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CONGRESUL AI, XIII-LEA AI, PARTIDULUI COMUNIST ROMAN,
EVENIMENT HOTARITOR IN VIATA PARTIDULUI SI A NATIUNII
NOASTRE SOCIALISTE

In cartea marilor evenimente de referin{d ale istoriei contemporane a tdrii,
Congresul al XIII-lea al Partidului Comunist Roméan se inscrie cu majuscule, ca
un eveniment hotdritor in viata partidului i a nafiunii noastre socialiste.

Moment de uriagi insemnitate pentru destinele poporului, marele forum al
comunistilor a reflectat graitor unitatea de monolit, indestructibild, a poporului
in jurul partidului si a secretarului sdu gemneral, tovarisul Nicolae Ceaugescu, iar
hotéririle istorice adoptate intruchipeazi aspiratiile tuturor comunistilor si ale
tuturor cetdtenilor patriei.

Raportul prezentat de tovardsul Nicolae Ceausescu, document fundamental
al Congresului, de inaltd tinutd stiintificd, de cuprinzatoare si profundd analizd
a realitdtilor societitii noastre, un magistral program de munca si creatie, con-
firma in mod strilucit justetea si realismul politicii interne si externe a parti-
dului si statului nostru.

Deschizator de noi si largi orizonturi dezvoltarii si propésirii patriei, Rapor-
tul a evidentiat incd o datd, cu putere de adevir, ci partidul este centrul vital
si forfa motricd ce asigurd neabidtut mersul inainte pe fagasul civilizafiei socia-
liste si comuniste.

Reinvestirea tovarisului Nicolae Ceausescu, intr-o ambianjd de entuziasm
si inflicdrare unanimi in suprema functie de secretar general al partidului, a
marcat un act politic care a implinit vointa intregii {dri si a prilejuit un motiv
de nemirginitd bucurie, satisfactie si mindrie patrioticd, chezisia sigurad si de
granit a mersului ferminainte, garantia implinirii grandiosului destin socialist
si comunist al.patriei.

Optiunea istorici de {fundamentald importan{d pentru viitorul patriei, con-
stituie recunoasterea marilor merite dobindite in fata partidului si poporului in
cei peste 50 de ani de activitate revolutionard, precum si a celor mai excepjionale
calitdti pe care le intruneste marele nostru conducitor si strateg al grandioaselor
infaptuiri din anii socialismului, eminenta personalitate a societdfii romanesti si
a lumii contemporane.

Sarcinile ce revin stiinfei si tehnologiei romdénesti pentru noua etapd ce
urmeaza si o parcurgem, sporesc, si ele sint jalonate cu clarviziune de Directi-
vele Congresului al XIII-lea al partidului, grandios si insufletitor program de
muncd al intregului popor pentru inflorirea Roméniei socialiste, un nou si
expresiv prilej de stimulare si angajare a contributiei creatoare a maselor de
oameni ai muncii, firad deosebire de nafionalitate, elaborat cu contributia esen-
tiald si sub permanenta indrumare a secretarului general al partidului.

Obiectivele Congresului al XIII-lea al partidului prevdd dezvoltarea armo-
nioasd si echilibrati a tuturor ramurilor, condifie primordiald a progresului con-
tinuu s1 multilateral al economiei nationale.

In esenti, plecind de la actualul stadiu de dezvoltare economico-sociald a
tdrii noastre, care dispune de o insemnata bazi tehnico-materiali, acestea vizeazi
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accentuarea laturilor intensive si calitative ale economiei nationale, pe calea intro-
ducerii rapide si consecvente in productie a celor mai noi cuceriri ale revolutiei
tehnico-stiintifice contemporane in special pe calea automatizarii, cibernetizarii
sl robotizarii productiei.

Infiptuirea miretelor obiective presupune pe de o parte valorificarea supe-
rioard si integrald a materiilor prime pe baza tehnologiilor de virf si a utilajelor
moderne, pe de alti parte, diminuarea consumurilor de materii prime, materiale,
combustibil si energie, secondatd de o activitate energica de reducere a deseu-
rilor si rebuturilor si de recuperare prin atragere in circuitul economic a mate-
rialelor si produselor uzate.

Realizarea sarcinilor de mare rispundere previzute de documentele Congre-
sului, presupune o implicare masivd a cercetirii romanesti, a tuturor oamenilor
de stiinta in solufionarea problemelor majore solicitate de economia nationali.
Aflati sub directa conducere si indrumare a tovarisei academician doctor inginer
Elena Ceausescu, presedintele Consiliului National pentru Stiintd si Tehnologie,
personalitate stiintifici de inalt prestigiu international, cercetarea romaneascd
se bucurd de toate conditiile si dispune de forta creatoare umand si materialj,
de maturitatea, competenta si vocatia novatoare pentru a-si indeplini cu succes
importanta misiune incredintatad.

In lumina acestui important document programatic, chimiei i revine un rol
principal in realizarea de produse sintetice si de inlocuire a celor naturale, in
special in domeniul chimiei fine si de mic tonaj, care std la baza productiei de
coloranti, auxiliari pentru industrie, detergenti, biostimulatori, medicamente si
altele.

O problemi de mare importanti o constituie pregitirca corespunzitoarce a
fortei de munci, precum si utilizarea judicioasi a ci. In acest scop se prevede
dezvoltarea in continuare a invitimintului pe baza politehnizirii si integrdrii
strinse cu productia si cercetarea, in concordantid cu nevoile economiei nafionale
si cu cele mal noi cuceriri ale stiinted, tehnicii si culturii.

Mindri de marile victoril obtinute de poporul nostru, sintem puternic mobi-
lizati si hotariti ca prin fapte de muncd incdrcate de pasiune si ddruire revolutio-
nard si rispundem increderii partidului, personal tovarisului Nicolae Ceausescu,
sd dovedim ca std in puterile si capacitatea stiinfei si tehnicii nationale sd-gi
sporeascd necontenit contribufia la modernizarea economiei si la cresterea efici-
entel acesteia, la traducerea in viati a documentelor adoptate de Congresul al
XIII-lea al Partidului Comunist Romdn.

GHLEORGHE MARCU
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INDENO-BENZOTHIAZOLES (I).
2-Substituted indeno-benzothiazoles

VALER FARCASAN, FLORICA PAYU, ILEANA OLTEANU and HOREA DEMIAN

The synthesis and some behaviours of indeno-benzothiazoles (fluoreno-
thiazoles) described in this paper are the results of a larger research program in
which we investigated several polyciclic systems including thiazolo-acridines [17,
benzofuro-benzothiazoles [2, 3], benzofuro-benzimidazoles [4] and benzofuro-
acridines [5].

Starting from 2-amino-fluorene (I) the indeno-benzothiazoles were prepared
using two gemeral methods for the closure of the thiazole ring, namely the
Hugerschoff [6] and the Jacobson [7] procedures.

In the first case, the hydrochloride of 2-amino-fluorene (I) was reacted
with thiourea to obtain the 2-N-fluorenyl-thiourea (II), which was then converted
into 2-amino-indeno-{1,2—1{]benzothiazole (III) using bromine in chloroform.

o, Qo+

! R=z=NH2 . R'=NH2
il R =NHCSNH? VI R'=CgHs
IV R = NHCOCgHs Xl R'=C4H30

vV R = NHCSCsHs
IX R =NHCOC4H30

X R =NHCSC,H30 ‘ O
XVl R =NH3Cl a,;

\e
vl R'= NH2 R
Vil. R'=CgHs
Xl R'=C4H30

In the second case, by reactinpssg I with benzoyl chloride the 2-benzoylamino-
fluorene (IV) was obtamed which was then thionated with P,S,, in dioxane and
the 2-thiobenzoylamino- fluorene (V) converted by oxidation with K, [Fe(CN)g |
in 2-phenyl-indeno [1,2 —f] benzothiazole (VI).

In both cases the ring closure reaction can affect not exclusively the 3-posi-
tion of the fluorene ring but also the l-one. Thus beside the linear indeno-ben-

zothiazoles III and VI also the angular izomeres VII respectively VIII may be
obtained.
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From the reaction product obtained by treatment of II with bromine or
of V with K [Fe(CN)g], in the conditions described in the experimental section,
only one of the two expected isomeric indeno-benzothiazoles was isolated. Their
purity was tested by TLC. The ring closure was confirmed by the mass spec-

trum.
IR data suggest a liniar structure of the indeno-benzo-thiazoles obtained.

Indeed if the spectra of substances III and VI are analysed (Table 1) no absorb-
tion in the 800—830 cm™! range, typical for the presence of a 1,2, 3, 4-tera-
substituted benzene (yCH vibration) [e.g. 8,9, 2] in an angular compound as
VII or VIII, can be observed.

Table 1

IR spectra of compounds 1II and VI in the 700 —900 ecm  range

Compound * 1/acm™

738, 761, 840 (sh), 860, 870

2-Amino-indeno[1,2-f/benzothiazole (III)
745, 770, 842, 870

2-Phenyl-indeno1,2-f/benzothiazole (VI)

sh == shulder

From 2-furoylamino-fluorene (IX), via 2-thiofuroylamino-fluorene (X), using
the Jacobson procedure, the 2-furyl-indeno-benzothiazole was also prepared but
this time only a mixture of the two isomers (XI and XII) was obtained. The
attempt to isolate XTI and XII met some difficulties.

As a first step in our studies regarding the physical and chemical proper-
ties of indeno-benzothiazoles we investigated the behaviour of compounds III and
and VI under electron impact,

In the mass spectra of III and VI the molecular ions (mfe 238 (a,) respec-
tively mfe 299 (a,) are the base peaks (Fig. 1 and 2). Their abundance as well
as the presence of the double charged ions (m/e 119 (a3) and mfe 149.5 (a,) show
their high stability.

i

8
238

80+ 7

g .
37

[

237

204

L 205

i1

1
|- 1285
f—139

a1

] v e S S N |18 L S (O T 01
0 10 720 30 40 SO 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 2

| b
10 220 230 240 250 250 270 280 250 300

T

Fig. 1. Mass spectrum of compound III. |
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w . OGO

; A
2
60
J
605 . 4
40 %5 P
= &
&
204
a 2 5 %
I _wng 5 g 2, 3 -~
[“’ll“’%i 23 2 a7 18 Jf e 28 8 S
0+— S ST S S o ; e 7o b e e et e PP s —
O 10 20 30 ¢0 S0 60 70 80 SO 100 110 120 $0 KO 150 160 170 180 190 200 20 220 2 240 250 260 27U 280 7 00
W Fig. 2. Mass spectrum of compound VI.

{ Loosing a hydrogen atom the molecular ions give the ions mfe 237 (3,)
and mje 293 (b,) respectively.

As expected, a common fragmentation feature involving the indeno-benzto-
thiazolic part of the molecule, can b2 observed in the spectra of both substances,

III and VI (Scheme 1).
S\, N
L ——~ Qg

C. mye 222

_, & mye 221
+e
CesHy
1 m/e 76 . e X
\ 5 —]" s
o O
’ N -He
-.e" H2 S N
ar, X=NHz m/e 238 b, mye 237
. 92, X=CeHs m/e 299 bamse 298
CrzHsg —1
h, m/e 150
- XCN -XCN
-H,CS
ol 3
g, m/e 151 H g ; e p s
e 2 A» H
oo “Cs 9, me 196 4, m/e 195
CizHs
f mye 152
I 4 Scheme l. Fragmentation of compounds III and VI.

The elimination of the substituent X (X = NH, or C4Hj) from the position
2 of the molecular ions (4,, 4,) takes place by two ways: either without to concern
the thiazole ring, giving the ion m/e 222 (c), or with the cleavage of the hetero-
cycle affording the ion m/e 196 (d).
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The ion ¢ ejects a hydrogen atom generating the ion m/fe 221 (¢). This ion
{e) can also be formed from b; or &,.

The fragmentation starting from ion d, by lose of sulphur atom as CS, HCS
or H,CS generates the ions mfe 152 (f), 151 (g) and 150 (%). The cleavage of
a hydrogen — carbon bond from the methylene group of the same ion (d),
leads to the ion m/e 185 (7). The peak at m/fe 76 (j) roints out the presence of
the orto-substituted benzene ring in the parent molecule.

The 2-phenyl-indeno[1,2—f] benzothiazole (VI) has in the mass spectrum
ions originating from the cleavage concerning the substituent from the 2-posi-
tion (Scheme 2) such as the ions at mje 121 (&), 103 (/) or 77 (m).

- . e

s A

a2, m/e 299

N

CoHa-cas I - - CeHs—cn |

, .
CSHS}’
k m/e 11 L mse 103 m, mse 77

Scheme 2. Fragmentation of compound VI.
The spectrum of 2-amino-indeno [1,2—1] benzothiazole (III) exhibits peaks,

as for instance mfe 221 (%), m/e 184 (o) or m/e 178 (p) (Scheme 3), missing in
fhe spectrum of compound VI. The ion # originates from the molecular ion by

QT

8. m/e 238 T
Syt
[~ HCH 0, m/e 184
HCH
O G *
NNH  -H, -S
D om/e 21 p. m/e 178

Scheme 3. Fragmentation of compound III.

lose of HCN. Thise one by cleavage of a further HCN molecule generates the
m/e 184 (o) ion, or by deletion of sulphur and hydrogen gives the m/e 178 (p)
fragment.
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From the above data it can be concluded that in the spectra of the indeno-
benzothiazoles III and VI there are present some characteristic fragmentation
forms of benzothiazoles and particularly of 2-amino- (XIII) and 2-phenyl-
benzothiazole (XIV) [e.g. 10 ... 14], but the abundance of the corresponding
ions is generally lower. This fact can be rationalized by postulating that the loca-
tion of the positive charge on the indenic (respectively fluorenic) part of the
molecule is the most favourable.

Excepting the ion M*— 1 (b, and b,), which is also characteristic for fluo-
rene [15], no other fragment with an untouched 2-substituted benzothiazole part
of the parent molecule was identified.

Experimental. Melting points were uncorrected and were determined in glass capillaries. The
products were chromatographed on silicagel plates (,,Silicagel RF UV” plates manufactured by the
Institute of Chemistry Cluj-Napoca) using as eluent a mixture of 100 ml benzene and 5 ml abso-
lute ethanol for compounds VI and XI—XII, or of 100 ml benzene and 0.5 ml absolute ethanol
for II, I1I, V and X. For the recording of IR spectra a double beam spectrophotometer Carl Zeiss
Jena type UR-20 was used: the substances were prepared as KBr pellets. The mass spectra were
registered om a Varian MAT 111 double-focusing mass spectrometer, equipped with direct inlet
system and operating at 80 eV beam energy. Supplementary temperature 84~ 100°C.

2-Amino-fluorene (I). To a solution of 2.8 g 3-nitro-fluorene (XV) in 130 ml ethanol heated
on a steam-bath, 2 ml 1009 hydrazine hydrate and 0.1 g mnickel (from formiate) were added and
boiled for 45 min. Then another 2 ml 1009, hydrazine hydrate was added and boiled for 30 min.
This operation was repeated. The hot solution was filtered and the amine was precipitated with
water. After cooling the crystals were filtered. Thus 2.1 g (87.5%) pure substance was obtained.
M.p. 127°C identical with that reported [16].

2-N-Fluorenyl-thiourea (II). A mixture of 1.7 g 2-amino-fluorene hydrochloride (XVI), 0.86-g
ammonium thiocyanate and 3—4 ml water was heated on a steam-bath for 10 hours in a flask
equipped with a reflux condenser. Then the condenser was removed, the water evaporated on the
steam-bath and the residue was warmed 15 hours at 80°C in a drying stove. Thus 1.65 g of pro-
duct with m.p. 210°C was obtained. Recrystallized from ethanol-water the white crystals 1.1 g
(589%,), melt at 212°C. C,,H;,N,S (240.81). Caled. N 11.65. Found N 12.1.

2-Amino-indenof1,2-flbenzothiazole (I171). To a suspension of 1.1 g II in 100 ml boiling chloro-
form a solution of 0.3 ml bromine in 7 ml chloroform was added and boiled for 3 hours. The
chloroform was distilled off and the grey residue was boiled with diluted natrium hydroxide and
water. After cooling it was filtered. The crude product (1.06 g) was recrystallized from 30 ml gla-
cial acetic acid. The pure substance, 0.95 g (90.49,), light brown crystals, melts at 262°C. C,H,(N,S
(238.29). Caled. N 11.76. Found N 114,

2-Benzoylamino-fluovene (IV ). To a suspension of 1.5 g I in 30 ml 109, sodium hydroxide,
3 ml benzoy! chloride was stepwise added under vigurous stirring. The mixture was shaken for
another 20 min. and then 100 ml water was added. The precipitate was filtered, washed with water
and dried. Thus 1.9 g (80.59;,) pure IV was obtained. M.p. 215°C identical with that reported [17].

2-Thiobenzoylamino-fluorene (V). To a hot solution of 0.5 g IV in 10 ml anhydrous dioxane,
0.4 g phosphorous pentasulphide was added in four portions of 0.1 g at 10 min. interval and boiled
for 90 min. The mixture was poured into 100 ml 60°C warm water and allowed to stand at room
temperature for the next day. The precipitate was isolated, boiled with 30 ml ethanol, hot fil-
tered and the solution poured into 30 ml 109 sodium hydroxide. Then once more it was filtered
and V was precipitated by adding to the solution 25 ml 409, acetic acid. Thus 0.2 g product
was obtained. It was recrystallized from 20 ml ethanol. The pure thioderivative, 0.15 g (29%),
yellow crystals, melts at 190—191°C. C,,H,; NS (301.40). Caled. N 4.65. Found N 4.7.

2-Phenyl-indeno|1,2-f|benzothiazole (VI). 2-Thiobenzoylamino-fluorene (V), 0.4 g, were dis-
solved in 40 ml ethanol and the solution poured into 40 ml 109, sodium hydroxide. To the warm
mixture (40°C) 10 ml 209, potassium ferricyanide was stepwise added. The next day it was fil-
tered, the precipitate was dried, dissolved in 50 ml DMFA and the solution poured into 200 ml
water. The crude product (0.2 g) was recrystallized twice from 20 ml respectively 10 ml glacial
acetic acid. The pure product, 0.08 g (20%) light brown crystals, melts at 248°C. Cy H;;NS (299.38).
Caled. N 4.68. Found 4.7.
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2-Furoylamino-fluorene (IX). To a suspension of 1 g I in 3 ml pyridine and 15 ml ethyl ether
a solution of 0.7 ml furoyl chloride in 15 ml ethyl ether was added under cooling and stirring.
After 2 hours the precipitate fwas filtered, washed with diluted hydrochloric acid and water. The
crude product (1.4 g) was recrystallized fron 30 ml DMFA. IX, 1.2 g (80%), cream-coloured crys-
tals, melts at 208°C. C;¢H ;N,0; (275.28). Caled. N 5.20. Found N 4.8,

2-Thiofuroylamino-fluorene (X ). Starting from 2 g IX in the conditions described above for
V, 1.25 g crude product was fobtained. After recrystallization from 90 mil ethanol, the pure X,
0.69 g (32.5%), yellow crystals¥melts at 170°C, C,,H;;NOS (291.97). Caled. N 4.79. Found N 4.9.

2-Furyl-indeno-benzothiazole (XI). 2-Thiofuroylamino-fluorene (X), 0.6 g, were dissolved at 50°C
in 18 m! solution %of sodium methoxide obtained by reactiog 21 ml methano! with 0,7 sodium.
15 ml of a 50°C warm solution of 209, potassium ferricyanide was stepwise added during 90 min.
The next day the mixture was {poured into water, the precipitate was filtered and washed with hot
water. The crude product, 0.35 g, was recrystallized from diluted acetic acid. The thus obtained
0.15 g (25.59%,) light brown crystals, melt at 188°C. CH,,NOS (289.20). Caled. N 4.84. Found
N 5.2.

{ Received May 19, 1983)
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INDENO-BENZTIAZOLI (I)
Indens-benztiazolt substituifi in pozifia 2

(Rezumat)
Aplicind matodele generale ale Ini Hugerschoff §i Jacobson pentru inchiderea ciciului tiazolic

de la II, V si X se obtin indeno-benztiazolii III, VI §i XI—XII. Se analizeaz3 spectrele de masi
ale compusilor III i VL.



STUDIA UNIVERSITATIS BABES—BOLYAI, CHEMIA, XXX, 1985

STUDIUM DES FALLVORGANGS VON MAGNESIUMHYDROXYD MIT
DOLOMITISCHEM, HYDRATISIERTEN KALK AUS MAGNESIUMCHLO-
RID LOSUNGEN (II)

Mathematische Modellierung des Prozesses

ALEXANDRU POP, ILIE SIMINICEANU, MARIA STANCA und LIVIU CORMOS

In der Fachliteratur finden sich nur wenige Verodffentlichungen die sich
mit dem Fillvorgang von Magnesiumdyhidroxyd [1—18] die meisten davon
sind Patente und beschreiben verfahresntechnische Aspekte sowie den Einflul3
verschiedener Faktoren auf die Kennzahlen des Viltriervorgange des erhaltenen
Niederschlags.

In der vorliegenden Arbeit, wird, unter Zuhilfenahme des Kornmodelles
eine eingehende Untersuchung des industriellen Féllvorgangs vorgenommen.
Es wird versucht ein mathematisches Modell zu finden das eine Quantitative
Beschreibung des Vorgangs ermdglichen soll.

Die experimentelle Priifung des vorgeschlagenen Modells erfolgte in dem man
den EinfluB von Temperatur, Anfangskonzentration der Magnesiumchloridlésung
und Drehzahl des Rithrers auf die Gesamtgeschwindigkeit des Fillprozesses
untersuchte.

1. Wahl des physischen Modells des makrostrukturellen Elementes. Die
mathematische Modellierung des Fillvorgangs macht vorerst de Uberpriinung
der in einer fritheren Arbeit vorgeschlagenen marokinetischen Mechanismen
notvendig [19—21]. Unter den Bedingungen der Konstanz von rdumlicher und
zeitlicher Konzantration der Reaktionsparnerbeschrankt sich das Modell des
strukturellen Elementes auf das Modell des Korns mit nichtreagierten Kern.
Im laufe des Fillvorgangs verkleinert sich das anfdngliche Korn gleichformig
unter gleichzeitigem Erscheinen der Keime der neuen Phase von Magnesiumhy-
droxyd; es finden gleichzeitig Verdndernungen der Komponenten des fliissigen
Teile des strukutrellen Elementes statt.

Im Verlaufe des Fallvorgangs kann sich das Modell des Korns mit nich-
treagierten Kern unter zwei Formen bernerkbar machen (Abb. 1).

Die Form ,,a”" entspricht dem Fall bei dem die neue Phase auf dem alten
Korn erscheint wobei Form ,,b” dem Fall enspricht bei dem sich die neue
Phase in der fliissigen Phase von Partikeln die sich aus der Masse des Kornes
losgeldst haben bildet. In beiden Fillen wurde die Porenstruktur der Kérner
vernac hldssigt.

Aus den Daten von Tabelle 1 wo die Werte der granulometrischen Analyse
des erhaltenen Magnesiumhydroxyds verzeichnet sind ist ersichtlich, dass bei
niederen Temperaturen von unter 23°C ungefihr 70%, der Partikel des Nie-
derschlage sehr kleine AussmaBen (unter 1 Mikron) haben, in Einklang mit der
Annahme, daB hier Form ,,b” in Erscheinung tritt.
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Ca(OH),
Ca (OH),
(OH),
Mg(OH), ol 5(0H),
a b

Abb. 1. Verhaltensformen der Kornchens des physikalischen Modell
mit nichtreaktioniertem Xorn.
a) die Bildung der neuen Phase auf den alten Kornchen, b) die
Bildung der neuen Phase auf den Resten der Anfangsphase.

Bei hoheren Temperaturen (itber 60°C) haben die meisten Partikel Ausma-
Ben von mehr als 10 Mikron. In diesem Fall beschreibt Form ,,a” den Fillvor-
gang.

2. Mathematische Modellierung des Prozesses. Die mathematische Modellie-
rung erfolgt unter Zuhilfenahme des Modells des Kornes mit nichtreagierten
Kern [20—22].

Die chemische Reaktion, von Gleichung (1) beschrieben, findet auf der
duBeren Oberfliache des Kornes statt dessen AusmaBen sich Zeitlich verringern.

Ca(OH), + MgCl, = Mg(OH), + CaCl, (1)
Die CaO Bilanz im Korn hat folgende Form:

dn,
Ca0
== {—T o 2 "
42 — (—Teso) @)
Tabelle 1
Granulometrische Analyse des gefiillten
Magnesinmhydroxyds
Tempaeratur
25°C | 60°C | 80°C
1@ Partikel
Uber 14 15,2 | 29,4 | 44,7
14,01— 9,61 3,2 1,6 | 10,8
8,09-—-5,77 2,8 3,2 2,1
5,72—-4,67 0,7 1,0 1,1
4,72—4,04 2,9 58 4,8
4,04-3,62 1,5 1,6 1,2
3,62—1,04 2,5 | 11,6 3,1
Unter 1,04 70,8 | 44 32
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Gleichung (2) kann mit Hilfe der Beziehungen (3) charakterisiert werden1

m X0 Pyt V ,5{03 . 4
Moo = 0 = B2 00 — gt V5 Vg =< om ot S, = dart (3)
dVg = 4nr*dr; dneo = ¢, - dVg; a=1 —(—;;)8; dr=— %(1—00‘2’3-(1«

Auf diese Weise erhilt man die allgemeine Bilanzgleichung von Ca{OH),
als Funktion des Kornradius (4) oder des Umsetzungsgrades (5).

— P+ o = (—To) )

p;ao - R da

31— B dr (—Teeo) )

Experimentell wird das Magnesiumchlorid aus der flissigen Phase bestimmt
und somit ist es notwending den Umsetzungsgrad des CaO mit jenem von Mag-
nesiumchlorid zu vergleichen [21].

a) Mathematische Beschriebung des Prozesses durch das makrokinetische
Modell der Massenumsetzung. Setzt man in die Bilanzgleichung von CaO (5)
die dem makrokinetischen Modell der Massenumsetzung entsprechenden Gleich-
ung [21] ein, so folgt:

PEaO . R doc m .
¢ o = Kx - 6
31— @ dr ek (©)
woraus :
P::ao - R c z +m )
T= (1 — «)® < da (7)
3Ky (CMgm,) 2
oder :
Pzﬂo . R 1—-3m )
T == il —a) & —1 8
KR(SIII —_ 1)(CI(\)IgC13) w [< ) ] ( )

Ist die Reaktion erster Ordnung beziiglich des Magnesiumschlorids (m = 1)
so erhdlt man aus (8) folgende Gleichung zur Bestimmung der Verbrauchzeit
des Kornes: '

péao R .
=G0 T (] — )28 —1] (%)
2KR ’ Ci\)/IgCI,
b) Mathematische Beschreibung des Prozesses durch das makrokinetische
Modell des Ubergangs von Magnesiumchlorid durch die fliissige Phase [19].

]
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In Gleichung (5) wird die Gleichung fiir den Ubergangs des Magnesium, erhilt
man :

P:,aO'R da_K .Co o
3(1 — 0()2/3 E — PTwmgal, MgCly ( )
oder
0 .
d= :M (1 — a)33 (11)
dr pEaO + R \
woraus
*
vt R
S Pca0 [(1 — )" — 1] (12)

) 0
2K Tager, * CMgCI,

Aus Gleichung (12) kann man die Verbrauchszeit des Ca(OH), Kornes
bestimmt in dem Falle in dem der Geschwindigkeitsbestimmende Schritt der
Ubergang des Magnesiumchlorids durch die flissige Phase ist.

c) Mathematische Beschreibung des Prozesses durch das kombinierte
makrokinetische Modell Ubergang von Magnesiumchlorid—Oberfldchenreaktion,

Unter Zuhilfenahme der Gleichung fiir das kombinierte Modell, sowie von
Gleichung (5) erhilt man fiir eine Reaktion erster Ordnung (m = 1):

da 3K
— = (1= ) (1 — ) (13}
ds a0 R
Durch Integration folgt:
Pzao "R 1
‘T e —_— 1'——:’,”2“;—“1 14
U ] (149

Unter bestimmten Arbeitsbedingungen (Konzentratio-Temperatur) ist es
moglich, dass sich der Prozess durch ein makrokinetisches Modell des Ubergangs
durch die Oberglichenschicht beschreiben 14Bt.

Die Gleichung fiir die Verbrauchszeit des Korns wird in analoger Weise
bestimmt und hat in diesem Fall folgende Form :

PE"LO - R 5 .
T = : [1— 3(1 — 2)% 4 2(1 — o)] (15)

GACMgCI, © Pmgal,

3) Experimentelle Untersuchungen, Die auf Grund der Theorie der makrokinetischen Modellie-
rung [20—~22] durchgefiihrten experimentellen Untersuchungen verfolgten deren konkrete Anwen-
dung auf den Fillprozess von Magnesinmhydroxyd aus einer Magnesiumchloridlosung mit hydrati-
siertem dolomitischem Kalk dessen chemische Zusammensetzung und granulometrisches Spektrum
aus Tabelle 2 zu entnehmen ist.

Es wurde der Einflul der Temperatur, der Anfangskonzentration der Magnesiumchloridlosung
sowie der Drehzahl des Riihrers auf die Geschwindigkeit des Fillvorgangs untersucht.

#
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Tabelle 2

Chemische und granulometrische Analyse des hydratisierten dolo~
mitischen Kalks

. Hidratisierter Chemische Analyse
O Partikel Dolomitischer des Hydratisierten
i Kalk Kalks
>14 70,09,

14,01 — 9,91 1,09% Ca0 9, = 41,7
9,91 — 8,09 2,29, MgO % = 27,95
L LA
467 — 4,04 3:2ty/z e
4,04 — 3,62 1,3%

3,62 — 1,04 7.8%,
< 1,04 12,69,

In diesem Zweck wurde ein diskontinuierlicher Reaktor mit ebenem Ankerrithrer verwendet.
Bei genugend grofler Drehzahl um eine gleichférmige Suspension zu erzeugen kann ein solcher
Reaktor als ein idealer diskontinuierlicher Reaktor betrachtet werden.

Um die Konzentrierung der Losung zu vermeiden wurde der Reaktorthermostatiert, abgedeckt
und mit einem Xiihler versehen (Abb. 2).

Der Temperatureinflull wurde im Beteich 26 —80°C bei einer Anfangskonzentration der losung
von 23,5 g/l MgCl, und einer Drehzahl von 450 umdrehungen/Minute untersucht.

Von Zeit zu Zeit wurden Proben entnommen, rasch im Vakum filtriert und im Filtrat kom-
plexometrisch das MgCl,, bestimmt [24]; daraus wurde der Umsetzungsgrad berechnet, a.

3.1. Auswertung der experimentellen Ergebnissen. Die Auswertung der experi-
mentellen Ergebnissen geschah sowohl mittels der Methode des unmittelbaren
EinfluBes der wichtigsten kinetischen Faktoren als auch mittels der moéglichen
mathematischen Modelle.

Abb. 2. Schema der Versuchsanlage;
1 — Reaktionsgefass, 2 — Xuhler,
3 — Mischer; 4 — hydraulische Abdich-
tung, 5 — Kontrollithermometer, 6 — Of- !
foung zum Proben wehmen, 7 — Xon- -
taktthermometer, 8 — Ruhrer,
9 — Thermostat.

WA

7
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Der bedeutendste kinetische Faktor den auf die Geschwindigkeit des Fall-
vorganges einen Einfluss hat ist die Temperatur. Um den spezifischen Einflu3
der Temperatur auf die Geschwindigkeit des Fillprozesses zu bestimmen wurden
aus den kinetischen Kurben o — 1, (Abb. 3), mittels der Methode der hori-
zontalen Schnitte bei verschiedenen Werten des Umsetzungsgrades « die Dia-

gramme lg 1 —711\- dargestellt (Abb. 4). Aus der Steigung der erhaltenen Gera-
k3

den wurden dann die Werte der Aktivierungsenergic berechnet (Tabelle 3)

Diese Werte (Tabelle 3) erhauben gewisse SchluBfolgerungen beziiglich
der makrokinetischen Mechanismen des Prozesses zu ziehen.

Bei Temperaturen unter 50°C hat die Aktivierungsenergie, unabhingig
vom Umsetzungsgrad Werte die den Umsetzungsvorgingen entsprechen. Bei
Temperaturen itber 50°C ist der Wert Aktivierungsenergie ungefdhr 3 Kcal/mol,
bei allem Werten des Umsctzungsgrades, woraus gefolgert wird, daB unter diesen
Bedingungen die Ubergangsprozesse geschwindigkeitsbestimmend sind was den
Einflu der Anfangskonzentration betrifft so stellt man ein Austeigen der

Geschwindigkeit mit der Verdiinung fest (Abb. 3).
Diese letzte Feststellung erlaubt den Fillungsvorgang als typische Kette:
Auflésen — chemische Reaktion — Bildung und Wachstum der Keime zu bet-

rachten.
Bezglich des EinfluBes der Drehzahl des Rithrers auf die Geschwindigkeit

des Follvorganges ist zu bemerken, daB mit dem Anwachsen der Drehzahl
auch die Geschwindigkeit Zunimmt (Abb. 6); bei groBen Drehzahlen von etwa
450 Umdrehungen/Minute erhélt man jedoch eine einheitliche Suspension und
die Geschwindigkeitszunahme ist gering.
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Abb. 4, Diagram lg 1/ — 1T,
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Tabelle 3

Die Werte der Aktivierungsenergie 7=

-

Umsetzungsgrad

Aktivierungsenergie

E I Kcal/mol | E II Kcal/mol

0,6
0,7
0,8

10,60 - 3,07
1033 §} 3,06
10,03 3. 3,01

Die Auswertung der experimentellen Ergebnissen durch die méglichen
mathematischen Modelle (Tabelle 4) erfolgte mittels der integrierten kineti-
schen Gleichungen. Die Giiltigkeit der makrokinetischen Modelle sowie der vor-
geschlagenen mathematischen Modelle (Tabelle 4) erfolgte durch 'deren graphi-
sche Darstellung und vergleich mit den experimentellen Ergebnissen (Abb. 3).

- In Abb. 7 und 8 finden die Diagramme der mathematischen Modelle der
Umzetsungsvorginge b.z.w. iibergangsvorginge. Es ist eine gute fibereinstim-

TR

mung zwischen vorgeschlagenen Mechanismus und Modell zu bemerken.

___ Bei Temperaturen unter 50°C kann man den Prozess durch das mathemati-
sche Modelle eines Umstzungsvorganges beschreiben. Die Werte K und n ens-

o8 +

0 _CM 9320‘35 a/e
QB @ = 23.50 9,@

@ - s
04 n = 450 rot./min‘

Vot-s0°c
Qa2
16 Zb 3b Emin.

Abb. 5. Einflyl der Anfangskonzent-
ration auf die Geschwiedigkeit des Vor-

gangs.

10+ o
03t
ot o -n = 300 roymin
/ .-n.—650 -"-
(LS50 -
& ‘;,/ o N2
, =235 g/l
Cragay ©7 of

/ Mg
, £=50°C

A

0 26 35 T

Abb. 6. Einfuss der tourenzahl des
Mischers auf die Geschewiedigkeit des
Vorgangs.
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Tabelle 4

Die maglichen makrokinetisehen Modelle fiir den mit hydratisierten dolomitischen Kalk Ausfallenvorgang des Mg(OH),.

Makrookinetisches o . Diematematische Bechreibung
Modell Die kinetische Gleichung
Differentialgleichung | Integralgleichung
L KCe n o * 2
Umwandlungsvor- dng,e K. B da 3 - K(C%4a1,) —a)F tn  peao " R [(l—a) 3 —1]
= C1 = * [ e — - b
gang S; - dr MeCl de pca0 " R 2- K. C,
dN, N da a K
Ws = fyeomy, - ar 1—xdc K x=1—e""
+ dnyeom),
¢ dv
Translokation a 0 * 2
durch die fliissige Pygal, = K. CY de — 3Chga, * Ko (1 — 5B . Peao * R (l—o" 3 —1]
Phase ohne Kriisten- | g . q¢  © ~MgCh a * r S 0 *
trildung T Peao * 2K - CMgCla
Translokation du- d K. 0 0
rch die fliissige Pha- ) x 7 Camgel, Ky Cyga
se mit Kriistentril- Ibid. 1 =% = ds —In(l -« = * M
dung. o Pcao * R fcao * R
1 da 3D * 2
MgCl, - R =
dn ac i = 5 e PO T o3(1-w)3 4
Translokation durch | _MgCh o~ "MgCh 31 Pcao * R? 6AC c Dy
die Kriiste. S.dr dr (1—a) MgCl, MgCl,
- Ay, F 201~ a))

0z
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prechenden kinetischen Gleichung wurden aus dem Diagramm,
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Tabelle 5

Die Werte der Konstanten K und n aus

dem
mathematischen Modell des Umsetzungsprozesses

Temperaturen °C 26°C ( 35°C
n 0,855 0,846
g K —1,23 —1,04

21

Tabelle 6

Die Kinetischen Gleichungen des Mathematischen Modells des

Ubergangs durch die Oberfliichenschicht

Temperaturen °C

Kinetische Gleichungen

50 © = 0,0346[1 — 3(1 — 0)¥® +
65 7= 0,0415[1 — 3(1 — «)*° -+
80 w == 0,046701 — 3(1 — ¥+

und sind in Tabelle 5 vezeichnet.

Bei Temperaturen itber 50°C kann der Prozess durch das mathematische
Modell eines Ubergangsprozcesses durch die Oberfldchenschicht beschrieben wer-
den (Gleichungen Tabelle 6). Aus der Steigung der Geraden aus Abb. 8 werden
die Konstanten dieser Gleichungen bestimmit.

Die auf Grunde der Werte fiir die scheinbare Aktivierungsenergie gezogenen
Schlussfolgerungen, denenzufolge sich bei Tempcrature unter 50°C der Féllungs-
vorgang nach dem makrokinetischen Modell einer Umsetzung bei Tempera-
turen iiber 50°C jcdoch nach dem makrokinetischen Modell eincs Durchganges
durch die Obcrfldchenschicht abspiclt konnten bestatigt werden.

0
MgCl,

M
m

<L

Bezeichnungen

— Anpfangskonzentration der Magneisumchlorid— Lésung,

MgCl, —

Diffusionskoefizient nau Magnesiumchlorid,

Molmasse,

Reaktionsfolge,

Anzahl der Mol,

Reaktionsgeschwiedigkeit konstante,

Gesamt konstante der geschwiedigkeit des Vorgangs,
Gesamter Massenmuw andungskoefizient,

Anfangsradium eines hydratierten Dolomitkalkkornchens,

Abb. 7 bestimmt

Radium des hydratiesten Dolomitkalkkornchens zu einem gegeben Zeit punkt,

Volumen eines Dolomitkalkkornclhens,
Reaktionsflache,
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_X—gao — der initiale Massenteil von Calciumchlorid enthalten in hydratierten Dolomitkalkkorn
chen,
3 — Umwandlungsgrad,
Pg — Dichte der hydratiesten Dolomitkalkkornchen,
p&o — die molare Dicht des hydratierten Dolomitkalks,
Kp — Gesamt umwandlungskoefizient gegeben durch die gleichung:
*
«R
Ko = Pca0
6ACM3C1, N DMgCl,
(Eingegangen am 19 Awgust 1982)
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STUDIUL PRECIPITARII HIDROXIDULUI DE MAGNEZIU CU VAR DOLOMITIC DIN
4. SOLUTII CE CONTIN CLORURA DE MAGNEZIU (II)

QA & @ 14 Modelarea matematicd a procesului
(Rezumat)

A fost studiat experimental procesul chimic industrial de precipitare a hidroxidului de mag-
-nezin, cu var dolomitic hidratat, din solutii ce contin cloruri de magneziu, prin intermediul principa-
lelor modele macrocinetice posibile. Lia temperaturi mai mici de 50° limitativ in desfigurarea procesulul
stnt procesele de transformare de masi, iar la temperaturi Intre 50 —80°C sint procesele de transfer de
masi prin faza fluid4. S-au calculat energiile de activare gi s-au stabilit ecuatiile cinetice pentru cele
«doul mecanisme macrocinetice.
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UN SPECTROFOTOMETRU IN DOMENIUL VIZIBIL DE CONSTRUCTIE
ROMANEASCA

E. CORDOS, 1. MILEA, L. SAVICI, 1. CATINEANUsi D.POP § EB: (B

Spectrofotometrele in domeniul vizibil al spectrului fac parte dintre apa-
ratele de analizi opticd cel mai frecvent intilnite in laboratoarele chimice. Uti-
lizarea lor este motivatd de multiplele posibilitdfi oferite de masuratorile de ab-.
sorbtie moleculard in solutii, atit in scopul determinarilor de concentratie cit si a
aplicatiilor legate de structurd, stoichiometrie sau cineticd chimicd [1]. Pe liflgé
aceasta, spectrofotometrele constituie adesea picsa principaly in aparate auto-
mate i roboti de analizd, al c8ror numdr creste mereu ca urmare a dezvoltirii
automaticii in general i a microprocesoarelor in special [2]. De aceast} tendinj}
terBuie =& se tind seama In proiectarea si constructia unor spectrofotometre care
trebuie i prezinte o serie de elemente ce permit legarea acestora de sistemul de-
control si prelucrare a datelor. Includerea intr-un aparat de analizd mai complex
a unui spectrofotormctru dintre cele existente cste de reguld dificild, intrucit
implicd o serie de mwcdificdri care adcsea nu mai sint posibile Din acest motiv
autorii si-au propus construirea unui spectrofotometru in domeniul vizibil, cu
posibilitatea de a fi utilizat atit ca aparat de sine stitdtor in laborator cit si ca
viitor component al urcr sistemre de analizd automatd. Pentru a oferi posibilitatea
producerii in serie, la proicctarea si constructia aparatului au fost utilizate numai
comyonerte indigene.

Schema bloc a spectrofotometrului este specificd tipului cu monofascicel (fig. 1). Radiatia
provenitd de la sursd este izolatd i selectatd cu ajutcrul unui monoercmator, trecutd prin cuva.
cu solutie de analizat si apoi proiectatd pe un fotodetector al céirui curent este misurat si afigat..

SURSA MONO - COMPART i~ FOTO CIRCUIT DE
RADIATE| "[CROMATOR [~ = MENT  -— DETECTOR MASURARE |—{AFISAJ
CUVE

Fig. 1. Schema bloc a spectrofotometrului.

A fost preferat tipul cu monofascicol intrucit aparatul urmeazd a fi utilizat in special pentru:
urmirirea sau determinarea concentratiei, operatii care, cu posibilitdtile oferite azi.de stabilizarea.
electronicd, pot fi efectuate cu aparatele monofascicol la fel de bine ca §i cele de dublu fascicol [3].
Sursa de radiatie este un bec de filament cu wolfram, liniar, dispus vertical, avind puter:a
de 30 W la 12 volti, produs de Fabrica de becuri Fieni. Sistemul mecanic de fixare a becului
dd rosibilitatea migedrii acestuia dupd cele trei axe de coordonate in scopul pozifiondrii pe axa
opticd a aparatului. Alimentarea se face de la o sursd stabilizatd prezentatd in figura 2, —
Funcfionarea sursei se bazeazd pe reglarea tensiunii aplicatd becului cu ajutorul unui tran--
zistor regulator T1, comandat de un amplificator de eroare A0l prin intermediul tranzistorului
T2. Amplificatorul de ercare compard o tensiune de referinii, furnizati de divizorul format de
dioda Zener D1 si rezistenfa R6, cu tensiunea provenitid fie de la divizorul format de R3, P1 si.
R4 fie de la cel format de T4, P2 si R5. In primul caz reglarea se face in funciie de tensiunea.
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Fig 2. Schema de principin a circuitului stabilizator pentru sursa de radiatie.

i

existentd la emitorul tranzistorului de reglare. Orice variafie a acestei temsiuni este aplicat, dupd
divizare, intrarii inversoare a amplificalorului AOl. Diferenta intre aceastd tensiune si cea de
referintd este amplificatd si aplicatd prin T2 la baza tranzistorului regulator care, la rindul sin,
isi modificd curentul colector-emitor astfel cd tensiunea revine la valoarea initiald. In cel de-al
doilea caz, fototranzistorul T4 urméreste direct luminczitatea becului, o parte a radiatiei acestuia
fiind proiectata pe lentila tranzistorulni. Orice variatie a luminozitd{ii beculni este convertitd intr-o
variatie de temsiunme la cursorul potenficmetrului P2 si in consecintd la amplificatorul de eroare,
care va comanda curentul prin T1 pini la restabilitea luminozititii initiale. In timpul funcfion#rii
normale comutatorul K1, cuplat la carcasa aparatului, asigurd reglarea cu ajutorul fotctranzistoru-
Iui. Dacd din diferite motive sint necesare unele operatii in interiorul sistemului optic, la demonta-
rea carcasei ccmutatorul K1 decupleazd sistemul cu fototranzister i cupleazd sistemul format
numai din rezistente. In acest mcd se evitd supravoliatea si arderca becului, cate ar putea avea
.oc¢ prin obturarea accidentald a fototranzistorului.

Stabilitatea sursei la variafii ale tensiunii sursei nestabilizate cu 4 2V este jlustratd in

tabelul 1 prin cocficientul de stabilizare S, = (A L7in/AUie$). Acest coeficient are valori foarte bune,

Tabel 1

Stabilitatea circuitului de alimentare a sursei

Ui Uie$ Coeficientul
volti volti de stabilizare, S,
18,000 11,985 133
19,000 11,993 142
20,000 12,000 — S, = 160
21,000 12,005 200
22,000 12,012 166
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media pe intervalul amintit fiind de 160. Stabilitatea in timp este gi ea satisficitoare, tensiunea

aplicati becului variind cu mai putin de 2 mV/h la tensiunea nominal%f de 12 V.
Monocromatorul are drept element dispersiv o prism4 de sticld flint cu unghi la virf de 60°

§i bazd de 60 mm. Colimarea i focalizarea sint realizate cu ajutorul a douid oglinzi concave cu

f =250 mm. O schemi a monocromatorului precum §i a dispunerii sursei de radiatie si a com-
partimentului de cuve este prezentati in figura 3.

1

]

1

Pig. 3. Schema cinematici a compartimentului optic. 1 — Sursd de

radiafie; 2 — Oglind4 colimatoare, 3 — Oglind4 focalizatoare, 4 — Pris-

m#, 5 — Oglind4 pland rotativd, 6 — Brat cu tachet, 7 — Cami, 8 — Me-

canism de rotire a camei, 9 — Contor mecanic pentru citirea lungimii

de und¥, 10 — Compartiment cuve, 11 — Mecanism de deplasare a cuve-

lor, 12 — Fantd de iesire si mecanismul de control al deschiderii fantei,
& 13 — Fotodetector.

Radiatia provenitd de la sursi este colimatd de cidtre oglinda concavid si trimisd asupra
prismei, fiind reflectatd de oglinda plani i trecutid din nou prin prismi inspre oglinda focaliza-
toare. De aici radiatia dispersati se focalizeazi in planul fantei de iesire, trece prin cuva aflatd
in compartimentul de cuve §i ajunge la fotodetector. Selectionarea lungimii de undi se realizeazi
prin rotirea oglinzii plane. ITutrucit dispersia prismei este neliniard, rotirea oglinzii se face prin
mecanismul de brat cu tachet §i cami. Aceasta din urmi este astfel calculatd Incit se linearizeazi
relatia dintre lungimea de undi si indicatiile unui contur cuplat la mecanismul de actionare a
camei.

Compartimentul de cuve contine un cidrucior actionat de un mecanism cu cremalierd, Cuvele
se introduc intr-un suport detagabil care se agazi pe cirucior, pozitionarea fiind asigurati de
doud stifturi. In compartiment se pot introduce patru cuve, prima cu solufie martor iar celelalte
cu solufii etalon san probe. Se pot utiliza cuve cu grosimea de 10 si 20 mm. Pozitia c3rucioru-
Ini cu cuve este marcati mecanic cu ajutorul unui opritor cu arc si bild si electronic cu un sis-
tem de contacte care actioneazi patru diode luminiscente dispuse pe panoul electronic,

Componentele opticé : prisma, oglinzile §i cuvele au fost confectionate la I.0.R. Bucuregti
dupd proiectul autorilor acestei lucriri.

Sistemul de misuri a fotocurentului este concentrat in partea electronici a aparatului gi
cuprinde pir{ile indicate in schema bloc din figura 4. Curentul generat de fotodetector este con-
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Fig. 4. Schema bloc a circuitului de mdisurd a fotocurentului.

—

3
vertit in tensiune, dupd care poate fi aplicat direct convertorului analog-digital i afigat, Mirimea
misurati in acest mod va fi transmitanta solufiei confinute in cuvi. In vederea misuririi absor-
bantei, semnalul de la circnitul de misuri a transmitanfei se aplicd unui circuit de misuri a
absorbantei care logaritmeazi semmnalul §i apoi il afiseazi. In fime, in cazul unor determiniri la
care curba de etalonare este o dreaptd care trece prin origine, semnalul electronic corespunzitor
absorbantei poate fi amplificat cu un factor controlabil in aga mod incit numirul afigat si repre-
zinte chiar concentratia probelor in unitifile dorite.

Prima unitate a sistemului de misurid o constituie fotodetectorul, care in cazul de fati este
un element cu siliciu, ROL 16, I.C.C.E. Bucuresti, cu sensibilitate miritd in regiunea albastrd
a spectrului. Fotodetectorul are o formd rectangulari (16 X 4 mm) putind fi utilizat in mod efi-
cient cu o sursid luminoasid avind filamentul linear gi vertical. Domeniul de Iucru al fotoelementu-
lui este ijlustrat de curba din figura 5, care reprezinti efectul insumat al curbei de emisie al sursei
§i al rdspunsului spectral al fotodetectorului. Sensibilitatea maximd se manifestd in regiunea rogie
a spectrului, rdspunsul in albastru fiind de circa zece ori mai mic. Desi aceastd variatie se poate
compensa cu ajutorul circuitului electronic de misurd, a fost necesard gi introducerea unei fante
pentru a mentine banda de dispersie a monocromatorului la o valoare acceptabild in domeniul
rogu. In acest mod valoarea maximi (100,0%) care se afiseazi pe ecranul aparatului este reglabild
pe doui cdi:grosier, cu ajutorul fantei mecanice i fin, prin amplificarea circuitului de mésurs.
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Fig 5. Curba de sensibilitate relativi a fotoelementului cu siliciu ROL 186.
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Fig. 6. Schema de principiu a cirenitwlui de misurare a {ransmitantei.

Circuitul de mdsurd a transmitantei (fig. 6) constd din trei amplificatcare operationale, pri-
mul {A02) fiind un convertor curent-tensiune iar celelalte doud amplificatoare de temsiune. Precizia
si exactitatea mdasuritorilor este conditionatd de calitatea convertorului curent-tensinne. Tensiunea
de iesire a acestuia, Uy, este datd de relatia:

Ugr = U + Ip) Ry (H

unde Iy — curentul generat de fotodetector, Ip — curentul de polarizare, By — rezistenta de reactie.
Intrucit la valoarea semmalului de fotodetector se adaugi i accea a curentului de polarizare,
este de dorit ca aceasta din urmi sa fie cit mai scdzutd. Un curent de polarizare mic va conferi
sistemului un drift redus, dat fiind cd driftul termic este de rvegunid cauzat e Jp a cirui valoare
se dubleazd la fiecare 10°C.

Linearitatea semmnalului este asiguratd prin rezistenta efectivi sclzutd pe care convertorul o
prezintd fotodetectoruini. Curentul fotodetectorului de siliciu variazii linear cu fluxul luminos numai
la valori ale rezistentei de sarcinid sub 400 ohmi. In cazul de fatd, rezistenta efectivd, Reg a,.
convertorului curent-tensiune este:

R

Rep = ;1“3 (2

unde A4 este amplificarea in bucld deschisi a amplificaterului. Intrucit pentrn § A741 4 = 2. 108
Rep == 2,3 ohmi, suficient pentrn a conferi o buni liniaritate.

Amplificatoarele A03 i A04 asigurd o amplificare totali in tensiune de circa 110. Sistemul
de compensare format de rezistentele R,, — R,y 5i P, permit reglarea valorii zero afisati la instru-
mentul de misurd atunci cind fotodetectorul este obturat. Potentiometrul P, asigurid reglarea
valorii maxime, (100,09,), care se afigeazi atunci cind in calca fluxului este introdusi cuva cu
proba de referinta.

Amplificatorul logaritmic preia semnalul Urg de la circuitul de masurare a transmitantei,
furnizind la iesire o tensiune proporjionald cu — log Uy, Operatia de logaritmare se realizeazd cu
ajutorul amplificatorului A05 (fig. 7), care contine in circuitul de reactie un element logaritmic,
tranzistorul TS5 [4,5]. Curentul de colector i a acestui tranzistor depinde de tensiunea bazd-emitor,
u, dupd relatia:

t=1, exp(u/U,) — I, (3}

unde: I, — curentul invers de saturatie a jonctinnii bazi-emitor, U, — echivalentul termic al ten--
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Fig. 7. Schema circuitului de logaritmare gi a celui de concentrafie.

siunii egal cu 7/11.600. Explicitind pentru » la valori mai mari ale acestuia decit 0,253 V si lucrind
cu logaritmi zecimali obt{inem:

u = 2,3U (log ¢ — log I,) (4)

Intrucit tensiunea de iesire a amplificatornlui A05 este U,y = — w, iar i = i, = Up/R,, obtinem:
Urp

Uy = — mlog + mlogl, (5)

20
unde m = 2,3 U,

Expresia 5 contine relatia doritd, respectiv tensiunea de iesire a amplificatorului functie de
logaritmul cu semn schimbat a semnalului de transmitantd. Totusi apar doi termeni dependenti
de temperaturd, m gi I,, care produc impreuni un drift de circa 2,5 mV/°C. Pentru a compensa
acest efect, semnalul de la iesirea amplificatornlui A05 este aplicat unui amplificator repetor de
tensiune prin intermediul unui tranzistor T6 identic cu T5. Identitatea se obtine prin realizarea
tranzistorilor T3 si T6 pe acelasi cip, intr-un circuit integrat BA726 care, in plus, mai dispune gi
de un sistem de termostatare. Tranzistorul T6 este alimentat cu un curent constaut iy, objinut
cu ajutornl divizornlui format din R25—R27 i P6. Tensiunea bazd-emitor, Ugp, a acestui tran-
zistor este:

Uppg = mlogig —mlogl, (6)
Tensiunea U, . aplicatd la intrarea neinversoare a amplificatorului A06 este datd de suma:
Uing = Uos + Uprg @
adicd:
Ur
Ujng = — mlog Roin 8)

Variatiile cu temperatura cauzate de termenul m sint mult reduse prin termostatarea perechii de
tranzistori la o temperaturi de circa 105°C.

Amplificind tensiunea de intrare cu un factor K se obtine la iegirea amplificatorului A06
o tensiune Uy, care corespunde absorbanfei A :

U
Uy = — Km log T (©)
20'R

Controlul amplificdrii, respectiv al lui K, se face cu ajutorul semireglabilului P5 care permite
reglarea pantei caracteristicii de transfer a amplificatorulni logaritmic. Deplasarea acestei catac-
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teristici intr-un domenin de Iucru dat se face cu ajutorul semx.reglabllulm P6 care controleazi
valoarea curentului 7y,

Exactitatea operatiei de logaritmare analogici cu ajutorul circuitului de mai sus este redati
tn tabelul 2 pentru domeniul de transmitantd de la 5§ la 100,0%. Pentru o mai bunid sensibilitate

Tabel 2
Exactitatea operatiei de logaritmare analogies
T% 4 exp A4 cale 4 cale™ 4 exp
100 0,0001 0,0000 —0,0001
95 0,0230 0,0221 —0,0009
90 0,0468 0,0463 —0,0005
85 0,0714 0,0717 +0,0003
80 0,0970 0,0974 -+-0,0004
75 0,1251 0,1255 -+0,0004
70 0,1550 0,1552 +0,0002
65 0,1868 0,1871 -+0,0003
60 0,2220 0,2226 40,0006
55 0,2600 0,2592 —0,0008
50 0,3019 0,3018 -0,0001
45 0,3481 0,3473 —0,0008
40 0,3978 0,3981 -++0,0003
35 0,4568 0,4564 —0,0004
30 0,5230 0,5232 40,0002
25 0,6025 0,6020 —0,0005
20 0,6998 0,6991 —0,0007
15 0,8240 0,8247 -+0,0007
10 1,0001 1,0000 —0,0001
5 1,3025 1,3014 —0,0011

misuritorile au fost efectuate cu un voltmetru electronic digital avind 4 1/2 cifre IEMI E-0303) ,
In cele mai multe cazuri diferenta intre valoarea calculati si cea experimentald este mai mici
de 1 mV, la o valoare totald a scalei de 1,9999 V.

Tensiunea corespunziitoare absorbantei poate fi in continuare amplificati cu un factor oate-
care de cidtre amplificatorul A07 denumit in schema bloc amplificator de concentratie. Tensiunea
de iegire a acestuia poate fi astfel reglatid incit pentru o anumitd solutie introdusi in cuva de
misurd valoarea afigatd si reprezinte, in volti sau milivolti, chiar concentratia probei, in unititile
dorite. Factorul de amplificare se poate regla cu ajutorul potentiometrului aflat in bucla de reactie
a amplificatorului.

Sistemul de misurd si afisaj utilizat este un panelmetru digital cu 3 1/2 cifre (I.C.C.E.
Bucuregti). Convertorul analog-digital al panelmetrului este de tipul bipolar cu dubli pantd, corectie
de zero si acoperd domenijul de la OV la 1,999 V cu indicarea semnului §i a depisirii domeniului
de misurd. ¢ FTEBREFE
- Aspectul general al spectrofotometrului este redat in figura 8. In organizarea componentelor
§1 plasarea diferitelor comenzi s-a tinut seama de o serie de considerente ergonomice menite si
permitd o manipulare usoard §i inregistrarea rezultatelor cu un efort minim. Partea mecano-optici
sl cea electronicd sint plasate pe o bazi comund. Partea electronici este concentrati ca o uni-
tate de sine stititoare, in partea stingd, cu un panou pe care sint plasate butoanele pentru regla-
rea punctului de zero, 100,09 si a factorului de concentratie, afisajul panelmetrului si diodele
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5 : Fig. 8, Aspectul general al spec-
- I - trofotometrului, I — Compartimentul
opto-Mecanic, II — Compartimentul
electronic, 1 — Compartiment cuve,
2 — Obturator, 3 — Buton de de-
f /% 1 plasare a cuvelor, 4 — Buton de re-
glare a fantei, 5 — Contor lungime
(3/ de unds, 6 — Buton pentru selecta-
N 5§ rea lungimii de und4, 7 — Buton de
° 2 gelectate a modului de operatie,
o O 1 ” 8 — Buton de reglare a factorului de
e . [y

® H 3 concentratle., 9 — Buton de reglare
/ P a punctului 100,0. 10 — Buton de
- l ] ‘ V Q / Q ﬂ/ reglare a punctului zero, 11 — Co-
L ] 4 }— mutator de retea, 12 — Diode lu-
E? miniscente pentru indicarea pozifiei
\ / / cuvelor, 13 — Diode luminiscente
! pentru indicarea modului de opera-

tie, 14 — Panelmetru.
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luminiscente care indici pozitia cuvelor sau modul de operare. Partea mecano-optici are in fa{i.
doud butoane, unul pentru selectionarea lungimii de undd si altul pentru reglarea fantei. Tot pe
aceastd faf# se afld gi contorul pentru citirea lungimii de undi. Pe partea laterald dreapti se
giseste un buton pentru schimbarea cuvelor §i unul, de dimensiuni mai mici, pentru obturarea
melementulm in vederea stabilirii punctulul de zero. Suportul de cuve se introduce prin partea
Tous. FECREPLBOM EiBE i e

Caractenstxcﬂe metrologice ale aparatulul realizat de noi, i produs in serie zero de Institutul
de chimie Cluj-Napoca, sint prezentate in tabelul trei. Valorile inscrise in acest tabel plaseazd

Tabel 3

Caracteristicile metrologice ale spectrofotometrului In demeniul vizibil

Caracteristici Valoare
Intervalul spectral de lucru 400—800 nm
Eroarea de afigare, repetabilitate §i reversibilitate a lungimii de
unda Snm
Léargimea benzii spectrale 10nm
Froarea de afigare a transmitantei 0,29%,
Reproductibilitatea de afisare a transmitantei 0,2%
Eroarea de conversie a transmitantei in absorbanti 0,005 unitd{i A
Reproductibilitatea afigérii absorbanfei 0,003 unitd{i A
Varia{ia valorii afigate pentru valoarea zero transmitanti 29%/h
Variafia valorii afisate pentru valoarea 100,09 transmitant{d 2%/h
‘Stabilitatea la vatiatii de 4 109, a retelei de alimentare 0,5%,

aparatul la nivel egal sau mai bun cu aparatele de pret si gabarit similar: Specol 10, Zeiss R.D.G.
a Spectronic 20, Bausch and Iomb, S.U.A., care sint spectrofotometrele cele mai rispindite din

aceasts categorie. L L,
i (Intrat in redactic la 19 aprilie 1983)
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A ROMANIAN BUILT VISIBLE SPECTROPHOTOMETER
o Smimalil . - (Summary)

A single beam spectrophotometer with prism monochromator is described. The main fea-
tures of the spectrophotometer are:silicon photodetector, linear display of wavelength, measure-
ment of transmitance, absorbance and concentration, digital display of data, very good stability
for both 0% T and 100% T points. The apparatus is built entirely from Romanian made parts.
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STUDIUIL, FIZICO-CHIMIC AL SEPARARII PRIN RECTIFICARE A
ESTERILOR ACRILICI DE ALCOOLII CORESPUNZATORI (Im)*
Acrilat de 2-etilhexil—alcool 2-etilhexilic

IUDITA MURESAN, FRANCISC KACSO, LUCIA ZADOR

Printre esterii acrilici sintetizati in cadrul Facultdtii de tehnologie chimici a
Univesitatii ,,Babes-Bolyai” la cererea Ministerului Industriei Chimice este si
acrilatul de 2-etilhexil (CH,CHCOOCgH,;). Acesta a fost objinut prin sinteza
Reppe din acetilend, CO si alcool 2-etilhexilic in conditii semicatalitice, in pre-
zenta tetracarbonilului de nichel si a acidului clorhidric. Prin distilare la presiune
scdzutd s-a putut izola doar 559, din ester. Pentru a mdri eficienfa acestei
-operatii, ne-am propus in lucrarea de fa{d studiul separirii prin rectificare a acri-
latului de 2-etilhexil (2EtHexAcr) de alcoolul 2-etilhexilic (2EtHexOH).

Referitor la sistemul studiat, in literaturd se dau exclusiv presiunile de
vapori ale esterului [17.

Partea experimentald. Alcoolul 2-etilhexilic a fost preparat la Combinatul chimic Risnov
4n? = 1,4327 fati de n? = 1,4328 dat in literaturd) iar acrilatul de 2-etilhexil la Facultatea de
tehnologie chimicd din Cluj-Napoca (n? = 1,4338, in literaturi n?® = 1,4332).

Instalatia folositd pentru misurarea temperaturilor de fierbere in functie de presiune la o
anumitd compozijie a amestecului, sau a temperaturilor de fierbere la presiune constanti pentrn
diferite compozitii ale amestecurilor, este cea descrisi in nota I [2]. Intrucit diferenta dintre indicii
de refractie ai componentilor puri este mic3, la determinarea compozitiei distilatului format dupi
stabilirea echilibrului termic am folosit metoda interferometrici.

Rezultate si eoneluzii. Temperaturile de fierbere la diferite presiuni pentru
amestecul 2EtHexAcr-2EtHexOH in raportul de volum 1:1 sint prezentate in
tabelul 1.

Tabel 1

Influenta presiunii asupra temperaturii de fierbere a amestecului 1: 1 2EtHexAer — 2EtHexOH

p (mm Hg) I 10‘14(18{24‘ 35 44| 55 63‘ 77l 88 95l 107

4 (°Q) l 77 | 83 l 88 1 94 I 105 110, 114 117| 121' 125 127! 132

Se constatd ci in intreg domeniul presiunilor studiate diferentele dintre tem-
peraturile de fierbere sint destul de mari. Reprezentarea in coordonate de linia-
. [ 108

Tizare lo =

rizare logp =f | o
cului in raport de volum 1: 1 nu intersecteazd si nu se apropie prea mult de drep-
tele componentilor puri la nici una din presiunile studiate (p > 10 mm Hg).

} din figura 1 aratd cd dreapta corespunzitoare ameste-

* Lucrare comunicati la a VI-a sesiune de comunicdri stiintifice a Centrului de cercetdri
Rimnicu-Vilcea, mai 1980.
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Din acestea rezulti ci acrilatul de 2-etilhexil nu formeazi amestec azeotrop:
cu alcoolul 2-etilhexilic si cd se poate realiza o separare eficientd prin rectifi-
care la presiuni scézute,

Pentru a gisi conditiile optime de separare am trasat diagramele de stare.
Rezultatele privind variatia temperaturii de fierbere cu compozifia fazei lichide
si gazoase la 100 mm Hg sint ilustrate in figura 2. Alura diagramelor de stare
obtinute este specificd amestecurilor cu abatere pozitivd de la comportamentul
ideal.

Pentru determinarea numdarului de talere am folosit reprezentarea y, = f(x,),
care este lipsitd de erorile de miasurare a temperaturilor de fierbere. In scopul
de a o trasa cit mai corect, datele experimentale au fost verificate si corectate
prin metoda Reddlich si Kister. In figura 3 diferenta ariilor cuprinse intre
curbd si axe corespunde unei erori medii de determinare a raportului factorilor
de activitate v,/y, de 1,4 - 107

Valorile corectate ale concetratiilor sint cuprinse in tabelul 2.

Tabel 2
Compozitia corectatd a amestecurilor la p = 100 mmHg
L (faza lichida) V (fazi de vapori)
gj ly a= hbe d 1 Ya
' xy Xy Y1 Ve *l%
1 0,9106 0,0893 0,9450 0,0550 | 124 1,682 2,658 0,964 1,522
2 0,8052 0,1947 0,8770 0,1230 | 125 1,725 2,672 0,967 1,499
3 0,7579 0,2421 0,8500 0,1500 | 126,5 1,810 2,700 0,972 1,410
4 0,6639 0,3361 0,7960 0,2040 | 127,5 1,975 2,725 0,974 1,345
5 0,5768 0,4232 0,7580 0,2420 | 128,56 2,297 2,740 0,987 1,178
6 0,4096 0,5903 0,6750 0,3250 | 130 2,993 2,758 1,158 1,067
7 0,3631 0,6369 0,6450 0,3550 | 132 3,186 2,818 1,132 1,001
8 0,2502 0,7498 0,5580 0,4420 | 134,5| 3,800 2,875 1,276 0,964
9 0,1301 0,8699 0,4105 0,5894 | 138 4,656 2,970 1,501 0,957
10 0,0746 0,9253 0,3000 0,7000 | 139 5,318 3,013 1,843 1,044,
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Fig. 1. Diagrame Cox pentru amestecul 2EtHexAcr—2EtHexOH 1:1 O, ester @ (date din lite-
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Fig. 4. Diagrama y, = f(»,) pentru Fig. 5. Diagrami de calcul al NTIT la
amestecuti 2EtHexAcr—2EtHexOH la p = 100 mm Hg (tabelul 4 nr. 4)

p = 100 mm Hg.

Figura 4 redi dependenta compozitiei fazei gazoase de cea a fazei lichide
st aratd cd pentru separare pe coloani cu reflux total sint necesare 12 talere.

Aplicind metoda McCabe si Thiele corectatd (vezi nota I), s-au determinat
condifiile unei distilari continue pentru fractia molard a alcoolului 2-etilhexilic
in fluxul de alimentare x4 = 0,3 respectiv 0,5 si in cel de evacuare xp = 0,85,
0,90, 0,95, iar a acrilatului de 2-etil-hexil evacuat din blaza xz < 0,01. S-a consi-
derat functionarea unei coloane in conditii adiabatice si regim stationar. Figura 5
ilustrazd modul de lucru pentru unu! din cazuri (tabelul 3 nr. 4)

Tabelul 3 prezintd numirul total al talerelor teoretice NTTg_p precum si
repartitia lor pe cele doud zone : de epuizare NTTgy_a si de concentrare NTTa_p
pentru conditiile propuse, folosind diferite rafii de reflux R.

Tabel 3
Numiirul teoretie de talere necesar separiril 2EtHexAcr de 2EtHexOH la p = 100 mm Hg

Xp = 0,01 g = 0,99
NT. NTT R - R NTT NTT NTT
crt. %4 *D R=cc| min / B_A A—D B—D
1 0,3 0,95 7 1,21 0,316 2 3,7 10,0 13,7
2 0,3 0,95 7 1.21 0,316 4 3,0 7,0 10,0
3 0,3 0,90 6 1,04 0,333 2 3.8 6,5 10,3
4 0,3 0,90 6 1,04 0,333 3 3,3 5,0 8,3
5 0,3 0,90 6 1,04 0,333 4 3,0 4,5 7.5
6 0,3 0,85 5 0,85 0,353 2 4,0 3.5 7.5
7 ) 0,95 7 1,10 0,526 2 4,5 9,0 13,5
8 0.5 0,95 7 1,10 0,526 4 35 6,0 9,5
9 0,5 0,90 6 0,87 0,555 2 4.2 4,0 8.2
10 0,5 0,90 6 0,87 0,555 3 4,0 3,5 7,5
11 0,5 0,90 6 0,87 0,555 4 3.5 3,2 6,7
12 0,5 0,85 5 0,63 0,588 2 4,2 2,5 6,7
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Rezultatele permit alegerea condifiilor optime de separare prin distilare
directd la 100 mm Hg a acrilatului de 2-etilhexil de concentratie x, = 0,99 (cores-
punzind la 99,019, masd) in functie de compozitia amestecului si de preferintele
concrete in privin{a ratiei de reflux si a puritdfii alcoolului separat la capul
coloanei.

(Intrat in redactie la 22 martie 1983)
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THE PHYSICO-CHEMICAL STUDY OF THE SEPARATION BY RECTIFICATION OI' ACRYLIC
ESTERS FROM THE CORRESPONDING ALCOHOLS (IT)
2-Ethylhexyl acyylate —2-ethylhexyl alcohol

(Summary)

The conditions of separating 2-ethylhexyl acrylate obtained by Reppe synthesis from the
corresponding alcohol, using fractionnary distillation was investigated. The dependence of the boi-
ling temperature of the 50 v 9, mixture from pressure, permitted to choose as working pressure
100 mm Hg. For this value the state diagram was established and the theoretical number of pla-
tes in different work conditicns, for both parts of an adiabatic column in stationnary state were
calculated. The choice among them is to be performed depending on the composition of the mix-
ture and the concrete preferences concerning the purity of alcohol and the reflux ratio used. The
imposed purity for the ester was 99 w 9.
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PLATINUM-GRAPHITE BIAMPEROMETRIC INDICATION IN |
NON-AQUEOUS MEDIA: DETERMINATION OF MERCAPTANS
UTILISING Cu(II)-Cu(I) REDOX COUPLE

D. GHOSH and B.B. PRASAD*

Recent adoption of wax-impregnated graphite electrode in combination
with platinum for biamperometic aqueous determinations [1—3] prompted to
explore its applicability to systems purely non-aqueous. The present paper reports
the estimation of mercaptans in (i) N,N-Dimethylformamide and (ii) Aceto-
nitrile using copper (IT) salts as the oxidant.

Experimental. The electrode assembly (consisting of a wax-impregnated graphite and a micro-
-platinum electrode) as also the general experimental procedure including the circuital arrangement
were essentially thie same as employed earlier [1-—3] for aqueous estimations.

All chemicals used were of analytical grade except when stated otherwise. The solvent N,N-
-Dimethylformamide (E. Merck) was purified by keeping it first in contact with sodium carbonate
(BDH) for 48 hours and then distilling the decanted liquid for the fraction boiling in the range
148.5—149.5°C. The other solvent i.e., acetonitrile {IDPL) prior to use was redistilled over phos-
phorous pentoxide.

Salts of copper (IT) selected in the present work as oxidants [1—6] were copper chloride and
copper perchlorate. The solution of the former (NDH) was prepared in DMF and standardised
[5] using EDTA and that of the latter in acetonitrile; it was standardised [7] iodometrically. The
sample of copper (II) perchlorate was prepared as follows [71.

A slight excess of 60°; perchloric acid was added to a suspension of copper carbonate {BDH)
in water; carbon dioxide was removed subsequently by boiling. The blue crystalline compound sepa-
rated on cooling, after drying under vacuum was employed.

Ascorbic acid solution was prepared first in a small quantity of warm glacial acetic acid and
later, on cooling to room temperature it was diluted using acetonitrile to the required volume. It
was standardised everyday before use, iodometrically.

A — Determinations in N, N-Dimethylformamide using copper (II) chloride. The substances estimated
were the Fluka samples of n-Butyl-, Isobutyl- and Benzyl mercaptans, 2-Mercaptoethanol and Thio-
phenol. The test solutions of these (without further purification) were prepared in the above solvent
and standardised [8—10] using iodine except that of Isobutyl mercaptan where Hg (II) chloride
was employed.

A known amount of the test inercaptan was taken iu the titration cell and diluted to 30 ml.
A constant polarising emf (obtained from a battery-operated potentiometer and varied in the range
100--200 mV) was impressed between the electrodes with graphite as positive. The copper (II)
chloride solution (0.01-—0.05N) was added from a semi-micro burette and the cell current was noted
with a sensitive gavanometer after a lapse of (usually) one minute following each addition. A
slow stream of nitrogen was bubbled into the cell before the titration and maintained afterward
throughout; the solution was kept stirred uniformly using a magnetic stirrer. The equivalence point
was obtained as usual, from the corresponding plots of the galvanometer deflection versus the volume
of the titrant. Results obtained for n-Butyl—, Isobutyl—, Benzyl mercaptans and Thiophenol are
returned in Table 1, Part A; also those for 2-Mercaptoethanol are shown separately by curves
A and B in Fig. 1 for the purpose of illustrating the influence of the applied emf on the nature of
the titration curves.

B — Determinations in Acetonitrile using copper (II) perchlorate. The oxidation of iercaptans with
copper (II) perchlorate in this medium though fast initially, slows down considerably with the
progress of titration. In order to obtain guantitative results [6] therefore, aliquots of the mercaptan

* Department of Chemistry, Banaras Hindu University, Varanasi — 221005, India.
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Fig. 1. Platinum-Graphite Biamperometric Indication for
Determination of 2-Mercaptoethanol in DMF (A) 3.436 (B)
4.295 mg; and in Acetonitrile (C) 5.565 (D) 5.008 mg

-were added to known excess of copper perchlorate and the unreacted portion was estimated with
ascorbic acid. A time period of five minutes was allowed for completion of the oxidation prior to
actual estimation with emf values in 150 —230 mV range. Results for n-Butyl—, Isobutyl— and
Dodecy! mercaptans and 2-Mercapfobenzothiazole are returned in Table 1, Part B and those for
2-Mercaptoethanol are shown in Fig. 1 (curves C and D).

Table 1
Platinum-Graphite Biamperometric Determination of Mereaptans in Non-aqueous Media
A) Medium — DMF; Oxidant — Copper (II) chloride

Amount of mercaptans (mg
Substance ApPIOX. P ()

: % error
molatity Taken Tound
n-Butyl mercaptan 8.21x 104 2.224 2.234 +0.44
2.46x 163 6.672 6.707 +0.52
4.92x 10-3 13.334 13.288 —0.34
Isobutyl mercaptan 6.25 x 103 1.692 1.701 +0.53
1.66 x 103 4.512 4.540 +-0.62
6.25x 103 16.920 16.847 —0.43
Benzylmercaptan 9.98 x 101 3.722 3.750 —0.74
2.01x 103 7.500 7.470 —0.40
5.03x 103 18.750 18.677 —0.38
Thiophenol 7.13 <104 2.360 2.373 +0.55
2.14 x 1073 7.080 7.090 +0.26
533x10-3 17.700 17.639 —0.34
B) Medium — Acetonitrile; Oxidant — Copper {II) perchlorate
n-Butyl mercaptan 8.31 x 101 2.250 2.272 +0.97
4.15x 103 11.250 11.206 -0.39
5.82x 103 15.750 15.670 —0.50
Isobutyl mercaptan 9.24 x 101 2.502 2.480 —0.87
2.77 x 102 7.506 7.463 —0.57
3.69x 103 ).008 10.033 +0.24
Dodecyl mercaptan 7.46 X104 1.533 4.574 +0.90
1.11x 103 6.799 6.760 —0.57
2.23x10-3 13.599 13.682 +0.61
2-Mercaptobenzothiazole 9.33 104 4.683 4,641 —0.89
1.86x 103 9.366 9.407 +0.43
2791073 14.049 13.965 —0.59
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Results and Discussion. The determinations based primarily on the
present indication become possible because of the stabilisation of the resulting
copper(l) species due to complexation [4, 11, 127, This advantage in DMF
with the use of copper(II) chloride is exclusive as compared to that of the
other commoner copper(I1) titrants like the perchlorate or the nitrate because
of secondary complications [117].

The titration curves as anticipated are of the reversed L-shape because the
inception of the current indicating couple Cu(II)/Cu(I) takes place only when
Cu(II) becomes available i.e., after the completion of the oxidation.

In acetonitrile, the complexation of copper(I) with the medium itself [12]
helps providing the missing partner of the couple and also avoiding the chances
of error due to air oxidation. The titration curves in this case, are of IL-shape
because the couple ceases to be available the moment excess Cu(1I) is consumed
by ascorbic acid. It is important to note that in both the above series, the breaks
are well-definde (Fig. 1) indicative of unambiguous results ; also increase in emf
does not affect either the shape of the curve or the location of the end point.

From the observation of precise and reproducible results (Table 1), it is
evident that the platinum-graphite electrode system is well suited for non-
aqueous estimation of mercaptans even in low concentration range. The tech-
nique is simple, quick and avoids use of elaborare fabrication and yet is capable
of yielding reliable results.

Acknowledgement. Our thanks are due to Prof. R. C. Aggarwal, Head of the Department of
Chemistry for providing laboratory facilities and tc the University Grants Commission, New Delhi

for awarding a Teacher Fellowship to one of us (D.G.).
{ Received September 2, 1983)
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INDICARE BIAMPEROMETRICA CU PLATINA-GRAFIT IN MEDIU NEAPOS
DETERMINAREA MERCAPTANILOR FOLOSIND CUPLUL REDOX Cu(II)—Cu(I)

(Rezumat)

8-a utilizat indicare biampermetrici cu platini-grafit in sisteme neapoase pentru determinarea
mercaptanilor in DMF si in acetonitril utilizind clorurd de Cu(II) si perclorat de Cu(lI) drept oxi-
danti:

2R-—SH + 2Cu(lI) - R—8—8—R 4 2Cu(l) - 2H*
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SOME NEW AMIDES AND SULFONAMIDES AND THEIR BIOLOGICAIL
ACTIVITY

VALER FARCASAN, ILEANA OLTEANU, IULIU MESTER and VASILE CHIOREAN

With the aim to solve various kinds of problems, in some of our previous
or under way works, we prepared a series of amides and sulfonamides.

Taking into account the well known biological activity of sulfonamides [1]
and that of amides [e.g. 2, 3, 4] we considered it timely to test our substances
from this point of view.

Table 1

N-Benzolyl-N’-fureylphenylenediamines

. Analysis N9,
Starting Solvent Meltin Formula |[————F
. used for vield | “EHEB | (afole- .
Substance com- . ; point Cal
pounds rec{ystalh- % oc cul'ar cula- | Found
zation weight) ted
(N-Benzoyl-N’-furoyl)- IV and | Amylalco- CyeH N0y
1,2-phenylenediamine (V) XXXIX* hol 53.2 | 236--238 (306.32) 9.15 | 9.2
(N-Benzoyl-N’-furoyl)- VII and | Ethanol 47.2 | 193 . . 9.5
1,3-phenylenediamine XXXIX
(VIII)
(N-Benzoyl-N’-furoyl)- X and Dioxane or
1,4-phenylenediamine XXXIX | glacial ace-
(XTI} ; tic acid 62.2 | 284285 . . 9.1

® See experimental section.

The new amides (V, VIII and XI) (Table 1) and sulfonamides (XVII, XXII,
XXIV, XXIX, XXX, XXXIV and XXXV) (Table 2) were obtained by reac-
ting the amines with the suited acylchlorides.

The amines IV, VII and X (Table 3) were prepared by another method, as
that reported.

With a view to enable, if need be, certain comparisons, the biological beha-
viour of the parent compounds, namely benzene (I), bipheny! (XII), diphenyl-
methane (XIII), fluorene (XVIII) and diphenyl ether (XXVI), and of some of
their derivatives, was also examined under the same conditions as those used
by us for the new substances.

The microbiostatic activity of compounds, listed in table 4, was measured
by diffusion test procedure against a fungus and four bacteria strains.

Further we will confine oneselves only to some short observations.

The antifungal activity was tested against Candida albicans.

Unlike the fluorene (XVIII), the closely related from a structural point of
view biphenyl (XII) and diphenylmethane (XIII) did not show any activity.
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Table 2
Sulfonamides
Analysis N9Y
Solvent Formula Rotres T
Starting used for | YVield | Melting
Substance compounds | recryst- | 9% |point °C @g:lfcl‘;:;i f |Calcu- Found
allization €18 lated
4,4’-Dibenzenesulfo- XIV and Glacial 51.7 | 180 CyH,yoN,0,S, 5.85 59
nylaminodiphenyl- XL* acetic (478.47)
methane (XVII) acid
2-Benzenesulfonylami- XIX and Glacial 65.7 ;| 196198 C,H;;NO,S 4.36 4.4
nofluorene (XXII) XL acetic (321.30)
acid
2-(p-Nitrobenzene- XIX and Glacial 50.0 | 200-201| C,,H;N,0,8 7.85 7.8
sulfonyl) aminofluo- XLI* acetic
rene (XXIV) acid (366.31)
2-Benzenesulfonyl- XXVII Ethanol | 49.1 | 102 CgH ;NO,S 4.31 4.4
aminodiphenyl ether and XL (326.91)
(XXIX)
2-(p-Nitrobenzene- XXVII Ethanol | 32.2 | 150 CgH 1y N,0;58 756 | 7.4
sulfonyl) aminodi- and XLI (371.92)
phenyl ether (XXX)
4-Benzenesulfonyl- XXXII Ethanol | 47.9 | 108 CgH ;NO,S 4.31 4.2
aminodiphenyl ether and XL (326.91)
(XXXIV)
4-(p-Nitrobenzene- XXXII Lthanol | 24.9 | 158 CigH 1 N0 S 7.56 | 7.5
sulfonyl) aminodi- and XILI
phenyl ether (XXXV) (371.92)
* Sce experimental section.
Table 3
N-Benzoylphenylenediamines
Substance Starting Method Yiild Me}tin§ Referen-
compound used % point °C ce
N-Benzoyl-1,2-phenylenediamine (IV) N-Benzoyl- Ax 77.8 140 [58]
1.2-nitraniline
(XXXVI)
N-Benzoyl-1,3-phenylenediamine (VII) N-Benzoyl- B* 91.9 125 (6}
1.3-nitraniline
(XXXVII)
N-Benzoyl-1,4-phenylenediamine (X) N-Benzoyl- A 84.5 137 (7]
1.4-nitraniline
(XXXVIII)

* See experimenial section.
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{See foot-note 3 Table 4). All the furoylamino derivatives as V, VIII, XI,
XVI and XXI were effective against the tested fungus. With an exception, XIX,
the corresponding amines (IV, VII, X and XIV) were not active. The o-, m- and

Table 4
Microbiostatic activity of eompounds I ... XXXV
Diameter of the zone of com-
plete inhibition in mm
Compound Organism?! References?
CA SA BS EC PA
R,
NS
tO |
NN, |
24 20 10 [ 9, 10]
I: R, = R, = ) ) e
I R H R, = NH, 30 40 40 32 32 [11]

. 30 | 30 10 0 12 [12, 13]
ar: Ry =R, = NH, 0 0 0 0 o | [e 13
1v: R, = NHCOC,H,; R, = NH, :

Vi R, = NHCOCH;;
R, — NHCOC,H, 0t N L
R, R,
AV
101
N
VI: R, = R, == NH, 0 30 0 0 15
VII: R, = NHCOCH;; R; == NH, 0 0 0 0 0
VIII: R, = NHCOCH,;
R, = NHCOC,H,0* 12 0 15 0 0
O
IX: R, = R, = NH, 0o | 40 | 18 0o | 18
X: R, = NHCOC,H;; R, = NH, 0 0 0 0 0
XI: R, = NHCOC,H;; R, = NHCOC,H,0¢ 12 0 0 0 0
N\—
101 10}
N\
XI11 0 0 0 0 12 (14, 15]

' CA = Candida albicans ; 8A = Staphylococcus aureus; BS == Bacillus subtilis; EC = Escherichia coli; PA = Pseudomonas
aeruginosa.

Only one or two examples of works dealing with the biological behaviours of the corresponding compounds were recalled.
The compound was considered ,inactive” when the diameter of the zone of inhibition was smaller than 10 mm.
CH,0 = furyl,
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(Table 4 continued
Diameter of the zone of com-
plete inhibition in mm
Compound Organism Referencest
CA SA BS ES PA
2 b3
NN NS
1O 1O}
NN
XIIT: R, = R, = 0 25 25 0 0 16, 17
XIV: R, = R, = NH, 0 0 0 0 0
XV: R, = R, = NHCOC H; 0 0 0 0 0
XVI: R, = R, = NHCOC,H,0¢ 12 0 0 0 0
XVII: R; = R, = NHSO,C,H; 12 0 0 0 0
VA AN
O O |
AV AV AVAN
XVIiil: R =H 12 0 0 0 0 [18, 19}
XIX: R = NH, 17 15 13 0 0
XX: R = NHCOCH, 0 0 0 0 0
XXI1: R = NHCOC,H,0* 10 0 0 0 0
XXII: R = NHSO0,C(H; 0 0 0 0 0
XXIII: R = NHSO,C,H,NO, (p) 12 15 13 0 0
XX1V: R = NHSO0,CH,NH,(p) 0 15 13 0 0
XXV: R = NHS0,C ,H,NHCOCH, (p) 10 12 12 0 0
AN AN
1O 1O
NN N
R
XXVI: R=H 20 40 20 0 16 (207
XXVII: R = NH, i4 0 0 0 0
XXVIIT: R = \HLOLGH 12 Q Q 0 0
XXIX: R = NHSO,CH, 10 0 0 0 0
XXX: R = N‘HSO CLH,NO, {p) 12 12 13 0 0
o0
O/ \/ \NHCOC «Hs
XXX1 14 0 0 0 0
R
NN
|01 1O
XXXII: R = NH, 12 0 0 0 0
XXXIIT: R = NHCOC,H, 0 0 0 0 0
XXXIV: R = NHS0,CH, 13 15 13 0 (]
XXXV: R = NHSO0,CH,NO, (p) 12 20 15 0 0
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p-isomers of N-benzoyl-N’-furoylphenylenediamines (V,VIII and XI)showed inhi-
bition in the same degree, thus the expected differences — having in view steric and
electronic effects — are not observable in these conditions. The tested p-mitro-
benzesulfonylamino derivatives (XXIII, XXX and XXV) manifested fungista-
tic effects. From the eleven new amides and sulfonamides prepared by us only
XXII was not active.

The antibacterial action was tested against Staphylococcus aureus, Bacillus
subtilis, Escherichia coli and Pseudomonas aeruginosa.

If the bacteriostatic activity of fluorene (XVIII), biphenyl (XII) and di-
phenylmethane (XIII) was compared with their fungistatic one, a reverse of the
situation can be observed, the fluorene being the inactive compound. Only one
amide, namely N-benzoyl-N’-furoyl-1,3-phenylenediamine (VIII), showed anti-
bacterial activity. The 2-benzenesulfonylamino derivatives of fluorene substitu-
ted in p-position with the nitro-, amino- or acetylamino group (XXIII, XXIV
and XXV) manifested a very similar action against Staphylococcus aureus and
Bacillus subtilis with that of the parent amine, 2-aminofluorene (XIX), while
the unsubstituted one (XXII) was inactive. From the new substances six,
all sulfonamides excepting VIII, inhibited the growth of the Gram-positive
bacteria species.

Experimental. The melting points determined in glass capillaries are not corrected.

N-Benzoylphenylenediamines

Method A. To a suspension of 4 mmole N-benzoylnitraniline and 0.1 g nickel (from formiate),
0.5 ml 1009, hydrazine hydrate was added and the mixture boiled for 1 hour. Then 0.5 ml hydra-
zine hydrate was added and the boiling was maintained for an another hour. The hot solution was
filtered and the amine precipitated with water. The crude product was boiled with 20 ml ethanol
for 1/2 hour, then filtered, and the solution was poured into 100 ml water. Thus the pure substance
precipitates.

Method B. To a solution of 4 mmole N-benzoylnitraniline in 35 ml ethanol, 0.3 g calcium
chloride dissolved in 0.5 ml water and 1§ g zinc dust were added and the mixture vigurously boiled
for 2 hours. Afterwards it was filtered and the solution poured into 200 ml water. Thus the pure
product precipitates.

N-Furoyl-N’-benzoviphenylenediamines. To a solution of 6 mmole N-benzoylphenylenediamine
in 15 ml pyridine 6.5 mmole of faroylchloride (XXXIX) were stepwise added under stirring. The
mixture was warmed on the steam-bath for 3 hours and after cooling poured into 200 ml water.
The precipitate was filtered, dried and recrystallized from the suited solvent.

Sulfonamides. To a solution of 3.4 mmole amine in 10 m! pyridine 3.5 mmole* benzenesulfo-
nylchloride (XL) or p-nitrobenzenesulfonylchloride (XLI) were added and then warmed on the
steam-bath for 1!/, hour. After cooling the mixture was poured into 200 ml water, acidulated with
hydrochloric acid and allowed for some hours. The precipitate was filtered, washed with water,
diluted ammonia, diluted sulfuric acid and again with water. The crude product was recrystalli-
zed from the adequate solvent.

2-(p-Aminobenzenesulfonyl) aminofluovene (XXIV ). 2.65 mmole 2-(p-acetylaminobenzenesulfo-
nyl) aminoftuorene (XXV) [8] were suspended in 60 ml concentrated hydrochloric acid and 60 mi
water, and then boiled for 1 hour, while a clear solution was obtained. After cooling, crystals pre-
cipitate. To the suspension diluted ammonia was added, until weak alkalinity, and then it was fil-
tered. The precipitate was warmed with 40 ml 59, sodium hydroxide and, after cooling, filtered.
To the solution 109 hydrochloric acid was added until weak acidity was achiewed, when the
crude XXIV precipitates. Recrystallization from diluted acetic acid yield 0.64 (71.99%,) pure product,
m.p. 239°C identical whis that reported [8].

Biological tests. For the diffusion test the agar (in the case of bacteria) and solid Sabourand
medium (for Candida albicans) were used. The medium was inoculated and 0.05 ml of the solutions

* In the case of XIV 7 mmole
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of the compounds in dimethylformamide (1 mg/ml) were introduced into the wells punched in
the gel. As control 0.05 ml dimethylformamide was used. After 24 hours incubation at 37°C the
diameters of the complete inhibition were measured.

ot
j=J

11.

13.
14.
15.

16.
17.

18,
19.

20.

LONE 5=
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UNELE AMIDE $I SULFONAMIDE NOI SI ACTIVITATEA LOR BIOLOGICX

{(Rezumat)

Se prepard amidele V, VIII si XI si sulfonamidele XVII, XXII, XXIV, XXIX, XXX,

XXXIV si XXXV.

Se testeazd activitatea lor antifungica i antibacteriand in paralel cu cea a unor compusi infu-

diti cunoscuti.
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BENZOFUROACRIDINES (I),

Compounds with benzofuro [3,2—b] acridinic and benzofuro [2,3—a] acridinic
skeleton

VALER FARCASAN and | BYAMBAA TSEREJAMTSIIN | *

In connection with our continued interest in the condensed polyheterocyclic
systems, we attempted to synthetize polycycles containing the benzofuran and
acridin ring.

Till now only one compound with a similar structure was known [1] namely
the 13— [(3) dibenzofurylamino]-1, 2, 3,4-terahydrobenzofuro[3,2—b Jacridine (I}
named also dibenzofuran-terahydroquinoline-4-amino(3)-dibenzofuran. In the
present paper we report the obtainment of derivatives of benzofuro [3,2—b]-
acridine (II) and benzofuro (2,3—a] acridine (III).

Starting from 3-aminodibenzofuran (IV) and 2-chlorobenzoic acid (V) we
prepared the 2-[(dibenzofuran-3-yl)amino Jbenzoic acid (VI). This acid was then
cyclised to the corresponding acridone using the polyphosphoric acid, the known
Brockmann method [2]. Compound VI could be cyclised to give either benzofuro-
[38,2—Dbjacridone (VII) or benzofuro[2,3—a]-acridone (VIII).

The high m.p. (>350-C), as well as the very low solubility in the usual
solvents of the product isolated by us, render difficult the characterization of this
one. That is why we converted it into the (p-dimethylaminophenyl)benzofuro-
acridine (IX or X) by the reaction with phosphorous oxychloride and dimethyl-
aniline (XI).

The obtained derivative shows a sharp m.p. (260—261°C) and is chromato-
graphicaly pure. Thus was demonstrated that the reaction product isolated by
us by the ring-closure of VI is not a mixture but one of the two isomeres, VII or
VIII.

We supposed for this compound a linear structure, having in view the favou-
red orientation of the electrophilic attack on the dibenzofuran ring — as invol-
ved by the ring-closure of VI — in position 2, as shown for instance, by the
reaction of dibenzofuran (XII) with benzoyl chloride (XIII), wich yields the
2-benzoyldibenzofuran (XIV) [3].

The IR and electronic spectra of our benzofuroacridone (VII) or (p-di-
methylaminophenyl) benzofuroacridine (IX), as well as the very complicated
NMR spectrum of IX in the aromatic proton region, did not offer doubtless
evidence for the liniar structure. The synthesis of the benzofuro [3,2—b] acridone
(VII) by another method will be the topic of a future paper.

We attempted also to cyclise the 2-[(dibenzofuran-3-yl)amino Jbenzoic acid
(VI) using sulfuric acid in the conditions recommended by Albert by the prepara-
tion of acridone (XV) [4], but under these conditions sulfonation occured and
a water soluble compound was obtained.

* Part of doctoral dissertation,
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The IR spectrum of VII shows an intense abs: otion at 1630 cm ™1 {v¢o) and
multiple bands in the 2800—3500 cm ~ region (bonded vyy) typical for acridones
[e.g. 5,6]. In the 1000—1050 cm ™! range VII exhibits three bands (1000, 1015
and 1040 cm ™) as does the dibenzofuran (XII) (1000, 1015 and 1030 cm 1) [7]
which can be also identified in the molecule of VII. One of the first two bands, 1000
or 1015 cm ™, can be assigned to the symmetrical C—0O—C stretching vibration.
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The electronic spectrum of benzofuro {3,2—b] acridone (VII) registred in
ethylene glycol, is characterized by three absorbtion regions: 230—245 nm
(Amax 243 nm, epey 23,200), 260—320 nm (Amax 298 nm, emax 45,100) and 350—400
nm (Amax 400 nm, emax 7,400). The expected resemblances between the spectra of
VII, dibenzofuran (XII) and acridone (XV) recorded in the same solvent, is ob-
vious (Fig. 1). It is worth noting the very similar features of the spectra of XII
and XV in the longer wavelength region.

— QL0 =

250 200 350 400 500nm
Fig. 1. Electronic spectra of compounds VII, XII and XV.

For the synthesis of an angular benzofuroacridone we followed a route
which precludes the formation of the linear isomere. Thus by reacting 2-bromo-
3-aminodibznzofuran (XVI) with 2-chlorobenzoic acid (V) we obtained the 2-
[(2-bromobenzofuran-3-yl)amino J-benzoic acid  (XVII) wich was cyclised
with polyphosphoric acid, yelding the 6-bromobenzofuro(2,3—a]J-acridone
(XVIII). This was then converted into 6-bromo-13-(p-dimethylaminophenyl)-
benzofuro[2,3—a]acridine (XIX).

With an aim to supply the starting substances for the obtainment of other
benzofuroacridones, we prepared the 2— [(7-bromodibenzofuran-3-yl)amino]-
benzoic acid (XX), 2-[dibenzofuran-3-yl)-amino]-5-nitrobenzoic acid (XXI) and
the 2-[dibenzofuran-2-yl)-amino Ibenzoic acid (XXII).

Experimental. The melting points were not corrected. The purity of the compounds was che-
cked by TLC on silica gel RH, using as eluent chloroform-ethanol 98: 2. For the recording of the
IR spectra in KBr pellets a double beam spectrophotometer Carl Zeiss, Jena, type UR 20, was used.
The electronic spectra were recorded in ethyleae glycol on a ,,SPECORD" spectrophotometer,

4 — Chemia 1985
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2-[( Dibenzofuran-3-y1) amino] benzoic acid (VI). A mixtura of 5 g IV [8], 5g V, 5g dehy-
drated potassium carbonate and 0.5 g copper bronze in 50 ml amyl alcohol was refluxed for 4 hours.
Then the solvent was removed by steam-distillation. Charcoal was added to the solution, boiled, hot
filtered and precipitated with hydrochloric acid. The precipitate was collected, dried and recrystalli-
zed from glacial acetic acid. Thus 3 g (36.29) grey crystals, m.p. 244—245°C were obtained, C;iH,;NO,
(303.30). Caled. N 4.62. Found N 4.9,

2-[(2-Bromodibenzofuran-3-yi ) aminolbenzoic acid (XVII). A mixtureof 1.5 g XVI {9], 1,5¢g V
1.5 g potassinm carbomate and 0.2 g copper bronze in 25 ml amyl alcohol was boiled for 4 hours,
The solvent was then removed by steam-distillation and hot filtered. The solution was ccoled, the
precipitate collected and then boiled with 129, hydrochloric acid. After cooling it was filtered.
The dry crude product was boiled with ethanol, hot filtered, and thus the unreacted XVI and V,

soluble in warm ethanol, were removed. This way 0.5g (22.89) pure XVII m.p. 293—294°C were:

obtained. C,H,BrNO; (382.20). Calcd. N 3.66. Found N 3.5.

2-1(7-Bremedibenzofuran-3-41) amino] tenzoic acid (XX). From 3-smino-7-bremodibezofuran
(XXIII) [10] and V, in the conditions descrited alove for the preparation of VI, XX was obtained.
The crude dry product was boiled with ethanol axd hot filtered. Thus the unreacted compounds,
XXIIT and V, were removed. Yield 25.69,.M.p.243°C. ¢, H ;. BrNQ, (3¢2.20). Calcd. C £9.€8, H 3.15.
Found C59.9, H 3.6.

2-[( Dibenzofuran-3-yl ) amino] -§-nitrobemzoic acid (XXI1). From 1V and 2-chloro-5-nitroben-
zoic acid (XXIV) [11] in the ccnditions described fer the, obtaipment of XVII, XXI was prepared.
In addition the thus icolated preduct was warmed with dimethylfcmamide (DMFA), the insoluble
residue was removed and the pure XXI precipitated frcm {he solution with water. Yield 18.5%. M.p.
290—291°C. C,(H,;.N,O, (348.3CG). Colcd. N 8.09. Fcund N 8.1.

2-[(Dibenzofuran-3-y1) amino) benzoic acid (XXI1I1). From 2-bromodibenzofuran (XXV) [12]
and 2-aminobenzoic acid (XX V1) in {ke ccnditions shewn Ly the preparation of XVII, XX1I was
obtained. The yield was very low. M.p. 207—-2(8°C. C,;H,;NO; ]303.30). Caled. N 4.62. Found
N 4.6.

Benzofuro[3,2—b) acvidone (VII). A mixture of 2€ ml polyphosphoric acid and 1.5 g VI was
heated at 100°C for 4 hours. After cooling 200 ml water wes added and alkalinised with ammonia,
The precipitate was filtered, dried and recrystallized form ethylene glycol. Thus 0.8 g (56.7%) pure
VII, light-yellow crystals, m.p. > 250°C were cbtaired. The substarce is very slightly soluble in the
usual solvents (e.g. ethanol, xylene, chloroform, DMFA). C;(H;;NO, (285.28). Caled. C 80.00, H|{3.85
N 4.91. Fournd C79.8, H3.6 N53.

6-Bromobenzofuro(2,3—a] acrvidone (XVII11). Frcm XVII under the conditions described for
the preparation of VII and recrystallization frcm nitrokenzene, XVIII was obtained. Vield 529,.
M.p. 298—289°C. C, )H, BrNO, (3€4.80). Caled. N 3.84, Er 21.¢8. Fourd N 4.3, Br 21.5.

13- (p-Dimethylaminophenyl )benzofuro [3,2—b) acvidine (I1X). a). A mixture of 0.3 g VII and
0.7 ml phosphorcus oxychloride was heated in an oil-bath at 125—130°C for 1 hour. After cooling
0.3 ml phosphorous oxychloride and 0.5 ml dimethylaniline (XI) were added and the mixture heated
at the same temperature for another 2 hours. Then it was ccoled, alkalinized with sodium hydroxide
and the unreacted XI removed by steem-distillation. The precipitate was colected, washed with
water, dried and recrystallized from DMFA. The pure preduct, 0.2 g (499%,) light-yellow crystals,
melts at 260—261°C. The substance is soluble in chloroform. C,,H, N,O (388.14). Calcd. N 7.21.
Found N 7.5. b) The same compound was obtained frcm VI under the above described conditions.

6-Bromo-13- (p-dimethylaminophenyl J)benzofuro (2,3—a) acridine (XI1X ). From XVII, in the con-
ditions described for IX, XIX was obtained. Yield 209%,. The light-yellow crystals melt at 254 —255°C.
Cy,H,yBIN,O (467.34). Caled. N 5.97. Found N 5.5.

(Received October 11, T 983)

REFERENCES i

Kh. Dman, Zhur. Obshchei Xhim., 6, 1234 (1936).

Brockmann, H Muxfeldt, G. Haese, Chem.Ber., 89, 2174 (1856).

Gilman, P, T. Parker, J.C. Bailie, G. E. Brown, J. Amer. Chem. foc., 61,
2836 (1939).

1. 1.
2. H.
3. H.

-y



BENZOFUROACRIDINES (1) 51

. A, Albert, The Acridines, Sec. Ed., E. Amold Publishers London, 1966, p. 50.

.R.D. Brown, F. N. Sakey, Aust. J. Sci. Res.,, A 3, 593 (1950).

.M. Ionescu, I. Goia, M. Vlasa, Rev. Roum. Chim., 15, 1785 (1971).

.G. Davidovies, J.Chouteau, H. Reymond, Canad. J. Chem., 44, 3073 (1966).

. 818 Dewar, T. Mole, J. Chem. Soc., 1956, 2556.

.H. Gilman, G. E. Brown, W. G. Bywater, W.H. Kirkpatrick, J. Amer, Chem,
Soc., 56, 2473 (1934).

10. H. Gilman, R. K. Ignam, J. Amer. Chem Soc., 75, 4843 (1953).

11. K. Lehmstedt, Ber. dtsch. chem. Ges., 64, 1231, 2381 (1931).

12. F. Meyer, W. Krieger, Ber. dtsch. chem. Ges., 55, 1659 (1922).

0N 0

BENZOFUROACRIDINE (I)
Compusi cu schelei benzofuro [3,2—b] -acridinic si benzofure [2,3—a] acvidinic

(Rezumat)

Pornind de la IV si V se prepari VI care prin ciclizare duce la benzofuroacridons, careia i se atri-
buie o structurd liniard, VII. Pe aceeasi cale de la XVI se obt{ine benzofuroacridona XVIII. Com-
pusii VII si XVIII se transformd in p-dimetil aminofenilacridinele corespunzitoare (IX si XIX). Se

sintetizeazd i acizii XX, XXI si XXII, substanfe de plecare pentru prepararea altor benzofuro-
acridone,
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THE KINETICS AND MECHANISM OF THE MANGANIC
TARTRATE REDUCTION IN ACID SOLUTION

M. GIURGIU and |{I. MATHE |

Introduction. It is well known that the manganese (III) complex species
are used as oxidants in aqueous solution both with orgamc and morganlc
substrates. The redox potential for the Mns+ /Mn®* system is modified in the
presence of different complexing agents. Its value is also dependent on the
hydrogen ion concentration.

In perchloric acid media the two manganic species, Mn(OH,)i~ and
Mn(OH,);OH?" are in equilibriun. The electronic spectra have been recorded
1. a] and are very similar both in the ultraviolet and the visible regions. The
hydrolytic equilibrium constants have bheen evaluated K = 0.093 -~ 0.03 M
at an ilopnic strenght of 4.0 M at 298 K [2. The spectra of Mn(CN)2~ and
Mn(CN),OH3~ have been studied in a perchloric medium [1. b7.

Manganic complexes as such, fluoride and pyrophosphate [37, sulfate (4],
and acetate [5], are widely used as oxidants in kinetic studies. The visible
spectra of a series of manganese (III) complexes were also investigated [6].

Manganese (ITI) ion is an intermediate in the permanganic ion reduction
with complexing substrates in acidic solution. The reaction mechanism does
involve the formation of a transient Mn(ITI) complex which can cither be de-
tected spectroplbotometrically, or its cxistence can be infered from the kinetic law.

A mechanism of oxidation of x-hydroxyacids by Mn(III) species has been
postulated [7—97 {11 —12], involving a C—H cleavage as the rate-determining
step. According to Kemp and Waters [13] it is the Mn(IV) complex
species which is the efficient oxidant under experimental conditions.

A reaction mechanism has also been proposed [10] [14] involving the
existence of hyvdroxil radicals.

Experimental. 1. Reagents. Solutions. Kinetic method.

Manganese (III) ion forms a green compound [15] with sodium tartrate in alkaline solution
having the composition Mn{CH;0,),(0OH,),Na;- 11H,0. It is the kinetics of this manganic com-
plex decomposition in an acidic medinm which has been investigated in the present paper, the
results being discussed in terms of the reaction imechanism.

The stability of the complex anion Mn(C,H,0,),(H,0)3~ isincreased as the tartrate ion con-

centration increases. The instability is higherin the presence of protoms. The structure of the
manganic complex has been interpreted by means of spectral and magnetic properties [16] (Fi-

gure 1),
~COC-CH — /EH»COO‘ :

ten s e e M * e 00 0
_OOC-E/ gH -CO0-
Fig. 1. Structure of the manganic

tartrate complex,
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This configuration in which four ionized hydroxyl groups are coordinated to a Mn(IIl) jon is res-
ponsible for the high stability of the structure to the intramolecular electron transfer,

The initial solution of the complex in a large excess of tartrate ions very rapidly changes
its colour from green to red-brown or yellow in acidic solution, followed by a slow decomposition
with the formation of the transparent final products. The initial changes taking place in the pre-
sence of H* ions are illustrated in Figure 2. The spectra have been obtained by using a fast re-
cording spectrophotometer immediately after mixing.

O

RN

8

Qot

08f

a7t

ast
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0 2, Y 2 A A, i1 1 i
4 2% a2 21 %M w0
L7107 e

Fig. 2. Spectra of the reactant solution: a) the
green solution; b) the red-brown solution.

The concentration conditions are: a) C§ = 1.033 x 1072 M, Cp == 0.833 M (sodium tartrate
medium); €3

Mn = 1.033x107% M, Cp = 0.833 M, Cp, = 0304 M, Cheio, = 0.035 M.

Reagent grade chemicals (NaClO,, MnS8O,, HCIO,) have been used in all cases. All solutions
were made up with water freshly distilled. The ionic strenght was kept constant in all reactions
by using NaClO,. The temperature was maintained constant in the spectrophotometric cell.

The reaction was started by rapidly adding 1 ml of the oxidant solution containing man-
ganie complex in sodium tartrate, into 5 ml acidic solution placed in the reaction cell (sodium tar-
trate, sodium perchlorate, perchloric acid, manganous salt). A 2 ml plastic syringe was used in
all cases in order to perform a rapid mixing. A fast recording device adapted to a Zeiss VSU—1
spectrophotometer was used to investigate the reaction progress under the experimental condi-
tions (3, Cp, CMu2+ s CH-‘w T).

The experimental optical densities of the reaction mixtures have been interpreted according
to the observed kinetics. The reaction rate was expressed by the rate of Mn(IIT) and Mn(IV) species
disappearance. Thus:

pisi v
d{Mn.complex 4+ Mn.complex]

dt

¥ o=

1444 v
¥ = kop [Mn.complex -+~ Mn.complex]n
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The apparent first-order rate constants, k,; were determined from the corresponding plots.
Its dependence on tartrate, manganous ions, H+* ion concentration and temperature has been inves-

tigated.

2. Results. a) Reaction order. A first-order kinetics has been observed. The plots of log(D;—
—Dy) vs time were found to give the straight line of slope %, to greater than 85% completion
in all cases. Two liniar plots are presented in Figures 3 and 4 at 410 and 370 nm respectively,
for three different temperatures.

ml

100

) 300
timpls)

Fig. 3. First-order liniar plots at 410 mn
at different temperatures.

370nm

{ 1 ] 1 ] 1 i i

10 20 30 40 S0 60 70 &
timpl(s)

. 4. First-order liniar plots at 370 nm at

different temperatures.
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Fig. 5. Temperature dependence of
the first-order kinetics. Cz = 0.0833 M,
Cyn2+ = 0.0833 M, (HCIO,) = 2.5 M.

370 nm.

The experimental condifions are: Cz = 0.0833 M, C, 2+ = 0.0833 M Cacior = 2.5 M and T,
303.2; 311.8; 3214 K.
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b) The temperature dependence of the first order kinetics have been investgated. A liniar plot
k
of log -’f‘-b vs 1/T is presented in Figure 5, at 370 mm.

The overall AH# and AS# activiation parameters have been evaluated, thus:
AH? = 23.7 4+ 2.4 Kcal mol—

AS* = 14,3 -+ 2.3 cal mol-t K™
“The kinetic results are illustrated in Table 1.

Table 1

First-order rate eonstants, k,;, in see~! for the magnanic tartrate decomposition in acidie solution.

Cr = 0.0833 M Cr=0.0833 M Cpr=10290 M
Coppat+ = 0.0833 M Cpq2t = 0.0833 M Cye®t = 0.0833 M
(HCIO,) = 2.5 M (HCIO) =25 M (HCI0,) =25 M
410 nm 370 nm
“T°K kopx 103 k,px 103 kopx 103 kopx 108 k,px103 k,px108
303.2 6.56 6.21 4.80
6.46 6.69 5.16
7.24 5.84 5.17
6.51 6.25 5.41
5.90 6.64 4- 0,37 6.30 4+ 0.40 5.29 5.27 4 0.30
6.94
6.90
'311.8 23.97 20.70
23.70 19.60
23.92 20.15
23.50 23.70 4- 0.40 21.21  20.45 4- 0.60 — —
20.12
21.05
321.4 — 51.70 4+ 0.70 — 62.90 + 0.75 — 76.10 4 0.50

The same kinetic law was observed at other A values.
It should be mentioned that a second order-reaction kinetics is significant at higher concen-
trations of hydrogen ions (greater that 5.0 M) over the whole range of temperature.

c) Dependence of the first order Rimetics on Cp. The inverse dependence of the first order rate
«constants on the concentration of tartrate ions, Cp, is illustrated in Table 2.

- Table 2
Dependence of the first-order rate constants, k,;, on Crp,
Cag’T = 0.0833 M, (HCIO,) =2.0 M, T = 298 K.
Cr,M Dy kopx 102 kopt
sec™!
0.0833 — 4.77 209.2
0.167 0.428 3.63 279.3
0.250 0.456 3.12 320.5
0.33 0.478 2.90 344.8
0.417 0.478 2.47 392.1

0.500 0.496 2.33 429.3
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d) Dependence of the fivst order kinetics on Cppus+. The first order rate constants, k,p, decrease wi
th the decreasing of concentration of the manganous ions, initially present in the reaction mixture..

The results are presented in Table 3.

Manganous ions influence on the first-order rate constants,
Cp = 0.0833 M, 370 nm
(HCIO,) = 350 M

Table %

T = 298 K,
Cyntty, M k,px 103 kop Obs.
sec™?
0.0033 11.50 86.90 A value of k = 23.65-
0,0066 9.82 101.80 - 1073 sec™® has been de-
0.0130 7.37 135.90 termined experimentally
0.1670 5.50 184.20 at Cpra®t = 0.
0.2500 4.65 215.10
0.3330 417 240.00
0.5000 3.67 271.0

The liniar dependence of k,,™! vs Cpme~ is given in Figure 6,
e) Dependence on the hydvogen ioms concentration.

In a previous paper [17] we have studied the hydrogen jons accelerating influence on the-
manganic tartrate complex decomposition. The substitution rate in the initial reactant complex, pre-
ceeding the kinetic electron transfer steps, is accelerated as the protons concentration increases.
A liniar plot of A,p—! vs (H™*)~1 for the second —rate reaction is shown in Figure 7.

3nm_
oL X3 K
9 -
) /"‘
~° yd
0.25+ -
L10nm
e -
>
x T:288K
u—
20 °
[ thild
10 5
CMnZO ®
" " N N N ' " X 3
o w2 03 0.4 s 10 2p 0 0 so {H* )TV
Fig. 6. Liniar dependence of A p~%us ¥ig. 7. Limar plot kyp~tws Cyxt-1, 410 nm.

Cagn2t, 370 nm.

Diseussion. The manganese (III) tartrate complex decomposition in. acidic
medium is a complicated process, consisting of tartrate ligand substitution.
equilibria accelerated by H™ ions which precedes the slow electron transfer
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paths. In our experimental conditions (high acidities) the reactant species con-
sists of Mn"(TH,),(OH,), ‘complex. Here T specifies the CH,O0%~ group.

The optical density values extrapolated for t = 0 (Dy) are dependent on
the Cp, Cis, Cwn2t and temperature values, confirming the existence of fast
equilibria prior to the electron transfer.

The reaction rate as expressed by the rate of Mn(III) and Mn(IV) com-~
plexes disappearance shows a first order dependence on the absorbant species
concentration at a hydrogen ions concentration from 0.25 to 2.5 M. A second
order reaction is susceptible of existence at higher acidities, suggesting that
the electron transfer step (5) becomes significant.

The observed retarding effect of the manganous ions is not entirely elu-
cidated. A Mn(IV) reactive oxidant species could explain the decrease of the
oxidation rate with increasing Mn(II) concentrafion. On the ohter hand, the
existence of a bridged binuclear complex containing both Mn(III) and Mn(II),
inert to the electron transfer, is not entirely excluded.

The reaction rate is accelerated with increasing tartrate f{ree ions con-
centration. A catalytic effect of H™ ions on the reaction rate has also been
observed. The equilibrium step (1) may be responsible for these two effects.

According to our experimental results, the following reaction mechanisn
is possible for the manganic complex reduction in acidic solution:

X,
M (TH,),(OH,); + H¥ + 2H,0 T M (TH,)(OH,)* + TH, (1)
E4
2Mn'* (TH,)(OH,)5™ = Mn(I1V). complex + Mn(II) (2).
kl
Mn'V(TH,)(OH,)}* — Mn(1I) + CO, + P (3)
Ky ,
(4)

Mn'" (TH,)(OH,):" — Mn(II) + P

kl

2Mn'* (TH,)(OH,)%" — Mn(II) 4 P (5)

P — oxidation products other than CO,.

T — the C,H,05~ group.

The overall reaction rate, as expressed in terms of Mn(III) and M_n(I\{}l
complex species disappearance, involves contributions from the slow kinetic
paths (3—5). Further experimental information is necessary in order to elu-
cidate the detailed reaction mechanism.

{ Received November 14, 1983}
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CINETICA SI MECANISMUL REDUCERII TARTRATULUI MANGANIC IN SOLUTIE ACIDA
(Rezumat) EEIFEIE T

Se cerceteazd cinetica descompunerii complexului manganic Mn(C,H,0,),Na; in solutie de acid
percloric i in prezenta uaui exces de ioni tartrici 5i manganosi. Procesul global decurge cu formarea
ionilor de Mn(II) si a produgilor de oxidare a anionulni tartric.

Viteza de reactie a fost exprimatd prin viteza de disparitie a speciilor complexe de mangan,
inregistrati spectrofotometric. Interpretarea cinetici a datelor experimentale este complicati de pre-
zenta simultani a speciilor de Mn(IV), rezultate din echilibrul de disproporfionare,

O cineticd de reactie de ordin variabil cu aciditatea poate rezulta din competitia mai maul-
tor etape lente de transfer electronic, mono- si bi-moleculare, mono- san bi-electronice, in me-
canismul real al procesului. Sz postuleazi un mecanism de reactie combatabil cu datele noas-
tre experimentale.
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THE ABSORPTION OF SULFUR DIOXIDE IN AN ASCENDING
TURBULENT LIQUID FILM* (II)

The use of N-methyl-pyrrolidone as absorbent

J. VODNAR

This paper presents the results obtained by studying the absorption of
sulfur dioxide from diluted gases, using N-methyl-pyrrolidone as an absorbent.
The apparatus used was described in a patent of the author [2]. It enables
to make the absorption in an ascending turbulent liquid film. During the ab-
sorption the liquid fase was permanently recycled and mixed by a self induced
mixing (without a me=chanical stirrer which requires high energy consumption
and the use of some tight closing devices exposed to high wear, causing many
disruptions of the plant process a.s.o.). The apparatus was equipped with a
one metre long glass tube for the formation of an ascending turbulent N-methyl-
-pyrrolidone film, having the inner diameter equal to 18 mm, and the inner
surface, where the absorption takes place, was 0,05652 m?,

Experimental. Experiments were made in a laboratory micropilot apparatus which is a usa-
ble model of that mentioned above and described in the Romanian patent Nr. 82382 registered
in 1981 [2]. The ascending turbulent liquid film was formed on the inner surface of the pellicu-
lizing tube. The liquid film uesd was continuous. The absorbent was used either in a continuous
flux or in a discontinuous one, and it was introduced with a peristaltic pump. The necessary sul-
fur dioxide was taken from a steel cylinder vessel and the air was assured by an adequate compres-
sor.

The sulfur dioxide content of the gas mixture was determined iodometrically and the absorbed
sulfur dioxide gravimetrically, too. Temperature varied between 20 and 45°C.

The used gas flow was 5—11 m3/h and that of the absorbent varied from 2,04 to 5,94 1/h
(34—99 ml/min).

Results and diseussion. In the first series of experiments 100 ml of the absorbent were intro-
duced in the apparatus, using a 5 m3/h gas flow, containing 0.956 vol.% of sulfur dioxide. During
the absorption the absorbent was permanently recycled and mixed by a self induced mixing. Figure
1 shows the effect of temperature on the degree of the absorption. Temperature varied between

The absarbed S0y g/n
&

Gas ttew S m¥/n
S0 content s gos 0956 voi s

S0 Mow § e

fempercione 23°C

Degrse of absorphon Y,

Yy

Temperaryre °C Come of SO, vet %

Fi g 1. Interdependence between the degree

of absorption and temperature,

* Part I see [1].

Fig. 2. Variation of absorbed SO; quantity
versus sulfur dioxide contents of gas mixture.
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312 kg SO; /min /

Temperature 23°C
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Fig. 3. Variation of the degree ¥ig. 4. Interdependence between the
of absorption versus gas flow. coefficient of absorbtion and gas flow

20 and 45°C. One can conclude that increasing the temperature from 26 to 45°C the degree of
absorption decreases from 23 to 149%,. We stated that the absorption takes place by high efficiency
at 0—10°C, but the results were good even at 10--20°C.

In another series of experiments the sulfur dioxide content of gas mixture varied from 0.71
to 1.46 vol. 9,. The results are illustrated in figure 2. One can see that, by the mentioned sulfur
dioxide content of gas, the absorbed quantity of sulfur dioxide increases from 15.14 to 69.05 g/h.
Temperature was mentained at 23°C and the gas flow was 5 m®/h. The degree of ahsorption also
varied in the same direction.

In figure 3 is illustrated the dependence of the abworption degree versus gas flow at 23°C,
the sulfur dioxide content of the gas beeing equal to 1.21 vol. °,. It is so clear that if the degree
of absorption by a 5 m?/h gas flow is about 229, by 11 m3/h
it will be 409,. In the same conditions of work the coef-
ficient of absorbtion change from 1.13 to 3.13 kg SO,/m?-h,
as we can see in figare b

Some other type of experiments were ade using a
1 continuous absorbent flow. The absorbent was introduced

550 Temperature 2M6¢
Gos tlow 9m¥

56 in the apparatus with a peristaltic pump. The solution re-
sulted by absorption was elimninated contonuously, too.

« 2 From figure 5 one can see that the degree of absorption
is higher if the sulfur dioxide content of gas mixture in

%

' creases. This relationship remained true by all absorbent
flows which were used (22. 35. 48 and 64 ml absorbent/min),
if the temperature was 21°C and the gas flow, 9 in?/h. Where
the absorbent flow is 22 mlfmin the angular coefficient
(tg a) is equal to 23.39 and it decreases gradually having
the values: 19.73, 16.81 aud [2.42 corresponding to the
following absorbent flow: 35. 48 and 64 ml/min.

The degree of absorption decreases from 32 to 16%,.
when temperature increases from 21 to 45°C. The absor-

35

Begrer o abrorphion

1=22 ml /min absarben
2-35 ——

3-48 -
s [y -- bent flow was 1,32 l/h, the gas flow 9 mPh and sulfur
dioxide content of the gas was 0.816 vol. 9, These are
05 o7 (& i 3 illustrated in figure 6.
S0 tontent of gos vol Ve The most interesting measurements were made stu-

-

) L dying the dependence between the degree of absorption and
Fig. 5. Variation of the degree of tge absorbentp flow. The applied temp%rature was Sl °C and
absorption on sulfur dioxide contents  the gas flow 9 m3/h. Sulfur dioxide content of the gas
0g gas mixture: mixture had three different values: 0.53, 0.816 and 1.214

1—22 mljmin; 2—35 mljmin; 3—48 vol. 9. The degree of absorption increases liniarly when the
ml/min. ; 4 —64 ml/min ; absorbent flow increases. The angular coefificient (tg «) of
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1"ig. 6. Variation of the degree of absor- ¥ig. 7. Dependence between the co-
ption on temperature. efficient of absorption (kg/m? - h), and

sulfur dioxide content of gas (vol. 9%).

line 3 is the highest, having a value of 0.547 (sulfur dioxide content of the gas was 0.53 vol.
%) and it decreases to 0.460 and 0.363 if the sulfur dioxide content of the gas was 0.816 and
1.214 vol. %. These values were obtained varying the absorbent flow from 22.0 to 63.5 ml/min.

Figure 7 illustrates the variation of the absorption coefficient (kg SO,/m? - h), versus the sulfur
dioxide content of the gas (vol. %), at 21°C, using a gas flow of 9 m’/h and the absorbent flow
was equal to 3.84 1/b. A good value was obtained (3.116 kg SO,/m? - h} when the sulfur dioxide con-
Itent of the gas mixture was 1.214 vol. 9.

The value of total mass transfer coefficient (Kg) was calculated using the analytical method
[3.4] and considering the experiment had the following data: sulfur dioxide content of gas =
= 1.214 vol. % = 32.534 g/m?; total gas flow = 9 m3/h (V, == 8.443 m?/h); total pressure = 818.85
Hg mm; degree of absorption = 56.35% ; absorbed quantity of SO, = 0.155 kg/h; initial partial
pressure of SO, = 9.3290 Hg mm; final partial pressure of SO, == 4.072 Hg mm; motive power of
absor ption = 6.348 Hg mm.

Kg - - 0.452

0.155 kg
7 0.054 x 6.348 m? - h - Hgmm |

( Recesved November 24, 1983)
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ABSORBTIA DIOXIDULUI DE SULF IN PELICULA TURBULENTA-ASCENDENTA DE
LICHID (II)
Utilizarea ca absorbant a N-metil-pivolidones

(Rezumat)

In lucrare sint prezentate si interpretate rezultatele objinute la studierea absorbiiei dioxidului
de sulf din gaze diluate, utilizind ca absorbant N-metil-pirolidona. Aparatul folosit a fost brevetat
de autor cu cifiva ani fn urmi [2] §i el a ficut posibili realizarea absorbtiei in peliculi turbulenti-
ascendents de lichid. In timpul experientelor absorbantul a fost recirculat in mod continuu §i ames-
tecat prin amestecare autoindusid (fird utilizarea in acest scop a unor dispozitive de amestecare
mecanicd care necesiti consum de energie relativ ridicat §i presupun utilizarea unor piese de inchi-
dere ermeticd care se uzeazi repede, cauzind repetate opriri ale instalatiei industriale etc.). Aparatul
a fost dotat cu un tub de peliculizare de 1 m lungime, cu diametru interior de 18 mm si suprafati

interioard de 0,05652 m?® pe care s-a format pelicula turbulenti-ascendenti de N-metil-pirolidoni unde
a avut loc absorbtia.
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CONTRIBUTII LA STUDIUL ACTIVITATII CATALITICE A
UNOR SISTEME nSiO, - mALO, - xH,0 IN REACTIA DE
DESCOMPUNERE A HIDROPEROXIDULUI DE CUMEN (VII)

Descompunerca HPC in sistem continuu, cu strat fix de catalizator

| AUGUSTIN POP | si LIVIU CORMOS

Eficienta economicd avansatd a unui proces chimic poate fi realizati, de
obicei, numai atunci cind procesul respectiv se desfisoari continuu.

Intr-o serie de lucréri [1—6] noi am urmirit procesul de descompunere
a hidroperoxidului de cumen (HPC) in regim discontinuu de lucru.

Ecuatia caracteristici a procesului de descompunere a HFC in cataliza
cterogend este de forma:

[HPC -+ A"} + [Kl,— [HFC + F+ A + A"} + [K],

in care am notat:
HPC — hidroperoxidul de cumen, A" — impuritatile din sistem, K — cata-
lizatorul, ¥ — fenolul, A — acetona, I si s — reprezintd faza lichida, res-
pectiv faza colida.

Schema structurald a procesului este urmiatoarea:

E —_ "IHPCD] —_- "{'HPCQP adl Ad& - R.ch. — Des.

in care am notat g = !

1 — transferul prin faza lichida, p — transferul prin pori, Ads. — adsorbtia,
R.ch. — reactia chimicd, Des. — desorbtia.

Pentru a realiza in reactor un regim hidrcdinamic de deplasare totald,
s-a lucrat cu un reactor lung si cu diametrul mic. Regimul hidrcdinamic este
legat de regimul termic al reactorului si de aceea numai caracterul funcfiei de
distributie a timpului de contact nu este suficientd pentru alegerca tipului re-
actorului. Asigurarea temperaturii dorite in zona de reactie este ceca mai difi-
cild, dar si cea mai importantd problema ce trebuie rezolvatd in dimensionarea
unui reactor. Asa cum am ardtat [4—6], precesul de desccmmpunere a HEC
este insotit de degajare de cidldurd, iar pentiu mentinerea tcmperaturii dorite
in r1eactor, este mecesar si se evacueze cildura degajatd.

Un procedeu de a transfera aceastd cildurd este prin peretele exterior al
reactorului. Deoarece viteza de tranfer a caldurii de la masa de reaclie spre
peretele reactorului si conductibilitatea teimicd a stiatului de catalizator sint
mici, procesul de descompunere a HYC tretuie efectuat in reactcare tip tub
de reactie cu diametrul cit mai mic. In sectiunea tubului reactor se creeazd un
gradient de temperaturd, cu atit mai mare cu cit diametiul lui este mai mare.

Partea experimcntald. Aparatura folesitd este prezentatd in fig. 1. i este alcituitd dintr-un
reactor din sticli cu dismetrul interior de 1,1 ¢m si Jurgimea de 20 «m. Fl este previzut in partea
de jos cu o sitd poroasd pe care se agazd catalizatcrul granulat, in strat fix. Reactcrul este termos-
tatat cu api caldé, care circuld prin mantava extericard. Instalajia wai currinde un rezervor §i o
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Fig. 1. Aparatura de lucru Fig. 2. Conversia « HPC la tem-
in sistem continuu: 1 — peraturile de: 1—-40°; 2—45°; 3—-50°,
reactor, 2 — pompd doza-
toare, 3 — rezervor.

pompi dozatoare. S-au utilizat drept catalizatori aluminosilicati sintetici [1], de diferite compozitii
chimce, dar toate avind aceeasi granulatie de 0,08—0,1 mm. Cantitatea de catalizator utilizati in
experiente a variat intre 5—11 g. Produsul brut de reactie este ricit la iesirea din reactor si colectat
pentru analize.

Experientele s-au efectuat cu concentratii initiale diferite ale PHC, variind intre 10—709%,
in cumen. Compozifia chimici a catalizatorilor folosifi este redatd in tabelul 1. Pe baza datelor expe-
rimentale obfinute s-au calculat constantele vitezei de reactie pentru temperaturile de 40, 45 gi 50°
(fig. 2.).

Tabel 7
Compozitia ehimied a catalizatorilor
N Temp. de Continutul Continut in 9
?r‘i calcinare, % fira apa
. o¢
sio, | aLo, | H,0 sio, | ALO,
1 580 92,24 5,13 2,83 94,35 5,65
2 420 78,10 14,02 7,88 84,78 15,22
3 580 82,40 14,79 2,81 84,77 15,23
4 580 74,77 23,06 2,17 76,42 23,58
5 580 63,23 34,23 2,54 64,87 35,18
6 420 54,34 42,68 2,98 56,00 44,00
7 420 35,59 59,76 4,74 37,36 62,64

Interpretarea rezultatelor si diseufii. Pe baza curbelor din fig. 2 se poate
trage concluzia cd si in cazul descompunerii HPC in sistem continuu, pe strat
fix de catalizator, procesul decurge tot dupi o cineticd de ordinul intli in raport
cu hidroperoxidul, ca §i in cazul reactorului cu amestecare [1]. Conversiile
de lucru au fost de fiecare dati in domeniul de 15—969%,.
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Constantele vitezei de reactie calculate /o4
51 exprimate in min. 7! sint: &, = 0,579; \
ke = 0,736 ; kso = 0,989. In continuare s-a
trasat dlagrama gk = f(T71), reprezentata
in fig. 3, iar apoi din panta dreptei s-a de-
terminat energia de activare, care este de
10,6 kcal/mol. Se constatd ca in comparatie
cu sistemul discontinuu, cu amestecare [1],
in acest caz vitezele de reactie sint ceva o
mai ridicate, iar energia de activare mai sci-
zutd. Partial, acest lucru se explicd prin fap-
tul cd efectele termice ale reactiei sint mai
mari si de aceea ele pot duce la variatii
apreciabile de temperaturd in interiorul par-
ticulelor individuale de catalizator. Reactia

i , 5

fiind puternic exotermd, 450 kcal/mol de 30 3 32
HPC, in interiorul granulei de catalizator ! !
existd temperaturi mai mari decit pe supra- 710

fata exterioari a granulei. Prin urmare, ex-
primatd in functie de temperatura misurati
in spatiul dintre particule, reactia este mai
rapidd decit era de prevdzut (comparativ cu reactorul cu amestecare), efec-
tul global fiind acela de crestere a factorului de eficacitate.

De asemenea, efectuindu-se bilan;ul de masi, atit in cazul descompunerii
HPC in reactor cu amsstecare, cit si in reactorul cu functionare continui, cu
strat fix de catalizator, se constati ci randamentul de transformare in fenol
este de 97% in primul caz, si de numai 93% in al doilea caz. In reactorul
cu functionare continud se constatd si o inchidere la culoare a catalizatorului.
Aceste observatii duc la concluzia ci cantitatea de produse secundare ce se
nasc in reactorul continuu este mai mare.

Pentru a determina durata de lucru a catalizatoralui, in acelasi reactor
continuu, lucrind in conditii practice de conversii totale (peste 989), s-a tre-
cut o solutie de HPC in cumen de concentratie 0,723 moli HPC/! pes’ce 11 g
catalizator, la tempzratura de 45°C, si s2 constati ci activitatea catalizatorului
scade simtitor dupi 160 d= ore d= functionare. S-a lucrat cu un debit de alimen-
tare de 1 ml/minut, ceea ce duce la urmitoarea productivitate a catalizatorului:
un gram de catalizator (0,9 ml) produce intr-o ord 0,344 g fenol, iar pentru un
litru de catalizator productivitatea pe ord este de 382,6 g fenol.

Este stiut faptul cd din punct d: vedere economic este necesar ca un
proces si fie aplicat, trebuie si aibi o capacitate de productie raportatd la
produsul finit de cel putin 20 g/l ord. [7—8].

S-a constatat, d» as:m->nza, ci daci concentratia solufiei este mai mare
durata de lucra a catalizatoralui scad:, fapt ce se explicd printr-o degajare
de cildurd mai mare, in aczlasi volum d: reactor, dar timp mai scurt, ceea ce
duce la o supramba.lzlre locald a catalizatorului, fapt ce favorizeazi reactiile
secundare si innegrirea catalizatorului.

Dezactivarea catalizatorului in timpul reactiei se datoreste acoperirii su-
prafefei lui cu diferite substante macromoleculare ce rezulti in urma reactiilor

Fig. 3. Diagrama lgk -— f (T™).

§ -~ Chuemia 1985
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secundare ce au loc in proces. Aceste substante macromoleculare nu se pot
desorbi de pe suprafata catalizatorului si el se dezactiveazid. De aceea se im-
pune regenerarea catalizatorilor. Incercirile ficute de noi in acest scop, prin
indepirtarea produsilor greu volatili prin antrenare cu metanol, etanol, ace-
tond, nu au dus la rezultate mulfumitoare. Antrenarea cu vapori de api di
rezultate mai bune, dar necesiti un nou tratament termic al catalizatorului.

Coneluzii. Descompunerea HPC in reactorul cu functionare continui si
cu strat fix de catalizator, nu este economicoasi din punct de vedere indus-
trial, deoarece se obtin randamente mai mici in fenol. Dezactivarea cataliza-
torilor are loc rapid si necesiti frecvente regemeriri, proces destul de costisitor.

(Intrat in redactie la 4 febriarie 1984 )
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BEITRAGE ZUM STUDIUM DER KATALYTISCHEN AKTIVITAT EINIGER nSiO, - mALO, -
+ xH,0 SYSTEME, BEI DER ZERSETZUNGSREAKTION DES KUMOLHIDROGEI\PEROXY-
DES (VII)
Zerstzung HPC im hkontinuierlichen System, mit eciner fixen Katalysatorschichte

(Zusammenfassung)

In dieser Arbeit studiert man die Zersetzungskinetik des HPC, in heterogener Katalyse, wobei
synthetische Aluminiumsilikate verwendet werden. Es wird ein kontinuierlicher, Reaktor, mit fixer
Katalysatorschichte, beniitzt.

Die Zerzetzung, im diesem Reaktor Typ, ist nicht wirtscheftlich, weil die Ausbeute an Phenol
viel kleiner ist als in einem Reaktor mit kontinuierlicher Mischung.
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LREINECKE SALT” — LIKE COMPOUNDS WITH BRIDGING
THIOCYANATO-GROUPS

CSABA VARHELYI and ION GANESCU

In several previous papers [1—3] the synthesis and characterisation of
,,Reinecke salt”-like compounds of the type Am. H. [Cr(NCS),(Am),] (Am = ali-
phatic, aromatic and heterocyclic mono- and diamines) have been reported.
The [Cr(NCS),(Am),]~ anions form numerous salts with mono- and bivalent
transition metal ions, with metal (II, III) amines and N-bases of biological
and pharmaceutical interest. In continuation of these preparative and physico-
chemical studies, some new palladium salts of the type Pd[Cr(NCS),(Am),],
were obtained by double decomposition reactions from the dil. alcoholic so-
Iution of Am.H[Cr(NCS),(Am),] with an excess of 0.5 9%, PdCl,. The new com-
plex salts were characterized in Table 1.

Table 1
New palladium salts of some ,,Reinecke salt”-like complexes
Mol. = An ;
No. Formula weight ¥ 1§1d ralysts
caled. (%) Caled. Found
1 PA[Cr(NCS), (aniline),’, 1047.5 98 Pd 10.16 10.03
Cr 9.93 9.80
S 24.48 24.15
2 PA[Cr{NCS),(morpholine),’, 1023.6 97 Pd 10.39 10.20
Cr 10.16 10.00
S 25.05 2493
3 PA[Cr(NCS8),(p-tolnidine), 1, 1103.7 98 Pd 9.64 9.56
Cr 9.42 9.27
S 23.23 23.12
4 PA[Cr(NCS),(p-anisidine}, ], 1167.5 96 | Pd 9.12 9.06
Cr 8.91 8.85
S 21.98 21.76
5 PA(NCS),(benzylamine), ], 1103.5 97 Pd 9.64 9.60
Cr 9.43 9.35
S 23.24 23.00
6 PA[Cr(NCS),(pyridine), 1, 991.4 95 Pd 10.73 10.65
Cr 10.49 10.31
S 25.87 25.69
7 PA[Cr(NCS),(a-naphthylamine), ], 1247.5 93 Pd 8.53 8.46
Cr 8.33 8.20
S 20.56 20.46
8 PA[Cr(NCS),(tripropylamine),’, 1248.2 96 Pd 8.52 8.40
Cr 8.33 8.19
S 20.54 20.35
9 PA[Cr(NCS),(tributhylamine), |, 1416.5 94 Pd 7.51 7.48
Cr 7,34 7.25
S 18.10 10.04
10 PA[Cr(NCS),(NH,),1» 743.3 97 rd 14.31 14.21
Cr 13.99 13.75
S 34.50 34.25

Observation : all the Pd salts are red-violet microcryst. substances; Pd detn, as Pd(DH),, Cr iodometrically and S as BaSO,



88 CS. VARHELYI, 1. GANESCU

These palladium salts are very sparingly soluble in water, methanol and ethanol,
soluble in acetone, DMF, THF and DMSO.

‘We have recorded the IR spectra of a series of ammonium, thallium, silver, mercury and pal-
ladium salts of some [Cr(NCS)(Am),]~ type anions (Am == aniline, p-toluidine, benzylamine, pyri-
dine, morpholine) in KBr pellets.

The spectra show the Cr-thiocyanate bonding to be realized through the N-donor atom of the
NCS-group (isothiocyanato-complexes).

As compared to the spectra of the isothiocyanato-complexes of cobalt (III), the stretching vi-
brations YC==N are shifted towards lower frequencies (2060 —2080 cm ™). This means that the strength
of the M—NCS covalent bonding increases in the order:

Co(IIT) ~NC§ « Cr(IIT) ~NC§

The ¥C—§ and 8NCS frequencies appear at 770780 cin~! and at 445, 480 cm™!, respectively,
not influenced by the co-ordination effect [4].

Fujita and coworkers [5] observed that in the spectra of some reineckates the VCZuN stretching
frequencies are sensible to the nature of the outer sphere cation.

]
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Fig. 1. The YCuitN infrared stretching frequencies of the NCS-—groups in
the infrared spectra of some M[Cr(NCS),(benzylamine),]~ type complex salts
a — thallium salt; b — silver salt; ¢ — wercury salt; d — palladium salt.

In the spectrum of Hg[Cr(NCS),(NH,),], appear two bands in the YCi:N frequency region,
at 2160 cm~ and at 2084 cm~1,

In the spectra of the amine. H[Cr(NCS),(NH,),] can be observed only a single band at 2070—
80 cm~1, One can presume that the YCiziN band at 2160 cm™ is due to the formation of

+
Cr—NzzC—S- ... Hg?* bridging bond in the crystalline state. A similar situation is excluded

in the case of the ammonium salts of this type due to the ecranation of the positive charge of the
cation by the bulky organic group.
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Table 2
Infrared YCioN — stretching Irequencies of some M[Cr(NCS) (Am),] complexes
Formula VC:E:
cm

T1[Cr(NCS),(p-toluidine}, | 2095 (v.s.)
TI{Cr(NCS),(pyridine), ] 2095 ( s.)
T1{Cr(NCS8}),(benzylamine),” 2085 (v.s.)
TI[Cr(NCS), morphohne),] 2060—2100 (v.s.)
T1[Cr(NCS),(aniline),] 2080—-2110 (v.s.)
Ag[CI(NCS),(p- toluxdme) 1 2105 (v.s.)
Ag[Cr(NCS),(pyridine), ] 2085 — 2105 (v.s.)
Ag [Cr(NCS)‘(benzylamme) 2080—2120 (v.s.)
Ag[Cr{NCS),{morpholine), ] 2070—2120 (v.s.)
Ag[Cr(NCS),(aniline),] 2060—2130 (v.s.)
Hg [Cr(NCS),(p-toluidine), 1, 2085 —2130 (v.s.)
Hg[Cr(NCS8)(pyridine), ], 20852140 (v.s.)
Hg[Cr(NCS8),(benzylamine, ], 20802130 (v.s.)
Hg [Cr(NCS)¢(rnorpholmt3212 2080 —2140 (v.s.)
Hg[Cr(NCS),(aniline), 2080 —2140 (v.s.)
PA[Cr(NCS),(p- tolmdm)2 I 2070 (v.s)), 2140 (v.s)
PA[Cr(NCS),(pyridinej, |, 2065 (v.s.), 2135 (v.s.}
PA[Cr(NCS),(benzylamine), ], 2065 (v.s.}, 2130 (v.s)
PA[{Cr(NCS),(morpholine), ], 2070 (v.s.), 2130 (v.s)
Pd[Cr(NCS) (aniline), ], 2085 (v.s.), 2135 (v.s.)

The spectral data in the table 2 show that the thallium salts do not present the above men-
tioned splitting of the YCzN-band. In the case of mercury and silver salts the YCzuN-band is very
enlarged and shifted towards greater wave numbers. This means that the superposition of two
bands can be supposed.

In the spectra of the palladium salts appear two clear YCii'N = bands.

From the spectral data can be drawn the conclusion that the strenght
of the bridging bond decreases in the following order:

PdR, > HgR, > AgR
(R = [Cr(NCS),(Am), ]
The nature of the co-ordinated amine ligands has only a little influence on

the position of the NCS vibration bands.
{ Received December 26, 1983}
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NEW HEXABROMO-RHENATES(IV) OF SOME METAL(III)-AMINES

GHEORGHE MARCU, ARPAD CZEGENI* CSABA VARHELYI and TUNDE GASPAR

Rhenium forms bromides and bromo-complexes at different valence states:
ReBr,;, ReBr,, ReBry [1, 2] and [ReBr,]~ and [ReBrg]?~, respectively [3, 4].
Some mononuclear mixed bromo-rhenates with Re(IV) and Re(III), e.g. ReBr,L,,
and ReBr;L,; and oxo-bromides of type ReOBryL, (I, = PhyP, Ph,As, Ph,Sb,
THF (tetrahydrofuran), 1,4-dioxan, 1,4-thioxane) and [ReOBr ]~ derivatives
were also described [5—7]. Moreover the synthesis and chemical properties
of some binuclear: Re,Br,(CH;COO), and trinuclear species: Re;Bryl,3 are also
reported [8, 9].

The ion exchange studies by Rudzik and Preetz [10] upon the
[ReCl ]2~ + Br~ and [ReBrgy]2~ — Cl~ systems confirm the existence of some
[ReBr,Cls_,]*~ species in aqueous solutions. The x-ray measurements of some
K,[ReClg] + K,[ReBr,] mixed crystalls show the existence of [ReBr,Clg_n]?~
anions in crystalline state [11].

The hexabromo-rhenate(IV) acid: H,[ReBrg] presents a relatively higher
stability and forms well defined ammonium salts with the hydrobromides of
some heterocyclic amines, alkaloides and metals (e.g. Na, K, Ca, Ba, Ag, Tl,
etc). [12]. The thermal decomposition of some (amine.H),[ReBr4]-salts has been
studied by thermogravimetry. Electronic spectral data for [ReBrg]®~ have
also been reported and discussed. [13].

Results and diseussion. We observed that the H,[ReBrq] acid alsoforms
well defined crystalline complex salts with diacidotetramine type cations, e.g.
[M(NH;),X,]*, [M(diamine),X,]*, (diamine = ethylenediamine, 1,2- and 1.,3-
propanediamine, «, a'-dipyridyl, 1,10-phenanthroline), and especially with
bis-dioximino-cobalt(III)-bases : [Co(Diox.H),(amine),]* (Diox.H, = aliphatic or
alycyclic a-dioximes). These salts crystallize from aqueous alcoholic solutions
by double decomposition reactions (table 1)

Some monoacido-pentamine type cations are able to give slightly soluble
cristalline products with this hexabromo-acid of Re(IV) (table 2)

The hexamines of Co(III) and Cr(III) are not suitable for this purpose.
~ The obtained hexabromo-complexes of Re(IV) are stable up to 150—230°C
in function of the nature of the cation. At higher temperatures they decompos.e
by a series of complicated nonstoechiometrical processes, as shown by deri-
vatographical measurements. (evolution of Br,, HBr, N, CO, CO, by heating
in air).

Experimentaf. K,[ReBr,] was obtained by reduction of KReO, with KI in the presence

of an excess of HBr 20%. The aqueous solution was evaporated to dryness. 0.5% solution of
K [ReBry] was used for double decomposition reactions.

* Part of doctoral thesis.
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Tabls 1
New hexabromo-rhenates(IV) of the diacido-tetramine type
No. Formula Lizllc;vt Aspect Analysis
: Caled. Found
1 trans-[Cr(en),(NCS), 1, yellow C 11.60 11.40
- [ReBr,] 1242.6 needles H 2.59 2.44
2 cis-[Co(en),(NCS),]1; reddish- c 11.47 11.88
- [ReBr,] 1256.4 brown plates] H 2.57 2.46
N 13.38 13.21
Co 9.38 9.44
3 trans-[Co(en)yCly 1y yellow-green| N 9.62 9.40
- [ReBr,] 1165.9 cryst. crops|{ Co 10.11 10.24
4 cis-[Co(en),Cl; ], rhombohed-| C 8.24 8.31
- [ReBr,] 1165.9 ral, brown H 2.76 2.72
prisms N 9.62 9.48
5 trans-[Co(en)yBr, 1, yellow-green| C 7.15 7.07
- [ReBr,] 1343.7 prisms H 2.39 2.23
N 8.34 7.88
Co 8.77 8.60
6 trans-[Co(pn),Cls ]2 yellow-green] C 11.80 11.67
- [ReBr,] 1221 plates H 3.30 3.39
N 9.17 8.83
Co 9.64 9.50
7 trans-[Co(pn),(NCS), 1, brown c 14.64 15.10
«[ReBr,] 1312.5 spears H 3.07 3.18
N 12.81 13.08
8 | trans-[Co(tn)y(NCS),], reddish- ¢ 14.64 14.51
La +[ReBr,] 13125 brown ir- H 3.08 3.11
regular N 12.81 12.60
prisms
9 trans--[Co(pyridine},Cl; 1y yellow- H 2.58 2.47
- [ReBr] 1558.3 brown mic- | N 7.19 6.86
rocryst. Co 7.56 7.65
10 [Co(DH),(p-ethylaniline), ], dark yellow | H 4.19 4.17
- [ReBr,] 1728.8 short N 9.72 9.66
needles Co 6.81 6.66
11 [Co(DH),(p-toluidine), ], yellow- Cc 31.60 31.28
+ [ReBry] 1672.7 brown den- | H 3.85 3.83
drytes N 10.03 9.84
Co 7.04 7.14
12 [Co(DH),(m-toluidine), ]y gold yellow c 31.60 31.30
- [ReBr,] 1772.7 dendrytes H 3.85 4.06
N 10.03 9.93
13 [Co(DH),{thiouree); ], gold yellow | C 15.51 15.52
- [ReBr,] 1548.5 sparkling H 2.86 2.73
rhomb. N 14.47 14.02
plates
14 [Co(DH),(p-phenetidine),], dark brown | C 32.16 31.55
- [ReBr] 1792.8 spears H 4.05 4.09
N 14.47 14.02
15 [Co(DH),(m-xylidine), ], brown mic- | N 9.72 9.60
- [ReBr,] 1728.9 rocryst. Co 6.81 6.74
16 [Co(DH),(aniline), ], yellow- c 29.72 29.06
-[ReBr,] 1616.6 brown short | H 3.49 3.17
prisms N 10.40 10.83

ssen” = ethylenediamine ; ,,pn” = 1, 2.diaminopropane
»stn” 1,3-diaminopropane ; DH, = dimethylglyoxime
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Table 2
New hexabromo-rhenates(1V) of the menoacidopentamine type
- Analysis
No. Formula MC(;ll'cgt' Aspect a4
: Caled. Found
1 cis- [Co{en),Cl{p-toluidine} ] thin, yellow-brown | Co 5.96 5.80
- [ReBr] 987.8 plates N 7.09 6.94
2 cis-[Co(en),Cl{m-toluidine) ] yellow prisms Co 5.96 6.08
- [ReBrg] 987.8 N 7.09 6.82
3 cis-[Co(en),Cl(benzylamine) ] dark yellow Co 5.96 6.20
- [ReBr,] 987.8 plates N 7.09 7.26:
4 cis-[Co(en),Br(benzylamine) ] brown prisms Co 5.71 5.90:
- [ReBrg) 1032.2 N 6.78 7.01

[M (amine ), X, ), [ReBrg] and [M(amine) X1[ReBr,] — complex salts.

2 mmoles chloride or bromide of the corresponding complex cation were dissolved in 25 —100 m¥
water or dil. alcohol (1:3) and treated with 0.2 mmoles of K,[ReBr,] in 10—20 ml water. After
standing for 15—30 minutes the separated crystalline products were filtered off, washed with cold

water and dried on air.
Analysis. The cobalt content was determined complexometrically after destroying the samples.

with coned. H,50, and KNO,.
Rhenium interfers the determination of cobalt and for this reason was separated as [ReClg]*~

in the presence of HCl, using a chromatographic column filled with AMBERLIT—IRA 400 ani on-
exchange resine (R-—Cl-form) for this purpose. ¢, Hand N were determined by the usual micro--

analytical methods.
(Received April 3, 1984 )
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NOI HEXABROMO-RENATI (IV) CU METAL(III)-AMINE
(Rezumat)

S-au obtinut 20 hexabromo-renati(IV) noi de tipul [M(amini),X,],[ReBr,] si [Co(amind) X]-
- [ReBr,] (amind = piridini, 1/2 etilendiamind, 1/2 propilendiaming, 1/2 dimetilglioxim4, toluidine,
benzilamind) printr-o serie de reactii de dublu schimb. Pentru precipitarea complecsilor greu so-
lubili s-a folosit K,[ReBr,]. La determinarea continutului de cobalt al probelor reniul a fost in-
depidrtat prin adsorptie pe rigind schimbitoare de anioni (Amberlit IRA—400 in ciclu de R—Cl}.
sub formd de [ReCly)?~, dupi dezagregare cu H;SO, si tratare cu HCL
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STUDII TERMICE ASUPRA UNOR COMPLECSI METALICI DE TIP
ML(SO,) - nH,0

LETITIA GUIZDAVU, SILVIA BARBU si GH. MARCU

Participarea combinatiilor complexe in aproape fiecare fazi a activitatii
biologice, cum este spre exemplu faza de activare i blocare a grupelor functi-
onale precum si in reactiile de oxido-reducere si transmitere a energiei, scoate
in eviden{d importanta majord pe care o au anumiti cationi metalici pentru
organismele vii. Aceeasi asociere se poate face intre actiunea biologici a unor
substante medicamentoase si capacitatea lor de a forma combinatii complexe,
fapt care justificd atenfia acordatd studiului complecsilor metalici in acest
domeniu.

Dihidralazin-hidrazonele, substante medicamentoase hipotensoare si propri-
etatea lor de a forma combinatii complexe au fost relativ putin studiate [1—4].

In doui lucriri anterioare [5, 6] s-a prezentat sinteza si studiul fizico-chimic
al unor complecsi ai metalelor tranzitionale din seria I cu dihidralazin-hidra-
zon-tiofen-2-carbaldehida (T —DHF = C,H,,NS,).

In lucrarea de fatd s-a efectuat un studiu termic pe acesti complecsi pre-
cum si ligandul organic, in scopul determindrii stabilitatii si obtinerii unor in-
formatii suplimentare cu privire la structura lor. Calculul parametrilor cinetici
al primei etape de descompunere au permis estimarea tdriei legiturilor metal-
ligand din complecsi.

Partea experimentald. Compusii de tip ML(£0,)-nH,0 in care M = Mn(II), Fe(II), Co(II),
Ni(Il), Cu(II), CA(II) si n = 2, 3 au fost sintetizati prin reactia de complexare dintre dihidralazin-
hidrazon-tiofen-2-carbaldehida (C,;gH;,N,S,) ca ligand (L) si sulfatul metalic corespunzitor, luate

in raport molar 1:4, lucrind in mediu api: alcool = 1:1. Puritatea complecsilor recristalizati din
alcool a fost verificatd prin determinarea confinutului in metal, azot si sulf.

Descompunerea termicd s-a urmdrit in prezenta aerului cu ajutorul unui derivatograf Pau-
lik—FErdely tip OD~103. S-a lucrat in domeniul de temperaturd 293—1073 K, viteza de incil-
zire 15 K/min., greutatea probei m, = 20 g, folosind creuzet ceramic.

Rezultate si diseutii. Determinarile ficute aratd cid descompunerea in do-
meniul de temperaturdi 293—1073 K are loc in mai multe etape si conduce
in final la metal sau oxidul metalic respectiv, conform urmitoarelor reaclii ge-
nerale :

ML(SO,) - nH,0 — ML(SO,) + nH,0
M T SOy + 1/20,

ML(SO,) ——
2 NMO + I, + SO,
Din compararea rezultatelor objinute se poate afirma cd in conditiile date
compusii studia}i prezintd o comportare termicd aseminitoare si derivatograme
tipice, de tipul celei din figura 1.
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Din derivatograme s-au determinat 1000
stabilitatea termicd, temperaturile la
care au loc procesele de deshidratare a
cristalohidratilor si reactiile de descom-
punere ale complecsilor anhidri, ML(SO,)
{tab. 1 si 2).

Reactia de deshidratare este un
proces endoterm care se desfisoard in
domeniul de temperaturi 293-—-4538 K,
ceea ce dovedeste cd moleculele de api
au rol de apd de cristalizare. Existen- 200
ta si stabilitatea complecsilor anhidri
este evidentiatd de palierul orizontal g
larg, existent in curbele DTG pe un do-
meniu de 80—100 X (fig. 1, 1). Din da-
tele experimentale obfinute, redate in 4
tabelul 2, rezulti ci este posibili con-
firmarea termogravimetrici a structurii 8
sugeratd anterior prin analiza chimica,

800

600

400

e e e

spectre IR si electronice [5, 6] pentru g
compusii studiati. Pozitfia T,,, cores- 12
punzdtoare " reactiei finale este marcatd

in fiecare caz de efectul termic al reac- 1%

tiei de descompunere a sulfatului me-
talic respectiv. Reziduul rimas, in ma-
joritatea cazurilor metal, este datorit 2
probabil atmosferei reducitoare din cup- Fig. 1. Derivatograma compusului

tor creatd de piroliza moleculei de ligand, Co(T—DHF)S0,-2H,0

iar in cazul complecsilor de Co(II) si

Cd(II) reziduul este constituit din oxizii metalici corespunzitori: CoO respec-
tiv CdO, stabili la aceste temperaturi [7].

Interpretarea cinetici a derivatogramelor efectuati in continuare a fur-
nizat date suplimentare asupra structurii complecsilor studiafi. Parametrii
cinetici, energia de activare F si ordinul aparent de reactie, », pentru procesul
de deshidratare si principala etapi de descompunere a compusilor complecsi
au fost evaluati din curbele termice obfinute, folosind metoda Freeman—
Caroll [8].

Tabel 1

Valoarea temperaturilor de stabilitate maxima, T;, a comleegilor anhidri, ML(SO ), determinati din
curbele termodiferentiale

M \ Mn Fe Co Ni Cu Cd

", K ’ 504 516 507 521 445 443

*Ty = temperatura initiald la care tncepe descompunerea complexului anhidru



COMPORTAREA TERMICA A UNOR COMPLECSI T

Tabel 2
Procesele de deshidratare gi descompunere termicii ale compecsilor ML(S0,) . nH,0
Reactia d ; .
desh‘;g:-lataie Reactii de descompunere Reziduu
Compusul -
Pier- :
Tmaz | gere 2”'“’ P1et°;1ere Forma %
% (4
Mn(T —DHF)S0,-2H,0 343 | 5,77 | 554; 618; 893 83,46 Mn 10,77
Fe(T—-DHF)S0,:-2H,0 363 | 5,67 | 550; 693; 819 83,71 Fe 10,62
Co(T-DHF)S0,-2H,0 358 | 5,68 | 539; 653; 837 81,77 CoO 12,45
Ni(T—-DHF)S0,-3H,0 349 | 9,80 | 588; 659; 773 80,72 Ni 9,28
Cu(T~DHF)S0,-2H,0 345 | 7,35 | 499; 538; 656; 798 81,58 Cu 11,07
C4(T —-DHF)S0,-2H,0 341 | 5,82 | 487; 543; 678; 897 71,18 cdo 18,00

Pentru reactia de deshidratare, energiile de activare aparente calculate
pentru compusii studiati prezinti valori cuprinse intre limitele 25,12 — 37,68 kJ -
-mol™! si ordinul de reactie n = 0,4 — 1, valori in acord cu temperaturile sci-
zute de pierdere 341 — 363 K, si indici legarea slabi a moleculelor de apid in
complecsi.

Rezultatele cinetice pentru prima etapi de descompunere a ligandului
orgamric si a complecsilor metalici studiafi sint redate in tabelul 3.

Tabel 3

Parametrii cinetici ai primei etape de descompunere termici a complecsilor de tip ML(SO,) .nH,0

Tmar K E, kJ-mol-1
Compus n
sy |y vy | ye
T—-DHF 578 — 106,88 — 1,52
Mn(T—DHF)SO,-2H,0 542 — 95,71 - 2,10
Fe(T—DHF)SO,-2H,0 550 — 99,81 - 1,25
Co(T—-DHF)SO,-2H,0 548 - 97,04 — 2,14
Ni(T—~DHF)S0,-3H,0 566 - 102,79 —_ 2,21
Cu(T—DHF)S0,-2H,0 499 538 85,41 31,62 1,57
Cd(T—-DHF)S0,-2H,0 487 543 65,82 37,85 1,28

¥

Rezultatele analitice obtinute din curbele termice ale ligandului pur (T-DHF)
arati ci prima etapi de descompunere cu T, = 578 K corespunde scindérii
acestuia cu pierderea grupdirilor hidrazonice.

In cazul complecsilor studiati, din fig. 1 si tabelul 3 se observd cd prima
etapid de descompunere este bine ev1den1;1ata in general exceptie ficind complecsii
CuLSO, - 2H,0 si CALSO, - 2H,0, care prezintd doud procese de descompu-
nere corespunzatoare pentru prima etapd a reactiei.

Din tabelul 3 se vede ci atunci cind temperatura maximi corespunza-
toare primei etape de descompunere a complexului este apropiatd ca valoare
de aceea a hgandulm T—DHF, energia de activare aparenti necesard acestui
proces este, in limitele erorilor expenmentale apropiati de energia de pierdere
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a grupdrilor hidrazonice ale ligandului pur. Aceasti constatare se mentine
satisfacitor pentru aproape tofi complecsii studiati, de exemplu pentru
Ni(T—DHF)SO, - 3H,0, Eqqu = 102,79 kJ-mol~! iar pentru ligand Ey) =
= 106,88 kJ - mol~l. Numai complecsii Cu(T — DHF)SO, - 2H,0 si
Cd(T—DHF)SO, - 2H,0 incep descompunerea la temperaturi mai mici, 499 K,
respectiv 487 K si aceasta are loc in doud stadii. Presupunind, ¢d in primul
stadiu cinetic descompunerea este limitatd la ruperea legaturilor M—N si pier-
derea gruparilor hidrazonice, iar in al doilea stadiu are loc pierderea gruparii
metin-aldehidice, prin insumarea energiilor de activare necesare celor doui.
stadii, se obtin valorile 117,03 respectiv 103,67 kJ - mol™, comparabile cu
energia de scindare a ligandului pur.

Aceste rezultate ne fac sd presupunem cil cnergia de rupere a legiturii
coordinative M—XN este probabil asa de micd incit ea nu influenteazd remar-
cabil energia aparentd de scindare a ligandului pur. Totusi, cnergiile de activare
aparente corespunzitoare acestei prime ectape de descompunere a complecsilor
studiati descresc in ordinea M = Ni> Fe>> Co> Mn> Cu> (Cd, in concordanta cu
stabilitatea lor termicd (tabelul 1) si scidderca tariel legiturii metal-ligand pe
masura ce se trece de la metale tranzitionale propriu-zise la Cu si Cd.

Tegarea azotului prin perechea de clectroni neparticipanti la ionul metalic
este confirmatd si prin spectrele IR si electronice inregistrate pe acesti com-
pust [3, 6. Valorile relativ mici ale cnergiei de activare necesare scindari
lgandului sint in acord cu cele din literaturd (10, 117 referitoare la pierderca
gruparil hidrazinice din compusii azometinici. Valorile fractionare ale ordinului
de reactie » se pot atribui faptului ci ctapa limitativd a descompunerii nu
este reactia chimica propriu-zisd, ci fenomenele de transport ale componentelor
volatile (azot si amoniac rezultate in disproportionarca hidrazinei [10, 117)
prin cristal si fenomenele de interfatd sau fenomenele de vaporizare ale com-
ponentelor volatile la suprafata liberd a cristalului.

In etapele de descompunere la temperaturi mai inalte (tabelul 2) are loc
si ruperea legiturilor M—O, puse in evidentd in spectrele IR ale compusilor
[5, 6], ceea ce sugereazd prezenta anionului SO?~ in formarca complecsilor
studiati.

In concluzie, in studiul complecsilor metoda termicd s-a dovedit utild atit
la determinarea compozitiel si stabilititii cit i pentru a da unele informatii
asupra structurit compusilor studiati.

(Intrat la redactie la 10 aprilie 1984,
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THERMAL STUDIES ON SOME ML(SO,) -uH,O0 METAL COMPLEXES
(Summary)

The thermal properties of some complexes having the general formula: ML(SO,)-nH,0, where
M == Mn(II), Fe(II), Co(II), Ni(II), Cu(Il), CA(XI) and n = 2, 3 were studied. The thermal sta-
bility and kinetic parameters, E and #, for the dehydration and for the main decomposition pro-
cesses were estimated.

The obtained results confirm the chemical structures suggested for these compounds.
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in cel de al XXX-lea an (1985) Studia Universitatii Babes-Bolyai apare Tn specialitatile:
matematica

fizica

geologie-geografie

biologie

filozofie t
stiinte economice

stiinte juridice

istorie

filologie

Ha XXX rogy m3paHmsa (1985) Studia Vnivtetitalis Babes-Bolyai BbIXOAUT N0 CcieaytoLym
CNeLnabHOCTSAM :

maTemaTunka

thmsnka

XUMUS
reonorus-reorpacus
6uonorus

thmnocodus
9KOHOMUYECKUE HayKU
OpUANYECKIE HAYKV
ncTopus

tunonorus

Dans sa XXX-e année (1985) Studia Universitatii Babes-Bolyai parait dans les spécialités;

mathématiques
physique

chimie
géologie-géographie
biologie

philosophie

sciences économiques
sciences juridiques
histoire

philologie
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