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GENERATORUL DE !'"mIp

L. ONJCIU

1. Introducere. Desi lansat pe piatd de numai citiva ani, generatorul
de indiu-113 m a cunoscut o largd raspindire in medicina nucleard. Solu-
tia de indiu-113 m se obtine prin ,,mulgerea’” (cluarea), cu o solutie diluata
de acid mineral, a unei coloane de schimbétor de ioni ce contine adsorbit
izotopul péarinte M8n. Cel dintii generator de indiu-113 m a fcst reali-
zat de Nefedov g colaboratorii [17, care extrdgeau cu HCI izotopul
113Tn eliberat dupd captura electronicd a *Sn din combinatiile *¥8n(CeH;),
si M8n(CeH;),Cl aflate in solutie benzenicd.

Prin amestecarea ecluatului de indiu-113 m cu diversi compusi, sc
poate prepara o serie de agenti selectivi pentru scintigrafia ficatului, spli-
nei, inimii, pldminilor, oaselor sau a maduvel osvase si a creierului.

Cu toate cd eluarea coloanei de generator se face cu o solutie de HC],
forma chimicd sub care se prezintid ionul In(I11) nu este unicd, din cauza
echilibrelor in care se géseste angajat aldtun de ionul C1-:

In(H,0)+ 4 €17 =222 In(H,0),C+ -+ H,0 (1)
In (H,0),Cl+ -+ Cl= === In(H,0),CL -+ H,0 )
In(H,0),Cl; -+ Cl= m=== In(H,0),Cl, + H,0 (3)

Considerind doud perechi de constante de cchilibru alese dintre valorile
extreme mentionate in literaturd [2] pentru primele doud reactii:

K, = 332 sau 26
K, = 28 sau 6,5,
presupunind concentratia eluantului (HCI) egala cu 0,05 si neglijind ionit

complecsi superiori termenului In(H,0),Cl.*, se calculeazd compozitiile
de eluat inscrise fn tabelul 1 [3].
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Jahel ] Tolosind mectoda
Comporitia eluatului de indiv. considerind douid perechi s‘chlmbu!m 1011“.0 a*h.u
de valeri extreme ale constuntelor de echilibru pentru Schufle st Bi-
reacliile (1} =i ¢2)3 land r-l:, Pen-
- - — — koske sc [3] de-

el A L) N
- cluatului (70) termind urmitoarele

valori pentru constan-

¥, K, ,
In (H,0), "~ In (1100 Qi In (11,01 ,CL, i
IR R A tele de echilibru ale
— i b ~ H . .o " \ o
; reactiilor (1), (2] si
R L 7200 z 235 (3)
Loy | 24 Ty | 371 - K .98 . 108
25 83 36,8 470 15,5 1o =y ’
23 ‘ 24,2 Ios1s i 142 K, = 288;
K, == 3,7.

Compozitia cluatului calenlitl cu ajutorul acestor valori devine :

In(H0) . . . . . .. 585
In(H0),CB . 0 0 . 0 080,09
In(H,0),ClL, N & R

In(H,0),C1, . 0 . . . . . 20

Perioada de Injumatitire a '"=In este de 998 = 0,2 min [3], iar
a tsn, de 118 zile, llplﬂ de dezintegrare al celud dmtn este tranzitia
izomera tmIn —— Wn avind o energle a radiatiei v de 0,392 AMe\l;
generarea indiului-113 1m0 <e face prin captura unui electron K de citre
WSn (fig. 1):

II&SH 5 - lliimlu
2N

2. Prepararea generatorului de indiu-113  m. Izotopul parinte 1B8n
s¢ obfine prin iradierea staniului-112 cu neutroni termici; de fapt tofi

113
‘,/ = M8 d

s

.

&y 0255 Mev

13m
49 In, T%=95{’5mm

c.e. Sk LM
Fr uﬂzwul (35%)

6552) 113
49 ['l

I'ig. 1. Schema de dezintegrare a 38n.
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cei 10 izotopi stabili ai staniului natural se pot iradia cu neutroni termici.
Iluxurile de neutroni termici de care dispunem azi, sectiunea eficace a
reactiel 128 - n ——> 180, frecventa naturali a 12Sn (19) si timpul
de injumdtatire a ™Sn, ne obligd la imbogatirea in izotopul 112 a probel
naturale de staniu, pentru a cistiga in activitate masicd de 35n; in mod
special trebuie evitatd formarea izotopilor 17mSn, MemSp 12mSpn gi 128y,
In acest> condl;u selectivitatea eluantului (HCI) fafd de produm de reactie
proveniti din alfi izotopi joacd un rol secundar ¢i contaminarea cluatului
s¢ datoreaza, in principal, izotopului 3Sn.

Izotopul parinte, 3Sn, se gidseste adsorbit pe o coloand de schim-
biater de ioni, care de cele mai multe ori este constituit din bioxid de zir-
coniu hidratat; s-an recomandat, de asemenea, silicagel [6,7] schimba-
tori de ioni In forma de sulfurd (8! sau schimbatori de ioni organici, cum
sint Chelex > 100 (un mnmodmumt) sau Bio-Rex 63 (un fosfonat) oL
Pentru mulgerea coloanei se folosese solutii diluate (0,05—0,1N) de HCL,
mat rar ANQ, [10] sau HCIO, 19} ; cluarea coloanelor ce confin schimbi-
tori de ioni orgaunici cu solupl mai concentrate cauzeazd o crestere a con-
tamindrii eluatului cu sn (97 (fig. 2 st 8). Desi puritatea radiochimica
a cluatulul obfinut de pe coloane cu schimbdri de ioni organici nu diferd
de cea a eluatului muls de pe coloane cu schimbdri de foni anorganici, uti-
lizarea celor dintli este limitatd de rezistenta termicd redusd si de insta-
bilitatea lor la actiunca radiatiilor ionizante.

Un sistem generator constd din trei parti principale : coloana de gene-
tor, rezervorul de eluent si colectorul de solutie mulsid (eluat), toate ste-

rat
~, atunel cind eluatul urmeazd sa se mtroduca in corpul omenesc.

1
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Fieo 20 Radioactivitifile ™™y ¢f M8n in primii 3 ml, in

cursul cludrii unel coloane, nmplute en Chelex 100, cu solutii
die TICT de diverse concentratil,
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Partea esentiald, co-
loana de generator,
este aleatuitd dintr-un
tub de sticla  avind
diametrul de 25 mm
in partea inferioara
sl de 35 mm in partea
superioard, lungimea
de 83 mm s forma
indicata i fre. 4
retinerea cristalelor
de Zr0), face cu
ajutorul unul dise de
~ticld fritatd de poro-
zitate mijlocie, fixat
la baza tubului. Cirea
doud grame de hioxid
de zirconin avind ma-
rimea particulelor cu
priusd Intre 100«
200 mesh se spald cu-
apa distilatd, apoi cu HCl 2N si se introdue in tubul de sticld. Deasupra aces-
tui strat se introduc alte 10 g de ZrO,, avind cristalele mai mari (dimensiitnea
cuprinsd intre 50 si 100 mesh), de ascmenea spalate in prealabil cu api
si HC1 2 N, Intrea(vl coloand se mai spald cu cel putin 130 ml HC1 0.2 X,
Zona inferioard a tubulm de sticld, care contine particule mai fine, are rolul
de-a mdri timpul de contact dintre eluant si schimbatorul de ioui i de-a
retine izotopul 188n, care eventual nu a fost fixat in zona superiocard a
coloanei. Protectia persondlulm tnipotriva radiatiilor se face cu ajutorul
anui cilindru de plumb, concentric cu tubul de sticld, si avind grosimea
perefilor de 1--2,5 cm tntre tubul de sticld
si cilindrul de plummb se giseste un mangon de

145"?‘])1

4
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Fig. 3. Radioactivitdaiile ¥™In si 780 in primii
cursul eludrii unei coloane, umplute cu Bio-Rex 63
de HCl de diverse concentratii®,
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Fig. 4. Componentii unui ge-

nerator.

masd plasticd avind grosimica de 1—2 mm.
Rezervorul de eluant este pus in legitu-
rd cu un dispozitiv de misurare a volumu-
Tal (siringd =au Tdurcta cu vmplere automatd),
prin intermedinl onur robinet cu tra

In colectorul de cluat  (selutie
mulsd) constid dintr-un flacon steril, inchis
cu un dop de canciue capsulat, asezat intr-un
container de plumb s racordat la baza co-
loanei de gcnc rator cu un tub de polieti-
lena,

Stapiul imbogatit in izotopul 112 se ira-
diaza si apoi s¢ « dizolva in HCI 3— 6 N. Pentru
o mai buni retinere pe coloana de ZrQ,, staniul

NEIESIS
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trebuie s se gdseascd in starea de oxidare --4 (SnCly). De aceea, dupd dizol-
vare, priu solufie se barboteaza clor gazos, pentru completa oxidare a staniu-
Ini. Solutia clorhidricd de SnCl, se dilueazd cu api distilatd piné la o nor-
malitate a HCl de 0,3—0,5, pentru a se evita dizolvarea partiald a bioxidului
de zirconiu, ce ar surveni in mediu puternic acid ; neutralizarea cu NaOH
nu este recomandabild, deoarece ar conduce la formarea de hidroxid de
staniu (IV) coloidal. Solutia de SnCl, diluatd se Incarcid pe coloani cu o
vitezd de curgere de 0,5 ml/min. Dupid saturare, coloana este spilatd cu
100 m! solugie 0,1 N de HNO, si este apoi aptd pentru utilizare. Intrucit
stabilirea echilibrului radioactiv dintre M8n si “=In reclami circa 7 ore,
se recomandid mulgerea coloanei cel mult de doud ori pe zi,

3. Regenerarea activitatii indiului. Admitind ¢4 dupa {iecare mul-
gere indiul rdmas pe coloand este in cantitate neglijabild si considerind
ca momtent initial timpul cind activitatea indiului este nuld, se poate scrie:

Ao
I, =I,—
2 1750

1 — e - t]
— k C -

unde I; este radioactivitatea staniului 113, la timpul t,
I, radioactivitatea indiului 113 m la acelasi timp,
%y sioh, constantele de dezintegrare radioactivid a '¥9Sn st respectiv
o 13m
a In.

ale M8 s respectiv WoIn st oneglijind pe 17T, fatd de 1T, si pe T,
fatd de Ty, se mal poate scrie:

I, = I(1 — e7t%)

Aceastd ecuatie permite calcularea timpului necesar pentru regenerare:i
unei fractiuni date din radioactivitatea totald posibild a coloanei (fig. 5).
In fig. 6 este redatd o nomogramd care permite calculul radioactivitatii
eluatului in functie de timpul scurs de la mulgerea precedentd si de vechi-
mea coloanei de generator.

4. Preparate pe bhazi de ""fn, Intro-
dus in organism prininjectare intravenoa- b
sd, fard purtdtor, indiul-113 m se raspin- :
deste in singe si in toate orgaunele; dis- :
tribuirea Iui in diversele organe cunoaste S
o oarecare preferintd si depinde de pH-ul
solutiei administrate. In fig. 7 este redata
variatia cu pH-ul a distribuirii "™ In(111)
introdus intravenos, fard purtitor, in cor-
pul unor soareci ; misuritorile au fost efec-
tuate dupd 10 min., de la injectare {11].

Pentru a accentua repartizarea prefereu-
tiald in organul cercetat prin scintigrafie, in-
diul se asociazi in general cu anumifi
purtdtori. Ca purtdtori se folosesc lomil ¥ ig 5. Regenerarea indinlui 113md
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Tig 6 Nomogrami pentru caleulnl radio- I'ig 7. Distribuirea ®In in corpul
activitdtii 1M jn generator. unor soareci dupd 10 min de la injectare

intravenoasa!t,

chelati al Fe(IIl), ai In(I1D) (acestia din urmd mai pufin recomandabili
din cauza toxicitdfii jonului In®+) si coloizi avind concentrafii si pH-uri
bine definite; fard purtdtor, '"»In(III) poate servi la scintigrafia creierului
sia singelui. Tabelul 2 cuprinde formele sub care indinl 113 m se admninis-
trea=d In corpul omenesc, modul lor de preparare st organele pentru a
carer scintigrafie se utilizeazd ele.

In toate preparatele '¥mIn este obtinut prin mulgerea coloanei de

crator cu o solutie diluatd de HCI (0,05 N), mai rar cu o solutie diluatd
f¢ HNO,. Fiind vorba de preparate care se injecteazd in corpul omenesc,
dupi elaborarea lor se recomandd sterilizarea, fie prin filtrare pe filtru
milipor (avind diametrul porilor de ~ 0,45 w), fie prin mentginere un anu-
wit timp in auntoclavda. Majoritatea metodelor de preparare enumerate
sint simple i rapide, evitindu-se pe cit posibil o expunere prea indelungata
a personalului la radiatia v emisd de '¥=In. Pe lingd un timp de prepa-
rare lung, unele metode [23 — 26] prezintd si dezavantajul unor variatii
imprevizibile de dimensiune a microparticulelor.
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Forme (e utilizare a 1BmIn in seintigrafie

11

Tabel 2

i i N
Nr. . | 5 ; c s Citat
fore i 2deul de obtinere Jestinatia Py
ot % Torma : Procede e obiine Destinat pibliogr.
1 9 1 3 | 4 5
| |
| . .
1 HemIg(IL Tinarea genceratorujui cu sol.
| fard purtitor 0,05 N de HCL Creier $i singe 11
1 ”
o | wmIn(III) - Amestecarea sol. de ¥ In cu | Plimini 12
oo IndITD pur- o sol, de In(IIT), adaos de ac.
I titor citric, corectarea pH-ului fa
78 cu NaOH
4 emIn(Iiny Soll de MIn se amestecd cu | Plamini (inhalare) 13
[ i purtitor sol. de InCl, se ajusteazit pl- si ficat
ul la 6.5 cu NaOH, apoi adaos |
I de gelating, filtrare prin filtra
! | milipor (0,45 )
§ Mg (11T | Amestecarca sol. de ¥MIn cuw | Maduva coloanci 13
i microcoloidal % celatina, ajustarea pli-ului la vertebrale
! | 6.5 cu NaOM, filtrare prin
; i filtrun milipor (0,45 p)
5 usmIn{I1l) | Amestecarea sol. e PPUIn cu | Inimi, singe, 13,14
. microcoloidal gelating, incdlzire 3 min pe placentd
! baie de apd (5073, ajustarea
pH-ului la 4 cu NaOI1, filtrare
o prin filtru milipor
| . - - -
6 Mg (111 | Amestecarea sol. de M In cu | Mdduva osoasid 13
| microcoloidal Pogelating si tampon de fosfati
‘ (mono- i disodic;
VAR SHE D S S Sol. de M8¥MIn, filtratd prin fil- | Ticat 16
- Su(OI1, tru milipor, apoi amestecatd
coloidal cu sol. de gelatinil i Sndly,;
pH-ul se ajusteaza cu NaOH
; fa 6-6,5
8 usmyn (11 - Amestecarea sol. de N cu | Crefer 17
- DTPA sarea pentasodicd o DTPA,
: ajustarea pH-ulni la 7,0 cu
| NaOH 1 N, agitare, apof fil-
f trare prin {iltro milipor san
i sterilizare In autoclavd
i
9 jmmln(lll) Amestecarea sol. de WMIn cu | Creler 18
I - DTPA sol. de DTPA, sol. dil. de acid
5 acetic (1: 100 apa) §i amestee
; tampon de fosfati (di- si tri-
| ‘} sodie)
10 W In(IIl) Amestecarea col. de MIn cu | Miaduva osoasit 13
! / ; e
[ In,S; coloidal sol. de gelatina gi sol. de | gi ficat
: Na,S,0,, incilzire pe baie de

apda (100°) 3 win, ajustarea
pH-ului la 6,5 cu NaOH si
filtrare pe filtru milipor
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Tabel 2 (continuare)

1| 2 | 3 4 l 5
11 usmIn(11I) -+ Yiltrarea sol. de "MIn prin | Plimini (perfuzie) 13,19
4 Fe(OH), filtrn milipor, amestecarea cu

sol. de TeCl,, ajustarea pH-
ului la 10,5 adaos de gelating,
ajustarea pH-ului la 7,5 cn
HCI dil. i sterilizare in auto-

clavi
12 ) ¥smin{I1l) - Amestecarea sol. de M™WWIn cu | Creier 13
-+ FeEDTA sol. de Fell,, EDTA, ajusta-

rea pH-ului la 6,5 cu NaOH,
filtrare prin filtru milipor
13 | 1BmIn(IIT) - Amestecarea sol. de %Iy cu | Rinichi
-4 FeDTPA sol. clorhidricd de YeCl,, agi-
tare, adaos de DTPA, Nadll,
ajustarea pIi-ului la 4,5—5,5
cu NaOH 0,5 N si filtrare pe
{filtru midlipor sau sterilizare in
autoclavi

14 | smIn(III} si Administraren succesivii, intra- | Rinichi 23
FeCly venoasd, la interval de 0,5 ore
a sol. clorhidrice de YeCly si
apoi a sol. de RIn, ameste-
catd cu sol. de gelatind si NaCl,
agitare pe baie de apid (50°),
ajustarca pH-ului la 4 cu
NaOQH 1 N, filtrare pe filtru
milipor

15 sy (111) - Sol. de MMIn, amestecatd cu | Plamini 2%
-+ SAU*, tampon acctic si sol. de sulfat
macroagregat de zirconiu si apoi cu sol. de
SAU: mentinere 5 min in
antoclava, dupd care se ad-
ministreazi (canulda  hipo-
derm)

2

* Serum albuming nmand.

3. Avantajele si dezavantajele utilizarii generatorului de 5=In, Avan-
tajele utilizdrii generatorului de indin 118 m sint legate atit de izotopul
parinte, 1881, ¢it si de produsul de filiatie, "mIn, In ceca ce priveste pe
cel dintli, timpul de Injumiatitire relativ mare (118 ) permite mulgerea
coloanei un timp mult mai indelungat decit la generatorul de ¥997T¢ si scade
astfel mult pretul de cost al gencratorului, Nu se pun probleme de traus-
port deosebite si este posibil un temeinic control al calitdtii, atit din partea
producdtorului cit si din partea heneficiarului.

Referitor la izotopul generat, trebuie mentionatd doza de radiatic,
micd, simplificarea problemelor legate de decontaminarea laboratorului,
o buna rezolutie cu camere - si compatibilitatea cu multe echipamente
de detectie existente, utilizate pentru 1. Indiul formeaza chelati foarte
stabili cu EDTA, DTPA, acidul citric s.a., este usor de incorporat in par-



GENERATORUL DE Mdmin 10

ticule si nu se acumuleaza in glanda tiroida sau plexul choroid ; logaritmul
constantei de formare a complexului In-EDTA este 24,95, [27] iar a com-
plexnlui cu DTPA de 25,9. {17] Indiul se leagd instantaneu cu transferina
plasmei, iar eluarea cu solufie acidd micgoreaza riscul contamindrii bac-
teriene. Fatd de #w['¢(VII), el prezinta avantajul unei elimindri mai rapide
din singe si o concentrare relativ mai mare in tumori. Constituie un agent
de vizualizare mai bun decit ¥"Hg-clormerodrinul in scintigrafia rinichilor.

Dezavantajele legate de izotopul piarinte constau in dificila corec-
tare a unei eventuale contamindri radioactive in laborator si incorporarea
unei doze considerabile de citre pacient in cazul ¢ind se injecteazid nein-
tentionat, ca impuritate. In privinta dezavantajelor referitoare la '"mIn,
trebuie amintite: imposibilitatea observirii indelungate a pacientilor,
ceea ce obligh uneori la repetarea eludrii coloanei in aceeagi zi; folosirea
unor ecrane relativ groase pentru protectia personalului; administrarea

preparatelor acide poate provoca reactii indezirabile in organismul pacien-
tului.

6. Toxicitatea indiulni. Desi indiul metalic este biologic inert, indiul
sub formi ionicad este unul din cele mai toxice elemente [28--307. Compa-
rati en alti 42 de ioni metalici, ionii In3+, Hg2+ si UO+ ar fi cel mai toxici [31 .
Ia 30 de zile de la injectarea intraperitoneala a ionului In®+ la soareci,
doza semiletald s-a gasit a fi 0,022 miliatom-grame/kg corp [31]. In alte
studii, efectuate pe sobolani [82], doza semiletald, dupd 4 zile de la admi-
nistrarea intravenoasi, s-a gdsit 0,11 miliatom-grame/kg corp. Doza letald
observatd de Stern sc [19], dupd injectare intravenoasd, varia intre
3 mg/kg corp la iepuri si 16 mg/kg corp la soareci.

Sarurile de indiu administrate oral sint mai usor tolerate, deoarece
de-a lungul tractului gastrointestinal ele se absorb in proportie de wmai
putin de 29%.

In mod curent, in scintigrafie, indiul se administreazd In cantitdti
de ordinul mCi; avind in vedere ¢d 1 mCi nu reprezintd decit cca 10-2 g
de In®*+[33], el nu ridica probleme de toxicitate. Metodele 2 si 3, mentionate
in tabelul 2, recomandd utilizarea indiului neradioactiv ca purtdtor, e
drept, In concentratii foarte mici (30—40 ng/ml). Totusi, considerdm cd
utilizarea indiului ca purtdtor poate fi evitatd, avind in vedere existenta
unor ioni cu proprietati similare (Fe3+) si a cdror introducere in organisin
nu comporta nici un risc.

7. Controlul ecalititii generatorului de '™=In. Intre 70 si 809, din
radioactivitatea '"=In se poate elua de pe coloana de generator, in citeva
minute, cu ~10 ml solutie diluata (0,05—0,1 N) de HCl sau HNO,. Intru-
cit echilibrul radioactiv dintre izotopul parinte si izotopul de filiatie este
atins in cca 7 ore, coloana poate fi mulsi, daci necesititfile o cer, de doud
ori pe zi. Fig. 8 aratd randamentul de eluare in funcfie de timp, pentru
o coloana de generator de indiu-113 m (umplutd cu ZrO,)[33].

La utilizarea biologica a solutiei de "WmIn(III) se impune verificarea
puritdtii radionuclidice si chimice, precum si efectuarea unor testiri de
sterilitate $i apirogenitate. In principiu, analizele de puritate radionucli-



1.1 L. o~
2 dicd si chimica se pot efectua uainte
< i de 111]egt‘1re Insd nivelul radioacti-
%m ?;{E;ltu st viteza de dezintegrare a
A In impicedicd testdrile de sterilitate
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E neste prin fractiunea din radioacti-

in eludri succesive®, X g = N ; K
vitatea totald datoratd radionuchdului

dat; evident, ea trebule si fie ¢t
mai apropiata de 1009,. Decelarea si mdasurarca radioactivitatii datorate
izotopului parinte si altor radionuclizi eluati de pe coloand este de mare
importan{d pentru doza radiatiei incorporate de pacient, in special atunci
cind izotopul parinte sau celelalte impuritdfi sint coustituite din nuclizi
de viatd lungd, f-emitatori. Aceste impurititi sc deceleazd prin metode
fizice sau chimice.

Metodele fizice se bazeazd pe trasarea spectrului ~ cu ajutorul unui
analizor multicanal. Trasarea spectrului v este deosebit de utila in cazul
generatoralui de indiu-113 m, unde perioada de inium&téjﬁire a izotopului
pdrinte este mult diferita de cea a izotopului de filiatie ; izotopul de viatd
scurtd (U¥mIn) este lisat si se dezintegreze practic total, dupi care se dece-
leazd izotopul pdrinte gi ceilalti 1/()t0pl de viata Jungd, ce constituie impu-
ritati. In general se proccl azdt in felul urmitor: cluatului proaspat muls
st diluat 1 se determind radioactivitatea, folosind un contor v. Acecasi
probi este remdsuratd dupd un interval de timp cuprins intre 24 s 48 ore,
in care tot indiul-113 m muls de pe coloand s-a dezintegrat; se obfine
astfel radioactivitatea datoratd impuritiitilor. Raportarea acesteia la radio-
activitatea totald initiald, tinind cont de dilutie, conduce la valoarea con-
tamindrii cauzate de tofi izotopil ~-emitdtori. Maximul datorat 33n,
situat la 255 keV, este prea apropiat de maximul curacteristic al tHm]y
{situat la 393 ke\) pentru a cfectua cu bune rezultate o analizd v-spectro-
metricd in eluatul proaspat. Iig. 9 si 10 reproduc spectrele v obtinute cu
acelagi eluat, dupd o ord si respectiv 6 zile de la mulgerea coloanei {34];

videntierea impuritatilor este neti pe spectrograma din fig. 10 indiul-
13 m prezent pe aceasta din urmd provine din impuritatea de ™ Sn,
cu care se giseste fn echilibru,

Prezenta staniului in cluat se poate decela pe cale chimied, folosind
reactii colorimetrice ; hematoxilina pune in evidentd cantitdgi de ordinul
a 0,1 wg [35].

Separarea staniului de indiu este posibild si pe cale cromatograficd,
in strat subtire 36) sau pe hirtie 37
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Tabel 3

Radioaetivitatea impurititilor radionuelidice ohservate in doi generatori de DIn

Maximul (MeV) Radioactivitatea relativd in momentul
Izotopul utilizat in analiza elwirii* )
v spectrometricd Coloana Si0O, Coloana Zr0O,
R b 0,393 100 100
38y o 18mIy 0,393 | 87-107 1,7 <1072
nmgy 0,158 i 1,9-1073% 0,32.1073
s (calculat) — 1,7-107° 0,34.10%
1238n 1.08 1-10™¢ 0,44-107*
1256, 0,599 4,8-10¢ 2,2 1074
* Radioactivitatea impurititilor s-a raportat fa radioactivitatea llilmm, normalizatd la 100,

In tabelul 3 sint date rezultatele unor analize de puritate radionu-
clidicd, efectuate pe doudl tipuri de generatori: unul continind ZrO,, iar
celalalt silicagel [34]. Countaminarea cu ™38Sn, considerabilda in eluatul
muls de pe coloana cu silicagel (sirul 2, coloana 2 din tabel), se datoreaza
faptulul ca generatorul nu fusese eluat timp de citeva siptdmini. Deter-
nindri continue ulterioare, ficute de-a lungul a 4 luni, nu au ardtat nici
o diferentd esentiald intre contamindrile cu 'Sn pe cele doud coloane;
valorile medii ale radioactivititilor datorate dezintegriirii izotopului M33n
erau:

(2,7 4 0,02) 1029, fu 14 eludri pe coloana cu SiO, si

(2,9 F 1,9) 10-297, in 10 eludri pe coloana cu ZrO,.

Impuritatea datoratd staniului 119 m (sirul 4 al tab. 3) meritd o
menfiune speciald. Deoarece frecventa conversiei interne la acest radio-
nuclid este de aproape 1009, analiza prin spectrometrie v este exclusd
in amestecul complex de radiatii prezeut in eluat ¢ s-a recurs la calcul.
Calculul s-a facut folosind ca termen de referin{d izotopul 33n si intro-
ducind sectiunea de capturd relativd de 0,01 fatd de 1,3 barni si frecventa
izotopicd relativd de 49, fatd de 809, a ¥83n in comparatie cu ¥2Sn (proba
imbogdtitd), pentru un timp de iradiere cu neutroni presupus egal cu 3
Tuni,

Determiniri in fractiuni de 2 ml eluat au ardtat cd volumul optim de
solutie HC1 0,05 N (pH cuprins intre 1,4 si 1,8) folosit pentru o eluare, este
cuprins intre 8 si 10 ml [34]. La utilizarea unui volum mai mare de eluent
proportia de radioactivitate datoratd staniului 113 creste exponential,
deoarece mai mult de 8( % din radioactivitatea indiului 113 m este conp—
nutd In primii 8—10 ml, in timp ce Sn rdmine la concentratie si deci
radioactivitate constanta.

S-a observat o variatie a contamindrii si cu numairal de elaiari [5);
primele eludri prezinti contamindri de ordinul a 10-3—19-4°, (coloani
de Z10,), dar ea coboard la ordinul 10-3%, intre a 18-a si a 127-a mulgcre
efectuate de-a lungul unui an. Minimul inregistrat este de 2 - 10- 804, dacd
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intervalul de timp ce separd doud eluiri este de citeva zeci de ore si creste
sensibil dacd intervalul este mai mare {57, Contaminari de ordinul a 10~39
in "8n au fost observate i de Subramanian, McAfee [33],
la mulgerea zilnicd a generatorului fixat pe bioxid de zirconiu, cu solutie
0.1 N de HCI sau HNO,.

Puritatea chimicd. Fluatul poate {i impurificat cu elemente neradio-
active, provenite din substangele folosite ca purtdtori sau din substantele
folosite pentru fixarea "3n. Trebuie sd se mentioneze faptul cd solubili-
tatea bioxidului de zirconiu este foarte scazutd la pH apropiat de 1 si cd
ea creste dacd pH-ul se abate de la aceastid valoare. Analiza chimicd a
solutiei de '"¥™In(1II) se poate efectua spectroscopic, polarografic si colo-
rimetric. Mai pretentioasd, dar mai precisd, si mai sensibild, spectroscopia
are avantajul de-a decela concentratii foarte mici de elemente. Tabelul 4
reproduce rezultatele obtinute la analiza spectroscopicd a citorva solutii
mulse de pe coloane de generator umplute cu ZrO, si SiO, [341.

Tabel 4

Coneentrafia  (g/ml) a unor impuritifi decelate spectroscopic in generatoul de 3mIpdt

Coloana cu Zr0, 5i0,
Proba 1 0 i 3 1 2
i
Al 0,2 0,04 X - —
Ca 3,3 1,0 0,2 1,2 0.4
<d — 0,05 — 0,15 —
Cu 0,1 0,5 0,05 0,1 0,6
Mg 0,1 0,05 0,1 0,5 0,1
Ni 0,01 — - -
Si 0,05 0,1 0,02 0,8 15
Zn 0,05 0,05 0,01 0,04 0,05
Zr 2.5 1,8 0.6 — e
* Nedecelat.

Literatura nu consemuneazd efecte toxice pentru elementele decelate
la nivelul de concentratie aratat in tabelul 4. Cel mai intimplitor ca free-
ventd, cadmiul, apare In concentratii foarte mici pentru a prezenta vreun
pericol, La fel, zirconiul, a cdrui dozd letald la injectare intravenoasi in
iepuri este de 150 mg/kg corp, apare in eluat la concentratii considerate
inofensive ; celelalte elemente posedd toxicitate mai micd si nu prezintd
nici un pericol.

Impuritdti cum sint Fe, Al, Ga si T1 se pot separa de indiu si deci pune
in evidentd folosind cromatografia in strat subtire 138, 391

8. Calenlul dozei. Pentru calculul dozei incorporate in organism atunct
cind solutia de '"mIn este contaminatd cu diversi radionuclizi, trebuie sa
se facd unele presupuneri simplificatoare. Una din acestea, impusd de
lipsa datelor referitoare la proprietitile biochimice ale radionuclizilor de
staniu g stibiu, constd in a nu face distinctie intre localizarea indiului si

2 — Chemia 1.1972
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a celorlalfi doi radionuclizi. Mai presupunind si o distributie uniformai
a unitdtii de radioactivitate a fiecarui radionuclid in corp, ficat si oase,
doza mtegrald (rem) se poate caleula cu ajutorul ccuatici

DE(rem) — 738 I EF(RBE)N
.

i ’

unde A este radioactivitatea (mCi), m masa organului (kg), L' perioada
de injumatatire efectiva (zile), iar EI(RBI)n energin clectiva (MeV) cal-
culatd dupd metoda elaboratd de Comisia Internafionald pentru Protectia
Radiologicd (CIPR) 401 Perioada de injumititive biologica T, care
. ) o Ty - T
a servit la exprimarea lui (Lo =
R
tatire radioactiva), s-a luat din tabelele CIPR 40 pentru organul < izo-
topul In chestinne. Tabelul 5 34 contine rezultatele acestor caleule pen-
tru unitatea de radioactivitate a "™ In si a celorlalte clemente mentionate
in tab. 3.

cunde T, este perioada de Injumi-

Tubcd 5

Doza echivalenti relativd caleulata pentra anitatea de  radioucti-
vitate a impurititilor dinrv-un generator de ¥y

| Corpul !

Izotopul e [Ficat ! ()ase
s In I I I
138y 113 Ip 410 6RO ! 70
1n7oSp 150 240 240
SRR | 150 10 L0
12 N ! GRO [0 CBn00
1251, | FO 370 ‘ 710

Seoobserva o dozele diverselor fmpuritdti radionuchidice se situcazd
intre Hmite ce depisese de 1303000 ori doza datoratd indiului 113w,
din cauza perioadelor de Injumatidtire ofvctive mai mari ale izotopiler con-
taminanti. Doza considerabild incorporatt in oase in cazul special of ¥98n
se datoreaza particulelor B de mare cnercie ciise de acest izotop ) factorul
de viatamare relativ al lor este n 5. Tabelul scoate in evidentd tmpor-
tanta minimizari impuritatilor de viata lungd atunct cind se utiliveaza
izotopi de viatd scurtd. De exemplu, dacd in solutia e /B In(ITT) avind
radioactivitatea de 1 mCi se giseste ca impuritate nwmai T oG de P8,
ceea ce reprezintd 1 ¢ pacientul va i expus unet fradierl ce intrece cu
4080V nivelul iradierii cu PIn,

Tabelul 6 341 contine dozele relative incorporate Ia adminizirarea
unet solutil de indiu-113m, care contine impurititi decelate la analiza
unui generator fixat pe bioxid de zirconin (v, tabelul 3). Caleulele s-au
efectuat considerind ca valoare de referintd pentru timp, momentu! mul-
gerit coloanei. Dac intervalul de timp care separid mulgerea de monicntul
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Tabel 6

Dozele echivalente relative ale impurititilor dintr-un generator de 130n

Trotonul Radioactivitatea Doza

zotopu ~lativi 3 7 H 7

vl relativa ; In corp ! In ficat f I oase
| 1 7

I 100 ! 100 ' 100 1 !

memyy LSS 281071 . [1.48 19,04 }

nTmgy G,6.10% i 0.084 0,142 |

EmQn {calculat) 0,5.-10—° i 0,0007 0,002 '

JEEE 0.5-107 ; 0,054 0,08 i

5D 2,610 J 0,181 ; 0,148 l

Total pentru impuritdti f 11,79 19,41 i C26h

administrdrii creste, se vor constata cresteri ale valorilor relative datorate
izotopilor contaminati; pentru fiecare 100 de minute, contaminaresn radio-
nuclidica se dubleazd, iar doza de radiatie incorporata de pacient sc dubleazd
sl ea.

2

2 mR Ik

IPig. 11, Curbe de izodozid: o) la o colound de generator de M0 n,

de 25 mdi, neecranatd (curbele superioare) 51 ceranatd cu un strat

de b avind grosimea de 18 mm (curbele iuferioare; ; b) la o siringd

neecranatld, ce contine elnat de MIn, avind radioactivitatea de

2,53 mCi; ¢ laun eluat de ¥3MIn, de 20 mdCi, ecronat cu un strat

de Pl ode 10 mm (curbele din stinga) si altul de 0,5 mm (curbele
din dreapta) it
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Fig. 12, Grosimile unor ecrane de Pb necesare pentru a reduce
doza la 2,5 mR/h, pentru o distantd datd de la coloana de gene-
rator de ¥TIn

20 40

In fig. 11 este ilustrat rolul ecrandrii in cursul manipuldrii genera-

torului sau eluatului de "* In, iar in fig. 12 sint redate grosimile unor
ecrane de plumb capabile sa reduca doza, pentru o distantd datd, la valoa-
rea de 2,5 mR/h, consideratd nepericuloasd [411

1.

)
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TEHEPATOP vemyp
(Pesione)

Pafora npegcrasasier cofoli KpaTKOe H3JIOKEHHE NAHILIX, HMEIOMHXCH B CHEHHAABLHON
JHTepaType  OTHOCHTENBHO Pemepartopa  M38[n. PacemarTpHBalOTCs BOIPOCHL,  Kacaiollnecs
pasminux xaMudeckHx coepuienuit In(lll), maxoasumxcs B pactBopax, 3TOUPOBANITLIX U3
tenepatopa ¢ nomouwsio HCL, a takzKe NpUroToBJeHHe KOJOHHB Tenepartopa 130 n. [pupogar-
<5 PA3JIHYMBIE METOAbl NPHIOTOBJAEHHs, KOTOPble HCXOASIT M3 pactBopa 1 n(I1l) u npuseisior-
cd B cuMnTiaorpacbun. Pacemarpusatotest TokcHunocth Hona In(IIl), serox nposepxi xiui-
HeCKOR H PAIHOHYKIHIOBOIN YHCTOTH pacTBopa ¥MIn, aCcHeKTbl, KACAOUIHECs 10361 H BOIPOCOB
DXPaULL

TIHE BmIN-GENERATOR

Summary)

The article is a short literature survey of the ¥™In-generator. There is some iufor-
mation concerning the various chemical compounds of In{IT1) which may Dbe found in the
solution eluted from the gemerator with a HCL solution, and the preparation of the ¥%n-
venerator column. Various preparations, which start from W®In(III) solution, and used in
scintigraphy, are listed. The toxicity of In(III) ion, the chemical and radionuclidic purity control
niethods of the B3®In golution and some aspects of the dose and protection problems are

<iiscussed.



THIOCYANATO-CHROM(IIT)-KOMPLEXE IN DIXR CHEMISCHEN
ANALYSE (VIID.
Jestimmung  des  Thalliums  mit  Tetrathiocyanato-diamin-chromiaten

DEDINA OPRESCU. €85ABA VARHELYL und 10N GANESCU

Von den gewichtsanalytischen Thallinm-Bestimmungsmethoden mit
anorganischen Fiallungsmitteln hat die Bestimmung als Chromat : T1,CrOy
den Anspruch, die genaueste und beste zu sein, da das TLCrO, unter geeig-
neten Bedingungen gentigend schwer 16slich ist und erlaubt vor allen auch
die Bestimmung in Gegenwart zahlreicher anderer Metalle [17. Sehr hiufig
ist auch die Abscheidung und Bestimmung als T1J benutzt werden, sie
steht aber woll der Genauigkeit der Chromatmethode nach, da das Jodid
leichter loshich ist [27,

Thallium (I) wurde auch mit H, PtCl] (37, K,CS,741, bzw. mit
K, Cr(NCS), gravimetrisch und chromatographisch {3, 6° bestimmnt.

Von deu zahlreichen organischen Komplexbildnern wurden das Thio-
nalid [7:, Mercaptobenzthiazol [8), Thioharnstolf |9, Tetra-phenylar-
sonfumchlorid "10], Tetraphenylborat [11] und Hexanitro-diphenylamin
(127 zur Bestimmung des einwertigen Thalliums verwendet.

In dreiwertiger Form kann man das Thallium als T1L,0, [13], mit
8-Oxy-chinolein  (TYC,H,ON), - 3H,0) [14], mit 4-Hydroxy-3-Nitro-
benzoesidure 157, mit Flavonol-2-sulfonsiure [167, it Benzyvlsiure [177,
mit 3-Hydroxy-1, 3-diphenyl-triazin 18] mit 4-(2-Pyridylazo-rezorcinol
[19], bzw. in Form von Hexachlorothallaten: [Co(NH,),! "TICl;] und

[Cr(NH,)s | [TICL;] bestimmen. [20, 217

Bagbanly und Mitarbeiter (227 haben das ‘Thallium mit Hilfe
von Ammonium-reineckeat als T1'Cr(NCS),(NH,),] bestimmt. Diese, sehr
empfindliche Methode gibt genaue Ergebunisse auch in Anwesenheit von
Alkali-, Frdalkali-, Niz+, Co2+, e+, Zn2+ und AlP*-Ionen.

Linige Schwermetalle, wie Ag, Hg(I), Hg(1I), Au(I), Cu(I), Bi(1Il),
PL(ll) und Pd(I1) storen wegen Bildung von schwerloslichen Niederschlige
mit dem Reinecke-Salz.

Wir haben heobachtet, dass das T1+-Ton auch mit den Reinecke-salz-
analoga  (Amin.H[Cr(NCS)(Amin),], ,,Amin” = Anilin, o-, m- und p-To-
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Our blassrote Niederschlag setzt sich in cinigen Minuten ab, Nach dem Abfiltrieren auf
Goochtiegel Gy wird zuerst mit einer Athanol-Wasser-Mischung (1:3) ausgewaschen
m o bei 110° eine Stunde lung getrocknet,
Codovimetrische Bestiuauig dos Thallivins als T [Cr(NCS), (Aniiin),}. 5—100 mg T1
o3 80 ml, mit Salpetersinre angesiuerter Losung werden mit iiberschiissiger Reagenz-
v behandelt (bis zur bleibender  Rotfarbung der Losung), dic ausgeschiedene kristalline
v ubgesaugt, ausgewasschen und dunn in Dimethvlformamid geldst, in einer Messkolbe
25.-50 ml wit dem Losungsmittel anfzefiillt, Die Estinction der Losung wird mit einem
i Photokolorimeter unter Verwendung von einem griinen Filter semessen. Die Llichkurve
it reinemn THUOrINUS (Aniling,  in DM anfeenominen.
Vir die Bestimmunyg der Genauvigkeit der obenerwiihnten vravimetrischen Methoden

varden je 10 Analysen wmit 240 mg T in 530 ml Losung durcheefiibrt, Die Standardabwei-
huste des Mittelwertes (8,,) gibt cinen kleiteren Wert in Palle des TICr{NCS} (p-Toluidin), .

sovaitgen, am {20 Mar [0}
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COMPLECS! TIOCIANATO-CROMICT IN ANALIZA CHIMICA (VIII
Dozarea {alivlui cwe tetratiocianato-diamin-cromiafi

(Rezumat)

S-au elaborat mictode noi gravimetrice si colorimetrice pentrn determinarea taliului
sub formd de 11 [Cr(NCS) (Anilin), ] si T1 [Cr(NCS),(p-toluidinid),]. Rezultatele sint satisfaci-
toare si in prezenta metalelor alcaline-, alcalino-pamintoase, precum §i in prezeunta unor metale
bi- si trivalente de tranzitie. Ag™, Hgd+, Hg?t si Cu ~ jencazd determinarea. Pe baza mésurd-
torilor termogravimetrice s-au tras concluzii referitoare la stabilitatea termicd a complec-
silor de mai sus.

THOUHMAHATO-XPOMOBBIE KOMITVIEKCH! B NHUMIYECKOM AHAJIM3E (VI
Onpedeacrue maiaus ¢ ROMOWBIO DICMPANUOLLARAT0-OUAMUH-XPOXUANI0E

(Peswoye)

ABTOpBL BHIPAGOTATH HOBble TPaBHMeTPHUECKHE M KOJOPHMeTPHUeCKHe MeTOLbl ONpeieae-
s Tanang B Buje THCr(NCS) (anmann),] B THCr(NCS) (p-roayuann),]. Pesyabratsl y 1oBIeT-
BOPHTENBHBl H B MPHCYTCTBHH IIEAOUHBLIX H IMEeJOYHO-3eMeJbHBIX METAIOB, a TaKXKe B NpH-
CYTCTBHM  HEKOTOPBIX liEPeXOAHBIX JIBYXBANEHTHHIX H TPOXBAIEHTHBIX Mera/uioB. Ag+t, Hgit,
Hg* - n Cut sewator onpetedenno. Ila ocHoBe TepMorpaBHMeTPHUeCKHX H3MeDeHHH aBTODh
CIeNATH BLIBOALL O TePMHUECKOl YCTOHUHBOCTH BBIHEYNOMSIHYTHIX KOMILIEKCOB.






UBER KOMPLEXE KUPFER(II)-SALZE DER
TRIMETAPHOSPHIMSAURE (I)

GERHARD SCHMIDT und MONICY FENESAN

Trimetaphosphimsdure entsteht durchh Hidrolyse von Hexachlovo-
cvelotriphosphazen, PN Cl,. Beziiglich der Salze der Phosphimsauren,
ist in der Fachliteratur wenig bekannt. Is seien hier die Arbeiten vou
H. Stokes [1], E. . Steger 2] A Herzog [3], F. Pol-
lard [4], erwihnt, in denen einige einfache Metall-, bzw. NH,+ -Salze
der c¢yclischen Tri-und Tetrametaphosphimsiduren, oder einiger linearen
Phosphimsiduren beschrieben werden; Verbindungen in denen die erwiahn-
ten Sdureanionen an komplexe Kationen gebunden sind, sind jedoch
nichit bekannt. Dieses veranlafite uns des Verhalten des Trimetaphosphi-
mations gegenither Metallionen in Gegenwart organischer Amine als Ligan-
den, zu untersuchen.

In vorliegender Arbeit werden die ersten Ergebnisse beziiglich der
Bildung einiger Komplexverbindungen des Kupfers(II) mit Benzidin,
und den Trimetaphosphimat-und Nitrat-Ionen einerseits, oder nur dem
Trimetaphosphimation anderseits, mitgeteilt.

Jm die notige freie Sdure zu erhalten, gingen wir vom Kaliumsalz
der ‘I'rimetaphosphimsiure, K;(PO,NH),; aus. Diese wurde durch Hidro-
lyvse von PyN,Cly mit CH,COOK, erhalten [537. Durch Umsetzen des Kalium-
salzes mit stéchiometrischen Mengen 709 -iger HCIO, [6], entstehen Tri-
metaphosphimsiurelisungen, die zur Svnthese der Komplexverbindungen
dienten.

Die Komplexverbindungen entstehien, wenn man wisserige Kupfer
(I1) nitratldsungen und Trimetaphosphimsiiure mit #dthanolischen Benzi-
dinlosungen stéchiometrisch versetzt. Durch Anderung der Mengenver-
hiiltnisse und Konzentration der drei Komponenten, entstehen verschie-
dene Verbindungsarten. Wird zum Beispiel, Kupfernitrat mit kleinen
Mengen Trimetaphosphimsiure und Benzidinlésungen versetzt, so ent-
stehen eine Reihe Verbindungen mit verschiedenen Benzidinmengen, in
denen aber stets heide Anionen, Trimetaphosphimat- und Nitrat -Ion,
enthalten sind. Wird die Menge der Trimetaphosphimsidure grofl gewihit,
so entstehen Komplexverbindungen die nur das Trimetaphosphimation
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enthalten. Dieses st aus Tabelle 1. ersichtlich, in der die Synthesebedin-
gungen, sowie einige Eigenschaften der synthetisierten Verbindungen zusam-
mengefaflit sind.

Obwohl die Trimetaphosphimsiure drei Wasserstoffatome  gleicher
Stirke besitzt, konnte unter dul von uns gewidhlten Synthesebedingungen
nur je ein Wasserstoffatom durchh Cu(Il) ersctzt werden,

Die Bindung des Benzidins kann auf zwel Arten erfolgen: entweder
koordinativ an das Ca(II)-Ton. waobet ein bekauntes, von €. Macarovic
und Mitarbeiter "7 nither untersuchtes Komplexion der Porin Cu,Dzd, 4+
entsteht ) oder an die Trimctaphosphimsiure, wobetsich Benzidiniomionen der
Form BzdH 1+ bhzw, 1 BzdH, *~ bilden.

Auf diese Weise wurden 10 ncue Komplexverbindungen  erhialten,
deren Zusammensetzung  durch Flementaranalyse bestimmt wurde.  Die
Analysedaten sind chenfalls in Tabelle 1. eingetragen. Die Komplexver-
bindungen sind meist braune, in Wasser und Athanol schwerlésliche Kris-
tallpulver.

Um einige Strukturfragen, der von uns hergestellten Verbindungen
zut kldren, wurden IR-Absorptiousspektren von I{ulimntrimctaphm)hi-
mat, Benzidin uud den Komplexverbindungen, aufeenommen. Die Spek-
tren wurden mit Hille cines Spektralphotometers UR 10 Carl Zeiss Jena,
im DBereiche 3600—400 cm ' unter Anvwendung der KBr-PreBtechnik,
registriert. Tabelle 2. enthilt cinige charakteristischie Schwingungen der
untersuchten Verbindungen.

Auf Grund der IR-Untersachungen, konnten die Verbindungen die
von Kupfernitrat, Trimetaphosphinsiure und Benzidin ausgehend evhal-
ten wurden, in zwel Strukturtvpen geteilt werden :

Im ersten Fall handelt es sich wm die Verbindungen 1L, IV uud W,
die fast identische Spektren aufweisen, sowohl was dic Wellenzahl als
auch die relative Intensitit der Banden, anbelangt. Die Frgebuisse der
Ildementaranalysen fithren zum Sehlufl, daf in dicsen drel Verbindungen
das Komplexkation [Cu,Bzd, +1 an zwel NO;~ -lonen (Bande bei 1392
em~Y und an zwel Trimcetaphosphimationen (Banden des Trimetaphos-
phimsdure-Ringes bei: 1370—60, 1240, 1105, 1065, 930, 810 cm~t 87,
achunden ist.

Die experimentcellen Daten lassen auf folgende Crundstruktur schlie-

Jen
HO P H H H@@NH L‘—Q%‘/OH
£ > : N \

Wie die Analvsendaten und dic IR-Absorptionsspektren zeigen, besitzt
Verbindung ITT eben diese Struktur. Ifir letztere spricht neben den erviihn-
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ten Absorptionsbanden auch die bei 2925 und 2830 cm~! auftretenden
Valenzschwingungsbanden der freien P-O-H-Gruppe.

Verbindungen IV und V, enthalten neben den h(i(kﬂ an Co(Il) yebun-
denen Benzidinmolekiilen, auch solche die sich an dic -P-O-H -Gri UPpHen
anlagern ; dabei hilden sich Benzidiniumionen der Form BzdH+. Dic -P-O-11
-Gruppen sind in Verbindung IV teilweise, in Verbindung V oganz neutra-
lisiert. Dieses duBert sich in den IR-Spektren durch eine Apl'xt runy
der P-O-H -Banden, bzw. durch Auftreten, bet 1280 ¢m~t, der Deformua-
tionsschwingungshande der entstandencn — NI, o-Cruppe. Letztere fehit
mn Spektrum der Verbindung IIL

Die zweite Gruppe bilden die Verbinduugen VI IX und N, deren
IR-Absorptionsspektren chenfalls einander gleichen sich jedoch vern de-
nen der Verbindungen der ersten Gruppe, unterscheiden. Die experimen
teflen Daten (Ilementaranalysen und IR-sSpektren), sprechen fiir folg
de Grundstruktur der Verbindungen dieser Gruppe:

O\\ _OH \P,,O
PN ,
HN NH HN" HH
f l | OH
HO\ 40 C\ ‘P/
Cu Cu H
9\/;3\ 0/ \%‘?H / \Q\ //"‘\//
HO’T ‘l’*o 2 O O HH, of o
N
HN.__HH g H

Beil Verbindung VII st cines der Metaphosphimationen durch ein NO
Ton ersetzt, was sich auch 1m Spektrum, durch Auftreten einer scharfen
Absorptionshande bei 1392 em=1 dullert. Ubrigens wurden die Realtions-
bedingungen so gewililt, dab eben die Bildung dicser Verbindung '
stigt ist. Auchim Spektrum dieser Verbindung treten bei 2925 und 2833 ¢~
dic Valenzschwingungen der —P—~O—H-Gruppen auf,

In Verbindung IX und X, dhnlich wie ber IV und V) sind neb
an Cu(Il) gebundenen Benzidinmolekiilen, auch weitere Benzidinmok
vorhanden. die die freien —PO(OI)-Gruppen cntweder  teilweis |
oder ganz(X) neutralisieren.

Im IR-Spektrum der Verbindung N, tritt bei 1892 cm—? dic [\'z SIS
tionshande des NOg-Tons auf. Wir nehmen an, dald hier die NO,~-Ionen
aus den Salpetersiuremolekiillen stammen, die die i'rcigchliobcncn Anino-
gruppen des Benziding, neuntralisieren.
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Reaktions
Lid . K.(PO.NH), Cu(NO,,-3H,0
\'r' Verbindung und Molckulargewicht
(PNCLy, |~ o CH CO0Y, HO
1 | Cuy(PO,NH),. 91,0 6 g (PNCL), in 30,8 g Cui{CH,CO0),. 1,0
(383.71) 2,4ml Dioxan in 30 ml H,O
I1 | Cu(PO,NH,,. 1211,0 1 g K,(PO,NI), in 0,57 1 Cu{CH,C00),.1,0
(874,75) 10 ml H,O in 10 ml H,0
111 ;Cungd;;;;(P()21\’11)1,[I.z’i,_,(N()s)z 0,7 g K, ,(PO,NH), in | 0,72 g Cu(NGQ,),.3H,0
(1091,54) 5 ml H,O werden in 10 ml H,0
mit 0,51 ml 709-
iger HCIO, versetzt
und die TI.syg  fil-
triert
v LCuszdg'j{7(1’()21\'11)3112f._,(f\'().,;)e,Bzd 0,35 ¢ K, (PO,NH), .
(1275,77) in 5 ml H,O werden
mit 0,26 ml 709;-
iger IHCIO, versetzt
und die Losung fil-
triert.
AY ;Cungdg";é_(I’()2NII)_,Ilzi2(N();})2AB'Ld 0,7 ¢ K, (PO,NH), iu .
(1828,46) 5 ml H,0 werden
mit 0,51 wm! 709-
iger HCIO, versetzt
und dic Losung fil-
triert
VT, Bzd, 1(POLNTEL TT,  NOLSTLO 0.36 ¢ CuiNO,), .31L0O
(1409,62) in iV ml H,0
VII | [Cu,Bzd, " (PO,NH), I, NO,
(1265, 49)
NI Cu,Bzd, 2 (PO,NH L Bzd 16H,0 1 g XK,(PO,N1LI), in
(3551,14) 5 ml H,O werden
mit 0,72 ml 70°-
iger HCIO, versetzt
und die Tosung fil-
triert
IN | Cu,Bzd,, (PONI L, Bzd
{3063 14)
N | iQu,Bzd, T PONIIL, 6B2d. 2HNO, | 0,7 ¢ K, (PONH), in | 0.24 ¢ Cu(NO,),.3H,0in
(2670,87) 5 ml H,O0 werden 10 ml ILO
mit 0,51 wmb 70°,-

versetzt
Lsg.  fil-

iger HCIO,
und dic
triert,
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Tabelle 1
hedingungen Analysen
cAlnsing Farbe T

der
Jenzidin Synthese Verbin- Ber, Gef.
dung
—_ Mischen beider Losungen. 5 Stunden bei Gri'mfh Cu 32,67 32,02
50°C riihren. CuCl, und Cu(CH,--COO0), | lich- N 7,19 7,62
durch Extrahieren mit Wasset aus dem | blau
Reaktionsgemisch entfernen
- Beide Losungen vermischen und mit | Hell- Cu 21,74 20,81
20 ml EtOX fillen blau N 9,61 10,39
0.58 g Bzd | Filtrierte H,(PO,NH),-Loésung mit Kupfer- | Hell- Cu 11,64 11,16
in 10 ml Iosung vermischen und die Benzidinlg- | braun N (Bzd) 5,13 5,21
EtOH sung tropfenweise hinzugeben. 1 Stunde N (Gesamt) 15,40 15,54
rithren.
. ., Dunkel- | Cu 9,96 10,0€
braun N (Bzd) 6,58 6,51
N (Gesamt) 15,37 15,55
2.3 g Bzd . Braun Cu 6,95 6,85
in 10 ml N (Bzd) 9,18 8,67
LtOH N (Gesamt) 15,32 15,46
0,29 g Bzd . Hell-
in 10 ml} griin 11,0 10,22 9,60
LtOH
. Verbindung VI wird im Trockenschrank | Gran- Cu 10,04 10,64
auf 100°C erhitzt. braun N (Bzd) 4,42 4,41
N (Gesamt) 15,49 15,60
» Filtrierte H,(PONH);-Losung mit Kup- | Hell-
ferlosung vermischen, und die Benzidin- | griin 1,0 8,60 8,00
1gsung tropfenweise hinzugeben. 1 Stunde
rithren. Substanz iiber CaCl, trocknen.
. Verbindung VIII wird im Trockenschrank | Hell- Cu 8,29 8,68
bei 130° erhitzt. Draun N (Bzd) 4,57 4,63
N (Gesamt) 15,54 15,63
0,95 g Bzd Filtrierte H,(PO,NH),-Losung mit Kup- | Braun Cu 4,76 4,95
in 10 ml ferlésung vermischen und die Benzidin- N (Bzd) 8,39 8,38
EtOH losung tropfenweise hinzugeben. 1 Stunde N (Gesamt) 15,73 15,86
rithren. Die Substanz im Trockenschrank
bei 70°C erhitzen

3 -~ Chemia 1/1972
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Bzd
. _{8NH| vq~ | 8§ P-OH — . .
Verbindung | v,PO; twist NO; twist v PO 1,4—5111}. SsNH, vP=0
Benzolring
Benzidin — 822 s — - — —_ 1175ms — —
K,(PO,NH),| 820 - — 943 1670 1120 — —_ 1240
m ss 55 m ss
111 820 —_ 860 950 1063 1105 1165 1193 1240
ms Sch s 88 ms Sch 88 msSch
v 820 — 860 943 1062 1105 1165 1150 1240
ms Sch s s ms “ch $5 mch
v 820 — 860 950 1062 1103 1163 1180 1240
ss Sch s &8 s § 85 msSch
922
VII 816 — 840 949 1053 1105 1175 1192 | 1240
m sch 968 5 8 $ $s ms
s
922 l
11X 816 — — 949 1052 1105 1175 1192 1250
m 968 s 3 sScel s5 msSeh
s
922
X 816 — 830 949 1053 1105 1175 1192 1250
m sch 968 s s sSch 88 msSch
s

Legende : ss = sehr stark
s = stark
ms = mittelstark
m = mittel
msch = mittelschwach
sch = schwach
Sch = Schulter
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Tabelle 2
Aroma- NH, . e . .
VCN 5P —OH NO; tisches Sas O vl’\;;{()l\{, i‘\}? f(rl-fxxnetlapll%sphéxxlatrxr(x;z})i
Cg § twist veNH, v, 2 (frei und gebunden), vC
1268 — — 1500 1610 Breite Bande zwischen 3500 und 2800 ¢,
88 ss s mit folgenden Absorptionsmaxima:
2845 m, 2915 m, 3020 m, 3320 s, 3390 s.
- 1357 — — 1650 Breite Bande zwischen 3500 und 2800 cm ™,
s sch mit folgenden Absorptionsmaxima :
2850—2900  Sch, 3040—3090 m%ch,
3160 ss, 3220 s, 3440 Sch.
- 1360 1392 1512 1620 Breite Bande zwischent 3500 nnd 2800 cm™?,
m Ss ms ms mit folgenden Absorptionsmaxima
1650 2930 sch, 3150 s, 3200 sSch, 3315 s
Sch 3360 wch, 3450 Sch.
1280 1360 1392 1513 1622 Breite Bande zwischen 3500 und 2800 cm™*,
mSch mSch ER S m mit folgenden Absorptionsmaxima :
1650 2860 m, 2925 m, 3140 2, 3210 s, 3315 2,
Sch 3360 Sch, 3450 Sch.
1280 1370 1390 1512 1620 Breite Bande zwischen 3500 und 2800 cm™?,
m msSch ss s$ s mit folgenden Absorptionsmaxima :
2860 m, 2925 sch, 3130 s, 3200 sSch,
3315 s, 3360 sch, 3450 Sch.
1295 TUncha- 1392 1513 1630 Breite Bande zwischen 3500 und 2860 cm™?,
ms rakteris- ms ms msch mit folgenden Absorptionsmaxima :
tische 2855 m, 2925 ms, 3045 ms, 3245 s,
3320 Sch, 3450 Sch.
1296 Schul- — 1515 1630 Breite Bande zwischen 3500 und 2800 em™?,
ms ter, ms msch mit folgenden Absorptionsmaxima :
2855 m, 2925 m, 3045 Sch, 3250 s.
1294 ' 1392 1511 1620 Breite Bande zwischen 3500 und 2800 cm™1,
ms ms ms msch mit  folgenden Absorptionsmaxima :
2855 m, 2925 m, 3045 Sch, 3250 s.
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Verbindungen VII und IX, konnten auch in hydratisierter Form
VI bzw. VIII, erhalten werden. Bei letzteren wurde auch der Wassergehalt
bestimmt.

Uber die Struktur der Verbindungen I und ITsoll in vorliegender Arbeit
nicht berichtet werden.

In Zukunft beabsichtigen wir, Verbindungen auch mit weiteren Metall-
ionen und Liganden herzustellen und zu untersuchen.

(Etingeganges am 17. September 1971)

LITERATUR

I. H. N. Stokes, Amer. Chem. J., 18, 629 (1896).

2.1, Steger, K. Lunkwitz Z. anorg. Chem., 313, 262 (1961).

3. A. H Herzog, Morris L. Nielsen, Analytic. Chem., 30, 1490--96.

4. I H. Pollard, G. Nickless, A. M. Bigwood, J. Cromatog, 11, 534 (1963).

5. Morris L. Nielsen, T. J. Morrow, Inorganic Syntheses Band, 6, 97 (1960).

6. Morris L. Nielsen, Inorganic Synthesis Band, 6, 79 (1960).

7. Const. Gh. Macarovici, G. Schmidt, Erika Hamburg, Studi st Cer-
cetdri Chim., 12, 49 (1964).

5. D. E. C. Corbrige, E. J. Lowe, J. Chem. Soc., 195% 4555.

SARURILE COMPLEXE DE CUPRU(II) ALE ACIDULUI TRIMETAFOSFIMIC (I)

(Rezumat)

S-au sintetizat 10 combinatii complexe noi ale cuprului(Il) cu benziding, avind ca
anioni fie jonii trimetafosfimat si azotat, fie numai trimetafosfimat. Pentru a putea trage con-
cluzii asupra structurii probabile, s-au inregistrat spectrele IR ale combinatiilor sintetizate.
Pe baza datelor experimentale s-au putut grupa combinatiile in dou# tipuri de bazi: in pri-
mul caz jonul complex [Cu,Bzd,]'* se leagd atit de iomii trimetafosfimat, H,(PO,NH),™,
ctt si de ionii azotat; in al doilea caz numai de ionii trimetafosfimat. Formarea uneia dintre
aceste structuri de bazd, depinde de conditiile de sintezi.

KOMITIEKCHBIE COJIM Cu(ll) TPUMETA®OCOPUMHUYECKON KHCIOTDI (1)

(Peswowme)

ABtopsi cHHTe3HposBanu 10 HoBRIX KOMIMTeKcHbIX coepuuenuil Mean (II) ¢ Gemsummnow,
HMesi B KayecTBe AHHOHOB Wiu HOH TpuMetadocdumaTa M HOH HMTPATa, HJIH TOALKO MOH TPH-
Metapochumara. st TOro, uToGrl HMeTb BO3MOMKHOCTL CJeTATh BBIBOAbL 06 HX BeposTHOI
CTPpYKTYpe Obid 3aperncrpuposanst MK crexTpsl cHHTesHpoBaHHbIX coejdHenHi. Ha ocnobe
3KCTIEPHAMENTANBHBIX JAHHLIX COefHHeHHMs! ObLIH CTPYNIHPOBAHH B JBa OCHOBHHIX THNIA: B
1epBOM ciTyyae, KOMIIeKcHbli HOH [Cu,Bzd,]** cBsi3bIBaeTCsl KaK ¢ HOHamH TpHmeradocduma-
Ta, H,(PO,NH);~, Tak H ¢ HOHAMH HHTpaTa, a BO BTOPOM CJyYae — TOJMBKO C HOHaMH TDH-
metadochumara. OGpazoBaune oxHON H3 STHX OCHOBHBIX CTPYKTYP 3ABHCHT OT YCJAOBHI CHHTe3a.



DETERMINATION OF THE ACIDITY OF SOLID CATALYSTS (I)

Determination of the acidity of synthetic systems of alu-
mosilicates through adsorbtion of ILewis bases in solution

AUGUSTIN POP and LIVIU CORMOS

The fast development of the organic chemical industry and parti-
cularly that of the hydrocarbon converting industry (petrochemical indus-
try) occured simultaneously with the development of catalytic processes.

An important part of these processes use silica, alumina and natu-
ral or synthetical alumosilica gels in heterogeneous catalysis. In the lite-
rature several attempts [1—3] are known to correlate the activity of these
catalysts in various reactions with their acidity. It is well known, that the
systems of alumosilica gels have protonic, as well as nonprotonic acidity
and their sum gives the total acidity. The variation of the protonic acidity
of a catalist with different thermal treatment occurs in such a wayv that
it decreases with the increase of the heating temperature, but meanwhile,
the mnonprotonic acidity increases. These variations occur between the
limits of a constant total acidity, in a rather wide temperature range, from
350 to 750°C.

For the determination of the total acidity [4—9Y] and of the protonic cne
7,10—137 a considerable number of methods are described in literature, but
as far as the determination of the nonprotonic acidity is concerned, there are
fewer indications. Thus, the nonprotonic acidity of solids may be deter-
mined by means of enthalpymetric titrations with Lewis bases adsorbed
on these catalyts [14,15.] This method is quite accurate, but tiresome.

This is why authors claimed to find a more operative method for the
determination of the nonprotonic acidity and of the total one. Fer this
purpose several electrondonor or protonacceptor bases have been used,
being solved in nonpolar solvents. As an indicator of the adsorbed amounts
of the base, the refractive index of the solution of these reagents is used,
in the conditions of equilibrium between the solid to be studied and solu-
tion.

The basic principle in choosing the solvent was that the difference
between the refractive index of the reagent and of the solvent should be
as large as possible, in order to allow the accurate determination of the
equilibrium concentration by means of refractive index measurement.
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The reagent-sol.ent systems used were the following:

— 1,4 dioxane in «-methvinaphtaline, with a refractive idex difference
of 0.1938 between dioxane and solvent.

— acctone in cumene, with a refractive index difference of 0.1320 between
the acetone and cumene.

— yphenol in cumene.

— pyridine in n-heptane, with a refractive index difference of 0.1220 bet-
ween the pyridine and n-heptane.

The solid systems used for the determination of acidity were synthe-
tic svstems of alumosilica gels of n.510,.mAL,0,. xH,O type, synthesized
bv means of co-precipitation of silicic acid and aluminum nitrate [16],
previously caleined for 3 hours at different temperatures.

Experimental. The following materials were used:
— cimene purified by passing it through a microporous silica gel column activated at

135°C, with ni) = 1.41914

— 1,4 dioxanc, with refractive index of n';‘;) == 1.4232

— a-methylnephtaline, with n'l”’()) = 1.6170

— acetone, with n';’;’ = 1.3597

— n-heptane, with nfy == 1.3880

— phenol p.a., reerystallized, with m.p. of 48.8°C and with refractive index of 1.5420,
Jdetermined at 41°C.

With these reagents the calibration diagrams of the base concentration were construc-
ted, expressed in weight p.c. as function of refractive index. These diagrams are presented
in fig. 1, 2, 3 and 4.

Practically, for the determination of the acidity the following solutions were nsed:

— dioxane in o-methylnaphtaline; 4.820 gr.p.c.

— acetone in cumene; 4.721 grp.c.

— phenol in cumene; 4.900 gr.p.c.

— pyridine in n-heptane; 4.800 gr.p.c.
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Fig. I. Calibration diagram for the system I,4-dioxane-—a-methylnaphtaline.
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I"ig. 3. Calibration diagram for the system phenol-cumene.

These solutions correspond to a reagent content of : 0.547 ; 0.812; 0.520; and 0.606 mval/g
solution, respectively.

The reason for using these reagent concentrations is based on the facts, that their adsorb-
tion isotherms indicate the saturation of the acid centres of the catalyst at a reagent con-
centration of 0.35 mval/g 3 gr.p.c. and during the measurements one ought not to drop
below this concentration. In fig. 5 these isothemrs are presented for the temperature of

20°C.
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Fig. 5. Adsorbtion isotherms, at 20°C: 1 — 1,4 dioxane
4 — pyridine.

The working method consists in weighing catalyst samples of 0.5—4.1 g in a dry wei-
ghing bottle with a ground-glass stopper. On these samples the reagent solution is added in
such a calculated amount as not to allow the concentration of the solution to drop below
3 p.c. after the adsorbtion. Samples are allowed to stay half an hour at 20°C. In this inter-
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val of time the adsorbtion equilibrium is established, and, after that, the refractive index
of the solution is measured. By means of the calibration diagrams the concentration of the
base after the adsorbtion is determined.

The amount of the base adsorbed is determined as the difference between the total
amount of the base present in the weighed solution sample and the base left unadsorbed,

The amount of the unadsorbed base is calculated on the basis of the balance of mate-
rials, accordingly to the relation:

X
= B
A+X
where: X — stands for the amount of Lewis base left unadsorbed, expressed in graims,
A4 ~— stands for the amount of the solvent in the sample, expressed in gratus,
B — stands for the concentration of the base left after the adsorbtion, expressed

in mass unities,
In order to calculate X the following expression is used:

concentration of base after adsorbtion
100
concentration of base after adsorbtion
100

grams of solvent -

N =

Results and diseussion. The experimental results for the four systemns
reagent-solution used, are presented in tables 1, 2, 3, and 4. Tables 1, 2
and 3 contain also the nonprotonic acidities determined on the synthetic
alumosilica gel system of the composition 33.58 p.c. AL,O,. The solid sys-
tems have been subjected to the thermal treatment shown in tables. The
acidities determined are compared with the nonprotonic acidity calcu-
lated as the difference between the total acidity and the protonic acidity.
The nonprotonic acidity/m? of catalyst as well as the number of active
sites determined for the unity surface are given in the same tables.

Tabic 1
Nonprotonic acidity, determined with dioxane in c-methylnaphtaline.
Difference Nonprotonic acidity .
Calcination Specific between total Active
temp. °C surface m?* and protonic sites/m? - 10>
acid. mval/g mval/g mval/m?- 108
300 336,14 0,857 0,644 1,915 1,153
350 335,28 0,908 0,938 2,800 1,686
420 334,30 1,177 1,215 3,639 2,192
500 335,44 1,336 1,414 4,215 2,538
580 330,24 1,687 1,690 5,130 3,088
650 330,00 1,780 1,782 5,420 3,264
700 315,72 1,837 1,811 5,752 3,464
800 245,00 0,860 0,842 3,439 2,071
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Table 2
Nonprotonic acidity determined with phenol in eumene
. Difference Nonprotonic acidity .
Calcination Specific between total Active
temp. °C surface m? | and protouic . sites/m?. 10718
acidity, mval/g mval/g mval/m?- 103
300 336,14 0,657 0,688 2,043 | 1,230
350 335,28 0,908 1,011 3,020 1,820
420 334,30 1,177 1,302 3,900 2,349
500 335,44 1,336 1,449 4,330 2,608
580 330,24 1,687 1,768 3,357 3,236
650 330,00 1,780 1,869 5,670 3,415
700 315,72 1,837 1,916 6,080 3,662
800 245,00 0,860 0,902 3,683 2,218
Table 3
Nouprotonie acidity determined with aecetone in cumene
. Difference Nonprotonic acidity
Caleination Specific between total Active
temp. C surface m? and  protonic ) sites/m2. 10713
acidity, mval/g mval/g mval/m?- 16
$
300 336,14 ! 0,637 0,642 1,910 1,150
350 335,28 ’ 0,908 0,939 2,939 1,686
420 334,30 1,177 1,211 3,622 2,181
500 335,44 1,336 1,410 4,215 2,539
580 330,24 1,687 1,693 5,133 3,093
650 330,00 1,780 1,784 5,414 3,261
700 315,72 \ 1.837 1,809 5,739 3.456
K00 245,00 i 0,860 0,843 3,440 2,072
Table 4
Determination of the total acidity with pyridine in n-heptan
Culeina- | Specific Total Protonic Nonprotoni Acidity determined Active
tion temp.} surface acidity acidity acidity o sites/
ol m? mvaljy wmval/g mval/g mvalfg |mval/m?-10*| m? 10718
300 336,14 1,883 1,270 0,613 1,688 5,02 3,023
350 335,28 1,936 1,058 0,878 1,799 5,37 3,234
420 334,30 1,927 0,799 1,128 1,878 5,61 3,380
560 335,44 1,933 0,650 1,283 1,882 5,62 3,388
580 | 330,24 2.001 0,361 1,640 1,914 5,80 3,493
650 330,00 2,002 0,256 1,746 1,942 5,89 3,547
700 315,72 1,982 0,172 1,810 1,936 6.14 3,698
800 245,00 0,872 | 4,055 0,817 0,921 3,786 2,264
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The acidity determined by means of the pyridine solution in n-hep-
tane, accordingly to the values obtained, is the total acidity of the solid.

In order tojmake a comparison, the total acidity has been determined
by means of titration with n-butylamine in the presence of p-dimetylamino-
azobenzene and?o-nitroaniline [4—97 as indicator and by means of titration
with potassium methoxyde 9 in dimethylformamide as well. Protonic aci-
dity has been determined by means of titration with n-butylamine in the
presence of triphenyl-carbinol [10—13].

Conelusions, The nonprotonic acidity of synthetic aluminosilica gels
may be determined by means of adsorbtion of dioxane, acetone and phenol
from nonaqueos solutions, with nonpolar solvents. Results differ up to
-=3 p.c. as compared to other methods described in literature.

By means of adsorbtion of pyridine, from n-heptane solutions, the
total acidity of these catalysts may be determined, with a good reproduc-
tibility.

The working method is much more rapid, as compared to other ones
described in literature, since the maximum time necessary for determi-
nation is half an hour. The method needs no complicated apparata.

In the case of the present method reproductibily is better (2—3 p.c.)
than in the case of the methods given in literature (5—86 p.c.).

(Received Qctober 29, 1971)
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DETERMINAREA ACIDITATII CATALIZATORILOR SOLIZI (1)

Determinarea aciditdfii sistemclor sintetice de aluminosilicati prin adsorblia
unor base Lewis Tu solutic

(Rezumat)

Se propune o metodid de determinare a aciditdfii supetficiale a solidelor. Sistemele solide
utilizate au fost aluminosilicageluri sintetice de tipul nS8iQ, - mAlLO, - xH,0.

Au fost utilizate o serie de baze de tip Lewis, disolvate intr-un solvent nepolar, ca: 1,4 dio-
xan in metilnaftaling, acetond in cumen, fenol in cumen si piridind in n-heptan. Metoda propusi
de autori foloseste ca indicator al cantitidfilor de baze adsorbite pe catalizator, indicele de re-
fractie al solutiilor acestor substanfe, care se afla in echilibru cu solidul studiat.

Principiul care a stat la baza alegerii solventilor a fost acela, ca diferentele intre indicii
de refractie ai reactantului si cei ai solventului si fie cit mai mari.

Aceastd metodd, comparativ cu cele descrise in literaturd, este mai operativi, mai sim-
pld, timpul maxim de determinare fiind o jumnitate de ord. De asemenea metoda nu mnecesiti
o aparaturd complicati.

ONPENEJEHUE KHUCJIOTHOCTH TBEPABIX KATAJH3ATOPOB (1)

Onpedenertie KUCAOMHOCIMLL CURMCIMUYECKUX CUCMEM QAOMOCUIRKAMOB NYMEN
adcopbyuu Hekomopux ocrosarull Lewis ¢ pacmeope

(Peswne)

Jaétes HOBBUL MeTOJ onpejiefedid MOBEPXHOCTHOH KHCAOTHOCTH TBEPAMX Ted. licnoin-
30BaHHBIe TBEPJble CHCTeMb OLIIM CHHTETHUECKHE a/IOMOCHARKare H Tana nSi0, - mALO, - xT1,0.

ABTOPB! HCNOJAB30BANH PA1 OCHOBaHHI THma Lewis , PACTBOPEHHBIX B HeMOdAPHOM
pactBopHTese, Kak: 1,4 jgHOKcaH B MeTHanapTaJqHHe, aueTon B Kvimode, (eHOJA B KyMmode it
ITHPHAMH B H-TenTaHe. MeToj, npejjaraemuiil aBTODaMH, HCHOAb3YeT B KauecTBe IoKasaTesid
KOJINUECTBA OCHOBAHHMIl, aACcOpOHPOBaHHLIX HAa KaTaldH3aTopaX, Kos(QQuUHeHT NpesoMJeHH:
pPacTBOPOB 3THX BellecTB, KOTOPLIH 1HaXOIHTCSI B DABHOBECHH C H3VUAEMBIM TBEDIBIM TeJO0M.

[Mpuuuumn, nexauiaii B ocxoBe BLGOpPa pacTBopHTeNeli, CAeAVIOWMNII: Pa3THUHS Mexk1y
xo3(dHINEenTAMH NIDeNIOMJIEHHs! PearenTd M PACTBOPHTENS AOTKHLL ObiTh KaK MOKHO GO0b-
LLIHMH.

ZaHHBI METOX, IO CPABHEHHIO C METO1AMH, OMHCAHHBIMH B CHEHHANBHON JHTepartype,
apasercs 6ojiee ONepaTHBHEIM, (ojee NPOCTLIM ; MAKCHMATBHOE Bpeas ONnpelesleHHs @ Noaqaca.
MeToa He TpeGyeT CJIOXKHOI annapaTypbl.



MECANISMUIL, REACTIEI DE FORMARE A Bi,Ti;0,
(Nota)
GH. MORAR si CONST. GH. MACAROVICI

Bi,Ti,0,, este reprezentantul cel mai important al oxizilor micsti
de bismut si titan, caracterizindu-se prin spectaculoase proprietati dielec-
trice (constantd dielectricd mare si punct de Curie fieroelectric ridicat),
care ii conferd o serie de utilizdri practice (microcondensatori si izolatori).
In lumina acestor consideraiuni s1 avind in vedere faptul cd pina in pre-
zent nu s-a studiat si elucidat mecanismul reactiei de formare a compusu-
Iui mentionat, devin justificate preocuparile noastre.

Formarea Bi,Ti,0,, a fost studiati in cele doud procedee distincte:
sintetizarea pulberilor oxidice [1] si termoliza coprecipitatelor de hidro-
xizi [2].

Partea experimentaid. Mecanismmul reactiei de formare a BiTi;0y a fost urmirit prin
mijloacele uzuale ale analizei fizico-chimice : ATG, ATD, absorbtia in IR §i difractia razelor X.

Curbele TG i ATD s-au obtinut cu ajutorul unui derivatograf Netzsch. Spectrele de ab-
sorbtie in IR s-au inregistrat la un spectrofotometru UR-10 VEB Carl Zeiss Jena, iar cele de
difractie X la un aparat Tu-R-60 Dresda.

Coprecipitatul de hidroxizi de Bi(III) si Ti(IV), de compozitie 4Bi: 3Ti, s-a obtinut prin
precipitarea cu NH,OH, la rece i sub agitare, a unei solutii apoase cu continut de Bi(NOy),
si TIO(NOQ,;), in raportul molar amintit, acidulatd cu HNO; (pH = 1).

Amestecul mecanic al pulberilor de Bi,O, si TiO, s-a realizat folosind un vibrator elec-
tromagnetic cu bili. Oxizii de plecare (Bi,O, si TiO,) s-au obtinut prin calcinare la 750° timp
de douidl ore a precipitatelor de Bi(OH); respectiv TiO, - xH,0.

Rezultate si diseutii. 3 t
Dupd cum reiese din ©°= Ly
curbele TG si ATD £ \ %z
(fig. 1), deshidratarea ¥ \ P
coprecipitatului de hi- 3 [N 3 ¢
droxizi de Bi(III) si ;5 A £361 8
Ti(IV) incepe la 80°si &4\ G
se termind in jurul tem- ; l J L

peraturii de 400°, in 0 200 400 500 800 1000 1200 1400

t1mp~ ce .formar.ea. 0x1- ¥ig. 1. Curbele TG si ATD pentru coprecipitatul de
dului mixt  Bi,Ti;O0p,, hidroxizi : 4Bi(OH), -+ 3TiO, - xH,0.
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Fig 2. Evolatia spectrelor IR la termoliza copreci-
pitatului: 4Bi(OH), -+ 3Ti0, « xI,0.

exteriorizati pe curba ATD
printr-un maxim exoterm,
are loc ulterior, intre 500
—520°.

Analiza in IR si cu
raze X confirmd aceste re-
zultate i aduce dovezi su-
plimentare infavoarea lor.
Astfel, intre 350—400° dis-
par dinspectrele de absorb-
fie in IR (fig. 2) benzile
de la 1390 si 1630 cm-*
caracteristice grupdrilor —
OH, fapt ce atesti fina-
lizarea procesului de des-
hidratare, in timp ce com-
pusul nou — Bi,Ti;0,, —
apare si se face prezent
prin spectrul siu propriu
(benzi de absorbtie la 610
st 820 cru1) in jurul tem-
peraturii de 500°.

De asemenea, spectrul
de difractie al razelor X
confirmd existenta, la 500°,
a compusului Bi Ti,0,, i
semnaleazd faze amorfe pi-
nd la aceastd temperatura.

in concluzie, forma-
rea oxidului mixt prin des-
compunerea termicid a co-
precipitatului de hidroxizi

are loc In jurul temperaturii de 500°. Temperatura de formare coboritd se
explicd prin aceea c¢d, in urma deshidratirii coprecipitatului de hidroxizi,
rezultd un amestec de oxizi (Bi,O, + Ti0Q,) cu reactivitate ridicatd (con-
feritd de starea lor amorfd) si cu un grad inalt (molecular) de dispersie
si omogenitate. Schematic procesul se reprezintd astfel:

60 - 400°

Blzos ~T102 'XH;zOc(th(‘l:ipit(xt — Bi203 amorf "i‘

500°

4 TiO03 amort —> Bi,T1;0;2 cristatin:

Amestecul mecanic al pulberilor cristaline de Bi,O, si TiO, este stabil
pind la 820° (ponderal este stabil pe Intreg intervalul de temperaturd inves-
tigat), cind pe curba ATD (fig. 3) se contureazd un pic endoterm, cauzat
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¥ig 3. Curbele TG si ATD pentru amestecul mecanic:
2Bi,04 -+ T 3i0,.

de topirea Bi,0,. Acesta este urmat imediat de un efect exoterm, cu maxi-
mul la 860°, atribuit reactiei dintre cei doi oxizi gi formarii Bi Ti30y,.

Spectrele de absorbfie in IR (fig. 4) si cele de difractie a razelor X
sint in bund concordan{i cu analiza termodiferentiald, certificind prezenfa
oxidului mixt — Bi,Ti,0;, — la 860° si existenta amestecului celor doi
oxizi, Bi,0; si TiO,, pind la aceastd temperaturd.

Deci putem spune ci, plecind de la amestecul mecanic al pulberilor
de Bi,0, si TiO,, formarea oxidului mixt BiTi,0;, incepe in jurul tempe-
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Fig 4. Evolatia spectrelor IR la calcinarea amestecului
mecanic de: 2Bi,0; + 3TiO,.
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raturii de 850°, ca urmare a reactiei dintre Bi,0, aflat in stare lichidd la
aceastd temperaturd si TiO,, in stare solidd, conform ecuatiei:

. . 850° . e
B1203 lichia+ T102 solid —> B14T13012 solide

Aceastd constatare este in concordantd cu unele afirmatii din literaturd [1].
Concluzii. Prin termoliza coprecipitatului de hidroxizi formarea oxi-
dulni mixt Bi,TizO0,, are loc la o temperaturd inferioard (cu 350°) celei
de sinterizare a pulberilor cristaline.
Studiul reactiei de formare a Bi,Ti,O,, a fost completat si desdvirsit
cu investigarea cineticii acesteia [2].

(Intrat in redactie la 14 octombric 1677)
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MEXAHH3M PEAKUHMY OBPA3OBAHHY Bi,Ti,0,,
(Pesiome)

C nomoweio TT, TI] u pentrenorpadmyeckux aHajqu30B, a Takke aHanuzos 8 UK ofaac-
TH, aBTOPHl HM3YYaJH MeXaHH3M peakuHH obpasoBanHs Bi,Ti,0,, nyTéM TepMoJH3a Kompe-
QHnATaTa THApooKHMced Bi(III) u  Ti(IV) H CUHTepH3aLHeHd KPHCTaJJHUeCKHX IIOPOLIKOR
Bi,0, u TiO,. Ilokasano, urto, 6aarojaps TepMOJINM3Y KONpeUHNHTaTa THAPOOKMCel:, ofpaso-
BalfHe CMeIlaHHOH OKHCH HMeeT MecTO npH TeMneparype (500°) HHiKe TeMmIlepaTyphl CHHTEDPH3a-
HHH KPHCTaJJHYeCKHX nopowkoB (850°).

LE MECANISME DE LA REACTION DE FORMATION DU BiTi,0,,
(Résumd

A l'aide des analyses TG, ID, des spectres dans I'IR et avec des rayons X, on a étudié
la réaction de formation du Bi[Ti;0,, par la thermolyse du coprécipité d’hydroxydes de
Bi(III) et de Ti(IV) et par la sintérisation des poudres microcristallines de Bi,O, et TiO,.
On a montré que dans la thermolyse du coprécipité d’hydroxydes, la formation de 'oxyde mixte

a lieu 4 une température inférieure (500°) a celle de sintérisation des poudres cristallines
(850°), du mélange des oxydes respectifs.



TEMPERATURE VARIATION OF THE THERMODY-
NAMIC FUNCTIONS OF WATER IONIZATION (I)

General considerations, the heat capacity®

CSABY MUZSNAY

I. The thermodynamics of the ionization process. Since water is the
most important weak electrolyte, the thermodynamics of its ionization
process has received much attention since the last decade of the 19th
century in spite of the sometimes arising great experimental difficulties.

The extent of ionization is small and may besimply described by the
relation

H,0 = H+ --]OH- (1)

This process is characterised either by the ionization constant Ky, which
is being expressed through the relation:

Ko = 2% mol/kg (2)
4,0

or by well known ion product constant of water:
7 . " N 5 — —_ 2
Ky = mgt+ - g+ - meg— - fog=  (mol/kg) &)

where m are the molalities, a are the activities expressed by muolalities,
and f are the activity coefficients of the ions indicated. In many cases these
constants are being considered without dimensions, though they have
dimensions of various kinds.

Many techniques have been used in order to obtain values of ion pro-
duct constant of water for different temperatures. These methods and results
are summarized by Beans aud Oakes [1], Eigen and De

* Paper presented on the 10-th of April 1971, at the scientific session organized on the
occasion of the semicentenary of the Rumanian Communist Party.

4 — Chemin 11972
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Maeyer/ 2}, and Clever/ (3. For the liquid water, K, increases
with temperature, attaining a maxnnum (at 220°C) and then decreases 4.

The most reliable and most quoted values for the water ion product
constant in the 0°—€60°C range come from the work of Harned and
co-workers [57, using the emf technique (of cells without transference).
On the basis of these experimental data Harned and Robinson
6] approximated the dependence K, =: {(T) through three cquations
which contain 3—35 terms. A part of the numerical values of these para-
meters were evaluated by the least squarcs methed. A striking agreement
was found with all three equations. The mean deviation is -0 (‘(‘05 pK,,
while that calculated on the strength of the (aau&b s criterion 71 — cri-
terion which will be applied here consistently — is =L 0,008 pK,. C o vin g-
ton, Robinson and Bates '8 have rcccntlx calculated again tlzg

Alues of constants for a single (qU’lil(l taking into acccunt scume medi-
{ications which occured lately in the unit of measure.

The knowlege of the function K = {(T) is important because it helps
calculating the thermodynamic chang‘(’s 2Go S HE, 28% and 2 () of
the ifonization reaction.

In spite of the fact that the cquaticrs of Harnced and Rebinson render
accurately the variation of the icn product constant of water, they have
the following deficiencies:

The variation in £ H? — respectively in () orin 28" — com-
puted by the three equations is considerable. The mest probable value of
standard enthalpy obtained in this wayv ( ~ H© == 13521 calmol-? or rather
56592 J.mol-1) (8] differs from that obtaived by calorimetric measure-
ments (£ HY = 13340 cal.mol-! cr rather 33815 J.mol=Y) [107. The dife-
rences between these standard enthalpies — 181 calimol-! or 738 J.mol-?
— excecd the size of the admissible ¢xperimental errors,

2. Different dependences with temperature were obtained for /(0
from all the three equations. Thus, - C; can be considered as temperature
independent or as linear varyving with temperature. Nevertheless the results
of Eigen, Wicke and Ackermann [9, 11, 127 have demonstrated that the
hieat Lapacxt} of icnizatien is not censtant arrd decs not vary lincarly with
‘emyperature, being in fact a more «omplicated function of tempera-
‘ure with a maximum valve of akcut (0°C (Fig. 1, curve ).

As a censcquence of the akove mentioned facts there 1s a necessity
of more rigurous expressicn of the function K = {(T), which should be
in agreement both with the calorimetric and with the electrometric quan-
titics. A quadratic equation was derived by Ackermann for ~C§ of the
water fonization as a function of temperature, but this approximation is
sufficiently inaccurate. Consequentiy there is also an inverse deficiency,
the relation LC; = {(T) is net suffidcntiy rigorcus i order to repreduce
the function K, = {(T) with necessary cxactness. The Ackermann's equa-
tion offers, on the basis of the Gauss’s (nt(rmn, a standard error of calcu-
lation equal to -£3.8 cal.mol.-'K-7, which is very great with respect to
the experimental errors (errors of the apparent molal heat capacities are
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0l

<4-0.1 cal.mol.-1K~-1 as well of the molal heat capacity of ionization is
--0.17 cal. mol.-1K~-1). The lack of precision of this equation could be

seen also in the Fig. 1 (curve e).
(e
‘vp 7 a

¢ C
P:ﬁ,@g_ PH,0
0

[ fo ] Fe _ Fo L
DG =Cop Cooy ~ Chrcr ~ S g

e,
4 - S/AE?) (erperimental Ackermen-,) % >
7ot b . { | B
0 I R R T R i Ry

v
W

Tig

1. Heat capacity versus temperature. Curve a) Liquid water. Curve b) Heat capacity
of Na(l at infinite dilution in water (partial molal licat capacity of NaCl = C;ﬂﬁxuu),
Curve ¢} Heat capacity of HCl at infinite dilution (CSI{CI). Curve d) Heat capacity
of NaOH at infinite dilution (égNa()n). Curve ¢) Heat capacity change for water
ionization (ACS) computed to the Ackermann’s equation. Curve f} Heat copucity
change for water ionization (AC;) fitted through the totalization of experimental data
by means of the relation from the figure.
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At first we made an attempt at obtaining equations which reproduce
more exactly the dependence ACy = {(T). In this way, on the basis of
the standard thermodynamic relations, the deduction of functions AH® =
= {(T) (in Part II of this work), AS°® = {(T), AG° = {(T) and K, =
== {(T} (all three in Part III of this work) became possible, correspon-
ding to calorimetric data. Discrepancies have been established between
the calorimetric and electrometric data by means of the comparison of
the corresponding values. JMore detailed study of these discrepancies al-
lowed deducing the value of standard entropy of ionization correspon-
ding to calonmetrlc imeasurenients, Knowing the calorimetric AHSs and

8%, the numerical values of AH® AS° AG° and pK, — for dif-
ferent temperature between (0-—130°C — were calculated, based only on

thermal measurements.

I our opinion the discrepancies between the results of these two types
of measurements are not only due to the inadequacy of some equations,
the appearance of the differcnces having an essential substratum.

2. New equations for the variation of heat capacity change of ioni-

zation and the apparent molal heat ecapacities of HCl, NaOH and NaCl.
In order to obtain relations _C) = {(T), the series of Values of Eigen,
Wicke and Ackermann relating to the apparent molal heat
capacity (C7) of hydrochloric acid [12], of sodium hydroxide [9] and of
sodium chloride [117 just as the series of the heat capacity change for water
jonization [9] were submitted to detailed mathematical analysis. The
respective data are represented in Fig., 1. The approximation of the corres-
ponding apparent molal heat capacity has been effectuated, in the first
place, in order to obtain the relation ACj = f(T) as exactly as possible
on the basis of the identity from Fig. 1. Secondly, the calculation of dif-
ferent heat of dilution - HCI, NaOH and NaCl — is possible by kno-
wing the apparent molal heat capacities and their variation with tempe-
rature [13]. Lately it has been found that the approximation of ACE =
== HT) resulted from the corresponding totalization of functions which
represent the temperature variation of the appareut molal heat capacities
is less exact than that obtained directly from the treatment of ACj data.
It was not possible to effectuate an exact approximation in the whole
10—130°C temperature range, which might be made only for the smaller
domain of temperature. The division of entire range of temperature has
often been made around 60°C — which corresponds to the maximum
values of AC,, Coua rxaon and of Clyae, thus forming the 10°—60°C and
60°—130°C temperature ranges. For this reason, approximately 140
relations were tested. Out of these thirty were treated statistically by the
least square method. In this way three equations, being applicable for
the 10°—60°C temperature range, were obtained for the heat capacity
of ionization. The first is a hyperbolic one

ALY = — 40.6 cosh (6.0691 — 2039.64/T) (4C)
sp = 4030 o= 044 s, = 033
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The second is a quadratic one,

2Ch = —a 4+ bT — ¢T? = — 1311.83 4 7.€4588T -+ 1.14951.16-~T* (5C)
s == 4046 | L] = 0.59; s, = 4049

while the third one is a combination of thesge

£Ch = —26.89 ccsh (6.0691 — 2039.€4,T) + 0.835(—a + bT — 1% (€C)
s = £0.12; [ Lo =014 s, = 4021

This latter equation approximates the variaticn of the heat capacity of
ionization in function of temperature with an average deviation, which
is placed within the limits of experimental errors. After each equation
referring to the heat capacity of ionization there are indicated, beside the
average deviation of calculus (s; — based on the Gauss’s criterion), the
maximum difference (| 2 ,..!) apreared betwcen the calculated and ¢xpe-
rimental values, as well as the average deviation (s,), which can ke cva-
luated by the law of propagation of errors [7b, ¢] from the experimmental
(s) and the calculative (s,) errors. The heat capacities are expressed in cal.
mol.m*K-%. It is to be noted that eq. (5C)is also valid in the €0°—¢0°C
temperature range. A linear relation, expressed by the equation (7C), exists
in $0—130°C temperature range, while in the dcmain €0°—130°C a hyper-
bolic relation is given by equation (8C)

£CY = 0.3285 T — 68.03 T (7C)
sp = 40.86; |2l =051; s, = 040
- 1 ~ 13.0307 1 1 R
2. Cp o= — 40. sh — 7 A S
£.C5 0.6 co T2[23@1 7 4+ 28 {334.15 1)'] (8C)

§ = +052; |An.l =087; s, = +0.55

Through a proper combination of equations (5C) and (7C) is obtained the
relation (9C) which is valid in the 60°—€0°C temperature range, with a
smaller value of calculative average deviation s, than those resulted from
considering these equations separately.

£C3 = — 16.24 cosh L [2361.7 229597 l[ L i)” — 787.34 +
T2 T 334.15 T
1 458753 T — 6.8971 . 10-5T* (9C)

S = +025; | A, =034; s, = 4+ 030

In the computations an extradecimal has been retained in the values of the
constants to safeguard against accumulation of rounding errors. The nume-
rical values of the constants a, b and ¢ from the relation (6C) are given in
the identity (4C).
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Table 1
Equations Relating to the Temperature Dependence of the
Apparent Molal Heat Capacities
The composition | Expressions used to fit C° in the indicated | 5t 5P ectively The .
of ol tI; Lyt spression: p [Apax| in number of
ciectrotyte temperature range calrmol—1.K™1 | equation
Na(l —508.80 - 2.94509T — 4,4068.1073T2 +-0.19 (10)
10 —80°C 0.34
—321.50 1 1.82331T — 2,7283.10797T* --0.31 (11}
50°-130°C 0.43
Nall 4+ H,0 —491.26 -1 2.94788T — 4.4110713 40.20 (12)
10°— 80°C 0.35
HOT 0.20791 - 95.03 4-0.21 (13)
10°— 72.5°C 0.36
0.2391°1 6112 0,24 (143
72.5°--130°C 0.30
— [exp(7.935.107%T -+ 0.402) -+ exp(6.396 — +0.11
- 1129.75/1)7 (15)
80°—130°C 0.17
NaOH —1837.78 + 11.232837T — 1.72852.107*T? -+-0.09 (16;
10°—60°C 0.09
—1777.47 - 10.83513T — 1.66313.1073T* -+0.28 (17)
10— 70°C 0.37
106.82 - 0.3625T +-0.25 (18)
60°—130°C 0.31
NaQOH + HCl —1814.64 - 10.66878T — 1.60282.10 T2 -+-0.38 (19)
10°— 70°C 0.42
166.41 — 0.60029T +0.16 (20)
70°—130°C 0.22

Table 1 contains the various equations (10—20) that reproduce the
variation with temperature of apparent molal heat capacities of NaCl,
NaOH and HCI, as well as the corresponding variation of the sums:
NaOH + HCl1, NaCl -|- HyO. In order to obtain the function AC] = {(T),
the 90°—130°C temperature range, beside the linear relation (eq. 7C)
can also be deduced a quadratic one through the corresponding tota-
lization of the equations (11), (14) and (18) from the Table 1. In this case
is considered a linear dependence between the heat capacity of water
and temperature.

IF'rom the mathematical treatment of the heat capacity data it fol-
lows that the heat capacity change of water ionization represents a com-
plicated function with temperature, especially below 90°C. The most exact
relation, in the 10°—60°C temperature range, is that obtained as the alge-
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braic sum of a hyperbolic and quadratic expression. In the 60°—90°C
vemperature range the relation is quadratic, while above 90°C it is linear.

The deduced exact relations for the heat capacity of water ionization
will be the starting-point in the computation of functions ~H® = {(T),
A8° = {(T), AG° = {(T) and K, = {(T).

The author expresses sincere thanks to prof. dr. Ladislau Kékedy.

{Received Oclober 27, 17371
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VARIATIA TUNCTIILOR TERMODINAMICE DE BAZA ALL IONIZARII APEI
iN FUNCTIE DI TEMPERATURA (1)

Consideratiuni genevale, capacitatea caloricd

(Rezumat)

In vederea elucidirii discrepantei existente intre functiile termodinamice de bazd ale
ioniziirii apei obtinute din misuritori termice respectiv electrometrice s-a ficut o analizd mate-
matico-statistici a datelor din literaturd referitoarc la capacitatea calorici de ionizare a apei
precunt si la capacitatea caloricd aparent molard a HCL NaCl si NaOH, in domeniul de tem-
peraturi 10°—130°C. Se redau in total 20 de ecuatii noi pentru intervale de temperaturi
10°—60°C, 60°—90°C, 10°—90°C si 90°—130°C. Deviatia medie de calcul (s;) a acestora
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se situeazd intre --0,09—0,52 cal. mol. 7% K™, fiind deja comparabild cu deviatia medie
a erorilor experimentale. Astfel pind la 60°C capacitatea caloricd de ionizare a apei este aproxi-
mati cel mai exact cu ajutorul unei relatii obtinute prin combinarea unei ecuatii hiperbolice
cu una patraticd, intre 60°—90°C ecuatia este pitraticd iar peste 90°C aceasta devine liniard,

H3MEHEHME OCHOBHBIX TEPMOOHHAMHUECKHUX @YHKUMHA HOHH3AUMH
BOJbI B 3ABMCHMOCTH OT TEMITEPATYPL! (I)

Obugue coobpancerust, mictioéMrocny
Peznre)

,1.’[51 BbiSICHEHHA HECOOTBETCTBHA MEXY OCHOBHLIMH TepMOiHHaMHUYSCKHMU dpyuxummu
MOHH3AUHUH BOJbI, NONYHEHHBIMH OYTEM TEPMHUECKHX H 3JeKTDOMeTPHUeCKHX H3MepenHil, aBTop
NpOBEJ MaTeMaTHKO-CTATHCTHYECKHIT aHaJH3 JHTePaTYPHLIX JaHHBLIX, KaCalOULHXCs Temjaoém-
KOCTH HOHH3allHH BOJbl, a TaKike Kaxyulelica moaspuoit Tenoémkocty HCI, NaCl u NaOH
B Temneparypuoit o6aacty 10°—130°C. Hdawotcst 20 HOBBIX YpaBHeHH{l A1 CAEAVIOUIHX TeMlie-
patypubix HuTepBaaos: 10°—-60°C, 60°—90°C, 10°-90°C u 90°—130°C. Cpeanee ux oTKM0-
HeHHe BbIYHCeHHS (s,) HaXomuTes Mexay --0,09-0,52 xkad. smoawn —1, K- 6yayvun vke cpas-
HMMO CO CPeJHHM OTKJOHeHHeM 3KCrepHMeHTanbuuix olukbok. Taxk, go 60°C TenioémkocTb
HOHH3aUHH BOJB! aNIPOKCHMHPYeTCs HanObO0Jee TOYHO C NOMOLLLIO COOTHOIIEHHH, MOJIYUEHHOTO
FyTéM KOMOHHHDOBAHHS IHNEPGOJIKUYECKOTO H KBAAPATHUHOIO VpaBienus; mex 1y 60°—90°C.
ypaBleHHe ABJISETCST KBAAPAaTHYHBLM, a cpbite 90°C CcTAHOBHTCH JHueiiibiy.



BENZOFURO-BENZQTHIAZOLES (III)
2-Furyl-benzofuro-benzothiazoles

VALER FARCASAN and STELIAN FLOREA

Carrying on our works [1, 2] in the benzofuro-benzothiazole systems,
we are interested in preparing 2-furyl-derivatives of this series.

The starting point in our syntheses was the 3-amino-dibenzofuran (I),
which was subjected to the reaction sequence as follows:

= | N Ry = " | X R‘ ﬁ
—————— — >
\\/K ANF R x P N/C 2
0 2 0
H
I: R,=H; R,=NH, II: R,=H; R,—=CH,0
XII: R, — Br; R, — NH, VIII:R, = Br; R, = C,H,0

S
7\
T O
R, 'S! (0 N 0
— L e
0 N/
H

& Ry
X
0 N
I R,—H; R, = CH,0 V: R,=H; R,=CH,0
VI: R;:H; R, = C.H; VII. R, =H; R,=CH;
IX: R, =Br; R, =CH,0 X. R, =DBr R,=CH,0
XI1: R, = Br; R, =CH;

* Part 1@ see [1].
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The amine I was converted into the furoyl-derivative II. Treatment with
pshosphorous pentasulfide in anhydrous pyridine gave 3-thiofuroylamino-
dibenzofuran (IIT}, which was then cyclized by the Jacobson [3] proce-
dure (oxidation with potassium ferricyanide). From the reaction product
we isolated a pure substance.

The cyclization of TII may afford two compounds, 2-furyl-benzofuro
/2.3-f/benzothiazole (IV) or 2-benzofuro/2,3-g/benzothiazole (V).

In a preceding paper [1] we demonstrated that by the oxidation of
3-thiobenzoylamino-dibenzofuran (VI), the main product is Z2-phenyl-
benzofuro/2,3-g/benzothiazole (VII). This led us to suppose that the obtai-
ned 2-faryl- dCfl\ ative is V.

In order to prove the above assertion, we prepared the 2-bromo-3-
furoylamino-dibenzofuran (VIII) which was thionated to 2-bromo-3-thio-
z‘uroylamino—dibenyofuran (IX). The cyclization of IX was attempted by
two methods, the Jacobson [3] and the Bunnett [4] proce-
Llros In the first case the 2-furyl-4-bromo-benzofuro/2,3-g/benzothiazole

X) has been obtained, while in the second one the reaction was, unexpec-
twily, more complex and shall be considered cxte nsively in another paper.

A comparison between the IR and UV spectra of substances V, INX
and X afforded several data to support the angular structure of the oxi-
d,xhon product of IIIL
It is known {3, 6, 1] that the polyeyclic heterocyclic derivatives con-
ulining a tetrasubstituted benzene ring, exhibit a characteristic band in
the 800—860 cm~* range if the two hydrogens are in ortho with respect
to cach other, as is the case for V, but not for IX or X ; or the spectrum
of V (Table 1) exhibits a sharp band at 810 cm~1, x\hth is absent in the
spectra of both IX and X.

Table 7
IR spectra of V, IX and X in the range 800 --96¢ ¢ !
Compound 1o em™
2-Furyl-benzofuro/2,3-g/-benzo-
thiazole (V) 810 8300w 8§70 888
2-Bromo-3-thiofuroylamino-
dibenzofuran (IX) - 840(w) 850 870 885
2-I‘uryl-4-bromo-benzofuro-
i2,3-g/benzothiazole (X) —  830(vw) 840(vw) : 870 888

w == wealk; vw = very weak

The UV spectra of substances V and X, recorded in the 250—400 nm
range (Table 2) are similar, and the expected bathochromic shift induced
by the presence of the bromine atom can be observed. These spectra arc
closely related to that of the corresponding phenylderivatives VII and
XTI 1.
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Table 2
UV speetra of V and X
Compound ! aoaum (epup x 103
|
2-Furyl-benzofuro/2,3-g/- !
benzothiazole (V) 283.9 (15.2) 344.0 (34.4;
2-Furyl-4-bromo-benzofuro-
/2,3-g/benzothiazole (X) 290.1 (18.4) 347.5 (28.2)

The results reported in this paper show that in the conditions of the
Jacobson reaction, from the two positions (2 and 4) of the 3-thiofuroyla-
mino-dibenzofuran (III) accessible for the attack of the sulphur, 4 is
preferred.

Experimental*. 3-Furoylamino-dibenzofuran (II) To a solutionof 1.5 g 3-amino-diben-
zofuran (I) {2] in 10 m! dioxane and 1.5 ml pyridine, a solution of 1.2 g furoyl chloride
in 5 ml dioxane was added under stirring and external cooling with water. The mixture
was allowed to remain overnight at room temeperature and then poured into diluted hydro-
chloric acid. The precipitate was filtered and washed with water. The crude product, 2.2 g
(979 was recrvstallized from ethanol or xylene. White-yellow crystalls m.p. 204—-205°,

Oy, NO, (277.26)

Caled.: C 73.63 H 3.99 N 5.05

I'ound : ¢ 741 H 38 X 5.1
2-Bromo-3-furoylamino-dibenzofuran (VIII) Trom 2 g 2-bromo-3-amino-dibenzofuran (X1I)
{7} under the conditions given for the preparation of II, 2.5 g (92.5%)) crude VIII were obtai-
ned. Recrvstallization from glacial acetic acid and toluene yielded white-vellow crystals
m.p. 212--213°
¢y, 1, PINO, (356.17)

Caled.: C 57.32 H 2.83 N 3.94

Found : ¢ 371t 29 N 39

3-Thiofuroylamino-dibenzofuran (I1I)

To a warm solution of 0.5 g II in 8 ml anhydrous pyridine, 0.5 g phosphorous pentasul-
fide were stepwise added, under stirring. The mixture was boiled for 90 minutes and then
poured into 50 ml 60° warm water. The precipitate was filtered, dissolved in 89, warm
sodium hydroxide, filtered and from this solution, III was precipitated with diluted hydro-
chloric acid. The 0.3 g (56.6%,) crude product was recrvstallized from ethanol. The yellow
crystals melt at 161-162°,

Cp,H, NO,S (293.33)
Caled.: N 4.77 8 10.93
Found : N 49 S 105

* The melting points, determined in capillaries, are uncorrected. The electronic spectra
were recorded in chloroform on a ”SPECORD” spectrophotometer. Tor recording the IR spec-
tra a "UNICAM SP 200 G” spectrophotometer was used; the substances were prepared as
KBr pellets.

The elemental analyses and the recording of spectra were performed in the laboratories of the
Institute of Chemistry of the Ministry of Iducation, Cluj.



60 V. FARCASAN, S. FLOREA

2-Bromo-3-thiofuroylamino-dibenzofuran (IX)

To a warm solution of 1.5 g VIII in 20 ml anhydrous pyridine, under stirring, 3 g phos-
phorous pentasulfide were stepwise added. The mixture was boiled for 90 minutes and then
poured into 150 ml 60° warm water. The precipitate was filtered, dissolved in a solution
of ethanol 109 potassium hydroxide (1:1), filtered and from the solution IX precipitated
with diluted hydrochloric acid. The 0.95 g (60.59;) yellow crude product was recrvstallized
from glacial acid or xylene. M.p. 203—204°.

C;;H, BINO,S (372.24)

Caled.: S 8.62
TFound: $§ 8.3

2-Furyl-benzofurof2.3-g/benzothiazole (V)

0.6.g.111.were dissolved in a solution of 10 ml ethanol, 8 ml water and 0.7 g potassium
hydroxide. This solution, warmed at 45° was added stepwise to a 45° warm solution of
1.5 g potassium ferricyanide in 6 ml water. The mixture was stirred at room temperature
for 3 hours, then filtered and the precipitate washed with water. The 0.5 g (83.4%,) crude
product was recrystallized from isoamyl alcohiol. White-yellow crystals, m.p. 187 188",

¢,,H,NO,S (291.33)

Caled.: C 70.08 H 3.11 N 480
Found : C 70.7 H 3.2 XN 5.1

2-Furyl-4-bromio-benzofuro]2,3-gfbenzothiazole (X)

Starting from 0.5 g IX under the conditions given for V, X was obtained. The crude pro-
duct was warmed with a solution of 10 ml cthanol, 8 ml water and 0.7 g potassium hydro-
xide and filtered. The precipitate, 0.3 ¢ (609%,) was washed with water and recrystallized
from glacial acetic acid. Vellow-cream crystals m.p. 228~229°,

C,,H,BINO,S (370.24)

Caled. :N 3.79 S 8.66
Foundl N 41 S 88

( Received October 12, [971)
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BENZOFURO-BENZTIAZOLI (III)
2-Furil-benzofuro-benztiazoli

(Rezumat)
Se prepard 2-furil-benzofuro-/2,3-g/benztiazolul (V) si 2-furil-4-brom-benzofuro/2,3-g/

benztiazolul (X) din 3-tiofuroilamino-dibenzofuranii corespunzitori (ITI ¢l IX). Structura lui
U este confirmatd de datele furnizate de spectrele IR i UV,

BEH30®0VYPO~-BEH3THA3OJIbI (I11)
2-DPypun-6enzodypo-Genzmuaszonst

Peswne)
Noayyatoren 2-Qypua-Genzodypo(2, 3-g)tenstuazoa (V) u 2-pypun-4-opom-tensopypao-

{2,3g) Genatnaszon (X) u3 coorBeTcIByIOWHUX 3-THOdYpOUAaMuno-1H6ensopypanos (III v [X).
CTpyKTYpa BelllecTBa V TIOITBepKJeHa Aanubigd, foctasiednuMi MK u YO cnexkrpamu.






ACRIDONE (XLII*) SPECTRI U.V.

ILEANA GOIA si MARIA TONESCU

Analiza spectrelor de absorbtie U.V. ale acridinelor 1] poate fi ex-
tinsd ¢i asupra derivatilor acridinici simetric sau asimetric substituiti gi
anume in cazul in care pemolecula de acridind substituitd in pozitia Y cu
clor se mai gdsesc in inelele carbociclice substituenti cu efect conjugativ
stab (clor, brom iod). In aceste cazuri ei afecteazii atit tranzitiile 1, cit
s1 tranzitiile 'L, in functie de pozifia pe care o ocupi in moleculd, provouml
0 deplasare batocromid pronuntati a acestora ca si grupele cu efect con-
jugativ mail puteruic. Dintre cele doua benzi, banda a II-a (L,) continu
¢4 rdmind in acesti derivati banda cea mai intensd, ca st in cazul acridinci.

Din tabelul 1 si diagrama 1, 2 relese cd substituentii din pozitia 2
{clor, brom, iod) produc o deplaqarL destul de mare a beuzii a 1I-a (‘I
in timp ce banda I (I,,) rdmine aproape pe loc, suferind doar o micd depla-
sare la iod derivat.

In cazul in care avem o substitutie simetrici a moleculei de 9-clor-
acriding, adicd in pozitiile 2 si 7, deplasarea benzii a 1I-a (1L,) este si mal
evident?, iodul cauzind chiar i o deplqsqre destul de mare a pozifiei benzii 1
(L)

Introducerea halogenilor in pozitille 4 si 5 ale moleculei va avea desi-

zur o influenfd asupra tranzifiilor de-a lungul axci scurte, anume tranz-
’;1119 11,.. In moleculele studiate de noi, avind in acclasi timp substituenti
¢l in pomjmk 2 ¢i 7 — care afecteazid indeosebi banda a II-a ('I,) —, s-a
observat de fapt o deplasare puternicd batocromid atit a benzii I (*L,) cit
si a benzii a Il-a (L,). Deplasarea benzii I (1L,) este ceva mai accentuatd
pentru derivatii care au bromul in pozifiile 4, 5 si clorul in pozitiile 2, 7,
datoritd situdrii atomului mai voluminos in apropicrea axei scurte,

Derivatii halogenafi micsti urmeazd dupd cum se vede aceeasi regull,
ingd deplasirile observate se incadreazd ntre cele doud grupe de derivai
halogenafi cu acelasi fel de atom de halogen.

L

skt . -
*I.Panea I. Goia ¢ M. Tonescu, Rev. Roumaine de Chimie, 16, (1471
sub tipar.
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Ct Tabel 1
X‘ = xl
N AN 3-Cloracridine-halogenate
X X,
1t 1 IT('B Benzi
iz X, X, X; X, Unit (L) M) T By) neiden-
: | 5, 5 AGu~Sxl | RN N B A M YONTR s tificate
1 H H H IT  cm™ 25906 — 0 27817 29069 0 39682 40993 0 30381
nnt 386 - 360,5 344 252 244 327
2 H H H om™t 25906 — 0 27397 28571 —420 39137 40312 — 545 31645 33444
nm 386 385 350 2555 248 316 299
3 Br 3 H H em™ 25869 - 837 27397 28571~ 420 38610 40000 — 1002 28089 2863
nn 386,5 365 350 258,5 250 356 3493
4 I H I I em™ 25706 — - 300 27210 28400 607 38680 - 1002
mn 389 367,5 351 258.5
5 H T QA em™ 25008 - 0 26954 28328 - 863 38531 39605 - 1151 29673
nm 386 371 353 359,35 2525 337
G Dr 31 H DBr cm™t 23869 - 37 26881 28169 936 37950 39062 1732
nm 386,35 372 355 263.5 236
7 I 11 1 cem L 28510 — 306G 26383 27664 432 37735 — 1947 HOY83
11 au2 379 361.5 233 244
8 Cl 11 1 em ! 0 26666 28011 - 1151 388314 ~ 1368 20100
nm 375 R37 261 3405
9 Cl Cl IT <l em™! - WG 26881 286011 — 936 38022 39370 -~ 1660 26954 29400
nu 3¢ 372 357 263 254 371 340.5
10 1 Ct IS cm™ 25000 906 26246 27472 1571 87382 - 2300 28940
nin 400 381 364 267,535 3455
11 Cl Cl (GG cm 7t 24752 26109 1134 26395 27624 1222 37313 2368 27472
nin J04 3885 376 B62 268 364
12 Br Br Pr DBr  cm™! 24449 25839 1457 26383 27624 - 1432 36630 --3052 27100 349635
nut 109 38 379 362 273 369 286
13 Br Br ¢l em™ 24570 1336 26595 - 1222 37174 —2508 27100
mmn 107 376 269 261 369
14 Dbr dl L Br oem? 24570 23506 1336 26435 1362 369530 38022 2732 27322 28371
nm W7 356 378 2705 263 366 330
15 I Cl [NLE cnt ! 243940 I516 0 26041 27178 1776 87037 2645 283U8
1 410 384 368 270 RN
16 1 ¢l ¢l em™? 24500 - — 1397 26246 27348 1371 87244 38461 2438 28440
nm 408 381 367 268,53 260 351
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Banda a I1I-a (*B,) este considerabil (aproape dublu) deplasatd bato-
crom la derivatii tetra-substituiti faga de derivatii mono-, di- $i tri-substi-
tuiti, reflectind aportul adus de substituentit din poziiile 4 $1 5 la tranzi-
tia 1B,.

In privinia aspectului benzilor I, II ¢i IIT - dupd cum sc observd
in diagramd — derivatii mono-, di-, tri- 5i tetra-halogenafi prezintd o
structurd vibrationala { ~1200 cmu~?) a benzii a II-a (11,) precum si a benzii
a 1II-a (*B,), in afara derivatilor iodurati unitar i micsti a cdror handd a
IlI-a (!B,) nu are o structurd vibrationald; intensitatea benzii I (*1,) in
raport cu cea a benzii a 1T-a ('L,) scade pe misura trecerii de la C1 - Br
= 1.

In cazul derivatilor acridinici unitar tetrahalogenati (clor saw brem)
sau micsti tetrahalogenati (clor = brom) apare si structura vibrajionald
a benzii T (M1, ~1300 cm™'), ca urmare a clectulul mai pronuntat pe care
il au halogenii din pozititle 4, 3 asupra travzitiilor = — =% de-u lungul
axel scurte, iar dacd raportdm intensitifile Benzilor I (1I,) fatd de cele
ale benzilor 11 ('L,) valorile sint mult mai apropiate.

Derivatii micsti di- si tetra-substituitt (clor - iod) nu posedid o struc-
turd vibrationald a beuzii I (1I,,) ¢i numai peutru banda a Il-a ('L}, pre-
cum si o intensitate mult mai mare a acestcia, relevind astfel ¢ atomii
de iod din pozitiile 2 si 7 ale moleculei afecteazdt intr-adevar mai mult tran-
zitiile de-a lungul axei lungi 'L,, decit afccteazd atomii de clor din pezi-
title 4 i 5 tranzitiile de-a lungul axei scurte 'L,

Prin urmare ocuparea pozifiilor 2 51 2.7 in molecula de 9-clor acri-
dind, de catre halogeni, are o influentd indeoschi asupra tranzitiiler ‘L s
1B,. Cind ei sint insd prezenfi si in pozitiile 4 51 3 ale moleculed, actiunea
lor asupra acestora este mdritd si aparc in acelasi timp un efect hatocrom
sioasupra benzii I (1L,), de acelasi ordin de marime ca cel produs asupra
benzii a II-a (1L,).

Trecind acum la studiul spectrelor de absorbtic ale acridonet, amin-
tim ¢i H. Kokubun constatd, in lucrarca sa 21, ¢d spre deosebire
de spectrele de absorbtie obtinute in solventi neutri, cele obtinute in solu-
tii acide sau alcaline ar prezenta acridona sub forma ionilor a, b si ¢

+.

OH OH 0
ANV AN /\
LD — 00 QO
H H

a b c

Benzile de absorbtie ale acridonei, atit prin protonare cit si prin diso-
ciere, suferd o deplasare batocromi fatd de cele ale moleculei neutre, dupa
cum se poate vedea din tabelul 2, cea mai pronunfatd deplasare fiind in
cazul benzii a II-a (L, ~ 3 000 cm~1).
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Tabel 2
Solvent Unit, I{L,) II(1Ly)
benzen cmnt 27850 27850
nm. 387 361
11,50, conc. cm ™t 23750 24000 29700 31000
1nmt. 421 416 336 322
FtOI - NaOH cm™! 23100 24400 29300 30700
nm 433 409 341 326
19tO11 em™} 25100 26400 33800 32500
nm 398 379 295 307

Daca se ia in considerare si posibilitatea existentei acridonei sub forma
betainicd B, atunci ea poate fi privitd ca un derivat acridinic, si spectrele
¢i de absorbtie pot fi incadrate in seria spectrelor de absorbtie electronice

N "%’
0
A B

ale acridin derivatilor, putindu-se face astfel unele aprecieri asupra natu-
rii benzilor de absorbtie (Fig. 1).

In urma studierii spectrelor de fluorescentd si absorbtie, se desprinde
ca un aspect general faptul ¢d maximele de absorbtie ale acridonei din
regiunea lungimilor de undd mari, deci tranzitiile = — =*1, (banda I},
ies In evidentd si prezintd o structurd vibrationald.

Dupid parerea noastrd deplasarea batocromd a benzii I (1L,) si inten-
sitatea el mare fatd de bauda a II-a ('L,) in acridond in raport cu acridina
apropic spectrul de absorbtie al acridonei mai mult de cel al acridin-N-
oxizilor [1], in care banda I ('L,) este cea mai intensd din aceastd regiune
si prezintd o structurd bine evidentiatd.

De fapt, efectul oxigenului din pozitia a 9-a a moleculei de acridond
asupra electronilor neparticipanti ai azotului din ciclu este asemdndtor
intrucitva celut exercitat de oxigenul din pozifia 10 in acridin-N-oxid (for-
mulele B, A).

Spectrele electronice de absorbfie ale acridonelor sint caracterizate
prin trei grupuri de benzi si anume: primul grup, care cuprinde tranzitiile
I,,, acoperd domeniul de frecventd 25.000—34.000 cm-!, al doilea grup
al tranzifiilor I, — domeniul de frecventi 34.000—37.000 cm~! si al
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treilea, care cuprinde tran-
zitiile *B, din domeniul de
frecventa  37.000—40.000 45k
cm~H, |
Dupd cum se desprin-
de din tabelul 3 i diagra-
ma 3, 4, acridonele halo-
genate prezintd o structurd
vibrationald a benzii I de W
absorbtie (1, cea mai in- &
tensd din aceastd regiune)
de trei tranzitii: —0—0(5,) ; i
0—1(3;) si 0—2 (3)") pentru
derivatii mono-, di- si tri-
halogenati si doud tranzitii
0—0 ©,;) si 0—1 (B)) pen-
tru derivatii tetra-haloge-
nati. Intensitatea tranziti-
ilor descreste in  ordinea
0—0 = 0-1 > 0~2, cu  2J}
exceptia di-halogen deriva- )
tilor, la care tranzitia a y y

douna (0—1 (3]) este cea mai 200 300 liool(nm) 00
mtensd. ’

in d(‘,l‘i\'zﬁ;ii acridonict IFig 10 Speetral de abserbtic al acridonei (A} s ol
halogenati unitar  (clor, 9-metoxiacridined (B) in metanol.
brom, iod) saun  mixt
(clor -} brom si clor -+ iod) halogenii manifestd un efect batocrom asu-
pra maximelor de absorbtie ale acridonei ca st in cazul 9-clor acridinelor
halogenate, pozitiile substituite din inelele carbociclice g1 deci pozitiile
fata de cele doud axe reciproc perpendiculare ale moleculel fiind identice.

Deplasarile batocrome ale henzilor a 1I-a (*1.,) <1 a I1I-a (*B,) ale deri-
vatilor halogenati acridonici sint in general mai mari in raport cu cele ale
benzii I ('L,). Totodatd raportul batocrom (dublu) Ia tranzitia !B, in seria
derivatilor tetrahalogenati se pistreazd iutocmai ca gt In cazul acridinelor
corespunzitoare. Un efect invers insd decit cel observat la aceste acridine
se manifestd la derivatii tetrahalogenati acridonici, si anume deplasarca
batocromd a benzii I ('L,) ¢ a benzii a 1I-a (\I,) este mai micd decit in
cazul derivatilor mono- i di-halogenati. Astfel, stabilizarea structurii

Lo
n
¥

A"
[

\
|
|
|
i
|
|
\
B

o cmmm———

3
polare a amfionului B prin interacfiunca eclectronicd a halogenilor asezati
in para fatd de azot ‘3 — cazul mono- si di-halogen acridonelor —- pare
sd fie mai mare,

Mult mai sensibila la efectul halogenului este banda care in acridond
apare doar ca o inflexiune pe partea dinspre frecvenfe mai mici a benzii
celel mal intense din spectru, anunme banda a 1Il-a (B, — 5,). Dupi cum
se vede din fig. 2 unde este reprezentatd schematic regiunea benzii o ITI-a



Tabel 3

X‘Y,;\ ,?’\//\ X,
[/11 N'U tT Aceridone-halogenate
o .
"k,
AT N, N, X X,y Unit. . (L) 100 By X . Bcn.lf.i )
crt. . = =, - I N - N [N neidentificate
l Oy 51 DX Al —9,x) , | Pa Ay ”X)l 57 Ty Ay U]
1*H H H II cm™r 25125 26315 27548 0 34013 0 37037 40000 0 32773 38314 39370
nm 398,5 380 363 291 270 250 307 261 254
2 (0 H H X cm™ 24630 23840 26954 --495 33477 336 36763 39762 — 238 32051 37878 38850
mmn 406 387 371 299,5 272 2515 312 264 257,35
S DBr Il XL IT cm™t 24630 23810 27027 493 33333 G680 36365 SOGR2 - 318 S1968 37830 38751
nim 406 387 370 300 2735 232 313 288
BT 1D I et 246300 238400 265325 195 33112 O 101 39605 395 317146 388
1 406 387 377 302 277 AN 315 3¢
S Ol ip ¢l oem™t 243100 23510 265235 —615 32787 1226 36036 39920 S0 81345 36900 37878
nu 408 392 377 305 277,5 250,58 317 271 264
6 DBr H H Br cm™ 24271 25445 26596 --854 32573 — 1440 35587 39762 - 238 31230 36496 37594
1m 412 393 376 307 281 2515 320 274 266
7 I 11 111 cm Tl 240060 25316 26325 1029 32253 - 1755 34722 30453 - 545 30959 37878
nin 415 395 377 S10 288 253,5 323 264
8 CI I H 1 cm ! 24213 25380 26525 --912 32573 — 1440 35335 39682 —318 31348 56231 37735
nm 413 394 377 307 283 252 319 276 263
9 C1 Cl H C em™ 24331 25480 26525 —794 32894 1119 35774 396035 — 395 31746 36835 38022
111 411 3925 377 304 2795 252,35 315 271,5 263
10 I <1 I I cm Tl 24218 253160 263523 --912 32467 - 15846 34722 39062 - 938 531152
nm 413 395 377 308 288 2356 321
11 CLCL CL CL em™ 24691 25445 434 33003 - 1010 35211 3921 —785 31643 36496
nmn 405 393 303 284 255 316 274
12 Br Br Br Br em™ 24510 25316 — 815 32787 — 1226 34722 38022 — 1978 31446 33971
nin 408 395 305 288 263 318 278
13 CI Br Br €1 em™ 24594 25445 - -531 33003 — 1010 35087 38461 - 1539 31545 36496
11 407,5 393 303 285 260 317 274
14 BrCl <1 Br oem™ 24630 23575 — - 495 32894 - 1119 35025 38610 - 1390 31545 36200
nn 406 391 304 283,5 259 317 276,53
15 1T C1 1 et 24600 25380 —  —35325 32573 - 1440 34424 38610 -~ 1390 31056
mmn 407,5 394 307 290,5 259 322
16 T C1 Cl Cl em™ 24630 23445 —  —495 32787 — 1226 34722 38910 —- 1090 51446 55180
mn 406 393 303 288 257 318 2345

* spectrul electronic a foot inreyis

trat ¢ in Literaturi: (137
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ACRIDONE (XL1l} 73

¥ ig 2. Variatia benzii 9; si ¥,. (— acridona, — x — 2-clor-acridona — xx —

2-hrom-acridona, — 0 0 — Z2-iodacridona, - 0 — 2 7-dicloracridona

..... 2,7-dibromacridona, - - - 2,7-dilodacridona, — ., — 2,45,7-tetra-
bromacridona, — A — 2,7-dilod-4,5-diclor-acridona).

-~

(*B,) (5,), banda de absorbtie §; se contureazi tot mai precis ca o haundd
de sine stdtdtoare, pe masurd ce creste numirul atomilor de halogen din
moleculd si se trece de la clor spre iod, ajungind chiar si depdseascd in
intensitate banda a III-a (*B,) — cazul di-iod acridonei.

Ca o generalizare a datelor acestui studiu spectral, se poate spune
cd halogen-acridinele si halogen-acridonele au spectrele electronice bine
individualizate, iar schimbdirile structurale care an loc prin substitutie,
in functie de pozitiile ocupate in moleculd precum si de acumularca de
halogeni, sint reflectate in schimbiri ale poritiilor si intensitdfilor maxi-
melor de absorbtie.
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Partea experimentald
Sinteticd.

9-Clor-acridinte-halogenate,

9 Llor acridina pt. 122- 4, 2-9.Dicloracridina pt: 1477 {57: 9-Clor-2-brom-acridina
‘ [67; 9-Clor-2-iod- acridina pttee {775 2-7-9-Triclor-acridina pt: 204° 753; 9-Clor-
un—ncndnm pt 219" 187; 9-Clor-2,7-diiod-acridina pt: 2247 [77; 2 9.Diclor-7-i0d-
L2267 (70 247,909 Te U‘l clor-acridina- pt: 191° [77; 4.9-Diclor-2,7-dilod-acridina

I " ) - -
731 2.4.5.,7,9-Penta-clor-acridina pt: 196~ [97; 9-Clor-2,4.5. 7-tetrabrom-ucridina
a } i ! ~ .

5 2,7,9-Triclor-4.5-dibrom-aceridina pt: 218° 5 4.5,9-Triclor-2,7, dibrom-acridina
315 45,8 Triclor-2 7-difod-weridina pt: 2367

4,5.7,9 Tetraclor-2-iod-ueridina

)

Acridone-halogenate,

Acridona pt: 3547 107 2-Clor-acridona pt: 3807 7117, 2-Brom-acridona pt: 360° 7127
Lacridona pt: 365° 71 27-Diclor-acridona pt: 434~ [137; 2.7-Dibrom-acridona pt: 438°
2.7-Dilod-acridona pr: 438 7 ,; 2-Clor-7-iod- acridona pt 405 17 2,47 riclor-acri-
dima ;». S 4129 (745 2.7-Ditod-4-clor-acridona pt: 367° [7]; 2,4,5,7-Tetraclor aLqunx pt:254°
s 2e5,7-Tetra-brom acridona pt: 308° [87; 2,7-Diclor-4,5-dibrom-acridona pt: 292° 761
2.7 Diioded, 5-diclor-acridona pto 293¢ [147; 2-Tod-4.53.7-Triclor-acridona pt: 262° [147;
Dibrom-4,5-diclor-acridona pt: 273 [6]

]

. Partea spectiali

Spectrele electronice de absorbtic au fost efectunte in solutie metanolicd, majoritatea
b oooneentratie molard de 1077, cu spectrofotometru Beckman DK-2A,

Notia. Tabelele 1 si 3 cuprind maximele de absorbtie ale spectrelor electronice si aun
fost notate cu B numal maximele atribuite (impértite in grupe care se datoresc aceluiasi gen
de trangitii). Diagramele reprezinti valorile extinetici maximelor de absorbtie impirtite in
dond grupe de coneentratii molare diferite (reflectatd in diagramd prin intreruperca abscisei),
Pentra flecare grup maximul cel mad intens a fost luat ca unitate, iar celelalte au fost rapor-
tiate laoacesta.

clpirat Dnorchacrie o S wciandyie JUTT
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ACRIDONE (NLIT)

AKPUIOHDI (XLID) Y& CIIEKTPDI
(Pesone)

HpoBeeno HCode10BaIIe 3JIEKTPOHHLIY CHEKTPOD 3aMelHLiX 9 XJ0P-aKPHAHHOB H B
KaPOOIHKIHYECKHX KOJALLAX C TaJorenoM (xaop, Gpoy, o), a TakzKe No100HO FadoHHPOBAH-
HLIX @5PHI0HOB. ABTOPH VIOUHHIH NOJOKEHHS PA3THUHLIX a0cOPONHOHILIX [10J0C I BLICKaza-
JUT CBOC MueHHe of MN npupole (mepexoldn = — =¥, I, 'Ly, 'Bp ) B O B3aBMOAeliCTRHH
LANECTHTEIb- 9 1PO.

ACRIDONES (XLIT) SPECITRES U.V.

(R ¢sumd)

Les auteurs ont effcctué une ¢tude sur les spectres ¢lectroniques des 9 chlore-acridines
substituées et dans les anneaux carbo-cycliques a halogene (chlore, brome, iode) ainsi que des
acridones parcillement halogénés. Dans ces recherches on a préeisé les positions des différen-
tes handes d’absorption et 'on a donné des appréciations sur la nature de celles-ci (transi-
tions w—x*, L, g !By ot sur Vinteraction du substitut-noyau.
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ACRIDONE (XLIIT*) TIOACRIDONE, SPECTRE U. V.

ILEANA GOIA si MARIA TONESCU

Analogul cu sull al acridonei, tioacridona, precum si derivatii ei haloge-
nati, prezintd in solutie alcoolicd spectre de absorbtie bine individualizate,
dar ceva mai bogate in maxime de absorbtie decit cele ale acridonelor [1].

Efectul conjugativ al substituentilor in general deplaseazi absorb-
tiile provocate de tranzitiile = — 7* ale moleculelor spre lungimi de unda
mai mari datoritd reducerii intervalului de energie dintre orbitatul m cel
mai inalt, ocupat, si orbitatul = cel mai coborit, neocupat {2]. Aceste depla-
sari sint mult mai marcante in spectrele compusilor heteroaromatici con-
tinind un substituent conjugat cu nucleul. Astfel, comparind acridina cu
acridona si tioacridona, se constatd ci substituentul sulf provoacd o depla-
sare batocromd mai puternicd a maximelor de absorbfie decit substitu-
ientul oxigen, actiune care se manifestd asupra primei tranzitii L, in com-
paratie cu acridina. Acridina are prima absorbtie datoritd tranzitiei = — =*
T, ta 378 nm, acridona la 398,5 nm si tioacridona la 480 nm. Daci mai
adiugdm la aceastd serie si 9-amino-acridina a cérul azot aminic exociclic
se conjugd cu nucleul si care are maximul benzii a I-a (L)) la 427 nm,
constatam ca deplasarea acestei benzi in functie de substituentul din 9
scade in ordinea S>N>0O>H.

Compararea spectrelor electronice ale tioacridonei gi ale derivatilor
el N- si S-metilati duce la concluzia ca spectrul tioacridonei, asemanindu-se
mai mult cu cel al N-metil derivatului, ea poate fi consideratd mai degraba
ca o amidd vinilogd decit ca o marcapto-acriding, deoarece structura 1
este stabilizatd mai puternic prin contribugia formei dipolare B, decit struc-
tura A prin forma dipolard C [3].

5 SH 5” :§H
@ﬁD SHe
H

*1. Goia si M. Tonescu, Stud. Univ. Babes-Bolyai, 17 (1) (1972)
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50 Tioacridona poseda
‘ astfel o structurd simi-
lard acridonei. Fig. L.
Dacd se ia in const-
- derare tioacridona si sub
aspectul structurit B ca-
re, admitind ¢a in stare
excitatd ar avea contri-
butiec mai mare, spect-
rele el electronice pot fi
incadrate intr-o anumita
mdsurd in seria grupelor
de tranzifii discutate la
acridone, 1L, Ly, 2B, [T
Tioacridona pre-
cum i derivatii ¢i halo-
. . . genall prezintd tret gru-
30 ' ‘ pe de absorbtie caracte-
: ristice. Din grupa inti
fac parte tranzitiile = -
oL, (B UL 9y
(banda I) prezentind o
Af structurd find de  trer
_ benzi bine  evidentiate
;C, in domeniul frecvente-
: lor mai mici, 20.000—
.0 . y - 2R000cm~1. Grupa a
200 300 400 300 doun in domenial
Alam) 31.000—-38.000 ¢~ in
R care s-ar incadra tran-
"1 o 10 wspectrul de absorbtie al toveridoned (A1 Noanetil- Ziﬁilc o o ;—.*lLb (1)2L11d£1
tioacridenct (B3, o S-mctilacridinet (O, a Il-a), aseminditoare

>

3

{q

[

2

cu cele ale acridonet,
prezintd doud benzi U, si Uy dintre care banda §, pare si {ie tranzitia '1,,.
Banda 9, a ticacridoned, ca g cea a acridondd, pare foarte sensibild la substi-
tutiile in inelele benzenowde. Grupa a treia din domeniul 38.000—42.000
e~ ocuprinde tranzigiile = - Z¥B, (3,) (banda a ITl-a).

Dupa cum se¢ poate observa in tabelul 1 @1 diagramele 1, 2, depla-
sarca batocromd a benzii I ('L} creste de Ia Cl<o Br<<1, cea mai mare depla-
care fiind in cazul jod-derivatilor. Dacid privim comparativ derivafii mono-
Iialogenati la C,, deplasarea batocromd este cam de acclasi ordin de midrime
pentru toti trei halogenii (clor, brom, iod). In cazul derivatilor di-halo-
genati Ia C,, deplasarea batocromi creste in ordinea ClooBr<I. In sub-
stitutia cu halogen (clor, brom, iod) simetricd C, 455, unitar si mixtéa, depla-
carca batocromd este de acelasi ordin de mdrire ca pentru diclor derivat
atunci cind clorul este situat in pozitiile 4 si 5 (dedd pentru tetraclor-,
2,7-dibrom-4,5-diclor- 51 2,7-diiod-4,3-diclor-ticacridona) dar mai wmare
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in cazul cind la Cyy se glseste bromul (deci tetrabrom- si 2,7-diclor-4,5-
dibrom-ticacridona), ceea ce aratd influenfa acestni halogen asupra tran-
zititlor de-a lungul axei scurte lingid care este situat.

La toti derivatii tranzitia intli (5;) din grupul tranzitiei 'L, (banda
a I-a) este cea mai intensd, urmind ifun ordine descrescitoare tranzitiile
Oy ostouy

Benzile de absorbtie din grupa a doua, unde s-ar fncadra banda a 1I-a
(1., D), prezintd o deplasare batocromid in toate cazurile de substitutic
C,, in ordinea Cl<<Br<CI care este mult mai pregnantd decit dephmrm
observatd in cazul benzii I (3I,), deci iodul influenfeazd in masurd mai
mare tranzifia de-a lungul axei lungi. Acest efect se observi si daca com-
param intensitdtile acestor benzi cu cele ale benzii I (I, §,); si anume in
cazul iodderivatilor (unitari si micgti), precum si in cazul tetrabromderi-
vatului banda a II-a (*L,, B,) este mai intensd decit banda I ('L, 5,).

Maximele grupel a treia, banda a III-a (*B,) sint si ele deplasate in
ordinea Cl<Br<CI, cea mai puternicd deplasarc fiind in cazul tetrahalo-
gen-derivatilor.

PDacad facem o paralela intre spectrele de absorbtic ale tioacridonclor
halogenate ¢ cele ale acridonelor halogenate {7 care in ansamblu sint
.\.mn]arc, vom observa cd deplasarile batocrome ale benzii T (1I,) sint ceva
mai mici decit deplasarile benzilor a II-a (1) s1a I1l-a ({B,) cast in cazul
acridonelor, desi contributia pe care o aduce sulful asupra tran71tw ..
(banda 1) ar trebui i fie mai mare decit cea a atomului de oxigen, dmm
cum am amintit la inceput. Efectul sulfului este insd evident la tranzitic

(banda alll-a), cea mai intensd din tot spectrul, care la halogenderi-
vatii din clasa tioacridonei suferd deplasdari mult mai mari in comparatic
cu cel din clasa acridonei.

Partea experimentalit
AL Sintclica

Tioacridone-halogenate

Tioacridona pt: 267 4 ; 2-Clor-tivacridona pt: 273° 5 :; 2-Brom-tioacridona pi:
2367 167; 2-Tod-tioacridona pt: 263¢ [7]; 2,7-Diclor-tioacridona pt: 3157 [57; 2.7-Dibrom-
tioneridona pt: 311 [5]; 2,7-Difod-tiocridona pt: 290 {7 ; 2-Clor-7-icd-tioacridona pt: 292
177; 2,4,7-Trioclor- tmdcrl(l()nd pt: 321~ {71; 2,7-Diiod-4- clor-tivacridona pt:264° [77; 2,4,5,7-
Tetraclor-tioacridona pt: 235 15 24,5, 7-Tetrabrow-tioacridona pt: 303° [57; 2,7-Diclor-
4,3-dibrom-tivacridena pt: 2657 1675 2,7-Dibrom-4,5-diclor-ticacridona pt 1 244 761; 2,7- Dilod-
4,5-diclor-tioacridona pt: 308~ (77, 2-Tud-4,5,7-triclor tioaeridona pt: 2717 {71

B. Spectralda.

Spectrele electronice de absorbiie au fost efectunate in solutie metanolicd, majoritatea
in concentratia molard de 107% cu spectrofotometru Beckman DE-2A,

Notd. Tabela 1 cuprinde maximele de absorbtie ale spectrelot electronice si au fost notate
cu T numai maximele atribuite (Impirtite in grupe care se datoresc aceluiagi gen de tranzitii).
Diagramele reprezintd valorile extinctiei maximelor de absorbtie impirtite in dond grupe de
concentratie molarit diferiti (reflectatd in diagrami prin intreruperca abscisei). Pentru tiecare
grup maximul cel mai intens a fost luat ca unitate, iar celelalte au fost raportate la acesta

(Iatrat in reductie 11 30 octombyie 1977
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S
X, O O X Tioacridene
N
X, H X,
N (1 (17, 3
C\r{ X, X, X, X, Unit. : 10T) ; “(,Lh')
) YUy ‘; ‘3;’ —X\TBJII"'Gm)l! Dy Oy -'—\/\’32}1‘323\'
1* I H H I cm™l 20833 22124 23474 U 33333 - 0
nm 480 452 426 300
o 1 I I 11 cm™H 20576 21881 L3148 257 33112 0]
nm 486 157 432 302
3 Dr )34 H 11 cm L 20576 21881 23148 237 32940 303
nm 486 457 432 303,5
41 M I et 20833 2ITSG 23094 - 304 32340 - 290
um 487 434 433 307,5
5 C1 11 11 ¢l cmt 20323 21531 22883 — 508 32362 —971
nm 492 464 137 309
6 Lr W 13 Br omTio 20242 L1351 22831 - 391 32258 - — 1075
nin 494 464 438 310
7 1 H H 1 cm? 20161 21505 22779 672 31545 - 1788
nnt 446 465 459 317
8 C1 I 1 1 et 2uead 215331 22885 — D44 31848 - 1385
nin 493 464 137 313
9 1 Cl . 1 ciml o 200200 214130 2U62d 713 31348 - — 1985
nn1 487 5 319
16 ¢l ¢lo1r ¢l oemTh o Z028Y 544 82238 — - 1075
nmt 493 310
11 ¢l ¢ Q1 CroemTr o 20825 5018 32154 30444 <1179
nm 492 R 311 299
12 Br Br Br Br em’t 20161 75 67 31746 33111 — 1387
nm 496 468 441 315 302
13 ¢l Br Br C1oemTH o 202020 21505 L1727 - 631 31908 3112 1335
nim 495 463 440 312,5 a0
14 Br ¢l 1 Brooem’t 20325 DI430 2277 508 31988 33499 --1355
1 492 466 ERT! 3125 2985
15 1 1o 1 em™h 20825 21505 L2675 508 31746 - 1587
1nm 492 463 441 315
18 1 1 Cl Cl eyt 20242 214an 0 2U537 501 31645 -- — 1688
1111 484 466 443 316
P Spectrul clectronic a fost efcctuat s htoreturs
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Tabsl 1
walogenate
1

¥, ? HI(By) Benzi neidentificate

{51 AG»xH"Slx)
34965 41688 0 21322 27777 28983 20040 31466 36010 39370
286 240,5 169,5 360 343 354 318,5 277,35 254,5
34965 40983 - 705 21052 24570 27248 286353 36764 39062 39682
286 244 175 107 367 349 272 257,5 252
34965 10896  —792 21052 24509 27700 20154 35587 38759
286 244,5 475 408 361 343 281,5 258
34965 40485 —1208 20790 24390 27397 28733 35714
286 246,5 481 110 265 348 280
35647 10650 — 1038 20790 24154 283028 30395 37735 41322
280,7 246 481 414 353 329 264,5 241,5
35461 40322 - 1366 20790 24154 98571 30395 37313 11322
282 248 , 481 414 350 329 268 242
34775 39762 —1926 20790 24038 98571 249940 35842
287,5 251,5 481 416 350 334 278,5
35211 10160 —1328 20790 24154 07397 28571 36101
284 249 181 414 363 350 277
34662 39445 2234 20706 23809 28490 29761
288.5 253,5 483 420 351 336
35714 10816 —1272 24038 28818 30395 37878
230 245 416 347 329 264
35270 39600 2088 20618 24390 03773 28011 37735 40630
2835 952,5 _ 185 410 388 357 765 246
34782 ago10 2778 24449 25445 37878
287.5 257 109 395 264
35095 39295 2393 24370 25641
285 5 2545 07 390
35025 59215 - 2473 24370 25641 40160
285.5 255 07 390 248,8
54843 20215 2473 24691 25773 33557
287 255 405 388 298
34722 39137 —2551 24570 26109 33355 1302
288 255.5 107 383 299 5 218

7.I. Goia si M. Tonescu, Rev. Ronmaine chim., 15, 1233 (1970).
8§ R. M. Acheson, ML Burstall, C W. jefford i B.F. Sansow,
J. Chem. Soc., 1954, 3742,

AKPUAOHDBLL (XL1Il) THOAKPIIOHDLI, y¢ CIEKTPDI

(Pesome)

Tlpoeegeno uccaejoBause alcoOpOUHOHHBIX 3IeKTPONHBIX CHEKTPOB THOAKPHICHCB, 3aMe-
HENHBIX VHATADHO HJAH CMeILanHo C XJOPOM, OPOMOM, 1100M. ABTOpbl yTOUHHJIA LICAOKEMHE
pa3AuuHbX afcopOUHOHIBIX NOJ0C H BLICKA3aAH CBOE MHEIIHE O IPUPOJE ITHX HOJ0C {Tepexolm
= — =%, 1L,, Ly, 'Bp), a TAKiKE O B3aMMOJEHCTBHM 3aMECTHTEIb-7pO.
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ACRIDONES (XI1I1) THIOACRIDONES, SPECTRES U.V.

(Résumé)

Les auteurs ont effectué¢ une ¢tude des spectres électroniques d’absorption des thioa-
cridiones substituées de fagon unitaire ou mixte avec le chlore, le brome, 'iode. Elles ont
preeisé la position des différentes bandes d’absorption et procédé a des appréciations sur
Ta nature de ces bandes (transitions = — =%, 1L,, 1Ly, 1By) ainsi que sur linteraction sub-
stitut-noyau.



OXYDES MIXTES AU TITANE (VI)

Détermination du type de semiconducteur et de lactivité
catalytique des oxydes Cr,0,-2Ti0O, ¢t Cr,0,-3TiO,

CONST. G, MACAROVICL et AL BENEA

Des notes antérieures [1, 2, 3] ont montré¢ le mode d'obtention des
cxydes C(r,0,-2Ti0O, et Cr,04-83Ti0, & composition stoéchiométrique
déterminée par la décomposition thermique des substances complexes
mixtes [CrCI(NH,); 1 [TiO(C,H,Og):] - 2H,O0 et Cr eng ] [TIO(C.0 )als
-10H,0, aussi bien que les propriétés dlectriques et magnétiques des oxy-
des.

Dans le présent travail on déterminc la force électromotrice, pour
¢tablir le tyvpe de semiconducteur de ces oxydes mixtes, de méme que leur
activité catalytique sur la décomposition de l'acide formique.

Détermination de la force électro-motrice. Les oxydes mixtes €10, + 2TiO, et Cr,0, -
37Ti0, ont été pressés 4 3 000 Kgffem?® sous forme de disques cylindriques (0 == 10 mny, h =
= 2,4 mm) et ensuite sintérisés & 1380° [3]. Apres refroidissement, les disques ont ¢té
introduits dans I'appareil pour la détermination de la force électro-motrice.

I installation portée sur la figu-
re 1 est constituée d’un four a barres
de silite, d’'un dispositif , multiflex”
pour la mesure de la variation de
tension Uy, ainsi que de 2 thermo-

s

couples (1) pour la mesure des tem- 0-24y
pératures sur deux faces du disque y
en oxydes mixtes (8), notées Uy, b )
la température supérieure, et Uj, la f i
température inférieure. 14l S 7

Les thermocouples touchent le LZaN e 2
disque en oxyde, par lintermédiaire [CWJK%’
de deux plaguettes en platine (2). La 1 B 1
température du four peut étre réglée 4 R
a 'aide d'un autotransformateur et la ! ;
différence de tension en mV, entre ve _— |
les deux faces du disque en oxyde,
notées par Uy, peut étreluesurun 1§ ¢ 1, Schéma d'installation pour la détermination

potentiometre. de la {oree ¢lectro-motrice.



86 CONST. GH. MACAROVICI, M. BENEA

P La figure 2 représente

2t les variations du rapport
' 1 Uy 1

- —= en fonction de —, pour
B / At T

ol les oxydes simples 7TiO,

T P (Lig. 2.2) et Cr,0, (Iig. 2.1),

o q\/"‘\#”k aussi bien que pour les

¥ oxydes mixtes (r,0, -

g « 2Ti0,(fig. 2.3) et Cr,0 -

3Ti0, (fig. 2.4).

Essais coneernant
'activité  catalytique. Les
oxydes mixtes aun titane et
au chrome, obtenus lors de
la décomposition thermique
des complexes mixtes, men-
tionnés plus haut, ont été

. calcinés a 12007 et cnsuite
finement pulvérisés (<o,1
oL nim).

- Le comportement ca-
talytique de ces oxydes a

Lhe ¢té suivi pour la dé-
» composition de TIICOOH
(¢ == 1,207; 90°,) a Taide

d'une installation réalisée

v o3 S A "t & ! o et montée dans notre in-
’ stitut.

e . Uy ; 10 T.a figure 3 1montre

1“1 g 20 Variation du rapport —- en fonction de . ! =, . i

) At T le schéma de cette instal-

lation. Le réacteur (1) for-

mé d'un tube en quartz &
parois doubles, est réchauffé dans le four électrique o résistance (2) et a une température
réglable mesurée a l'aide d’un thermocouple (Pt-PtRh classe de précision 1,5).

I acide formique est introduit dans la burette par l'entonmoir (5) et le réglage de la
vitesse d'Ceoulement de acide formique daus le réacteur 'effectue a Uaide d'un mécanisme
d'horloge (6) muni de contrepoids, 1i¢ 4 la poire (7) qui communique avec la burette par un
tube en caoutchouce, rempli de mercure.

Dans un vase (8) situé¢ a la partie inférieure du tube réacteur on recueille du HCOON
non décomposé et des vapeurs d’cau condensées.

Le vase collecteur (8) est introduit dans un autre contenant du mélange refroidissant,
formé de glace et de superphosphate d’ammonium.

Les produits gazeux (CO,, 11, CO), résultant de la décomposition de HCOOH, sont
conduits par un refrigérent ascendant (9), dans un vase Mariotte (10) d'une capacité de 101
rempli d'eau saturée de NaCl et faiblement acidulée par HCl en présence de méthyle-orange.

I.a solution remplacde par les produits gazeux est recucillie dans un cylindre gradué (11)
qui indique le volume total des gaz rézultants.

La durée de Uexpdrience cst déterminde par le passage d'un certain nombre de cm?® de
liquide.

A la fin de Vexpérience, les gaz du gazométre (10) passent pour Uanalyse dans un
appareil de type Orsat (12).

On a exécuté d'abord des essais & blanc qui poursuivent la décomposition de HCOOH
dans UVappareil sans catalysateur, a différentes vitesses d’alimeuntation et a différentes tem-
pératures,

Lnsuite, dans les mémes conditions, on a poursuivi la décomposition de HCOOIL en
présence d'une couclie (h == 1,4 mm) de Cr Oy + 2TiO, et séparément sur un couch: (h =
= 1,6 mm) de Cr,0Q, - 37Ti
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Tig. 3. Schéma d'installation pour o décomposition de 1ICOOH

Toutes les déterminations ont ¢té eficctudes aux températures de 300°, 350° et 400°.
sous 300° la décomposition de IICOOH est trés lente tandis qu'au-dessus de 400° elle est tres
inteuse.

I’évaluation du degré de décomposition x a été elfectnée directement en titrant le
HCOOM non-décomposé et recueilli dans le vase collecteur (8) et, indirectement, par des
caleuls reposant sur Uanalyse des gaz rézultants.

Les doundes expérimentales sont reportées sur les tableaux 1 et 2.

Tablsau 1

Déeomposition de HHCOOH sans et en présence des catalyseurs Cr0,-3TiO
et {r,@,-2Ti0, a diilférentes températures el vitesses d'alimentation

Vitusse Sans cataiyseur Cr,pd, - 3Ti0, Cr, Oy + 2710,
"alimen- Observations
tation ) ~ ) Miservations
vy 300 S30°  535% 1 3007 330° 400° | 3007 350° 400~
(1,72 150 248 335 466 630 854 502 ¢a2 8GO | Volume des gaz ré-
L 66 - sultants mesuré en
o o s = - o Te
0,66 173 310 400 194 G668 865 505 710 895 | iy (en conditions
54 2 e N . e e - rmales) rapporté
oA 300 380 466 609 732 933 22 736 o | freTmates) rappor
R ’ ’ S| 8EE T 99y e eoon
048 | 386 455 512 G122 766 1243 542 756 1205 | liguide.
. i ) - ~ "y ) Volnme des gaz (en
IV 1983 6664 9150 5026 6990 8609 | Londitions  torma-
0es | : 5300 7157 9265 | 5056 7127 9ol | %) rapporte a1 g

l catalyseur. HCOOH

(54| - e U320 7694 10617 | 5220 7389 9690 | non-transformé, dé-
1 terminé par titrage
, 6557 7964 15114 | 6420 7560 12050 | et expr. en cm?.
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Tableaw 2
Composition des gaz résultant de Ia décomposition de ICOOH liquide 2
113
Ia vitesse d’alimentation \, - 0,48 L,m
minufe
3 Gaz résultant de la décomposition Coefficient d
Tem- ?egre de | d'un em® HCOOU Hquide, exprimés U;Q(gil‘(;c
pera ‘de mixte aecompo- cn ent? pormaux Y
fre ent Oxyde mixte sition, ( CO,
“C x95 Volume Vo, Vi, Veo CO
global o o o,
300 CryO; - 3TiO, 76,7 612 299 303 10 29,9
48,86 49,51 1,63
Cr,0, - 2TiO, 75,8 542 264 267 11 24,0
18,71 19,26 | 2,03
350 Cr,0, - 3Ti0, 89,9 760 371 380 9 41,22
18,81 30,0 1,19
Cr,0, + 2Ti0, 86,7 756G 372 374 10 37,2
19,2 49,47 1,33
400 Cr,0, - 3TiO, 96,1 1234 610 616 8 76,25
49,45 49,91 0,64
Cr,0, - 2Ti0, 93.8 1203 596 GO0 9 66,22
49,46 19,80 0,74
4
3
2
& nG3TG b (20270
,»{U 350 00 oL 300 350 400

Fig 4. Volume global des gaz résultants pour 1 gramme

catalyseur: (a), pour Cr,0; - 3Ti0, et (b) pour Cr,O, -

2Ti0,)
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Sur la figure 4 sont portés les diagrammes qui représentent le volune
global des gaz (dans des conditions normales) résultant de la décomposi-
tion de 3 ml de HCOOH mis en ceuvre et calculés pour 1 g de catalyseur
(tab. 1).

Sur la base des valeurs expérimentales ohtenues on a calculé la vitesse
de réaction dans des conditions dynamiques, utilisant I'équation de pre-
mier ordre

K= 2x 1)

pour les deux oxydes a la température de 400°,
Dans 'équation (1), n représente le nombre de moles HCOOH intro-

duites par minute, h — représente VUépaisseur de la couche de cataly-
seur et N le degré de décomposition en pourcentage (tab. 3 et 4).

Tablean 3

Caleul de la vitesse de réaction pour la température t = 400°C

Cr,0, - 3Ti0, Cr,0, « 2Ti0,
Vitesse Nonibre 4 Jeord
d'alimenta- - Degré de Degré de )
tion de décompo-| Vitesse |décompo-| Vitesse Obs.
V', jem?finin. moles sition, k.-102 sition k- 102
3 X% X9,
0,48 12,6 . 107¢ 96,1 75,68 93.8 84,42 Va
="
0,54 14,16 - 1072 934 82,71 92,5 93,79 M-
o == densité HCOOH
0,66 17,30 - 1073 88,5 95,79 87,0 107,60 | M =poids moléculaire
V, == vitesse d’alimen-
072 | 18,89 - 1673 87,6 103,40 86,1 116,05 tation

Tableay £

Caleul de Ja vitesse de réaction en fonetion de la température o la vitesse
d’alimentation V, = 0,48 em/minute

e k- 102 k100 k- 10 . o
Oxvde mixte i 300° l 400° 350 7 Nombre de moles
t
Cr,0; - 3TiO, } 60,40 70,01 75.68 12,60 « 1073
Cr,0, -« 2Ti0, i 68,25 78,03 84,42 12,60 - 1073

- . - . . , . 1
Sur la figure 5 sont tracés les diagrammes lg V, fonction de L bour

Poxy.le Cr,0, - 2Ti0, respectivement pour Cr,0;-3TiO,, tandis que sur la
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oxvdes.

CONST. GH. MACAROVICI, M. BENEA

. . . . - . 1
fizure 6 est représentée la dépendance lg K, founction de - pour les deux
T

On a calculé les énergies apparentes 'activation, pour la réaction
de déshydrogénation (tablean 5).

Tableaut 5

Caleul de 1'énergie apparente d'activation sur la base des constantes de vitesse

Energie apparente
Fnergie I, 10N (dcdullts)
. L apparente lo k = f .~) ot e
Oxyde mixte &activation 2 T | Observ.
Keal/mol NS
log ¥y = r{)
1
N . - = . 23 - T, <
Cr,0, - 3710, 13,57 12,15 m=:0,62 1, ’ L2 Ry X
T, — Ty 2
Cr,0, - 2110, 14,30 14,11 m==0.72 Tig = m R{T, — T2

La figure 7 représente le coefficient de sélectivité [3, 6 en fonction

1
IS

¢
{

¢ la température, évaluée comme rapport entre CO,/CO.

Résultats et commentaires. On a établi d'une maniére convention-
uclle [7] que, lors du tracage des diagrammes des forces électromotrices,

"

g 5.

1.6

o~

1.7
10?

-+

Variation 1g V, en fonction de -—

les courbes représentant
Ty

te rapport —= = 0 (avee
t

le sigue -1} soient ins-

crites au-dessus de Ia
ligne zéro, correspon-
dant aux semiconduc-

teurs de type pet, pour
les valeurs du rapport
v

< 0 (avee le signe —)

t

qu'clles solent inscrites
au-dessous de la ligne z¢-
ro, correspondant aux
semi-conducteurs de ty-
pe n.

Selon le tableau 2
la courbe de variation
de la force électromot-
rice pour Ti0O, est ins-
crite sous la ligne zéro
(fig. 2,2) il en résulte
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que TiO, est semiconducteur
de type n, et la courbe corres-
pondant a loxyde Cr,0O; est
inscrite au-dessus de la ligne
zéro (fig. 2.1): il en résulte
que Cry04 est semiconducteur
de type p. Les diagranmes des
forces électromotrices des deux
oxydes mixtes Cr,0,-2Ti0,
et Cr,0,-3Ti0, (fig. 2.4) pré-
sentent la méme polarité que
I'oxyde simple Cr,O, (mais
une valeur pluas réduite), donc
les deux oxydes mixtes sont
des  semi-conducteurs  de
tvpe p.

A mesure que le rapport
Ti(), :[Cr,0, augmente par e-
xemple de 1:1en Cr,0,-2Ti0,
a 1,5:1 en (r,0,-3Ti0,, la
courbe qui représente la va-
riation de la force électro-
motrice  pour Cr,0,-3Ti0,
s'approche de la ligne zéro,
et tend vers le semicon-
ducteur de type 11, et inverse-
ment.

Kun effet, dans la série
des polytitanates au chrome
connus 12—10] oit le rapport
entre Ti0,:Cr,0, augmente
de 1:1a 10:1, il v a pro-
bablement des semi-conduc-
teurs de type n, & partir d'un
certain rapport. Connaissant
fe fait que les semi-conducteurs

gk
é
+ 19
H13
1.3 . ,
(L2 16 174 ’g*.

103

1I'i g 6. Variation de lg K en fonction de —

g

- €O,
7. 1e coefficient de sélectivité ~—— en fone-

tion de la température

de type p sont plus actifs [11, 12] et donnent naissance a des réactions
jusqu’a 500°, alors que les semi-conducteurs de type n sont plus actifs
aux températures plus élevées, on a visé & établir si les oxydes mixtes
. étudiés présentent une éventuelle activité catalytique plus accentude,
Dans ce but on a choisi pour modéle expérimental la décomposition
de Tacide formique (HCOOH) dans lintervalle de température de 300 a

400°.

Les données expérimentales obtenues en 'absence et en présence des
oxydes mixtes étudiés (tab. 1, fig. 4) démontrent que le degré de décom-
position (x) de HCOOH sans catalyseur, dans le méme appareil (fig. 3) 4
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Ja méme température (300°) et ala méme vitesse d’alimentation (\7, = 0,72
cmj/min) est moindre que 209, pendant que, en présence des oxvdes mix-
tes, dans les mémes conditions x > 639},

Si la température s’éléeve jusqu’a 400° en Dabsence des catalyvseurs,
x devient environ 409, ; en présence des catalyseurs 4 la méme tempéra-

SPRN: | N
ture x > 859%,, la méme vitesse d'alimentation (Va = 0,72 M) étant
minute

maintenue.

minute

a la température de 400° en Vabsence du catalyseur x = 309 et en pré-
sence des deux catalyseurs, x dépasse 95°%, (tab. 3). Le volume des gaz
résultant de la décomposition, mesuré dans des conditions normales et
rapporté 4 1 em® HCOOH liquide, varie de la méme maniére, en fonction
de la température et de la vitesse d’alimentation, respectivement en Uab-
sence et en présence des oxydes mixtes.

Il résulte des diagrammes représentés (fig. 4, tab. 1), que la varia-
tion du volume de gaz lors de la décomposition de HCOOH rapportée o
un gramme de catalyseur dépend de la température et de la vitesse d’ali-
mentation.

Si on se rapporte au déploiement de la réaction de décomposition de
HCOOH sur différents catalyseurs (Pt. Cu, Ni, TiO,, WO, UQ0,, SiO,,
Cr,0,), P. Sabatier [12] et les auteurs japonais [137 estiment que
les réactions suivantes ont leu:

. Vs o . s x- 0,48 cm® HCOOH
Lorsque la vitesse d’alimentation diminue (Jusqu ay, = m)

—-CO, - H, (I) déshydrogénation
neoound .
=CO - H,0 (I1) déshydratation

2 HCOOH——CH.O -+ CO, -+ H,0O  (III) déshydratation
Les études entreprises par C. 1. Hagua e H. E Forns-
wortn [14] démentrent que la décomposition de HCOOH a lieu con-

formdément aux réactions:

—-H,LO, - I, -+ CO  (IV) déshydrogénation et dés-

2 HCOOH< . - o hydratation (concomitantes)
—H,COy — CO, -+ H,O (V)
-H,C,0, - H, (VI) déshydrogénation

2 HCOOH
<—>H2CQO4 - 2C0O, -+ H, (VII)

A la surface de contact peuvent avoir lieu des processus complexes,
en founction de l'augmentation de la température, et si les centres actifs
des catalyseurs sont des atomes de Ti ou Cr excédentaires, la décomposi-
tion de HCOOH a lieu de la méme maniére que pour les métaux [15, 16].
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Le mécanisme de la déshydrogénation, caractérisé comme un phé-
noméne accompagné de transport d’électrons, est porté sur le schéma:

HCOOH - HCOO- + H+  (VII)
(ads)
2 HCOO~- - H, -+ 2C0, (IX)

et la déshydratation comime processus ionique représentée par un wméca-
nisme 4 transfert de protons [18, 161 de la forme:

HCOOH - HCOOH* — ¢- (X)
HCOOH+ — H,0* + CO (XI1)
H,0+ - H,0 (X11)

T.P. Hohlova et ses collaborateurs étudient la décomposition
de HCOOH sur TiO, et ses solution solides avec WO, cu Fe,O; (en pour-
centages molaires réduits de 0,5—1,0%) déduisent un mécanisme de réac-
tion semblable aux réactions X, XI et XII comme réactions de déshydra-
tation ayant un résultat semblable a la réaction (II), conformément a Saba-
tier,

Fu analysant le mélange des gaz résultants (tab. 2) en présence des
oxydes mixtes qu'on a étudiés, on déduit que la réaction qui prédomine
a la décomposition de HCOOH est la réaction (I) indiquée par Sabatier
(127 Jui-méme, réaction qui pourrait étre accompagnée dans une mesure
réduite par la réaction (II) comme une réaction tout 4 fait secondaire.

La conclusion que la réaction (I) est prédominante est confirmée par
le facteur méme de sélectivité (CO,/CO) (tab. 2, fig. 7).

La présence de CO en quantité réduite (0,5—1,59,) pourrait dégale-
ment résulter de la réduction de CO, sur catalyseur mixte utilisé a cause
de la présence des ions 4 états d’oxvdation variables, c’est-a-dire les ions
Cr2+ et Tit+ a c6té de Cr®+ et Tid+

Tes ions Cr2+ ou Tid+, bien que présents en petite quantité, peuvent
favoriser des réactions de la forme:

CO, - 202+ — CO -+ 2Cr3+ L 0,
CO, + 2Tit+ — CO - 2Tit+ 4 0,

(XIII)

35 O,
5 0, (X1IV)

Ces derniéres réactions démontrent la présence d’un pourcentage tres
réduit d’oxygene dans ce mélange de gaz, a part la présence de O, trouvé
a Yanalyse des gaz, mais qui n’a pas été porté sur le tableau 2.

I apparition de l'oxygéne peut étre conséeutive au manque d’étan-
chéité parfaite de V'appareil.
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Le calcul des énergies d’activation apparentes pour la réaction de
déshydrogénation a ¢té fait sur la base des vitesses des réactions de décom-
position rapportées sur les tableanx 3 et 4, en appliquent 'équation [207 :

) 2-3-71.7T, » 1o K1 «
L, == Rlg 2
T, T, K,
olt
T, et T, représentent les températures de travail en deerés Kelvin
1 2 S >
R est la constante des gaz, en calories (1,96 calimol);
K, et K, sont les vitesses de la réaction de décomposition a I, et ..
1 @ 1 2
- - 1,
On a déternuné également des pentes des courbes leg Koo f I et
< i o .
o
. 1) N N .
e V== T =], le parametre m, ¢t 4 Talde de la relation:
bal [} JUN A1 I B
s . ) TN N «
1<, mR(T, - Ty (3)

on a caleulé les ¢nergiles apparentes activation qui sont reportées sur le
tableau 3.

En effet, le tablean § fait ressortir que les énergies apparentes d'acti-
vation des deux oxydes sont différentes, plus élevées pour Voxvde Cr,0,-
2Ti0, ; d'ailleurs ce fait a ¢ confirmd aussi dans le cas de la détermina-
tion de I'énergie d'activation apparcute a1'é¢tude des propriétés électriques.

Les énergies apparentes d'activation sont comprises entre 11 a4 15
Keal/mol dans Tintervalle de température 300--400°C, fait également
confirmé par d'autres auteurs 6, 117,

Les diagrammes dela figure 4 montrent aussi qu'a des vitesses rdéduites
Jd'alimentation, le degré de décomposition est plus éevé.

I'n ce qui nous concerne, lu vitesse optimum d'alimmentation est Voo

048 em?®/min,

I résulte des donndes préscutdes plus haut que:

a) Ies oxydes mixtes de 11 et Cr ont une semiconductibilité de type
y, mais 4 mesure que le rapport Ti/Cr augmente, la courbe qui représcente
a variation de la force électromotrice peut étre inscrite dans le demaine

. U . . .
zicgatlf(wg < ()) donc Ies oxydes mixtes respectifs se rapprochent du donaine
At )

\
!
1

des semiconducteurs de type .

b) La décomposition de HCOOH sur les oxydes suixtes a lieu par uie
réaction de déshydrogénation, dans lintervalle doné de tempdérature
(300—400°C), dans lequel ces oxydes se comportent comme des semivon-
ducteurs p.

¢) Le coefficient de sélectivité et les énergies apparentes d'activation
conflitment Ia bonne activité catalytique de ces oxvdes mixtes,

d) L’activité catalytique des deux oxydes concernant la déeoinpo-
sition de HCOOH présente de petites différences, qui ne sont pas signifi-
catives et qui pourraient étre attribudes a la composition chimique difié-
rente.
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IL’oxyde mixte Cr,0;-3Ti0O, présente un degré de décomposition un
peu plus accentué (96,19;) que celui de T'oxyde Cr,0;-2Ti0, (93,89%,);
U'énergie apparente d’activation est plus réduite (E, = 13,5 Kcal/mol)
pour le premier oxyde mixte que pour le deuxieme (E_ = 14,3 Kcal/mol).

‘a

Manuscrif vequ le 22 stovembre 14775
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ONIZI MICSTI CU TITAN 1V
(Rezumat)

Prin determinarea {ortel electromotoare s-a dedus ¢ oxizil CroOg-2Ti0, si CrgOy- 37110
sint semiconductori de tip p. Urmirind descompunerca TCOOH fu prezenta acestor oxi
rezultii cd ei au o actiusie catalitici mai accentuatd decit TiO, sau Cr,0;, considerafi sepurat;
oxidul Cry0;-3Ti0, prezintdi o actiune cataliticd ceva mai bund decit CryOy:2TiOQ,, remiarcat
prin gradul de descompunere, coeficientul de selectivitate si energia aparentd de activare.
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CMEHIAHHBIE OKHMCH C TUTAHOM (V1)

Onpefenenye THNA HOAYIPOBOAHMKA H KATaJHTHUECKOH JesiTeJLHOCTH OKHCed
Cr,0,-TiO, u Cr,0,-3TiO,

(Peswwme)

FlyTém onpefeenns 3JAeKTPOABHKYUIEH CHAEL aBTOPH! CHe/a/iH BLIBOX, 4T0 OKHCH Cr,0,-
-2Ti0, u Cr,0,-8Ti0, saBamoOTCS NOAYNpoBoAHMKaMH Thna p. [Ipocaexueas pasnomenne
HCOOH B npHcyTCTBHM 3THX OKHCell, CJ@JlyeT, UTO OHH HMelOT (oJ1ee NOBBILEHH YO KaTalHTH-
YECKYI0 JeATeJdbHOCTS, yenm Ti0, uau Cr,0,, , paccMaTpHBaeMble OTAeALHO ; oKHCh Cr,0,-3Ti0,
HMeeT HEeCKOAbKO JIVUIIYIO KaTaJlHTHUeCKYIO JesTeapHocTth , uem Cr,0,-2Ti0,, 4TO BHIpa-
JKAETCH  CTENEHbIO padioxelnns, Xo>DQHLUHEHTOM CeJeKTHBHOCTH H KaKYHIeHCH 3ueprued
AKTHBAUHH.



N-N'DISSUBSTITUTED DERIVATIVES WITH DIF-
FERENT RADICALS OF O-PHENYLENEDIAMINE

ILEANA GANEA, RUXANDRY TARANU, and ALEXANDRU POPESCU
The previous papers [1, 2] have shown that by condensation of o-ni-

trobenzylchloride (m-nitrobenzylchloride) with o-phenylenediamine, deri-
vatives of structure I can be obtained:

X =H
a { Rl = NO,
R, =H
cu,— 7 O
SN
/ N
N R, R, X =H
g I bR, =H
I e
L cH, -7 N R, = NO,
e =
X NH, R, R,
[X = Br
¢ h R, = NO,
{R,=H

The asymmetrical structure has been proved by chemical behaviour, infra-
red spectrum and, for the meta compound, by NMR analysis. By the con-
densation of 4-bromo-3-aminoaniline with o-nitrobenzylchloride a com-
pound of the same structure Ic has been obtained,

Formylation (acetylation) of amine I to an N-formyl (acetyl)-compo-

7 -+ Chemia 171672
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pound IT whicli is converted into a benzimidazolium salt under the action
of hydrochloric acid.

cH,—7 O
P
N R, R,
%f\h cn” N 11 R = H, CH,—CO—
M¥ders
' R, R,

By treating the benzimidazolium salt with NaOH a cleavage was obser-
ved [3] leading to the formyl (acetyl)-derivative. The above mentioned
data show that asvmmetrical derivatives with identical substitutes have
been prepared.

We were also interested in preparing asymmetrical disubstituted
aerivatives with two different radicals (benzyl and me-nitrobenzyl). For
this purpose, N-(m’-nitrobenzyl)-o-phenylenediamine was treated with
benzylchloride but in our conditions we have not obtained unitary com-
pounds. With the same aim in wiew we have used two other ways:

—The condensation of N-benzyl-o-nitroaniline with m-nitrobenzyl
chloride. In this reaction a debenzylation takes place 4° and we obtain
the compound III:

1o - 11
\/“\ k(_)g
N02

—The action of benzylchloride on N-acetyl-N'-{m’-nitrobenzy!}-o-
phenylenediamine IV. In this case we acquire a benzimidazole V {4]:

CH,—7 >
NH-—~ CH2// > N N0
/\\/ . ) . 4 S
o (Y
) NO, — | C--CH
\\ /\\ 2 ., 7 3
7 “NH-C—CH, AN

l
o

v A%



DERIVATES OF O-PHENILENDIAMINE [e]8]

Since the direct synthesis was not possible we tried an indirect one:
the alcaline hydrolysis of a benzimidazolium salt containing two diffe-
rent substitutes (benzyl and m-nitrobenzyl).

In correlation with the above mentioned 4! reaction we wanted to
test if a similar debenzylation did not occur when we prepared the salt
of benzimidazolium.

For this purpose we used two methods and in both of them the pro-
ducts were marked on the benzene nucleus with Br in different positions:

Al
NO,
* : ; 27N\
Br NH, NO, Br N--CH -
AN - 0 / SN N S
g S¢S Y
. ~ '\\\\ I'I == N '/ ~ ) rc {.1
N NH-c—cH, 7 UNH-C—CH, —
! i
O O
VI VII
O NG
NO,
. / \ B y 2
BTN B N—cH,—7Z N
I B TN
~ \\‘\’H CCH N /C“”(,Ha
A‘ —_— —_ . 3 'N
!
O
VIII X l ”/\,“CHzCI
A
B.
Br_ NO, i NO|*
\\//\\ N /—' Br __J
Iﬁ“* /1\ /”C—CH3 CICH2—<=> \\)\//\\“ \NwCHz“{ \
XN AN /\;\;/C-CH3 o Cl-
2 T
it N CH.—7% N\
N
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THCI
Br NH—-C—CH, Br NH,
,\/,\\/ ,' ™ /\\/
f /J O I /i
AN AN
7 N_C—CH, N NNH
I l Van
Z7 N\
CHO 77 CI{2~\:/
TN A
XII XI

Thus we obtain the same product X. The reaction occurs without
debenzylation.
By alcaline cleavage the amide XIV was formed.

NO,
_—// )
NN\ S N ==
o
N AN I
N—C—CH,
| o
ug_<_§
XIv

Physical constants, the identity of infrared spectra, prove that we
have obtained the same benzimidazolium salt and the same amide, sym-
metrically dissubstituted. For the amide XIV the infrared spectrum shows:

— at 3340 cm~! a sharp band corresponding to the secondary amino
group >NH

— at 1660 cm~*! the band of v co (amide I).

We have also demonstrated that dissubstituted derivatives of pheny-
lenediamine with two different substitutes can be prepared by alcaline
cleavage of the benzimidazolium salt only in the symmetrical form.

Experimental

4-Bromo-2-amino-acetanilide (VI)

1 g. 4-Bromo-2-nitro-acetanilide [5] was dissolved to warm in 10 il ethanol. To this
solution 1 ml of hydrazine hydrat was added and some miligrams of nickel prepared from
nickel formiate. The reaction was conducted by boiling on water bath 4 hours. The solution
was reduced to a small volume, and the residue dried. Recrystallized from water. White
crystals melting at 158°.
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Yot

4-Bromo-2-(n -nitrobenziliden-amino)-acctanilide(VII)

2 g. 4-Bromo-2-amino-acetanilide (VI) with 1,2 g. m-unitrobenzaldehide was refluxed

in 30 ml ethanol 1/2 hour. After cooling 4-bromo-2-(m’-nitrobenziliden-amino)-acetanilide
precipitates as yellow needles. Recrystallized from cthanol. M. p. 195°

€ HBrN,0,((362,2)

Caled : C 49.74 II 3.34 Br 22.07 N 11.60
Found: C 49.89 I1 3.78 Br 22,12 N 11.76

A-Browoe-2-(m’-uitrobenzyl-aminoy-acelanilide (VI1I1I)

ay 1,9 2 4-Bromo-2-amino-acetanilide (VI) and 2,5 g m-nitrobenzyl tosylat were sol-
ved in 80 ml ethanel. Tt was boiled on water bath 4 hours, precipitated with water, alkalified,
recrystallized from water-ethanol and then from benzene. Yellow crystals melting at 152°—3~
after several recrystallisations. Yield 2,5 g.

1) To a suspension of 1 g VII in 40 ml methanol 0.5 g NaB,I were added grodually
and under stirring 1/2 hour. The reaction was completed by heating on a water bath 1/4 hour.
The solution was poured in water and alkalified. The precipitate was {filtered and recrystal-
lized from benzene. Yellow crystalls. M. p. 152¢ 153"

Cp 1, BrN,0, (364,2)

Caled: C 4947 I 3.87 Br 21.94 XN 11.53
Found: C 49.51 11 4.04 Br 22,12 X 11.88

7-(m-Nitrobenoyl)-2-methyl-6-bromo-benzimidazole (1.X)
y

2 ¢ 4-Bromo-2-(m-nitrobenzyl-aminoj-acetanilide  were Doiled 0.5 hours with 25 il
HCL 1/1. The solution was reduced to a small volume, alkalified, the precipitate washed with
water and reerystallized from ethanol. White erystals M. p. 158°--160° Yield 1.8 g.

€ HLBrN,0, (346,2)
Caled: N 1214
TFound: N 11.83

1-Benoyl-2-methyl-3- (wm-nitrobensyl)-6-bromo-benzinida ile hvdrochloride (X).

[

a) 1 g Z2-methyl-3-(m-nitrobenzyl}-5-bromo-benzimidazole  was  tretead with 0.5 i,
benzyl chloride. The mixture was heated 12 hours at 1407 in a sealted tube. The crud: pro-
duct was  treated with benzene and reerystallized from absolute ethanol. White crysials,
sielting ot 262°,

by The same product can be obtained by condensation of 0,5 g 1-benzyl-2-meothyl-5-
bromo-benzimidazole with 0,3 ¢ menitrobenzyl-chloride in the same conditions.

Cop 1T, BreIN,0, (472,8)
Caled: C

55.95 1I 4.05 {AgDr -4 AgCl 7216 N 8.89
I'ound : 56.42

(
IT 413 {AgBr -1 AeCly 7143 N 9.05

2-cluino-d-bromo-N-benzvi-aniline (X 1)

5 ¢ 2-Nitro-4-bromo-benzyl-aniline {67 are dissolved in 35 ml ethanol by heating,
To this solution § ml hydrazine hydrat and some milligrams nickel from nickel formiate
were heated. The solution was refluxed 4 hours, filtered, reduced to a small volume and

the residue recrystallized from ethanol. White crvstals with M. p. 85° Vield 2,5 g.

C,Hy,BIN, (277,2)
Caled: N 10.11
Found: N 10.50
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2-_lcetylamino-4-bromo-N-benzyl-acctanilide (XNII)
1.5 ¢ 2-Amino-4-bromo-henzyvi-aniline (XI) are refluxed with 15 mi acetic anhydride for
0.3 hour. The solution was poured in water, filtered, recrystallized from ethanol. White crys-
talls 3L p. 166°
4,1, BrNL0, (361,3)
Caled: C 5

7.52 M 474 N 7.76
Found: C 57

7.12 H 489 N 8.15

7-Benoyl-2-methyl-5-bromo-henziinidasole (NIIT)

1,5 ¢ 2-Acetvlamino-4-brome-N-benzyl-acetanilide (XTI} are boiled for 0,5 hours with 15 mi
HCY 1.1, The solution reduced to a small volume treated with water, alkalified with Na,CO,,
filtered and washed with water. Recrvstallized from ethanol. Yield 1 g White cristalls
JLop. 133¢

CLIT,BrN, (301,2)

Caled: N 9.31
Found: N 891

Ny -Benzyl-N ~acetyl-Ny-(n-niticbenzyl)-d-bromo-o-phenylenediamine (XIV)

1.5 ¢ Hydroclhloride X are dissolved under lieating in several ml ethanol. This solu-
Lion treated with some drops of NaOH and that diluted with water. The precipitate
is fitered and recrvstallized from cthanol. Yellow crystals M. p. 178°—9

Ca ML BN, O, (454,3)

Caled. C 33.16 T 444 Br 17.59 N 9.25
Tound: C 3854 11 4.76 Br 18.02 N 9.61

e fnfrared measurementes were carried out in the spectral laboratory of the Institute
of Chiemistry Cluj with a recording double beam spectrophotometer in KBr pellets (cme, 1 mg
subst. /a0 mgr KBr).
The elemental analyses were performed in the Amnalytical Laboratories of Tabes-
voi University and tlie Institute of Chemistry Cluj.

( Received November 55, 1971
{ , ;

CONTRIBUTIUNI LA STUDIUL TFORMARII DERIVATILOR N, N'-
DISUBSTITUITI AT O-TENILENDIAMINEI
(Rezumat)

Prin hidroliza alcalind a wnor sidruri de benzimidazoliu disubstituite (X) se obtin derivati
ai o-funilendiaminel disubstituiti cu doi radicall diferiti (benzil §i m-nitrobenzil}.
Se formeazd produgi cu structurd simetrici (X1IV) fird sd aibd loc debenzilari.

K HCCJAEIOBAHIIO OBPABOBANMY N, N-ABYX3AMEUIEHHDBIX IMTPOH3BOIHDIX
o-PEHMAE HINMAMHHA

Peswe)

Ty ~ o . By N Cs e Y : , - Y P .

TIVTEa T1eaounoro TuApoiisa HexoTopnix ABY X3aMemdunux cofelt Gensmitazoaa (X)
MOAYUROTOST ABY X3aMeILEHHBIe 1POHBBOAILIE O-DeHHIeH THAMUHA ¢ IBVMI PA3JIHGHLMA PaldKa-
JavH (Genswal H O M-HITPoDensin).

Y 0y N . R E il o AV J. i

Qopasyiores coedimentst ¢ crnterpiieckoil ctpyrtypoil (XIV) 1 e 1poHCxoaaT defen-
SHAHPOBANITS,



ACRIDONY, (XLIV*)

Spectrele de rezonantd magneticd protonicd ale nitroacridonelor

1. PANEXY si M. TONESCU

Aplicabilitatea unor derivati ai 4-nitroacridonei (I) drept coloranti
pentru fibrele poliamidice st poliesterice [1, 2] a ldrgit interesul pentru
nitroacridone. Prin nitrarca acridonet (I1) in diverse conditii se obiine
un omestec de 2-(I1) ¢ 4-nitroacridond [8, 4], respectiv acestea st 2.3
dinitroacridonda (1V) 41

Corelarea reactivitdtii cu deplasarea chimicd RMN [5—9] si posibi-
litatea de analizd cantitativd ¢ si/i a amestecurilor, oferitd de R.ALN. 7107,
ne-au sugerat inregistrarea si interpretarea spectrelor RMN (TH) ale 2- i
d-nitroacridonei in scopul explicdrii decurgerii nitrdrii acridonei, respec-
tiv analizel produsilor acesteir nitrari.

AMentionam ¢d cele doud nitroacridone sint primele acridone substi-
tuite pentru care se face o analizd completd a spectrului RMN (*H). Ana-
liza completd a spectrelor RMN a ucridonelor substituite poate prezenta
interes si sub aspectul stabilirii structurii alecaloizilor acridonici, de exen:-
plu, intrucit modal de influenture a parametrilor RMN de cidtre substi-
tuent poate i caracteristic tipulul de substitutie (vezi [11, 127). De ait-
fel, spectrele RMN ale alcaloizilor acridonici aun fost folosite in acest sens
12,137 s fard o analiza completi.

Bezultate si disengia lor. Cele doud cicluri marginale din nitroacri-
done se considerd a fi independente unul fajd de celdlalt (vezi [6, 97), spec-
trele lor RMN, de pseudoordinul I, fiind analizate ca sisteme de patru
spini, ABCD, pentru ciclul nesubstituit, respectiv de trei spini, ABC,
pentru ciclul substituit, cdrora 1 se aplicd ca perturbatii de ordinul inti
cuplirile intercicluri fntre protonul H (NH) si protonii ciclurilor margi-
nale — Hi (unde i == 1-—8).

Spectrul RMN ("H) si diagrama de scindare a 4-nitroacridonet {I) sint
redate in fig, 1.

* Nota NLUT: I, Goia si M Tonescu, Stud. Univ, Babes-Bolyai, Chem.
17 (1, (1972,
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Fig 1. Spectrul RMN () o diagrama de scindare a 4-nitroacridonei.

Semnalele (pikurile) RMN au fost atribuite protonilor individuali pe
baza dezecranirii puternice exercitate de grupa carbonil ciclicd [9, 12, 14)
asupra protonilor invecinafi, constantelor de cuplare (Jun) respectiv despi-
carii semnalelor, efectelor iutroduccrii substituentului (—NO,) in cele
doud pozitii diferite ale nucleului acridonic, intensitiitii semnalelor si compa-
rarii cu parametrii R.M.P. ai acridonel si tioacridonel 16,9]. Rezultatele
interpretdrii  spectrelor RMN (*H) ale celor doud nitroacridone si
a acridonei [6, 91 sint prezentate in tabelele 1 si 2.

Deplasdrile chimice RMN (valori 3, in ¢ps sau ppm) si constantele
de cuplare (J, in cps) au fost obtinute direct din spectrele experimentale.
Deplasarile chimice (3) cresc spre valori mici ale cimpului fatd de tetra-
metilsilan (T.M.S.) pentru care § = 0.



Deplasirile chimiee (5. eps) ale protonilor compusilor examinafi

Tabel 1

\\\ Deplasarea
~._ Chimica
\\m ops. a

Compusu

acridoni 504,20

2-nitroacridond (542,25
4-nitroacridoni |528,00

10

4 .
a) Byop = Byop — By, dar By = 2 ) bir,

1

1

i
S, o, A, 81, T A, 3 11, ot
a)
443,70 473,80 460,40 460,40 473.80 443,70 504,20 712,50 4033,00 | 1882,10
respectiv
4016,30
- 512,85 463,45 460,20 477,65 448,85 501,25 744,60 4150,25 | 1887,95
452,00 528,00 - 489,65 475,00 448,65 502,50 688,00 4111,80 | 1915,80 1)

1) Din accastd valuare se scade contributia compresicl sterice {~ 30 ¢ps, vezi mai departe) pentru a avea valori comparabile, obtinindu-se astfel suma

8
compatabila, E Siv v IRR5R0 ons,
i s

Constantele de cuplare (§) uale profonilor din aeridond. Z-nitvoacridonit si 4-nitroacridond, in cps

Tabel 2

Const.  de ‘ 7
cupnlare - 7 110 J& 10
inocps | Jaa| Jua | Jus | Jas | Jus Jaa Jis Je8 Jss Jeur Js.2 st,G "‘Js'm Jao Ja0 Jato ’

. *Js.10 o
Compusul !
|

acridoni 80116104 16211,6/]83 8.0 1.3 0,4 6,2 1.6 8,3 0,4 0,3 0,3 0,4 0,3

2-nitroacridond - 20 9.3 8,1 1,6 0.4 6,6 1,6 8,2 0,4 — 0,4 0,5 0,4

4-nitroacridond 82714 { 8.0 8.3 1,6 (0,4 7.0 1,6 8,83 0,4 1,0 0,5 - 0,4

{ATTX) aNOUDV


ISS5.SU

106 I. PANEA, M. IONESCU

Remarciam ca foarte interesantd dedublarea semmualelor corespunzi-
toare rezonantei protonilor H, si H, din 2-nitroacridond, pe care noi o
presupunem a se datora unei pseudotautomerii, care implicd pentru una
dintre forme (V) legitura de hidrogen intre H, si oxigenul carbonilic, iar
pentru cealalta forma (VI), legitura de hidrogen intre H, si un oxigen al
eorupei nitro®. (Vezi ¢ 15]). Valorile deplasirilor chimice ale protonilor
I, «i H; pentru forma preponderentd (~709,) sint date in tabelul 1, iar
pentra cealaltd formi (~30%) ele au valorile 8% == 531,2 cps si 8% == 517,7
cps. Aceasta pseudotautomerie determind si o oarecare largire a celorlalte
semmnale In spectrul RMN al 2-nitroacridoned.

0

0
\ N <IND,
o 112 Ny N

7 ) 2 ! 1
[ : o NG g
N G il
5 INo & \ I il
H 0

il Nr—NO,

I + T + lN/l\/

0'--H Ho---- 0 0

N X-NO NG RN
| 2= + 0% | .

H i § o NG,

Influenta grupei nitro asupra deplasdrii chimice, Fxaminind tabelul 3
se constatd cd grapa nitro de pe nucleul benzenic al ciclului acridonic are
o influentd similard asupra deplasdrii chimice a protonilor acestui nucleu
cu aceea din nitrobenzen [14a, 153—177, respectiv nitrotiofeni 181,

* Formulele V' osi VI corespund structurilor limitd care explicd formarea legiturilor de
hidrogzen mentionate.
5 '
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Tabel 3

Efectul substitwuentului — N0, asupra rezonantei protonilor aromatici (deplasarea
relativii fatd de rezonanta protonilor corespunzitori in compusi
nesabstitaiti. in ppm)

1 . .
) Deplasarcea relativit a rezonantei
Compnsul . protoutlor din Literatura
} orto ) meta para
nitrcbenzen ) L080 0,15 0,30 18"
v 096 0,30 0,42 115, 17°
" i 1Luo 0,30 0,40 [4a]
Zonitroseridond ; 1, G4resp 003 - lucrarea prezentd.
L0853
4-nitroacridond 0,90 0,14 0,40
Zaaitrotiofen 0,82 0,03 0,30 [181
S-nitrotiofen 0,95resp 0,03 -
0,60

[SUREN

mentionat dileren{a substantindd fntre dotele 1687 5 CMda, 13,0 171, referitoare In nitrobenzen.

Avceastd influentd este In functie de pozifia pe care grupa nitro o ocupi,
ca s cazul tiofenutui (187, Astlel, deplasarile rezonantei protonilor aeri-
donici din nucleul substituit, provocate de grupa nitro in 4-nitroacridona
sint similare celor din Z-nitrotiofen, iar in 2-nitroacridoni celor din 3-nitro-
tiofen. Avind in vedere faptul cd influcnfele substituentilor asupra depla-
sdrii chimice in sistemele aromatice se transmit in gpecial prin efecte de
conjugare [17—19] putem aprecia ¢i aceste efecte se transmit in ciclu-
rile marginale substituite ale acridond ca in benzen si tiofew.

<8
Influenta grupel nitro asupra ciclului marginal nesubstituit (\'eziz 3,

- tahel 1) este redusd, ea transmitindu-se prin efecte de conjugare.

Deplasarea destul de puternicd (~0,5 ppm) spre clmp inferior a rezo-
vanter Hy din 4-nitroacridend o atribuim unuil efect de compresie sterica
(vexr 117, 19h7) imprimat de grupa nitro, voluminoasd, spatial apropiata.

Influenta grupel nitro de pe ciclul marginal pe cel median al acridonet
poate {1 urmaritd In deplasarca provoecatd asupra rezonantei protonului
Hyy (N—H) ¢ in modificarca efectulut dezecranator al grupet >C = C
acridonice. Examinarea tabelului 1 aratd ¢d rezonanta protonului N—H,
in nitroacridone cste serios deplasatd fatd de acridond. In 2-nitroacridona
(32 ¢ps) aceastd deplasare se explicd prin efectul de conjugare normal
al grupel nitro, care provoacd o micsorare a densitidtii de clectront gt dect
o dezecranare la nivelul N—H-lui (Vezi III).

In 4-nitroacridona are loc o deplasare inversia (—24,5 cps) celei din
Z-nitroacridond. Isxplicatia acestel comportdri constd in impiedicarea ste-
rica a asocierii 4-nitroacridonei prin legiaturi de hidrogen sau prin interac-
tiuni dipolare (vezi "97), respectiv in retardarea cfectelor electronice —
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care favorizau aceastd asociere — prin efectele de cimp ale grupei nitro
din pozitia 4.

In acest fel scade Lontribuﬁa structurii betainice (VII) la starea reald
a moleculei de 4-nitroacridond, in raport cu acridona, respectiv a asocie-
rii, care, ambele, au drept efect intarirea legiturii N—H i deci deplasa-
rea rezonantel H10 spre cimpuri mai inalte. A;a cum era de asteptat — pe
baza caracterului electronoatrigator al grupei — NO,, respectiv sciderit
asocierii — iIn ambele nitroacridone are loc o intdrire a caracterului de
dublad legaturd a grupei >(, == O, reflectatd in micsorarea efectului deze-
cranant [9] al acesteia asupra orto-protonilor (Hg) (vezi tabel 1).

Se stie ca deplasarile chimice RMN (*H) se pot corela cu densititile
de sarcina [5—9, 18, 19), ele putind servi pe aceastd bazd la aprecierca
reactivitatii compusilor organici 6, 7, 9, 15, 19]. Reactivitatea de ansam-
blu a moleculelor organice se poate aprecia din valoarea deplasdrii chimice
totale (8i0r). In scara 3§, de exemplu, reactivitatea fatd de reactantii elec-
trofili este maximi und St este minima. Pentru a avea date compara-
bile pentru compusii substituiti si unesubstituiji se determind deplasarca

chimicd totald comparabili, SM == St 811*, unde 3y, este dephsmm
chimicd a protonului compusului n(aubs’mtmt din pozifia corespunza-
toare substituentului din nitroacridona [97.

La examinarea din acest punct de vedere a tabelului 1 se constatd,
conform asteptarilor, o puternici dezactivare a moleculei nitroacridonclor
fata de substitufia electrofild. Dintre cele doud nitroacridone mai reactiva
este 4-nitroacridona, ceea ce ne arati ci la nitrarea acridonei cu forinare
st de 2,5 dinitroacridond, aceasta rezulti prin nitrarca 4-nitroacridonci
(vezi si [3]). Formarea 2- si 4-nitroacridonei in aceastid nitrare [3, 4] se
infelege simplu pe baza deplasidrilor chimice RMN ('H) minime in pozitiile
2- 51 4- ale acridonei (II) [6, 9.

Amestecul de acridond, 2- si 4-nitroacridond rezultat la nitrare se
poate analiza cantitativ foarte simplu cu ajutorul RMN {vezi [107) futru-
it componentii au pikuri caracteristice ce nu se suprapui, corespunzitoare
rezonantei N—H-lui (H,,) lor. (Vezl tabel 1).

Influenta grupei nitro asupra constantelor de cuplare. Influenta gruped
nitro asupra constantelor de cuplare a protonilor in nucleul benzenic st ubsti-
tuit din ciclul acridonic este aproximativ aceeasgi cu a grupei nitro in nitro-
benzen (vezi tabel 4).

Intrucit raspunzat(mrc pentru modificarca constantelor de cuplare de
citre substituent sint in principal efectele inductive ale acestuia [17, 20, 21]
putem conchide cd transmiterea lor in benzen i ciclul marginal substi-
tuit al acridonei este similard. Conform asteptdrilor aceste efecte induc-
tive nu se transmit in celdlalt ciclu marginal intrucit constantele de cuplare
din acesta, Jij (i =5 sl i,j == 3—8), sint practic identice cu cele din acri-
dona nesubstituitd. Aceastd transmitere foarte redusd a cfectelor clectro-
nice ale substituentului de la un ciclu marginal la celdlalt (vezi si influenta
grupei nitro asupra deplasdrii chimice a protonilor din ciclul marginal
nesubstituit) justificd insdsi ideea de interpretare a spectrelor RMN a com-
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Tabel 4

Modificarea constantelor de cuplare provecati de grupa nitro in diferite eom-~

4 3
pusi de tip 3/ \\--NO

21
Modificarea constantelor de cuplare .
Compusul Literatura
Je | Ju | Jwo | Ju | I | Ja
sitrobers 0,821 —0,19 —0,14 1,03 —0,07 0,11 [17, 21]
mitrobentzen 082 —022 | —021 0,98 —0,10 | 0,05 (16]
2-nitroacridoni 1,00 — 0,00 0,70 -— - lucrarea
4-nitroacridond 1,80 ' —0,20 — ‘ e —0,20 — prezenti

pusilor acridonici, care considerd independente cele doud cicluri marginale
(vezi [6, 9]).

Referitor la constantele de cuplare a Hyy (N—H din ciclul median)
mentiondm cd nici ele nu sint modificate de substituent, cu o singurd excep-
tie, Ja,0, in 4-nitroacridona. Motivele care provoacd importanta crestere
(0,6 cps) a Jpq nu sint clare, aceasta putindu-se datora unei conjugiri
imbunatatite intre pozitiile 2 ¢i 10 ca urmare a interventiei grupei nitro

din 4.

Parte experimentald (vezi si [9). Spectrele RAMN('H) au fost inregistrate* cu un aparat
Jeol NMC-60 HL, de 60 MC/S, folosind ca solvent dimetilsulfoxidul (DM$S) nedeunterat, iar ca
standard extern T.3M.8.

S-a lucrat pe solutii saturate, la temperatura de 20°C, cu exceptia 4-nitroacridonei, al
cirei spectru a fost inregistrat la 60°C.

Acridona [22] si nitroacridonele [3,22] au fost preparate conform literaturii citate.

(Intrat in redactie lo O noiembrie 1977)
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AKPHIOHDI (XI.1V)

Cnekmpbt NPoMoORHOL0 MAZHUNHO20 PCIOHUHCA HUMPOAaKpuJdoHos
(Peswoye)

Tlposenén noanuil ananns SMP (*H) cnextpos 2-n4-nutpoakpuaona. [loayueinsle pesyib-

TATH CAYKAT Lst o0bsiCHeHusT crocofa NMpOTeKaHHs HHTPALMM aKpHAOHA M A9 BLISBJIEHHH
BO3MOIKIOCTH KOJaHYecTBenHoro SIMP anaiHza cMecH, poayuepHoll IPH HHUTPauHH.

Ha

B AanbHelem PaccMaTpHBaeTCsl BJHSIHHE HHUTPOTPYMNbL Ha XHMHUECKOe CMellcHHEe i3
NIOCTOSIHHbIE CUENJIeHHsT aKPHJOHOBLIX TIPOTOHOB.
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ACRIDONES (XLIV)
Les spectves de vésonance magnétique protonique des nilvo-acvidoines

Résum¢d)

Le présent travail donne une analyse complete des spectres RMN (*H) de la 2-et 4-nitro-
acridone. Les résultats ainsi obtenus servent i l'explication de la fagon dont s'effectue la
nitration de lacridone et 4 la mise en évidence de la possibilité d’analyse quantitative
RMN du mélange résultant de cette nitration.

On examine ensuite l'influence du groupe nitro- sur le déplacement chimique et sur

les constantes de couplage des protons acridonmiques.






REACTII FOTOCHIMICIE, IN SERIA DERIVATILOR
o-NITROBENZILIDEN-ACETALILOR (XXIII¥)

[Tri-0-(2,4-dinitrobenziliden)-sorbitolul]

l:\(’il(]. 10AN TANASESCU si ALEXANDRU OTEA

Continuind cercetarile intreprinse privind acetalizarea poliolilor cu alde-
hide aromatice orto nitrate, atentin noastrd s-a indreptat asupra 2,4-dini-
trobenzaldehidei. Acetalizarea 2 4-dinitrobenzaldehidei cu sorbitolul s-a
efcctuat dupd metoda lui Tollens si Apel [2] in prezenta aci-
dului sulfuric de concentratie 7397, metodd preconizatd si la acetalizarea
o-nitrobenzaldehidei cu acelasi alcool polihidroxilic, de I. Tadndsescu
si . Macovski [3].

Produsul reactiei, d¢ culoare creme-portocalie, criptocristalin, are
p.t. 22135°, cu prealabild contractie, ceea ce face probabili prezenta unor
stereoizomeri in amestec. Purificarca produsului de reactie evidenfiaza
intr-adevir existenta mai multor izomeri, care au fost obfinufi prin recris-
talizare fractionata.

Prin reeristalizare din ctanol se obtine o fractiune cu p.t. 135 —140°"
Se continud recristalizarca fractionatd cu alcool izoamilic, cind se mai
izoleazd Incd trei fractiuni care au urmditoarele puncte de topire: 191°—
1957, 202°—205" ¢ 235°—237 . Iractiunile obtinute nu au puncte de
topire nete st toate inainte de topire suferd contractie, inmuiere i chiar
inchidere la culoare.

Culoarea acetalului variazi de la o fractiune la alta. Astfel izomerul
cu p.t. 133°—140° este de culoure crem-portocalie, iar izomeral cu p.t.
2357—237° este de culoare albd-crem. Fractiunile intermediare prezintd
o deschidere a culorii lor, cu atit mai accentuatd, cu ¢it punctele de topire
sint mai ridicate.

Analiza clementard cantitativi si determinarea greutdfii moleculare
indicd formarea unui triacetal.  Tri-0-(2 4-dinitrobenziliden)-sorbitolului
it atribuim formula I, care este in concordantd cu datele experimentale

* Nota XNIT: vezi [17.

8 Chemia 11972
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si cu regulile constatate &1 codificate privind formarca ¢ stabilitatea
ciclurilor acetalice [4—7].

Consideram c¢d alituri de 1:3—2:4—5:6-tri-0-(2,4-dinitrobenziliden)-
sorbitol (I) se formeazd s 1:2—3:4—5:6-tri-U0-(2,4-dinitrobenziliden)-
sorbitol (II), desi, dupd regulile amintite, Tu cazul acestui acetal apar doud
cicluri o« s un ciclu oT, care, evident, sint mai putin privilegiate decit
ciclurile BC i B. Cu toate acestea, formarca acetalulut I nu o excluden
intru totul, deoarece formarea ciclurilor acetalice depinde si de nature
compusului carbonilic, Barker si colaboratorii (67 aratd cd gruparile
voluminease trebuie si aibd un rol important in formarea ciclurilor o i
oT in cazul cetalilor. Gruparea 2 4-dinitrofenil fiind tot o grupare v olu-
minoasd, probabil ¢ determind un efect asemiandtor,

0—CH HyC-—0- :
/0 2, HC% NG,
O,N H H(,.‘~—0\ HC-—0" N
\ n | NGQ
0, 0—CH HC‘{/‘W\\/\ N, - 0 oH
7 0o N~ O ey
HC—O0 NO, 2 N HC-——O
f NO,
HC—0~ HC— 0~
| HC—/ \ NO ; F}C »NC,
H,C—07 == H,C—0 ;—J
NO,
1 Il

Dupa atomii de oxigen 5C care s¢ sjtueazd la o distanta de 251 A,
in ordinea distantclor urmeazd atomii de oxicen o) care se situeaza la
o distantd de 2,83 A 6. Pentru o mai mare apropicre a celor doi atomi
de oxigen, ceruta de formarca unui ciclu dioxolanic, este necesard o rotire
de 60° In jurul legaturii Cpy, — Cip, corutd de configuratia treo a acestor
atomi de carbon. Tuergia nccesardt rotirii, pentru a pumltc formarea ciclu-
lui acetalic, va putea {i atinsd de un numdr de molecule, ca in cazul 1:2—
3:4—5:6- tr1 O-izopropiliden-sorbitoluiui 8

Admitind formarca celor doud structurt (I i 11) i luind in conside-
rafie atomii de carbon Cpy benzilidenici asimetrici din ciclurile acetalice,
devine evidentd existenta unui nuwmdr relativ mare de stereoizomeri, fapt
semnalatde ID. Radulescu I Tandasescu si colaboratorii LJ» 141.

Acetalizarea s-a mai efectuat si in prezenta altor agenti de condensare

P,0; 1 acid polifosforic. In toate cazurile prin recristalizare fractio-
patd reusim £a scpardm cel putin dol izomeri.

Sub actiunea radiatiilor solare, sau a radiatiilor ultraviolete, asupra
acetaluluil in solutie benzenicd se depune un precipitat calben-verde, evip-
tocristalin.
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Este de remarcat ¢d acetalul cu p.t. 135—140°, este cu mult mat
solubil in benzen si in alfi solventi, decit izowerii sdi cu p.t. mai ridicat.

Diferenta de comportament intre izomerii acetalulul se constatd =i
in cursul izomerizirii fotochimice. Izomerul cu p.t. jos se fotoizomerizeazi
mai repede decit izomerii cu p.t. ridicat. Iiste foarte probabil ca acestia
sd treacd in cursul iradierii in izomerul cu p.t. jos, mai labil si deci mai sus-
ceptibil la fotoizomerizare [9, 101.

In urma fotoizomerizirii rezultd grupuri hidroxil si nitrozo.

0H NO Hl
HC o\c/ cIZ~0H? NO
Hc-o/ <i> H?—O—~
111 v

Iutr-un studiu  efectuat pe  1:2-cis-O-{o-nitrobenziliden)-ciclohiexan-
dicl de 8. Mager si M. Tonescu (1] searatd cd dintre cele doud

structuri in dmcu‘,ue [13» — cea dioxolanicd (I11) [16—19] si cea eosteric
(IV) [207 — in cursul {otoizomerizirii se formeazd cea din urma,

Izomerilor fotochimici le atribuim dintre mai multe structuri posibile
structurile V si VI. Din cele trei cicluri acetalice se deschid doud, punimi
in libertate doud grupari hidroxil, evidentiate printr-o reacfie de benzoi-
fare (VII} ¢f doud grupdri nitrozo, care prin condensare cu qmlma fornens
azoderivat (VIII).

Y VI
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Se remarcd fn cele doud formuldri (V, VI) ale izomerilor fotochimici
absenta grupirilor hidroxil primare, ceea ce concordd intru totul cu fap-
tele experimentale. I<0t(>1/,umcrii nu dau reactiile caracteristice hidroxi-
hlor primari [15, 21, 227,

Pentru punerea in evidentd a ciclurilor acetalice care nu au reactio-
nat Inoinsolare s-a facut o hidrolizd in mediu apos alcoolic a izomerului
fotochimic cu acid clorhidric (1:1). Dupd addugare de fenilhidrazind, se
formeazd fenilhidrazina 2 4-dinitrobenzaldehidei. Aceastd reactie s-a efec-
taat cu izomerul fotochimic, cu dibenzoil, ditosil si azo derivatul produsu-
[ui (e insolare. In toate cazurile se formeazi fenithidrazona, de culoare rosie,
caracteristicd 2 4-dinitrobenzaldehidei, ceca ce ne aratd cd in izomerul
fotechimic st in derivatii «ai existd cicluri acetalice (2,4-dinitrobenzili-
den n ' care n-au suferit fotoizomerizare. Prezenta ciclurilor acctalice a
mad fost pusd in evidentd si prm metoda lui Tseu si Chow [23].

Izomerul fotochimic supus in mediu alcoolic unei hidrolize alcaline,
pune 1 1 libertate anionul o-nitrozo-p-nitrobenzoic.
ri-0- (2 4- dlmtrobelmhdcn) acetalii sorbitolului, izomerul fotochimic,
i bl toti derivatii =i, sint substante foarte puternic electriza-
bile, fvnomen semmalat ¢i in memoriile anterioare publicate de I. T4 n &-
¢ =cu st ocolaboratorii,

) 10
ch«o-tc‘—/?‘/ SO,
|
HC O
I \ AR
) coocu HC /7 NO,
:‘ / ‘:Z‘,/
HC -0 NO,
|
HC 0-C0-C He

H, C 0-C {V>”02

A

Observatii anterioarc |14, 24] ne aratd c¢d acetalii nitrobenzilidenici
sint usor hidrolizabili daci ﬁmctm nitro este redusi la functia amino. Ca
agent reducitor s-a utilizat triclorurd de titan in mediu de alcool izoa-
unlic 1 acid acetic. Dupad reducere, care este urmatid de hidroliza, sorbi-
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tolul se gdseste in stratul apos, care dupd neutralizare se aduce la sec in
vacuum. Reziduul care confine sorbitolul se extrage cu piridind anhidri,
cu care formeazd un complex molecular, descris de H. H. Strain [25],
Identificarea poliolului se face cu ajutorul aldehidei benzoice in mediu
acid. Se formeazad dibenziliden sorbitol [26].
In concluzie, sorbitolul se recupereazd nemodificat si deci in cursul
fotoizomerizdrii nu a suferit epimerizare.

Partea experimentala.

Tvi-0-(2.4-dinitrobenziliden )-sorbitolul (1 si 11} A) Intr-un flacon conic de 50 cm?® s
solvd 2 g sorbitol fin pulverizat in 15 cm? acid sulfuric de conc. 759, la care se adaugd,
agitind, in portinni mici 7 g 2,4-dinitrobenzaldehida. Se lasi la Intunmeric la temperatura
camerei, timp de 24 ore. Continutul flaconului se toarnid intr-un pahar Berzelius cu apd.
Dupid decantare se spaldi de mai multe ori pe pilnie cu apd pentru a indepirta scrbitolul
nereactionat. 2,4-Dinitrobenzaldehida in exces se indepiirteazd prin spilare pe pilnic cu eta-
nol rece. Randament 4,64 g (599).

Separarea unoy izomevi ai tri-0-(2,4-dinttrobensiliden)-serbitolulus prin vecvisializeye froc-
fionata. a) Prin fierbere in 850 cm?® etanol a 0,5 ¢ acetal, o parte din substantd se solvi.
Dupd recristalizare se repetd operatiunea cu addugare de cirbune activ. Aceastd {ractiune
are p.t. 135°—140° Substanta se prezintd sub forma umei pulberi foarte fine, de culeare
<lab portocalie, usor solubild in benzen, cloroform, ctLr dioxan, acetonit gi piridind. C,;Hy, 0 N,
{716,5) Calculat C 45,25, H 2,81, N 11,73. Gdasit C 45,01, H 3,05, N 11,77 ; greutatea mole-
culard 723 (Rast, in camfor).

Partea greu solubild in etanol se recristalizeazii fractionat din alcool izoamilic, obtinin-
du-se incd trei fractiuni:

b) Fractiunea cu p.t. 191°—-195°: C,,H, 0N, (716,5), calculat C 45,25, X 28],
N 11,73, gasit C 44,58, H 3,28, N 11,84; greutatea moleculara 730 (Rast, in camfox'

¢) Fractiunea cu p.t. 202—206°: C,,;H,,0,,N, (716,5) calculat C 45,25, H 2,81, N 11,73
oisit C 45,49, H 2,80, N 11,62. greutatea moleculard 720 (Rast, in camfor).

d) Fractiunea cu p.t. 235°—237°: (C,;H, 0N, (716,5) calculat C 45,25, I 2,81,
N 11,73, gdsit C 45,17, H 3,29, N 11,52. Acest izomer este foarte greu solubil in etanol,
se solvdl in Dbenzen si cloroform, insd mai greu decit izomerii cu p.t. mai sciizut.

B) Se mwojareazd 0,5 g sorbitol cu 1,8 g 2,4-dinitrebenzaldehidd si 6 g P,0,. Ames-
tecul obtinut se incilzeste intr-un flacon conic de 50 cm? fa 45°—55° timp de 16 ore. Irin
prc]ucrared produsuhu de reactie, ca mai sus, se reuseste separarca izomerilor cu p. t loa — x4H
sl cu p.t. 191°—195° . Randament 0,71 g (369,).

a) Fractiunea cu p.t. 135°—140°: C,;H,,0, N,

b}

; (716,5) caleulat N 11,73, gzmt N 1166,
D) Fractiunea cu p.t. 191°—195 C,, M0 N (716,3) caleulat N 11,73, gésit N 11.59.
C) Se mojareazd intim 0,2 g sorbitol si 0,7 g 2, 4-dinitrobenzaldehidd ¢ sc introduc
jntr-un flacon conic cu dop rodat de 25 cm®. Se adaugd 4,53 ¢ acid ortofosforie (83% .}, apoi
in porfiuni mici 6 g P,O; .Se agitd energic si se i}lCﬁlZe§tC intr-o etuvd la 45°—3507, timp de
16 ore. Produsul brut, Drun-maro, se trateazd cu 200 cm?® apd. Dupd mai multe spidlari prin
decantare cu apd si spdlare cu alcool pe filtru, se usucit in exicator la intuneric. Acetalul ¢
prelucreazi ca la punctul A, obtinindu-se o fractiune avind p.t. 135°—140°, cu prealabild
contractie, iar o altd fractiune cu p.t. 192°—197°. Proba amestecurilor cu izomerii corespun-
zitord, obtinuti pe altd cale, nu dii depresiune a punctului de topire. Randament 0,35 ¢ (449,
a) Fractiunea cu p.t. 135°—140°: C,.¥,,0,, N, (716,5) calculat N 11,73, gisit N 11,44,
L) Fractiumea cu p.t. 1927 —197°: Cy,H,y O Ny (716,5) calculat N 11,73 gasit N 11,31,
Comportamentul la insolare al izomerului cu p.t. 135~ 746°. 2 :d-0-(2,4- dinitrobe nzilidesn ) -
7 :6-di-0- (o-nitrozo-p-nitvo-bensoil ) -sorbitolul (V). Se solvd 0,8 « acetal in 50 cm® benzen anhi-
dru, care dupi filtrare se expumne radiatiilor solare in doud tlacoane conice de 50 cw® timp
de 4—3 ore. Dupdl 3—35 minute solutia se coloreazd in verde, apoi in o nuantd galbend, se
tulburd si se precipitd o substantd galbend-portocalie. Dupi filtrare s¢ expune din ncu radia-
tiilor solare. Dupi trei expuneri se obtine 0,45 g izomer fotochimic. Acesta se solvd in dio-
xan, din care se reprecipitd cu benzen. P.t. 180°, cu prealabild contractie. C,p,H, 0N, (716,5)
caleulat C 45,25, H 2,81, N 11,73 gisit C 44,97, H 3,56, N 11,29,
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Cesnportamentul la insolaic al Dvomerulul cu pit. 235 — 23770 2:4-0-(2,4-dinii si-
Lid iy - 106-di-0-(o-nitroco-p-nitro-benoili-sorbitolul (V). Se solvd 0,4 g acetal in 75 en® benzen
;mhi(?m. care dupa filtrare se expune radiatiilor solare timp de 6 ore in doudl flacoance conice.

bupd 20-30 minute solutia se coloreazit in galben-verde, se tulburit si se depune un preci-
pitat foarte fin galben- pnrtoclem Dupi {filtrare se expune din noun radiatiilor solare. Se obtine
2 u izomer fotochimic. Se purificit ca mai sus. P.t. 1807, cu pree alabild contractie. C,;

QN (716,5) caleulat € 45,25, I 2,81, N 11,73 gisit C 44,83, H 3,21, N 11,45, 1’1()1)0.
amestecurilor celor doi fotoizomeri nu dd depresiune a punctului de topire.
2:4-0-(2,4-dinitrobenziliden)-1 :6-di-0 (o nitrozo-p-nitro-benzoil)-3 :5-di-0- (benroil) -sorbitoliul
(VIDL 86 g oizomer fotochimic se solvd in 10 em?® piridind anhided, la care se adaugi
1.5 cw® clorurd de henzoil, sub ricire. Se incilzeste pe baia de apila 70 — 80° timp de 7 ore.
Dupd ricire se toarnd in 40 cm® acid sulfuric de cone. 1025, Benzoil derivatul obtinut cste
WSOT =0 \11):! in cloroform, din care se reprecipiti cu eter etilic. P.t. 1857, randament 267
s (924,5) caleulat N 9,09 wisit N 8,78,
2 U ( A4- r/zm robensiliden) -1 :6-di-0-f (o-azofenil)-p-nitro-benzoil J-sorbitoli] (VIIT). Se sol-
v 1,2 izomer fotochimic in 20 em® dioxan, la care se adaugil 2 em® anilind st 15 cm® acid
acctre glactal, Se incdlzeste timp de o ord pe baia de apd, dupil care se toarnd in api rece.
berivatal azo dupd spilare en apit si uscare, se solvi in benzen si se reprecipiti cu eter de
petrol. Substanta purd extrem de electrizabild este de culoare portocalie-maro. $-a obtinat
2 ¢ Randament 809, p.t. 126 — 130°. C; H, 0, N, (866,7) caleulat N 12,93 gisit N 12,55,
Reducerea si hideoliza izomeridui fotochimic. Intr-un balon de 250 cm?® previzut cu refri-
serent ascendent se introduc 0,85 g izomer fotochimic, 60 cm® alecool izoamilic si 12 cm®
id acetic ghcml Se aduce Ia fierbere, se adaugd pielituri cu pledturd 35 cm? triclorurd de
vten (solutie 159%), dupd care se mai fierbe o ord. Solutia se coloreazit in portocaliu, apoi
inorosu frchis. Acuiul titanic separat in cursul reactiei se indepirteaza prin filtrare. Dupi
aetrea solutiel se adangdt 80 em?® apidt distilata si se neutralizeazii cu carbonat de sodin. Pre-
cipitatul format se filtreazd, se spald cu api.

Siratul apos se sop ard de stratul de aleool izod umilie, care este colorat in viginin ine hh
Solutia apoasd st apele de spilare reunite se concentreazi in vacuum la sec. 1).1})!. USCAre
jareazid, apoi se extrage cu piridind anhidrd la fierbere. Solutia piridinicd se concentreazd
vactunt,
wtificavea sorbitolului oblinut Tn wvina hidrolizei izomerulul fotochimic. Ta 2 cm?® solu-
piridinied concentratd, se adangd piciturd eun piciturd sub agitare continud 7 em?® acid sul-

uric de concentratie 759 51 0,2 em® aldehidd benzoicd. Dupi agitare cnergici se lasi timp de
24 ore la 0° Produsul de condensare are punctul de topire la 162° ¢l corespunde dibenzili-
dest-sorbitolului. Prin fierberea produsului de condensare cu api se reuseste separarea si celui
de ol doilea izomer al dibenziliden-sorbitolului sub formid de wel. Acesta dupi purificare se

topeste o 215° [27°

o

1971,

e la
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POTOXHMMHUECKHE PEAKLIMI B CEPHH TTPOU3BOAHDLIX o-HUTPOBEH3WIMIAEH-
AITETAJIOB (X XIIT)
Tpu-0-(2, L-dunumpodonseiuden)-copOurmoa

(Pe3ione)

yvrdse aneramuzanmy copOrrota 2,4-1unltpodenl3anhierd oM 1oyuaeTess (GoTOXHMHUec-
KT ARTHBHBIL TPH-0-{2.4-anunrpotensivn e -copdiaroa (I i 1), Tlog nefiecrsien coaueunsix
avaeft Toabxo 1ea (V, VI) 13 1pix aierados iy Witii1oB MOIeK Vb TpeTeplesaioT GoTOXHUMHYeC-
KHe W3MeHels, KOT4a 0CBOGOMKIATCS THAPOKCHILILIE § HHTPO3OTPYIILL OT KOTOPLIX 110MAY-
YAIOTCSE TIPOHABO T HLIe. BOCCTANOBICHIE NHTPO30 W HTPO QVHKIIT DOTOXINMUECKHY H30MePOoB
Ao Ay 0e OCBODOM TetIle NoANoTa Ty TéM riujpoansa. Iocaenuee

. UL Gen 1O, KOorda ofpas’yercs 1HOGeH3HJIAeH-
copOuToa. CieloBaTeabilo, Copdtud ile HOABCPIen IHEMeDHBALHE B Teleiin: GOTOH30MEePU3 ALK
aueTana.

REACTIONS PIHOTOCIHIMNIOUES DANS LA SHRIE DES DERIVES O-NI-
TROBENZYLIDENE — ACTHTALS (NXIIT)
Lo 107-0- (2 4-dindtrebenzvlidéiie }-soibifol

(R¢é¢snumd)

Par 'ncélalication du sorbitol avee de 2 4-dinitrobenzaldéhyde il se forme du tri-O-(2,4-
dinitrobenzylidéne)-sorbitol (I ¢t 1) photochimiquement actif. Au cours de lexposition aux
radiations solaires des trols evcles aeétaliques de la moléeule, deux seulement (V et VI) subis-
sent des transformations photochimiques, gquand on met en liberté des groupements hydro-
xvlgues e nitroso, 4 partir desquels on obtient des ddrivés. La réduction des fonctions
nitroso et nitro des isomeres photochimiques & la fonetion amino permet une libération facile
Qi polval par hvdrolvse, Ce dernier est identifi¢ avec du benzaldéhyde, quand il se forme du
wesorhitol. Le sorbitol n'a done pas subi d'¢pimérisation au cours de la photo-
tion de acétal,

dibenz

isomdrise






BENZOFURO-BENZIMIDAZOLES (1)

2-Aminomethyl-benzofuro;2,3-f/benzimidazole

VALER FARCASAN and ILEANA BALAZS

The benzofuro/2,3-f/benzimidazole ring svstem (I) has been little
studied. Only the compounds I [1], II [1, 2j, IIT ... VII [1], VIII {2, 3]
and the I-benzoylderivative of I [1] have been prepared, but their proper-
ties have not been examined.

H
|

9 10 N
A /\\ s

| SR,
\\ 7N / \// N /
I: R, =R, =H II: R, = CH,; R, = H
1V: R1 — CH(CH,), ; {z —H V! Rl — (CH,).CH,; R, = H
V: R, = C,H,NO,: R, — H VIIT: R, — CH,; R, = COCH,

LI R, - = CHy; Ry = 1T
VI: R, = CH, ‘R, H

For the investigatious which we will carry out intlis field, we are inte-
rested in obtaining the 2-aminomethyl-benzofuro/2,3-1/-benzimidazole(IX).

Hitherto two methods have been used for obtﬂmmg benzofuro-/2,3-
f/benzimidazoles: the condensation of 2 3-diamino-dibenzofuran (X) with
aldehydes [1] and the reduction of 2-nitro-3-acetamido-dibenzofuran
(XI) (2]

TFor the preparation of IX we have followed a new route, namely the
reaction of X with N-acylderivatives of methyil-Z-amino-ac etimidate hiydro-
chloride.



192 V. FARCASAN, 1. BALAZS

By reacting X with methyl Z-phtalimido-acetimidate hydrochloride

(N1, —phthahnndmmth\I benzofuro [2,3-f] benzimidazole
R
/\_*/\\ T H, N ®
| C—~CH,—R | CI°
N NN LN )
v g 7 R, CH,0”
X: R, = R, — NH,

NI: Ry = NO,; Ry NHCOCH, NIT: R -= N(CO),C.H,
NVIIL: R, = R, = NHCOCGH, XV: R == NHCOCH,
NNIV: R, = NO,; R,  NH,

R, P 8¢ 3
@ ; OH
N N O,N 1 NO,
’’’’’’ - L \\ Vs ///,/// . \\\\ o %; .
S \ CHL - R \ ~CH,— R ]
NN NN A N
O N 9] N
L NO, -

INT Ry = o R, - NI, XXI: R = NH,
IR, = H R, NG H, NNII: R = N(COJ,CH,
NIV: Ry = Hi Ry - NHCOCH, NNIT R NHCOCT
NVIL- R, = COGIT - R, - NHCOGH, NI Ro= NHCOGGH;

NN Ry ~H R_ :\II\O H\HLOLH

(NI11) was formed, which by hydrazinolysis afforded the aminoderivative
IN. Looking for an impmmd method for obtaining IN, we prepared
I-benzamidomethyl-benzofure  [2,3-f] benzimidazole (XIV), by contac-
ting X with both metin 1 2-benzamido-acetimidate hydrochiloride (XV)
aud hippuric acid (XVI). The acid catalvsed hydrolvsis of XTIV afforded
the amine IX, but the vields are not better than in the case of the hydrazi-
nolvsis of XIIT.

A future paper will be (k\ oted to the obtaining of N-acvlderivatives
of Z-aminomethyl-benzofuro /23-f] benzimidazole which could be of inte-
rest from a biological point of view. Such substances can be prepared by
suitable acylation of 1IN, I'or this reason we have studied the reaction
between IN and benzoyl chloride. Under the usual conditions three com-
pxmnds may ba formed : 2-benzamidomethyl-benzofuro [2,3-f] benzimi-
dazole (XI\') -benzoyl-2-benzamidomethvl-benzofuro/2,3- f/bcn/mndﬁ/mlc
(XVII) and 2,3 dibenzamido-dibenzofuran (XVIII).

By reacting IX with benzoyvl chloride in ratio 1:1,5 we isolated
monobenzoylderivative, which is identical (m.p., IR spectra) with th(

above prepared 2- b(n/annd()mcthyl benzofuro/2,3-f/benzimidazole (XIV).
lhm fact points out an obvious difference between the nucleophylic cha-
racter of the endocvelic and exocyclic nitrogen atoms and thus conve-
aient selective acylations of IX may be expected.
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In the same conditions IX reacts with p-acetamido-benzenesulfonyl
chloride (XIX) to afford the sulfonamide XX.

The substances IX, XIIT and XIV were characterized also by their
monopicrates XXI, XXIT and XXIII.

Experimental*.
2,3-Diamino-dibesizofuran {X)

To @ suspension of 2 g Z-nitro-3-amino-dibenzofuran (XXIV) [4] in 40 ml ethanol beated
on a steam-bath, 2 ml 989 hvdrazine hydrate and o small quantity of nickel (from formiate)
were added and boiled 1 hour. The hot solution was filtered and boiling water was added
until siight opalescence. After cooling was filtercd and 1.5 g (859,) pure X have been obtai-
ned as light-grey crystals, m.p. 166°C, identical with those reported in literature [4].

2,3-Dibenzamido-dibeuzofuran (XVIIT)

6.2 ¢ X were dissolved in 2 ml anhydrous pyridine and under cooling 0.35 ml benzoyl
chiloride stepwise added. The mixture was allowed to stay at room temperature for 3 hours
and then poured into diluted hydrochloric acid. The precipitate was filtered and recrys-
tallized {rom ethanol-water. After dryving, m.p. 220°C.

CoH N0, (1064

Caled. C 76.83 H 4.46 N €.89

TFournd © 764 ¥ 46 XN 7.2
Z-Phihalimidomethyi-benzofuro-]2,3-f [ beiizinidazole (XNIIT)

2 g methyl 2-phthalimido-acetimidate hvdrochloride (XIT) [53] suspended in 10 ml anhy-
drous ethivl ether were treated, under stirring and external cooling with water, with a solu-
tion of 1.5 g X in 20 ml anhydrous cthyl etlier. The mixture was allowed to stay at room
temperature for 24 hours, then filtered. The precipitate was boiled with a sinall quantity of
ethianol, cooled and {filtered; 2.2 g (809;) crude NIII were thus obtained. After recrystal--
lization from dimethviormamide-water, glacial acetie acid and finally from ethanol, the
pure substance, m.p. 310°C has been obtained. White-cream erystalls, soluble in dimethyl-
formumide, dioxane and glacial acetic acid, poorly in acetone, methancl and ethanol, inso-
luble in henzene and chloroform. Tor analysis the substance was dried at 160°C,

ColTy,N,0, (367.3)

Caledd: © 71,93 H 357 N 11.44
Found: ¢ 724 H 3.5 XN 11.%

2-Bensamidomethyl-bcicofuro]2,3-flbensimidazole (XIV)

Ay 04 g X and .54 2 hippuric acid were intimately mixed in a jar. The mixtur
was heated in a paraffin-bath at 185°C for 30 minutes and then at 160°C for 6 hours. The
reaction product was boiled with 15 ml ethanol and hot filtered. The insoluble part was recrys-
tallized from dimethvlformamide-water. The pure XIV, 0.4 g (699), melts at 235°C after
drying at 120°C. The substance is soluble in dimethylformamide, acetone, glacial acetic
acid and chloroform.

Co T, N0, (341.4)

Caled: C 7390 11 4.43 N 12.31
Found: ¢ 74.0 H 46 N 121

b} T'rom 0.6 g methyl 2-benzamino-acetimidate hydrochloride (XV) (537 under the con-
ditions given by the preparation of (XIIT and recrystallization from dimethylformamide-water

* The melting points have been determined in capillaries and are uncorrected. Tor recor-
ding the IR spectra a double-beam Carl Zeiss Jena UR-10 spectrophotometer was used; the
substances have been prepared as KBr pellets.
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in the presence of charcoal, 0.7 g (869/) XIV have been obtained. The mixed melting point
with the substance prepared as described above {see a). shows no depression. The IR spectra
of the two products are identical.

c) 0.12 g IX were dissolved in 2.5 ml anhydrous pyridine and under cooling 0.07 m}
benzoyl chloride added. The mixture was allowed to stand at room temperature for 6 hours
and then poured into diluted hydrochloric acid. The precipitate was f{iltered and macerated
with diluted ammonia. The crude product — in which by TLC only XIV and unreacted IX
were identified — has been recrystallized from ethanol. The mixed melting point with the
substance prepared as described above (see a) aud b) shows no depression and their IR
spectra are identical.

2-Aminomethyl-benzofuro[2,3-f{benzimidazole (X1)

a) 1 g XIII and 1.3 ml 509, hydrazine hydrate in 12 ml ethanol were boiled for
45 minutes and then the solvent removed under reduced pressure. The residuum was mace-
rated with 20 ml diluted sodinm hydroxide, filtered, washed with water and recrystallized
irom ethanol-water (1:3). After drying at 120°C, the pure substance, 0.53 g (81.59}), melts
at 220°C.

€ H, N,0 (237.3)
Caled. C 70.86 II 4.67 N 17.71
Found C 70.8 H 4.9 N 17.4

b) To 150 ml boiling 409, sulfuric acid, a solution of 2 ¢ XIV in 200 ml ethanol
was stepwise added during 2.5 hours and the boiling continued for 30 inutes. After the
removal of the ethanol, to the hot solution an excess of concentrated ammonia was added.
By cooling 1 g (71.4%) crude IX precipitate. This has been recrvstallized from ethanol-
water. The mixed melting point with the substance prepared as described above (see a).) shows
1o depression. The IR spectra of the two Products are identical.

2-Aminomethyl-benzofuro[2,3-flbensimidazole dihvdsochlovide

0.2 ¢ IX were boiled with 10 ml 20¢) hydrochloric acid. To the hot solution coticen-
trated hydrochloric acid was added until complete precipitation. After cooling the precipitate
was filtered, boiled with absolute ethanol and dried at 110°C. M.p. 301°C.

C,, H, N,O - 2HCI (310.2)
Caled. CI 22.86

I'ound (1 22.4

2-[(p-d cetamido-benzenesulfonamido ) methyl *-benzofuro|2,3-flbenzimidazole (XX)
0.5 ¢ IX in 4 ml anhyvdrous pyridine were treated at 40°C with a solution of 0.5 g p-ace-
tamido-benzenesulfonyl chloride (XIX) in 2 ml anhydrous pyridine, cooled and allowed to
stand at room temperature for 4 hours. The mixture was poured into 150 ml water aud
filtered. 0.5 g (559)) crude XX were thus obtained. After recrystallization from a small
quantity of ethanol, the pure substance melts at 256°C.

Cpol1 s N, 0,8 (434.5)
Caled. § 7.38
Found S 6.9

Dicvates. General methods

a) 0.1 g derivative, 2—3 ml ethanol and 4 ml saturated solution of pieric acid in
water, were boiled. After cooling the picrate was filtered and recrystallized. Tor the analysis
the substance was dried at 160°C,
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By The same conditions but without ethanol.
Starting Reeryvstallization Formula and Caled
niartmg Picrate Method | solvent and m.p. molecular NO, —
compound " weight Tound
IX XNXNI b DMEA-Water CopH 1y N Oy 18.02
235 466.4 17.7
X1 NXIT a DMEA-Water CapgH, N, O} 14.12
then ethanol 596.4 13.8
271
X1V NXNITIIL a DM A-water Cap Hy 3y N O, 14.74
2353 570.5 14.5

DMFA — Dimethylformamide
(Received November 20, 1977
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DENZOFURO-BINZIMIDAZOLI (I)
2-Aminomelil-benzofuro]2,3/-flbenzimidazolil

(Rezumat)

Se prepard Z-aminometil-benzofuro 72,3-{ benzimidazolul (IN) pe doud ciii: hidrazino-
liza Ini XIIT & hidroliza Inuj NIV, )

Substantele XII1 si XIV au fost obiinute prin condensarea 2,3-diamino-dibenzofuranuini
Ny <u clorhidratii  N-acilderivatitor 2-aminoacetimidatului  de metil corespunzdtori (XII
respeetive XV

Se dan conditiile In care se acileazii selectiv lu azotul exociclic 2-aminometil-henzofuro
(2,31 benzimidazolul (IN) si se ajunge astfel In compusgit XIV si XX

BEH30d Y PO-LEHSHMHUIAIOIBL (1)
2-Aaunomemua-tensohypo(2,3-1)6ensumudasoa
(Pesione)

2-AmuuomerHa-Genzogypo(2,3-)Gensini ason (1X) noayuaercsa JBYMs CocoGaMi @ THipa-
sunoanaoyM petlectBa XIII u ruapoaunsom seutectsa XIV.

Bemecrsa XIII u XIV noaydeun nyTéM KonjleHcaunn 2,3-juamuno-indensodypana (X
NIOPTHAPATAMI COOTEETCTBYIOMY N-allM I PORSBOTILIX MeTHIOBOrO 2-amuuoaneTHyt lata (XII,
cooTreTcTBeHHO XV). )

Ilokaszanbl yCaopHs, HPH KOTOpPLIX  2-amunoverna-Gensodpypo(2,3-f)Gensumupason (1X)
CeJCKTHBHO AUMIMPYETCA B ITO3HIHH 3K30LHKIHUECKOrO a30Ta M TakHM o0pazoM 11oJyuaot-
cst coepunennst X1V n XX,






STUDIUL EFECTULUI CONDENSANT AL, UNOR
ADAOSURI ASUPRA SMOALETI IN PROCESUI DE
PIROLIZA

P. KROBL, \. JAZIGIAN, L TURBUTIU si €. PATTANTYUS

Smoala de huila este larg folositd ca Hant la fabricarea clectrozilov
metalurgici. Comportarea smoalei in cursul procesului de pirolizd — in

ctapa de coacere — are o influentd hotdritoare asupra calitdfii clectrovi-
lor. Fste de dorit reducerea cit mai accentuatd a cantitatii de materii vola-
tile In etapa de coacere. Aceastd reducere se poate realiza cu ajutorul unor
substante adaugate, care prezintd un cfect condensant asupra hidrocar-
hurilor din care este formatd smoala. Este cunoscut @ unele adaosurt anor-
ganice prezintd o astlel de capacitate condensantd, Dintre acestea amintin
AlCly, MuCl,, H PO, ¢ altele [1-10.

In Jucrarea de fati se prezintda rezaltatele experimentale obtinute
in legiturd cu efectul condensant al unor adaosuri anorganice (ZnCl,. A,
KMnO, ¢ K,Cr.0,) asupra unei smoale de cocserie, folosind ca rictoda
de Jueru termogravimetria.

Partea experimentalii. Smoala folositd lu acest studin cre prudtearcle cariae
temiperatura de Inmuiere : 88.0°C, materii volatile 1 395 shile In benzen s 7487
hen liber: 24.8°), carbon cocesificabil @ 15,19, cenusit: ¢ .

Adaocsurile anorganice au fost prin mojarare foarte Line amoegenizoate en smwosby

Atit smoula eit si amestecurile de smoalit-adaos au foat suptise degazarii intre 20 w00 O
poo o termobalantd intr-un creuzet deo portelan, folosind pentru ficeare determin
de oirca 1 g, Incdlzirea probelor s-a ficut cuw o vitezi de 10 Chin, in atmosferd
metan, Din plerderea de greutate a probelor in timpul wicdlzirii s-an determinat
tile de materii volatile degajate Ia orice temperaturi, respectiv in diferitele inter
temperatura. Din aceste date s-a evaluat cantitativ cfectul diferitclor adaosuri asupr
rit materiilor volatile si s-o calculat sedderea materiilor volatile (eradul de condens
cazul utilizdrii adaosurilor respective. In legiturd cu aceasle mentiondm i in cazul ¢
de zine, la caleularea gradului de condensare s-a lnat in considerare ¢ faptul ¢ b timpmd
procesului de pirolizit are loc o vaporizare a ZnCl, sau chiar a zineului rezultat in urms wnd
proces de reducere.

Eifectul condensant al clorurii de zine. $-a studict prima datld electul condersant ol
clorurii de zine anhidru. In acest caz amestecul smoald cu 39, Znll, s-a obtinut prin tepd

rea componentilor in conditii anbidre. S-a constatat c¢i efectul condensant al ZnCl, anl
este destul de redus i se atinge un grad de condensare de numai 79,
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In  cazul probelor de
smoald -— ZnCl, obtinute prin
mojarare, gradul de condensare
la acelasi continut de ZnCl,
a crescut simtitor. S-a stabilit
cid in timpul mojardrii clorura
de zinc s-a hidratat, legind
0,5 0,6 moli de api. In
continuare s-a lucrat cun ames-
tecuri obtinute prin mojarare,
pind la hidratarea clorurii de
zinc cu umiditatea din aer,
pind la nivelul de mai sus.
Din tabelul 1 si 2 refese cd
prin  mirirea cantitdtii  de
Zull, in amestec, creste si
gradul de condensare. Din
fig. 1. se vede cd in timp ce
un  adaos de 39, Znll, in
amestec ridicd gradul de con-
densare la 23,8°;, pina atunci
prin  mirirea ZnCl, de mai
mult de trei ori (10°, ZnCl,)
¢radul de condensare nici nu
se dubleazd. Prin urmare in
cazul folosirii ZuCl, ca ageut
condensant in  practica in-
dustriald, nu este rationald
{olosirea a mai muit de 337
ZnCl,.

Din cele ardtate mai sus reiese ci apa joacld un rol important in actiunea condensanti
o Zull. Bste probabil ci in§timpul pirolizei apa provoaci descompunerea unei parii din
7ndl,, formindu-se HCL care cu %nCl, anhidri formeard complecsi apii pentru a realiza

condensarea hidrocarburilor,

Tabel 7

Cantitatea de materii volatile degajate in diferite intervale de tem-
peraturd, ©,

Smoald -I- adaos
Tnterval de . KMo lKaCr:Oy
temperaturd | fyep - 2 ks
v s 0% |1y | sen | % | 10% [ 159, | 30,

20--100°C 1 000 0621 074] 0371 057] 0.03] 0.00} 0.00] 0.03] 0.00 0.08
100--200°C | 0.23] 074 0.71 1.36( 1.84| 050 0.44| 056 0.61] 0.59 0.34
200--300°C | 31271 501 538] 626 589 4.65| 6.00] 7.22| 921 9.30 3.00
300-400°C | 14.00 | 19.40 ) 19.26 | 21,67 | 15.21 | 14.14 | 14.73 | 11.96 | 11.48 | 10.72 | 14.50
400--500°C | 22.65 | 20.18 | 18,10} 13.12{ 10.15 | 18.95} 16.46 | 15.82 | 13,13} 8.26 | 20.34
500--600/C | 16.50 | 2.71 150 261 2.04|11.25) 844 6.63| 445 473 | 11.89
GOO—-700°C | 1.50 1 090 096] 085| 235 070 0,561 0.59] 0.92 1.43 1.02
700--800°C | 040 040 057 054] 1.08| 0.28| 036]| 0.60, 098] 1.34 0.59
800—9800°C| 000 040| 040 074| 0.85] 017 064] 028 0.84, 1.45 0.31
Total MV I 58.40 | 52.80 I 46.70 f 46.16 ! 42.28 | 51.28 | 47.57 | 44.20 | 42,16 | 38.28 | 51.79
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Tabe! 2
Grad de condensare realizat cu diferite adaosuri
Swmeala - adaos
. ZnCl, KMnO, Koty
fard - - ) - - T - -
1o | 2% | 8o | 10% | 1o | s | 5% | 10% | 15, | 8,

Alaterii vola-
tile total, 9] 58.40 | 52.80 | 46.70 | 46.16 | 42.30 | 51.28
Materii vola-
tile total, ©)
-, adaos

volatil 58.40 | 51.80 | 44.70 1 43.16 | 32.30 adaosuri nevolatile
Materii vola- |
tile recaleu-

|
| 51.79

| 3% |
i i
| !
! 5714420 | 42.16 | 38,28

N
49.00 | 46.40 | 46.50 45.3{”00.4!}

late, ¢ 58.40 1 52.40 | 45.70 | 44.50 | 36.00 51.8()i
Scidere 9, de {
materii vola-

tile (grad de 5

condensare) 0.00 ] 10.20 | 21.80 | 23.80 | 38.40 16.10 | 20.60 | 20.50 | 22.50 | 8.55

In ceea ce priveste actiunea clorurii de zine, prin compararea rezultatelor din tabelul 2
refese i smoala fird adaos d(‘"l]& cea mai mare cauntitate de materii volatile intre 460 —
500°C, in timp ce cu 39, Znll, in acest interval scade simtitor cantitatea de materii vola-
tile, care intre 300—400°C creste pronuntat. Se constatd ¢i peste 600°C, datoritd indepir-
tiril mai ales a zincului metalic se observd o oarccare crestere in materii volatile degajate.

Din cele ardtate reiese cd in amestec smoald-ZnCly, prin ridicarea temperaturii peste 262°C
(temperatura de topire a ZnCl,) se formweazi un amestec omogen si ZnCl, are o actiune con-
densantd mai ales asupra acelor hidrocarburi aromatice care ar genera prin descompuierca
lor formarea materiilor volatile intre 400—600°C, deocarece in acest interval de temperaturd
se manifesti cea mai vizibila sciidere a materiilor volatile.

Electul condensant al clorurii de aluminiu anhidre, Clorura de aluminiu prezinti un
efect condensant redus asupra hidrocarburilor care alcituiese smoala. Gradul de condensare
realizat cu 39, AlCl; in amestec este de numai 6,6°), filnd mult inferior celui reaiizat cu
3¢, ZnCl,.

Efectul condensant al KMn0O,. In cazul ni-dinitrobenzenului [11—14] s-a stabilit od
efectul condensant al acestuia se datoreste unei dehidrogeniri oxidative a unor hidrocarbnri
aromatice sub actiunea grupdrilor NO,, prin formarea apel i m-nitranilinei. Pe Laza acestor
constatiri s-a incercat utilizarea a doi oxidanti anorganici des folositi in chimia organicd.
S-a ales prima datd KMnO,, care s-a introdus in smoald in proportii de 1,3,5,10 sl 15%.
Rezultatele obtinute sint trecute in tabelul 1 si 2.

Se constatd ci prin cresterca cantitditii de KMnO, in amesec de smoali-c are
loc cregterea cantititii de materii volatile degajate intre 200—300°C si reducerea simtitoure
a volatilelor intre 400—-600°C. Aceasta este in concordantd cu faptul ed KMnO, in fezd
solidd se descompune termic intre 200—300°C si astfel isi manifestd actiunea dehidrogenanti
oxidativii asupra hidrocarburilor care prin descompunerca lor (in lipsa KMnO,) ar contri-
bui la formarea volatilelor intre 400-—600°C.

Din fig. 1. reiese cd relatia dintre gradul de condensare realizat si cantitatea de KMnO,
folosit nmu este liniard. Pind la un continut de 59 KMuO, ciectul adacsului este mult mai
accentuat decit intre 5-—-109;.

Din tabelul 1 se observd cd la cregterea cantitifii de K\In()4 in amestee are loc o cres-
tere a cantititilor de materii volatile degajate peste 700°C. Tn acest domeniu de temperaturd
mctpe oxidarea cocsului rezultat, sub actiunea unor cantitiati foarte mici de aer care pitrund
in cuptorul termobalantei, in care se circuld un curent de yaz metan. In lipsa KMnO, cecsul

9 — Chemia 171972
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wuideazd in atmosfera din cuptor. Manganul in cocs accelereazd procesele de oxidare a
i, ccea ce implicd inconvenivate serioase in utilizarea acestuia pe searid industriadd. In
nddustriale nici in ctapa de coacere sau de grafitare nu se poate evita complet patrun-
cantititi mici de aer in interiorul cuptoarelor, ceea ce atrage dupd sine arderea clee-
trogilor in timpul fabricdrii lor, in prezenta manganului prezent in cocs.

Efectel condensant al K, tr,0.. K, Cr,0, manifesti o capacitate de condensare mult mai
comparatie cu KMnO,. Astfel 39, K,Cr,0. in amestec cu smoald mireste gradul de
re doar la 8,559 in timp ce aceeasi cantitate de KMnO, — la 16.99%. Din tabelul 1
reicse off materiile volatile degajate in prezenta K,Cr,O, pind la 400°C in diferitele intervale
de temperaturd sint cantitativ aproape identice cu cantititile degajate in cazul smoalei farit
adacs, Din aceste rezaltate reiese it K,Cr,0, are un efect condensant peste 500°C, temperaturd
Li cure incepe descompunerea lui termich. Pind la aceastd temperaturd insi hidrocarburile
apte pentru condensare in cea mai mare parte s-au volatilizat din sistem.

Coneluzii. 1. Cel mai pronuntat efect condensant prezintd clorura
de zine partial hidratatd, urmatd de KMnO,, in timp ce AlCI; st K,Cr,0,
prezintd un efect foarte redus.

2. Cu toate rezultatele pozitive obfinute in cazul KMnO, aceasta
prezintd unele inconveniente care fac imposibild utilizarea lui ca agent
de condensare in condifii industriale. Produsii descompunerii KMnO,
au un efect catalitic asupra oxidarii electrozilor atit in procesul de fabri-
catie cit si la locul de utilizare a acestora, in cuptoarele electrice.

3. Cresterea gradului de condensare cu cresterea cantitdtilor de adao-
suri nu este liniara.

(Intrat isn redactie la 20 noiembrie /1971
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UCCJEJAOBAHUE KOHAEHCHPYIOIWETO AEMCTBHS HEKOTOPLIX JOBABOK
HA CMOJTY B ITPOLIECCAX TTHMPOJIM3A

(Peszionme)

Hcnonp3yst tepMorpapuMeTpHUeCKHil MeTO1, aBTOPH! VCTAHOBHIH, YTO YACTHYHO IHApPOTH-
anpeBannpte ZnCl, 1 KMnO, OKa3pBalOT CHJLHeHulee KOHIieNCHpYIONlee NeHCTBHE 1 KOK-
COBATBHYIO CMOJY B TeuenMe eé nnposusa. HoGaexm AlCL u K,Cr,0, oxasbibawi Godee
caaboe aeflcTBHe. YCTaHOBJAEHO, YTO MOJNYUEHHAS CTelleHL KOH,jeHCAllHH 3aBHCHT OT KCJAHYECTHR
HCNOAB3OBAHHBIX  00ABOK, HECMOTPS HA TO, YTO MX COOTHOLIEHHe He gBJSeTCS JAHHelHLM.

ON THE CONDENSING EFFECT OIF SOMI ADMIXTURES ON PITCII
IN PROCESSES OI' PYROLISIS

(Summary)

By using the thermogravimetric method it has been established that Zn(l, partially
hydrated, and KMnO, have the highest condensing effect on a coke pitch during its pyvo-
lisis. The admixtures of AlCl, and K,Cr,O, have a far lower effect. It has been ascertained
that the obtained condensation degree depends on the quantity of the used adinixtures,
though the relation between them is uot linear.






STUDIUL EFECTULUI CONDENSANT AL m-DINITROBENZENULUI
ASUPRA SMOALELOR DIL DIFERITE PROVENIENTE IN
PROCESELYE DE PIROLIZA

P, KROBL, I. TURBUTIU. €. PATTANTYUS, si A. JAZIGIAN

Intr-o lucrare anterioard [17] s-a aritat cd efectul condensant al m-dini-
trobenzenului (MDB) asupra smoalei in procesul de pirolizd in atmosferd
inertd este influentat de cantitatea acestuia. Prin cresterea cantitidtii de
MDB adiugat la o smoald, creste gradul de condensare, ceea ce se mani-
festd prin scaderea cantitdfii de materii volatile degajate.

In lucrarea de fafd se prezinti rezultatele obtinute in legdturd cu
efectul condensant al MDB asupra unor smoale cu caracteristici diferite,
folosind ca metodd de lucru analiza termogravimetrica.

Partea experimentali. Diferitele sorturi de smoale cu gi fard adaos de MDD s-au supus

pirolizei pe o termobalanti, in cuptorul cireia aerul a fost inmlocuit cu gaz metan. Probele
cu MDB aveaw un continut de 109, MDB. Viteza de incdlzire a probelor a fost intotdeauna
de 10°C/min.
) “moalele utilizate s-au obtinut fie prin distilare in vid a unor gudroamne de cocsetie
in Jaboratoarele noastre, fie smoale de cocserie obtinute de la Combinatul Siderurgic si Cocso-
Clifmie Hunedoara, dintre care uncle au fost supuse distildrii in vid, Studiul s-a extins si
asupra bitumuhii de petrol, precum si asupra unor smoale obtinute din gudron de semicoc-
serie 5i din gudron de generator de gaz (de la Alesd). Caracteristicile cele mai importante
a smoalelor studiate sint trecute in tabelul 1.

Din datele TG s-au calculat pentru tiecare probid (cu sau fird MDD) cantititile de
materii volatile degajate in diferitele intervale de temperaturi. Rezultatele sint trecute in
tabelul 2.

in  tabelul 3 se dau rezultutele experimentale globale. considerind ¢d intreaga can-
titate Jde MDB se volatilizeazd pe parcursul procesului de piroliza.

Biseutarea rezultatelor. Din tabelul 3 reiese ca gradul de condensare
obtinut prin folosirea a 10°, MDB in cazul smoalelor de cocserie variazd
intre 28389 . Aceasta denotd ca MDB este un agent condensant foarte
corespunzitor si reduce simfitor cantitdtile de materii volatile in procesele
de yirolizd.

Se coustatd de asemenca i intre caracteristicile smoalelor (punct

de inmuiere, materii volatile etc.) 31 gradul de condensare obtinute cu 109,
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Tabel 1

Caracteristicile «moalelor utilizate

Materii volatile ©f, 3 g Te .
Proba de determinate Confo/;-)m ‘S?l}ﬂ’l{ m ‘!mei .df Proba proviue
smoali )c,r})zux, inmuicre de 1a
STAS TG ¢
1 495 48 9 62,6 126 Cocserie
11 13,8 41,2 38,9 135 Cocserie
I1I 46,0 42,4 39,0 145 Coeserie
v 59,2 55,0 73,4 88 Cocserie
Ay 52,8 48,9 66,7 117 Cocserie
VI 55,2 53,1 70,0 107 Cocserie
VII 51,2 46,7 68,1 120 Cocserie
VIIT 61,2 59,3 75,0 81 Cocserie
IX 67,6 63,3 71.0 75 Gudron de ge-
unerator-Aleyd
X 68,4 59,2 71,5 78 Gudron de semi-
cocserie —Cdlan
Bitum de
petrol G5, 60,0 79.0 Rafindric

AMDB nu se manifestd o corelatie strinsd. Aceasta este si explicabil, deoarece
interactiunea smoald-MDB este un proces complicat smoala este formata
dintr-un numdr mare de hidrocarburi aromatice si este dificil a gisi o rela-
tie intre efectul condensant al MDD si una din caracteristicile sioalel.
Totusi din aceste date se pot trage uncle concluzii:

a. In general cu cresterea punctului de inmuiere a smoalei creste si
efectul condensant al MDB. Din tabelul 3 reicse ¢d in cazul multor smoale
se obtine un grad de condensare cuprins intre 32 si 369.

bh. MDB actioneazd mai mult asupra hidrocarburilor aromatice poli-
nucleare cu greutdfi moleculare ridicate, care contin in molecula lor atonui
de hidrogen ugori oxidabili. Din tabelul 2 refese ¢ MDD actioneazd mai ales
asupra acelor hidrocarburi aromatice care se volatilizeaza intre 350—350°C.
Cantitatea de materii volatile degajatd in acest interval se micsorcazd
simtitor In prezenta MDB. Prin urmare cfectul condensant al MDB va fi
la acele smoale mai accentuat al caror continut de materii volatile care
se degajd in acest domeniu de temperaturd este mat mare (raportat la can-
titatea totald de materii volatile). S1 In acest caz apar mici abateri, .deoa-
rece &1 structura hidrocarburilor aromatice polinucleare care alciituiesc
fractia respectivd prezintd importantd in privinta efectului MDB.

c. Efectul condensant al MDD asupra smoalelor de semicocserie s
de generator este mult mai redus. In carzul smoalei de semicocseric gra-
dul de condensare este 21,709, iar in cazul smoalei de gencrator de 22,99,
Probabil cd aceste smoale au un grad de aromaticitate, mai redus, astlel
ca efectul condensant al MDB nu se poate manifesta.

d. MDB are o actiune relativ putcernicad de condensare asupra bitu-
mului de petrol (30,369%,) datoritd continutuiui ridicat de asfaltenc.



Tabel 2

Materii volatile degajate in diferite intervale de temperaturd fn ) cu (b) si fard (a) 102, MDB

Proba 20— 100 - . o | npn sonce | o=an aanie | 600— 700 — 800~ |MV total,

de 100°C 2007 C %1»(), \Wli]§ 3'())() - »10()1(_ 4((3:) a()()‘L) :(7'(1])() - (7()0(]L 700°C 800°C 900°C or
smoalt | (a) (b} | @) (| (b)) () | )| € M@ @ ®f@ O] @ o

I 0,00 0,14 1,53 8,93 21,60 15,00 1,00 0,40 0,20 48,92
0,03 1,16 9,95 9,46 7,34 7,42 1,44 0,68 0,51 37,99

17 0,03 0,08 0,91 5,93 17,22 15,10 1,08 0,37 0,48 41,19
0,07 1,41 8,36 7.19 5,41 6,80 2,49 0,88 0,48 33,23

1988 0,00 0,08 0,66 5,49 17,91 16,04 1,30 0,50 0,20 42,40
0,00 1,56 9,63 7,87 5,92 6,26 2,21 0,52 0,42 34,50

v 0,00 0,17 1,54 15,60 20,00 13,20 1,60 0,30 0,20 54,96
0,00 0,82 10,89 11,29 7,40 8,75 2,58 0,79 0,37 42,89

v 0,60 0,02 1,78 10,36 17,13 17,40 1,30 0,50 0,30 48,86
0.08 1,25 9,12 9,06 10,39 6,38 1,99 0,59 0,51 39,37

0,00 0,20 1,08 12,41 21,76 15,41 1,05 0,34 0,00 53,09
Vi 0,08 1,25 10,85 8,67 7,62 9,57 2,33 0,79 0,59 41,92

Vi 0,00 0,08 11 6,26 12,80 24,08 1,76 0,37 0,28 46,74
0,00 084 9,9 9,87 8,65 6,10 2,00 0,70 0,50 38,60

Vil 0,60 0,22 3,26 16,49 21,61 15,92 1,34 0,25 0,23 59,32
0,00 1,30 13,09 13,51 10,40 7,74 1,51 0,41 0,22 48,33

IX 0,060 0,34 3,91 16,81 32,33 10,02 1,04 0,60 0,22 65,38
{wenerator) 0,00 0,23 17,10 16,00 13,07 5,70 1.40 0,50 0,22 55,33

X 0,11 0,42 5,33 21,19 19,75 9,74 1,41 0,73 0,57 59,25
{semicoes) 0,06 163 20,07 9,35 9,02 4,53 042 1,87 0,78 51,81

Bitamn de | 0,00 0,90 4,82 15,24 19,53 17,00 2,04 0,37 0,10 60,00
petrol 0,10 2,16 16.50 9,32 6,70 9.94 1,54 0,77 0,60 47,63

YZITOMId 2d ATd8300¥d NI ITTVOWS 11I1dnls
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Tabel 3
Gradul de condensare c¢u 197, MDB
Materii volatile totale, . .
- % Materiiil volate | Materii volatile SCQQC?C,(? ma-
Prota de 0 AT terii volatile, 9
. x totale — 102, MDD|  recalculate, ’
smoald fard e o e {grad de conden-
- v 0 sare)
1095 MDB
1 48,92 37,99 27,99 30,00 38,70
11 41,19 33,23 23,23 25,81 37,80
111 42,40 34,30 24,50 27,22 35,80
v 34,96 42,89 32,89 36,60 33,40
v 48,86 39,37 29,37 32,63 33,20
T 53,09 41,92 31,92 35,47 33,00
Vil 46,74 38,60 28,60 31,80 31,90
59,32 48,33 38,33 42,59 28,53
65,38 55,33 45,33 50,40 22,90
59,25 51,81 41,81 46,50 21,70
60,00 17.63 37,63 41,80 30,30

IMn rezultatele experimentale reiese ¢d MDB este un agent de con-
densare foarte bun in cazul smoalelor de cocserie. Deoarece nici una din
caracteristicile clasice ale smoalelor nu permit o descriere univoca din
punct de vedere alutilizdrii acestora la fabricarea electrozilor siderurgici,
dupd pdrerea mnoastrd caracteristica cea mal semnificativi a smoalelor
ar i1 determinarea gradului de condensare in conditii standardizate ce
se obtine cu 109 MDB, Cu cit acest grad de condensare este mai ridicat,
cu atit smoala constituie un lant mai corespunzitor la fabricarea electro-
zilor metalurgici.

Sintrat in redactie la 3 decomibrie 1971)
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HCCAEJOBAHHE KOHIENHCHPYIOWEIO AEUCTBHSI M-AMHHUTPOBEH3OJIA HA
CMOJbI PASTHYTIOTO TTPOHCXOXKIEHH B ITPOIECCAX [THPOTH3A

(Pestone)

SCTHHOBIEHO, UTO M-AMHHTPOOEHR0T OKA3bIBAET CHAbHellllee KOH(eHCHpYOUlee JelicToHe
BaVIblbie CMOJBLL H Ha Hedisnnofl OUTYM, B TO BpeMsl Kak ero JelcTBHE HA NOJYKOK-
e CMOIBL SIBJAACTCs Oodive ciabuh B npoueccax nupoausa. Ilpomece nupoausa wuiy-
PUOrpaBHMeTPHUCCKH B HitepTHON aTyocdepe GoI0THOrO Tasa.
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ON THE CONDENSING EFFECT OF Al m-DINITROBENZENE ON
VARIOUS PITCHES IN PROCESSES O PYROLISIS

(Summary)

It has been ascertained that during pyrolisis m-dinitrobenzene las the strongest con-
densing effect on coke pitch and on oil bitumen, its effect on semi-coke pitch and on gene-
rator pitch being reduced. The pyrolisis process was followed thermogravimetrycally in inert
atmosphere of methane gas.






ERORI SISTEMATICE LA DETERMINAREA CROMULUI(III)
PRIN RETITRAREA EXCESULUI DE COMPLEXON III

10AN AL. CRISAN, MARIA GOCAN si VIORICA RUS

Ia cfectuarca unei lucridri anterioare [1] s-a observat cf, in anumite
conditii, determinarea cromului (III) prin retitrarea excesului de comple-
xon IIT (sarea disodici a acidului etilendiamintetraacetic) cu FeCly; In
prezentd de acid sulfosalicilic este afectatd de o eroare sistematicd. Reluind
acest studiu pe baze statistice [2—4], s-au ficut determinari dupd urma-
toarcle procedee:

1. La solutia de Cr®+ sc adaugi un exces cunoscut de complexon III,
se aduce cu api distilatd la aproximativ 80—100 cm?, se fierbe timp de
25 minute, se tamponeazd cu 20 cm3 solutie tampon de pH = 5—6
(obtinutii dintr-o solutie 3%, de acetat de sodiu, adusa la pH-ul necesar
prin adaos de acid acetic glacial) si se retitreazid excesul de complexon
III cu o solufie 0,02 M de FeCl, (sare solidd solvitd in HCl 0,1 M) pind
la virajul indicatorului de la violet deschis 1a rosu violet {in prezenta de
2--3 picituri acid sulfosalicilic 309) (vezi tabelul 1).

Tabel 7
§ .
Vi em? solutie de complexon IIT folositi la titrarea
Cimg Cr*™ /probi luat dupd procedeul
1 2 3
1,34846 1,03 1,89 1,78
2,69692 1,91 2,60 2,44
4,04538 2,89 3,20 3,14
5,39384 4,06 3,87 3,76
6,74230 5,08 4,44 4,54
8.09076 6,02 5,10 5,20
9,43922 7,13 5,72 5,85
10,78768 8,12 6,37 6,67
12,13614 9,21 6,90 7,10
13,48460 10,03 7.63 7.69
Abaterea medie patratici de
selectie s 0,0282 cm3 0,0195 cm? 0,0196 cm3
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2. La solutia de Cr3+ se adaugd un exces cunoscut de complexon I11,
se tamponeazd cu 20 cm? solufie tampon de pH = 5—6 (identicd cu cea
de la punctul 1), se fierbe 2—35 minute dupa diluare la 80— 100 cm? cu apa
distilati, apoi se retitreaza excesul de complexcn I1I in mod identic. Rezul-
tatele experimentale sint date in tabelul 1, coloana 3.

3. La solutia de Cr®t+ se adaugd solutie tampon de pH = 5—6 (iden-
tica), excesul cunoscut de complexon III, se fierbe timp de 2—35 minute
(dupd diluare cu apd distilatd la 80— 100 c®) & se retitreazd excesul de
complexon in acelasi fel. Rezultatele obtinute la titrdri sint date in tabe-
Jul 1, coloana 4.

Toate titririle au fost fdcute cu acecasi soluie de complexon III,
de titru cel mai probabil [5] egal cu T == 0,00947675 grame complexon
IIT (Na,H,Y -2H,0)/cm?® Deci funcfia teoreticd de titrare a cromului (II1),
calculatd pe baza reactiei de titrare:

Cr3+ 4 HoV2~ = Crv'- L 2H+ (1
este:
C, = 2199 - 0.00947675 . e Cri+ /probi (2)
372,25 '
respectiv
Ci = 1,3235 mg Cr3' /probi 3)

Aici C; este cantitatea de crom(III} aflatd intr-o probd de determinat,
V; este cantitatea de solufie de complexon III (exprimatd in cw®) rigu-
ros necesard pentru cromul din solutie, 51,99 este masa atomicd a cromu-
lui, iar 372,25 este masa moleculard a complesonului II1.

Cu ajutorul datelor din tabelul 1, s-au calculat functiile practice de
determinare a cromului prin retitrarea excesului de complexon cu cloruri
ferici In prezentd de acid sulfosalicilic pentru toate cele trei procedee,
impreund cu limitele benzii de dispersic a valorilor experimentale de la
dreapta cea mai probabild, folosind cunoscutele formule din statistica
linier drepte. Astfel, s-au obtinut;:

— pentru procedeul 1:

¢ = 0,117 + 1,316V, mg Cr*+/proba (4)

Caup = 0,372 + 1,316V, mg Cr*+/proba (3)

Cint = — 0,138 + 1,316-V; mg Cr¥+/proba (6)
— pentru procedeul 2:

Ci = — 2,806 + 2,142.V; mg Cri+/probi (7)

Cap = — 2,520 + 2,142.V; mg Cr¥+/probi (8)

Ciur = — 3,092 - 2,142.V; mg Cr¥+/probi &)
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pentru procedeul 3:

C; = — 2,544 -+ 2,0678.V, mg Cr+/probi (10)
Cop= — 2,266 4 2,0678.V; mg Cr’+/probi (11)
Cint = — 2,822 + 2,0678.V; mg Cr¥+/probi (12)

{in toate cazurile s-a admis un nivel de semnificatie de 0,001).

Daca se compard acum functiile practice de titrare (4), (7) si (10} cu func-
tia teoreticd de titrare (3), se vede imediat cd numai funcfia practicd a
Urocedeulul 1 include in banda sa de dispersie [4] functia teoreticd de titrare,
fapt care aratd ci numai aceastd functie practua de titrare estimeazd corect
functia teoreticd de titrare si deci numai acest proceden este lipsit de crori
sistematice de analizd.

Compararea functiilor practice ale ultimelor doull procedee cu functia
teoreticd de titrare aratd in acelagi timp (fapt ce reiese ugor in evidenta
dintr-o reprezentare grafici a functiilor practice $i a funcgiei teoretice),
cd in ultimele procedee se manifestd un fenomen de subtitrare, ce
duce la erori sistematice de lucru. Este probabil ci in toate cazurile
in care solutia de crom (III) se fierbe cu solutia de complexon III in pre-
zentd de solutie de acid acetic gi acetat de sodiu (indiferent de ordinea
adiugdrii reactivilor), acetatul blocheazd ionit de Cr3+, formind acetafi
bazici de crom, care nu mai reactioneaza cu complexonul IIT nici la fier-
Lere.

In concluzie, se impune ca determinarea cromului (II1) si se facid
prin fierberea numai a solujiei Cr*+ cu solutia de complexon III ¢i numai
dupd fierbere sd se tamponeze solutia. In acest caz, acetatul nu mat poate
descompune CrY- format si deci nu mai poate provoca erori sistematice
in analizd. In cazurile in care se impune totusi folosirea unuia dintre ulti-
mele doud procedee (sau a altuia similar ca prmuplu), acestea se pot folosi
numai cu conditia cd se stabileste in fiecare caz concret functia practicd
de titrare, in imprejurdrile concrete in care urmeazd a se lucra, iar calcu-
Iul cantitdtii de crom (III} din proba de analizat sd se facd numai cu aju-
torul functiei practice de titrare.

(Intrat in redactie la 6 decembris 1971)
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CHCTEMATHYECKHE OIIMBKH TTIPH OMPEIEJEHIMIT XPOMA(IL) TIYTEM
MEPETHMTPOBAHMY M3BbLITKA KOMIVIEKCOHA Il (TPHJIOHA B)

(Peswne)

Ha ocuose QyHKUHIT onpefesedns, VUHTHBAS NOPANOK NPUOABJICHHSI PEarenToB, aBTOPLL
BLISIBWIN MCTOUHMK CHCTEMATHHECKHX OmMGOK npH onpezenendd xpoma (111) nytém nepetutpo-
BaHHg H30bITKA Komnvtekcona Il (aMHarpueras conb 3THARHAHANHHTETPAYKCYCHON KHCIOTLI)
XAOPIIBIM JKeJIe30M B TPHCYTCTBHH CybDoCaTHLUII0BOM KHeoTh. Bo Beex ciyuasx, B KOTOPLIX
pactop xpoma (I1I) xunstutes Kommaekconom I11 B npueyTcTBHu GydepHoro pacTsopa yxcyc-
HOII KHCJIOTHl M YKCYCHOKHCJIOrO HATPHS, DOSBJsIeTCsS NOATHTPOBaHue, Gaarojapst o6pasosa-
HHIO OCHOBHHIX XPOMOBBIX ALETATOR, KOTOpLie GOjAblile He PEearHpyloT B YCJAOBHAX PaboThl ¢
rkovizekconom 1. CreaoBaresibio, HeoSXOAHMO KuusuedHe pacTtBopa Kommaexcona III pac-
Tsopos xpoma (III) n tonbko 3aTem MoxkHO npousBectH Gvdepopanue A0 HeoGxozumoro pH.

ERREURS SYSTEMATIQUES DANS LA DETERMINATION DU CHROME(IIL)
PAR RETITRACGE DE L/EXCES DE COMPLEXON III

(R¢é¢sumé)

Sur la base des fonctions de détermination et en tenant compte de l'ordre dans lequel
on ajoute les réactifs, on a mis en ¢évidence une source d’erreurs systématiques dans la éter-
mination du chrome (IIT) par retitrage de I'excés de complexon III (sel disodique de I'acide
éthyléne-diamine-tétraacétique) avec du chlorure ferrique en présence d’acide sulfosalicyli-
que. Dans tous les cas olt Von porte 4 ébullition la solution de chrome (I1I) avec du comn-
plexon IIT en présence d'une solution-tampon d’acide acétique et d’acétate de sodium, il
se produit un sous-titrage dit 4 la formation des acétates basiques de chrome, qui ne réa-
gissent plus dans les conditions de travail avec le complexon III. L’¢bullition de la solution
de complexon III avec la solution de chrome (III) s’impose donc, et ce n'est qu'ensuite
quon peut pratiquer le tamponnage au pH nécessaire.



FUNCTIA DE ECHIVALENTA A SOLUTIILOR LA
DETERMINARI PRIN RETITRAREA EXCESULUI

T0AN AL, CRISAN, ELENA MARIA PICA, si MARIA GOCAN

In toate cazurile in care se fac determindri prin retitrarea excesului
de reactiv, este necesar sa se determine echivalenta chimicd dintre solutia
de reactiv titrant si cea de reactiv care se adaugd in exces fatd de subs-
tanfa titratd. Obignuit aceastd echivalentd se face Juindu-se mai multe
probe din solutia reactivului care se adaugd in exces, cu aceecasi cantitate
de reactiv, se titreazd in conditiile metodei de lucru, din rezultatele obti-
nute se calculeazd o medie si pe accastd bazd se face echivalenta celor doud
solutii. In asemenea cazuri sc obtine totdeauna un raport de echivalentd
mai mult sau mai putin apropiat de echivalenta reald a solutiilor si aba-
terca intlmplitoare se multiplicd in sens pozitiv sau negativ in functie
de cantitdtile de reactant in exces titrate. Apare deci posibilitatea trans-
formirii unei erori intimplatoare (principial inevitabile) intr-o eroare sis-
tematicd, fapt cdruia pind In prezent nu i s-a acordat atenfia cuvenitd.

In cele de mai jos se prezintd un nou procedeu, bazat pe considerente
statistice, cu ajutorul cdruia se poate obtine in practicd raportul cel mai
probabil de echivalentd, care are avantajul ca elimind posibilitatea trans-
formarii erorii intimpldtoare in eroare sistematicd.

Fie multimea volumelor teoretice V de reactiv adiugat in exces, iar %;
un element oarecare al acestel mulfimi $i fie V mulfimea volumelor de
solutie titratd, iar V; un element oarecare al ultimei mulfimi.

Definitia 1. Se numeste functie teoretici de echivalenfd chimicd
a doud solutii relatia (notatd mai jos e) prin care un element al multimii
V este pus in corespondentd cu un element si numai unul al mulfimit ¥ :

e: Vo (1)

In majoritatea cazurilor functiile teoretice de echivalentd chimici
a solutiilor sint functii lineare si deci se poate scrie:

¥ = eV, )
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Fxpresia concretd se obtine usor considerind masele echivalente M, oo
st Mytrant 1 titrurile Tezees 51 Tuan, cu ajutorul regulei de trei simple:

"f’; = :\wrcxces  Tutrans : \'vt,itr:mt (3)
Mititrant * Texees

Din formula (3) se vede c¢d in expresia functiilor teoretice de echivalentd
chimicd intervin parametri cu caracter aleator, deci se explica ugor posi-
bilitatea transformirii erorilor intimplitoare in erori sistematice. In plus,
nu se poate admite calculul functiei de echivalentd numai pe baza consi-
derdrii parametrilor din formula (3), deoarece orice eroare intimplitoare
sau sistematicd comisi la determinarea acestor parametri se propagd si
poate constitui o nould sursi de erori sistematice. Din aceastd cauzi se
impune verificarea modului in care se estimeazd in practicd functiile de
echivalentid. De exemplu, in cele de mai jos se prezinti modul de estimare
al functiei teoretice de echivalentd chimicd a soluiei de complexon III
{sarea de sodiu a acidului etilendiamintetraacetic, notatd prescurtat Na,H,Y -
-2H,0, de masi molard 372,25) si a solutiei de FeCl,. Acecastd relafie este
necesard in multe cazuri practice de determinare a unor cationi cum sint
AP+, Cr8+ etc. prin retitrarea excesului de complexon I1II cu FeCl;. In
cazul studiat titrul solutiei de complexon III a fost Ti.. = 0,0072243 ¢
Na,H,V .2H,0/cm?, iar Tgiane = 0,00092423 g Fel+jcm3. Pe baza reac-
tiei de retitrare a excesului:

H,V2- + Fel+ = I'eV- -+ 2H+ 4)
se poate scrie expresia concretd :

o9 — 37225 - 0.00092423 . o Na,H,Y . 2H,0 5)
55,85 - 0,0072243
respectiv :
== 0,8527 - V; em® Na,HLY-2H,0 (6)

Fie acum & muljimea volumelor practice de reactiv in exces, iar ;\5,
un element oarecare al acestei multimi i fie v mulfimea volumelor prac-
tice de solutie titratd, iar \; un element oarecare al ultimei mulfimi.
Definitia 2. Se numeste functie practici de echivalen{i chimici a
doud solutii relatia (notatd mai jos e, a cirei expresie concreti depinde
de numarul n de titrdri din care se calculeazi) prin care un element oare-
care al mulfimii V este pus in corespondentd cu un element si numai unul

al mulfimii 9
e, VoY )

Este evident cd majoritatea functiilor practice de echivalentd chimicd
a solutiilor sint functii lineare, deci si in acest caz se mai poate scrie :

a@i = e - \"i (8)
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ixpresiile concrete ale Tadel 1

functiilor practice de echiva-

fen{d se pot calcula in ficcare % Vi

caz datpebaza efecturdriiunor cw® Hy¥2™ luat cm?® Fedi folosit

titriri ale solutiel care se va

adduga in exces cu solutia ti- 123 1 9275

trantd, luindu-se cantitdficres- 200 2135

cdtoare desolutie in exces. In 3,00 3,620

tabelul 1 se dau rezultatele 4,00 1,805

obtinute in acest fel la titra- (338 ;;ZS

rea unei solutii de complexon 7,00 8335

11T cu FeCly in prezentd de 8,00 9.440

1 cmy solutie 59, de acid sul- 9,00 10,620
10,00 11,815

fosalicilic, la pH =1 in mediu
de acid clorhidric. Cu ajuto-
rul datelor din tabelul 1, folosind cunoscutele formule din statistica liniei
drepte [1-—~3], adaptate la cazul studiat:

]

L. . N
D D M -
o A=l ! C
e, Ve cl
13
n- MOVE-
[N
1 " k43
S < S
A N D I S D R ¥
ieul 3l §u=l
e, == 10
s woo LI 2 ( ')
ne XOVE— ( b \'i)
p=] g

(aict ¢, -F, este ordonata la origine a dreptei celei mai probabile, care in
absenta erorilor sistematice nu se deoscheste semnificativ de zero) s-a cal-
culat funcgia de echivalenta chimicd dintre soluia de complexon IIT si
cea de FeCly:

¥, = —0.096966 -- 0,85475 - \; emw® Na,H,V - 2H,0 (11)
si abaterea medie péatraticd de selectic:
s = 4,2426.10-3% ¢m?® Fed+ (12)

Admigind un nivel de semmnificatie de Q = 0,05 pentru care valoarea para-
metrului Student este: ty.p o ops = 12,75, s-au calculat limitele benzii
de dispersie a rezultatelor individuale in jurul dreptei celei mai probabile :

Vo == 0,10121 -+ 0,85475 . V; em® Na,H,Y - 2H, O (13)
Tig = —0,09272 & 085475 - V; em® Na,H,V - 2H,0 (14)

Se vede ¢d pe intregul domeniu al biuretei banda de dispersie a functiei
practice include functia teorcticd de echivalentd, deci funcfia practica

10 -~ ¢hemia 11972
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nu se deosebeste semnificativ de funcfia teoretici de echivalentd ([3].
Aceastd functie practicd a fost folositd la determinarea complexometricd
a aluminiului [4].

(Intrat in redactie la & decembrie 1971)
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GYHKUMA 3KBUBAJIEHTHOCTH PACTBOPOB B ONPEAEJEHUAX TIYTEM
INEPETHMTPOBAHLH S H3BBITKA

Pesionxe)

[IpreouTcs nOBHUI CTATHCTHYECKHIT METOXN H BBONWTCH NOHSNTHE (PYHKHUMA XHMHHCCKOIT
IKBHBAJIEHTHOCTH (TeOPeTHUeCKOll M NPAKTHUECKOll) 15 YCTAHOBJEIHs SKBHBATOHTHOCTH ABYX
PacTBOPOB. MeTO L MPHMEHHM KO BCeM CAYUaaM Onpelesentst MyTex [epeTHTPOBaHHsT HEOLITKA
H VCTpaHseT BO3MOMHOCTBL lIPeBPAEHHA CAYUaiiHblX OUIMGOK B CHCTeMATHUECKHE OIMNGKH
NPH VCTAHOBJCHMH OTHOUICHHSE XHMHUYECKO{l SKBHBAJEHTHOCTH JABYX PACTBOPOB.

LA TONCTION IVEQUIVALENCE DES SOLUTIONS DANS LES DETER-
MINATIONS PAR RETITRAGL DE L/EXCES

(Résum

On présente un procédé statistique nouvean et lon introduit ia notion de fouction
d’¢quivalence chimique (théorique et pratique), pour c¢tablir 'équivalence de deux solutions.
Le procédé est applicable & tous les cas de détermination par retitrage de Uexcés et il écarte
toute possibilité de transformation des erreurs fortuites en errcurs systématiques dans
1a détermination du rapport d’¢quivalence chimique de denx solutions.



YFritz Umland,
tische  Anwendung

Theorie und prak-
von Komplexbildern,
(Teoria si aplicatiile practice ale comple-
xantilor), Akademische Verlagsgesellschaft,
Frankfurt am Main, 1971, 739 pagini, 22 fi-
auri si 34 tabele. Volumul 9 al seriei ,, Metho-
dent der Analvse in der Chemie”,

Importanta  reactiilor prin formare de
complecsi in chimia analitica a crescut mult
in ultimele decenii. Realizarea unor proce-
dee analitice de mare sensibilitate i selec-
tivitate se bazeazd de multe ori pe aplica-
rea unor rteactii de complexare.

Lucrarea  profesorului Umland  contine
& capitole. Primul capitol discutd problemele
¢de bazit ale chimiei  combinatiilor com-
plexe; urmitoarcle patru disentd utilizarea
Huanzilor generatori de chelati in analiza

cravimetried, in titrimetrie,  spectrofoto-
mietrie si fluorimetrie. Ultimul - capitol

contine citeva tabele rezumative si o biblio-
grafic cu 2 456 indicatii,

Teoria  formarii  combinatiilor  complexe
este disentati la un nivel elementar nefiind
abordate teoriile moderne (teoria  cimpului
de liganzi) deeit sub aspect calitativ. Nu se
discutd  probleme  structurale care  deter-
mind stahilitatea complecsilor. Iiste o defi-
cientd a luerarii devarece in privinta apli-
catiilor practice e rezumi numai la dome-
niile  amintite, raminind neabordate pro-
blemele  utilizarii  generatorilor de com-

" pleesi in chimie electroanaliticdi, cromato-
grafie, schimb de joni, ete. Meritul luerdrii
constd in indicarea unui numir mare de
procedee analitice foarte bine alese. Pe lingi
descrierea metodelor se dau referiri critice
asupra domeniilor de aplicare, a elimindrii

RECENZII

ionilor jenanti, respectiv asupra  posibili-
titilor de separare. Tabelele de la sfirsitul
cirtii inlesnesc orientarca in alegerea meto-
delor, a reactivilor, inclusiv formulele acestora.

Cartea, prin publicarea unui numiar con-
siderabil de metode analitice, prin expune-
rea critici a posibilititilor de aplicare, este
un ajutor pretios chimigtilor care luercazi
in domeniul chimiei analitice a metalelor.

L. KEXKLDY

W, Simon & T. Clerc, Strukiummuf-
Lklarung organischer Verhindungen mit spek-
troskopischen Methoden, Akademische Ver-
lagsgesellschaft, Frankfurt am Maiu, 1971

Cartes nrmireste in prinmul rind seopurd
didactice. Prin  prezentarea unor exemple
adecvate cititorul  este  ajutat la insusirea
acelor cutlostinte practice prin care vi puten
sl execute cercetari de  structurd  colicind
metodele cole mai moderne ca spect
pia in UV si IR, rezonanta magneticd nucieard
si spectroseopin de masd. Subiectul  cirti
este din ceie mai importante, deoarcee ald-
turi de spectroscoapele in UV st IR, apara-
tele RMN si spectroscopia de masi patruaul
printre instrumentele pe ecare  chiniistul iy
utilizeazi zilnic, Cartea cuprinde o serie
de tabele care contin si relatii, flind utili-
zabile pentru ficcare metodit in parte.

Cartea reprezinti de fapt realizarea cou-
ceptiei  precomizate  de Silvesteln
si Basslcr O serie de tabele corelative
nu sint comentate separat, autorii bazindu-se
probabil pe cunoasterea anticipatd a teorii-
lor ce stau la Daza acestor relatii. Tabetele
care contin spectrele de UV, IR si RMXN.
se ocupd si cu dependenta dintre spectre




si structura find. Pentru ca cititorul sd-si
insuseascd cit mai bince aplicatiile practice
ale mietoded, cartea contine separat un inic
caiet cu 50 de exemple practice, de indrumare

in utilizarea tabelelor. Accasta ridicd mult
valoarca de utilizare a lueririi.
Cartea reprezintd o initiativi  deosebit

de valoroasii, un auxiliar foarte util in munca
modernd de cercetare.
MARTA MIOSCU

R. Belicher A J. Nutten, Al
M, G, Macdonald Quantitative Inor~
ganic  Amadysis. 111, Id.. Butterworths,
Lesndon, 1970, 4235 .

Lauerarea corespuwde unui curs de analizd
anorganicd cantitativa pentru uzul studen-
tilor din universititi si colegii tehnice.

Cartea cuprinde cinci mari capitole. Cap. I
deserie aparatura si telinica de laborator;
Cap. II, dupd o scurti prezentare a unor
probleme  generale  (procese  de precipitare,
tormarea precipitatelor,  contaminarea  pre-

RECENZII

cipitatclor, filtrarea, spilarea, ete.), cuprinde
determinarea unor anjoni (clorurd, sulfat) si
cationi  (fier, aluminiu, magneziu ete). Se
descrie pe scurt si analiza prin electrodepu-
nere precum si citeva determiniri.

Cap. 111, analiza titrimetricid atit in api
cit gi inn solventi neaposi; Cap. IV descrie
analiza  ecolorimetricd si  spectrofotometrici
prin absorbtie atomicii; Cap. V. se ocupid
de unele inetode electroanalitice (potentio-
metria, coulometria §i  polarografia), iar
capitolul VI cuprinde atit analiza unor
produsi industriali (oteluri, alame) si natu-
rali {calcar si feldspat) cit si unele apendice

(aplicatiile  statisticii in  chimie, folosirea
aselor de plating, tabele).
Din lucrare se desprind doudl aspecte:

proportia bine aleasd intre cele mai folosite
metode de analizd chimicd si fizico-chimicd
precam 51 mentionarea mnoilor dezvoltdri
din chimia analitici care sint specificate
$i bibliografic (la sfirgitul fiecirui capitol).

Cartea reprezintd wun pretios indreptar
pentru  studentii care urmeazd si invete
bazele analizel cantitative.

C. LITEANU



A treia Conferinti nationali
de chimie analitiedt

Intre 22 si 26 septembrie 1971 au avut
loc la Bragov lucririle celeli de a IllI-a
Counferinte mnationale de chimie analiticd.
Conferinta, patronati de Uniunea Inter-
nationall de Chimie Purd i Aplicatd (IUPAC)
a oferit un minunat prilej de confruntare
stiintifict ¢i de discutii fructuoase. Sedinta
festivi de deschidere a fost ongprati de pre-
zenta ministrului industriei chimice, inginer
Mihai Florescu, care a prezentat
o interesantd conferintd despre rolul chimiei
analitice in dezvoltarea industriei chimice
moderne. Conferinta a fost salutatd de repre-
zentantii  Ministerului  Invitamintului, a
Consiliului national ol inginerilor i tehnicie-
nilor, a autoritdtilor locale de partid si de
stat, precum i de reprezentantul ITPAC
prof. <r. W. Kemula din Varsovia.

La plenara festivd de deschidere s-au ascul-
tat cu interes expumnerile : Desvoltarea chimicy
analitice {n Romdnia de prof. G. Popa
(Universitatea din Bucuresti) si Despre unele
aspecte ale cromatografici cu gradienti a solu-
tillor de prof. C. Liiteamnu (Universi-
tatea Babes-Bolyai din Cluj) .Lucririle pro-
priu-zise au decurs pe trei sectii, in fata

fleciirei sectii find prezentate un numir
mare de comunicidri interesante si anume:

in sectia de metode clectrochimice—46 Iu-
criri, la cele doud sectii de metode optice—
117 ucridri, la sectia de metode de separarc —
83 de lucrdri. Zilnic s-au expus conferinte
plenare, axate pe problemele moderne ale
chimiei analitice de cidtre ocimeni de stiintd

cu  repume mondial: I, P. Alimarin
(Moscova), H. A. L,aitinen (Urhana,
SU.A), E Pungor (Budapesta),
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W. Kemula (Vargovia), R. Belcher
(Birmingham), G. Valensi (Poitiers,
Franta), R. A. Chalmers (Aberdeen).
S-au expus trei conferinte plenare pe sectii
tratind urmditoarele subiecte: Metode de
acces electrochimic i calcul numeric al cons-
tantelov de stabilitate ale policomplecsilor”
{C. Luca, Universitatea din Bucuresti
si . Berthon, Universitatea din Poi-
tiers, I'ranta), Iunctii analitice (I. A 1. Cri-
s an, Universitatea Babes-Bolyai din Cluj)

si Determinarea oxigenului, azotului i hidrvo-

genului  din metale neferoase (G. Kraft,
Frankfurt am Main, R.P.G.). A avut loc

totodatd o diseutie la masi rotundd pe tema
.. Perfectionarea cadrelor de chimisti analigti”,
cu participarea specialistilor din tard si strai-
nitate. Un bogat program cultural-artistic
a asigurat folosirea placutd a timpnlui liber
dind totodatd invitatilor strdini prilejul de
a cunoagste frumusetile {drii noastre, mouu-
mente de artd, muzee.

TUnele firme producdtoare de aparaturd
analiticd au expus aparate moderne electro-
chimice i de cromatografie. Organizarea
a fost exemplara din toate punctele de vedere,
si speram cid participantii s-au intors acasi
cu cele mai bune impresii.

Scopul  conferintelor stiintifice este in
primul rind acela de a crea contacte perso-
nale intre cercetitori din diferite institutii
atit pe plan mnational, cit si international,
de a vehicula schimbul de idei, orientares
in preocupiri, asigurarea unui orizont mai
larg asupra principalelor directii de dezvoi-
tare i specialitatea respectivd. Privitd sf
sub aceste aspecte, putem considera ¢t aceastd
conferintd a fost reusitd, desi tematica a
fost incd mult prea variati pentru a putea

s asigure o abordare mai profunda a proble-
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melor expuse. Credem cd pe viitor acest
deziderat va putea fi realizat stit prin deli-
mitarea mai strinsi a domeniilor, cit §i prin
cadrul organizatoric oferit discutiilor. Ne
gindim la mnecesitatea existentei unor sili-
cluburi puse la dispozitia participantilor
pentru discutii personale directe.

Remarcdm cu recunostintd sprijinul dife-
ritelor institutii si organe de stat in organi-
zarea conferintei, in special al Ministerului
Industriei Chimice, prin asigurarea, intre
altele, o aparitiei, incd inaintea conferingei,
4 tuturor lucrdrilor care urmau si fie expuse .
Conferintele plenare vor apare sub ingrijirea
untei edituri din striindtate.

Membrii Catedrei de chimie analitici a
universitdtii noastre au expus un numér
mare de Inerdri (49) apreciate de ciitre par-
ticipanti. Contribuind totodatd la munca de
organizare a conferintei, ei au adus un real
aport la reusita acesteia, fapt care credem
cit se reflectd si prin aceeaciceade a IV-a
Conferintd XNatjonald de Chimie Analitici
a ales drept sedin Clujul.

L. KEKEDY

A doua Conferintd a societétii ungare
de chimie pe tema ,,Unele aplieatii
ale chimiei fiziee" Veszprém, Ungaria
2—6 august 1971

Conferinta privind unele aplicatii ale chi-
miei fizice in chimia analiticd, tehuologici
si farmacenticd, a fost organizati de Sectia
de $tiinte chimice a Academiei Unyare de
Stiinte in cooperare cu Societatea Slovacid
de Chimie i cu Societatea Ungard de Far-
macie.

Participarea la aceasti conferintd a fost
numeroasd, cuprinzind cercetdtori din aproape
toate tdrile Europei. Din Roménia a parti-
cipat ca delegat conf. dr. Gavril Niac (Uni-
versitatea  Babes-Bolyai, Cluj) trimis pe
contul Ministerului Invatdmintalui, asistent
Iovanca  Haiduc, {Universitatea Dabes-
Bolyai, Cluj) si gef de lucrdri Andrei Biro
(Universitatea Al I. Cuza, JTasi) trimisi pe
cont propriu pe baza recomanddrii Minis-
terului Invitdmintului.

Yestivitatea de deschidere a conferintei
a avut loc in aula universititii. La deschi-
dere an fost prezentate urmitoarele confe-
rinte plenare :

— E. Pungor (Ungaria),
ton-selectivi ;

Llectvozi
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-~ T. Blickle (Ungaria), Resuliate
in chimta tehnoligicd;
G. Takdcs (Ungaria), Sifualia

actuald st temdinfele tehnologiet farmaceutice.
in timpul desfisuririi lucririlor au fost
prezentate conferinte plenare pe  sectii:

— D.W. Simon (Elvetia), Llucidarca
structuvii combinafiilor ovganice prin aplica-
rea combinatd a nciodelor imstrumentale de
anglizd.

— J. I K. Huber (Olanda, Aplica-
vea  vezultateloy vecende ale cromatografici li-
chide tn analiza chimicd.

-~ M, Knhnert-Brandstitter
(Austria), Termondicroscopia, o metodd  de
bazd in cercetarca polimerfismudid.

-~ I. 8ajdé (Ungaria), Bazele
chimice  ale  determindric  compoziticl
mdsurarea lemperalurii.

— M. Karach (Ungaria), Chintia feh-
nologicd, o stiinid.

— P Le Goff (Franta),
patului fluidizat in clectrochimie.

- P. G. Romankov (UGR.B.8),
Cinetica proceselor de transfer de masd in
pabturt fluidizate.

-~ R, Huttenrauch (R.D.G),
Progrese in industria farmaceuticd.

— Z. Mészaros (Ungaria),
tarca farmaceutica 3@ stiinfele vecine.

Lucriirile prezentute ln conferinti an apd-
rut in doud volume de , Proceedings”, de
aproximativ 1300 pauini, volume puse la
dispozitia participantilor la conferintd inain-
tea inceperii acestein.

Activitatea conferintei s-a  desfasurat in
cadrul a treil sectii:

Jizico-
prin

Aplicarea

Cerce-

1. Aplicarea chimici fizice in chimia ana-
liticd ;

2. Aplicarea chimiel fizice in chimia teh-
nologicd ;

3. Aplicarea chimici fizice la
substantelor farmaccutice.

obtinerea

Lucririle din Sectin I au fost impirtite
in subsectii :

- problemele  analizei  instrumerntale;

— analiza farmaceuticd  instrumentald si
cercetaren  stabilititii  produsilor farmacen-
tici;

-~ simpozion electroanalitic;

— simpozion de oscilometrie;
iar cele din Sectia 2-a in:

operatii ;
-— procese ;
— procedee.
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Participantii la conferintd din Roméania
au prezentat lucririle: Crioscopia cu camfor
prin analiza teriodifeventialé de S. Mager
si G. Niac (Univ. Babeg-Bolyai, Cluj,
in englezd), Cercetarea devivatograficd a unor
complecsi N-fenil-2-tivcarbamoil-dimedonict de
R. Mocanu, A Biro, si o Fisel
(Univ. Al I. Cuza, Iasi, in gernlani) si
lucrarea Despre dependenta  potential-timp @
electrozilor de paladin  si utilizarea lov la
titrarea vedox automati de C. T,iteannu
si 1. Haiduc (Univ. Babes-Bolyai,
Cluj, in englezd). Lucrdrile au fost primite
cu interes si au fost discutate in sedinfa
sectiei i intre participanti.
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In perioada conferintei a fost organizati
si o expozitie de aparate de laborator, la
care au participat firmele din R.P.U. (deri-
vatografe, pH-metre, electrozi ioni-selectivi,
polarografe etc), Carlo Erba (cromatografe
pentru analiza organicd), Radiometer (titra-
toare automate, pH-metre) Finnegan Ins-
truments si altele.

Conferinta de Chimie Fizici Aplicati de
la Veszprem, bine organizati, cu o tematici
de mare actualitate, a prilejuit un schimb
util de opinii si informatii stiintifice.

IOVANCA HAIDUC
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Tn cel de al XVll-lea an de aparitie (1972) Studia Universitatis Babes-Bolyai cuprinde
seriile :

matematicai—mecanica (2 fascicule) ;
fizica (2 fascicule) ;

chimie (2 fascicule) ;
geologie—mineralogie (2 fascicule);
geografie (2 fascicule) ;

biologie (2 fascicule) ;

filozofie ;

sociologie ;

stiinte economice (2 fascicule) ;
psihologie—pedagogie ;

stiinte juridice;

istorie (2 fascicule) ;
lingvistica—literatura (2 fascicule).

Ha XVII rogy wuspaHus (1972) Studia Universitatis Babes-Bolyai Bbixogut cne-
OyIOWUMU  CepusmMu:

MaTemMaTuka—mMexaHuka (2 BbINycka);
msnka (2 BbiNycka);

Xumus (2 BbINycka);
reoniorus—muHepanornsa (2 BblMycKa);
reorpaus (2 BbINycKa);

6uonornsa (2 BbINycka);

chunocodms ;

COLMONOrnS ;

3KOHOMMYECKME HayKu (2 BbINycka) ;
rncuxonorus—negarorvka ;
OpUANYECKNE HayKW |

nctopmsa (2 BbINycka) ;
A3bIKO3HaHVe—NTepaTypoBefeHne (2 BbiNycka);

Dans leur XVII-me année. de publication (1972) les Studia Universitatis Babes-Bolyai
comportent les séries suivantes:

mathématiques—mécanique (2 fascicules) ;
physique (2 fascicules) ;

chimie (2 fascicules) ;
géologie—minéralogie (2 fascicules) ;
géographie (2 fascicules) ;

biologie (2 fascicules) ;

philosophie ;

sociologie ;

sciences économiques (2 fascicules) ;
psychologie—pédagogie ;

sciences juridiques;

histoire (2 fascicules) ;
linguistique—littérature (2 fascicules).
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