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STUDIUL PROPRIETATILOR FIZICO-CHIMICE ALE ALUMINELOR
PROMOTATE CU DIOXIZI METALICI (¥YL)

Stadiul termic, textarai si structural al unor sisteme catalitice AltO3—CeO3*

Mtl DVLAMITA, |AUBDSTIKTp6p| si VIBGIL COMBEANV

Folosindu-se sisteme oxidice A1303—CeOs [1, 2] s-au studiat procese de
transformare a hidrocarburilor, din rindul carora mentionam :

— Dehidrogenarea alcanilor [3, 5—7] si ciclohexanului [8, 9];

— Dehidrociclizarea si reformarea alcanilor [4, 9—15];

— Oxidehidrogenarea etilbenzenului, in prezenta oxigenului din aer, cu
formare de stiren [16—18].

Activitatea si selectivitatea sistemelor A1503—CeO, este dependentd de
urmatorii factori: metoda de preparare a hidroxizilor precursori, viteza precipi-
tarii componentilor, pH-ul solutiei, ordinea de adaugare a reactantilor, durata

si modul spalarii precipitatului, temperatura de uscare, durata si temperatura
tratamentului termic etc.

Tn functie de acesti factori se obtin sisteme oxidice Al203—CeOt eu caracteris-

tici fizico-chimice specifice procesului de oxidehidrogenare cataliticd a etilben-
zenului la stiren [19—27].

Studiul termic, texturdi si structural s-a efectuat pe sisteme oxidice de
tipul A1303—CeOa, oxid de aluminiu si dioxid de ceriu prelucrate Tn conditii
identice. Hidroxizii precursori s-au obtinut prin precipitare omogena cu parametri
prestabiliti. Prin interpretarea datelor experimentale s-a observat influenta dioxi-

dului de ceriu asupra texturii si structurii aluminei n functie de compozitia sis-
temelor oxidice.

1. Partea experimentalii. 1.1. Prepararea hidroxizilor precursori st a sistemelor oxidice. Pen-
tru obtinerea hidroxizilor de aluminiu si ceriu, liberi sau Tn amestec, s-a utilizat azotat de alu-
miniu cristalizat, azotat dublu de ceriu (IV) si amoniu (NHt),Ce(NQe), + 1,5H,0 si carbonat de
amoniu. Cantitatile corespunzatoare de azotat de aluminiu si azotat dublu de ceriu si amoniu,
exprimate sub forma de oxizi, amestecate in raportul corespunzator (tabelul 1), s-au introdus In
cinci litri apd distilatad. Solutia obtinutd are pH-ul initial Tn jur de 2. Se Incalzeste solutia cati-
enilor, se agitd cu vitezd constantd si se precipitd omogen cu o solutie de carbonat de amoniu
10%, prin adaugare treptata timp de 30 minute.

Dupa terminarea operatiei de precipitare, se adauga apa calda incit volumul final sa fie de
9 litri Tn toate cazurile. Tn tabelul 1 sint prezentate conditiile precipitarii omogene (pH-ul final,
temperatura, durata agitarii si timpul de maturare Tn contact cu solutia mama). Precipitatele sepa-
rate se spald cu apd cu 5% etanol pina la indepartarea completa a ionului azotat (reactie nega-
tiva cu difenilamind). Precipitatele separate se usuca pind rfnd se formeazd o pastd viscoasa si
se fasoneaza sub forma de extrudate cu diametrul de 3 mm. Temperatura si durata uscarii extru-
datelor, in curent de aer se arata n tabelul 1.

Probele la—6a s-au preparat prin inversarea ordinei de adaugare a reactantilor, avind n
solutie un exces de carbonat de amoniu si pH-ul initial 9,5. Hidroxizii precursori s-au transfor-
mat Tn oxizi prin descompunere termica, la 550°C, in curent de aer, timp de patru ore.

e Lucrare prezentatdtlaF-Al Il-lea Congres National de Chimie, Bucuresti, 1981.
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Tabel 1
Compozitia, conditiile jle obtinere si uscare a hidroxizilor precursori

\r T?}on(%porﬂ'gsé Conditiile precipitarii omogene Uscarea probelor
probei T Timp Matu- T Durat

AljOs CeOj H EMpP- agitare rare, emp.,  Durata

) ) tPnaI C gmin Jile C in ore
1;la 100 0 7,0 59 13Q 1,0 105 20
2 ;2a 99 1 7,0 59 130 l.o 105 30
3;3a 98 2 7,0 67 142 2,0 105 43
4 ;4a 96 4 7,0 61 123 1,0 108 54
5 ;5a 94 6 75 58 161 2,0 108 42
6 ;6a 92 8 7,5 60 180 2,0 107 38
7 90 10 7,5 63 140 2,0 107 27
8 87 13 8,0 55 125 2,0 107 27
9 85 15 75 59 90 7,0 108 28
10 83 17 75 60 120 4,0 108 28
1 80 20 7,0 60 120 5,0 105 29
12 77 23 7,0 49 90 1,0 105 27
13 75 25 7,0 55 90 1,0 105 28
14 73 27 7,0 58 135 2,0 105 30
15 70 30 75 60 120 2,0 105 29
16 65 35 8,0 58 130 2,0 105 44
17 60 40 8,0 58 120 2,0 105 31
18 50 50 75 56 120 1,0 105 26

1.2. Metode de studiu. 1.2.1. Studiul termic. S-a efectuat cu ajutorul unui derivatograf, la
temperaturi cuprinse in domeniul 30— 1050°C. Viteza de incalzire programata, 10°C/min. Am utili-
zat probe uscate cu granulatie de 0,1—0,2 mm. Simultan cu programul de temperatura s-a in-
registrat curba termogravimetricd (TG), curba termodiferentiald (TD) si curba termogravimetrica
derivata (TGD). Pierderile de masa s-au calculat de pe curba TG. Cu ajutorul curbei TD am
stabilit semnul transformarilor entalpice care Tnsotesc modificarile fizico-chimice si temperaturile
la care apar acestea. Pe curba TGD am citit corect temperaturile corespunzatoare transformarilor
cu pierdere de masa.

1.2.2. Textura sistemelor oxidice. Caracteristicile texturale s-au determinat utilizind metodele :
a) adsorbtia-desorbtia azotului la temperatura azotului lichid pe o instalatie volumetrica de tip
BET [28] pentru aprecierea microporozitatii; b) Penetrarea mercurului pind la 1000 at. pe un
porozimetru Carlo Erba pentru a determina macroporozitatea sistemelor oxidice.

Cumularea datelor obtinute prin adsorbtia cu azot cu cele rezultate prin penetrarea mercurului
s-a efectuat la raza de 150A a porilor. Datele experimentale s-au interpretat pe baza unui pro-
gram de calcul, rezolvat pe un calculator Hewlet-Packard [2].

1.2.3. Determinari de structura prin difractie cu raze X. Studiul structural al hidroxizilor
uscati la 105°C si al oxizilor calcinati la 550°C s-a facut prin metoda Debye-Scherer, folosind o
instalatie tip TUR—M®62 cu radiatia K3 a unui anod de cupru, avind lungimea de unda X —
= 15418 A, trecuta prin filtru de nichel. Indexarea liniilor de pe réentgenogra na s-a efectuat
dupa metoda analiticd si prin comparare cu fisele ASTM.

1.2.4. Caracterizarea structurii superficiale prin speclrometrie in infrarosu (IR). Spectrele de
absorbtie Tn IR s-au Tnregistrat cu un spectrometru Zeiss UR—10, folosindu-se tehnica pastilani
Tn bromura de potasiu. Raportul proba-bromura 1: 300. Hidroxizii precursori s-au tratat termic
la diferite temperaturi. Modificarea temperaturii s-a facut Tn trepte, mentinindu-se constanta cite
0 ora la fiecare temperatura.

2. Rezultate si discutii. Reactivul de precipitare se formeazd prin hidroliza
carbonatului de amoniu la cald, chiar in mediul de reactie, Tn concentratie identica
in tot volumul sau. Cei doi hidroxizi au pH de inceput de precipitare diferit,
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Tabel 2

Variatia masei probelor eu temperatura de tratare termied

Temperatura, in °C
140 | 240 | 270 | 400 | 460 | 600 | 800
Pierderea de apa, In % greutate

1 20 21,0 240 335 352 370 378
2 24 150 172 304 344 370 37,8
3 32 140 190 270 296 320 332
4 36 140 220 280 32,0 344 352
5 52 210 260 340 374 404 410
6 112 270 290 380 416 436 445
7 30 210 290 360 372 392 40,0
8 112 220 234 337 362 372 385
9 10,7 237 262 375 40,7 420 430

10 175 275 295 375 385 392 400

1 30 140 184 250 27,0 29,0 30,0

12 120 176 190 260 276 288 29,0

13 11,2 20,0 220 287 325 337 347

14 11,2 215 225 285 315 330 340

15 28 100 120 180 214 238 247

16 112 237 255 30,7 322 335 342

17 24 102 128 184 204 22,4 23,2

18 10 76 92 136 154 168 17,6

la 4, 172 220 30,0 320 344 352

0 )
32 134 160 230 264 292 302
12 162 180 250 300 32,0 332
87 162 175 225 270 307 32,2
96 125 132 200 250 287 30,0 _ ,
80 110 116 156 196 220 230 Fig. 1 Curbele TD si
efectele entalpice.

DU WN
DO YYD

realizindu-se mai ntii produsul de solubilitate al hidroxidului ceric. Acesta se
disperseaza uniform Tn masa hidroxidului de aluminiu. Prin precipitare omogena
la cald si maturare in contact cu solutia mama timp de" 1—7 zile (tabelul 1)
am avut Tn vedere sa influentam structura cristalind a hidroxizilor precursori.
Inversind ordinea de adaugare a reactantilor s-a realizat coprecipitarea omogena
a hidroxizilor precursori Tn mediu bazic (probele la—6a, din tabelul 1).

Tn tabelul 2 s-a indicat pierderea de apa la probele supuse tratamentului
termic. Dupd pierderea de apa pina la 900°C se observa ca probele 5—10
pierd mai multa apd decit hidroxidul de aluminiu precipitat in aceleasi con-
ditii, fara a aparea efecte entalpice deosebite( fig. 1). Sistemele coprccipitate
(probele 2a—4a) retin mai putina apa decit la. Peste 500°C probele retin 1—4%
apa, sub form& de grupe hidroxilice izolate, apa care se elimind continuu pina
la 1000°C.

Tn ansamblu amestecurile de hidroxizi se descompun termic in doud trepte
(fig. 1) la temperaturi In jur de 200 si respectiv 400°C, dependent de conti-
nutul in ceriu al probelor. Pina la concentratii de 25% CeO2, virful endoterm
de la 200°C, se deplaseaza continuu spre temperaturi mai joase, in timp ce al
doilea virf endoterm se deplaseaza in sens opus, catre 400°C.



N; $tftJUAT 1A, fel>» , VI COUIANU

Tam r
Dat« texturai« obtinute eu ajntarul pratraealul de «aieul peutra preba 11

Putele de pe izotermi

X Y Panta
0,0548 46,68 110,1 %K
0,1288 54,88 »1,3
0,2258 63,68 90,4 P
0,4247 81,70 90,4 X
0,9062 287,70 23553 _
0,9898 272,70 1251 V- =%
0,8610 256.60 3132 Y =a+ bX
0,7934 235,40 879.4 1
0,7730 217,50 687.4
0,7360 192,10 634,0 YXC
0,6875 161,30 495.9 c_1
0,6276 131,60 258,2 b =
0,5064 100,30 1787 V«e
0,3778 77,50 0,0

Suprafata specifica = 215,86 Iy

Constanta C = 111

Volumul microporilor (0—300 A) = 0,4196 cm’/g
Raza medie a microporilor = 38,88 A

Volumul macroporilor (300—75.000 A) = 0,635 A

Distributia microporilor

Domeniul, A Volumul, cm’/g %
5- 25 0,07747 18,46
25- 50 0,22457 53,42
50-100 0,09829 23,42

100 — 300 0,01932 4,60

Datele obtinute in procesul de adsorbtie-desorbtie s-au interpretat cu aju-
torul Iorogramulm de calcul, aplicindu-se metoda BET [28] si BJH [29].
tabelul 3 sint trecute datele care se obtin pe baza programului de calcul Ia o
probd, iar in tabelul 4 caracteristicile texturale pentru probe reprezentative.
Din analiza acestor date se pot face aprecieri asupra texturii oxizilor de aluminiu
si a sistemelor A1203—CeO2 lzotermele de adsorbtie sint de tipul 1l, constanta
C din ecuatia BET are valori mai mari de 100, bucla de histerezd este de
tipul B alteratd cu hibrizi de tipul A si E. Razele medii ale microporilor au
valori cuprinse Tntre 20 si 71 A. Microporii alterneaza cu macroporii determi-
nind o distributie binodala a porilor. Prin introducerea de hidroxid ceric Tn masa
de hidroxid de aluminiu se produce o deplasare a spectrului de pori spre pori
cu diametre mai mari pe seama distrugerii partiale a porilor mici, comparativ
cu alumina de plecare. Pentru concentratii sub 10% CeO2, sistemele AlaO,—
—Ce0? au suprafata specifica mai mare decit a probei 1, iar distributia ma-imii
porilor este predominantd Tnh domeniul porilor cu raze intre 100—1000 A. Dia-
metrul unor asemenea pori este suficient de mare pentru a facilita patrunderea



Nr. probei

Volumul microporilor, cm’/g

Raza medie a microporilor, A
Volumul macroporilor, cm’/g
Volumul cumulat al porilor, cm’/g
Suprafata specifica, m’/g

Distributia Domeniul, A
marimii
porilor, In % 5_25
25 — 50
50 - 100
100 — 300
300 — 107
10« — 10’
10« — 7,5+ 10«

Caraaterlatiai textUrai« paatru praba raprazautativa*

0,223
20,71
0,275
0,498
198,0

0,271
22,09
0,617
0,888
2453

31,43
7,21
1,01

26,33

25,04
0,87
8,11

0,285
20,44
0,815
17100
2788

28,91
4,84
1,93

31,33

22,22
1,05
9,72

0,294
23,04
0,606
0,900
2549

25,89
5,47
1,97

19,47

40,35
1,19
5,68

¢ Prebele au foit tratate tarmic, in cureat de aer uaaat, timp de 4 ére la BBO’C.

0,303
27,49
0,581
0,884
220,1

24,22
5,54
2,08

18,09

44,81
2,36
2,90

0,40
53,76

148,8

68,70
21,50
6,11
4,59

1

0,42
38,8
0,635
1,055
215,9

7,35
21,30
9,32
1,85
43,06
14,35
2,79

12

0,489
70,86

138,0

0,0
28,4
40,7
28,11

2,68

13

0,345
43,67

158,9

17,0
46,0
27,0
10,0

15

0.68
28,98
47.53
20,37

2,44

17

9,42
67,74

124,8

9,9
37,an
57,05
4,28

1,99

Tnbl 4

18

0,327
36,53

179,6

28,9
32,9
16,9

4,6

=V IAdIL N »8WTVLIVO



Nr. probei 3
Nr. liniei dA
1 3,51
2 3,16
3 2,86
4 2,57
5 2,41
6 2,13
7 1,95
8 1,79
9 1,65
10 1,61
11 1,42
12 1,38
13 1,34
14 1,29
15 1,27
16 1,26
17 1,20
18 1,15
19 1,14
20 1,07
aAlo, 7,76
aCeO, 5,65

* Intensitatea |:

Parametrii structurali al unor sisteme A1,0,—CeO,

4
1» d.A |
S 3,45 S
s i _
fs - -
i 2,59 i
S 2,42 i
m 214 m
m 2,02 fs
m 1,90 fs
m 1,71 8
m 1,48 S
fs 1,41 fs
S 1,39 fs
S 1,35 S
fs - -
S _ _
fs 1,24 -
fs — -
fs — —
S _
S — —
7,64
5,68

— foarte slab; s — slab;

5
dA

3,53
2,94
2,84
2,70
2,63
2,56
2,30
2,16
2,09
2,07
181
1,75
1,58
1,49
1,48
1,32

8,03
5,89

- w
7T

|3mm3mmmoow33—-—-

6
d,A

2,72
2,65
2,45
2,43
2,25

2,08
2,04
1,99
1,75
1,70
151
1,49
141
1,37

8,18
5,43

|Bahm3mmahmah|—'—'—'ahw|

8
d,A

2,44
2,40
2,12

2,06
1,98
1,83
1,79
1,60
1,52
1,49
1,31
1,27

8,17
5,75

nw;m ;U ————0 w wmw v
51 1 [

12
dA

3,13
2,75
2,70
2,63
2,47
2,41
2,24
2,01
1,95
1,85
1,80
1,61
1,50
1,46
1,42
1,29
1,26
1,16
1,09

7,79
5,97

m — mediu; i — intens; d — distanta interplanetard, tn A

3 - v v n —-—-—)3 3 —_——— 3331

15
dA

3,12

2,70
2,62

8,07
5,35

] 73585333235 7

7,98
5,26

Tabel 5

| =] T3« | 3|

| 313~

o

[dod 'y| ‘Yilwyina

NNY3gH00 “A
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moleculelor de reactant pe suprafata internd a solidului, in absenta fenomenelor
difuzionale, ca sa se transforme catalitic in produsi.

Analiza cu raze X a hidroxizilor uscati a aratat ca precipitarea in mediu
acid si maturarea Tn contact cu solutia mama nu au influentd esentiala asupra
procesului de cristalizare a acestora. Hidroxidul de aluminiu la este format
dintr-un amestec de boemit, pseudoboemit, trihidroxizi si masa amorfa datorita
influentei mediului alcalin la precipitare. Distantele reticulare si intensitatea
liniilor de difractie pentru unele sisteme oxidice sint date in tabelul 5. Liniile
de difractie ale oxizilor sint largi si difuze din cauza dimensiunilor mici ale cris-
talelor. Ca urmare a indexarii analitice a liniilor de difractie s-au obtinut doud
retele cubice, una de tip spinelic corespunzatoare 7, — A1203 cu a=795 A
(7,64 < & < 8,18) si alta de tipul fluoritei pentru a — CeO3 cu a = 5,62(5,43 <
< a < 5,97). Nu s-au identificat solutii solide si combinatii chimice intre cei
doi oxizi. Toate sistemele oxidice sint formate dintr-un amestec de vj — A1203,
Y — AL20s si a — CeO2. Identificarea liniilor corespunzatoare 8§ — A1203 si ® —
— AL203 la temperaturda mai mare de 500°C, dovedeste ca acestea rezultd prin
secventa de transformari boemit, y — A1203

Dependent de temperatura de tratament termic, spectrele IR ale probe-
lor reprezentative sint redate in fig. 2 si 3. Transformari de faza s-au evidentiat
la temperatura mai mica de 460°C, in concordantd cu datele analizei termice
[2]. Peste 600°C, spectrele IR ale oxizilor prezinta benzi largi caracteristice
vibratiei de valenta a legaturii Al—O, Ce—O si a grupelor hidroxilice izolate
pe suprafatd. Maximul benzii de absorbtie situat Tn domeniul 550—650 cm-1
se atribuie legaturii AI—O in care ionul de Al3+ se afld in configuratie octae-
dricd, pe cind maximul intre 700—850 cm! defineste Jegdtura aceluiasi ion
in configuratie tetraedrica (fig. 2). Umarul larg de la 1000—1080 cm-1, creste
n intensitate, cu marirea temperaturii pina la 320°C cind apare un virf ascutit
la 1070 cm*‘l, concomitent cu deplasarea benzii 1175 cm-1 spre numere de
unda mai mici.

Aceste benzi caracteristice aratd ca boemitul s-a format pe seama des-
compunerii bayeritului si ordonadrii retelei cristaline a pseudoboemitului prost
cristalizat. Trihidroxizii formati, si Tn special bayeritul, s-au identificat printr-o

NUmKr DE UNDI, "r*

Fig. 2. Spectrele in IR pentru proba 1 (curbele 1—5) si
pentru hidroxidul de ceriu (curba 6) Tn functie de tempera-
tura tratamentului termic.
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Fig. 3. Spectrtie Tn IR ale mor stetem» Al,O,—ReO,
tratate termic la 220‘C. 1 — Proba 3; 2— Prob» S;
3 — Proba 7; 4 — Proba 18.

banda larga si intensa, terminata eu un virf ascutit la 1390 cm-1. Procesul des-
compunerii termice al hidroxidului de aluminiu este aproape terminat la 860
cind dispar benzile corespunzdtoare boemitului, iar grupele bidroxilice super-
ficiale provenite din trihidroxizi se deformeaza puternic sub actiunea legaturilor
de hidrogen (benzile cu valori mai mari de 1400 cm-1). Benzile 30H de la 1420—
1480 si 1520—1570 cm-1 corespund bayeritului. La aproximativ 1640 cm-1
se afla banda vibratiei de deformare a apei moleculare adsorbiti fizic pe supra-
fata solidului. Pozma acesteia depinde de legaturile de hidrogen contractate
intre moleculele de ‘apa pentru a forma dimeri sau trimeri.

Regiunea din spectrp de la 2800—3800 cm-1 corespunde interferentei vibra-
tiei de valenta vOnh a hidroxizilor legati de ionul metalic si a celor din molecula
de apa retinuta prin legaturi de hidrogen superficiale. Benzile 2855, 2925, 2955
si 3060—3100 sint atribuite vibratiei de valenta a grupelor OH din boemit.

Vibratia de intindere a legaturii Ce—O este definitd de benzile cu numerele
de unda 650, 855 si 855 cm-1 (curba 6, fig. 2). Hidroxidul ceric al 350°C este
aproape complet transformat Tn dioxid, iar vibratiile de deformare si de valenta
ale grupelor OH superficiale sint deosebit de puternice. La 600°G, aceste benzi
dispar si dioxidul de ceriu este anhidru.

Cunoscliid spectrele IR ale fiecarui hidroxid si evolutia structurii lor cu
temperatura sa le comparam cu spectrele IR ale sistemelor formate din hidroxid
de aluminiu si ceriu (fig. 3). Se constatd cd nu apar benzi noi care sa indice
interactiuni chimice intre cei doi hidroxizi, existind numai o suprapunere a
benzilor situate la 1070, 1390 si 1465 cm®“l Benzile situate la 1070 si 1390 cm-1
cresc Tn intensitate cu madrirea concentratiei Tn CeO2. Pentru concentratia de
6% CeO? (proba 5) banda de 1070 cm-1 posedd intensitate maximad (curba 2,
fig. 3), in timp ce banda 1390 cm-1 (curba 3, fig. 3) are acelasi efect pentru un
continut de 10% CeO2 (proba 7). lonul ceric Tn procesul de precipitare omogena
determind modificéri Tn formarea germenilor de cristalizare, influentind formarea
boemitului si a trihidroxizilor Tn cantitate mai mare decit Tn hidroxidul de
aluminiu (curba 2, fig. 2) preparat in aceleasi conditii.

Benzile vibratiilor de valenta ale grupelor—OH legate direct de ionii de
aluminiu si ceriu, sint intense si au maximele situate Tntre 3390—3480 cm-1.

3. Concluzii. Sistemele oxidice preparate pornind de la mediul acid se
descompun termic la temperaturi mai joase decit cele coprecipitate omogen
n mediu bazic.
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Ka precipitarea omogena a hidroxizilor precursori se formeaza geluri amorfe
ew continut variabil de boemit si trihidroxizi.

Continutul de boemit bine cristalizat si trihidroxizi este mai mare Tn sis-
temele formate din hidroxizi de aluminiu si ceriu decit in hidroxidul de alu-
miniu obtinut Tn aceleasi conditii.

lonul ceric si mediul alcalin accelereazd procesul de formare a modificari-
lor cristaline si mareste cantitatea lor Tn sistemele mixte de hidroxizi precursori.

Sistemele oxidice sint formate dintr-un amestec de tji—Al»0,, y—Al,©,
si a—€eO

Pind la concentratii de 10% CeOt, sistemele A1,0,—CeO, au suprafata spe-
cificd mai mare decit a aluminei pure si peste 50% din pori au raza cuprinsa iu
intervalul 100—1000 A, facilitind oxiaehidrogenarea etilbenzenului Tn domeniul
cinetic.

(litfrti  i» U 21 februarie 1tS2)
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A STUDY OF PHYSICO-CHEMICAL PROPERTIES OF ALUMINA ACTIVATEI) WITH
METALLIC DIOXIDES (VIII)

A thermie, textarai and structural study of several AI203—CeO2 caialytic Systems
(Summary)

The study présents a thermical, textdrai aud structural investigation on A1203—CeOB Sys-
tems, on alumina and Cerium dioxides carried out in similar conditions. The preliminary hydroxi-
des were obtained as a resuit of homogeneous précipitations within preestablished parameters.
Interpreting the experimental data, one could observe an influence of Cerium dyoxide on the
texture and structure of alumina dependent on the composition of oxydic Systems. Al,05—CeOx
Systems having more than 50% of thein pores with a radius ranging irom 100 to 1 000 A were
employed in the oxydehidrogenation reaction of ethylbenzene with styrene.
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DETERMINAREA POTENTIOMETRICA A HNO3 SI H280 DIN
AMESTECUL LOR

D. C. CORMOS

Acidul azotic si sulfuric amestecat in diferite proportii este folosit in reac-
tille de nitrare a unor compusi organici. Cunoasterea compozitiei amestecului
pe parcursul reactiilor de nitrare prezintd interes tehnologic si economic. Tn
acest scop au fost elaborate o serie de metode de analizd propuse in literatura
de specialitate, printre care metode chimice si fizico-chimice. Astfel sint: metoda
titrimetricd cu hidroxid de bariu, combinatd cu determinarea azotatului de
bariu rezultat pe cale titrimetrica indirecta cu carbonat de sodiu sau bicromat
de potasiu, sau determinarea BaSO4 format pe cale gravimetricd [1]. Pentru
determinarea acidului sulfuric s-a mai propus titrarea cu azotat de plumb
in prezenta de acetond si ditizond [2]. Ca metode fizico-chimice s-au propus :
metoda cu nitrometrul cu mercur [3], metoda potentiometrica de titrare a

HNO3 cu sulfat feros [4] si metoda oscilometrica de titrare cu o-nitrotoluen
sau cu sulfat de cupru [5].

Tn prezenta lucrare s-a elaborat o noua metodda de determinare a HNO3
si H2SO4 din amestecul lor, bazatd pe titrarea potentiometricd succesiva a ce-
lor doi componenti dintr-o singura proba. Astfel, in prima faza se titreaza
impreuna HNO3 si H2SO4 cu NaOH Tn prezenta unui electrod de sticla, pina la
pH neutru, iar in faza a doua se titreazd Na2SO4, rezultat la prima titrare,
cu Pb(NO3)2 folosind un electrod indicator confectlonat dintr-un cristal de

PbSe, sensibil la Pb2+ Cantitatea de acid azotic se obtine final prin dife-
renta.

Aceasta metoda prezinta, fatd de metodele din literaturd, avantaje atitin
ce priveste rapiditatea cit si Tn privinta preciziei.

Partea experimentald. Reactivi si aparaturd. 1. Solutie de NaOH 0,1 N, cu titrul stabilit
fatda de H2C204 + 2H20 p.a. prin titrare pH-metrica cu electrod de sticla. 2. Solutie de Pb(NO3)3
O,IN, cu titrul stabilit fatd de K2SO4 p.a., prin titrare potentiometrici folosind electrodul de
PbSe. 3. Solutie de HNO3 O,IN si H2SO4 0,05N, titrate cu NaOH fata de electrodul de sticla.
4. Electrod de sticli Radelkis-OP—8083. 5. Electrod de PbSe, selectiv pentru ionii de Pb’+. 6.

Electrod saturat de calomel. 7. Agitator magnetic. 8. pH-metru MV—84 (Pracitronic), cu sensibili-
tate de 0,01 pH si 1 mV.

Modul de lucru. Din amestecul de acid azotic si sulfuric se ia o proba care se dilueaza la un
balon cotat pina la un continut de citeva miligrame din fiecare component pe mililitru. Din aceasta
se masoara o proba de 10 ml intr-un pahar de 100 ml. Se adauga 20 ml apa proaspat distilata
si, dupa scufundarea electrozilor de sticlda si calomel, se titreaza cu o solutie de NaOH O,IN sub
agitare continua pina la pH neutru. Volumul solutiei consumat corespunde aciditatii totale. Peste
solutia titrata se adauga un volum egal de alcool etilic 96%, se schimba electrodul de sticla cu
un electrod de PbSe si se continua titrarea cu solutia de Pb(NO3)t, citind potentialul electrodului

dupa fiecare adaos. Titrarea cu azotat de plumb se continua pinad la depasirea variatiei maxime
de potential cu Tnca trei adaosuri.

Observatie. Pentru stabilirea corectd a volumului de Pb(NO3), folosit, valorile potentialelor
se citesc dupd cca 30 secunde, Tn special Tn jurul echivalentei.

Din datele titrarii (V ml — E mV) se stabileste valoarea volumului de echivalenta fie pe
cale grafica, fie prin calcul [6].
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Fig. 1. Curbele de titrare potentiometrica a sulfatului cu azotat

de plumb, de concentratie 10,035 mg Pb/ml. 1. 2,45 mg H,SO,

si 56.7 mg HNO,, 2. 4,50 mg HSO si 50,4 mg HNO3, 3. 7,35 mg

H,SO, si 44,1 mg HNO,, 4. 9,80 mg H,SO, si 37,8 mg HNO,,

5. 12,25 mg H,SO, si 31,5 mg HNO,, 6. 12,25 mg H,SO, si
0 mg HNO.,.

Rezultate si discutii. Determindrile s-au condus pe amestecuri de acid azotic
si acid sulfuric luati in proportiile indicate in tabelul 1, coloana 2. Raportul
molar maxim de amestecare fiind HNO,/H2SO4 — 18, iar cantitatea minima
de H2SO4 in 10 ml proba a fost de 5+ ¥0~ moli.

Curbele de titrare potentiometrica obtinute pentru diferitele rapoarte de
amestecare sint prezentate in figura 1.

Curbele de titrare ne arata ca salturile de potential la echivalentd se micso-
reaza odatd cu scaderea cantitdtii de acid sulfuric si cu cresterea cantitatii de
acid azotic, prezent Tn amestec tinzind spre limita titrabilitatii sulfatului, care,
n conditiile titrarii, este de 5 10-6 moli/10 ml. La cantitatea minima de
sulfat titrabil n condltule descrise, obtinindu-se la echivalentd un salt de poten-
tial de cca 10 mV pentru un adaos de 0,1 ml solutie de Pb(NO8)2 0,1 N.

Rezultatele obtinute la determinarea acidului azotic si sulfuric luatin diferite
rapoarte de amestecare si in cantitati cuprinse intre 12,25—2,45 mg H,SO/
si 31,5—56,7 mg HNOS in volume de 10 ml, sint trecute n tabelul 1.

Rezultatele experimentale din coloanele 2 si 3 ale tabelului 1 au fost
valorificate statistic si prin metoda celor mai mici patrate, obtinindu-se Tntre
cantitatile de acid azotic si sulfuric, luate in lucru si regasite prin titrare, o
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label 1

Bcleratfaarta HNO, ti H,SO4 4la amestera] ler pria titrare ea
NaOH »1 Pb(NO,),

Nr. . Hig tng i

probei u&t gasit mg %

1 2 3 4 5
1 56,70 HNO, 56,91 HNO, +0,21 +0,37
2,45 H,SO. 2,39 H,SO, -0,06 -2,45
2 50,40 HNO, 50,29 HNO, -0,11 -0,22
4,90 H,SO, 4,88 HaSO. -0,02 - 0,40
3 44,10 HNO, 44,125 HNO, +0,025 +0,06
7,35 H,SO4 7,13 H,SO, -0,22 -3,00
4 37,80 HNO, 38,04 HNO, +0,24 +0,63
9,80 H,SO, 9,56 H,SO!4 -0,24 -2,45

5 31,50 HNO, 31,50 HNO, +0 0
12,25 H,SO, 12,31 H,SO4 +0,06 +0,50

6 0 HNO, 0 HNO,
12,25 H,SO, 12,245 H,SO4 -0,05 -0,40
*b.Xj»uU*tel«{dia colosa* 7 « tetelului 1 »Int val<ii* »tdii <It{:rute din 4 nspectiv 5 determindTi paralele,

yalerHc"dia'rtodal 6 al tabelului 1 au au fost folosite la calculul coeficientilor drepte~de regresie,

corelatie exprimata cu ajutorul dreptelor de regresie [7S, si ale cdror ecuatii
au valorile :
y = —0,014276 + 0,99867x si o abatere standard s = 0,307 pentru acidul
azotic, si
= —0,1012 4- 1,008x si o abatere standard s = 0,1518 pentru acidul
sulfuric.

Coneluzii. Determinarea HNO, £ HjSOj- din amestecul lor poate fi efec-
tuata pe aceeasi proba prin titrare succesiva cu hidroxid de sodiu si azotat de
plumb, folosind alternativ ca electrod indicator un electrod de sticla si un elec-
trod de PbSe.

Cantitatea minima de HfSO4 ce poate fi titrata in cazul unui raport
molar de HNO,/HjSO4 = 18 este de 2,45 mg 80 la un volum final al solutiei
de 50 ml, in prezenta a cca 50% alcool etilic.

Erorile de titrare, Tn cazul rapoartelor molare de acid azotic si sulfuric
folosite, nu depasesc *+0,25 mg, durata unei determinari fiind de cca 10—15
minute.

(Ifiirilu ¥ rotaya 1n 17 npTlle 1982)
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POTENTIOMETRIC DETERMINATION OF NITRIC AND SUEPHURIC ACIDS IN THEIR
MIXTURES

(Summary)

A potentiometric method has been developed for the analysis of nitric and sulphuric acids
in their mixtures. The total acidity has been determined by titration with a NaOH solution, the
sulphuric acid content by titration with Pb(NOs)a solution in the presence of Pb  sensitive élec-
trode. The nitric acid contents is found by the différence. To notice that the error of a single
edétermination is smaller than 0,25 mg for both compounds. One analysis takes 10— 15 min.
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STUDY OF THE MAGNESIUM HYDROXIDE PREGIPITATION WITH
HYDRATED DOLOMITIG LIME FROM SOLUTIONS GONTAINING
MAGNESIUM CHLORIDE (I)

Process structure and stoichiometry

ILIE SIMINICEANU, LIVIU CORMOS, ALEXANDRU POP and MARIA STANCA

Among the processes of obtaining magnésium oxide with a lower content of calcium oxide,
used to the manufacturing of the magnésie bricks the processes based on the manufacture of

anhydrous sodium carbonate according to the Solvay processes is specially interesting because of
the advantages it offers [1—6].

In the main the process is based on the précipitation reaction of magnésium hydroxide fron
solutions containing magnésium Chloride with hydrated dolomitic lime,
The main stages of the process are:

I. Magnesia lime calcination :

CaCQj + xMgCO, %t CaO *+ xMgO + (x + 1)CO,

I1. Hydration of dolomitic lime:
CaO * xMgO + (x + 1)lLlp  Ca(OH), + xMg(OH),

I11. Obtaining of the solution containing magnésium Chloride :

Ca(OH), 1 xMg(OH), + 2(x + 1)NH,C1 = CaClz + xMgCla + 2(x + 1)NH3 + (x + 1)H,O
IV. Précipitation of the magnésium hydroxide subsequently to the double change reaction:
Ca(OH)r - xMg(OH)j + MgCI2 +t CaClj + (x + I)Mg(OH),

The basic process of the flow sheet corresponding to the above process lies in the IVth-stage,
singe the quality of the way how the précipitation process is led.

In this paper the précipitation process of magnésium hydroxide is investigated from the
point a view of the engineering of the chemical processes with a view to establish the optimal
Parameters, so that using the magnésium Chloride from the residual waters resulting during the
ammonia recovery process, the magnésium hydroxide précipitation could be enclosed in the manu-
facturing flow sheet of the anhydrous sodium carbonate according to the Solvay process, pro-
ducing simultaneously magnésium oxide too.

In the first part of this paper we state precisely the macrokinetic mechanism, the kind of
the process and we state the mass balance équations per compound and phases in the précipitation
process.

1. Process mechanism and structure. The magnésium hydroxide précipi-
tation process takes place in the inAde of a poliphasic reaction mass. The
composition of the initial phases and in a certain moment is réndered evident
by the following characteristic équation :

[Ca(OH)a][K + [Mg(OH),JI®» + [MgGl2 + CaGla + H20 + A"]t]I*
* [Ga(OH)a][3i + [Mg(OH)a][3, + [MgGl2 + Ga012 + Ga(DH)? + (@)
+ Mg(OH)? + HaO + A"b + [HaO]ig

2 — Chemia 1984
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The caracteristic équation (a) implies the constituent processes reprezented by
the stoichiometric équations (1)—(4) :

Ca(OH)itlSi  Ca(OH)tl]I (1)
Ca(OH)i(iii + MgChtp * CaClt(]l + Mg(OH)it]St 2
Mg(OH)2lil i, Mg(OH)ite, 3)

* H,0l) 4

The process described by the équations (1)—(4) is a type-process : dissolution
— chemical reaction — germs génération and growth whose structure is given
back in the figure 1.

- ~~ gonkat
------- - bunk'nl 991

Fig. L

The précipitation process can take place also as a type-process : adsorp-
tion — chemical reaction — germs génération and growth. In this case stoi-
chiometric équations of the constituent processes are :

MgCIIt]I 5 MgCI1(Jad» (5)

90>ClIL + Ca(OH)t[li  CaClt[]i +Mg(OH)it]l (6)
CaClj(Jad» *5 CaClt[]i 7

Mg(OH)il)ad, i, Mg(OH)tOI (8)
Mg(OH)]I  Mg(OH)(K ©)

H ", HtO{Jy (10)

In this case the double change reaction (6) takes place in the adsorbtion
layer of the internai surface of the calcium hydroxide grains. The process struc-
ture descriebed by the équations (a), (5)—(10) is presented in the figure 2.

.999tis ----- -

Qefcecit ----- -

Fig. 2.
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Based on the literature data concerning the dissolubility an dissolution
rate of the calcium hydroxide [7] we consider more probable the development
of the précipitation process in accordance with the components (1) —(4).

According to the structural scheme irom figure 1 the process begins by the
dissolution of the calcium hydroxide at the contact-surface solid-liquid.

The molecular mixing (m.m.) and the chemical exchange process (ch.r.2)
bring about the transfer of calcium hydroxide from the contact surface into
the bulk and of magnésium chloride from the bulk to the surface. The transfer
of the reaction product is really a constituent of the complex process of magnési-
um hydroxide germs génération and growth. Therefore the global process inclu-
des both the mass transformation processes: dissolution — chemical reaction-
germs génération, as well as transfer processes: reactants and reaction products
transfer through the liquig phase, reactants transfer through the crust. Crust
can form when the reaction rate (ch. r. 2) much higher that the dissolution
rate of the calcium hydroxide. In this case the reaction and the magnésium
hydroxide germs génération take place on the surface of the unreacted calcium
hydroxide kernel.

The mass transformation processes are accompanied by transformation
and heat transfer processes in the inside of the reaction mass. In the case of
the précipitation on process the global thermie effect of the component processes
(1) —(4) is weakly exotermic and the reactants concentration is little. Accordin-
gly the température variation in the process from the autothermic experimen-
tal reactor may be neglected and the thermie phenomena cannot become deter-
minant steps of the global process rate. That 9s why far the process modelling
will be taken into the structural scheme of the mass processes from the figure 1,
the characteristic équation (a) and the component processes (1) —(4).

2. Process stoiehiometry. For stating the algebraié mass balance équations
of the reaction mass constituents and phase will be taken into considération
the characteristic équation (a) and the independent stoichiometric équations
(1)—(4) retranscribed in the form (I) and (2)—(5):

[Adllie, + [(A» + A, 4- A + A))Jjjj + [Algs, at

+ [(AJ+ A+ Ax+ A2+ A+ A+ [AXX (N
[AX]I]5, t, [AX]n) 2"

Ax+ A t, Al + A (3)

[AJN ta [AJ](>, 4"

[AJL +a [A,](g (5)

Corresponding to the stoichiometric équations (2') — (5') are defined the
transformation grades wj — ?)4 by the équations :

— wAisi = (Cai)l
o = nAi)s (Cai) (12)

(“Allsi (NAl)si
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— <MNa-)? (nA)  _ (nA) nA)?_  (na) nA)? _ (na)d (NA)T
m (ni)! << (ADF (n™F ~  (nADf (13)
(hAIYi — (A)T  wA)s, — {a)
_ - W)
(Ma;)? (NA)I
MA) - Ca)i  (NA)]
74 i (nl)f (15)

On the basis of the concretization relations [8] the indices concerning
the stoichiometric équation number irom the équations (12) —(15) are eliminated.
Thus are obtained the general mass balance équations in primary irom, presen-
ted in the tables ! and 2 for constituent of each phase. The solution of these
équations ,of Systems needs the knowladge of the transformation grades t], — t< 1
by determining four certain concentrations in equilibrium or at one time.

Table 1
General balance équations in tbe primary form A
Phase Ctagﬁtl Balance équation
A, (Hads, = (nA,)s, ' — 4i)
(st
Total (te)st = (NT)s/l — 41)
A (i»A)s, = (“ANS, + (MaX + 41+ 4.+ 43
[1Ss2
Total (nT)S, = (nT)S, + (NT) , » 41 41+ 43
Al (nA)i = (nli)Si + 41(1 — q,)
A, (nA)i = (nA)i — (nlb)s, + 4i + 4.
A, A= (nl)i+ (1 4)
0 A( (ua)i = (NA)i + (“Alds, + 4i ¢ 4i
a, (nA)i = (nl)s, « 4i» 41(1 - 4)
A" (nAYl = (nIMI
(nT), = (nt.), [1 — e W —2Zq,(l +7), Th)
A, (“A)g = (nA)I " 41
tg

Total (nT)g = (n&@), * X"+ g4
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Table 2
General balance équations in the primary form B
Consti- . .
Phase tuent Balance équation
Al (““A)s, = (““AJds,«l “© 41)
oSl
Total NMi, = (mi)s, Il — 41)
ma,;
a,; &)s, = (mA)e, + (waJl, ’ 4i+ 4s+ 4s
[JS2
ma,
Total (mT)s, = MIs, + (M°)s, TT3" + 4i 1 4« + 4s
A,
A. (MA)I = (MA)s, + 4i(l — 49)
MA,
A3 (mA)I = (MA)I — (MA)s, ' 41 ¢+ 4s
Ai
A3 (™AL = (MAJItl — 4s)
MA-
AJ (MA;) = (MADI+(MA,)s, 2" -41-4«
Ol Al
ma,;
a, (MADI = (MM™)Sx + —— » 4i+ 4(1 — 4s)
Ai
A" (mA h = (ml-)!
NI = (WD!+ £1 — Xop>. 4i — Z )i (1 + c 4,1 4,5j
A, (™A)g = (MA)l "’ 4«
tg

Total (MT)g = (M?2)i + X»A>+ 4i
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The theoretical transformation grades in equilibrium can be determined
using the equilibrium data existing in the literature about the processes (1)—
—(4) : the solubility of the calcium hydroxide (1), the double change reaction
equilibrium (2), the water vapours pressure over the liquid phase at one time
4).

Particularly useful, especially for the laboratory research phase, are the
total balance équations per constituents. A simplified form of those ones, in
wich the gaseous state is neglécted, available at températures lesser than 100°C
is presented in the table 3 in extensive and intensive' mase values. In these
équations appe ars a global transformation grade a defined by relation (16),
as well as the initial ratio between the phases, z, defined by the relation (17):

« = 41 » 4« (16)
- = I
(D (17):
(rmB
where .
mT == (mi)x + (M'T)s
(mt-) = (M°)L + (me)s,
Table 3
Constituenta balance équations In extensive and intensive mass values
Consti- . ;
tuent Mass units Mass fractions
Ax A, = (““A)I =(1->>) XA.~— 1+ — (XAjsJ1—*)
» Ma> ~ .
A, “A = (MA) — (“ads, s Tz— 1 = AT 1wz O 2R g, €
A
Ma’ I
a “a = (“ta)i + xXn; — L(X1,S, + (x’adi+ (XXX1«]
’ A Lo zr
XA - _ [(x°AiI)s + (xXA)s e«]
a,; ““a; = (M’A))s, + (mA))sl
Ai
A <A, = (MA)I XAi— , - [1-(x2a)1-(G<a3)i—-(<™M)1]
A mA" :( A )1 X* << L 4+=(x7J1

Total mT = uit sSXi=1
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Based on the balance équation of the constituent A, from table 3 which
appears only in the liquid phase, it can be stated the relation (18) foi deter-
mining the global transformation grade a out of the experimental data:

(XXt - (1 * 2)%a )

where :

(X™N)j = ——— mass fraction of A, in the initial liquid phase ;
(W1

(XA)s = * A's — Ax concentration in the initial solid phase.

Xg\ = —I1 — A2 concentration in a slurry sample 1 —s;
Ulg

The équation (18) the values to be determined for tracing the primary kine-

tic curves a — T needed to the macrokinetic and mathematic modelling of the
process.

3. Conclusions. With a view of the experimental research and mathematic
modelling it is stated that the précipitation process of magnésium hydroxide
with hydrated dolomitic lime, from the magnésium Chloride existing in the resi-
dual waters resulting at the manufacturing of the anhidrous sodium carbonate
according to the Solvay modified process, is a type process of dissolution — che-
mical reaction — germs génération and growth. The primary algebraic mass ba-
lance équation per phasis and constituents are stated using the transformation
grades method. To solve these équations are needed four actual or theoreti-
cal concentrations. For the case when the gaseous phase can be neglected are
stated the global balance équations per constituents. From the balance of the
constituent Aj (magnésium chloride) is derived the équation permitting the
détermination of the global transformation grade a of the constituent At (cal-

cium hydroxide) on the basis of the initially measured values: (XAJj, (XV,)9,

Z, and of the XA, concentration in the suspension taked as sample in the mo-
ment T. Thus can be traced the primary kinetic curves a — T laying at the

basis of the establishment of the macrokinetic mechanism and mathematic
model constants.

Notations and indices

A,, As, A, = reactants : Ca(OH), ; MgCI2; H,O. A" = inerts from liquid phase. A,, AJ = reactions:
CaCl,; Mg(OH),. T;,, T, T4 = transformations grades defines by the relations (12) —(15). e =
= product of the transformation grades, n = amount of moles, m = mass. X = molar fraction.
X = mass fraction. Z = molar ratio; (n°-)/(n™)a. Z = mass ratio; (maJ/fmiJggM = molar mass.
[1 — phase sign. 1, g, sx, s, = indices for the phases: liquid, gas, solid4, solid,, = time. 1; 2;
3; 4 = overwritten index showing the processes given back by équations (1)—(4). T indice sub-
scribt = total. 0 indice superscribt = initial.

(Rtceivtd ~ Auguzt 19,
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STUDIUL PRECIPITARII HIDROXIDULUI DE MAGNEZIU CU VAR DOLOMITIC
HIDRATAT DIN SOLUTII DE CLORURA DE MAGNEZIU (I)

K Structura si stoichiometria procesului . . j.
[H' ' (Rezumat) un 1 .

In prezenta lucrare se studiaza procesul precipitarii hidroxidului de magneziu, din solutii
de dorura de magneziu, cu var dolomitic hidratat. Se stabileste ca acest proces este un proces
tip : dizolvare — reactie chimica — formare si crestere de germeni. Se stabilesc in continuare ecuatiile
algebrice primare de bilant de masa, atit pe faze cit si pe componente.

S-a stabilit o relatie de calcul pentru gradul de transformare global a, ecuatie cu ajutorul
cdreia se poate urmari evolutia Tn timp a procesului. Cu ajutorul acestei ecuatii se pot trasa
curbele cinetice primare: grad de transformare Tn functie de timp.
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ABSORBTIAMDIOXIDULUI DE CARBONfIN SOLUTII APOASE DE

hidroxid"de"sodiu

HffiakKBd= L fn & I. VODNAR sg fi; fi r,

Da absorbtia dioxidului de carbon se recurge deseori in practica industriald,
mai ales Tn cazurile cind acest component trebuie sa fie eliminat cit mai complet
din diferite amestecuri gazoase multicomponcnte. Ca exemple se pot cita urma-
toarele operatii . eliminarea dioxidului de carbon din aer, purificarea gazelor
obtinute la piroliza oxidativd a metanului, tratarea apelor reziduale alcaline
cu gaze de ardere, obtinerea oxidului de carbon pur etc. Amestecurile de gaze
supuse purificarii deseori contin si impuritati mecanice care la folosirea absor-
berelor cu umplutura de contactare se depun pe suprafata de contact, reducind
spatiul dintre elementele materialului de contact si odata cu aceasta si circulatia
corespunzatoare a gazelor si lichidului care trebuie sd treacd printre ele. Din
aceste motive trebuie sa se recurgd deseori la oprirea instalatiei si la Tnlocuirea
materialului de contactare, prin care cresc cheltuielile de fabricatie. Absor-
berele cu pelicula de lichid turbulenta nu prezinta asemenea neajunsuri, deoarece
impuritatile mecanice sint mentinute in faza lichida, putind fi eliminate odata
Cu aceasta.

Tn aceasta lucrare se descriu rezultatele experimentale obtinute la absorbtia
dioxidului de carbon n pelicula turbulenta de hidroxid de sodiu (solutii apoase).

fil Partea experimentald. Metoda de lucru. Experientele s-au efectuat intr-un aparat model de
laborator descris Intr-o lucrare anterioara [1, 2]. Tubul de peliculizare avea diametrul interior de
18 mm, iar suprafata interioara (de peliculizare) a fost de 0,05652 h  Filmul de absorbant a fost ascen-
dent si continuu. S-au utilizat solutii apoase de NaOH de 2,5— 10%. Cantitatea absorbantului a variat
intre 200 si 510 ml ; cantitatea odatd introdusa Tn aparat s-a mentinut constanta, fiind indepartata
numai dupa terminarea experientei (ceea ce Thseamna ca s-a lucrat cu flux discontinuu de .lichid,
dar cu peliculizare si amestecare autoindusd continud).

Amestecul gazos utilizat a fost obtinut din aer si dioxid de carbon. Debitul amestecului gazos
a avut valori intre 7 si 12 m’/h, iar continutul amestecului in CO, a variat intre 0,05 si 1,42%
Voi.

Analiza chimicd a amestecului gazos s-a facut prin cromatografie de gaze si prin adsorbtie pe
sitd moleculard 5A, iar analiza absorbitului pe cale conductometricd. Temperatura de absorbtie
a fost de 25°C.

Marinule care au fost urmarite Tn cadrul experientelor sint: conductibilitatea solutiilor absor-
bante, debitul de gaz, concentratia CO, in amestecul gazos si Tn gazele reziduale, gradul de absorbtie,
gradul de epuizare al absorbantului si Tnaltimea coloanei de absorbant.

Descrierea si interpretarea rezultatelor. Tn scopul determinarii la orice moment a concentratiei
absorbantului in NaOH, Na,CO, si H,O, au fost preparate o serie de amestecuri continind aceste
substante Tn concentratii care apar si Tn cadrul experientelor de absorbtie si li s-a masurat conducti-
bilitatea lor. Prin reprezentarea grafica a acestor doua marimi a fost construita diagrama de etalo-
nare prezentatd in figura 1, care permite determinarea rapida a concentratiei componentilor aflati
in lichidul absorbant.

Curba 1 din fig. 1 ne infatiseazd conductibilitatea absorbantului Tn timpul experientei, iar
curba 2 ilustreaza variatia conductibilitatii Tn functie de concentratia de NaOH in solutiile preparate
in scopul etalondrii (fara continut de Na,CO,).

In prima serie de experiente s-a urmarit variatia conductibilitatii solutiei apoase de NaOH
de 7,7% (510 ml) exprimatd Tn mS (mili—Siemens), n functie de timp (min), la un debit de 7 m’/h
si la diferite concentratii de CO, Tn gaze. Prin aceste experiente s-a urmarit sa se constate cu ce canti-
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Fig. 1. Variatia conductibilitatii electrice a solutiilor apoase de NaOH
(in mili — Siemes, ms), tn functie de concentratia lor in NaOH:
1 — ta prezenta Na,CO,; 2 — ta absenta Na,CO,.

340

no

- [ O 1-
30 eo 90 »20 150 «ao 210

Timp,min.

Fig. 2. Variatia conductibilitatii solutiei apoase de NaOH (mS), ta
functie de timp (min), la un debitde 7 m’/h si la diferite concentratii
de CO, ta aer:

1-005 % voi CO,; 2 — 0,142 %; 3 — 0,284 %; 4 — 0,426 %;
5 — 0568 %;6 — 0852 %; 7 — 1,136 %; 8 — 1,420 % voi. CO,.
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Fig. 3. Variatia conductibilitatii solutiei apoase

de NaOH (mS). n functie de debitul de gaz (m’/h),

dupa 20 minute de absorbtie si la o concentratie de
CO, In aer de 0,2 % voi.

taté de absorbant trebuie sa se lucreze, daca se urmareste ca absorbtia CO, sa fie cit mai completa.
Rezultatele obtinute sint ilustrate in graficul din fig. 2. Concentratia de CO, Th amestecul gazos a fost
cuprinsa intre 0,05 si 1,42% voi.

Se constata ca viteza de absorbtie a CO, nu depinde de continutul in CO, al amestecului gazos
la concentratii de 0,05—0,568% voi. Dacad se urmareste ca absorbtia sa fie la fel de rapida si la
concentratii mai mari de CO, (in aceleasi intervale de timp), trebuie sa fie marita cantitatea de ab-
sorbant. Tn aparatul folosit s-au putut utiliza cantitati de absorbant cuprinse intre 200 si 1400 ml
(in aparatele cu dimensiuni industriale aceasta cantitate poate fi mult marita).

Lucrindu-se cu aceeasi cantitate de absorbant si cu 0,2% voi. de CO, In amestecul gazos, apli-
cind debite de gaz Intre 7 si 12 m’/h, dupd 20 min. de absorbtie se constata o dependentd liniara

intre conductibilitatea absorbantului si debitul de gaz. Aceasta dependentd este ilustrata de grafi-
cul din fig. 3.

Linearitatea care apare intre marimile dependente ilustrate Tn fig. 3 ne demonstreaza ca, n
intervalul celor 20 min. de absorbtie, viteza de absorbtie creste linear cu debitul de gaz. Momentul

n care linearitatea dispare marcheaza gradul de epuizare prea avansat al absorbantului care va trebui
sa fie Tnlocuit.

Tn cazul absorbtiilor ireversibile de CO, (cind nu se urmareste recuperarea lui) este necesar sa
se cunoasca cantitatea de absorbant ce trebuie sa fie utilizata intr-un anumit interval de timp
de absorbtie, pentru ca absorbtia CO, prezent Tn gaze sa fie cit mai completda. Tn acest scop s-au
facut experiente cu diferite cantitati de absorbant (solutie apoasd de NaOH de 10%), utilizind un
amestec gazos cu 0,1% voi. CO,, debitul de gaz fiind de 10 m’/h. Durata de absorbtie a fost de
fiecare data 30 min Rezultatele obtinute sint ilustrate in fig. 4.

Se poate vedea cd, Tn conditiile de lucru mentionate, pentru a se reduce concentratia CO, tn
gazele reziduale sub 0,013% voi. (deci de la0,1 la 0,013%), trebuie s& se foloseasca cel putin 300 ml
de solutie apoasd de NaOH de 10%, iar pentru absorbtia totald sint necesare 400 ml.

La aceeasi constatare se ajunge si prin reprezentarea graficd a variatiei gradului de absorbtie,
in functie de cantitatea absorbantului (NaOH Ide 10%), la 0,1% voi. CO, Tn aer si la un debit
de 10 m’/h, dupa 30 minute de absorbtie. Din fig. 5, care ilustreaza aceasta constatare, reiese ca
pentru a se obtine un grad de absorbtie de 100%. trebuie sa se utilizeze 400 ml de solutie apoasa
de NaOH de 10 %.
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0,025

0.023

0.021

0,019

0.017

0.015

2oo £0

0,013

ml solutie NaOH 10%*/.

Fig. 4. Variatia concentratiei CO, (% vol) in gazele reziduale, in

functie de cantitatea de solutie apoasa de NaOH de 10 %, la o

concentratie de 0,1 % voi. CO, in gaze si la un debit de 10 H,
dupa 30 de minute de absorbtie.

Fig. 5. Variatia gradului de absorbtie, Tn functie de cantitatea absor-
bantului (solutie apoasd de NaOH de 10 %), la 0,1 % voi CO, In gaze
si la un debit de gaz de 10 m*/h, dupd 30 minute de absorbtie.
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Fig. 6. Variatia gradului de epuizare al absorbantului

(mS), in functie de concentratia CO, in gaze (% voi), la

un debit de 12 m’/h, dupa 30 minute de absorbtie, utilizind

ca absorbant o solutie apoasa de NaOH cu conductibilitatea
initiala de 340 mS.

Una dintre caracteristicile importante ale operatiei de absorbtie este si variatia gradului de
epuizare al absorbantului, in functie de concentratia CO, Tn aer, la un debit de 12 m’/h, dupa
30 de minute de absorbtie, utilizind o solutie apoasd de NaOH de 8,75 % (vezi fig. 6).

Se poate vedea ca aceasta interdependenta este liniara intre 0,2 si 1,00 % voi. CO, tn gaze.

Din punct de vedere practic este important s se cunoasca concentratia solutiei apoase de
NaOH care trebuie utilizata, in cazul cind se urmareste absorbtia completa a CO, si sa se cunoasca
cum variaza concentratia CO, Tn gazele reziduale ramase Tn urma absorbtiei. Tn fig. 7 este ilustratd
variatia concentratiei CO, n gazele reziduale, Tn functie de concentratia solutiei apoase de NaOH,
la 0,1 % voi. CO, In gaze (aer), la un debit de gaz de 10 m’/h, dupa 30 min. de absorbtie, utili-
zind 400 ml de absorbant.

Din graficul prezentat Tn figura 7 reiese ca pentru a se reduce concentratia CO, In gazele
reziduale la ,,zero”, solutia apoasa de NaOH (in conditiile de lucru aplicate) trebuie sa fie de
10 %, sau eventual mai concentrata.

Tn urma rezultatelor obtinute s-a calculat valoarea coeficientului de transfer total (Kg), care
face posibilda dimensionarea aparatelor de absorbtie folosite la scarad industriald. Tn vederea efec-
tuarii acestui calcul s-a aplicat metoda analitica [3]:

[kg—mol/m* + h ¢+ at]

unde «A este cantitatea de CO, absorbita in timp de o ord, exprimata in kg—mol ;
1A — suprafata peliculei de lichid unde are loc absorbtia, m ;
— forta motrica a absorbtiei, at.
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Fig. 7. Variatia concentratiei CO, In gazele reziduale, Tn functie

de concentratia solutiei apoase de NaOH, la 0,1 % voi CO,

n gaze, dupa 30 minute de absorbtie, la un debit de 10 m’/li
si cu 400 nil solutie apoasa de NaOH.

V=Y +Y —m + Xt—mti1 Xt
S=3JiY'-Y,+m, N1, - )y r 4K, LY, = Xt Y) o (mt - mt)

««de: ¥, este raportul molar dintre dioxidul de carbon aflat in gaze si restul amestecului gazos,

dupa absorbtie, kg mol/kg—mol ;

— raportul molar dintre dioxidul de carbon din gaze si restul amestecului gazos, Thainte
de absorbtie, kg—mol/kg—mol ;

— raportul dintre dioxidul de carbon absorbit si cantitatea de absorbant, dupa absorbtie,
kg—mol/kg—mol absorbant;

— raportul molar dintre dioxidul de carbon absorbit si cantitatea de absorbant, Thainte
de absorbtie, kg—mol/kg—mol absorbant;

n, si m, — constantele de echilibru dintre faze la valorile corespunzatoare lui -Y, si A',.
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La experienta in care debitul de gaz a fost de 12 m3/h, continutul amestecului gazos de CO,,
0,2% voi., cantitatea solutiei apoase de NaOH 510 ini, iar concentratia solutiei de 8,3%, pentru Kg
a fost calculata valoarea 1,7576 kg—thol/m + h + at:

Cantitatea de CO, absorbita intr-o ord, pe un m de suprafatd de absorbtie este egald cu 0,13792 kg
(In conditiile de lucru aplicate). La concentratii de CO, mai mari Th gaze, aceastd cantitate este

mult mai mare. (Introl <» rodectte le 15 octombrie 1982)
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THE ABSORPTION OF CARBON DIOXIDE IN AQUEOUS SOLUTIONS OF SODIUM
HYDROXIDE
(Summary)

This paper présents the experimental results obtained by studying the absorption of carbon
dioxide in an ascending turbulent liquid pelticie. As absorbent, aqueous solutions of NaOH were
ueed. The apparatus that was used transformed tlie absorbent permanently in an ascending turbulent
liquid pellicle on the internai surface of a pelliculiz.ing tube [1, 2]. Diring the time of the absorption,
the absorbent was continually recycled and mixed by self-induced mixing.

In the conditions of work used by us the higlicst mass of absorbed CO, was 0,13792 kg/m 1 h
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ON THE DIOXIMINE COMPLEXES OF TRANSITION METALS {LXVI)

Colorimétrie and polarographic study on the uranyl—1,2,3—cyclohexanetrione
trioxime system

FERENC MANOK, CSABA VARHELYI and ARANKA TOROK

Introduction. Somé physico-chemical investigations make obvious the exis-
tence of a sériés of complicated equilibria in aqueous solutions of the uranyl
salts (mononuclear and polynuclear specia, hidroxo-complexes, etc) in function
of the pH value and of the nature of the anions present [1—3]. In the pré-
sence of chelating agents with O- and N- donor atoms, the UO2+ ion forms
coloured, generally, water soluble produets. Despite the complicated equilibria
in the solutions of the uranyl salts, the composition and the stability of these
chelates can be determined in a good approximation, taking into account somé
simplifications and neglections in function of the pH-value of the studied sys-
tem.

The formation of somé uranyl complexes with <x-substituted aliphatic and
heterocyclic oximes [4,5] and a-dioximes [6, 7] were reported in the literature.
Somé alycyclic dioximes were also studied from this point of view in our
previous paper [8].

In the present paper the UO2+ — 1, 2, 3-cyclohexanetrione trioxime system
wa}s studied colorimetrically and by means of polarography at different pH-
values.

Results and discussion. Colorimétrie study. The uranyl salts form yellow
soluble complexes with the aqueous solution of 1, 2, 3-cyclohexane trione trioxi-
me. The formation of UO2 * L+ and UO? + L2 (HL = 1, 2, 3-cyclohexanetrione
trioxime) can be supposed.

The Job’s curve of the UO2(NO3)2 — trioxime system with a total concen-
tration of [UO2+] -}-[L] =4 X 10~s M at a pH value 4 + 00 présents a maxi-
mum at a molar ratio of UO2+ : L = 1:2. The shape of the curve doesn’t exclude
also the formation of the 1:1 derivative.

The formation of the uranyl complexes of this type was studied by means
of the method of the corresponding solutions. The extinction of a sériés of solu-
tions with constant UO2+ concentration (1—2 x 10~s M) and various ligand
concentrations at pH 4.00 was measured and the formation function n at pH =
= 4.00 was calculated.

n—- ~fri _ci-Pd
Cm Cm

e Part LXV.: F. M anok. A Benkd, Cs. VVarhelyi, J. Lepedus, Stud. Unir.
Babes-Bolyai, Chem. 28, 60 (1983).
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Pif3- 1- Job's curve for the UOMNOj), — 1,2,3-cyclohexanetrione
trioxime System at pH = 4.00. Total concentration :
[UOI+J + M =4 X 10" M.

(Cm, Cm = the total #®O concentration, cr, c£ =the corresponding total
concentration of the ligand, [I/] = the total concentration of the free ligand
indifferent from the charge). The results are presented in Table 1.

The formation function at pH = 4.00 is represented in Fig. 2.

Tibii 1
Colorimétrie data on the formation of uranyl
— 1,2,3 — eyelohexanetrione trioxime com-
plexes at pH — 4.00
[uori [L] Absorbance A

X 10« X 10 A [UOJ+]

10.00 4.00 0,022 22.0

10.00 8.00 0.060 60.0

10.00 20.00 0.160 160.0

10.00 40.00 0.315 315.0

10.00 80.00 0.550 550.0

20.00 10.00 0.253 115.00

20.00 20.00 0.430 215.9

Pig. 2. Formation function of the uranyl—. 20.00 50.00 1.105 552.0

trioxime complexe at pH = 4.00.

The apparent formation constants (Kx and Ka) calculated by means of the
Rossotti and Rosso 11 i's method [9] are presented in Table 4.

3 — Chemia 1984
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Tat a

XU(||L(—W«n ai the foHMtfoa Mutant* K, and K, at y)XX ->»LLI
by the HBamLLU ut Beamfla mothad

M n -
S T X 10» [L]
X 10 @ - n) (CuJ) 1—a
0.125 0.00 240 1.28
0.225 10.00 290 2.28
0.375 15.00 400 3.90
0.500 18.00 550 5.40
0.550 19.00 640 6.10

Por the calculation of the pH independent formation constants Rx and
the first acidity constant: K. of the 1, 2, 3-cyclohexanetrione trioxime (Triox.

Triox. H, I5(1 Triox. H2 4-H*

wm
)\//as determined by using the method of the partial neutralized solutions.
[H+]+ [L] = g9

[HL]
L1 _ K
[HL] [H+]

The plot of the ratio [L~i]/[HI/] versus 1/[H+] gives a straight line, whose
slope is equal with the first acidity constant (K«). The experimental data are
given in Table 3.

Table 3

Potentiometrie data for the détermination of the aeidity constant (KJ
of 1,2,3-eyelohexanetrione trioxime

[H+] 1/[H+] [L"]xIO*  [HL] X10° [L-J/[HL]
7.95 x 10-» 1.26 x 10’ 4.90 35.1 0.150
2.00 x 10-’ 5.00 x 10’ 15.00 25.0 0.600
8.70 x 10*’ 1.34 x 10° 23.40 16.60 1.400
2.82 x 10-’ 3.55 x 10» 31.96 8.04 3.900

1.02 x 10-8 (pKa = 7.95) is in a good agree-

The K, value obtained:
[10] from spectrophotometric data

ment with calculated by Zsakd et al.

(pK. = 8.14 % 0.70). o )
The values of the acidity constant (Ka) and apparent formation constants

(Kt and Kt) were used for the calculation of the pH independent formation con-
stants Bj and RR8 (Table 4)
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4
Formation constants of the uranyL-triexlaece eewplexes
K» i h
(pH = 4.00) (pH = 4.00)
1.5 x 10« 6.40 x 10° 152 x 10» «15 x 10«
(pH = 9.20)

The method of calculation was described in our earlier paper [81 (Fig. 3.
and Kg. 4)).

Fig. 3. Graphical détermination of the formation constants at pH = 4.00.
I- [UOJ+]: 1 x 10™; Il. [UO*+]:2 x 10"« M.

Fig. 4. Graphical détermination of the formation constants at pH = 4.00.
I. [UOJ+]: 1 x 10-" 1lI. [UOJ+]: 2 x 10"« M
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With the aid of the apparent formation constants Kx and Kt the formation
diagramm of the UO4 + L+ and UO8 « L2 complexes at pH =4 . qo has been

constructed.

Fig. 5. Formation diagramm of the uranyl ——trioxime
complexes at pH = 4.00.

borax buffer solution (10 ml 10~* M trioxime, 10 ml 5 x 10 * M
borax, 6 ml 0.1 M NaClO4, diluted with water to 50 nd).
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Polarographie study. The 1, 2, 3-cyclohexanetrione trio”™e £ sents three
well defined polarographic waves in a borax buffer solution WIth the following
half Wavevpo entlal values Ell2=—094V, En2= — 148 V and EIlJ =
= - 176 (t '

The first wave is WeII formed having the greatest height as compared to the

other two. The height of the first wave varies linearly with the concentration
of the trioxime (Fig. 7).

Fig. 7. Variation of the height of the first wave with the
concentration of the trioxime. Sensibility: 4 x 10~* A/Div.

For the détermination of the composition and the stability constant of
the uranyl complex with this chelating agent a sériés of solutions with contant
trioxime and various UOi+ concentrations were studied polarographically. It
was observed that the UO|+ ion as well as the formed complex are not reduced
at the dropping mercury electrode in the supporting electrolyte used. In the
presence of UO|+ ion the height of ail three waves of trioxime are diminished.

Table 5

Determination of the formation function of
the uranyl-trioxime complex front polaropra-
phie data

[HL] [uo;+] [L]

X 10« X10« X 10«
cm

16.06 3.22 14.53 0.475
15.56 6.48 13.56 0.308
15.09 9.67 12.19 0.299
14.64 12.90 11.28 0.260
14.22 16.12 10.03 0.259
13.83 19.35 9.12 0.243
13.45 22.58 8.55 0.217
13.10 259 7.98 0.198

12.76 29.0 7.98 0.164
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With the aid of data from Table 5 the concentrations of the ftee, no» eem-
plexed trioxime and the formation function (n) can be calculated. The n Tal»BB
lie under 0.5 also in a great excess of trioxime and this means that at pX *
= 0.20 the 1:1 complex is formed only.

For the détermination of the apparent formation constant (KJ) at pX =
~ 9.20 the following relations were used :

<4 = [L4-JKICM5M
em — [M] + KI[M][V]
From these équations :
M=CM+ [I/] —Cj
and

—-~-1 = Ki(Cm—Ci.+ [LD
The graphical plot of

1vs. cM-g, + [L]
N q [LJ]

gives a straight line.

Fig. 8. Graphical détermination of the formation constant R).

From the équation of the straight line the apparent formation constant
I)((j 16N§IS calculated with the aid of the least square méthode (KJ — 3 § 0.12) X

»).

The intersection of the line with the ordinate axis is very close to zéro, in
agreement with our presumption on the 1:1 composition of the UOgL+ com-
plex in a buffer solution. The pH ,,independent” apparent formation constant
(Bi = 1,52 + 10») determined colorimetrically and that obtained from polar®-
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graphie measurements (Bi = 3,18 + 10) showed a great différence. This meaxs,
that at higher pH values mixed hidroxo-oximato complexes are formed a4
even in a considérable excess of ligand the 1: 1 species is the most important
derivative.

It is worth mentioning that in the above experimental conditions the 1, 2,
3-cyclohexanetrione trioxime behaves as a bidentate ligand. His chelating pr«-
perties as a tridentate group fails because of sterical hindrances.

Experimental. Solutions 10-> M UO,(NO,)_, aqueous solution, ¥0- M 1,2,3-cyclohexanetrioe,
trioxime aqueous solution, 5 x *¥0- M borax solution, 0.1 M NaClO, solution.

The clororimetric measurements were carried out with a FEK colorimeter (UdRSS) using «
violet filter. Cell width: I cm. The polarograms were taken with a Radelkis OH—102 type polaro-
graph with a TAST—RAPID OH 9991 adapter, using a conventional polarographic cell. 0.1 M
NaClO, supporting eleetrolyte was used. The usual procedure of deaeraration with purified methana
was followed. The colorimétrie and polarographic measurements were carried out at 20°C.

J Nmmtrr
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DESPRE COMPLECSII DIOXIMICI Al METALELOR TRANZITIONALE (LXVI)
Studiu colorimétrie fi polarografic asupra sistemului uranil—1,2,3—ciclohexantriontrioximd

(Rezumat)

S-a studiat colorimétrie si polarografic formarea complecsilor UO,L+ si UO,L» (HL = 1,2,3-
cyclohexantriontrioxima) la pH = 4.00 si pH = 9.20 (borax). Din valorile constantelor de formaea
si / determinate prin cele doud metode reiese cd formarea hidroxodioximato-complecsilor mlestf

Joacd un rol important iu sistemul studiat.
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SYNTHESIS OF N-METHYLMORPHOLINE
AND OF N-CETYL-N-METHYLMORPHOLINIUM CHLORIDE

SORIN MAUER, MARIA VAGAONESCU, ELENA HOPIRTEAN, LAURA STOICESCU
and NICOLAE CRISTEA

According to the importance of N-methylmorpholine [1—6] the object
of the present paper is to provide a method for its préparation and to separate
it from the water of the azeotropic mixture, as well as to prepare the N-cetyl-
N-methylmorpholinium chloride.

Some indirect [7—12] and direct methods [13—16] for N-methylmorpholine
préparation are described starting from morpholine (I) with small excess of
formaldéhyde (I1) and formic acid (IlI) :

0 NH + 0OH40O + HCOOH—»-0 N-CH3 + CO2 + H20
\-/ X
| 1 Il v
Due to the existence of a very strong bond between water and the amino

group it is often difficult to recover the amine from an aqueous solution so as
to obtam a good yield of the product.

Based on the Leuckart reaction [17]] N-methylmorpholine (IV) has been
prepared by méthylation of 1 with Il and Ill, yielding 85% in pure pro-
duct. As in ail our synthéses IV has been obtained through its azeotropic mix-
ture with water (b.p. = 94°C), we héave studied this azeotrope. The proportion
of about 25% water and 75% IV has been determined by PMR analyses as
well as by pH-metric measurements. The PMR data show a content of 25.5—

26.2% H?20 in the azeotrope, while the pH-determinations, carried out from
the pH-modifications of IV at water additions, have given 25—30% H?0.

The PMR method for water détermination can be quantitatively used only
for amounts more than 2% water. Because of the dependence of the chemical
shift of water upon the hydrogen bond formation, the position of the water signal
in spectrum moves towards higher fields with the diminution of water content.
For quantifies less than about 2% the location of the water signal is very close
to the signal of —CH2—O protons. As a resuit the intégration of the small
water signal too close to that of the methylen group, can offer only rough estima-

tion about the water content. Figures la and Ib, illustrate the PMR spectra
of IV-water mixtures with a content of 25% (b) and 4% in water (a). Taking

into account the différences AHz of the position of water signal as compared to
r
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Fig. 1. The PMR Spectrum of a mixture of N-methylmorpholine-water with a content of 4 % water
(@ and 25 % water (b).

that of the —N—CH, signal one can plot a diagram (fig. 2, Table 1) AHz versus

the percentage of water in 1V, which can be used for the water content estimation
(more than 2%) in a mixture IV-water.

Table 1
Water content (%) and AHz vaines for mixtures N-methylmorpholine-water

*Water (%) 4 6 12 18 24 29

AHz» 134 146 166 178 184 192

+AHz = Différence in Hz between the water signal and the N—CH signal

Fig. 2. The diagram for the détermination of the water content
in the azeotropic mixture of N-methylmorpholine-water.
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pH-Modifications of 1V, by controlled addition of water, have been statnd
by increasing of pH-value, due to the molecular dissociation. The pH-curvee
show a maximum at a concentration of 11% water for land of 20—30% wa«er
for 1V, corresponding to the azeotrope. The pH-value in this case is of 10.22.
By adding more water, as dissociating medium, the pH-value is increasing until
the value of 10.40 for a concentration of 52.08% water. By addition of more
quantifies of water, the value of pH is slightly descreasing, due to the dilution
effect. From the curve which shows the pH dependence of water concentration,
the value of basicity constant of IV, Kb = 7.5+ 10~ has been calculated, and
the Kb = 1.6 + 10-* corresponding to the azeotropic mixture (Table 2).

TM>» 2

Basicity constants of 1V

H,0 molar

Nr % conc. pH pOH [OH] Kb

1 azeotrope 6.4 10.30 3.70 48 o« 3.6 1 10«
2 81.30 1.84 10.04 3.96 11 10« 6.5 ' i0-«
3 76.53 231 10.12 3.88 132 10« 7.5+ fo-
4 73.09 2.65 10.18 3.82 151 10« 8.6 + io-»

In Order to separate the pure product, different methods have been used
as: a) azeotropically distillation by way of introducing as a third component
benzene, b) using natrium hydroxide which strongly inhibits solubility of IV
in water c) using molecular sieves.

The best conversion (tj = 85%) has been obtained using natrium hydroxide

An other purpose of this paper is to provide a new method for préparation
of N-cetyl-N-methylmorpholinium Chloride (IV), using as starting compound»
IV and cetylchloride (V)

L <X /—\ ZGH»
O N—CH, + CI1CVH,,—O N+< Cl-
-/ XCieHs,
v Vv VI £

Quaternary morpholinium salts are generally well known for their bactéricide
and bacteriostatic properties [3,4].

We succeeded in preparing VI in two different ways : -direct quaternisation
of 1V, starting from its azeotrope or from the pure substance, with V, and star-
ting from I, 11, 111, and V, without a preliminary séparation of IV. Both ways
have given IV, yielding 60% in pure product.

The prepared substances have been] identified by elemental mieroanalysis
and IR spectral data.
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Experimental. Préparation of N-methylmorpholine. 1 Mol of I 1» mixed with 1.2 mole of paaa-
fermaldehyde; externai cooling may be applied in order to moderate the exothermal heat of reae-
tion. 1.1 Molsof Il are slowly added dropwise under stirring, to the reaction mixture. Reacttoe
occurs exothermal at about 50—60°C, accompanied by vigorous évolution of carbon dioxide. Towards
the end of the addition of M1 the rate normally slackens and externai heating may be resumed ox
the water bath under refluxing until gas évolution stops. Then IV may be recovered. by distillation
through a Vigreux column at 115—120°C (i) — 90%). The employed formaldéhyde may be either
in aqueous solution (e.g. formalin), or as paraformaldéhyde in quantifies of 1.2 mois per équivalent
of replaceable aminohydrogen (per 1 mol 1) resulting in this way the highest conversion. The reaa-
tion proceeds at atmospheric pressure and at a température no more than 80°C.

g In order to separate the pure IV from its azeotropic mixture the following méthode have beex
used :

a) Azeotropically distillation with bernent through a Vigreux columne of 50 cm length and
O = 2.9 cm. The proportion of added benzene was of 2 volume to 1 volume azeotropic mixture.
The water proportion in the azeotrope is of 25—26%. After water séparation fractioned distillation
occurs, to obtain the pure 1V, with b.p. 114—115°C and i) = 26%. The method has the disadvan-
tage that it requires the quite difficult removal of benzene from the final product. Indeed the PME.
Spectrum of the IV with b.p. = 114—115°C still shows the presence of small traces of benzene.

b) Distillation ovtr natrium hydroxide. The crude reaction product from the Synthesis of 1V has
been distillated over solid natrium hydroxide in proportion of 1.4 mois hydroxide to 1 mol IV, at
€4 resulting the pure product with r) = 90%.

c) Séparation through molecular sitvts. The azeotropic mixture has been stirred with the corres-
ponding quantity of molecular sieves. The yield in pure IV was of 70—75%, the looses being dna
to the moistening of externai surface of molecular sieves.

The pH-measurements have been performed with a pH-meter MW 85 (précision =+ Imv), using
as électrodes couple a pH-sensitive glass electrode and a saturated calomel electrode as reference élec-
trode. Déterminations have been performed at 20°C, under continuons stirring. The pH-values at
water addition, have been determined from the calibrating curve of electrode (for pH =4 E
= +201 mV, for pH =9, E = -77 mV).

The PMR spectra were run with a TESLA—BS 487C 80—Mz instrument with HMDS as
externai standard.

Préparation of N-cetyl-N-metylmorpholinium chloride (VI) starting from pure IV or from its
azeotropic mixture with V, occurs under pressure, at high température, 120—200°C dnring 10—28
hours. The best results have been obtained in aqueous medium, that could be explained through the
guaternisation of the nitrogen atom in IV, under water action. This fact is also confirmed through the
increasing of basicity constant of 1V, at water addition (see Table 1). Our experimente lead to tba
conclusion that the quaternisation of IV is also dependent on the température and on the tim»

In an other way we succeeded in preparing VI, without a previous préparation of 1V, starting
direetly from I, Il, 111, and V, under pressure (35—40 at) at high température (150—160°C).

In ail the cases the crude product, sometimes as an oleous precipitate, has been washed with
ethylic ether and obtained as a colourless solid precipitate with m.p. = 74—75°C. By Crystallisation
from acetone (1 : 8) it has been obtained a white powder having m.p. = 84—85°C. The pure product
has been identified through elemental microanalysis and IR spectral data. The IR spectra of TV,
as compared to that of I show some modifications in the range of C—N and N—CH, vibrations,
in the spectrum of VI can be seen modifications in the nC—N vibrations, due to the quaternisa-
tion of the N atom.

The IR spectra were recorded in KBr pellets with an UR 10 C Zeisspectrometer.

Conclusions. 1. N-Methylmorpholine has been prepared through reductive
formylation of morpholine with paraformaldéhyde and formic acid.

2. The azeotropic mixture N-methylmorpholine-water has been studied
by pH-metric déterminations, finding the proportion of 25—26% HSO and
calculating the basicity constant of N-methylmorpholine and that of the azeo-
trope.
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3. Based on the PMR spectra of N-methylmorpholine-water mixture, a me-
thod for water détermination has been given.

4. N-Cetyl-N-metylmorpholinium chloride has been prepared by N-metyl-

morpholine quaternisation.
(Received December 6 1982)
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PREPARAREA N-METILMORFODINEI SI A CLORURII DE N-CETIL-N-METILMORFOLINIU
(Rezumat)

S-a preparat N-metilmorfolina prin formilarea reductivd a morfolinei cu paraformaldehidad si
acid formic. S-a studiat pH-metric si prin analiza spectrala RMP, amestecul azeotropic N-metilmorfo-
hna -apa, constatindu-se proportia de 25-26% H,O in acest amestec. S-a calculat constanta de
bazicitate a N-metilmorfolinei. S-a_preparat donira de N-cetil-N-metilmorfoliniu prin cuaternizarea
N-metilmorfolinei cu clorura de cetii.
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HETEROPOLIWOLFRAMATI CU ION CENTRAU Se(lV)

MARIANA RUSU, AL. ROTAR si SIEGLINDE RIDI

Heteropoliwolframatii si-au gasit importante aplicatii intr-una din ramurile
de virf ale tehnicii moderne. Ei sint utilizati cu succes ca dopanti la obtinerea
electrozilor din wolfram, conferind acestora proprietati deosebite prin reducerea
lucrului electronic, asigurarea unei aprinderi mai rapide si stabilizarea arcului
electric.

Tn acest context, cercetarile noastre au fost orientate spre obtinerea unor
heteropoliwolframati nesaturati cu ion central Se(IV), de tipul SeL? unde
E = P2W170JI- si PWUO’,-

incercérile asupra reactulor chimice ce au loc intre ionul Se(lV) si acesti
heteropoliwolframati nesaturati, efectuate prin metoda electroforeticd la ten-
siune Tnaltd, ne-au informat asupra domeniului de stabilitate al acestora (pH =
= 5,5—6), confirmind totodatd formarea unui singur compus in fiecare caz.

Partea experimentald. Sinteza heteropoliwolframatilor cu ion central Se(IV) 100 g KjgPiWuO,,
(0,219 moli), respectiv 100 g K7PWUO3, (0,338 moli), obtinute dupa metode cunoscute [1], se
dizolva fiecare in cite 500 ml apa aducindu-se pH-ul la valoarea 5,5—6 cu acid acetic glacial. Solu-
tiilor astfel obtinute si incalzite la 80—90°C li se adauga Tn picaturi si sub agitare continua solutiile
obtinute prin dizolvarea a 60 g NasSeOg (0,35 moli) Tn cantitatea minima de apa, ceea ce consti-
tuie cantitatea stoichiometricd necesara realizarii raportului molar de 2:1, ligand fatd de ionul cen-
tral; amestecul se refluxeazd 30 minute la 80—90°C. Solutiile rezultatese lasd sase raceascd la
temperatura camerei, se filtreaza de eventualele urme de precipitat, se adauga o treime din volum
1,4 dioxan, se agita bine si se lasd Tn repaus la 6°C. Precipitatele fine de culoare alba ale heteropoli-
wolframatilor nesaturati MSetP.WjjO,,),] si Klo (SetPWnO,,),], se filtreaza, se spala cu 1,4 dioxan

si se usuca in vid sub presiune la 10 t Torr.” Produsii obtinuti se recristalizeaza dintr-o cantitate mini-
mi de api distilatd Tncilzita la 70°C.

. Sarurile obtinute se prezinta sub forma unor cristale albe, bine formate si usor solubile in
a.

Analiza chimica s-a facut dupa descompunerea prealabild a compusilor sintetizati, prin fierbere

cu o solutie de NaOH 6M [2]. Wolframul a fost determinat gravimetric prin precipitare cu cinconina

me 1 acid § calcinare la WO8 [3]. Seleniul s-a determinat prin reducere la seleniu metalic cu

0s de sodiu Tn mediu alcalin [4]. Fosforul s-a determinat prin precipitare sub formad de fos-

a de amoniu si magneziu si calcinare la pirofosfat [5]. Potasiul s-a determinat prin precipitare sub

orma de tetrafenilborat de potasiu [6]. Continutul Tn apa a heteropoliwolframatilor sintetizati s-a

e ermina din derivatograme. Rezultatele analizelor, ce reprezmta media mai multor determiniri,

sint redate in tabelul 1.

Soncttaiea s-a determinat prin titrarea conductometrica a sarurilor de potasiu aleheteropolianio-

or sin e 1zati cu acetat de taliu. Masuratorile conductometrice s-au realizat cu ajutorul unui conduc-

OK—102, lucrindu-se pe probe de cite 30 ml continind Kie[Se(PIW170fl)1]

rMmT ™ =72-003426¢ respectiv KuCSetPWnO,,),] avind Tw = 0,003298, cu o solutie de
< riduuon avrnd TT1 = 0,039682. Rezultatele titrarilor conductometrice sint redate in figura 1.

Spectrele electronice Tn UV s-au Tnregistrat pe solutii apoase ale compusilor sintetizati avind con-
vy e 5 ' 104 M Tn complex. Tnregistrarile s-au efectuat la un spectrofotometru ,,Specord

Cu Tnregistrare automata. Ele sint prezentate n figura 2.

Studiul termic s-a efectuat urmarindu-se actiunea caldurii asupra heteropoliwolframatilor sin-
tetizati Tn domeniuj de temperatura 40—600“C. inregistrarile s-au efectuat pe probe de cite 50 mg
la derivatograf Paulik-Erdély OD—102, fard mentinere Tn conditii izoterme, imprimind o viteza
de Incdlzire de 4“/minut si o sensibilitate a balantei de 100 mg.
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Fig. 1. Titrarea conductometrica a solu-

tillor apoase de: Ku[Se(P,WL!IOtl),j «

+ 63 H,0O (curba 1) si K,,[Se(PW110,J]1J »
-24 H,O (curba 2) cu CH,COOTL.

Continutul

Fig. 2. Spectrele de absorbtie in UV Tnre-
gistrate pe solutiile apoase de
Ki.ESefPjWijjO,,),] + 63H,0 (curba 1) si
KUESefPWnOa,)»] 1 24 HaO (curba 2). avind
concentratiile de 5+ 10-8 M Tn heteropoli-

cotnpus. &AN
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Fig. 3. Spectrele de absorbtie Tn IR Tnregistrate pe pastile de KBr
continindK1.[Se(P1W,,0,1),]-63H,0 (curba 1) si Kw[Se(PWnO,,),J-
+ 24 H,O (curba 2).

Spectrele 1U s-au Tnregistrat pe pastile continind heteropoliwolframatii sintetizati in KBr. Inre
gistrarile s-au efectuat la un spectrofotometru UR—10—Zeiss Jena si sint prezentate in figura 3

Rezultate si discutii. Ecuatiile ce stau la baza reactiilor chimice
de obtinere a heteropoliwolframatilor Kie[Se(P8WIeOM)2] 1 63 HSO, respec-
tiv, KiO[Se(PWI11088)2] * 24 H20 sint urmatoarele :

1. 2 KI0PtW17Oel + Na.SeO. + 6CHSCOOH = K18[Se(P2WITOtI)2] +
+ 2CHSCOONa + 4CHSCOOK + 3H3S0

2. 2K, PWuOw + NaaSeO3 + 6CHSCOOH = K10[Se(PW1103,)2] +
+ 2CHSCOONa + 4CHSCOOK + 3H20.

Rezultatele analizei chimice sint Tn bund concordanta cu datele rezultate
din calcule, asa cum reiese din tabelul 1.

Rezultatele experimentale obtinute la titrdrile conductometrice a sarurilor
sintetizate cu acetat de taliu sint redate in figura 1. Punctele Tn care se inter-
secteazd cele doud drepte corespund, Tn fiecare caz, raportului stoichiometric.
Numarul echivalentilor de taliu ce corespund unui mol de heteropolicompus sint
16 in primul caz si 10 In cel de al doilea, valori ce sint in buna concordanta
cu cele presupuse teoretic.

Spectrele electronice de absorbtie in UV, efectuate pe sarurile de potasiu
ale heteropolianionilor [Se(P2W17031)2]ie_si [Se(PWNOM)2]10~, redate in figura 2,
prezintd benzi caracteristice edificiilor poliwolframice, cuprinse n domeniul
41 C00 — 39000 cm-1, ce pot fi atiibuite tranzitiilor electronice din legaturile
tricentrice W—O—W si din cele terminale W=0. Deplasarea maximelor spre
energii mai mari Tn cornjusii sintetizati fata de liganzi [7], se datoresc tranzi-
tiilor electronice mai puternic» n acesti compusi decit in liganzi, iar estomparea
maximelor in compusii sil tetizati fatd d ..j anzi se datoresc implicarii oxigenilor
din legaturile W=O terminale in legare; eleniului, care este mai slab legat in
compusul seriei 1:2: 17 (curba 1) si mai j i ternie in compusul 1:1:11 (curba 2).
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Prin analiza termogravimetrica s-au urmarit transformarile suferite de hete-
ropoliwolframatii sintetizati, Tn domeniul de temperatura cuprins intre 40 si
600°C, constatindu-se ca viteza maxima de eliminare a apei este cuprinsa intre
80 si 200°C, neobservindu-se existenta unor molecule de apa foarte puternic
Ie?_ate. Din curbele pierderii Tn greutate s-au calculat moleculele de apa de cris-
talizare.

Spectrele de absorbtie IR Tnregistrate Tn domeniul spectral cuprins Tntre
1700 si 700 cm™1, prezinta trei benzi de absorbtie Tn domeniul 1 000—700 cm-1,
si anume la 765,860 si 953 cm-1 pentru compusul Kie[Se(P2W17Qei)2] + 63 H20
si la 761,845 si 942 cm-1 pentru compusul K10[Se(PWuOQ3e)2] + 24 H20. Aceste
benzi de absorbtie se datoresc vibratiilor de valenta W—O—W (v3im) si W=0
(v) specifice edificiilor poliwolframice [8].

Scindarea benzii de la 1 080 cm-1, specifica alungirii legaturii P—O (v) din
H8PW12040, Tn doud benzi distincte situate la 1028 si 1095 cm-1 Tn compusul
Kie[Se(P2W170ei)2] + 63 H20 si 1025, respectiv. 1085 Tn compusul
", [SefPWnOjg”] * 24 H2O, dovedeste legarea seleniului de cei doi liganzi,
in cazul fiecaruia din cei doi heteropolicompusi sintetizati, prin intermediul a
patru oxigeni aproape coplanari din liganzi, fara ca oxigenii interiori Iegatu-
rii P—O sa participe la legarea ionului central [9]. Tn cazul compusului
Ki6[Se(P2W170ei)2] + 63 H20 aceste benzi sint mai slab rezolvate decit in com-
pusul K10[Se(PW!1103#)2] + 24 H20, ceea ce denotd ca un oxigen interior gru-
parii PO4 interactioneaza mai puternic cu seleniul Tn cazul primului compus
decit n al doilea.

Benzile de la 1 640 cm-1, Tn ambii compusi, sint caracteristice vibratiilor de
deformare ale apei (8H_OH).

(Intrat Tn redactie la 3 ianuarie 1983)
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HETEROPOLYTUNGSTATES WITH Se(lIV) AS CENTRAL ION
(Summary)

The potassium salts of SeLt heteropolytungstates types, where L = PiW170JJ~ and PWUO,7
have been isolated. The chemical analysis, thermal analysis, basicity, UV and IR absorption spectra
of these heteropolytungstates were determined. The obtained results are a good evidence for our for-
mulation of these compounds.
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COMPLEX EQUILIBRIUM STRUCTURE OF HEAVY WATER (I)
Simplified treatment by means of two elementafy equilibrium &onstants

CSABA MIZSNAY

1. Introduction. In spite of the existence of somé différences in the properties of the protoaic
and the heavy water, these are remarkable by an accentuate«! similarity, especially hecause of the
existence of a profound analogies botli in molecular structures as in intermolecular interaction
[1, 2|. On acco'int of these considérations the study of the structure of the liquid D,O is of double
importam?.'. Apart from the faut that in this manner the structure of this liquid will be known in
detail, the pr-.-eious conclusion referring to the mach st". ’i d and disc-ussed structure of light water
[3a, bj, «an be drawn.

This paper deals with the Complex Equilibrium Model (CEM) of heavv water taking the star-
ting point both the CEM of iv.uir — CEMOW — [a] and the connection betwg.-ii the température
variation of electr«mietrically determine«! i-m product constant and the structure of I>.().

Il. The Complex Equilibrium Uo<ik! < f Heavy Water (EMIIEW). Accor-
ding to this hypoth«csis the molecular specios of heavy water with different
degrees of complexity are fonnod in a strongly dynamic equiiibrium. starting

with the monomere to continously complicated multiiners — flickcriag clus-

ters (fig. 1.). The propos«.d model for CEMHEW takes into account the struc-
ture of D,O as a result of tliree kinds of equilibria — likewise with the CEMOW

Fig. 1. A section from the complex equi-
librium of heavy water.

* Paper presented on the Second International Conference on ,,Water and lons in Biological
Systems”, Bucharest, Romania, 6—11 September 1982.
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treatment [4]| — i.e. 1) the association equilibria characterized by means of
the equilibrium constants of successive association, kas, ..., K,j; Ka:

D,O0 + D,Ot (D,O)g kaa

(D20)2 + DgO  (DaO)g k.3

(DgO), + DgO  (DgO), K«

(1)
(DgO)j-i + DgO * (DgO), kai
jDgO tF (DgO) K/ (2)
K,=n4i=TI1- = XoIXi
i=l1 i-1 o Xi-1

2) the ionization — formation — equilibrium marked by means of the
equilibrium constant ki = 1/kf

D.O D+ + OD" Ki = “ =Xp+ ~-°P- )

and 3) the successive solvation equilibria of D+, OD~ and of the other solva-
ted ions with the corresponding equilibrium constants, kai_m, kod_g:

D+ + DgO ™D+(Dg0) kai; OD- + DgO +f OD~(DgO) K«
D+(Dg0O) 4- DgO ftF D+(DgO)g kd2; OD-(DgO) + D20 OD-(D20)y k™

! | i4)
D*(DgO)m-i + DgO  D+(DgO)m kda,; OP-(P20)8_! + DgO ** OP-(DgO)g kodg
(m + g + 1)DgO * D+(DgO)m + OD—(DgO)g; K( =k, fj kdi+ M (5)

i-=I i=I
where — Ka and K, are the global association and ionization-solvation constants, — j the number
of multimerization; — m and g numbers of solvation, m> g; — xt, Xx,, ..., Xj the molar frac-
tions of mnltimers. It is worth mentioning that not only the molar fractions, but the elementary
and global equilibrium constants are adimensional quantifies.

The variety of the transformation, fluctuation and alternation of the structures and species
is much greater and numerous than that represented by the multimerization (1, 2) and ionization-
solvation equilibria (3, 4, 5). Emphasis is placed on the fact that the formation and breaking up
(destroying) of the whichever multimer structures — ionical or neutral — is characterized by means
of a global equilibrium constant, which after all is an expression of the elementary equilibrium
constants (1, 3) and (4). R

On the basis of these primary processes it is obtained the overall equili-
brium process, which characterizes from qualitative point of view the CEMHEW.

+2 | gjDio D+ + (DgO), + OD- + D+(D,0O) + (DtO)j_i +
+ OD-(DgO) + D+(DgO)g + (Dg0O)j_2 + OD~(DgO)g + ... + D+(D20), + (6)
+ OD-(DgO), + ... + D+(DgO), + (m—g)OD_(DgO), + ... + D+(D20)m

where q =8 4-2m4-1; j<g<m, g and m are the maximum solvation numbers of the D+
and OD- ions, and j is the maximum multimerization number.
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The CEMHEW can be gantitatively characterized by the numerical values
©f the corresponding thermodynamic functions and concentrations : the above
mentioned equilibrium constants the corresponding changes in enthalpy and
entropy, respectively (e.g. AH-, AS?, OAH"-p ASJ2j, AHJi_m, ASj!_m, AHJj g,
ASJdi-g etc.) and the equilibrium concentrations of all species taking part in expres-
sions of the equilibrium constants.

I11. Corrélation of the Equilibrium Constants of Elementary Proeesses With
the lon Product Constant of Heavy Water. The évaluation of the afore menti-
oned quantifies can be made by bringing than into connection the equi-
librium constants of elementary processes with the ion product constant of
heavy water — K.('W, m) — experimentally determinable equilibrium constant of
DeO. Considering the meaning of the electrometrically determined K(hw, @) [1, 5, 6]
as well as on the basis of electroneutrality condition [7], the overall ionization-
solvation equilibrium has the iollowing form

qD,O tr D+ + D+(D20) + ... + D+(DXO)n + OD* + OD~(DI0) + ... +

+ (m — g)OD-(D20)g (7)
or
gD20 it D+ -J- OD ; (xp = xpp) (8)
referring to the equilibrium constants are valid:
Khw, x = XD + XOD 1 Xf4 = K(w,x) * Xj-4 9)

where by ZH and OD~ were noted all the species of ..deuteroid” types and ,,cxdeuteroid” types,
respectively, Khw x is the overall equilibrium constant of the process (8) expressed by means of
the mole fractions and K*hw xj is the ion product constant of heavy water expressed similarly by
means of the mole fractions.

There are valid the following equalities:
Xp = £ xot'<Di°)i (10)
i=0
or in simplified form .

X8 = £ xn+ <10a) and x<w = E xon (10b)
i-0 1 i-0 1

The ion product constant of water can also be expressed by means of molality (m) in a broad
manner : =m": where and mop, respectivelly, are the molality of the ,,deute-
roid” type species, and the molality of the ..oxdeuteroid” type species.

The relations mentioned above stressed the existence of the close connec-
tion between the K(w, x) and K(hw,m) on the one hand and the elementary equili-
brium constans by the other hand. On the basis of the mass-balances referring to
the total number of moles (n) and the formai number of moles of monomer
(ne), respectively, on the other hand, by reason of existing relationship between
x and m is obtained the following important équation [8, 9] :

K(w, n» = K™, ;40 1 39,93)»/n (11
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IV. The Procedure for Evaluation of the Parameters of CEMHEW. By dint
of fivc well founded simplifying assmnptions — referring to the mass-balances,
and to the approximate nuinericai values of the elementary constants from the
processes (1 and 4) by the establisment of the scale of their values — one could

reduce the very numerous elementary constants to 2. ka (the mean association
constant) and kf [9]. The' nc-w formulations of the ion product constant of heavy
water arc the following:
K,Wx = (1 + ka)k, (12a), and K(w,m = -4 — (12b)
(I + ka)kf

The calculation of the nuinerical values of the elementary association constants, the cor
respondiug enthalpies and entropies and the other parameters of simplified model in the 0—60°C
température ranges were made bv considérations of the following three factors: 1) The fundamen-
tal relations which exist between the thermodynamic functions; 2) The température variation of
the corresponding thermodynamic functions (K(llw m). AHj hw m], ASj llw m), etc.), which represent

the experimental data [5 10]. 3) The simplification of the van't Hoff équation in the cases of
smaU température ranges, namely the enthalpv variation and the corresponding entropy variation

of the association processes can be equalized, hence AHal = AH®, and ASal = A$al = AS®2. Simi-

larly, there are vaiid for the ionization process — at two températures: | and 2 — the equali-
ties: All« AH2 aud AS« = ASc,.
k'or testing of the proposed model were used ainong the two sets of the published data
for T)3o that of Covington, Robinson and liates [5], which represents a greater density of data
in a relative small température ranges: 0—60JC, with respect to that of Shoesmith and Lee [10]
for a very large température ranges (25—250 'C). This choice increases the security of examination
of the model and provide data — parameters of model — in the most usual température ranges.
V. The Présentation and Discussion of Sonie Quantitative Parameters. The results obtained
by simplified treatment of the CEM are compatible with the available experimental data.
The multimer composition of heavy water at various température has been characterized
i
by means of the molality m and m, (where m —y ,m, i and j are multimerization numbers,
=1
inux = 1) formal molality or formality f( and f° (thus = in,, 2 = 2m3, ... f = imt... fj = jmj
i
aud f° = im, ; for ordinary water f¢ = 55,51 mol/kg, while for heavy water f@w = 49,93 mol/kg),
i=0
mole fractions (x, = mjm or ig/n, where n is the ail number of moles of species with the multi-
merization number i). etc. of associated species. In Table 1 are presented the formalities of the
multimer species, inclusive the octamers, for heavy and protonic water (fhw ; aud fw j) at 25°C.

These later data take sliape of comparing ratios (W = f®/few = 1,11172) with the corresponding
dates referring to D20. The molality of monomer (m)lw j) is 6,57 mol/kg, the formality of the
dimer (fhw increases, beginuiug with the trimer the formalities decrease. At first view ail the
multimers of H20 are in greater proportion than those of 1>20. Xevertlieless, the ratio W must

represented a basis of cotnparison.
Table 1

The formality in imil/ky at 25’C of the multimerie species between the multimerizatinn numbers
i— 1 —8in 020 and H20. respectively

i 1 2 3 4 5 6 7 8
T 6,5675 8,3712 8,0028 6,8004 5,4176 4,1433 3,0808 2,4393

Aw, i
£ 1,0478 1,0652 1,0829 1,1009 1,1199 1,1377 1,1566 1,1758
lhw, i
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The relative formality — f . = fw /W — of monomer in ordinary water (fr j = fw /W =

= 6,88/1,1117 = 6,19) is smaller tlian the formality in heavy water (6,19 < 6,57). This is an in-
dication for weaker association in heavy water.

The multimers of heavy water with nunibcr of multimerization smaller tlian five — 5 > i >
> | — are greater formalities tlian tl:e corresponding relative formalities in ordinary water. This
indicates stronger association in heavy water concerning the oinjers, trimers and tetramers. The
multimers of heavy water With i > 5 Lave fcrmality smaller tlian the relative formality in pro-
tonic water, which indicates a weaker association in heavy water. It is cléar, that the association
of D20 comparing with H20 supposes a shaded cl araetcriz.aticn. It is wcrtli mentioning that the
global degree of association (A'J and the degrec of association obtained by means of the EOtvos

i
law (AuQ) refering to heavy water is smaller il,an in protonic water up to 100 -l A° = ix, =
10
= M/M — [11].
The fact that the relative formality of pentamer coincides with the formality of pentamer fronr
heavy water is meaningful.

Studics have been inadé regarding tlic température dependence of the for-
mality of different species. Fig. 2. shows the variation of formalities of multi-
mers, beginning with the monomer and till the octamer, in 0—60°C température
ranges.

Mig. 2. Formai moh/lity versus temperature in heavy water for the
7 Vhir-"T species with numLcr of multimerization from ! to 8.

The formality of multimers with the multimerization numLcrs hetv.(en 1—4 increa.se witli
température (just as in ordinary water). From multimerization numhcrs greater than six the for-
mality of species decrease with the température incrcase. The inversion of formajitv variation
with température takes place hetwceii j - 4 «r 5 which means that the f nnality of the tetra-


increa.se
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mer and pentamer are very constant in heavy water underlining the special role of tetramers
but specially of pentamers and their tetrhedral arrangements not only in the structure of heavy
water but also in thet of the protonic water.

In Table 2 are presented the formation constants (column 2 and 4) and the
association constants (column 6 and 8) of heavy water as well as the correspon-
ding comparative rations (columns 3, 5, 7, and 9) with the protonic water
[4, 9]. The values of formation and association constants decrease with tempera-
tlire. The value of formation constant is greater than in protonic water, which
dénotés a weaker ionization in D20 than in H20, while the association constant
is smaller than in ordinary water, which indicates also a waeker association in
D20 t han in H20 in concordance with the previous statements. With the tempéra-
ture increase the ratio of khw, a/kw>a increases, the association of D20 becoming
stronger.

Table 2
The formation and association constants of heavy water at different température
khw, f KW, ¢

T aw, f . kWW f W ~hw, a a KWW' a

W‘ KD ¢ ~hw, a Ky
°c mol/kg mol/kg
1 2 3 4 5 6 7 8 9
0 8,15 + 10* 8,712 4,57 « 10" 9,390 1,801 1,049 1,01 » To-i 0,974
25 8,16 + 10" 7,585 4511 10 8,187 1,757 1,047 9,70 + It-i 0,970
40 2,68 + 10" 7,148 1,46 + 10 7,721 1,733 1,046 9,49 + KI- ,97
60 7,79 + 10* 6,757 4,22 + 10* 7,306 1,706 1,045 9,24 + 1J-- 0,106

m . .
K . const tilts expressed by means of the molality

In Table 3 are presented the enthalpies (column 2 and 4) and entropies

(column 6 and 8) of formation and association for heavy water as well as the
corresponding comparative rations with the protonic water [4] at 4 températures

values (columns 3, 5, and 7). AH"t have great negative values which decrease
with the température increase. As compared with protonic water the formation
enthalpies for heavy water are greater, but the ratios decrease with the tem-
pérature. The AH°w, a have great negative values, which increase with tempéra-
ture increase. The both enthalpies reflect the fact that the corresponding proces-
ses have exoterm character.

The température increase of AH” is in close connection with the decrease
of the number of multimers with greater j in contradiction to that with smaller
J values. The sttength of the H-bonding of the multimers with small multi-
merization number, is greater than that of multimers with greater multimeriza-
tion number. At the same time at higher température the ionization takes
place easier. Therefore, the multimer with stronger H-bonding ionise easier»
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The association and formation enthalpy and entropy, respeetively referring to heavy and ordlnary
water at different températures

ABC, f AH
T _AHsw, “TRwe Ao p ASWE o o ACGA
A<F ah@l a ASw.f A<a

°c cal/mol cal/mol cal/mol. °K cal/mol- “K

1 2 3 4 5 6 7 8 9

0 11961,4 1,0697 5690,9 1,0764 48,721 1,0351 19,671 1,087
20 10532,1 1,0603 6309,7 1,0768 46,765 1,0453 20,400 1,086
40 9058,8 1,0473 6949,3 1,0773 50,797 1,0539 21,103 1,087
60 7482,0 1,0286 7609,2 1,0777 53,812 1,0596 21,785 1,087

At first view these data appear contradictory, while AHMW a>AH” a and khw a<kw a- Hence,

ka is determined from sum of the entropie and the enthalpic terms. The increase of AH® causes
not only the increase of ka but also the decrease of it when the entropie term decreases signifi-
cantly. In DSO the entropie term is greater than in H,O (Table 3). The negative values of AS*

underlines the fact that the entropy of the species with greater multimerization number is smaller
than the entropy of the species with smaller multimerization numbers (state of lower disorder).
Parallel with the température increase, the formation of most compact multimers, with a degree
of low disorder takes place, AShw f reflects a profound structural transformation, which increasee
the disorder of the sistem parallel with the température growth.

VI. Conclusive Remarks. The structure of heavy water is similar to that
of the protonic water. It could be concluded that D20 molécules are associated
in a smaller degree than H2O molécules — contrary to the flickering cluster
theory [12, 2] and in accordance with the dielectric constant data, and the Eot-
vOs law [13, 2, 11]. On the other hand, the formal molalities of species with
smaller number of multimerization than five are larger values than in the
H20, which denote that the species with low number of multimerization are more

associated in D20 than in H20 (in accordance with the flickering cluster theory
and contrary to the diélectric constant data).

Referring to the évaluation of the results obtained by spectroscopy [14, 3c]
the principal difficulty which arises is that we have not, so far, a certain basis
of comparison. The spectroscopically studied and formulated equilibrium as
OHfree + Ofree £5 OHH_bond (where OHifree and OHH_bona represent the species of
free, not H-bonded, 3nd H-bonded OH groups, respeetively) have not neither
chemical nor thermodynamlcal meaning. In this general formulation the Oiret
are the free lone pairs, but their occurence in the equilibrium processes is very
debatable. On the other hand, is very likely that the content of OHfree species in
great manner reflects the concentration of monomer. The fact the experimentally
determined content of the OHfree species in the 0—100°G température ranges
varies between 10—25% [15] surprisingly is in good agreement with the results
obtained for the concentration of monomer water by the CEM model [4, 9]

Thus, for example in ordinary water, at 25 °C, the degree of participation of mono-
mer is 12,4% and in heavy water is 13,14%.
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The spectroscopical data referring to D20 is not available so far.
Thns, it could be concluded that the proposed CEMHEW truly reflects the

studied properties of the liquid heavy water.
(Received March 1, 1983)
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STRUCTURA DE ECHILIBRU COMPLEX A APElI GRELE (I)
7ratarea simplificata prin intermediul a doua constante de echilibru elementare
(Rezumat)

Modelul de echilibru complex al apei obisnuite a fost aplicat succes apei grele. S-au core-
lat constantele de echilibru ale proceselor elementare cu produsul ionic al apei grele. Prin utili-
zarea a cinci bine fundamentate relatii simplificatoare s-a putut reduce numarul foarte muie —
practic nedeterminat al constantelor elementare de echilibru la urmatoarele doua: ka  con-
stanta de asociere medie, si kf — constanta de formare. S-a dat o noua formulare a produsului
ionic al apei grele prin intermediul constantelor de echilibru elementare. Modelul propus a fost
verificat prin utilizarea datelor electrometrice publicate ale produselor ionice referitoare 1. apa
grea. S-au determinat cele doud constante elementare si variatiile de entalpie si entropie &or spun-
zatoare Tn intervalul de temperatura 0—60°C din 0,1 in 0,1 °C.

Structura apei grele este similard cu structura apei obisnuite. S-a putut ccrclmb- f; piui <-
moleculele D20 in globabsmt asociate Tntr-o masurd mai mica decit moleculele de ILO. Tn sel.a ’
speciile apei grele cu numar de multimerizare mai nuc <# 5 (j < 5) sint mai puterni :so- ;
decit speciile corespunzatoare ale apei obisnuite. Evaluarea modelului reprezintd prima tr. ic
cantitativa completa referitoare la strvmira &r i usoare, respectiv grele.
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STUDIUL $I CARACTERIZAREA UNUI SISTEM DE NEBULIZARE
PENTRU FOTOMETRIA DE FLACARA

E. CORDOS, A. POPESC! . A. FODOR si JIE COSMA

Tn spectroscopia de flacard probele de analizat lichide se introduc in flacara,
n majoritatea covirsitcare a cazurilor, sub forma ck aerosol [1]. Procesul de
transformare a solutiei Tn picéturi fine, cu diametrul st:b 5 pm, este definit prin
termenul de nebuiizare.

Metodele de nebuiizare aplicate frecvent In determinarile analitice sint:
ncbulizana pneumatica, cu jet de gaz concentric [2, 3] sau perpendicular [4—6]
pe coloana de lichid aspirat, nebulizarea cu ultrasunete [7—9] si nebulizarea
electrostatica [10, 11]. Dintre acestea, cea mai raspindita este nebulizarea pneu-
maticd, caracterizata prin simplitate si usurintd in operare. Totodatd, trebuie
insa aratat ca nebulizarea pneumatica produce picaturi ce au un spectru larg
de dimensiuni si o densitate de aerosol relativ scazutd. Viteza de curgere a ga-
zului ce produce nebulizarea este relativ mare [12], 500 ins-1, iar in cazul utili-
zarii sistemelor cu camera de pfeamestecare, spectrul larg de distributie a dimen-
siunilor picaturilor face ca numai aproximativ 15% din proba % ajungain
flacaida [13]. Pentru a obtine o sensibilitate maxima si o bund rcprcductibilitate
a dctcrmmaiilor analitice, la constructia nebulize ici ului este necesara cunoasterea
dian ctrclor picaturilor produse, a distributiei acestora precum si modul in care
aceste caracteristici sint influentate de diferiti parau <tri specifici procesului de
nebuiizare.

Dimensiunile j icati rilcr dii.tr-un a< rosol pot ii sp rccir.tc printr-o marc diver-
sitate de metode. Dirtre acestea se remarca metoda pcconizata de Willis
[14], in care nasuianc; dian ctrclor picaturilor din aerosol se bazeaza pe urmele
lasate prin in pactul acestora pe un film de oxid de magneziu. Metoda are insa
un caracter relativ, trebuie sa fie cunoscuta rc'atia dintre dian ctrcic urmelor
si diametrele picaturilor caic; le-au dat nastere. O alta categoric de- netede se
bazeaza pe captarea picaturilor in ulei mineral 15, 16 L Aceasta prezintd avan-
tajul unei metode absolute, picaturile observate mentinirdu-si fonna sfericd,
astfel ca rezultatele se obtin prin masurare directd. Recent, Novaksi Brow-
ner [171 au prezentat un sistem alcatuit din filtre de impact asezate- in cas-
cada (spectrul dimensiunilor analizate! fiind cuprins intre 0,4 si 11 pin.) dupd
care aerosolul este trecut printr-un analizor electric (spectrul dimensiunilor ana-
lizate fiind cuprins intre 0,038 si 1 prn) a carui functionare se bazeazd pe masu-
rau a uobilitatii electrice; a picaturilor Tncarcate electrostatic prin intermediul
unei descarcari corona. Aceasta in>toda are avantajul acoperirii unui spectru
extrem de larg de dimensiuni, fiind Tnsa pretentioasa clin punct de vedere tehnic.

n lucrarea de fatd <ste prezentat un ne.bulizator pneumatic ; just; bil, ai
carui parametri de nebui zare au fost :t di;.ti pentru obtinerea date lor re ce sare
constructiei cinci variai te finale ce face pa it dii-.tr-un sistem de ardere; pe baza
de gaz metan—aer—oxigen. Schita m..b<izatmului este datd in figura 1.
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Fig. 1. Schema nebulizatorului pneumatic

ajustabil. 1 — surub centrare, 2 — piulita de

fixare, 3 — corp nebulizator, 4 — diuza, 5 — pie-

sa de centrare, 6 — stut intrare aer, 7 — inel

filetat, 8 — carcasa, 9 — arc spiral, 10 — ca-
pilara.

Capilara, din otel inoxidabil, are diametrul interior de 0,3 mm si diametrul exterior de 0,5
mm. Centrarea capilarei Tn interiorul diuzei de iesire a jetului de aer se face cu ajutorul unei
piese de centrare a carei pozitie se poate modifica prin intermediul a trei suruburi. De asemenea,
capilara poate culisa Tn interiorul diuzei prin intermediul unei piese suport prevazuta cu filet.
Diuza fiind o componenta detasabild, permite selectarea diametrului orificiului de iesire a jetului
de gaz si astfel se asigurd o modalitate de variatie a diferentei de presiune la partea terminala a
capilarei.

Functionarea nebulizatorului a fost urmarita la diferite diametre ale diuzei si la diferite
pozitii relative ale capilarei fatda de diuza. Tn toate cazurile a fost recentrat sistemul diuza capi-
lard. Au fost, de asemenea, testate performantele nebulizatorului la diferite presiuni, cuprinse ntre
presiunea minima la care are Tnca loc nebulizarea si pina la presiunea maxima datd dupd reduc-
tor de cdtre un compresor tip CUD-3 (1.0.R. Bucuresti). Parametrii masurati au fost: debitul de
solutie aspirata, debitul de aer, precum si marimea si distributia picaturilor. Probleme deosebite
ridicd numai determinarea marimii si distributiei picaturilor, utilizindu-se Tn acest sens metoda
captarii picaturilor de aerosol pe o pelicula fina de ulei siliconic (MS-550), urmata de fotografie-
rea la microscop.

Pelicula de ulei a fost Intinsa pe o lameld de sticld, peste care a fost asezatd, dupa capta-
rea picaturilor, o alta lamela de sticla avind un strat de ulei siliconic, evitind astfel fenomenul
de evaporare. Tntre lamele au fost asezate doud distantoare pentru a nu permite deformarea
picaturilor. Tn scopul obtinerii unor date care sa permitda compararea influentei diferitilor para-
metri, captarea picaturilor s-a facut in conditii identice, la o distantd de 400 mm fata de nebuli-
zator si pe durate de timp egale (0,2 s). Pentru a obtlne un bun contrast al imaginii picaturilor,
in apa distilatda a fost addugata o mica cantitate (0,1 g/1) de colorant rosu (fenosafraning), iar
fotografierea s-a facut printr-un filtru verde. Imaginea cliseelor ce contin picaturile a fost com-
paratd cu imaginea obiectivului micrometric etalonat, facind posibila aprecierea cu acuratete a
dimensiunilor picaturilor. Pentru fiecare captare de picdturi au fost realizate doud clisee, ce permit
observarea picaturilor mici (marire de 2 000 ori) si respectiv a celor peste 5 |im (marire 500 ori),
un exemplu fiind dat in fig. 2. Pentru fiecare set de clisee a fost calculata distributia numerica
si distributia volumicd Tn functie de diametrul picaturilor (fig. 3). Tn toate cazurile s-a tinut cont
de ariile investigate pentru cliseele continind picaturile mici, respectiv cele mari. Distributiile an
lost reprezentate grafic pentru diverse valori ale parametrilor ce influenteaza nebulizarea: dia-
metrul diuzei, pozitia relativa a capilarei fatd de diuza, debitul de aer. Rezultatele au fost sinteti
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Fig. 2. Imaginea la microscop a picaturilor de aerosol, a — picdturi mici (x2 000), b — picaturi
mari (x500).

zate Tn tabelul 1, considerind drept criterii de eficientd debitul de lichid aspirat si procentajul
volumetric al picaturilor mici.

Din datele experimentale rezulta ca exista o interdependenta tntre parametrii
de functionare studiati, respectiv un set de valori a acestor parametri determina o
anumita distributie a picaturilor din aerosol. Cu cit diferenta de presiune la
partea terminala a capilarei este mai mare (raportul dintre diametrul exterior al
capilarei si diametrul orificiului diuzei este mai mare) cu atit diametrul'mediu
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Tabel I

Influenta principalilor parametri operationali ai nebulizatorului asupra debitului
de lichid aspirat ti asupra volumului picaturilor mici

Diametrul Pozitia Debitul de  Debitul de Volumul picaturilor

diuzei capilarei aer lichid mici
mm mm I1/h ml/rnin b

680 4,61 14,04

+0,16 600 4,14 9,55

520 3,53 34,91

650 5,00 11,40

0,9 0,00 590 4,44 32,36

520 3,64 10,40

! 640 571 8,98

-0,16 590 5,22 30,51

515 4,44 7,94

490 5,00 22,52

+0,16 420 4,44 22,70

380 3,53 12,12

500 3,75 8,24

0,7 0,00 440 3,43 10,46

375 2,85 12,15

495 4,44 10,16

-0,16 435 4,00 10,87

375 3,43 24,68

415 3,53 5,63

+0,16 370 3,43 8,80

315 2,78 10,42

420 4,14 11,80

0,6 0,00 360 3,64 20,58

315 3,00 32,99

425 3,87 12,10

-0,16 370 3,33 15,22

320 2,78 15,94

T

diminua, iar debitul de lichid aspirat din proba va creste, atingind valori necon-
venabilt . Pe de altd pmte, din fabth( | se observa ca fractiunea din proba care
se transfern & in picaturi n ki creste odatd cu scaderea prcisunii. Diferenta nume-
rica a j leaturilor, in functie de diametrele ,cr, are doua maxime (lig. 3), ceea
ce sugereaza existenta a douda mecanisme ce dau nastere picaturilor mici si celor
mari, fajt remarcat in majoritatea studiilor publicate pe aceasta tema.
Pentru nevoile practice valoarea parametrilor de nebulizare trebuie aleasa
in asa fel ca modificarea jiaramctrului mai greu de controlat, si anume debitul
de aer, sa afecteze Tn masura cit mai mica parametrii de nebulizare. Aceasta
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conditie se verificd cel mai bine la diametrul diuzei de 0,7 mm, la acelasi nivel
cu capatul capilarei, combinatie la care variatia repartitiei picaturilor mici pen-
tru o variatie de 15% a debitului de aer este de 20%, relativ mai micd in com-
paratie cu celelalte cazuri cind depadseste 100%. Functionarea optima a nebuli-
zatorului are loc la un debit de aer de 440 1/h si un debit de solutie de 3,43
ml/min. Cu aceste date s-a proiectat un nebulizator care a fost utilizat cu succes
Tntr-un arzator cu camera de preamestecare pentru fotometria de flacara pe baza
de flacari metan-aer si metan-aer-oxigen.

(Intrat tn redactie la 8 martie 1983)
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THLJ STUDY AND CHARACTHRIZATION OF A NBBULIZIG SVgTIiIM FOR
FLAMEPHOTOMIITRY

(Summary)

A pneumatic nebulizer with variable paramTters has been built in order to obtain the opti-
mum values for the operating conditions. The nebulizer construction was such that capillaries
and nozzles of different diameters could be acco.nmodated. Also, the reciproca! position of capil-
lary and and nozzle could be varied. The resulting droplets have been captured on silicoli oii film«
an 1 photographed under microscope. From the photographe the volu.nic aud numeric distributions
were calculated. The best volumic distribution is obtained with 0,7 mm diameter nozzle and the
capillary eud at the same level with the nozzle.
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STUDIUL FIZICO-CHIMIC AL SEPARARII PRIN RECTIFICARE
A ESTERILOR ACRILICI DE ALCOOLII CORESPUNZATORI t)

Acrilat de butii—alcool butilic

IUBITA MURESAN, LUCIA ZADOR, FRAN'CISC KACSO

La solicitarea Ministerului Industriei Chimice, in cadrul Facultdtii de teh-
nologie chimica a Universitatii ,,Babes-Bolyai” s-a cercetat si realizat sinteza
Reppe a esterilor acrilici pornind de la acetilend, oxid de carbon si alcoolul cores-
punzator, Tn prezenta de Ni(CO)4 si HC1 in conditii semicatalitice, la presiune at-
mosferica.

Scopul lucrarii prezente consta in studiul separarii produsilor de reactie acrilat
de butii (BuAcr) si alcool butilic (BuOH) din amestecul obtinut, Tntrucit in lite-
raturd nu exista date de echilibru pentru acest sistem.

Din literatura se stie cad acrilatii inferiori (MeAcr, EtAcr) formeaza ameste-
curi azeotrope atit cu alcoolii corespunzatori cit si cu apa (1]. intrucit referitor
la sistemul BuAcr—BUOH nu exista indicatii, am presupus ca randamentul sca-
zut obtinut la separarea prin distilare se datoreste de asemeni formarii unui
azeotrop. Tn consecintd, ne-am propus in primul rind sa verificdm daca exista
domenii de presiune lipsite de azeotropie.

Studiul teoretic al influentei presiunii asupra formarii azeotropului. Studiul
experimental a fost precedat de unul teoretic cu scop orientativ. S-au folosit in
acest sens doua metode.

a) Prima consta Tn extrapolarea comportamentului amestecurilor BuOH-es
teri cunoscut Tn literatura si la | BuOH—BUuUAcr. Astfel, Horsley [2]

prezinta o curba referitoare la amestecurile
azeotrope ale BUOH cu diferiti esteri satu-
rati. Ea este redata de figura ! si repre-
zintd pentru aceste amestecuri variatia
diferentei (S) dintre temperaturile de
fierbere ale azeotropilor si BUuOH in functie
de diferenta (A) dintre temperaturile de
fierbere ale componentilor puri.

Din aceste date rezultd ca la ames-
tecurile cunoscute ale BuOH cu esteri
azeotropia lipseste daca diferenta dintre
temperaturile de fierbere ale componentilor
puri este mai mare de 12,5°C. Tabelul 1

Fig. 1. Diagrama 8—I|A| pentru ameste- redé_ p_entru BUOH S _BUACF valorile
curile alcoolului butilic cu esteri saturati.  presiunilor de vapori la diferite tempera-

* Lucrarea comunicatd la A VI-a Sesiune de comunicari stiintifice a Centrului de cercetari
Rimnicu-Vilcea, mai 1980.
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Tabel 7

Cempararea temperaturilor de fierbere ale eomponeittllor purf ta
diferite presiuni

p ) A “< hIBnOH) —
mm Hg ~M(BuOli) tf(BuAcr) — h(BuAcr) 1
1 - 12 - 05 - 07 33
5 + 20,0 + 235 - 35 2,0
10 30,2 355 - 53 13
20 41,5 48,6 - 71 0,9
40 53,4 63,4 -10,0 0,3
60 60.3 78,6 -12,3 0.1
100 70.1 85,1 -15,0 0,0
200 84,3 104,0 -19,7 0,0
400 100,8 125,2 -24,4 0.0
760 1175 147,4 -29,9 0,0

tuli [3] si diferentele [ calculate pe baza lor. Se dau si marimile 8 cores-
punzdtoare, citite din figura 1.

Admitind cd caracterul nesaturat al acidului acrilic nu determind abateri
prea mari de la dependenta 8—/ stabilitda pentru alti esteri, azeotropia lipseste
la p > 60 mm Hg. Oricum, nsa, poate fi formulatd concluzia certa ca prin
marirea presiunii azeotropia poate fi evitata.

b) Cea de a doua metoda a fost propusa deD- Horsley [4] si se bazeaza
pe diagrame de tip C o x [5]. Ultimele liniarizeaza dependenta presiunii de vapori
de temperatura prin folosirea coordonatelor log p — I/(t°C + 230). Principiul
metodei consta in verificarea faptului daca dreapta referitoare la amestec inter-
secteazd sau nu vreuna din dreptele componentilor puri. Punctul de intersectie
marcheaza disparitia azeotropului. Daca pentru azeotrop se cunoaste tempera-,
tura de fierbere la o singurd presiune, dreapta azeotropului se poate trasa cu
o buna aproximatie utilizind o pantd medie intre cele ale componentilor puri.

Figura 2 reprezinta cele doud drepte ale componentilor puri trasate cu aju-
torul datelor trecute in tabelul 1.

Pentru trasarea dreptei azeotropului presupus, am recurs la valorile 8 ob-
tinute prin metoda precedenta (in domeniul de presiuni mici unde valorile 8
sint cele mai mari). Folosind doua din acestea (cind p =1 si p =5 mm Hg)
se obtine o dreapta cu punct de intersectie la p = 12 mm Hg, 1ar prin utiliza-
rea unei singure valori 8 (p =1 mm Hg) si construind dreapta cu ajutorul
pantei medii se obtine dreapta cu punctul de intersectie situat la p — 276 mm Hg.

Astfel cele douda metode duc la aceeasi concluzie sigurd si anume ca ames-
tecul alcool butilic-acrilat de butii nu formeaza azeotrop Th domenuil presiunilor
relativ mari. Pentru delimitarea certa a presiunilor minime la care separarea este
eficientd, adica unde temperaturile de fierbere ale amestecurilor se diferentiaza

suficient de cele ale componentilor puri, am efectuat masurdtori experimentale
directe.
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Partea experimentald. Determindrile s-au efectuat Tn aparatul reprezentat 11 t'gura Insta-
latia de masurare cu gitul izolat termic priu snur de azbest are un robinet (1J eu doud cai pen-
tru luarea probelor si unul t2) cu trei cdi priu care se realizeaza recircularea distilatului pentru
atingerea etuiliurului termic tara variatie de compozitie. b,a este prevazuta cu un refrigerent (3),
un termometru zecimal ttj, o capilara tb), baie de glicerina cu termoreglare automata (6) si este,
conectata priu roometul 1 la uu muilostat care permite mentinerea constanta a presiunii cu o

precizie de aproximativ 0,0 mm Hg. mdasurarea presiunii s-a facut cu un manometru inchis care
permitea citiri piua la oue mm Hg.

A. Determinarea temperaturilor de fierbere la diferite presiuni pentru amestecuri BuOH-/lu/lcr.
mRezultatele outinuce m cazul, amestecurilor acrilat de butil-aicool butilic in raporturile de volum
1:1 si 3:1 sint redate w tabelul 2.

bigura -t prezintd diagramele Cox corespunzatoare.

be observa ca amestecurile caiar relativ bogate in ester acrilic au temperaturile de fierbere extrem
dc apropiate de cele ale alcoolului butilic pur. Practic, punctele obtinute pentru amestecul cu 50% V
se suprapun cu dreapta corespunzatoare alcoolului butilic Tn domeniul p < 250 mm Hg, iar pentru
cel cu 75.% V BuAcr in domeniul p < 100 mm Hg. Aceasta suprapunere poate fi o consecinta fie
a formarii unui azeotrop cu temperatura de fierbere foarte apropiata de a alcoolului butilic, fie a
faptului ca diagra . de stare tf — compozitia fazei lichide au portiuni extinse cu panta foarte
mica. Valorile concrete ale temperaturilor de fierbere indica validitatea celei de a doua cauze, cel
putin Tn domeniul presiunilor nu prea mici. La p < 40 mm Hg precizia masurdarii temperaturilor de
fierbere nu mai este satisfacatoare. Tn aceste conditii am ales ca presiuni de lucru valorile 134 si
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Tabel 2

Influenta presiunii asupra temperaturilor de
fierbere ale amestecurilor BuOH—BuAcr 1:1

si 1:3
50 % V BuAcr 75% V BuAcr
mmP Hga tf mmPHg tf
36 51,5 47,6 56,0
43 55,5 99,0 70,2
66 65,0 135,5 75,8
68 62,0 150,5 78,0
115 71,6 160,0 81,0
166 80,5 176,0 84,0
182 83,0 197,0 85,7
218 86,0 2455 93,0
243 88,1 362,5 105,0
246 88,5
251 90,0
' 262 91,0
272 92,0
277 93,0
2865 93,0
1291 93,8
292 94,0
364 99,0
400 102,0 Fig. 3. Schema instalatiei de masurare.

380 mm Hg, prima situindu-se in domeniul presiunilor unde diferentele dintre temperaturile de fier-
bere sint apreciabile, permitind o separare facila. Temperaturile ridicate impun Tnsa o atentie speciald

spre a evita polimerizarea.

B. Determinarea diagramelor de stare la presiunile de 380 si 134 mm Hg. S-au preparat zece ames-
tecuri BUOH—BuAcr Tn diferite proportii folosind biurete termostatate la 20°C. S-a lucrat cu sub-
stante Merck avind indici de refractie n"® Acr = 1,4190, n”~OH = 1,3992. Indicii de refractie ai ameste-
curilor s-au masurat cu uu refractometru Abbe termostatat la 20°C cu un ultratermostat. Masurato-
rile s-au verificat si pe amestecuri obtinute prin cintarirea componentilor puri. Figura 5 ilustreaza
variatia indicelui de refractie cu compozitia.

Se vede ca aditivitatea se respecta la procentele de volum, de aceea drept curba de calibrare
pentru determinarea compozitiei distilatelor am folosit o diagrama de tip (a).

S-au masurat apoi pentru toate amestecurile atit la 380 mm Hg cit si la 134 mm Hg (0,5
mm) temperaturile de fierbere si compozitiile distilatului format dupa stabilirea echilibrului de faza.
Pentru atingerea acestei stdri s-a mentinut Tnchis robinetul 1 si deschis spre instalatie robinetul 2
(figura 3), continuind suficient de Tndelungat fierberea cu refluxarea distilatului. S-a citit valoarea
maxima, constanta a temperaturii de fierbere. Tn continuare s-a inchis scurt t robinetul 2 spre
instalatie, s-a deschis robinetul 1 si s-au scos citeva picaturi de distilat carora li s-a determinat indi-
cele de refractie la 20°C.

5 — Chemia 1934
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Fig. 4. Diagramele Cox ale BuOH (*) si ameste-
curilor BUOH — BuAcr in rapoartele de volum 1 1 (x)
si 1:3 (0).

%V BuAcr "J«gBuAcr X BuAcr

Fig. 5. Variatia indicelui de refractie cu compozitia ameste-
cului BUOH—BuUAcr exprimata in procente de volum (a), pro-
cente de masd (b) si fractii molare (c).
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Tabel 3

Influenta compozitiei amestecului BUOH—BuAer asupra Tf si compozitiei fazei de vapori la 380 mm

NI L (faza lichidz)

V>V,
ort. n,,

10: 01,3990
9:1 11,4020
8:2 11,4038
7:3 14055
6:4 14075
5:5 11,4095
4:6 14115
3:7 14135
2:8 11,4150
1:9 14172
0: 10 1,4190

o~Noo Ul w O— O

=
o o

X.

1

0,933
0,858
0,784
0,689
0,604
0,507
0,398
0,278
0,148
0

X»

0

0,067
0,142
0,216
0,302
0,396
0,493
0,602
0,722
0,852

Ho

V (fazd de vapori)

M1

1,3990
1,4009
1,4025
1,4036
1,4048
1,4061
1,4063
1,4092
14112
1,4140
1,4190

Ti

1

0,955
0,906
0,864
0,811
0,759
0,705
0,616
0,512
0,351
0

Yx

0
0,045
0,094
0,1357
0,189
0,241
0,295
0,384
0,488
0,849
1

99,5

99,7
100,1
100,7
101,2
102,0
103,0
105,2
108,4
1142
125,2

¥1
*Vx

1,449
1,602
1,7545
1,857
2,069
2,320
2,426
2,720
3,124
3,800

“id

2,17
2,17
2,18
2,18
2,18
2,21
2,22
2,22
2,26
2,39

Yr

1,000
1,010
1,026
1,054
1,102
1,145
1,251
1,276
1,334
1,348

Yt

1,542
1,423
1,310
1,294
1,228
1.197
1,168
1,107
1,033
1,000

Tabel 4

Influenta compozitiei amestecului BUOH—BuUAcr asupra Tj si compozitiei fazei de vapori ia 134 mm

Nr. L (faza lichida)
crt. V'_V’
»M X. X.

0 10 0 11,3990 ! 0
1 9 1 14020 0,924 0,0760
2 8 2 14038 0,855 0,1450
3 7 3 1,4055 0,7826 0,2174
4 6 4 14075 0,6982 0,3018
5 5 5 14095 0,6019 0,3981
6 4 6 14115 0,4965 0,5035
7 3 7 14135 0,398 0,6020
8 2 8 14150 0,2783 0,7217
9 19 14175 0,1463 0,8537

10 0 10 1,4190 0 1

Ho

V (faza de vapori)

nu

1,3990
1,4016
1,4030
1,4045
1,4058
1,4068
1,4082
1,4097
1,4120
1,4146
1,4150

y1

1

0,9415
0,8864
0,8278
0,7736
0,7285
0,6625
0,5860
0,4700
0,3130
0

Yx

0

0,0585
0,1136
0,1722
0,2264
0,2715
0,3375
0,4140
0,5300
0,6870
1

76,4
76,5
76,7
77,0
77,4
78,0
78,9
80,3
83,0
87,0
100,8

1,3237
1,3232
1,3554
1,4770
1,7747
1,9906
2,1930
2,2997
2.6585

1,970
1,974
1,982
1,994
2,010
2,020
2,032
2,040
2,050
2,060

Tabelele 3 si 4 contin datele obtinute pentru cele doud presiuni studiate.

Simbolurile folosite au urmatoarele semnificatii: Vt: V2 raportul de volum alcool butilic-acri-
lat de butii, xt fractia molara a alcoolului butilic in faza lichida, xt fractia molara a acrilatului de
butii In faza lichid&, y! si y2 fractia molard a BuOH respectiv a BuAcr in faza de vapori,
coeficientii de activitate ai componentilor in faza lichida, a coeficientul de separare (volatilitatea rela-

tivd) definit prin relatia a =

acesta ar fi un amestec ideal. Relatiile de

Xilx»

Pi=1®

- Vifi

fix = Ix*xPx = YxP

*xYy1

Yx*1

1,000
1,009
1,018
1,022
1,046
1,120
1,189
1,203
1,228
1,290

Yi

1,505
1,520
1,526
1,423
1,275
1,214
1,119
1,093
1,000
1,000

siy,

-, a.. coeficientul de separare care ar caracteriza amestecul daca

legaturd dintre aceste marimi au la baza ecuatiile

@
@)

®)
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Fig. 6. Reprezentarea Tf — xx si Tf — yt per.tru BUuOH — BuAcr la cele doua
presiuni studiate.

Cu >’ si p s-au notat presiunile de vapori ale componentilor puri. Figura 6 reda diagramele tempera-
turilor de fierbere Tn functie de compozitia fazei lichide (L) si a fazei gazoase (V). Alura curbelor este
specifica amestecurilor cu abatere pozitiva de la comportamentul ideal. Se vede ca prin Tmbogatirea
amestecului lichid Tn acrilat de butii pina la un raport volumic de 1:1 (xx = 0,6) temperatura de
fierbere creste doar cu 2,6°C pentru 380 mm Hg si cu 1,6°C 1aT134 mm Hg. Tn cealalta jumatate
a domeniului de compozitie cresterea temperaturii de fierbere constituie 23,2 respectiv 22,8“C.

Extinsele portiuni apropiate de orizontal ale curbelor L explica suprapunerea diagramelor Cox
observata n figura 4.

Pentru determinarea numarului de talere sint mai indicate diagramele de stare ferite de erorile
inerente determinarilor de Tf. Asemenea diagrame sint cele care exprima dependenta compozitiei fazei
nde vapori de cea a fazei lichide. Ele sint redate in cazul amestecurilor studiate la cele doua presiuni Tn
figurile 7 si 8.

Se poate vedea ca pentru separarea componentilor Tn conditii de reflux total la 380 mm Hg
este necesara o coloana cu 12—13 talere teoretice, Tn timp ce la 134 mm Hg numarul talerelor teore-
tice necesare este 17—18.

Figura 9 reda variatia marimii log Yi/Yt cu compozitia. Asemenea diagrame servesc la verificarea

si chiar corectarea erorilor de determinare a diagramelor de stare dupd metoda lui Redlich si
Kister [6].
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Fig. 7. Diagrama de stare yl—xt a amestecu- Fig. 8. Diagrama de stare y, — X, a ameste-
lui BUOH—BUACcr la p =380 mm Hg. cului BUOH—BUAcr la p = 134 mm Hg.
Fig. 9. Curbele log =f pentru
amestecuri BUuOH—BUACcr.

Aceastda metoda se bazeaza pe ecuatia

1

1log—dx=0 4

J Y«

0

consecinta a ecuatiei Duliem-Margules. Cele doud arii inchise de curba experimentala si sistemul de
coordonate trebuie sa fie egale. Valoarea absoluta a diferentei dintre suprafete caracterizeazd valoarea
medie a erorii cu care s-a determinat Y1/Y2» respectiv compozitiile corespunzatoare. Tn cazul nostru



70 I. MURESAN, L. ZADOR, FR. KACSO

eroarea medie de determinare a valorilor Yi/Yi este de +0,00035 la 380 mm Hg, iar pentru 134 mm
Hg de +0,003.

Diagramele obtinute pe baza datelor corectate pot servi la gasirea conditiilor convenabile de
separare prin fractionare.

Tn acest scop ne-am bazat pe metoda grafica Mc Cabe-Thiele [7], aplicind Tnsa si o
corectie referitoare la evaporarea partiald spontana a fluxului de alimentare. Calculele s-au efectuat
pentru o coloana cu functionare adiabatica in regim stationar, alegind drept compozitii de alimentare
XA = 0,5si XA = 0,3 (xA — fractia molard a alcoolului butilic Tn fluxul de alimentare). Aceste valori
reprezinta limitele Tntre care se situeaza produsul nostru de sinteza. Acrilatului de butii separat la
blaza i s-a impus un grad avansat de puritate, xB < 0,01 (xB fiind fractia molara a alcoolului butilic
Tn fluxul de evacuare din blazd). Pentru compozitia fluxului de evacuare la capul coloanei s-au con-
siderat mai multe variante cu xo > 0,85 (xD — fractia molara a BuOH in acest flux). S-au calcnlat
numarul de talere teoretice (NTT) si repartizarea lor pe cele doud zone: de epuizare (BA) side con-

centrare (AD), pentru cele doud presiuni alese, la diferite ratii de reflux si compozitii ale fluxurilor
de evacuare si alimentare.

S-au notat prin A, B, D, L debitele fluxurilor (A — de alimentare, B — de evacuare la
blaza, D — de evacuare la capul coloanei, I« — returnat la cap sub forma lichidd), toate exprimate
Tn moli pe unitate de timp pentru regim stationar. Ratia de reflux este R = I./D, iar ratia de ali-
mentare F=A/D.

Ratiile de reflux alese pentru calcul se situeaza intre valorile limitda R — oo si Rmjn, pentru
care numarul talerelor teoretice este minim (reflux total) respectiv infinit (pentru R”) deci nu
pot caracteriza o coloana de fractionare reala.

Prin g s-a notat fractiunea din fluxul de alimentare care ramine Tn stare lichida (restul se eva-

p(IJré spontan). Ra s-a calculat din caldurile de vaporizare ale componentilor si compozitia fluxului de
Alimentare

Figura 10 ilustreaza tehnica de lucru folosita pentru p = 380 mm Hg.

Fig. 10. Diagrama pentru calculul NTT la
p=380 mm Hg (R=3, xA=0,3, xD—0,9
si g = 0,912).

S-au construit asemenea variante pentru numeroase conditii de R, XA si xD. Rezultatele obtinute
ta cazul variantelor celor mai avantajoase din punct de vedere practic (excluzind cele cu R ea«
NTT foarte mare) sint redate in tabelele 5 si 6.
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Tobei 5

Numarul teoretle de talere necesar separarii BuAer de BUuOH la p = 3M ®a» Hg

*D

0,85
»

0,90

0,95

t

0,85
0,90

NTT
R=00

t

R

miri

XA = 0,5

0,71

0,95

t
1,20

g =0,3

1,32
1,56

I/F

xB = 0,01

0,593

0,562
11

0,527

xB = 0,01

0,355
0,336

NTT
R B-A
q = 0,937
15 55
2.0 5,0
3,0 42
4,0 4,0
15 55
2,0 5.0
3,0 45
5,0 4.0
2,0 6,0
30 50
5,0 4,0
q = 0912
2,0 5,0
3,0 4,0
3,0 45

NTT
A-D

M woo

MORWWEDONNN W

cococo~NuUINvN

4,6

55

NTT
B-D

coocohvuINTNOTuTLl

oRhbwnolon~m

9,6
8,0
10,0

Tabel 6

Numarul teoretic de talere necesar separarii BuAer de BUOH la p — 134 mm Hg

0,85

0,90
095

0,85

0,90

NTT
R=00

I/F

XB = 0,01

0,593

»

0,562
0,527
>B = 0,01

0,355

0,336

NTT
R B-A
q = 0,937
2 55
3 5.0
5 40
3 6.0
5 5.0
5 40
q=0912
2 8,0
3 55
5 40
5 40

NTT
A-D

NTT
B-D

115
10,0

75
15,0
13,0
17,0

18,0
12,5

130
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. Din acestea rezulta ca separarea acrilatului de butii de alcool butilic din produsul de sinteza
Reppe poate fi realizata Tn conditii bune prin rectificare, cele mai convenabile conditii de lucru fiind
cele la p « 380 mm Hg.

(Intrat in redactie la 22 martie 1983)
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Nouohk

THE PHYSICO-CHEMICAL STUDY OF THE SEPARATION BY RECTIFICATION OF
ACRYLIC ESTERS FROM THE CORRESPONDING ALCOHOLS (1)

Butyl acrylate—butyl alcohol
(Sum mary)

The posibility of separating butylacrylate obtained by Reppe synthesis from butyl alcool,
using fractionnary distillation was investigated. The pressure range lacking azeotropy, usable in this
purpose was determined. The equilibrium diagrams for 134 and 380 mm Hg were settled and the
theoretical number of plates in different work conditiona for both parts of an adiabatic column in
stationnary state were calculated. The results put in evidence that direct séparation by distillation is
possible, the most convenient work conditions being these corresponding to 380 mm Hg.
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NEUE GEMISCHTE KOMPLEXSAUREN UND—BASEN DES
KOBALTS(II) MIT PROPOXIM

GHEORGHE MARUL, MAGDA SOMAY, (SABA VARHELYI und BORBAIA SZALMA

£ Die isomeren vicinalen Hcxandiondioxime verhalten sich gegen die Uber-
gangsmctallioncn, wie die anderen aliphatischen und alycyclischen a-Dioxime :
so geben sie z.B. Fallungsrcaktioncn mit Ni(l1), Pd(I1) und Pt(ll), empfindliche
Faibrcr kticncn mit  Kupier(ll), bzw. mit Rheniumsalzen in Anwesenheit
ven Redi kt:cr.smittcln, urd bilden eine Reihe von gemischten Chclaten
mit Co(lll), Rh(lIl) ind Ir(l1l) der Zisinmensetzung: [M(diox.H).XY)]-,
[M(dicx.H)_X(Am)]° und [M(diox.H)2(Am)2]+ (X, Y = Halogene oder Pseudo-
halogene, Am = H20, NH3, Amine, Phosphine, usw).

Von den sechs isomeren vicinalen Hexandiondioximen wurde das 3, 4-Hexan-
diondioxim mit symmetrischer Struktur auch aus koordinationschcmischcm
Standpunkt von Ablov und Mitarbeiter [1], bzw. von Plechanov und
Mitarbeiter [2] untersucht. Die anderen funf unsymmetrischen Isomeren wurden
auch erhalten und durch UV-Spektra charakterisiert [3]. Das 2, 3-Hexandion-
dioxim (Mcthyl-isopropylglyoxim, ,,Propoxim”) wurde von uns durch Isoni-
trosierung und nachfolgender Oximierung des Mcthyl-isobuthylketons erhalten.
P In unseren vorbeigehenden Arbeiten [4—9] haben wir eine Reihe von
Komplcxsduren des Kobalts(l11) : Hn[Co(Prcpox.H)2X2] (X = CI, Br, I, NO2,
SOs, S203) und bindre Kcmplcxsalze vom Typ [Co(Propox.H)2(Amin)2]X
beschrieben.

Eigctnisse und Discussion. In Fortsetzung dieser Arbeiten mit praparativen
Charakter, wuidc die Oxydation der Kobalt(ll)—Salzldsungen mit Luftsauc-rstoff
in Anwesenheit \cn Pscudchalcgcr.cn, wie CN~, NCS*, bzw. von einigen ali-
phatischen, aicmatischcn und heterocyclischen Aminen, wie Thioharnstoff,
m-Xylidin, Halcgen-Aniline und 2-Amino-Thiazol, untersucht. Diese klassische
Oxydaticnsrcakticn in verdunnter alkoholischer Losung fuhrte zur Bildung von
sechs neuen gemischten Chclaten vom Typ der bindren Elcktrolyte :
[Co(Picjex.H)E(Thio)2]X, [Co(Propox.H)2(p-Br—Anilin)2]X,

[Cp(Picjex.H)2(m —Xylidin)?]X, 1Co(Prcpox.H)2(2-Amino-Thiazol)2]X und Ka-
tion. [Co(Prcpcx.H)2(CN)2], bzw. Kation. [Co(Prcpox.H)2(NCS)2] als auch zur
Isolieitng von einigen Nichtelcktrolytcn . [Co(Propox.H)X(Amin)]°.

Die Zusammensetzung der Chelatkatione — und — anioné wurde durch
doppelten Umsetzungsreaktionen bestétigt. Zu diesem Zweck verwendeten wir
Alkalisalzc, bzw. Komplexsduren — und — basen, in verdiinnter alkoholischer
Losung. Die erhaltenen neuen Verbindungen sind in den Tabellen 1—3 charak-
terisiert.

Die erhaltenen Substanzen sind, im allgemeinen, in Wasser schwer 16slich.
Wir konnten aber, in einigen Féllen, den bindren Elektrolytcharakter der
[Co(Propox.H)2(Amin)2]X und Kation  Co(Propox.H)2X2] — Salze durch
elektrische Leitfahigkcitsmassungcen bestétigt. Die molare elektrische Leitfa-
higkeit betragt: 90—120 Ohm-1 cm2
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10

11

12
13
14
15

16

17

18

Thio
Thiax ..
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Neue Komplexalze von Typ [Co(Proppx.H)t(Am)»]X

Formel

[Co(Propox.H),(Dimethoxy-
anilin),] [CotNH;jljiNO,)«]

[Co(Propox.H)a(Dimethoxy-
anilin)2] Br

[Co(Propox. H)a(Dimethoxy-
anilin)a]l

[Co(Propox.H),(Dimethoxy-
anilin),] [Co(DH)a(NOa)a]

[Co(Propox.H),(Dimethoxy-
anilin),] [Co(DH)a(CN),]

[Co(Propox.H)a(Thio.)a]l

[Co(Propox.H),(Thio.)a] —
[Co(DH),(CN)a] * 2H,0

rCo(Propox.H),(Thio.),l —
[Co(DH),(Na)a] + H,0
[Co(Propox.H),(Thio.)a] —
[Co(DH).(NOa)a]Ha0O
[Co(Propox.H),) p-Anisidin],]
[Co(DH),(NCSe),]Ha0

[Co(Propox.H),(p-Br-Anilin)a]
1+3H,0

[Co(Propox.H),(p-Anisidin), ]
(NCS)
rCo(Propox.H),(p-Br-Anilin),]
(NCS)
[Co(Propox.H),(Thiaz.),]
[Co(DH),(CN),]H,0
rCo(Propox.H),(Thiaz.),!
[Co(DH),(NCSe)a]
[Co(Propox.H), (m-Xylidin),]1

[Co(Propox.H),(m-Xylidin),]
[Co(DH),(NCS),]
[Co(Propox.H),(m-Xylidin),]
[Co(DH),(CN),]

... Thiohanutoft
. S—Amlno-ThlaMl

Mol.
Gew.
ber.

928,7

7315

778,5

1032,8

992,8

624,4

874,7

888,7
896,7

1108,7

870

649,7
7474
904,7
1044,6

714,5

992,9

928,8

Charakteristik

Agregate aus
kleinen rotbrau-
nen Plattchen
Braune rhomb.
Prismen
Rotbraune
Prismen

Dunkelbraune
Rosetten

Rotbraune
Dentdrite

Rotbraune un-
regelmass. Krist
Braune rhomb.
Prisme

Braune hexagon.

Platten

Braune unregel-
mass. Krist.

Braune rhomb.
Prismen

Gelb, hexagon.
Platten

Griingelbe
Rosetten

Braune unregel-
mass. Krist.

Braune
Prismen

Braune unregel-
mass. Krist.

Rotbraune
Prismen
Rhomb. Platten

Gelb mkrokrist.

Co

H
Co

Co

Analyse

Ber.

12,69

5,42
8,05
6,05
7,57
43,20
5,69
11,41
41,86
5,66
11,87
45,97
5,88
9,44
10,27
13,47
7,65
4,12
13,26
2,03
13,72
2,00
10,67
1,62
39,00
6,73
6,77
6,21
4,63
9,07
4,94
7,88
4,29
13,03
1,99
11,30

8,25
47,07
6,20

11,87

12,69
49,14

Tabelle 1

Gef.

12,30

5,47
8,15
6,13
7,68
43,88
5,80
11,53
41,50
5,80
11,64
46,30
6,10
9,34
10,56
13,35
7,47
4,06
13,13
2,15
13,72
2,20
10,68
1,88
39,40
6,23
6,90
6,16
4,90
9,13
4,69
8,10
4,68
13,27
2,10
11,58

8,31
48,00
6,35
11,50

12,31
49,85
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Table 2
Naue Komplexaalze von Typ: Kation [Co(Propox.H)2(CN)2 und Kation [Co(Propox.H),(NCS)J
Mol. Analyse
No Formel Cb-}ew. Cliarakteristic Ber. Gef.
er.
1 [Co(DH)aPy,,] 908,8  Gelbbraun micro- Co 1297 1280
[Co(Propox.H),(NCS)a] crist. Masse S 7,05 7,15
2 [Co(DH)a(Anilin)a] Gelbbraune unregle- Co 12,58 12,65
[Co(Propox.H)a(NCS)a] 963,6 mass. Krist. S 6,84 6,82
3 [Co(DH),(a-Napht.)a] Rotbraune, grosse
[Co(Propox.H),(NCS)2] 1036,9  Prismen Co 11,37 11,21
4 trans-[Co(en)aCl,] Gelboriine Co 16,57 16,88
[Co(Propox.H)t(NCS)a] 7115  Dendryte S 9,01 9,21
5 [Co(DH)a(Anilin)a] Braune Dendryte Co 13,50 13,82
[Co(Propox.H)2(CN)a] 872,7 C 46,83 47,30
H 5,77 6,00
« [Co(DH),Pya) Gelbbraune Co 13,9 13,66
[Co(Propox.H),(CN)a] 844,6  lange Prismen C 45,51 46,30
7 [Co(DH)a(a-Napht.)a] Rotbraune unregel- Co 1212 12,07
[Co(Propox.H)a(CN)a] 972,8  mass. Krist.
DH = c,hin,o,
Tabelle 3
Neue Niehtelektrolite von Typ: [Co(Propox.H)a(Am)X]
Mol. Ana lyse
No Formel Eew. Charakteristic Ber. Gef.
er.
L [Co(Propox.H),(Ha0)Cl] 398,7 Gelbbraune rhomb.  Co 14,78 14,36
Prismen C 36,15 36,30
H 6,04 6,28
2 [Co(Propox.H)a(H,O)(NCS) | 421,4 Braune unregelmass. Co 13,98 13,70
Krist. H2o 4,27 4,50
S 7,61 7,80
3 [Co(Propox.H),(m-Xylidin) — Griine unregelmass.
(NCS)] 5245 Kirist. Co 11,24 11,38

Propox.H m» CaHjjNjOj
..komplexometrisch

auf mikroanalytischem Wege
Die freien Basen: [Co(Propox.H)2(Amin)2]OH kdnnten wir wegen einer

Deprotonierungsreaktion :

[Co(Propox.H)2(Amin)2]+, -f- OH- ts [Co(Propox)(Propox.H)(Amin)2]° + H20
(Propox = doppelt deprotoniertes Propoxim) :

aus der waéssrigen — alkoholischen Ldsung nicht isoliert.
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Durch ~it GH Zusatz wird die gelbbraune Farbe der [Co(Propox. H)2(Amin)t]X
— Losung vertieft. Durch Ansduern entsteht von neuem die Originalfarbe.
Nach Birk und Mitarbeiter [10] ist diese Erscheinung durch eine reversible Pro-
tonabscheidung von den O—H..O — Wasserstoffbriickenbindungen der
[Co(diox.H)EXY] — Komplexen erklarbar.

Die Elcktroncnspektrcn von einigen Komplexen mit Propoxim wurden in
Methanol in einem Konzentrationsbereiche: 1,5—2 + 10-3 M im sichtbaren
Bereiche, bzw. 1,5—2 + 10.s M im UV — Bereiche aufgenommen. Das Band
zwischen 20 und 30 kK einem Ladungsiibergang: AminZ Co zugeschrieben
wird. Die anderen Banden haben wahrscheinlich einen komplexen Charkt-r
die Uberlagerung von reinen Ligand (Amin und Propoxim) Ubergdnge und von
Co—» Ligand Ladungsiibergdnge macht die Deutung der Spektren sehr schwie-
rig. Der Inflexionspunkt, bzw. das breite Band bei 38—41 kK kénnte dem
Co(Propox.H)2 Skelett zugeschrieben werden.

Abb. 1. Lichtabsorption von
[Co(Propox.H)2(Tliio)2]l

— —— — [Co(Propox.H),(2,4-1)imethoxy-anilm)2]I

..................... [Co(Propox.H)2(H20)ClI]

— == [Co(Propox.H)2(p-Br-anilin)2]1

Wie aus Tabelle 2 ersichtlich ist, bilden die [Co(Propox. H)2(NCS)2]— und
[Co(Propox.H)2(CN)2]~ Chelatanionen schwerldsliche, charakteristische Kom-
plexsalze.

In den UR-Spektren einiger Dicyano-, und Dithiocyanato-Derivatcn erschei-
nen die vc=N —Valenzschwingungsfrcquenzen der koordinierten Cyano-gruppe
bei 2120—2130 cm-1 und diejenige der NCS- gruppe bei 2060—2080 cm-1.
Diese Erscheinung bestatigt, dass in den obenerwahnten Komplexen Co—C
(Co—C=N), bzw. Co—N (Co—NCS) Bindungen vorhanden sein missen [11].
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Fir das koordiueirte Propoxim charakteristische vc»n> vN_o, vN_OH Bande
liegen bei 1560—1580 cm-1 (m), 1230 cm*“l (ss), und 1100—1130 cm-1 (s). Bei
den analogen Dimethylglyoximderivaten erscheinen diese Banden bei 1580 cm-1

(s), 1240 cm-1 (ss) und 1090 cm-1 (ss).
Die vC-H. SCH. und sch, — Frequenzen treten bei 2980 cm-1 (m), 1470 cm-1
(m) und 1370—1380 cm-1 (s) auf und sind durch den Koordinationseffekt nicht

beeinflusst.

. Experimenteller Teil. [Co(Propox.H),(Amin),]X und Kation [Co(Proppx.H),Y,] (Y=CN, NCS)
Die Substanzen wurden nach der vorher beschriebenen klassischen Luftoxydationsmethode
[5—8] (0,1 Mol Co(acetat),, 0,2 Mol Propoxim, 0,3 Mol Amin (bzw. KGN, KCNS) in 2 Lit. ver-
dinntem Methanol (1:1), bzw. durch doppelte Umsetzungsreaktionen aus den oxydierten und fil-
trierten Losungen erhalten.
Die Nichtelektrolyte vom Typ [Co(Propox.H),(Amin)X] entstehen als Nebenprodukte bei der
obigen Luftoxydationsreaktion in An- oder Abwesenheit von Ammoniumacetat.

f (Fingegangen am 12 April 1983)

LITERATUR

. A. V. Abiov, G. P. Syrzova, Zhur. neorg. Khim., 5, 1221 (1960).
N. A. PlechanoV, V. M. Peshkova. Vestnik Moskov. Gos. Univ. Khim., 1974, 492.
.E. Borello, M. Colombo, Gazz. chim. Ital., 87, 615 (1957).
. Cs. VVarhelyi, M. Somay, Gy. Gergely, Stud. Univ. Babes-Bolyai, Chem., 19, (1), 75
+(1974).
5. Cs. Varhelyi, Z. Pinta, A  Benkd, A. Binder, Monatsh., 105, 490 (1974).
6. Cs-, Varhelyi, Z Pinta, A. Behkd, Sz. Mihalycsa. Acta Chiin. Acad., Sei.
'Hung., 89, 45 (1976).
7. Gh. Marcu, Cs, VVarhelyi. M. Somay, A. Ko ch, Stud. Univ. Babes-Bolyai, Chem.,
23, (1), 23 (1978). R
8. Gh. Marcu, Cs, Varhelyi, M. Somayv, E. Péter, Stud. Univ. Babes-Bolyai,Chem.,
25, (2), 17 (1980).
V! . Marcu, Cs. Varhelyi, M. Somay, D. Avramescu, Rev. Roumaine Chim.
26, 575 (1981). ! !
10. J. P. Birk, P. Boo Chock, J. Halpern, J. Amer. Chem. Soc., 90, 6959 (1968).
11. M. Chamberlain, J. C. Bailar, J. Amer. Chem. Soc., 81, 6412 (1959).

NOI ACIZI SI BAZE COMPLEXE MIXTE DE COBALT(IIl) CU PROPOXIMA
(Rezumat)

¢ S-au obtinut o serie de acizi si baze complexe mixte de cobalt(l1l) de tipul [Co(Propox.H),
(Y)a]*“ Si rCo(Propox.H)j(amIna)2]+, unde Y = CN-, NCS-, iar ,,amind” = tiouree, p-Brom-anilina,
mxilidin&, 2,4-dimetoxi-anilind, prin metoda clasica de oxidare a sarurilor de cobalt(ll) Tn prezenta
liganzilor respectivi. Chelatii anionici si cationici noi au fost caracterizati printr-o serie de reactii de
dubln schimb, precum si prin spectre UV si IR.
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Participari la manifestari stiintifice interna-
tionale

< Prof, dr. lonel Haiduc a participat
la Consfatuirea ,,Aspecte chimice ale metodelor
nucleare de analiza, organizata ntre 16—20
mai 1983 la Budapesta (R.P.U.) si a prezentat
lucrarea Extractia uraniului cu acizi dialechildilio-
fosforiei (coautor M. Cnrtui).

e intre 17—24 mai 1983, prof. dr. Em
Chifu aparticipat la Consfatuirea internationa
la a tarilor socialiste privind elaborarea materia-
lelor spatiale, organizatd la Riga (U.R.S.S.).
A prezentat lucrarea Efectele gradientilor de ten-
siune superficiala asupra picaturilor lichide (sau
bulelor de gaz) la gravitatia zero.

9 Prof. dr. Gheorghe Marcu a partici-
pat intre 31 mai—3 iunie 1983 la lucrarile Comisiei
de cooperare stiintifica si tehnologica de chimia
compusilor coordinativi, in cadrul programelor
de cooperare dihtre Academia R.S.R. si academiile
de stiinte din tarile socialiste, la Smolenite,
Bratislava, iar intre 20—25 noiembrie 1983, ca
membru al delegatiei ICECHIM, a luat parte la
Moscova la actiuni Tn cadrul colaborarii tehnico
stiintifice romano-sovietice.

Publicari de carti si cursuri
« L. Kéked y.Gdzszenzorok (Senzori pentru

gaze) Akadémiai Kiad6, Budapest, 1983.

 S. Mager, M. Horn, Stereochimia
c%rggpusilor organici, Ed. Dacia, Cluj-Napoca,
1983.

< A. Donea. Chimie pentru studenti straini,
vol. Il, Ed. did. si ped., 1983.

e |I. Baldea. Chimie fizici — Cinetica

chimica, Litogr. Univ. ,,Babes-Bolvai”, Cluj-Napo-
ca, 1983.
< V. Farcasan, A. Benko, C. Anghel,

Chimie organica, vol. I, p. a H-a, Litogr. Univ.
,,Babes-Bolyai”, 1983.
< S. Mager, Chimie organica, vol. II,

p. I, Litogr. Univ. ,,Babes-Bolyai”, 1983.

< M. Fodorean, N. Dulamita, Lucrari
practice la bazele tehnologiei chimice, Litogr.
Univ. ,,Babes-Bolyai”, 1983.

« R. Micu-Semeniuc, V. Liteanu,
lovanca Haiduc, Caiet de lucrari practice
de chimie, Litogr. Univ. ,,Babes-Bolyai”, 1983.

= M. VVagaonescu, Lucrari practice de

chimie organici, fase. 1V., Litogr. Univ. ,,Babes-
Bolyai”, 1983.

= |. Lazar, C. Anghel, Recipiente sub
presiune, Indrumator de proiectare, Litogr. Univ.
,.Babes-Bolyai”, 1983.

< Chimie anorganica pentru perfectionarea
profesorilor, Coordonator prof. dr. lonel
Haiduc, Ed. Didactica si Pedagogica, 1983.

Lucrdri stiintifice aparute in diferite reviste
de specialitate din tara si strdinatate

E. Chifu, f. Zsah6, M. Tomoaia-Cotisel,
Xantophyll Films. 1. Single component mono-
layers at the air/water interface, J. Colloid Inter-
face Sei., 96, 346 (1983).

E. Chifu, 1. Stan, Z. Finta, E. Gavrila, Maran-
goni type surface flow on an underformable free
drop, J. Colloid Interface Sei., 93, 140 (1983).

S. Gécan, V. Liteanu, Optimizarea unor sis-
teme de elementi echivalente pentru separarea
aflotoxinelor, Rev. Chimie (Bucuresti), 34, 913
(1983).

M. Diudea, V. Farcdsan, Ccmpusi de cuplare
C=N U: clasa fenotiazinei, Contributii stiintifice
in chimie Cluj-Napoca, 1983, p. 79.

V. lonescu. V. Farcasan, Contributii ale
cercetarilor din Cluj-Napoca la prepararea acri-
ulnelor, Mem. Sect. Sti. Acad. R.S.R., ser. 1V,
4 (1), 175 (1981).

I. Haiduc, C. Silvestru, M. Gielen, Organotin
Compounds ; new organometallic derivatives eahi-
biting anti-tumour activity, Bull. Soc. Chim.
Belg., 92, 187 (1983).

1. Haiduc, The coverage of inorganic hetero-
cycles n Chemical Abstracts, J. Chem. Inf.
Compui. Sei., 23, 74 (1983).

D. B. Scwerby, I. Haiduc, A. Barbu-Rusu,
M. Salajan. Ai. iruonyl(l11) diorganophosphoro-
and diorganophosphino dithioates : Crystal struc-
ture, Inorgt nie Chem. Acta, 08, 87 (1983).

L. Silaghi-Luniitrescu, 1. Haiduc, Convg-
nient prepara.ion of phenylarsenic(l11) chlorides
from arsenic(l11) ehloride, Syn. React. Inorg.
Metallorg. Chem., 13, 475 (1983).

L. Silaghi-Dumitrescu, 1. Haiduc. A suifo-
tropic molecular rearrangement of dipheuyl-
phosphinyl diorganothioarsinates. Formation of
diorganoarsenic(lll) diphenyldithiophosphinates,
f. Organometal Chem., 252, 295 (1983).
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. Micu-Semeniuc, 3. Popse, |. Haiduc, So-
mé novei salts and ligand properties of the
cyclic PtSJ~ anion, Rev. Roumanie de Chimie,
2«, 605 (1983).

I, Haiduc, Akademik A. N. Nesmeyanov,
Philatelie Chimica, 5, 60 (1983).

Luminita Silaghi-Dumitrescu, 1. Haiduc, Or-
ganosilicon, -germanium and -lead derivatives
of dimetbyl- and diphenyldithioaninic acids,
J. Organomet. Chem., 259, 65 (1983).

Gh. Marcu, V. Andreica, A. Tibad, M. Trif,
Sticle de ambalaj cu Tnalta rezistenta la acizi,
Industria usoara (Bucuresti), 39, 165 (1983).

Gh. Marcu, Implicatii practice ale compusilor
coordinativi. Contributii stiintifice Tn chimie,
Cluj-Napoca, 1983, p. 5.

Gh. Marcu, 1. Pop, Reactii redox la formarea
filmelor metalice, Ibid., p. 21.

F. Manok, Cs. Varhelyi, A. Benko6,
I. Horak, On the dioxime complexes. LXII.
Determination of nickel with 1, 2, 3-cyclohexanc-
trion trioxime, Mikrochim. Acta, 1983, 230.

M. Micu-Semeniuc, S. Barbu, M. S. Mihaiu,
Coordination compounds of thiocarbohydrazone
2-aminobenzaldehide with Cd(ll) and Ni(ll)
salts, Rev. Roumaine Chim., 88, 347 (1983).

R. Micu-Semeniuc, E. Hila, G. Dobos-Roman,
L. Ghergari, Investigation of some complex
metal thiocyanates with chélation properties,
Rev. Roumaine Chim., 88, 453 (1983).

. Mitrache, Forma localda a legii conductiei
electrice pentru conductoare izotope si neomo-
gene, Tn regim electrocinetic stationar care includ
surse electrochimice de energie, Electrotehnica,
electronica, automatica. 31, 63 (1983).

£. Oniciu, L. Muresan, Polarografia necon-
veationala (1), Rev. Chim. (Bucuresti), 34, 170
(1983).

L. Oniciu, 1.
chimicd, Mem. Sect. Sti.
IV, 4 (1), 175 (1981).

L. Oniciu, 1. llaldea, V. A. Topéan, L. Muresan,
D. Ghertoiu, Electroreducerea apei oxigenate.

Marian, Conversia fotoelectro-
Acad. R.S.R., Ser.

Contributii  stiintifice Tn chimie, Cluj-Napoca,
1983, p. 58.

L. Oniciu, Electrocataliza si stiinta materiale-
lor, Ibid., p. 7.

I.  Siminiceanu, Al. Pop, Hidrodinamica
reactorului de conversie a metanolului cu vapori
de apd, Bul. Inst. Politeh. lasi, 1983, 54.

M. Tomoaia-Cotisel, E. Chifu, Xantophyll
Films. Il. Two component monolayers of some
xantophylls and egg lecithin at the air/water
interface, J. Colloid Interface Sei., 95, 355 (1983),

M. Tomoaia-Cotisel, J. Zsako, E. Chifu,
P. L. Quinn, Influence of electrolytes on the
monolayer properties of saturated galactolipids

atthe air-water interface, Chem. Phys. Lipids,
34, 55 (1983).

M. Tomoaia-Cotisel, A. Sen, P. J. Quinn,
Surface-active properties of 1,2-disteroyl galacto-
sylglycerols, J. Colloid interface Sri., 94,390
(1983).

f. Zsakd, M. Varhelyi, Gh. Marcu, Electronic
spectre of some cie-Co(en) Ax {' type complexes,
Rev. Roumaine Chim., 28, 107 (1983),

Brevete -

Gh. Marcu, Gh. Pop, I. Pop, C. Nascu, Pro-
cedee de stabilizare a solutiilor de metalizare,
Brevet R.S.R., nr. 82351 din 30. 05. 1983.

Gh. Marcu, Gr. Sigartau, Gh. Morar, E.
Surducan, V. Farcas, Procedeu de obtinere a
pulberii de argint, Brevet R.S.R., nr. 83783 din
16.11.1983.

Premii

« Pentru ciclul de lucrari aparute in 1981
n domeniul : Chimia fizici a filmelor interfaciale
s-a acordat premiul GHEORGHE SPACU al
Academiei R.S.R. colectivului E. Chifu, I. Stan,
Z. Finta, E. Gavrila, J. Zsak6, M. Tomoaia-Coti-
sel, M. Saldjan.

e Premiul GHEORGHE SPACU al Aca-
demiei R.S.R. pentru lucrarea Filme metalice
si semiconductoare pe dielectrici din 1982, s-a
acordat unui colectiv de cercetare condus de
prof. Gh. Marcu.

< Premiul | si titlul de laureat In etapa re-
publicana din cadrul Festivalului National ,,Cin-
tarea Romaniei” editia a IV-a pentru lucrarea
Tehnologii de metalizare a suporturilor diclectrice,
autori Gh. Marcu, Gh. Pop, I. Pop, C. Nascu.

Sustineri de teze de doctorat

Glodeanu Elena Obtinerea si studiul
unor coloranti din seria fenotiazinei si fenotia-
zonei-3, conducdtor stiintific prof. dr. doc.
Maria lonescu (11 martie 1983).

Cormos L.iviu, Catalizatori solizi pentru
descompunerea hidroperozidului de cumen, con-
ducator stiintific prof. dr. doc. Augustin Pop
(2 martie 1983).

Silaghi-D umitrescu Luminita,
Derivati metalici si organomelalici ai acizilor
diorganoditioarsinici, conducator stiintific prof,
dr. lonel Haiduc (20 iunie 1983).

Moraru Elena, Caracterizarea unor faze
stationare indigene si utilizarea lor Tn separari
prin cromatagrafie pe strat subtire, conducator
stiintific prof. dr. doc. Candin Liteanu (6 iulie
1983).
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Pani ti Maria, Obtinereasi studierea unor
mase ceramice fosfatice din sistemul AltOt—SiOt—
—CaO—PtOf, conducéator stiintific prof. dr.
Gheorghe Marcu (29 inlie 1983).

Olteapu lleana, Studiul reactiei Jacobson
si valorificarea unor intermediari, conducator
stiintific prof. dr. Vaier Farcasan (23 septembrie
1983).

Stanca Maria, Studiul ihemosorbtiei prin
tehnica cromatografiei gaz-solid, conducator stiin-
tific prof. dr. doc. Liviu Oniciti (9 decembrie
1983).

Jformos Anamaria-Elisabeta-Pi a-
meta, Studiul electrodului de sticla conductibili

in vederea eliminarii metalelor nobile n constructia
de senzori electrochimici, conducdtor stiintific,
prof. dr. Kékedy Ladislau (17 noiembrie 1983).

Coste a-C iupala Cecilia, Cromatogra-
fia cu schimb ionic cu gradient de temperatura
pe Coloana deschisa a unor amestecuri de ioni
anorganici, conducator stiintific, prof. dr. doc.
Candin Liteanu (17 decembrie 1983).
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Dans sa XXIX-e année (1984) Studia Vniversitatis Babes-Bolyai parait dans les spéciali
mathématiques

physique

chimie

géologie-géographie

biologie

philosophie

sciences économiques

sciences juridiques

histoire

philologie



143 870 |

Abonamentele se fac la oficiile postale, prin factorii postali si prin

difuzorii de presa, iar pentru strainatate prin ILEXIM, Departa-

mentul export-import presa, P. O. Box 136—137, telex 11226,
Bucuresti, str. 13 Decembrie nr. 3

Lei 35



