes is also relatively small as compared to those
concerning cobalt (III) complexes.

In the case of chromium (III) the aquation kinetics hias been studied relatively frequently.
Thus, the formation of the tetra-aquo-malonato-chromiate has been studied spectrophotometri-
cally by Banerjea aud Chatterjee {2}, and that of monoacetato-penta-aquo-chro-
miate by Banerjea and Sarkar 3]

Bhat and Phatak {4 have studied the anatation of [Cr(H,0)sB3" with EDTA
in the same way. The rate of exchange of the water molecules for monovalent anions as lhalo-
genes, NCS™, N;7 has been studied by Espenson [5], Postmus and King 6.
Sometimes the water molecules can also be exchanged for ligands with N-donating groups, c.g.
for o-phenanthroline. This is shown by Inskeep and Benson's kinetic study {71 con-
cerning the formation of cis-[Cr(H,0),(0-phen), 3%

The majority of kinetic papers is dealing with the aquation of chromium ccaplexes. The
bidentate aminic ligands are generally easily substituted for water molecules. The kinetic stu-
dies concerning the aquation of [Cr(H,0), en®t (81, 1, 2, 3 and 1, 2, 6-[Cr{H,0),(diem *~
[9] (dien = diethylenetriamine) show these reactions to involve the opening of the chdlate
ring, followed by the protonation of the amine.

As far as the aquation of monoacido-pentamine type chiromium (I1I) complexes is coucer-
ned, the published kinetic papers are dealing mainly with [Cr(H,0),XP% and [Cr(NH,),X 7
type compounds. The aquation of [Cr{H,0);Cl1 210,11, [Cr(H,0),Br* [12—147 Cr{H,0),1 * ",
[Cr(H,0),I 212, 15, 16}, [Cr(H,0), acetatePT 1177, {Cr(H,0),ONO T (18, 19], [Cr(H,0)N; *~
[207 has been studied in a wide pH-range and the acidity of the medium has been found to cxert
an important influence upon the aquation rate. The process has been found to be catalysed
by Cr(IT).

Trom the classical ammoniacates the [Cr(NH,) ClET (21257, [Cr(NH,) P}t [26],
[Cr(NH,),NO, 2+ [27 1, [Cr{NH,),NO, 2+ [28], [Cr(NH,),0NO ¥ [287, [Cr(NH,),NCS 2+ [30 - 31
have been studied more detailedly, The catalytic activity of Cr(IT) has been observed also in
these reactions, By comparing kinetic dataconcerning the aquation of the analogous [Cr(H,0) X [*+
[Cr(NH,), X2 and [Co(NH,), X 2T type complexes, the stability of the Me—X bond against
the aquation has been concluded to decrease with decreasing basic character of the anion [32],
¥rom the monoacido-aquo-amino-chromium (III) complexes the cis- and trans-[Cr(NH,),
« (H,0)C1pt 133, 347 as well as the cis- and trans-[Cr(en),(H,0)CI2tT {35, 36] have been
studied from the kinetic point of view. Parris and Wallace have synthesized [Cr(R—NIH,),Cl]
(C10y), type complexes (where R —XNH, stands for various aliphatic amines) and have studied
their acid and basic hvdrolysis {377, These authors have reported the aquation rate to be inde-
pendent of the [H™ | if pIl < 7. The influence of the sulphite-ions upon the aquation rate of
different monoacido-pentammine- and also diacido-tetramine type chromium (I11) complexes
has been studied by Carlvle and King (38 . As for as the aquation kinetics of the dia-
cido-tetramine type complexes is concerned, the majority of the studies published are dealing
with [Cr(en),XY ™ type complexes, where X = Y or X 3¢ Y stand for Cl, Br, NCS, ONO {3942
and with {Cr(H,0),X, " type complexes, where X stands for Cl or Br [43, 44 .
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From the tetra-acido-diamino-chromiates the cis-[Cr(malonate),(H,0),"~ has Dbeen
studied in strongly acid solution [45]. The aquation of cis-[Cr({iminoacetate),(H,0),]~ and of
trans- [Cr(methvl-iminodiacetate),{¥,0), ™ has been found to occur in two stages, as function
of the acidity of the solution [46]). The aquation of cis-[Cr(C,04),(DMS0), ]~ in DMSO- water
mixtures (DMSO = dimethylsulphoxvde) leads to the substitution of DMSO for water mole-
cules [47]. The aguation kinetics of the substitution of DMSO for water molecules [471. The
aquation kinetics of the Reinecke-salt and of the analogous complexes is very interesting but
rather complicated, as shown by our earlier studies [48'.

Aquation of hexaacido-chromiates has been studied, too. In the case of [Cr(C,0,),B37
749, 507 and of [Cr(malonate),?~ [51, 52 a partial cis-trans rearrangement occurs. The exchange
of CN for water molecules has been observed in aqueous solutions of [Cr(CN);NO*®~ [53],
[CriCN);NO, P~ [54] and [Cr(CN}e ™ [551.

The triacido-triamino type nonelectrolytic complexes and the few known pentaacido-
monoamino type compounds have not yet been studied from the kinetic point of view.

In the present paper the aquation of trans- [Cr(en), (NCS),]1* has been
studied in acid solutions as function of the perghlorm acid content of the
systenl, at a constant ionic strength of J == 1 M. The concentration of the
NCS— ions liberated has been measured as described in the experimental
part.

The liberation of NCS— ions showed the aquation
[Cr(en), (NCS),1** 4 H,0O = [Cr(en),(H,0){NCS)1*+ - NC3— 1
to occur.

The graphical plot of log ¢4/(c, — %) vs. time, where ¢, stands for the
analytical concentration of complex and x for the concentration of NCS—
liberated during the aquation procéss, showed no linearity. Positive devia-
tions were so large that theyv suggested the simultaneous exchage of both
NCS groups.

Thus, we presume the second loo L
stage of aquation, viz. the reaction ay(c-fé) —

(en)g(H O)(NCS) ]2+ + H,0 —
Cr(en),(H,0), BT + NCS- (2) ¢

‘to be practically instantaneous.

The graphical plot of 03
X
log ¢of ‘c — ——) VS
o 0 0 i ¥4
t 2 ¢
time gave indeed a quite good linearity,
as seen from fig. I, o1
A short induction period”
seems to appear on the kinetic cur-
ves. We think this effect to be due to 7 % 3 4 { o

a simple temperature decrease during _ o .
the preparation of the solutions, which 118 1. Determination of appareut ra'e

. constauts at 80°C [HCIO,}: 1—2-107 ;3
makes the reaction rate to be smaller o 5. 0= 310 - 103+ 4 —-20 - 10~2

at the beginning. mote/l.
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Table 7
Apparent rate constants of the aquation
k. 105 sec™?!
[H ] »« 103 mole/l i
65°C 70°C 75°C 80°C
2 10.72 15.9 31.0 48.3
3 9.14 14.7 27.6 42.4
5 7.36 11.8 219 36.0
7 6.26 10.0 19.5 31.3
10 5.23 8.51 16.3 27.1
15 4.25 7.10 13.2 23.0
20 3.70 6.32 11.9 20.5

Negative deviations from the linearity appear mainly in less acidic
solutions and they may be due to an equilibrium to which leads the aquation
in these conditions, or at lower acidities the exchange of the second NCS—
might be presumed not to occur quite simultaneouslv with the substitution
of the first one.

Apparent first order rate constants have been derived from the slope
of the straight lines corresponding to the linear portion of the kinetic
curves. Results are presented in table 1.

It is worth mentioning that the exchange of NCS for water molecules
seems not to be the only aquation process. On the basis of the colour changes
observed, one may presume the ethylenediamine molecules to be also
exchanged in more advanced stages of the aquation, especially at higher
temperatures. Since the exchange of NCS— is the fastest aquation process.
only this has been studied quantitatively.

From table 1 one can see the rate constants to decrease svstematically
with increasing acidity of the solutions. The same effect has been observed in
the case of the analogous chloro-derivative: [Cr(en),Cl,]1* [40], and it may
involve a protolytic pre-equilibrium. In not too acid solutions the coordi-
nated ethylenediamine can be presumed to lose one of its protons, being
transformed in the anion en—. Thus, the following protolytic pre-equili-
brium may occur:

[Cr(en),NCB),1* & [Cr{en)(en~)(NCS),] + H* (3)

which can be characterized by the equilibrium constant K.
As a result of equilibrium (3), also the aquation reaction

[Cr(en)(en™)(NCS),] + H,0 = [Cr(en){en—)(H,0)(NCS)]*+NCS— (4}

will be possible besides reaction (1). The decrease of the positive charge
of the complex ion, by means of the electronic effects [1] mentioned above,
makes reaction(4) to be faster than reaction (1). Since increasing acidity
of the medium shifts the equilibrium (3) to the left, the influence of the
acidity upon the apparent rate constant, observed experimentally, can be
easily explained.
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If one presumes reactions (1) and 5
(4) to be of first order, characterized kg 21075°
by the rate constants %, and k,, res-
pectively, taking into account equili- ¢
brium (3), for the apparent rate cons-

tant ke, the following relation can “
be derived:
- ¥ 3
heep — SR
[H*] + K,
=y D= k) () | .

H*]+ K
In very acid solutions K may 7.~ . '
be neglected in the sum with [H*] -

and the relation

i ? 3 L By
) v
Rexp =~ ky -+ K(ky — R 6
P ! (%2 1 [H*] (©) Fig. 2. Graphical determination of k,.

. . 1—65°C; 2-70°C; 3-75°C; 4-80°C.
is obtained.

Thus, the graphical plot of ke, vs. the reciprocal hydrogen ion concen~
tration, enables us to derive %, from experimental data by means of extra-
polation to zero abscissa (see fig. 2.)

In table 2 are given the %, values obtained by means of this graphical
procedure.

Table 2

Rate constants ol reactions (1) and (%) and equilibrium constant of reaetion (3)

‘ 65°C 70°C 75°C i 80°C
k, % 108, sec™? 2.00 3.90 7.18 13.8
k, x 108, sec™? 19.5 30.9 59.0 91.3
K x103 2.18 2.01 2,02 1.96

In order to derive k, and % values, equation (5) will be written in the
following form :

1 1 1 : -
- H* 7
hoxp = F1 hy—ky + K(hy — k) (7] @

Since k, is known, the left side of eq. (7) can be calculated. Its graphical
plot vs. [H* ] must give straight lines, if the above reaction scheme is correct,
and the parameters of these straight lines will give the constants %, and K.
As seen from fig. 3, eq. (7) gives indeed a good linearization of experimen-
tal data.
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Fig. 3. Linearisation of experimental data
by means of eq. (7) 1—65°C; 2-70°C;
3-75°C; 4—-80°C.
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The parameters of the straight li-
nes have been obtained by means of
the least square method and constants
Ry and K derived from these para-
meters are presented also in table 2.

Activation enthalpy AH* and
activation entropy AS™ values have
been derived from the rate constants,
by performing a grafical plot of log
R{T vs. 1T (see fig. 4.) A quite good
linearity has been obtained. Activa-
tion parameters obtained from this
linearisation by means of the least
square method are presented in table 3.

Table 3

Kinetie parameters of reaction (1) and (%)

AHF,

sacti St
Reaction { keal/mole ! AST,
|
(n 29.6 - 0.7 7.3 - 2.2
4) 243 L 1.2 —1.0 4 3.1

The very large activation enthalpy
of reaction (1) shows the Cr-NCS
bond to be very stable. It is much stro-
ger than the Cr-halogen bonds, which
can be explained on the basis of an
important = — contribution, owing
to the overlap of the e, chromium or-
bitals (which arise from the f,, orbi-
tals if symmetry is lowered from O, to
D,,) and the empty antibonding = —
type molecular orbitals of NCS, si-
milarly to the = — bond formation in
the thiocyanato complexes of Co(III)
[56].

The important decrease of the activation enthalpy in the case of the de-
protonated complexes may be presumed to be the result of the repulsion
exerted by the unshared p electrons of the ethylenediamine N atom upon
the coordinated NCS ions, leading to the weakening| of the Cr-NCS s — bond.

As far as the equilibrium constants K are concerned, their value plead
for a rather strong acidic character of the NH proton in the co-ordinated

ethylenediamine.
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Experlmental part. Syuthesis of trans-[Cr(en)y(NCS),]ClJ,. The isomer i3 exclusivelv for-
med during the partial de—amination of the tris-ethylenediamine derivative:

[Cr(en),}(NCS8); == trans-[Cr(en),(NCS),INCS + en 8

Using 0.2 moles of [Cr(en),], (S0,); as starting material and dissolving it in 250 ml water,
{Cr(en)g] (NCS); has been obtained with a large excess of 209, solution of NH, - CNS. The
filtered orange product, containing a small amount of NH, - CNS, is dried on air without was-
hing. It is extended in thin layer on a watch-glass and is kept at 140 —150°C for 5—6 hours in
a drying chamber. If the weight loss is less than the calculated one (corresponding to reaction (8),
the compound is heated further for 2—3 hours. The reaction (8) is catalyzed by traces of NHy -
« CNS. As a result of the de-amination reaction the colour of the product becomes darker. After
completion of the reaction the product is dissolved in water, filtered, and precipitated by means
of an excess of 309, perchloric acid, The filtered compound is washed with a small amount of
water and further with alcohol and ether. It is dried in air, Yield: 80—95%,.

Analysis : found Cr 13,31, NCS 29,70 for the formula Cr{C,H;N,), (NCS), ClO, (molar
weight 387,7 caleulated Cr 13,40, NCS 29,90,

NCS™ : the weighed sample of the complex is dissolved in water and boiled with an excess
of 2n NaOH solution. The Cr(OH), precipitated is dissolved in perchloric acid and the NCS™
coutent of the solution is determined by means of potentiometric titration with AgNO,.

Chromiwm : the weighed sample of the complex is boiled with NaOH and with 1—2 ml
309, perhydrol. The yellow chromate solution is acidified with 5 n HCL Potassiuin iodide is
added aud the separated iodine is titrated with 0.1 n thiosulphate.

Kinetic measurements, Samples of the complex were dissolved in warm water, Calculated
amounts of warm HCIO, and NaNQj, solutions were added to eusure the needed acidity and the
constant ionic strength. The solutions with a total complex councentration of 4 x 1073 M were
kept in au ultrathermostat. The samples taken at different time intervals were poured in ice
cooled 0.1 M HCIQ, seolution in order to stop the aguation. The complex species of the solutions
were retained on an Amberlite IR-120 cation exchanging column (R-—H form) NCS™ jons libera-
ted were determined by means of potentiometric titration with AgNO,.

( Recesved November 25, 1972)
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CINETICA SI MECANISMUL REACTIILOR DE SUBSTITUTIE LA COMPLECSI (LI)
Acvafia complecsilor de crom(I1I). Acvafia trans-[Cr(en),(NCS),]& in solugii acide

(Rezumat)

Se trec in revisti datele referitoare la cinetica de acvatie si de olatie a complecsilor de
crom{[II). Se studiazid acvatia complexului trans-[Cr(en),(NCS),]" urmirind eliberarea ionilor
NCS8™in solutii acide. Se constata existenta unui preechilibru protolitic care implicd deprotonarea
unui — NH, etilendiaminic. Ambele specii de complex participad la o reactie de acvatie. La forma
protonatd ambii liganzi NCS pirisesc simultan complexul in timp ce la forma neprotonati substi-
tutia decurge in doui etape. Se determini entalpia si entropia de activare a celor douni reactii,
precum gi constanta echilibrului protolitic. Rezultatele se discuti in lumina structurii electro-
nice §i se presupune un mecanism de disociere pentru ambele procese.

KHHETHKA ¥ MEXAHHM3M PEAKUMIT 3AMEUMIEHUST KOMILIEKCOB (LI)
Axsayus rkomnaexcos xpoma ([11). Axeayus mpanc-[Cren),(NCS),1* 6 kucavix pacmsopax

(PezwoMe)

Caenan 0630p AAaHHBIX O KMHETHKe aKkBallWW H OJAsANHUH KoMmiekcoB xpoMa (I11). Asrtopul
¥3y4akd AaKBaUHIO KoMILieKca TpaHc-[Cr(en),(NCS),]*, npociekHuBasi ocBOGOKleHHe HOHOB
NCS8™ B KHCABIX PAcTBOpax. YCTAHOBNEHO HaJH4He [POTONIMTHYECKOrO [IPelpPaBHOBECHS,
BKJAIOYAIOWEro NenpoTOHHPOBaHHe NH,-rpynnel 3THAeHAvaMHHA. O6a BHIa KOMINIEKCOB
YuaCTBYIOT B peakHmMd aksaumud. B mnporonuposanuoit dopye ofa aurauga NCS™ onuospe-
MEHHO MOKHAAIOT KOMIUVIEKC, B TO BpeMsl KAK B HENPOTOHHPOBAHHOH (opMe 3amelleHHe HMeeT
MeCTo B JBYX 3Tamax. OmnpeiesieHbl 3HTaJbIHs M 3HTPONHA aKTHBAUMH JBYX H3YYaeMmbiX
peaxuuil, a TAK)Ke KOHCTAaHTa INPOTOJHTHYECKOro paBHOBecHs. Pe3yabrarsl o0Cy:KI3OTCH B

CBeTe 3JEeKTPOHHOH CTPYKTYPHI H NpPeANoJaraetcs AHCCOUMATHBHBIT MEXaHu3M 115 060MX Hpo-
{18CCOB.






LIQUID MEMBRANE-ELECTRODES (1V)

Electrodes with Water Miscible Organic Tiquids-Glass Frit. Aplications
in Potentiometric Acid-Base Titration

E. HOPIRTEAN, M. MIOSCU and C. LITEANU

In our previous papers [1—3] we have shown the possibility of obtai-
ning liquid-membrane electrodes by the impregnation of water nonmiscible
organic liquids in glass frit. For this purpose we can use liquids w1th
both higher and lower density than water.

l‘hc present paper represents an attempt to obtain some membrane-
electrodes with water miscible organic liquids by the continuous supply
of a G, glass frit with these liquids. The electrode behaviour of these
electrodes in the potentiometric titration of HCI 2-10—'N with IN KOH
was Investigated.

The titration cell was constructed as shown in ¥ig. 1, the miscible
liquid layer which supplies the glass frit serving at the same time as
internal solution. Therefore the e.m.f. of the following electrolytic cell
was measured using a MV-11 pH meter.

S.C.E. |internal solution|membrane

organic liquid

aqueous external [S.C.E.
solution

All determinations have been performed at room temperature in unstir-
red solutions.

1. Membrane-electrode with alcohol-glass frit. The pH electrode func-
tions for the electrodes obtained by the G, glass frit impregnation with
methyl alcohol, ethyl alcohol and isopropyl alcohol are presented in
Fig. 2.

The corresponding pH-values have been determined with a glass elec-
trode.

The titration curves obtained for the ~ 2-10—!N HCI titration with
~ 1 N KOH are presented in Fig. 3. It can be observed that these curves
do not have the classical shape of the potentiometric ones, the equivalence
point being localized at the intersection of two branches which define the
titration curve.
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ig 1. Titration cell. TFig. 2. pH-electrode functions; Il-ethyl alcohol-glass
frit ; 2-ethyl alcohol-glass frit; 3-izopropyl alcohiol-glass

frit.

2. Dioxane-glass frit membrane-electrode. The titration curve of ~2-107IN
HCl with ~ 1 N KOH is presented in fig. 4. We have to stress upon the
fact that in comparison with the previous titration the direction of poten-
tial variations is reversed. The shape of the titration curveis unusual,
after the equivalence point we de not record any potential variation,

3. Acetone-glass frit membrane-electrode. The titration curve obtai-
ned, which is presented in Fig. 5, emphasizes an unusual behaviour, the
equivalence point being placed at a minimum of the titration curve.

4. Ether-glass frit membrane-electrode. Contrary to expectations this
electrode does not give results. The titration curve is presented in Iig. 6,
but the equivalence point perceptible from the curve is affected by a great
error in comparison to the titration performed with the glass electrode.

The results concerning the accuracy of the titrations presented before
arc given in table 1.

The errors have bheen calculated by comparing the value obtained by
the graphical location of the equivalente point in the membrane-electrode
titration with those obtained in the presence of a glass electrode (calculated
after Hahn-Weiler [4]).
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Fig 3. HCl~2x 1071 N with 1 N KOH titration ;
1-methyl alcohol-glass frit; 2-ethyl alcohol-glass
frit; 3-isopropyl alcohol-glass frit.

Emh)t
ok
-0}
—40 " 1 A It L
V4 4 b 8 0
mi AOH

Fig. 4 HO ~2 x 107t N with 1 N KOH
titration ; dioxan-glass frit electrode.



136 E. HOPIRTEAN. M. MIOSCU, C. LITEANU
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Fig. 5. HCl ~2 x 107! N with I N KOH Fig 6. HCl ~2 x 107t N with 1 N KOIH
titration ; acetone-glass frit electrode. titration ; ether-glass irit electrode.
Table 7

Results of 2 - 10—1 N HCl with 1 N KOH titration obtained with waler miscible organie liquid-
glass frit membrane-electrodes

Ve(ml)
Nr. Membrane electrode glass membrane- | €(%
electrode electrode
1 Methyl alcohol-glass {rit 5.80 0.5
2 Ethyl alcohol-glass frit 5.82 —10.8
3 Izopropyl alcohol-glassfrit 5,77 5.78 —0.1
4 Dioxan-glass frit 5.80 ~=-0.3
5 Acetone-glass frit 5.65 —2.0

Except for the acetone-glas frit membrane-electrode the errors are
under 19;. That is a proof that the applicability of these membrane elec-
trodes can be extended to the acid-base titrimetry.

{ Recevied November 28, 1972)
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ELECTROZI-MEMBRANE LICHIZI (IV)

Electrozi din lichide organice miscibile cu apa-fritd. Aplicatii in titrarea
potentiometricd acido-bazicd

(Rezumat)

Prin alimentarea unei frite cu lichide organice miscibile cu apa ca: alcool metilic, alcool
.etilic, alcool izo-propilic, acetond, dioxan etc., s-au obtinut electrozi-membrane utilizabili in
‘titrarea potentiometrici acido-bazici. Forma curbelor de titrare obtinute in cazul titririi HCl
cu KOH scoate in evidentd comportarea specificid a lichidului generator de membrana,

KUOKHUE MEMBPAHHDIE 3JIEKTPOIBI (IV)

Saexmpodst u3 opeanuteckux oculrocmerd,  cmewwusaemvlx ¢ godod-ppummoil. [pumenerue
UX 8 KUCROMHO-0CHOSHOM NOMEHYUOMEMPULECKOM MUMpPOsanuL

(Pe3wome)

CuabxenneM QPHUTTH OPraHHYECKHMHM JKHIKOCTAMH, CMEIUUBAEMHIMH C BOIOI, a HUMeHHO:
‘METHJIOBHH CHHMPT, 3THJIOBHIH CIHPT, H3ONMPOMHJOBHIH CIHPT, AUETOH, JHOKCAH H T.N., aBTOPHI
'MOJYUHAH MeMOPaHHble 5JAEKTPOAE, NMPHMEHHMHE B KHCJIOTHO-OCHOBHOM MOTEHIHOMETDPHYECKOM
THTpOBaHHH. POpMa THTPAUMOHHHX KPHBHX, NOJYYeHHHX NMpH TaTpoBandd HCl rrapooKHChIO
XaJEsl, BHIBASET clenndudeckoe noBelenHe MeMGPanooGpPAa30BATEIbHON KHUIAKOCTH.






METODE DE LABORATOR

PREPARAREA UNOR SARURI DE BENZIMIDAZOLIU
1,3-DISUBSTITUITE

ILEANA GANEA, RUXANDRA TARANU si ALEXANDRU POPESCU

Una din preocupirile noastre constd in prepararea unor siruri de benzi-
midazoliu 1,3-disubstituite cu diferiti radicali benzilici.

Intr-o lucrare anterioari [1] am aritat ci prin condensarea N-benzil-o-
nitranilinei (I} cu clorurd de m-nitrobenzil — in tub inchis, la 110°— are
loc o reactie de inlocuire cu formarea N-(m’-nitrobenzil)-o-nitranilinei (II).

_NO,
_NH-CH,—CH, /N0 NH—CH, -7 \
5 c1—cnr(—> X N=s
7 N\ _No, =/ __ 7 N_NXo,
\:/ N S
I I

Ne-am pus intrebarea daci, prin analogie cu reacia amintiti, 1-benzil-
benzimidazolul (III) poate suferi in conditii similare, sub actiunea clorurii
de m-nitrobenzil, o reactie de transnitrobenzilare, formind I-m-nitrobenzil-
benzimidazolul (IV).

/\ N III R p— ’H'CHZ—‘_CSHs

|l )

NNy b
| 77\

R WV R=—Ch—_/

NO,
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in locul substanfei IV insi am obtinut clorura de 1-benzil-3-m-nitro-
benzil-benzimidazoliu (V).

“/\\‘—-———N :Iq'()2
| I —
Z7 N\
NNy C=CH- D
| - -
CHg—ceHs /BO2 +
II1 AN N—CH,—7 T\
(+) = ClI—
/\__,_N Cl—CH,—CeH; | N \§ )/
Lol —_— I
N \N/ NO, B CH,—CH, |
C-? N v
NS
v

Am tratat in aceleasi conditii 1-m-nitro-benzil-benzimidazolul (IV),
tespectiv 1-m-nitrobenzil-2-metil-benzimidazolul (VI) cu clorura de benzil,
obtinind si in acest caz sdrurile de benzimidazoliu V si VII.

- (+)
; \u 7 O e
_ _ —_ i . b
e o
ST cr—7 "\
N= , N
VI VII

Am cautat orientativ sa vedem dacid cursul reactiei nu este influenfat
pe de o parte de natura agentului de benzilare, pe de altd parte de prezenta
unui substituent in pozigia 2 a nucleului benzimidazolic.

Partea experimentalii. Clovura de T -benzil-3 - m - nitrobenzil - benzimidazoliu (V).

a) Se incilzesc 0,8 g benzimidazol (III) si 0,67 g cloruri de m-nitrobenzil in tub
inchis la 140° timp de 12 ore. Dupd ricire se reia cu benzen anhidru, se filtreazi gi se
recristalizeazd din alcool absolut p.t.=246° (cristale incolore.)

b) Se incilzesc cantitiati echimoleculare de 1-m-nitro-benzil-benzimidazol (IV) si clorurd
«de benzil in tub inchis la 140°, timp de 12 ore. Se reia cu benzen anhidru, se recristalizeazi
din etanol absolut, p.t. = 246°, fard depresiune a amestecului cu substanta preparatd pe calea a.

CoiH N,CI0, (379,6) Calculat C 66,38 H 4,77 N 11,66
Gasit € 66,85 H 4,90 X 11,58
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Clovura de 1-benzil-2-metil-3-m-nitvobenzil-benzimidazoliu (VII). 2 g. 1-m-Nitrobenzil-
:2-1netil-benzimidazol (VI) si 1,2 g. clorurid de benzil se incalzese in tub inchis 1a 140° timp de
12 ore si se recristalizeazi din etanol absolut, p.t. == 245—55° (cristale incolore).

CoaHyoNLCIO, (393,6) Calculat C 67,06 H 5,12 N 10,68
Gasit € 67,20 H 5,31 N 10,81

(Intrat in redactie la 12 august 1972)
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TIOSIYYEHHUE HEKOTOPBIX 1,3-IBYX3AMEUIEHHBIX COJEN BEH3UMUIA30MHUS
(PeswoMme)

Tlo awajsorun ¢ peakuseil TpaHCHHTPOOeH3HAMpOBaHHs N-Oeu3ua-o-HuTpanuiuna (1)
Hivyajgoch nosefenHe 1-Gensua-Gensumupazona (III) u l-m-uutpoGensmia-GensuMunaszoaa (IV)
101 AeHCTBHEM XJIOpPKWJa M-HHTPOGeH3M/ia H xJopHja GeH3HJa, COOTBETCTBEHHO. [IpH peakuusx
noavyaercs xJaopHi 1-6eH3ua-3-M-HUTpoGeH3uA-GeH3nMu fa3oaus (V) .

[TopoGubiM o6pazoM 1-M-HHTPOGeH3HI-2-MeTHI-GeHaumu ga3os (VI) nepexozuT B XJIOPHA
1-0en30a-2-MeTiA-3-nuTpoGeH3HI-6eH3uMH Tazoans (V).

THE OBTENTION OF SOME 1,3-DISUBSTITUTED
BENZIMIDAZOLIUM SALTS

(Summary)

Taking into account the transmitrobenzylation observed by N-benzyl-o-nitraniline (I),
the bhehaviour of 1-benzyl-benzimidazole (III) and I-(m-nitrobenzil)-benzimidazole (IV) by the
reaction with m-nitrobenzyl chloride and benzyvchloride respectively was examined. In both
cases the 1-benzyl-3-(m-nitrobenzyl) -benzimidazoliuin chloride (V) was formed. Similarly

1-(m-nitrobenzyl)-2-methyl-benzimidazole (VI) afforded 1-benzyl-2-methyl-3m-nitrobenzyl-
benzimidazolium chloride (VII).






BENZOFURO-BENZTIAZOLI (IV)*
Derivati a-substituiti ai 2-furil-benzofuro-benztiazolului

VALER FARCASAN si STELIAN FLOREA

intr-o lucrare anterioard [1] am preparat 2-furil-benzofuro-/2,3-g/benz-
tiazolul (I), de la care se pot obtine cu usurintd derivati substituiti in pozi-
tia « a nucleulul furanic, compusi ce ar putea prezenta proprietati
biologice interesante [27.

7 AN I :R=H
o [ II : R = PBr
P // \ //‘\ - —
Nl o v i R = NO,
S i *‘1{ . Y/-—\

Prin bromurarea lui I, in conditiile date la partea experimentald, s-a
ajuns la un monobromderivat, pe care l-am considerat a fi 2-(e-browfuril)-
benzofuro/2,3-g/benztiazolul (II), avind in vedere urmitoarele:

Daca produsul de bromurare se supune actiunii zincului in acid acetic
glacial, se formeaza 2-furil-benzofuro/2,3-g/benztiazolul (I), asa cum rezultd
din datele analizei elementare si spectrul IR. O asemenea comportare este
de asteptat de la derivatul substituit in pozitia « a nucleului furanic, avind
in vedere intre altele si modul in care raspunde aceluiasi agent 2-(a-bromfu-
ril)-benztiazolul (IIT) [3].

Bromurind in conditii identice dibenzofuranul (IV), halogenarea nu
are loc.

Substanta IT a fost folositd in continuare la prepararea 2-(a-nitrofuril
benzofuro/2,3-g/benztiazolului (V), utilizind in acest scop nitritul de sodiu
in acid acetic glacial.

Prin  tratarea 2-(e-bromfuril)-benzofuro/2,3-g/benztiazolului (II) cu
piperidind in dimetilformamida, are loc substitutia bromului cu formarea

* Partea a Ill-a, vezi [l
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2-(«-N-piperidinofuril)-benzofuro/2,3-g/benztiazolului (VI). Mentionim ci.
modul in care decurge reactia si pozifia net diferiti a primului maxim din
spectrul electronic al celor doua substante - 352,1 nm pentru IT si 408,2.
nm pentru VI — recomanda aceastd reactie pentru un studiu cinetic
(spectrofotometric) al substitutiei bromului in compusii de acest tip, care
va forma obiectul unor lucrari viitoare.

Partea experimentald*. 2-(a-bromfuril)-benzofuro(2,3-g)benztiazolul (I1I). La o solutie
de 0,5 g T in 16 ml tetraclorurd de carbon anhidri, adusi la fierbere, se adaugi treptat o solutie
de 0,8 ml brom in 3 ml tetracloruri de carbon si fierberea este continnati inci 40 de minute.
Dupd ricire precipitatul se filtreazd, se fierbe cu acid acetic glacial si se filtreazi la cald. Preci-
pitatul, 0,5 g (R = 79,56%), II brut, se recristalizeazd din alcool izoamilic. Cristalele galben-pal
se topesc la 175—176°C.

€, HBrNO,8 (370,24) Cale. N 3,79 Br 21,56
Gasit N 3,9 Br 22,2

2-Fuyil-bensofuve(2,3-g )benzctiazolul (I). Se porneste de la IT si se lucreazd in conditiile
date la dehalogenarea 2-{o-bromfuril)-benztiazolulni (I1T) (3], obtinindu-se I, identificat §i
prin spectrul IR [171.

2-( a-nitrofuril)-benzofuro(2,3-g)benztiazolul (V). 0,5 g 11 se dizolva in 18 ml acid acetic
glacial la fierbere. Dupi ricire se adaugii sub agitare 0,3 g nitrit de sodiu fin mojarat. Amestecul
se incilzeste o ord pe baia de apa. Dupi racire precipitatul se filtreaza, se spald cu api si se usuca.
Produsul brut, 0,4 g (R = 88Y%,) se recristalizeazii din xjlen. Cristale galbene, p.t. 259°C. IR:
vNO, asim + 1540 cm™1, sim « 1360 cm™1

CH,N,0,5 (336,32)  Cale.  C 60,71 B 2,39 X 8,33
Gasit € 60,2 H 24 N 83

2-(a-N-piperidinofuril )-benzofuro(2,3-g)benztiazolul (VI), La o solutie de 0,25 g IT §un 12 ml
dimetilformamidi, se adaugi 2,5 ml piperidind. Amestecul se incilzeste pe baia de apid sub agi-
tare timp de doud ore. Se toarni in 100 ml apd si se filtreazd. Precipitatul se dizolvi in toluen
si se cromatografiazi pe o coloand de oxid de aluminiu (Brockmann III), Substana VI este
refinutd sub forma unui inel galben. Se ¢lueazid cu toluen. La inceput trece partea nereactio-
nati, II. Fractiunea care contine derivatul piperidinic este evaporata la sec sub presiune redusa.
Se obtin astfel 0,1 g (R = 39,5%,) produs pur, sub forma unor cristale galbene, avind p.t. 172—
—173C

CooH1gN,0,8  (374,45) Cale. N 7,48
Gasit N 7.5

{Intrat in redactic la 23 septembrie 19723
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BEH30¢YPO-BEH3THA3OJIbI (1V)
a-3ameuiernsie npoussodnsie 2-ghypur-Gensogypo-Gensmualona

(Pes3woMe)

Hcxopns u3 2-gypun-Gensopypo [2,3-g] Genstuasona (I), aBTOpH NOJYUHIAH NPOUSBOLHBIE
11, V u VI, 3aMelieHHbIe B [I0JI0KEHHH « (pypaHoBOroO siapa rpynnamu Br, NO, u nunepuauHo,
COOTBETCTBEHHO.

BENZOFURO-BENZOTHIAZOLES (IV)
a-Substituted devivatives of 2-furyl-benzofuro-benzthiazole

(Summary)

Starting from 2-furyl-benzofuro (2,3-g) benzothiazole (I) the derivatives II, V and VI,
substituted in the, o position of the furan ring with the Br, NO, and piperidino groups were-
prepared.

10 — Chemia 11973



L. S. Bark (editor), Selected Annual Reviews
of the Analytieal Seiences, Society for Analytical
Chemistry, London, Vol. 1., 1971, 269 pagini.

Literatura de chimie analitica in ultimii ani s-a
finbogitit cu lucrdri de sintezd importante, menite
sii inlesneascd orientarea specialistilor in literatura
mereu crescindd ca volum, si inlesneascd cunocag-
terea progresului realizat in diferite domenii ale
chimiei analitice moderne. Dupad aparitia unei
reviste de recenzii noi (,,Reviews in Analytical
Chemistry”, Freund Publishing House, Tel-Aviv,
1971) si al primului volum al serialului Tweatise
on Titrimetry (Editor J. Jordan, M Dek-
ker, New VYork, vol. 1 Inorganic Titrimetric
Analysis : Contemporavy Methods, autorii: W al-
ter Wagner si Clarance J. Hull,
1971) semnaldm aparitia serialului editat de
1. 8 Bark Editorul si-a propus prezentarea
unor subiecte de o actualitate deosebitd, consem-
nind progresul pe o pericadd limitatd, de obicei
realizirile dintre anii 1967 -—70.

Prima lucrare recapitulativi rezumi noutitile
din domeniul cromatografiei pe site moleculare
(autori: Anderson, Dea si Hendrie,
40 pagini), discutind teoria, tehnicile experimentale
si aplicatiile, mai ales la separarea de macromo-
lecule si de enzime. In articolul urmitor Bark
si Wood prezintd problemele aplicirii fenome-
pului de {otoluminiscentd si chemiluminescentd
in chimia analiticd anorganicd (96 p). Se prezintit
teoria proceselor, aparatura si aplicatiile la deter-
minarea diferitelor elemente. In articolul urmitor,
Pierce rezumi progresele in analiza prin acti-
vare (42 pagini), prezentind inetodele de deteri-
nare a activitdtii, tehnicile bazate pe utilizarea
de reactori, acceleratori, radioizotopi, particule
incdrcate §i gamma-fotoni. Spectroscopia de absorb-
tie atomicd este trecuti in revisti de Platt
(57 pagini). Pe lingd aplicatiile pentru dozarea
<lementelor se discuti si probleme de nomen-
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claturd gi de surse de radiatie. Svehla arezu-
mat ietodele catalitice (34 pagini): clasificarea
metodelor, determinarea metalelor, nemetalelor
si a combinatiilor anorganice. Toate lucririle sint
redactate la un inalt nivel stiintific.

L. KEKEDY

Ginther Xraft, Joseph Fischer,
Indikation von Titrationen (Indicarea titrdrilor),
Walter de Gruyvter, Berlin, New York, 1972, 308
pagini.

Cartea trateazit problemele legate de indicarea
punctului de echivalentd in titrimetrie. Ea este
impartiti in opt capitole dintre care primele trei
cuprind 1netodele neelectrice de indicare (radio-
metrice, termometrice), iar urmditoarele cinci,
metodele electrice de indicare (potentiometrice,
voltametrice, amperometrice, conductometrice i
oscilometrice).

Cap 1: Indicavea opticd, cuprinde indicarea sfir-
situtui titrarii cu indicatori de culoare, vizual
si fotometric.

Cap. 2: Indicarea vadiometvicd. Se trateazd
pe scurt principiul indicirii radiometrice si apara-
tura folositd in titrarea radiometrici.

Cap. 3 : Indicavea termometricd. Se descrie prin-
cipiul indicarii, aparatura si se exemplifica aceastd
indicare in diferite tipuri de titrare (de precipi-
tare, complexare, neutralizare si redox).

Cap. 4. Indicavea potentiometvicd este tratatd
mai pe larg. Partea teoretici cuprinde discutarea
potentialului de electrod, a tipurilor de electrozi
indicatori si de referintd folositi in titrdri cit si
tratarea matematici a curbelor de titrare.

Cap. 5: Indicarea voltametricd. Se trateazdl in
partea teoretici notiunile de bazd ale proceselor
de electrod reversibile si ireversibile, curbele curent-
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tensiune pentru aceste procese, reactii de electrod
gi interpretarea curbelor de indicare voltametrice
cu un electrod polarizat, respectiv cu doi electrozi
polarizati.

Cap. 6: Indicarca amperometrica; dupa partea
teoretici se disentd indicarea amperometrici {Jen
un electrod polarizat) si biamperometricd (cu doi
electrozi polarizatil.

Cap. 7: Indicarca conductometricd, cuprinde pro-
blemele teoretice ale indicdrii conductometrice
in titrdri acido-bazice, de precipitare si de com-
plexare.

Cap. 8: Indicavca oscilometricd. Se trateazi
in partea teoretici componentele celulelor de capa-
citate i de inductie, metode de misurare ale capa-
cit#tii celulei precum si curbele de indicare oscilo-
metrice.

Cartea este bogat ilustrati (124 figuri) ugurind
astfel asimilarea materialului prezentat. Tratarea
teoretici este clari si o bogatid bibliografie oferd
o sursi pretioasi de informare suplimentard.

Cartea poate fi utild tuturor celor care in activi-
tatea lor folosesc titriri variate, precum si stu-
dentilor, doctoranzilor sau cadrelor didactice.

IOVANCA HAIDUC

Stig Veibel, The Determination of Hydro~
xyl Groups, (Determinarea grupdrilor hidroxil)
Academic Press, London and New York, 1972,

Lucrarea face parte din seria monografiilor
internationale referitoare la analiza substantelor
organice (The Aanalysis of Organic Malerials,
An International Series of Monographs) editate
de R. Belcher si D.M. W. Anderson.

Monografia de fatd cuprinde o sintezd a rezul-
tatelor acumulate in literatura de specialitate
relativ la metodele utilizate in identificarea, carac-
terizarea gi determinarea compugilor hidroxilati,
cit si experienta a 40 de ani de predare a chimiei
organice, incluzind si partea analiticd, la Univer-
sitatca din Copenhaga si Universitatea Tehnica
din Danemarca.

Lucrarea contine 11 capitole impirtite in 3 pirti
A, B si C, fiecare urmatd de indicatii bibliografice
la zi, referitoare la problema tratata.

Partea A intitulatd: Identificarca grupei hidro-
xil (18p) cuprinde 3 capitole referitoare la: hidro-

xilul alifatic, aromatic si heterociclic, dindu-se
reactiile specifice de identificare ale grupdrii

hidroxil, in functie de natura radicalului hidrocar-
bonat pe care este grefat, cit si in funciie de numa-
rul grupdrilor —OH. Autorul face o sistematizare
a acestor reactii calitative cu referiri la alcoolii
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primari, secundari, terfiari si polihidroxilayi, mono-
di- gi trifenoli cit si la hidroxiderivatii hetero-
ciclici penta- si hexaatomici, pe baza a 32 indicatii
bibliografice.

Partea B, intitulatd Caractevizarea com pusilor
hidroxilati cuprinde 4 capitole (31 p.) referitoare la
prepararea de derivati ai compusilor hidroxilati,
in scopul caracterizarii  acestora. Se amintesc
diferiti derivati ca: ariluretani, esteri, eteri, picragi
de 5-alchiltiuroniu, N-alchil benzamide precum si
produsi de oxidare §i bromurare a compusilor hidro-
xilati. Tot in aceastd parte este dati metoda croma-
tograficd, in toate variantele ei, pe coloani, pe hirtie,
in strat subtire, gazoas}, utilizat¥ in caracteri-
zarea compusilor hidroxilati. Aceasti parte a lucra-
rii, pe baza celor 148 indicatii bibliografice, di
alituri de interpretirile teoretice, pretioase date
practice si tehnici de lucru ale metodelor propuse.

Partea C intitulatd Determinarea compugiloy
hidroxilafi constituie de fapt partea importanti a
lucrdrii §i este cuprinsd in 3 capitole (72 p.) in care
sint date toate metodele cunoscute pentru deter-
minarea compugilor hidroxilati, Autorul sistema-
tizeazd aceste metode pe baza celor 182 indicatii
bibliografice in metode directe si indirecte. Dintre
primele se recomandi titrdrile vizuale ale compu-
silor hidroxilati acizi (fenoli, enoli), in solutii
neapoase, titririle termometrice, potentiometrice,
tinind cont de influenfele grupelor invecinate
cu —OH (alchil, electronegativante, etc.). WPentru
determinarea alcoolilor slab acizi cit gi a fenoli-
lor steric impiedicati, se recomandi metoda titri-
rii cu dibutil—amidd de Li si Al

Metodele indirecte, bazate pe dozarea deriva-
tilor compusilor hidroxilati, sint descrise cu toate
aminuntele, ca: acilarea (in diverse variante)
eterificarea, formarea de uretani, metoda bromo-
metricd, metoda de oxidare, metoda K. Fischer,
determinarea H mobil cu reactiv Grignard sau cu
hidrurd de Ii si Al, determinarea preutitilor echi-

valente a compugilor hidroxilati, determiniri
polarografice, metode complexoinetrice, colori-
metrice, fluorimetrice, cromatografice, spectro-

metrice cit si metode pe bazd de spectrometrie IR,
de masd si de RMN.

Ultimul capitol al acestei pirti cuprinde meto-
dele cele mnai recomandabile pentru determinarea
compugilor hidroxilati, descriindu-se atit apara-
tura eit gi mersul practic al determinrii,

Monografia de fatd prezinti variate metode de
analizd, indicind procedee diferite expunind detailat
tehnicile de Iucru.

Lucrarea, pe lingd metodele clasice de identi-
ficare si determinare a compusilor hidroxilati,
d4 totodat} si cele mai recente procedee gi tehnici
analitice, prezentind de asemenea §i o serie de metode
combinate si multe informatii pentru fiecare tip
de hidroxiderivat gi tehmnici de lueru.
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Autorul recomandd in multe cazuri metode
micro si semimicro, indicindu-se si limitele erorii.
Se dan scheme de aparaturi cit si diagrame pentru
ilustrarea rezultatelor.

Prin confinutul siu lucrarca se adreseazl atit
chimigtilor din industria fenolilor, alcoolilor, mate-
riilor plastice, colorantilor si laboratoarelor cu
profil chimico-farmaceutie, cit §i cadrelor didactice
din fnvatdmintul superior si studentilor.

Lucrarea prezintd un interes deosebit pentru
analigtii organicieni.

M. VAGAONESCU

Hans Jorg Hedinger, Infrarotspektros-
kopie. Grundlagen, Anwendungen, Intrepretation
(Spectroscopie in infrarosu. Bazele, utilizdri, inter-
pretare), Akademische Verlagsgesellschaft, Frank-
furt am Main, 1971.

Lucrarea cste volumul 11 al seriei Methoden
der Analyse in der Chemie editati de Akademische
Verlagsgesellschaft din Frankfurt am Main. Partea
teoretici a capitolului introductiv se limiteazi
la acele aspecte care sint necesare intelegerii
urmitoarelor probleme: de ce apar spectrele IR,
la ce frecvenfe se poate agtepta si aibi loc absorb-
fie si de ce benzile nu pot fi de aceeasi intensitate,
La fel, partea practicd trateazi numai problemele

RECENZII

cele mai importante, mai ales pregitirea probei.

Capitolul 6 este de importantd primordiald, Aici
autorul a adunat in forma a 10 tabele frecventele
grupurilor functionale la substantele cele mai
importante. Domeniile spectrale ale frecventelor
sint notate cu litere. Mai departe, sub aceleasi
litere se giisesc ,,comentarii de bandi” in care se
expun probleme spectroscopice legate de gruparea
discutat#i. In majoritatea cazurilor se dau exemple
concrete,

Tabelele cuprind urmitoarele: 1. Hidrocarburi,
2. Derivati halogenati. 3. Alcooli, eteri, peroxizi,
4. Combinatii carbonilice fird azot. 5. Cowmbinatil
de azot, in afard de cele cu legiturd directi N—O.
6. Combinatii cu legiituri directe N—0O. 7. Hetero-
cicli. 8, Combinatii cu sulf. 9, Combinatii cu sili-
ciu. 10. Combinatii cu {fosfor.

Treeventa caracteristicit este discntatd detailat,
Problemele principale cxpuse sint urmitoarele:
distributie, intensitatc, forma, domeniu spectral,
exemple, literaturd. Acest mod de tratare a frecven-
telor permite o abordare mai detaliati a proble-
melor, lucrarea fiind unicd in accastd privinga,
Capitolul 7 contine date bibliografice, din manua-
lele cunoscute si din colectii de spectre. Acest
capitol nu este complet. Capitolul 8 contine analiza
a 32 de spectre. Capitolul 9 discutd unele probleme
de vibratie, in mod descriptiv,

Cartea este una dintre cele mai valoroase lucriti
apdrute mai recent in domeniul spectroscopiei.

L. KEKEDY

I P. Cluj 191973



Tn cel de al XVIll-lea an de aparitie (1973) Studia Universitatis Babes—Bolyai cuprinde
seriile :

matematicai—mecanica (2 fascicule) ;

fizica (2 fascicule) ;

chimie (2 fascicule) ;

geologie—mineralogie (2 fascicule) ;

geografie (2 fascicule) ;

biologie (2 fascicule) ;

filozofie ;

sociologie ;

stiinte economice (2 fascicule) ;

psihologie—pedagogie ;

stiinte juridice;

istorie (2 fascicule) ;

lingvistica—literatura (2 fascicule).

Ha XVIII rogy wusgaHus (1973) Studia Universitatis Babes— Bolyai BbIXoguT cnegyto-
LMW CepUAMM:

MareMaTuKa—meXaHvKa (2 BbINycka) ;
hmsmka (2 BbINycKa);

XumMna (2 BbINycka) ;
reonorus—mMuHepanorusa (2 Bbinycka);
reorpaus (2 BbINycKa);

6uonorvsa (2 BbIMycka);

unocodms ;

coumonorus ;

3KOHOMUYECKME HayKu (2 BbIMyCKa);
NcUXonorus—negarorvka;
HOpUaNYECKME HAYKM ;

nctopusi (2 BbIMycKa) ;
A3blKO3HaHVe—UTepaTypoBeseHne (2 BbIMycka).

Dans leur XVIII-e année de publication (1973) les Studia Universitatis Babes—Bolyai
comportent les séries suivantes:

mathématiques—mécanique (2 fascicules) ;
physique (2 fascicules) ;

chimie (2 fascicules) ;
géologie—minéralogie (2 fascicules) ;
géographie (2 fascicules) ;

biologie (2 fascicules) ;

philosophie ;

sociologie ;

sciences économiques (2 fascicules) ;
psychologie—pédagogie ;

sciences juridiques;

histoire (2 fascicules) ;
linguistique—littérature (2 fascicules).
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