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DERIVATI DE TIOSEMICARBAZIDA CA REACTIVI ANALIMICIL
DOZAREA GRAVIMETRICA RAPIDA A CUPRULUI

GHEORGHE MARCU, EUGENIA FLOREAN si MINERVA TOMUS

Compusii cuprului cu tiosemicarbazida sau derivafii sdi au fost mult
studiati pe plan mondial, atit in vederea elucidirii unor probleme de
structurd a combinatiilor formate [1--77, ¢it &1 in scopul utilizarii acestor
compusi in practica analiticd [7-—14".

Tn prezenta lucrare, ne-am propus si studiem reactiile care au loc
intre ionul Cu*7 si doi derivati de tiosemicarbazida : l-acetil-4-feniltiosemi-
carbazida (AFTSC) si 1-hipuril-4-feniltiosemicarbazida (HFTSC), in scopul
utilizarii lor in analiza chimica.

S-au sintetizat cei doi compusi ai cuprului, care au fost analizafi
chinile in scopul determindrii raportului de combinare metal: ligand. S-au
studiat comportirile acestor compusi din punct de vedere calitativ, fata
de unii solventi §i reactivi analitici uzuali, determinindu-se apoi solubili-
tatea lor In apa, utilizind metoda atomilor marcati. In urma acestui studiu,
s-att elaborat doud metode gravimetrice rapide de dozare a cuprului.

Partea experimentald. l-acetil-4-feniltiosemicarbazida (AFTSC) si 1-hipuril-4-feniltio-
semicarbazida (HFTSC) se prezintd sub forma unor pulberi de culoare alba, solubile in meta-
nol, acetoni, dimetilformamids, piriding, etc.

{ O —NH-C~NH_NH-C—CH, ATTSC
=S I 1
0
/O = NH—C— NH~ NH—C - CH,— NH~ c /Q HETSC
N=S il il T
S 0 o

Aceste substanfe formeazid cu ionul Cu?t in mediu bazic, la pH a2 9, un precipitat de
culoare brund inchisi.

Sinteza combinatiilor se face din: solutie 10 M de Cu(CH,COO}, care se trateazi cu
NH,OH conc. in exces, pind la formarea hexaminei de cupru (II); se adaugi apoi solutia
alcoolicd a ligandului de concentratie 5-10—! M si se dilueazi cu etanol 50%. Precipitatul
obtinut se lasd pe baja de apd 10 min. apoi se filtreazd gi se spali cu EtOH 509%.
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Compusii obtinuti au fost analizati chimic, determinindu-se continutul in sulf prin
oxidarea acestuia la SO%~ cu KMnO, in mediu alcalin §i dozarea sa ca BaSO, [15]. Con-
tinutul in Cu (II) s-a determinat gravimetric rapid sub formi de [CuPy,(SCN),] [16]. Rezul-
tatele experimentale obtinute sint redate in tabelul 1.

Tabel 1

Analiza chimicii a combinatiilor CuAFTSC si CuHFTSC

ettt 5% ! ‘mCu%w
Nr. | Combi- ttzrlull)(l(l) 1 I T B
. ati: ¢ =, . I Teo- | Expe-
crt. natia \ leculard t Teoretic iExpcrxmA retic rifx)x.
1 CuAFTSC) 261,72 12,250 12,185 | 24,28 1 24,31
2 CuHFTSC] 390,03 8,202 8,081 | 16,25 | 16,18

Comportarea compusilor CuATSC si CuHFTSC fatd de unii solventi si reactivi analitici

uzuali este redatid in tabelul 2.

Tabel 2

Comportarea compusilor CaAFTSC si CullFTSC fald de unii solventi si reactivi analitici uzuali

! !
| api |etanol | 2%
crt ;» Compu:‘.ul toni
| r r c|r f ¢ |
1} CuAPTSC } i ) i E i ps
2 | CulUTSC | i i1 ps
] uNo, | oI
~ . INO, aQ]
i 1 3
Nr. I HNO,dil. conc dil.
crt. —
P I I I
1 ps s s s s ps
2 Ps s s Q s [ s

Legenda > 1 = la rece 1 == gren solubil

¢ == la cald »s = partizl solubil

. i
DMF |dioxan| P00 HCL il I HCI conc.
dind
’ -
ps | ops s ? ps s % s
s s 5 l ps s ‘ s
NaOH 309, | NH,0H dil. } NH,OH )
{ conc. KCN
roc S l T ) c
i —
ps ps ps ps ps ps | desc
s s i i ps ps | desc
s == solubil

desc = descompunere

Determinarea solubilititii in apd a celor doi compusi s-a facut utilizind metoda atomi-

lor marcati [177].

S-au sintetizat compugii *CuAFTSC si *CuHFTSC in modul descris mai sus, marcarea

facindu-se cu $Cu(NO,),.
O proba s-a pastrat ca etalon,

timp de 5 ore, la temperatura camerei.

Precipitatele obtinute au fost filtrate si spilate cu apa distilata.
iar celelalte precipitate au fost suspendate in apa distilatad
Dupa ftiltrare, in solutia obtinutd s-a addugat canti-

tatea initiald de Cu(NO,), stabil, reactiv si NH,OH. Precipitatele obtinute, filtrate si uscate,
s-au cintdrit si li s-a determinat activitatea.
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Solubilitatea exprimatd in mol/l, s-a calculat cu ajutorul relafiei:

S

Ap

solubilitatea mol/l;
activitatea a P grame substan{i. imp/min.

Ap
" Asp P

Asp = activitatea specifici a combinatiei cercetate imp/min.

Rezultatele experimentale sint redate in tabelul 3.

Solubilitatea

Tabel 3

si produsul de solubilitate al eompusilor CuAFTSC si CuHFTSC

Nr. - . Solubilitatea s Produsul de solu- e s
ot Compusul $ molfl S mediu mot/l bilitate Ps Ps mediu
2,723-10-3 7,416-10~¢
1 CuATTSC 2,844.10—2 2,823.10~3 8,089.106 7,979-10—8
2,904-10-3 8,423.10~¢
4,870-10 ¢ 2,374-10-7
2 CuHI'TSC 6,306-10¢ 5,588 108 3,989-107 3,181-107

Dozarea gravimetricd rapida
hipuril-4-feniltiosemicarbazida. Cantititi diferite de solutie 5.10—2 M de Cu(CH,COO), se tra-
teazd cu NH,OH conc. pini la formarea aminei de cupru (II), se precipitd cantitativ
a cald cu solutie de AFTSC 0,59, in EtOH 509, sau cu solutie de HFTSC 0,5% in EtOH,
se dilueazd cu EtOH 509, se lasi pe baia de api 10—15 min. apoi se filtreazd prin creu-
zet filtrant G,. Precipitatele se spali cu EtOH 50%, apoi cu eter si se usucd la vid.

b

a

= grame precipitat cintarit;

b
Cu 9 =100 — f
a

= grame substantd luatd in lucru;
f = factorul de dozaj; 0,24279 pentru combinatia CuAFTSC §i 0,16252 pentru com-
binatia CuHFTSC.
Rezultatele experimentale obtinute sint redate in tabelele 4 si 5.

a cnprutui (II) cu 1l-acetil-4-feniltiosemicarbazida gi 1-

Tabel 4
Dozarea yravimetrieit a cupruolui cu AFTSC
Eroarea
ants 5 fati de
Nr. Subitlaizjgriuatd Substanf{i gisitd |Substantd me(;;ia de- | Rezultatul calcu-
crt. terminirilor Iului statistic
g g % X
i 0,0075967 0,0075683 99,63 —0,19
2 0,0045580 0,0045388 99,58 —0,24
3 0,0060674! 0,0060906 100,40 40,58 X — 9982
4 0,0045580 0,0045388 99,58 —0,24 -
5 0,0060674 0,0060604 99,90 —0,08 s = 4,34.-10*
6 0,0045580 0,0045877 100,64 +0,82 S_ = 1.37.10—2
7 0,0075967 0,0076130 100,22 +0,40 x
8 0,0091161 0,009040 99,88 40,06 R = 99,824-0,309%
9 0,0075967 0,0075426 99,29 —0,53
10 0,0045580 0,0045633 100,12 +0,30
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Tabel 5
Dozarea gravimetried a euprului cu HFTSC
Eroarea
. % Tath _ fatd de
XNr. SUbftanta luatd Substantd ghasitd Sub mec%ia de- | Rezultatul calcu-
in lucru stantd : g
ert, termindrilor lului statistic
g g % X
1 0,0075967 0,0076255 100,38 +0,72
2 0,0091161 0,0091553 100,43 +0,77 X = 99.66
3 0,0060774 0,0000028 99,76 0,10 ’
4 0,0106354 0,0106098 99,76 —0,10 s = 5,88-10~3
5 0,0091161 0,0089195 98,94 —0,72 S_ = 205-101
6 0,0075967 0,0075291 99,11 —~0,55 X o /
7 0,0091161 0,0091033 99,86 +0,20 R = 99,660,489
8 0,0106354 0,0105290 99,00 —0,66

Interpretarea rezultatelor. Cei doi derivafi de tiosemicarbazidi studiati
AFTSC gi HFTSC, formeazd cu ionul Cu?t combinatii complexe chelate,
stabile, cu raportul de combinare metal: ligand 1:1, raport determinat
in urma analizei chimice (tabelul 1). Aceste combinatii, de culoare bruni
inchisa, sint solubile in piridini, dimetilformamid, acizi si baze, greu solu-
bile in apd si etanol (tabelul 2).

Pentru determinarea cantitativid a solubilititii in apd a compusilor
studiafi, s-a utilizat metoda atomilor marcati, folosind ®Cu. Rezultatele
concordante obtinute, redate in tabelul 3, aratd cd solubilitatea in apid
a celor doi compusi este destul de redusd (Ps = 7,98 - 107¢ pentru CuAFTSC
si Ps = 3,18 - 1077 pentru CuHFTSC), fapt care ne-a indreptdfit si utili-
zam cei doi liganzi la elaborarea unor noi metode gravimetrice rapide de
dozare a cuprului. Rezultatele experimentale redate in tabelele 4 si5 arati
cd metoda gravimetricd propusd este comoda, rapidad, precizia determinirilor
incadrindu-se intre limitele admise. Metoda se poate aplica la dozarea
cuprulu din diferite produse fitofarmaceutice, aliaje, minereuri, cte.

Concluzii. In lucrarea de fata s-a cfectuat un studiu al reactiilor ce
au loc Intre ionul Cu®r si doi derivati de tiosemicarbazida, cu scopul atili-
zaril acestora in analiza chimica.

s-au sintetizat doi compusi at cuprului(ll) cu I-acetil-4-feniltiosemicar-
bazida si 1-hipuril-4-feniltiosemicarbazida, care s-au analizat chimic, deter-
minindu-se raportul de combinare metal: ligand, 1: 1.

S-au studiat din punct de vedere calitativ comportirile celor doi compusi
fati de unii solventi i reactivi analiticl uzuali 5i s-a determinat cantitativ
solubilitatea acestor compusi in apa, utilizind metoda atomilor marcafi.
Valorile suficient de reduse ale produsilor de solubilitate (10-% si 10-7)
au condus la elaborarea unor noi mectode gravimetrice de dozare a cupru-
tui. Aceste metode fiind suficient de precise, comode si rapide, se pot
aplica la analiza diferitilor produsi fitofarmaceutici, minereuri, aliaje, ete.

{Intrat in reduactie {a [2 tunie F973)
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HPOU3BOJAHDBIE TUOCEMHUKAPBASUIA B KAYECTBE AHAJIMTHUECKHX
PEATEHTOB. BDLICTPOE PPABUMETPHUECKOE OINMPEAEAEHHUE MEIU

(Pezwne)

B e ax BBe lennsT HOBBIX PEATEHTOB B XHMHUECKHH analys, aBTOPLI H3Y4adH 00pa3oBaHie
coegdientii Mean (I1) ¢ aByMa§uponssodiniMi THOCeMBKapGasitia 1 L-auetu-4-QpenuaTHoCeMH-
Kapbasa (AFTSC) u I-xunypuI-4-Qeriiruocemukapfasuyy (HETSC). Oruougende MeTatt:
JTHCQIUL, OUPeEnIeHHoe My TeM XHMHUeCKoro adadusa, cocrapisier 1:1.

d  AnTopul MBVIAMI KalecTS8eHHO NOBeiciide THX JABYX COeIMHEUHH M0 OTHOWEHHIO K HEKO-
TOPLIM yioTPeOHTe L LIM aHATHTIIECKIM DACTBONHTEIIM | pearenTaM H onpeleiuin KoJauyec-
TBEHHO WX DACTBODPHMOCTB B BOL2, NPHMSIMI MeTOL MEUelHsIX aroMon. DJaaroiaps A0BOILHO
OTPAHUMEHHON PACTBOPHMOCTH B BOJE 3THX A8YX cociuuedudl (Cu(AFTSC); Ps = 7,98 - ~%01
4 Cu{lIFTSC)H; Ps = 3,18 10°7) 4 onpejeleddoMy OTHOweHHIO xoMOaundposanus (1:1) Osuio
8BIPatoTA0 BA CKOPOCTHLIX TPABHMETPHYECKHX METO1a Onpeteaeris Meii.

4 4 Tux Kax rpasiMeTpHuecKde METOInl ONpeetdenda Melil SBASIOTCS L0BOIbHO TOYHBIMH
(£ 0.39% B cayude onpejeseHHs MedH Npu nomould AFTSC 1 4- 0,489 B cavuae onpeleie-
HES ipyr noMomtd HETSC), OHH MOPYT UPHMEHATHCS IR OHpPeJedeHHs Meld H3 Da3JIHYHbIX
puTODUPM AUEBTHYECCKHX NPOIVKTOB, PYA, CIJaBOB H T. 1L
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DERIVES DE LA THIOSEMICARBAZIDE COMME REACTIFS ANALVTIQUES.
DOSAGE GRAVIMETRIQUE RAPIDE DU CUIVRE

(Résumé)

Afin d’introduire de nouveaux réactifs dans I'analyse chimique, on a étudié la formation
des composés du cuivre (I1) 4 deux dérivés de thiosémicarbazide; 1l-acétyl-4-phénylthiosémi-
carbazide {AFTSC) et l-hippuryl-4-phénylthiosémicarbazide (HFTSC). Le rapport métal:
ligand, déterminé par l'analyse cliimique, est de 1:1.

On a étudié¢ du point de vue qualitatif les comportements des deux composés enfpré-
sence des solvants et réactifs analytiques usuels et l'on a déterminé quantitativement leur
solubilité dans l'eau, utilisant la méthode des atomes marqués. Grice & la solubilité assez
réduite des deux composés (Cu(AFTSC); Ps = 7,98-107¢ et Cu(HFTSC); Ps = 3,18.107)
et au rapport de combinaison défini (1:1), on a élaboré deux méthodes gravimétriques rapi-
des pour le dosage du cuivre. i

Les méthodes gravimétriques de dosage étant suffisamment précises (+0,3%, pour le
dosage du cuivre alaide de 'AFTSC et 4-0,489% pour le dosage a Yaide du HFTSC), on
peut les appliquer au dosage du cuivre dans les différents produits phytopharmaceutiques,
minerais, alliages etc.



OBTENTION DE COMPLEXONS DERIVES
DE IETHYLENEDIPHOSPHINE

CONST. GII. MACAROVICY et B. BOHM

En partant du fait bien connu que le phosphore peut étre donneur
aussi bien qu’accepteur d’électrons, on a étudié dans le présent travail
les moyens d’obtention de certains dérivés de 1'éthylénediphosphine afin de
les employer en tant que ligands — de type EDTA — pour la synthése
des composés coordinnés avec certains métaux de transition.

Nous exposons ci-dessous les moyens de synthése de certains phospho-
complexons nécessaires a4 1’étude de notre objectif, tout en essayant de
définir les caractéristiques des complexons obtenus par spectres IR.

En procédant de maniere successive — d’aprés les données de la litté-
rature — 4 la synthése de lester diéthylphosphorique (I), du diéthylphos-
phonate de sodium (II) et de 'éthylenebisdiéthylphosphonatet (III), nous
avons commencé par préparer d’abord 1'éthylénediphosphine (IV) confor-
mément aux réactions ci-dessous:

1. PCl, + 3C,H,0H — HP(0)(OC,H;), + C,H,Cl + 2HCI
I

2. HP(O)(OC,H;), + Na — NaP(0)(OC,Hy), + 1/2 H,
11

3. 2NaP(0)(OC,Hj;), + CICH,—CH,Cl - [(H,C,0),(0)P—CH,— ], + 2Na(l
I1T
LiAlH,
4. [(H,C,0),(0)P—CH,—], —> H,P—CH,—CH,—PH,
v

Par ailleurs, en prenant comme point de départ le chlorure d’oxalyl
(V) et le chloracétamide (VI), on obtient le chloracétylisocyanate. Dans les
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conditions relatées dans la partie expérimentale, on peut synthétiser
1"éthylenebis(chloracéthylisocyanatephosphine) (VIII):

coct 0 0

| +ocH,—¢Z - CICH2—-C<

CoCI \NH, NCO
v VI VI

0
H,P —CH, —CH,— PH, + CICH,—C” -

NCO
CICH,—C(O)NHC(0)
~ P—CH,—
/!
H 2
VIII

En prenant comme point de départ le dichloracétamide (VI'), on
obtient le dichloracétylisocyanate (VII') a partir duquel, dans des conditions
expérimentales analogues, on peut synthétiser un nouveau phosphocom-
plexon, a savoir Véthyleénebis{dichloroacéthylisocyanatephosphine) (IX):

o
P —CH,- CH,—PH, + CL,cH-C7
NCO

C1,CH — C(O)NHC(O)
N
- O P—CH,—
H Iz
IX

Les nouveaux composés obtenus, VIII et IX, sont des substances
solides *blanches, se¢ dissolvant dans le diméthylsulfoxyde, méthvicélosolv,
I'éthylcelosolv, éthanol-eau(l :1}.

Pour caractériser ces mnouveaux composés nous présentons, dans le
Tableau 1, les bandes d’absorbtion dans le spectre IR, correspondant
aux deux mnouveaux cowplexons, comparativement au spectre IR de
I'éthylenediphosphine (IV). Les spectres IR des composants VIII et IX
se ressemblent entre eux, mais différent du  spectre de Véthyléne-
diphosphine dépourva de liaisons N—H, C=0, C—Cl ou autres groupes
plus complexes, CICH,—C(0Q)—NH— etc.

L/analyse élémentaire et des spectres IR permet de supposer que
les formules structurales des deux phosphocomplexons sont celles que nous
avons indiquées.
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Tablean 1
Bandes d'absorption des ecomposés IV, VIII et IX dans le speectre IR
(en em—1)
Iv. VIIL IX.
3360
3200 3200 N-H 11
2925 2925 C—C, C-- 11 23
2930
2380 2380 2380 P-H 31
2260
1725 1725 C=0 (CH,(1—-CO—NHR)
1660 1665 (CHCL,—~CO—XNHR)
4]
1630
1570
1500
1490 1480
1413
1380 ‘5 1380
1305 ‘ 1305
1260
1240 1240
1180
1165 1160
1070
975 980
921 880
K30
310 810
785 780
744
710 710
668 670 675 P—C (83
G2t
340

Partie expérimentale. 1. L'ester diéthylphosphonique (1), HP(O)(OC,H ), [6]. Dans un
ballon 4 trois goulots 1,51 muni d’'un entonnoit a robinet, d'un réfrigérant ascendant (lé
a un dispositif pour capter 'acide chlorhidrique d’un termomeétre et d’un agitateur) on intro-
duit une solntion de PCl; (173 g soit 87 ml) récemment distillée et dissoute dans 100 ml de
benzéne anhydre. Le trichlorure de phosphore y est ajouté une heure durant, & une tem-
pérature maintenue constante entre 3 et 10°C, aprés guoi le melange est introduit dans
un autre ballon & trois goulots, muni d'un thermometre, d'un tube capillaire et d’un défleg-
mateur continué par un réirigérent. Pour l'élimination de l'acide chlorhydrique, on intto-
duit de Yair sec dans le tube capillaire, la température étant maintenue & 5—20°C. Le
barbotage de Uair est poursuivi 3 heures durant, période pendant laquelle la plus grande par-
tie du solvant y est entrainée. Le solvant restant (le benzéne) est éliminé en augumen-
tant 1a température jusqu’au point d’ébullition. Dans le ballon il ne reste plus qu'une sub-
stance visqueuse incolore que lon distille au vacuum (14 punHg), en remassant la fraction
qui distille a 74-—-75°C.

2. Le diéthylephosphonate de sodiwm (11}, NaP{O){(OC,H ), [7]. On ajoute, sous agi-
tation, 138 g d'ester diéthylphosphonigue contenant 1 a 2 ml d’étanol absolu, dans une



12 C. GH. MACAROVICI, B. BOUHM

suspensjon de 23 g de sodium dispersé dans 300 ml de benzéne. La dissolution du sodium
dure approximativement 30 minutes. La solution jaune obtenue de la sorte est utilisée
dans la réaction suivante.

3. L’éthyléne bisdidthylphosphonate (I11I), [(H;C,0),0P —CH,~], [8]. 67,8 g de diethyl-
phosphonate de sodium, chauffé a 55°C sont dégouttés sous agitation dans 31,5 g de dichlo-
réthane sec, chauffé a 55°C, durant 3 heures. Le dégouttement une fois terminé, 'on pour-
suit l'agitation et le chauffage & 50—55°C encore 6 heures durant. Aprés cet intervalle, 1'on-
ajoute 5 ml d’ean, l'on filtre et le filtrat séché sur du sulfate de sodium anhydre est distil-
16 aun vacuum. Aprés deux distillations, l'on obtient 6,2 g de C,H PO(OC,H,), qui a une
température d’ébullition de 83—94°C/9 mm Hg et un d, (20°) = 1,416, alors que a 164—
165°/L mm Hg l'on obtient 36,9 g de [(H,(,0),0P-—CH, ~], avec un d,(20°) = 1,4438.

4. L’ éthylénediphosphine (IV), H,P~CH,—CH,~PH, [2]. 100 g de éthylénebisdiéthyle-
phosphonate dissouts dans 150 ml d'éthére anhydre sont ajoutés, trois heures durant, &
une suspension de 40 g de TJAIH, dans 1000 ml éthére anhvdre refroidi sur glace ot con-
tinuellement agité. Ensuite le mélange est laissé se reposer a la température de la chambre
36 heures durant, aprés quoi l'on ajoute 800 ml de HCl (1:1) en vue de I'hydro-
lyse. 1'on sépare la phase éthérique, on la desséche avec du sulfate de sodium anhydre
et lon procéde & la distillation — & 116—117°C et 725 mmHg. Le rendement est de 16 g
(52,7%).

5. Le chlorure d’oxalyl (V), (COCl), [9] - 90g d’'acide oxalique sont finement pulverisés,
anhydrifiés une heure durant a 98—99°C, puis mélangés avec 420 g de PCl; et laissés se
reposer 4 la température de la chambre, 72 heures durant. Le chlorure d’oxalyle qui s’y
est formé est distillé a 63—-67°C. Le rendement est 72 ml, d,(20°) = 1,488.

6. Le chlovacétamide (VI), CICH,—C(O)NH, et le dichlovacétamide (V1) 7107 s¢ pré-
parent de maniere analogue. Dans un ballon 2 fond rond préva d'un agitateur, Lon intro-
duit 1,75 mols de chloracétate d’éthyle, respectivement, dichloracétate d’éthyle. On fait refroi-
dir par glace et pendant 15 minute, sous agitation continue, V'on ajoute 200 ml de solution
d’ammoniaque 2 25%,. L’agitation se poursuit emcore 15 minutes, aprés quoi l'on ajoute
encore 200 ml d’ammoniaque 2 259%, puis tout est laissé se reposer pendant 30 Minutes.
Le précipité qui s’y est formé est filtré puis lavé avec 25 ml d’eau froide pour en éliminer
le NH,Cl qui pourrait se former par suite d’une réaction secondaire. On procéde A une
récristallisation a4 1'ean.’ La chloroacétamide p.t. 117—118°C, rendement 63°;. La dichlor-
acétamide, p.t. 97—-98°C, rendement 509%,.

7. Le chloroacétilisocyanate (VII), CICH,—C(O)(NCO) et le dicklovacétylisocyanate (VIT')
CL,CH —C(O)(NCO), [11], se préparent de maniére analogue. Dans un ballon a trois tubu-
lures (prévu d'un agitateur, thermométre et réfrigérant) l'on introduit 0,5 mols de chlor-
acétamide respectivement dichloracétamide, en suspension dans 120 ml de dicloroéthane.
On fait refoidir le mélange au-dessous de 2°C, I'on ajoute 0,8 mol chlorure d’oxalyl, on
agite une heure durant puis I'on procéde au refluxement 5 heures durant. Aprés le refluxe-
ment, le dichloréthane est distillé au vacuam, d’abord & 19°C (35—40 mmHg), et finalement
tout le dichloréthane est distillé & 37°C (70 mmHg). Le chlorisocyanate, température d’ébul-
lition = 72°C (70 mmHg), rendement = 51%. Le dichlorisocyanate, température d’ébuli-
tion = 42—-45°C (14 mmHg), rendement = 24 g,

8. L'’éthylénebis(chloracéthylisocyanatephosphine) (VIII). 0,5 ml (0,005 mol) d’éthylen-
diphosphine sont dissouts dans 25 ml de benzéne anhydre. En méme temps, 1,4 g (0,0117
mol) de chloroacétylisocyanate sont également dissouts dans 25 ml de benzéne anhydre,
On mélange les deux solutions et l'on agite 3 heures durant. Au bout de 24 heures de
repos & la température de la chambre, l'on filtre le produit blanc qui s’est comstitué, on
le lave 2 & 3 fois avec 10 ml de benzéne anhydre chaque fois, et l'on procéde au séchage
au vacuum. Le rendement est de 2 g (659%,). La poudre blanche est soluble dans du méthyle
et de I'éthyle-celosolv, diméthylesulfoxyde, éthanol/eaun (1:1).

L’analyse du composé: CoH,;,0,N,CL,P, (P.M. = 333,06)
Valeurs calculées ; 28,85 C 363 H 841 N 1860 P
Valeurs constatées: 28,83 3,66 8,33 18,72,
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9. L’éthylénebis(dichlovacéiylisocyanatphosphine) (IX). 0,5 ml (0,005 mol) d'éthylén-
diphosphine et 1,57 g (0,01 mol) de dichloracétylisocyanate sont dissouts séparément dans
25 ml de benzéne anhydre chacun, puis Von mélange sous agitation 3 heures. Le précipité
blanc qui en résulte est filtré, lavé, de 2 & 3 fois avec 10 ml de benzéne anhydre chaque
fois, et séché au vacuum. Le rendement est de 1,4 g (689%). La solubilité de ce composé
est supérieure 4 celle du composé ci-dessus, dans les mémes dissolvants.

1 analyse du composé: CgH,;ON,CL, P, (P.M. = 401,96)

Valeurs calculées: 23,9 C 251 H 667 N 1541 P
Valeurs constatées: 23,9 2,92 7,08 15,37.

{Manuscrit recu le 37 mas 1973)
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ODTINEREA UNOR COMPLIXONI DERIVATI AT FETILENDIFOSFINEL
(Rezumat)
Yiste descrisi sinteza combinatiilor etilen-bis(cloracetilizocianatiosfina), ¢l etilen-bis

¥
(dicloracctilizocianatfostina).
Pentru elucidarea strocturil substantele au fost studiate prin spectroscopie infrarosu,
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FORMAREA $1 COMPORTAREA OXAZOLIDONELOR-(4) (XI)
Nitrarea unor 2,5-diariloxazoli

CLARA MAKKAY., MARTA NAGY si MARIA TONESCU

Continuind studiile asupra 2 5-difeniloxazolilor (17 am urmarit com-
portarea lor fati de agenti nitranti. O prima incercare in acest sens a fost
ficutd in 1896 2] cind 25-difeniloxazolul (I} s-a nitrat cu acid azotic
fumans, la 0°C, obtinindu-se un mononitroderivat cu punct de topire 184°
(IT). Autorul presupune .4 gruparea nitro ar fi intrat intr-unul din cele
doud nuclee fenilice, fara alte preciziri.

Pentru determinarca pozitiel si a nucleului in care are loc aceasti
reactic de substitutic clectrofild, mai intii am executat-o in diferite conditii,
constatind ca ea decurge cantitativ la 0 cu acid azotic fumans (d =: 1,52),
respectivla 40—60° cu HNO, concentrat sau cu amestec nitrant, obtinindu-se
de fiecare datd substanta (1),

Mentiondm c¢id nitrarea cu acid azotic concentrat la 0° nu are loc,
recuperindu-se substanta initiald, chiar dupd 5 ore.

Analiza elementarda cantitativa confirma c¢a derivatul oxazolic (II)
cu p.t. 184° este mononitrat,

Spectrul IR prezinti absorbtie caracteristicd grupérii nitro (v sim la
1340 em~%, v asim. la 1530 cm~1), iar in domeniul 800—860 cm~1 apare
vibratia caracteristici pentru derivatii benzenici p-disubstituiti, ceea ce
este un indiciu cd reactia de substitutie a avut loc In pozitia para a unui
nucleu benzenic.

De fapt oxidind substanta II cu CrO, in acid acetic glacial sau cu
KMnQ, in acid sulfuric se formeazd acid benzoic si acid p-nitrobenzoic
in cantitdfi stoechiometrice.

TLuind in considerare distributia densititii electronice la 2,5-difenil-
oxazol (I} calculatd prin metoda LCAO-MO cu aproximatia Hiickel [3],
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pozitiile cele mai reactive fatd de agentii electrofili sint cele orto si para
ale fenilului grefat la C din ciclul oxazolic:

0,0124 ———— N—0,3283
0,0001 = § —0,0005
0,005 0,0384
~0,0014 "\0-0418 00116
0)
—0,0014 0,2913 0,0140

Nitrarea are loc numai in pozitia para, deoarece in orto se face simtit
un impediment steric pe baza cdruia am explicat [4] si imposibilitatea
de formare a 2-fenil-5-(o.nitrofenil)-oxazolului la condensarea benzaldehidei
cu cianhidrina o.nitrobenzaldchided.

Este de asteptat asadar ca produsul (II) sd fie 2-fenil-5-(p.nitrofenil)-
oxazolul, in concordanti cu datele spectroscopice in IR, si datoritd faptu-
lui cd, cu izomerul siu, 2-(p.nitrofenil)-S-feniloxazolul [4] pe care l-am
obtinut prin sintezd, cu p.t. 2067, di depresiune la proba amestecului,

Fiind in posesia acestor date certe, am trecut in continuare la nitra-
rea oxazolilor (II1, IV « V) obtinuti prin condensarca benzaldehidcian-
hidrinei ¢u o.—, respectiv. m. — sau p. nitrobeuzaldehida.

Cu acid azotic fumans (d = 1,52) sau cu amestec nitrant la 40, 60,

90° se formeazd in mod similar dinitrooxazolii (VI, VII s1 VII1I).

= ‘r__i\" = H—MN
TN R N LR
\\\___% \[ ()/ I\ b d 02\ \\——/ \\O//
I, 11T, IV, V 11, VI, VII, VIII
R 1 1: CH,
I1I, VI: CH,NO,0
IV, VII: CH,NO,m
V, VIII: CH,NO. p

In aceste cazuri nitrarea nu are loc sub 40°, iar la temperaturi mai
ridicate se scindeazi oxidativ heterociclul oxazolic, izolindu-se astfel din
I la 60° fenilglioxilbenzamida [5], respectiv acidul benzoic, iar III, IV,
V peste 90° formeazd acid benzoic §i acidul o.— respectiv m.— sau p.
nitrobenzoic.

Inccredrile de a introduce inci o funclie nitro in molecula 2-fenil-5-
(p.nitrofenil)-oxazolului (II) in conditii identice, au condus la rezultat
negativ. Astfel chiar si cu acid azotic fumans (d = 1,52} tinind la 90° timp
de 30 minute, IT se recupercaz aproximativ cantitativ, iar incilzind peste
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100° se obtine un amestec din care aldturi de substanga initiala (II) se
pot identifica cantitdti mici de acid benzoic si acid p.nitrobenzoic ca rezul-
tat alfunei oxidari partiale.

Partea experimentali.

1. Nitrarea 2,5-difentloxazolului (I). a) 0.5 g I se dizolvd in 5§ ml acid azotic
cone. (d = 1,41} si se incdlzeste la 40° unde se fine timp de 15 min., apoi se
toarni pe apd gheatd. Precipitatul (II) se filtreazi, se spali cu multi apd rece, se usucd
la aer. Randament 0,5 g. P.t. 1847 (etanol). Cu 2-(p.nitrofenil)-5-feniloxazol (p.t. 206°) in
amestec se topeste la cca 1807

CisHp N0y (260,25) Calculat N 10,52
Gasit N 10,70

b) 0,5 g 1 se adangd prin agitare puternici intr-un amestec de 5 ml acid azotic fumans
(d = 1,52} si 10 ml acid sulfuric cone., radcit la 0°, Dupd terminarea addugirii se mai agitd
la accastd temperaturd timp de 10 min. Apoi se prelucreazd ca la punctul a). Randament
0,5 g p.t. 184~

¢) 0,5 g T se trateazii cu un amestec de 5 ml acid azotic fumans ¢i 10 ml acid sulfuric
conc. incilzit la 60° ca la punctul b). Dupid terminarea adiugirii substantei I, imediat se
toarnd pe apd cu gheald. Substanta albd se filtreazd si se recristalizeazd din apd cu cirbune.
Randament 0,4 g, p.t. 134° In amestec cu fenilglioxilbenzamida {5} nu da depresiune la
punct de topire,

d) 0,5 g I se trateazd ca la punctul ¢) lisind la 60—70° timp de o ord. Se toarni
pe apd, precipitatul se filtreazd $i se reeristalizeazd din api. P.t. 122°, identic cu acid ben-
zoic.

2. Oxidavea 2-fenil-5-(p.nitrofenil;-oxazolului (I1). 0,3 g II se dizolvi in § ml acid
acetic glacial, se amestecd la 40° cu 1 g CrO; dizolvat in 5 ml acid acetic glacial. Se tine
la aceastd temperaturd timp de 10 min. apoi se dilueazd cu 100 ml api, se extrage cu ben-
zen. Dupd uscarea pe CaCly, benzenul se evapord la sec, reziduul se recristalizeazi din apd.
Randament 0,1 g, p.t. 240°, se comportd identic cu acidul p.nitrobenzoic.

Solutia apoasd rimasi dupid indepirtarea acidului p. nitrobenzoic se concentreazi la
jumiitate si se extrage cu eter. Dupd evaporarea eternlui se obtine cca 0,1 g substanti cu
p.t. 122° care se identificit cu acid benzoic.

3. Nitrarea 2-{o.nitrofenil)-S-feniloxazolului (IIT). ay 0,2 g IIT se adaugi in cantititi
mici prin agitare Ia acid azotic fumans (d = 1,52) la 60°. Se tine la aceastd temperaturd
20 min. Dupd ricire la temperatura ambiantd se toarnd in api, se filtreazi, se spali cu ap3
si se recristalizeazd din alcool etilic. Randament 0,2 g, p.t. 214°,

CHgN,0,  (311,24) Caleulat N 13,50
Gasit N 13,75

b 0,2 g I se adaugdl in portiuni mici la 5 ml HNO; conc. (d = 1,41} incilzit la 80°.
Se prelucreazd ca la punctul a). Randoment 0,2 g, pt. 2147

¢; 0,2 g IIT se adaugd in 10 ml acid azotic fumans incilzit la 95—100° Prin agitare
se tine la aceastd temperaturd timp de 30 min. apoi se riceste se toarni pe api-gheatd. Pre-
cipitatul se filtreazd. Randament cea. 0,1 gen p.t. 143° (se identificd cu acidul o.nitrobenzoic).
Filtratul se extrage cu cter, reziduul rdmas dupd evaporarea eterului se recristalizeazii de doudt
ori din api. P.t. 122°, In amestec cu acid benzoic nu dd depresiune la punct de topire.

4. Oxidarea 2-fo.nitrofenil)-5-(p.uitvofenil)-ovazolului (VI). 0,3 g VI se fierbe timp
de 2 ore in 23 ml acid salfuric 109, care contine 1 g KMnO,, se filtreazi fierbinte, prin ricire
se separdl din solutie cca. 0,1 g substantd albil cristalini, care dupd recristalizare din api
se topeste la 2429 si nu dd depresiune la punct de topire in amestec ca acidul p.nitrobenzoic.

Prin concentrarea solutiel apouase 1a 1/, parti se separd din solutia apoasi acidul o.nitro-
benzoic (cca. 0,1 gi cu p.t. 147° (apd).

5. Nitvarea 2-(innitrofenil )-5-feniloxazolului (I1V). a) 0,5 g IV se adaugd in cantitdti
mici la 10 ml acid azotic comc. (d = 1,41) si se tine timp de 15 min. la 85—90°, apoi se
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toarni pe gheatd, se filtreazi precipitatul format, se spald cu apid. Dupid uscare se recrista-
lizeaz3 din acid acetic glacial. Randament 0.5 g, p.t. 254°.

C H,N,O, (311,24)  Calculat N 13,50 C 57,88  H 2,91
Gasit N 13,50 C 5790 H 397

b) 0,5 g IV se adaugd in mici portiuni intr-un amestec de 5 ml HNO; (d - 1.52) si
10 ml Hy80, conc. si se prelucreazi ca la punctul a). Randament 0,4 g, p.t. 254° (acid
acetic glac.).

¢) 0,2 g IV sec incilzeste cu 10 ml acid azotic (d == 1,52) 1la 95—100° si se tine 30 min.
la aceasti temperaturd. Se toarnid in apd (100 ml). Solutia se concentreazd pe baia de api
la jumitate, dupd ricirea solutiei acidul mi.nitrobenzoic depus se filtreazd, se recristalizeazd
din api#. P.t. 141° identic cu acidul m.nitrobenzoic preparat pe alti cale.

Solutia apoasd ramasid dupd filtrarea acidului m.nitrobenzoic se extrage cu eter. Din
solutia cterici dupid evaporare se recupereazi acidul benzoic cu p.t. 122° (apid cu cidrbune).

6. Oxidarea 2 (m.nitrofenil )-5-( p.nitrofenil)-oxazolulur (VII). 0,25 g VII se fierbe timp
de 2 ore cu 1 g KMnO, dizolvat in 25 ml acid sulfuric 109,. Se filtreaza la cald, prin ricire
s¢ separdl cristale slab galbene, care prin recristalizare din apd se topesc la 242° (cca. 0,1 g).
Se identifici ca acid p.nitrobenzoic. Din solutia apoasd prin extragere cu benzen se recupe-
reazid acidul m.nitrobenzoic (cca. 0,1 g) cu p.t. 141° (apd cu cirbune).

7. Nitravea 2-(p. nitrofenil)-5-feniloxazolulur (V). a) 1 g V se adaugd in portiuni mici
prin agitare puternicd in 15 ml HNO, (d = 1,52) la 70° 5i se lasid la aceastd temperaturd
timp de 15 min. Se toarnd in api-ghea}d, precipitatul se filtreazd gi se spald cu multd apa.
Se obtin 0,8 g VIII cu p.t. 230° (acid acetic glacial).

CLH,N,0p (311,24 Caleulat N 13,50
Gisit N 13,24
b} 0,5 g V se adaugd in 15 ml HNO,; (d = 1,41) si se lasi la temperaturd 90° timp
de 20 min. Se prelucreazi ca la punctul a). Randament 0,45 g, p.t. 230° (acid acetic glac.).
8. Oxidarea 2.5-di-(p.mtrofenil)-oxazoluwlus (VIII). 0,25 g VIII se fierbe timp de 2 ore
cu 1 g KMnO, in 25 ml H,S0, 109,. Se filtreazd la cald, prin ricire se depun cca. 0,2 g
substantid cu p.t. 242° (apd) care se identifici cu acidul p nitrobenzoic.

(Intrat in redaciie la 5 iunse 1973)
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OBPA3OBAHHME U TIOBEJEHME OKCA30OJIMIOHOB-(4) (XI)
Humpayus nexkomopsix 2,5-duapurokcasonos

(Pesiome)

Tlpn uuTpaumk 2,5-gudennnorcazona (I) v 2-(o-M-,n-uutpodennn) — 5-pennaoxcazonos
(LI, TV,V), cooTseTCTBEHHO, B PA3.THUHLIX YCJAOBHSIX BO BCEX CJYUYasiX JHIUb OJHA GYHKUHSA HATPO
BXOIHT B 10J0XKeHHe napa PeHHAbROrO sijipa, npucoeusentoro K C; 0OKCa3o/080ro KOAbLA,
COOTBETCTBEHHO paclpejleseHHIO 3/IeKTPOHHOH MAOTHOCTH 2,5- tHdeHHJoKcasoa (3), BBUKCIEH-
Hoit Metogom LCAO-MO ¢ npubaukenneMm Xioxeas.

2 — Chemia 1/1974
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3aMellleHHIo aTOMOB BOJOPO/Ja M3 [OJOMKEHHS OPTO 3TOTO GeH30/0BOro sapa hyHKmMed
NO, npenaTcTByeT NPOCTPAHCTBEHHAs KOHMUTVpaLus. '

Bsegenne nowa HuTponHs B deHMNBbHOE D0, cBasannoe ¢ C, reTepoKOabLa, (HHTPALHS
2-denun-5-(n-aurpodennn)-okcasona I11) He HMeeT MeCTO H3-3a HEJOCTATKA B 3JEKTPOHAX 3TOro
Gensonosoro koasua (3).

B snepruveckux ycaoBusix (ceie 90°) reTepOKOJIBLUO NpeTePneBaeT OKHCJAHTENbHOE
paciienJiente ¢ nofydenueM Gen30HHBIX KHCJIOT, POHCXOAAMHUX OT C, ¥ Cy 0KCa3010BOTO KOMBLA.

FORMATION ET COMPORTEMENT DES OXAZOLIDONES-(4) (XI)
Nitration de certains 2,5-diaryloxazoles

(Résumé)

Lors de la nitration du 2,5 diphényloxazole (1) respectivement des 2-(o.-, m.-, p.
nitrophényl)- 5- phényloxazoles dans de différentes conditions, pour tous les cas c’est une
seule fonction nitro qui entre dans la position para dn noyau phényligue greff¢ au ¢ du
cycle oxazolique, correspondant 2 la distribution de la densité électronique du 2,5-diphényl-
oxazole (3) calculée par la méthode LCAO-MO avec l'approximation Hiickel.

La substitution par NO, des atomes d’hydrogéne dans les positions orthe de ce noyau
benzénique est stériquement empéchée.

L’introduction du ion nitrone daus le noyau phénylique lié au C, du hétérocycle (la
nitration du 2-phényl-5-(p.nitrophénylj-oxazole II) ne se fait pas & cause du déficit d’électrons
de ce cycle benzénique (3). o

Dans des conditions énergiques (au-dessus de 90°) I'hétérocycle subit une scission oxy-
dative quand ce sont les acides benzoiques, provenant du C, et C; du cycle oxazolique, qui
en résultent.



CONTRIBUTIONS TO THE STUDIES OF THE CATALYTIC
ACTIVITY OF SOME n SiO,-m ALO,-x H,0 SYSTEMS UPON
THE DECOMPOSITION REACTION OF CUMENE
HYDROPEROXIDE (IV)

The Study in Infrared of Synthetic Systems of Aluminosilicates

LIVIU CORMOS and STANA POPICA

In some previous papers [1—3] there was studied the decomposition
reaction of cumene hvdroperoxide on synthetic alumina-silica systems.
In the present work we propose to study, by means of infrared spectros-
copy, the synthetic alumina-silica systems which were used as catalysts
in the model shown previously, and we shall correlate this data with ot-
her remarks, especially kinetic ones. We have established that on trying
the decomposition of some cumene hydroperoxide solutions in cumene,
of varying concentrations by using alumina catalyst, previously thermally
treated at various temperatures, the reaction doesn’t take place,

From our results those encountered in the literature [4,5] it may
likewise be confirmed that the decomposition occurs only with some more
active types of sillica gel, the reaction rate being slow and the silica
gel being inactivated fast, owing to the side reactions that occur.

For the same purpose we have then used a set of variable ratios of
mechanical mixtures of SiO, and ALO, either untreated or thermally
treated at various temperatures. The heat treatment was carried out eit-
her separately on each oxide, or after their mixing in various ratios. In
all the cases we have found that the cumene hydroperoxide decomposi-
tion was insignificant. Therefore we have resorted to the use as catalyst
of gels of aluminium silicates prepared by coprecipitating silicic acid with
aluminium nitrate in the presence of ammonium carbonate [17.

The different compositions of the svstems thus obtained are shown
in table 1, these systems having been checked upon their catalytic activi-
tv. The catalytic activity of these systems varies according to the chemi-
cal composition and the temperature at which the heat treatment has
been performed [17.
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On the ground of these findings we were able to infer that only the solid
systems, obtained by coprecipitation, filtering and drying, heat treated
at various temperatures, are effective in the catalytic decomposition. Du-
ring the synthesis of the catalyst and the heat treating, some interactions
between the two oxides occur. That is why we believed that an infrared
study on mechanical mixtures of SiO, and Al,0, as compared with synthe-
tic catalysts obtained by coprecipitation is necessary. The study may yield
some data upon the structure and surface chemistry of the two oxides.

Experimental. Solid systems having various compositions, prepared by coprecipitation
were heat treated for 3 hours at 580°. Mechanical mixtures having the same composition as

the synthetic ones were also prepared. A fraction of each mixture was heat treated in the
samie manner as the synthetic catalyst, another fraction being left untreated.

Three series of samples were thus obtained :
— uechanical mixtures, not baked.
~. mechanical mixtures baked.

— svnthetic catalysts obtained through coprecipitation and baked.
Thus, for each Si()/Al,0), ratio there are three samples. Table 1 shows the synthetic
catalvsts and their Si0, and ALQO, contents.

Table 1

Chemieal composition, after haking the solid systems used in the
decomposition reaction of cumene hydroperoxide

| Content V.
Na. ‘ n m !
Si0, ! ALO,
|
3
i i 0 1000 { —
2 20 I 913 | 5.7
3 8 1 84.7 15.3
4 6 1 80.6 1 19.4
3 4 1 76.4 ‘ 23.6
6 3 1 64.9 33.1
7 2.5 1 56.0 44.0
8 2 1 50.1 19.9
9 1 1 34.2 65.8
10 1 5 15.1 ' 84.9
11 0 1 i 100.0

The infrared spectra of the three series of samples were recorded on a UR--10 auto-
matic double beamed spectrophotometer. The KBr pellet technique was used, the pellets
being obtained at a 70 kgf/cm? operating pressure. In order to compensate we used a KBr
pellet obtained in the same mauner.

Resulis and discussion. It is known that the lattice structure of svn-
thetic aluminum silicates is made up of silica tetrahedrons in which, as
the aluminium percentage content grows more silicon atoms are replaced by
aluminum atoms. The aluminium influenced by the presence of silicon
becomes tetracoordinate — Brinsted acidity — or the aluminium atom
remains tricoordinate and acts as electron pair acceptor — Lewis acidity.
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The main absorption bands of silica are shown ih fig. 1, curve a being
as follows :
O
. . . ~. S
— at 470 cm 1 a stretching vibration 517 ¢
O]
-—— at 820 cm t a ,skeleton” vibration of silica, the curve inflexion being
about 510515 em 1.
- at 1115 em ! a characteristic band for one of the valence vibrations
Sto— 0.
Aluming, fig. 1, curve b, shows a large absorption band between 430 —
1000 ¢em 1. On this band two maxima are visible :
— at 600 cm ' a pronounced centered maximum, significant for the Al—O
bond in the octahedr»] configuration of the aluminium atom,
—- at 730 ¢m1 ' a maximum less outlined significant for the Al1—O bond
in the tetrahedral configuration of aluminium.

1800 €0 Koo 00 o0 60 700 600 500 400
IFig. 1. The TR spectrum of pure alumina and silica: a - silica, b - alumina.

In all mechanical mixtures, silica and alumina bands are detected
{tig. 2). This confirms the fact that no interaction takes place between the
oxides during the mechanical mixing and baking, these being consequently
true mechanical mixtures.

Fig. 2. shows as an example, the 1. R. spectra of a baked mechanical
mixture containing 409, Al,O; and 609%, SiO,.

This fact confirms our experimental observation that these mixtures
are devoid of significant catalytic activity in the decomposition reaction
of cumene hydroperoxide. In the I. R. spectra of the catalysts obtained
by coprecipitation, fig. 3, a shift of some characteristic bands is being obser-
ved. In the spectra of silica, the 1115 cm~-! band, corresponding to the
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Fig. 2. The IR spectrum of a baked mechanical mixture having the following composition :
4095 ALO; and 60Y) SO,

Si— O valence vibration is always larger and so we consider that its
position can be identified more easily in the spectrum.

By observing this band in various coprecipitation catalysts, a change
of its position depending on the system composition may be noted. In the
case of synthetic silica-alumina catalists having a large alumina content

1800 w0 K00 1200 0o 800 700 600 500 400

cm7
Fig. 3. The IR spectra of the synthetic cataivst obtained through coprecipitation with the
following compositions :

a - 50,190 &i0, and 49.9°% ALG,
b — 34,20, S0, and 63,87, A0,
¢ = 15,19, 80, and 8199 AL0O,.
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! 400 1200 000 0 700 600 50

cm”
Fig. 4. — The IR spectrum of the coprecipitated catalyst, consisting of 94,3%, S$iO, and
5,7% Al0,.

{ahove 30°%,) the 1115 cm~! band is shifted to lower frequencies, as com-
pared with pure silica. This shift proves some interactions between the two
oxides. As the Al,O, percent increases, the structural lattice of silica be-
comes more disorganized, and gradually, the tetrahedral coordination of
aluminium in the silica lattice is accomplished owing to the interaction
of ALLO, with Si0,. In the systems containing less than 30% Al,O, the
1115 em~! band is not shifted (fig. 4).

It should be outlined that we have experimentally found the most
pronounced catalvtic activity of these synthetic coprecipitation cata-

lysts, in the splitting r action of cumene hydroperoxide in the systems
containing 30—-33% AlLQ,.

Conclusions. 1. The infrared spectroscopic absorption of synthetic
systems of aluminium silicates bave been studied at large interval of
the Si0,/ALO, ratio.

2. Tt is ascertained that the mochanical mixtures of the two oxides
do not catalvze the decomposition reaction of cumene hydroperoxide.

3. The shift of the characteristic bands of the two oxides is shown,
only beginning with a catalyst ratio of 309, Al,0; and 702, SiO,.

4. This fact is correlated with the kinetic consideration ascertaining

that in the model reaction under consideration, the most active synthe-
tic system is the one containing 309, ALO,.

( Received March T, 1973}
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CONTRIBUTII LA STUDIUL ACTIVITATII CATALITICE A UNOR SISTEME nSio, -
mALO, - xH,0 IN REACTIA DE DESCOMPUNERY, A HIDROPEROXIDULUI DE
CUMEN (IV)

Studiul tn infravosu al sistemeloy sintetice de aluminosilicati
(Rezumat)

In aceastd lucrare se studiazi spectrele IR ale sistemelor sintetice de aluminosilicati,
intr-un domeniu larg al raportului $10,/A1,0,-comparativ cn spectrele amestecurilor mecanice
ale celor doi oxizi. Se urmireste apol actiunea cataliticd a acestora in reactia de descompu-
nere a hidroperoxidului de cumen. Se constatd cd amestecurile mecanice de oxizi de $i0,
si ALO; nu sint buni catalizatori in reactia amintitd, pe cind sistemele sintetice an efecte
catalitice bune. Astfel datele cinetice ale reactiei de descompunere au fost corelate cu spectrele
IR ale sistemelor solide, care indicd anumite interactii intre cei doi oxizi.

K MCCJIENOBAHHIO KATAJTHMTHHECKON AESTEIbHOCTH HEKOTOPBIX CHCTEM
nS8i0, « mAlLO, - xH,0 B PEAKIMH PASJIO)KEHH S T'MIPOIEPEKHCH KYMOJIA (1V)

Hceenedosanue ¢ H K 0badacmu cunmemuseckux CUCeMm AA0MOCUAUKIMOS

(Peswme)

B pa6ote mayuatorcs MK crneXTph CHHTeTHUECKHX CHCTEM AJIOMOCHJIHKATOB B IIMPOKOI
obnacti otHoweHHS Si0,/ALO,, CPaBHHTEIbHO CO CHEKTPAMH MexaHHUeCKHX CMeceil 3THX
aByx okHcell. [lpocaexuBaercsi 3ateM HX KaTalHTHUeCKOe AeficTBHe B DEAKUHH Pasliokelins
THAPOMEPEKHCH KyMOJa. ¥YCTAHOBJEHO, UTO MeXaHHUeCKHe cMeCH okucedl Si0, #H  ALO, ne
ABJASAIOTCA XOPOIHMH KaTa/lH3aTopaMH B YNOMSHYTOH Bblllle PEAKUHH, B TO BPeMd KaK CHHTe-
THUECKHe CHCTeMBl OG/aJaloT XOPOIIMMH KaTaJHTHUeCKHMH sdxpextamu. Taxum o0pasoM, Ku-
HeTHUYECKHe JlaHHble PeaKUHH pa3joxedHst OulIH cooTHeceHH ¢ MK crnektpamu TBepBIX CHCTenm,
KOTOPble YKa3LBaOT HaA Oripeienénible B3aHMONEHCTBHA MEXAY ABYMA HCCaeyeMbiMH OKHCSAMHU,



INFRARED CO STRETCHING FREQUENCIES
IN PHENOTHIAZINE DERIVATIVES

TOAN OPREAN*, CORNEL BODEA** and VALER FARCASAN

It is well known that the effect of substituents can be investigated
by monitoring the infrared frequency shift of a polar group like the carbonyl
frequency [1]. In order to explore such effects in the phenothiazine series
we investigated the IR %pec‘crq of the aldehvdes, acids and azlactones
summarized in Tables 1, 2 and 3.

The values listed in Table 1 show that the CO stretching frequenmes
of the phenothiazine aldehvdes fall in the range 1665--1700 cm—3, charac-

Table 1
(== 0 Stretching Frequencies of Phenothiazine Aldehydes*
CH,
\
N
Y
NN/ NP\ eHo
On
Compound R 1 vCO em™?
i
1 H 0 t 1665
II <l 0 1696
111 CHO 0 1685
v H 0 1690
CH-:N—N
|
(NOZ)ZlIB&\éi
vV NO, 1 1700
VI H 2 1690

* Recorded as KBr pellets.

* Institute of Chemistry, str. Donath 63, Cluj, Romania.
** Agriculture Institute, Cluj, Romania.
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teristic for benzaldeydes with electron releasing substituents [2], pointing
out the same effect exhibited by the position 3 of the phenothiazine ring.
The oxidation of the sulfur atom as expected, shifts the frequencies to higher
values. Comparison of the data obtained for compounds II, JIT and V with
those observed for Iindicates that the electron attracting nature of the chlor-
ine and the carbonyl or nitro groups in position 7 is felt in position 3.

The CO stretching frequencies of certain carboxylic acids (see Table
2) permit additional conclusions. If the values for compounds VII and IX

Table 2
C=0 Stretching Frequeneies of Phenothiazine Carboxylic Aeids*
R
L
N
VAVARNVAN
| i |—cooH
VANV
. 4
On
Compound R Posmo'n' of the n v CO ecm™!
carboxy group
VII H 2 0 1685
VIII H 2 2 1710
IX CH, 2 0 1690
X CH, 2 2 1720
XI CH, 3 2 1700

* Recorded as KBr pellets.

or VIII and X are compared, it may be concluded that the presence of
the methyl group in position 10 lowers the electron density in the pheno-
thiazine ring. This fact was observed also by other ways [3, 4, 5] and may
be explained by the folded structure of the phenothiazine molecule, which
for sterical reasons imposes the methyl group a position outside the dihe-
dron. Thus the conjugation possibility for the unshared e¢lectron pair of
the nitrogen atom with the electrons of the benzene ring is restricted.The
values obtained for X and XI indicate a lower electron deusity in position
2 as compared to position 3.

The azlactones are characterized by a band at 1780—1850 cm 1 des-
cribed as a CO stretching vibration [6]. This range is characteristic also
for the carbonyl group of B,y-unsaturated y-lactones [7].

By comparing the data summarized in Table 3, we can observe the
same effects exerted, by the substituents on the v., band as in the case
of phenothiazine aldehydes or carboxylic acids, but theshifts are less impor-
tant.

The single absorption band expected for the stretching vibration
of the azlactone carbonyl (compounds XII...XIX) is replaced by
two bands (A and B). The stronger band Ais most sensitive to the nature



IR CO FREQUENCIES IN PHENOTHIAZINES 27
Table 3
(=0 Streteching Fregquencies of Phenothiazine Azlactones*
R
(
X
\/ \/ \z ————
—(_H c C=0
R, /\/ Ng /\ | I
N O
On
N/
C
|
7N
\:/
v CO cm™?
. Position
Compound R R n
P ' of X | Band A | Band B
XI1I CH; | H 0 3 1790 1770
X111 CH, | H 2 3 1800 1760
X1V CH; | H 0 2 1796 1770
XV H H 0 2 1790 1775
XVI CH, | CI 0 3 1813 1787
XVII CH; | NO, i 3 1795 1760
XVITI CH; | Cl 2 3 1799 1770
XIX CH, | NO, 2 3 1803 1769

* Recorded as KBr pellets.

of the phenothiazine ring. This feature of the IR spectra inthe azlactone
series was not vet observed and the necessity of a more elaborated insight
in the problem is obvious. Therefor the spectra of compounds XII and XIV
were recorded in chloroform and carbon tetrachloride. From the data listed
in Table 4 it may be concluded that the position of band A and the relative
intensities of the two bands are sensitive to the solvent polarity ; this applies

Table 4
The Iufluenee of the Solvent on the Speetra of Aziactones XIJ and XIV
vC=0 com™! (intensity*) vC=Noem™*
CCly CHCL,
Compound o o " e
Band Jand iafip** Band ' Band iplip CCly CHC,
A B A i Y
[
XI1 1800 177 2 1793 1770 1.3 1633 1655
(7.2) (3.6) (6.3) (+.8)
X1v 1800 1770 1,9 1795 1770 1.5 1655 1655
8) (1.2) 7) (4.3)

* Relative intensities are

hid IA and ‘B are the intensities of bands A and B.

given on a scale ranging 1—10 (the strongest band in the spectrum).
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to the range of concentrations used by us: 0.02—0.001 M. It is worthy to
mention that the position of the C=N band is not affected under the same
conditions. With the aim to find out if the observed characteristics of the
IR spectra of compounds XII...XIX can be generalized for all azlactones,
we registered the spectra of some aromatic azlactones presented in ‘fable
5. The acquired data point out the generality of the phenomenon. Jones

Table 5
The Influence of the Solvent on the Spectra of Some Aromatic Azlactones
77N\ .
R ~CH=C (0
N ‘
N O
N/
E
!
7N\
N
— se == olintensity*) x vew e
= b e | — 7
5 [N NN i i N ST
: | R CCl, i CHU, | iy i Ol CHCt
= ; Band | Band | Band Band H
] | A B B A B b ‘
XX H 1802 | 1773 1.8 1798 1773 1.5 1660 1660
(9.3) | (5.3) (8.7} (5.7}
XX1 NQ, 1811 | 1775 3.2 1772 | 1772 2.2 1663 1663
(+.4) | (1.3) () (1.8}
N XTIt CH,O 1800 | 1775 1.9 1793 1773 1.3 1660 1660
(9) (4.8) (5.3) (4.2)
XXXII1 (CH,),N | 1795 | 1778 1.5 1790 1770 0,8 1655 1655
(+.3) ] 2.8 5.2) (6.2)

* Relative intensities are wiven on a scale ranging from 1 10 {the strongest band in the spectrum).
** i, and iB are the intensities of bands A and B.

and all [8] observed a similar behaviour for «, B-unsaturated ~v-lactones
and explained the presence of the two ,,carbonyl” bands by a Fermi type
resonance between the true CO strecthing vibration and a second vibra-
tion, possibly an overtone of a low fundamental frequency. The structural
relationship between azlactones and «, B-unsaturated y-lactones suggests
an identical origin of the two bands.

Experimental*

7-Nitro-5-ox1-3-formyl-10-methyl- phenothiazine (V7). To 250 ml of a mixture of glacial acetic
acid-nitric acid (d = 1.48) 1:1, cooled at 10°C, 5 g I /9] were added during 1 minute,

* The melting points were determined in capillaries and are uncorrected. For recording
the IR spectra a double-beam Carl Zeiss Jena UR - 10 spectrophotometer was used.
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under stirring. After 5 minutes the brown solution was poured into water, and the yellow
precipitate filtered. Recrystallization from aqueous acetic acid afforded 3g (48;) pure product,
m.p. 191—-192°C.
C H (N,0,8 (303-3)

Caled. ¢ 3562 H 335 N 927

Found ¢ 55,3 H 33 N 92

2-Carboxy-5-5-dioxi-phenothiazine methyl ester (X XITV). To a solution of 10-7 g Z2-carboxy-
plienothiazine methyl ester [107 in 200 1l glacial acetic acid heated on a steam bath, 25 ml
300, hydrogen peroxide were added, under stirring during 3 hours in five portions. The heating
was continued for 1.5 hours and then 200 ml water added. After cooling 11 ¢ (91.6%)) pure
creamt crystals precipitated. Mop. 254--2567C.

Cy Hp NOGS (289:3)
Caled. ¢ 38.12 H 3.84
Found C 583 H 3.9

2-Carboxy-5.5-dioxi-phenothiazine {(V111). 1 ¢ XXIV, 6 ml methanol, 0.3 ml water
and 0.3 mi of a 87, solution of sodium methoxyde in methanol were boiled for I hour. Then
was {iltered and the solution acidified with lhiydrochloric acid.0.9 g (8959} VIII precipitate.
After reerystallization from DMEPFA-water, m.p. 370°C.

CLILNOS (27553
Caled. C 5671 H 3.30
Found € 36.7 H 3.3

2-Carboxy-10-mcthyl-phenothiazine  wmethyl  ester (XXV). 2 g 2-carboxy-phenothiazine
(VI1) {111, 4 mi methanol and 1 ml methyvl iodide, were heated at 110—120°C during 10—12
hours in a sleated tube. After cooling, the oil layer was separated and macerated with petro-
leum  ether. The solid residue was dissolved in acetone and filtered through an alumina
iBrockmann 111, column. The acetone was evaporated and 1.5 g (71°,) ester was obtained
as vellow leaves mp. 90—91°C (lit. {12194 ).

2-Carboxy-10-methyl-phenothiazine (1.X) 1 ¢ XXV, 6 ml methanol, 03 ml water and
0.3 mlofa8”, solution of sodium methoxvde in methanol were hoiled for 2 hours. Then was
filtered, the solution poured into 30 ml water and 5 ml concentrated hydrochloric acid added.
0.9 ¢ (95°)) vellow-green product, m.p. 244 - 245°C (lit. {137 2427C) were obtained.

2. Carboxy-5.5-dioxi-10-methyl-phenothiazine (X). 3 g XXV were suspended in 50 ml
207, potassium hydroxvde and to the boiling mixture 5 g potussium permanganate were added
under stirring. After 30 minutes it was filtered and the solution acidified with hydrochloric
acid. 250 ¢ (869,) crude X precipitated. After recrystallization from ethanol, m.p. 261°C
(lit. 1145 262C ).

Azlactone of 3-formyl-T-chlovo-10-methyl-phenothiazine (N1°1). XVI was prepared from
3-formyl-7-chloro-10-methyl-phenothiazine (II){16° by the method described for X11 [97:
vield 58%,. Red prismatic needles (from dimethvl formamide), m.p. 226 227 -C.

Cog 1, CIN,O, 5 (418.9)

Caled. ¢ 6594 H 362 N 670

Found ¢ 66.1 H 38 N 68

Aczlactone of 3-formyl-5-0xi-7-nitro-10-methyl-phenothiazine (XVII). Trom V, under the
conditions described above for XVI. Vield 659, Orange needles (from dimethyl formamide)
m.p. 290--292°C.

CrH N,O, 8 (435.4)

Caled. ¢ 62,01 H 33 X 945

Found ¢ 622 H 32 N 97

Azlactone of 3-formyl-53-5-dioxi-7-chlovo-10-methyl-phenothiazine (XVIII). 1 g XVI was
dissolved in 200 1l boiling glacial acetic acid 0.3 ml liydrogen peroxide were added, boiling
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continued for 30 minutes and this operation repeated. After cooling XVIII precipitated.
Yield 319%,. Recrystallized from dimethyl formamide, m.p. 270—271°C.

CyH,(CIN,O0,S  (434.9)

Caled. C 6350 H 348 N 6.44

Found C 63.8 H 32 N 67

Azlactone of 3-formyl-5.5-dioxi-7-uitro-10-methyl-phenothiazine (XIX). From XVII in
the conditions described above for the obtention of XVIII. Vield 249,. Recrystallized from
dimethyl formamide m.p. 310--312°C.
CoH ;N0 S (461.4)

Caled. ¢ 5987 H 329 N 9.12

Found C  60.1 H 34 N 94
The substances I[9], I1I{16], III[16], IV[16], VI9], VII[I1], XIr15), XII0 XII{9],
XIV{17], XV[17], XX[18! XXI'19], XXII/20;, XXII 21, were prepared by literature
methods.

( Recesved May 14, 1973)
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FRECVENTELE VIBRATIILOR DE ALUNGIRE CO IN INFRAROSU LA DERIVATI
AT FENOTIAZINEI

(Rezumat) .

Se inregistreazi spectrele IR ale unor aldehide, acizi si azlactone din clasa fenotiazi-
nelor. Urmirind pozitia benzii vco se pune in evidentd si pe aceastd cale efectul donor de
electroni manifestat de pozitia 3 a nucleului fenotiazinic, densitatea de electroni mai mare
a pozitiei 3 fatd de 2, sciderea densititii de electroni in nucleu determinati de oxidarea la
sulf san metilarea in 10, ca si interactiunile dintre pozitiile 3 si 7. In cazul azlactonelor se
constati prezenta a doud benzi (A si B) corespunzind vibratiei de alungire a carbonilului,
explicat printr-o rezonanti Fermi. Fenomenul s-a dovedit a fi general in seria azlactonelor
aromatice.

YACTOTH! BUBPAUIMM YIOJIMHEHHS CO B UK OBJIACTH ¥V TTPOHU3BO/HLIX
SEHOTHA3ZHHA

(PesomMme)

Aptopnbi 3aperdctpupoBany MK cneXTpel HEKOTOPHIX allbJAErHIOB, KHCJIOT M a3/IAKTOHOB
Kaacca herHoTHa3HHOB. IIpoc/1eKHBAs N0J0KEHHE II0JOCH vCO, aBTOPH! BHISBHJM M 3THM IYTeM
JOHOpHEI 30dEKT 3JeKTPOHOB, NPOSIBISEMbIH NoJoXXKeHHeM 3 (eHOTHASHHOBOIO s1Apa, GOMb-
YO [JIOTHOCTb 3JeKTPOHOB NOJOXKEeHHS 3 N0 CPABHEHHIO C 2, CHHIKeHHEe IJIOTHOCTH 3JeKTPOHOB
B sijipe, 06YCJ0OBJIeHHOe OKHCIeHHeM Cepoil HaIu MeTHJIHpOBaHHeM B 10, a Takke B3auMOREHCTBHS
NoJ0KeHHH 3 B 7. B cayvuae a3JlakTOHOB OTMeueHO NPHCYTCTBHe ABYX nosoc (A u B), coorser-
CTBYIOWUX BUOpauuy yAJMHHeHHS KapOOHuJsa, uTO ofbsicHsieTcst pe3oHancoM Qepmu. Ssaenne
0Ka33/0Ch OFILEM B DPsile apoMaTHYECKHX a3JaKTOHOB.



COPRECIPITATES OF THE TYPE BASIC COBALT
CARBONATE - HYDRATED TITANIUM DIOXIDE

M. STRAJESCU*, CONST, GH. MACAROVICI, M. BIROU* and E. PERTE*

A convenient mode to obtain double oxides of cobalt and titanium
is the thermolysis of certain mixed chemical compounds [1,2] or coprecipi-
tates of cobalt and titanium. The coprecipitation permits the preparation
of a much larger series of double oxides of cobalt and titanium.

The cobalt (II) ion cannot be completely precipitated from aqueous solutions but by
alkaline hydroxides or carbonates [3, 4], the precipitate remaining impurified with the alka-
line metal cations. The ammonium hydroxide or carbonate do not precipitate totally the
cobalt (1I) ion and the resulted precipitate is partially dissolved in an excess of these reage-
uts or in the NH,CI solution which is simultaneously formed with the rise of the pH of the
solution, above the value 7,5 [5]. In this case, all the impurities can be removed from the
precipitates, by washing, especially if the precipitation is made in the warm [6].

In accordance with the literature data (3, 6, 7, 8, as a result of the precipitation of
the cobalt (IT) ion, from aqueous solutions, by the ammonijum carbonate, basic cobalt carbo-
nates are obtained, of various compositions, such as (HOCo0),CO; or 2(NH,),CO,; - 12H,0,
while in the warm, the Ti(IV) ion is precipitated as a hydrated titanium dioxide, TiO, - xH,O.
If at the end of the precipitation, oxalic acid is added and if one works with concentrated
solutions (9], one may achieve the complete precipitation of the Co(II) ion. This fact makes
the composition of the coprecipitates to be more complex.

Based on these reasons we utilized the continuous mixtures method (P.Job) and we
prepared thus 9 mixtures of 0,1M TiCl, and 0,1M CoCl, « 61,0 solutions, in the ratios given
in Table 1. These mixtures had initially the pH~1,5.

To each of these mixtures, a IM solution of (NH,),CO, was slowly and uniformly
added, under vigorous stirring and heating at 40—457, until the pH of the solution reached
the value 7.

Voluminous, green-violaceous coloured coprecipitates were obtained which decant ra-
pidly. With the rising cobalt content of the mixtures, the volume of the coprecipitates
diminishes, the colour becomes more intense, the decantation and the filtration occur more
rapidly.

After coprecipitation, the solutions remain coloured, if in the latter the Co: Ti ratio
was more than 4:1, a fact that indicates that the precipitation of the cobalt is not total.

The coprecipitates were filtered off and washed free of the chlorine ion, with cold
water. Then, the coprecipitates were dried several days im air, ground and maintained at
659, for 24 hours, in a drying chamber, with a view to decompose the possible traces of

* Institute of Chemistry, Cluj, str. Donath, 65103,
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Table 1
Ti: Co ratios in the initial solutions and in the coprecipitates
Ti: Co ratio
No. of
sample " R .
Initial solutions Coprecipitates®*
0 10:0 10:0
1 9:1 93 :1
2 8:2 8:2
(4:1 4: 1
3 6,66 : 3,33 6,66 : 3,33
(2:1 2:1)
4 6:4 6,6:4
(3:2) (3.3:2)
5 5:5 5:5
(1:1) (1:1)
6 4:6 4:6
(2:3) (2:3)
7 3,33: 6,66 3,33:6,
(1:2) (1:1,8)
8 2:8 2:7,6
(1:4) (1:8,8)
9 1:9 1:6,5
10 0:10 0:10
* Calculated on the basis of the data of chemical analysis {Table 2).
Table 2
Results of ehemical analysis of precipitates and eopreecipitates
© Carbon 9%, Hydrogen 9, Titanium 9 Cobalt 9,
5
;B Caleu- Calcu- Calcu- Calcu-
S = 3 2 2 o
Z G lated* Found lated* Found lated* Found lated* Found
0 - traces 2,38 2,43 47,25 47,38 — —
1 0,60 0,66 1,71 1,80 44,83 44,90 5,94 5,97
2 1,26 1,19 1,38 1,48 40,25 40,10 12,40 12,55
3 2,06 1,98 1,30 1,40 32,85 32,65 20,30 20,36
4 2,30 2,27 1,34 1,50 30,40 30,32 22,60 22,70
5 2,95 2,86 1,47 1,56 23,50 23,60 23,85 28,95
6 3,42 3,50 1,47 1,50 18,22 18,26 33,55 33,46
7 3,67 3,57 1,48 1,61 16,33 16,41 36,10 36,00
8 5,08 4,96 1,23 [,30 9,22 9,18 43,15 43,10
9 5,71 5,62 1,31 137 5,70 5,75 45,55 45,50
10 6,66 6,53 1,44 1,36 — - 49,10 49,06

* Caleulated from the chemical formulas assumed on the basis of the data of chemical analysis.

ammoninm carbonate [6, 10] and exposed again in air, for several days, to equilibrate the

humidity.

The results of the chemical analysis of the coprecipitates are given in Table 2.

Thus, coprecipitates with a high excess of titanium (the samples 1 and 2} or, of cobalt
{the samples 8 and 9) were obtained, the other samples (3 4, 5 6 and 7) huving the Ti:Co

3 — Chemia 1/1974
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ratio identical or close to that of the known double oxides of cobalt and titanium (the
titanates). The values of the Ti: Co ratio in the solutions which were subjected to coprecipi-
tation and in the respective coprecipitates were the same or with very slight difference, for
the samples 1—8. This suggests that, in the case of the coprecipitation of cobalt and titanium
from the aqueous solutions of their chlorides, with ammonium carbonate, the precipitation
of the cobalt is not due to the formation of a basic cobalt carbonate only, but probably also
to a reaction by which the two metal cations are chemically bound. Otherwise (Table 1 and
2), it becomes evident that, in the case of sample mno. 9, only 709, of the amount of cobalt
was precipitated from the solution subjected to the coprecipitation, while in the case of
the previous sample (no. 8), 959 of the initial amount of cobalt was precipitated.

From the infrared absorption spectra (Fig. 1) of the precipitates and
coprecipitates, the existence of the same chemical compound for all the
coprecipitates may be ascertained. Characteristic bands at 1450, 1500, 1650,
1060, 950 and 850 cm~! which are specific to the basic carbonates (11,12
are to be found in the spectra. If the coprecipitates consist of nuxtures
of hydrated titanium dioxide and basic cobalt carbonate, the infrared
spectra of the component which is present in a high excess, would cover
the band of the other component. This fact has not been ascertained in
our case, irrespective of the ratio of two components in the coprecipitates,
which confirms the assumption that in the latter, the titanium and the
cobalt are chemically bound.

The comparison of the IR spectra of the physical mixtures of hydrated
titanium dioxide and basic cobalt carbonate with those of the coprecipita-
tes with the same Ti: Co ratio, was not possible, because of the differences
and of the chemical composition.

There are also differences between the obvious and clear course of
the thermal processes in the case of the coprecipitates, om the one hand,
and of the physical mixtures, on the other hand (Fig. 2).

One may draw the conclusions that, in this type of coprecipitates,
the titanium and the cobalt are chemically bound or, at least that there
is an extremely intimate mixture of the two components,

From the chemical analysis (Table 2) it results that in the coprecipi-
tates no. 1 to no. 7, the ratio Co?*/CO3~ is of 2: 1. In the coprecipitates
no. 8 and no. 9, to the amount of the cobalt which exceeds the ratio
Co?? JCO;~ of 2: 1, corresponds a value of 3:2, that is the same as in the
basic cobalt carbonate itself (th¢ sample no. 10).

These facts allow us to consider that a compound of the type

- 0—Co—0. ,OH
Ve E
C=0 Ti
AN N
"0—Co—0" "OH
is possibly formed in the coprecipitates, that is a basic cobalt and titanium
carbonate, uniformly distributed in the excess either of hydrated titanium

dioxide, or of basic cobalt carbonate, by the case. The formation of this
compound is possible because of the amphoteric character of the ,,metatitanic
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Table 3

Chemical compositions of the precipitates and eoprecipitates

No.of Chemical composition
sample

0 TiO, - 1,2H,0

) 9.3Ti0, - SH,0 - 0,5Co(0H), - 0,5CaC0,
[8,8Ti0, « 8H,07] - [(HO),Ti{0C0).CO, T,

0 4Ti0, - 2H,0 - 0,5Co(OH), -+ 0,5CoCO,
[3.5110, + 2,81,07 - [(HO},TH{OC0),COT0,5

3 27i0, « 1,4H,0 - 0,5Co(0OH), - 0,5CoC0,
[1,5Ti0, + 141,07 + [(HO),Ti{0C0),CO, 4.5

. 3,3Ti0, + 2,5H,0 + Co(OH), - CoCO,
{2,3Ti0, - 2,5H,07 + [(HO},Ti(0C0),C0,]

5 27Ti0, - 2H,0 + ColOH), « CoCO,
[Ti0, « 2H,07 - [(HO),Ti(0C0),C0,1

6 TiO, « 1,36H,0 + 0,75Co(0H), - 0,75C0C0,
[0,23T50, » 1,36F,07 » [(HO),THOC0),C04 70005

; TiO, + 1,3H,0 - 0,9Co(OH), - 0,9CoCO,
[0,1Ti0, - 1,3H,07 + [(HO),Ti{OC0),CO4 14,4

. Ti0, « 1,6H,0 + 1,6Co(0OH), - 2,2C0C0,

S [(HO), Ti(0C0},C0,] + [Co(OH), » 2CoC0,10,6 + [HOl1,g

9 TiCh, + 31,0 « 2,5ColOT), + 4CaCO,
[(HO),TIH{OC0),COu] « [Co{OH), - 2CoC0, ], + [H,0),

10 FCO(OH), + 2CoC0," -+ THO,

(The second formulation of each sample is for the assumption of the chemical binding between Ti and Co).

acid” and of the basic character of the cobalt hydroxide [13]. The possibility
to form chemical compounds as a result of the coprecipitation of certain
transition metal hydroxides is presented also in other published works [14].

Table 3 gives the chemical formulas of the precipitates and copreci-
pitates which were obtained. For each case, the second formulation takes
into consideration the assumption of the chemical binding of the titanium
and the cobalt in the coprecipitates.

The coprecipitates of the basic cobalt carbonate-hydrated titanium
dioxide are substances with crystalline lattices so weakly organized that,
at the X rays appear amorphous, the Ti*T cations lyving in octahedral sites
and Co®" cations in octahedral respectively tetrahedral sites, coordinating
CO3- and OH- aunions or H,0O molecules.

( Received May 19, 1973)
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COPRICIPITATE DE TIPUIL CARBONAT BAZIC
DI COBALT-OXIDACVAT DI TITAN

(Rezumat)

Prin coprecipitarea ionilor Tit+ gi Co?™, din solutiile apoase ale clorurilor lor, cu car-
bonat de amonin, s¢ obtin coprecipitate de tipul carbonat bazic de cobalt-oxidacvat de titan.
Citeva observatii legate de obtinerea coprecipitatelor, analizele chimice gi interpretarea lor
rationald, spectrele de absorbtie in infrarosu, precum si caracterul curbelor termodiferentiale,
conduc la presupuncrea cd, in aceste coprecipitate, cobaltul si titanul sint probabil legati chimic
sub forma unui carbonat bazic de cobalt si titan.

KONMPEHWIMHTATBE THUIIA OCHOBHOJ KAPBOHAT
KOBAVIBTA-THAPATHPOBAHHAS OKHCHL THTAHA

(Peszowme)

[yrem coocax genns nopon Titt u Co?t u3 BOAHBLIX PACTEOPOB HX XJOPHIOB KapGonaTom
AMMOHMSA TONYUAIOTCS KONDEUHMHTATEL THRA OCHOBHOH KapOoHaT KoOaabTa-THAPATHPOBAHHAS
OKHCb THTaHa. HeKOTOpLle 3aMeuaHHs, CBSI3AHHLIE C NOJAYUYelHEN KONPeuHnATATOR, XHMHYECKHe
AHAJIM3bI H HX DallHOHAMbHAS HHTepTpeTauHs, crekTpsl noraowends s MK oGaacti, a Takxke
xapakTep TepyoHGhepeniitaibitplX KPUBLIX NPHBOIT K NPeANOT0KeHRIC, 4TO B 3THX KOnpe-
LHIHTATAX KOOAILT H THTAH BePOSITHO CBA3AHLI XHMHUECKH B BHIe OCHOBHOTO KApOOHATa KO-
OaapTa W THTAl.



THERMAIL DECOMPOSITION OF COPRECIPITATES OF THE TYPE
BASIC COBALT CARBONATE—HYDRATED TITANIUM DIOXIDE

M. STRAJESCU*, CONST. GIl. MACAROVICI AND E. PERTE*

By coprecipitating the cobalt(II) and the titanium ions, from the
mixtures of their aqueous chlorides, with ammonium carbonate, substan-
ces with the two cations chemically bound are obtained [1]. Because of
this fact, that chemical composition of the coprecipitates can be written
as in Table 1, having in common the basic cobalt and titanium carbonate,
uniformly distributed into the mass of hydrated titanium dioxide or basic
cobalt carbonate, by the case.

Table 1

Chemical composition of the precipitates and coprecipitates

No. Chemical composition

Ti0, + 1,2H,0

[8.8TiQ, « 8H,07 - (HO},Ti{OC0},C04 5,5
f8,5Ti0, « 2,8H,07 - [{HOY,THOCO1,C0,0, |
LETIO, ¢ LAH,07 - (HOLTHOCOLC0, o
28TIO, « 2,5H,0 "« H{ITO),TiOCH),L0, ]
Ti0, » 2H,0] - [(HO),Ti{0Co},C 0,
0,25Ti0, + 1361L,0° - (HOLTHOCa1,C0, s

OTIO, - 1L3IL0 -« (HOLTHOCo 0, 0
THOVTHOCO),C 0O, « [Co{OTT), - 2CoC0, ., « 15,07,
(TTO),TH(OC),C0, 7+ CofOH), - 20000, + H07,
[Co(OH), » 2CoC0,] « (H,0),,

DL L NITIU e N D

The thermal decomposition of the coprecipitates was studied by thermogravimetric
(T.G.A and differential thermal (D/F AL analysis, ovér a temperature range between room
temperature and 10007, using a heating rate of 8 /minute. The identification of the existing
phases  during  the decomposition was made utilizing the chemical methods of analysis,
the infrared absorption spectrophotometry and the X-ray powder analysis.

Figure 1 gives the curves of the thermogravimetric analysis and Figure 20 and 2b,
the curves of the differential thermal analyvsis.

Y

* Institute of Chemdstry, Cluj, str. Donath nr. 65 - 103,
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Table 2

Thermoanalytical data of the dehydration proeesses

Temperature, °C
No. Composition of the dehydrated product D.T.A.-peak of endo-
T.G.A, : :
thermic effect
0 TiO, 25500 150
1 0,5C00 - 0,5CoCO;, - 9,3Ti0, 25--260 150
2 0,5Co0 - 0,5CoCO, -+ 4Ti0, 25178 150
3 0,5Co0 -+ 0,5CoCO; - 2TiO, 25155 150
4 CoO - CoCO;, - 3,3Ti0, 25193 150
5 CoO - CoCOy « TiO, 25-173 150
6 0,75Co0 - 0,75CoC0O, - TiO, 25184 145
7 0,9Co0 - 0,9CoCOy + TiO, 25-195 140
8 1,6Co0 - 2,2CoC0, - TiO, 25192 140
9 2,5Co0 - 4CoCO; - TiO, 25190 145
10 CoO - 2CoCO, 25—234 130

TFurther on we shall describe the consecutive steps of the thermal decomposition processes
of the coprecipitates which are shown in Table 1. As a model, we shall make use of the
thermal decomposition process of the coprecipitate no. 9, which includes almost all the steps
existing in the cases of the other coprecipitates.

The thermal decomposition processes begin with the dehydration of the coprecipitates.
This stage appears on the T.G.A. curves as a weight loss with a netter individuality for
the coprecipitates with a higher cobalt content. On the D.T.A. curves, the dehydration causes
an endothermic effect which is superposed over that of the next step, for the coprecipitates
with a sub-unitary Co/Ti ratio. In  the case of the chosen example, the dehydration
ends at 190°C, and is correlated with the endothermic effect that has the peak at 1453°C
and is expressed by the following chemical equation:

[{OH),Ti{OC0),C0, ] + [Co(QH), + 2C0C0, 11,y « (11,07, — 2,5C00 - {CoCO, - TiO, -~ 5,5H,

o

The composition of the products obtained as a result of the delivdration, the tempera-
ture ranges that correspond on the T.G.A. curves, as well as the temperatures of the peaks
of the endothermic effects {actual or resulted from the interference with the thermic effect
of the following step, by case) are given in Table 2.

Yurther on, the decomposition of the carbonate existing in the product resulted from
the dehydration takes place. On the T.G.A. curve this step oceurs as a weight loss, which
becomes very marked for the coprecipitates with a larger cobalt content. The associate
endothermic effect of this step is identical with that of the dehydration for the coprecipi-
tates with a sub-umitary Co/Ti ratio whereas it is separated and distinet for the copreci-
pitates with an over-unitary ratio. With the coprecipitate no. 9, to the decomposition of
the carbonate corresponds an abrupt loss of weight ou the T.G.A. curve, between 2007 and
260°C , a strong endothermic effect with the peak at 325°C, on the D.T.A. curve, and
the following chemical equation:

2,5C00 + 4CoC0;, + Ti0, = 6,5/3C0,0, « TiO, + 4C0,

The products obtained as a result of this step are given in Table 3.

The discrepancies between the temperature range in which the decomposition of the
carbonate is recorded on the T.G.A. curve and the temperature of the peak of the corres-
ponding thermal effect, on the D/T'A. curve are due to the superposition, or interference
of several chemical and physical processes over this interval. Thus, the end of the dehy-
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Table 3

Data of thermeoanalysis for the step of decompositions of the systems which
have cobalt carbonate

Temperature, °C
~ Composition of the resulted s D.T.A.-peak of thermic
No. T.G.A.
product effect
Real* | Apparent** | Iindo-*** Exo-#***
0 TiO, — - - 345
1 1/3Co,04 + 9,3Ti0, 200260 260 — 460 150 340
2 | 1/3C0,0, - 4TiO, 200 250 178 — 385 150 340
3 1/3Co,04 + 2TiO, 200 --240 155 —-370 130 330
4 | 2/3C0,0, - 3,3Ti0, 200 — 230 193 —430 150 290
5 2/3C0,0, - 2TiO, 200 - 225 173575 150 315
6 | 1/2C0,0, - TiO, 200 - 225 184500 265 370
7 1 1,8/3C0,0, - TiO, 200 240 195505 280 370
8 3,8/3C0,0, « TiO, 200 - 250 192455 315 440
9 | 6,5/3C0,0, - TiO, 200-- 260 190 500 325 490
10 Co,0, 200 —260 234 —600 345 450

* The temperature range deduced from the characteristic shape of the T.GAL curve for the decom-
position of the carbonate.
** The temperature range calculated from the T.GUA. curve, presuming that the dehydration and the
decomposition of the carbonate are consecutive reactions.
*** The temperature of the apparent peak of the endothermic effeet which is correlated with wee decompo-
sition of the carbonate.
**#* The temperature of the peak of the endothermic effeet which s correlated with the formation of the
crystalline lattice of the oxides.

dration process is superposed over the decomposition of the carbonate. The endothermic
effect which is due to the decomposition of the carbonate is affected by the cxothermic
effect caused by the formation of the crystalline lattice of the oxide system that appears.
In its turn, this first oxide system is very reactive and chemisorbs or physically adsorbs,
H,0, CO, and O, molecules that, with rising temperature are removed from the system,
causing the modification of the T.G.A. and TrT.A. curves. This last fact is confirmed by
the infrared absorption spectra of the products of the decomposition between 100 - 400°C,
(I'ig. 3 and Tig. 4), which contain the characteristic bands 2 of these molecules in the
1650 - 1400 cm™ and 850 em™! absorption range.

The data of the thermal-, chemical and ir, analysis show that at 6007 the residues
of the thermal decomposition processes are oxide systems, bhaving the chemical composition
given in Table 3. These oxide svstems are homogeneous mixtures of Ti0, and Co,0,, although
it is not out of question to be non-cquilibrium solid solutions or even donble oxides with
a crystalline arrangement on very narrow domains, disordered und with many defects, that
makes them not give X-ray diffraction speetra. The infrared absorption spectra of the
oxide systems which were obtained between 4007 and 1000 (Fig. 3) do not allow to draw
a conclusion in this respect, on the basis of the bands at 800--400 cm™. Thus, the presence
of the bands of Co,0, [3], at 575 and 665 cm™, evidently superposed over those of the
rutile (1Mig. 3, 400°-1000°), supports the assumption of the existence of physical mixtures
of cobalt oxide and titanium dioxide. The differences between the spectra of the oxides
which resulted from the decomposition of the coprecipitate no. 9 (Fig. 3) and of those resul-
ted from the decomposition of the basic cobalt carbonate (Fig. 4), scems to support the
assumption of the existence of the non-equilibrium solid solutions and of the double oxides
of cobalt and titanium [4]. The latter assumption is also supported by the data of the
thermal, chemical and X-ray analysis.

Based on these facts, onme may affirm that, the first svstem of metal oxides, with a
composition consisting of Ti0, and Co,0,, having O, and other molecules physically retained,
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coprecipitate no. 9 and of some thermal of the precipitate no. 10, ie. of the
decomposition products. basic cobalt carbonate.

is obtained, in all the cases, immediately after the decomposition of the systems containing

carbonate, i.e. between 225° and 300°, At 600°, the oxide systems have a composition consis-
ting of TiO, and Co,0),, without other components.

The rise of the temperature of these systems above 600°, causes visible step by step
losses of oxygen, occurring in 1 to 3 steps, depending on the ratio of the two constituent
oxides in the given system.

The first step in which oxygen is lost, appears on the T.G.A. curves as a weight loss
which is associated on the DTLA. curves with an endothermic effect. For example, in the
case of the coprecipitate no. 9, the loss on the T.G.A. curve is recorded between 650° and
750°, the associated endothermic effect, on the D.T.A. curve, having the peak at 710°. The
chemical equation corresponding to this decomposition process is the following:

6,5/3C0,0,; » TiO, = (CoO -+ TiOy) - 5,5/3C0,0, + 1/60,.
In all cases, in this step, corresponding to the Ti0, amount which exists in the system,
such a quantity of Co 0, is decomposed to CoO that an amount as large as possible of

oxide having the composition CoO -« TiO, can be formed. This composition is that existing
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in the double oxide of cobalt and titanium, known as cobalt metatitanate, with the CoTiO,
formula. The X-ray diffraction spectra showing very diffuse lines on a dark background,
do not allow the identification of all crystalline phases which are present in the system,
but the lines of the metatitanate [5] are to be found. The infrared absorption spectra

show the presence of the double oxides of cobalt and titanium, although their absorption

range is superposed over that of Co,0; and TiO,.
The composition of the oxides which were obtained as a result of this step are presen-

ted in Table 4.

Thermoanalytical data tor the step of the Tormation of the metatitanate

| i N Temperature, “C
No. | Lompoesition “1{ tltle resulted S DT A -peak of | Phases composition
! produe | T.G.A. the endother-
i ( mic effect
t : —
0 Ti0, — — rutile*
| (Co0 - Ti0,) - 8,3Ti0, 580 —650 610 metatitanate -
| rutile
2 CoO - TG - 3THO, 590 660 — .
3 o0 - TiOL - TIO, 590 - 660) 620 .,
40 2(Cot - TiOy,: - 1,310, (30700 660 .y
3 CoO) - Ti0, 630750 695 metatitanate**
6 {CaOr « TiO, - 1/6C0,0, i 630750 690 metatitanate -
P [ spinel
71 (CoO - TIOY - 0,8/3C0,0, I 6830750 700 R
& | (CoOy -~ 2,8/3C0,0, 630750 700 L
9 (CeO - - 3,5/3Cu,0, G50 750 710 o
1] Coy0, - - spinel***
* Tioy, has o rutile structure (12]; ** CoO - TiO, (cobalt metatitanate) has an ilmenite structure [8. 9,
oo 11 0 ¥ Co,0, has a spinel structure (137,
Depending on the Co/Ti ratio, the oxide systems containing metatitanate evolve diffe-
rentiy. With systems with a sub-unitary Co/Ti, ratio, the thermoanalytical curves do not

record any modification up to 1000, although the X-ray and LR absorption spectra ot
the ovides at this temperature are different of those of the svstems resulted from the step
of the setatitanate formation. They show the presence of the cobalt dititanate 6] having
the composttion Cot) + 2710, and which results from the solid state reaction of the metatita-
nate with the titaninm dioxide, according to an equation of the following form:

niCoo s TiOL - mTiO, —» 1o - 2Ti0,) - (m-—n)TiO,, 0 < n g m, om =y
Depending ou the n value, the resulted oxide system contains besides dititanate, tita-
dioxide or metatitanate, as is shown in Table 5.

In the system mo. 5 in which the CoO/TiO, ratio is equal to one, no chemical or
phvsical modification takes place, after the formation of the metatitanate at 750° (Table 4
and 5y, the Xeray diffraction spectra show just an improvement of the crystalline organiza-
tion simultuneously with the rise of the temperature above 730°.

ISR

The oxide svstems comprising metatitanate and an excess of cobalt (no. 8 to no. 9,
tose oxvgen, in a second step, visible on the T.(.A. curve and correlated with an endothermic
effect on the DT AL curve. In the case of the sample no. 9, the weight loss takes place on
the T.G.A. curve, between 750° and 8709, the peak of the endothermic effect is at 790°, amd
the equation of the thermal decomposition process is the following :

(o0 - TiGy,) + 5,313C0,0, — (2000 « Ti0y) - 4,5/8Ce,0, -+ 160,
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Table §
The produects resulted from the step of the formation of the dititanate
Temperature, °C
ips Phases
No. | Composition of the resulted product FOA DT A composition
0 TiO, — - rutile
1 (CoO - 2TiQ,) - 7,3TiO, 6501000 — dititanate - rutile
2 (CoO - 2Ti0,) - 2Ti0, 660~ 1000 . .
K CoO - 2Ti0, 660 — 1000 — dititanate*
4 1,3(Co0 -+ 2Ti0,) - 0,7(Co0 -« TiO,) 7001000 dititanate -\~ meta-
titanate
5 CoO - TiO, 650 1000 — | metatitanate

* CoO . 2TiO, (cobalt dititanate; has the pseudobrucite structure (12, 14, 15},

The Roentgeno-structural analysis of the resulted product shows that the cobalt ortho-
titanate (2C00 - TiQ,) [7] is formed in this step, by the reaction of the metatitanate, which
was formed in the previous step, with the cobalt oxide. For the oxide systems in which
the formation of the orthotitanate is possible, the experimental data are given in Table 6,

T oable 6
Experimental data for the step of the formation of the orthotitanate
Temperature, “C
No. Lomposltxonrofd thte resulted DT, A -peak of Olzlhasssﬁ
produc T.G.A. the endother- compostion
mic effect
6 1/2[(2C00 - TiO,) « (CoO-TiO,) * 750850 770 orthotitanate -
metatitanate
7 1,8C0o0 - TiQ,** 750870 775 orthotitanate
8 (2C00 - TiO,) - 1,8/3C0,0, 750870 790 orthotitanate -
Coy0,
9 (2C00-Ti0,) - 4,5/3C0,0, 750—870 790 "
10 Co,0, — - Co;0,

* The coefficient 1/2 before the squate brackets was added for the correlation with the composition of
the substance no. 6 from Table 4.

** The X-ray spectrum shows the presence of the orthotitanate, mercly that is in accordance with the fin-
dings of the other authors [4]. 2C00 - Ti0, (cobalt orthotitanate) has an inverse spinel structure (16, 17, 18}

A third and final step of thermal decomposition takes place in the systems in whicl,
after the orthotitanate formation, Co,P, is still present. During this step the last quantity
of Co,0, is decomposed, a fact which is recorded on the T.G.A. curve as a weight loss and
on the DT.A. curve as an endothermic effect. Because the sample no. 9 reveals a loss bet-
ween 870° and 1000° on the T.GG.A. curve, the peak of the corresponding endothermic effect
is at 9207 and the corresponding chemical equation of the thermal decomposition proecess is
the following :

{2C00 + TIOy) - 4,5/3C0,04 = (2C00 - TiOy) - 4,5C00 -+ 4,5/60,

Table 7 shows the experimental data for the oxide systems in which such a process
may take place.
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Table 7
Experimental data for the step of the decomposition of Co;0, which is in excess

Temperature, °C

o, Composition of the resulted D.T.A.-peak of Phas?s.
product T OA the endother- composition

mic effect

8 (2Co0) - TiO,) + 1,8C00 8701000 910 Orthotitanate --
CoO*

9 (2C00 -+ TiO,) - 4,5C00 870 - 1000 920 »

10 CoO . 900-— 1000 920 CoO

* Cot) has w structure of face centered CINa (13}

From the data presented in this work one may draw the conclusion that,
by the thermal decomposition of the coprecipitates of the basic cobalt
carbonate - hvdrated titanium dioxide, oxide systems are obtained at
temperatures of the most 300° which have a chemical composition
consisting of Ti0, and Co,0, with physically retained oxyvgen. With
the rise of the temperature up to about 1000°, the formation of the double
oxides of cobalt and titanium takes place. In all the cases, the cobalt metati-
tanate with the CoO. TiO, formula is primarily formed. Then, starting with
this compound and depending ou the oxidic composition of the given
system, the other double oxides are formed, that is the dititanate with the
Co0.2Ti0, formula or orthotitanate with the 2CoO.TiO, formula. This
fact is in accordance with Iin k's statements [19].

Also important to be noticed are the much lower temperatures requi-
red for the formation of double oxides, by this method, in comparison with
the temperatures exceeding 1200°, required for the solid state reactions
of the mixtures of CoO and TiO,.

(Received Mayv 29. 1973)
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DESCOMPUNEREA TERMICA A COPRECIPITATELOR DE TIPUL CARBONAT BAZIC
DE COBALT - OXID ACVA'T DE TITAXN

(Rezumat)

Prin descompunerea termicd a coprecipitatelor de oxid acvat de titan-carbonat bazic
de cobalt, la circa 300°, se obtin sisteme oxidice constind din TiO,, Co,Q, si oxigen retinut
fizic. Pind la 600° oxigenul retinut fizic se pierde, dupd care incep procesele de formare
a oxizilor dubli, Primul oxid dublu care se formeazi indiferent de raportul oxizilor reactanti
(Ti04/Co,0,), este metatitanatul de cobalt (CoO « Ti0,) care, pind la 1000°, in functie de
compozitia oxidicd, poate trece in orto- (2Co0 - Ti0O,) san di-titanat (CoO - 2TiO,).

TEPMHYECKOE PAJVIOKEHHE KOMPENHIIMTATOB THITA OCHOBHOH
KAPBOHAT KOBAILTA-THAPATHPOBAHHAS OKUCh THTAHA

(Pesiome)

TepMuuecKun Da3JoKeBHeM KONPELUMNHTATOB THIA OCHOBHOH Kap6oHar KohaapTa —
TEADATAPOBAHHAN OKHCL THTana UpH Temnepartype npubausuT. B 300° noayuaores okHcHble
cHcTeMbl, coctosiHe H3 Ti0,, Co,0, H (pH3nueCKH 3afepkanHoro kucaopoga. Lo 600° dusu-
4eCKH 3aJleP KaHHbLI KUCAOPOA TePRETCS M 3aTeM HAUHHAIOTCS INpOUeccsl 06pa30BauHa ABOM-
upIx okuceli. IMepsas apofinasi 0KHCb, KoTOpast 0Opa3yeTcs, HE3aBMCHMO OT OTHOLUICHHS pear-
pviomux oxuced {Ti0,/Co,0,), — 3T0 MeratATanat kobaanta (CoO - Ti0,), Koropuii, 10 1000°,
B 31BHCHMOCTH OT OKHCHOTO COCTaBa, MOXKeT nepeHTH B opro-(2Co0 - Ti0,) WAM 1RTHTAHAT
i{Co0) - 2TIO,).



DESCOMPUNEREA HIDROPEROXIZILOR ORGANICI
PE CATALIZATORI SOLIZI (1)

Descompunerea hidroperoxidului de cumen pe bentonite

L. CORMOS si V. NICOARA\

Tolosirea in practica industriald a unor catalizatori solizi pentru des-
compunerea hidropcm\idului de cumen, ar putea avea o deosebitd impor-
tanid practicd $i economica.

Astfel s-ar elimina consumul de acid sulfuric care ar putea fi dm}a’t
in alte sectoare de activitate, s-arelimina operatiile de spalare care micso-
reazi considerabil productia de fenol, (apele fenolice rezultate poluind
riurile in care se deverseaza) s-arinlatura formarea raginilor datorita
prezentei acidului sulfuric ¢i s-ar evita coroziunea aparaturii in care se lucreaza.

Datoritd acestor cauze in ultimul timp au fost lncercati alaturi de alfi
catalizatori solizi [1] si diferifi aluminosilicati naturali [2—47.

Noi ne-am propus sd urmdrim reactia de descompunere a hidroperoxi-
dului de cumen pe o bentonitd naturald tratatd termic st chimic.

Bentonitele sint varietdti de argile montmorilonitice, formate dintr-un
amestee de silicafi de aluminiu, care confin cantitati variabile de oxizi de
calciu, magneziu gi alcalii. Un component de scama al bentonitelor este
chiar montmorillonitul, care este un silicat de aluminiu hidratat.

In bentonite ionii de oxigen sint dispusi in jurul ionilor AI** prezen-
tind aceeasi coordinare de ordinul patru ca si in jurul ionului Si**. Posibili-
tatea Inlocuirii tetraedrelor de siliciu-oxigen cu tetraedre de aluminiu-oxigen
reiese din conmsiderente geometrice [5]. Dar aceastd inlocuire a Si** cu
AI* are consecinte foarte importante, care se risfring in mod simtitor asu-
pra structurii si proprieté‘;ﬂor bentonitelor. Astfel in timp ce intr-un tetrae-
dru de SiO4 avem un numir de patru valenfe nesaturate, intr-un tetraedru
de AlO, acest numir se ridic la cinci. In acest fel sarcina negativd a radi-
calului anionic complex se mireste. Acest fapt reclamd o compensare a
excesului de sarcini negative cu sarcini pozitive, aduse de diferiti cationi.
Prezenja acestora determind o anumitd aciditate §i activitate a bentonite-

or.



48 L. CORMOS, V. NICOARA

Partea experimentald. S-a urmirit descompunerea unei solutii de 109, hidroperoxid
de cumen in cumen pe o bentonitd indigend, provenitd de la exploatarea din Orasul Nou.
Bentonita utilizatd are urmditoarea compozitie chimica:

ALO, 18,359,
Si0, 62,989%,
e, O, 3,139,
Cal 2,319,
MgO 4,089
Na,O 1,869,
K,0 0,949,

Pierderi la calcinare 6,819

Determinarea compozifiei chimice a bentonitei s-a efectuat prin metoda dezintegririi
acesteia cu carbonat de sodiu si borax in raportul 2:1. Proba a fost apoi reluati pe baie
de apid cu HCI si evaporatd la sec de trei ori. Continutul a fost apoi reluat cu api distila-
td la balon cotat si s-a dozat diferul, calciul, magneziul §i alumininl complexometric.

Asupra Dbentonitei s-au ficut determinidri de suprafete specifice atit inainte de trata-
mentul chimie, cind se obtine o supraiatd medie de 15,1 m?/g. cit si dupid tratamentul chimic
al ei, cind suprafata specifici o crescut la 85,9 m?/g.

Determinarea suprafetei specifice s-a efectuat printr-o metoda BET, cu un aparat sorb-
tomat construit la catedri. Amestecul de gaze folosit a fost azot si hidrogen, iar probele
de betonitd luate in lucru au fost intre 0,02-0,04 g. Probele au fost activate 3—4 ore la
temperatura de 300° in curent de amestec azot-hidrogen.

Suprafata specificd s-a determinat cu ajutorul ecuatiei:

1,5620 Ay
Sy o= T cVp{l— x) - Pa
T« m Apzp

in care:
T este temperatura camerei, m “K.

m — cantitatea de bentonitd cintdriti, in g

Vp — volumul pipetei, in ml.

x — procentul de azot din amestecul de azot-hidrogen,
S — suprafata specificd calculatd, in m?/g.

Pay  — presiunea atmosfericd, in mm.col. He

A4 — aria de desorbiie,

Apip — aria de desorbtie a pipetei.

Activarea cliimicd a bentonitei s-a fdcut prin tratarvea ei cu acid sulfuric 259, timp
de 6 ore, la temperatura de 1007, Consumul de acid sulfuric a fost de 759, din greutatea
bentonitei uscate luate in lucru. Bentouita astfel activatd a fost spdlatd pind la liber de
ionul 80%7, iar apoi uscatd in etuvi la 105° Dupd uscare bentonita a fost caleinatd la 410°
timp e trei ore si 1 s-a determiunat din nou suprafata specificd.

Bentonita astfel tratatd o fost utilizatd in reactia model de descompuuere a hidropero-
xidului de cumen. In toate experieuele s-a utilizat clasa iutre 9,2 -0,3 mm, peatra a fi
siguri cd rezultatele experimentale nu sint  iafluentate de granulatia catalizatorului.

S-a facut apoi un studiu al descompunerii hidroperoxidului de cumen pz2 aceisti ben-
tonitd urmirindu-se cinetica descompunerit hidroperoxidului de cuwmen la temperatarile de
lucru de 29, 3) si 40°

Experientele s-au efectuat intr-un reactor din sticld [8], in regim static. Rzastoral este
previzut cu ricire interinard i exterivard pentra a se puater prelua el mai bine: 2l fara
rezultat® in timpul reactici de desermpunere. S-au folosit cite 23wl solatie de conentratie
109, hidroperoxid de cumen in cumen si 2,2 g de bentoniti. Awmestecul de reactie a fost
puternic agitat cu un agitator magnetic, pentru o mai buni contactare a partenzrilor de
reactic.

Variatia conversici in timp s-a determinat prin dozarea hidroperoxidului rdmas nedes-
compus, folosind metoda iodometrica [7).
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Rezultate si diseutii. In tabelele 1—3 sint prezentate datele experi-
mentale pentru cele trei temperaturi de lucru, care s-au obtinut ca medie
a trei serii de experiente efectuate pentru fiecare temperaturi. In aceste
tabele este calculati si conversia reacfiei de descompunere.

Pe baza datelor experimentale, utilizind metoda celor mai mici patrate,
se calculeazd dreapta cea mai probabild cu ajutorul ecuatiei:

p _ nEXY — X3V

nYLX? — (SX)?

Tabel 1
Datele obtinute la descompunerea hidroperoxidului de cumen pe bentoniti,
la temperatura de 20-£0,1°C
Nr. Timpul in mi- | Conversia in9%, 100
cxp. nute 100 — « 1g (100 — o) lg(IOO——
n X o v «
1 5 0,35 99,65 1,99848 0,00087
2 20 0,84 99,16 1,99634 0,00346
3 60 3,55 96,45 1,98430 0,01578
4 90 4,57 95,43 1,97968 0,02036
5 120 5,75 94,25 1,97428 0,02572
6 130 7,70 92,30 1,96520 0,03503
7 180 9,33 90,67 1,95746 0,04258
8 210 10,33 89,67 1,95265 0,04727
9 240 12,54 87,46 1,94181 0,05805
Tabel 2

Datele ohtinute la descompunerea hidroperoxidului de cumen pe bentoniti,
la temperatura de 304-0,1°C

Nrt. Timpul in Conversia in % 100
exp. minute 100 — 1g (100— ) 1g(100_a)
n X o Y
1 5 0,33 99,67 1,99856 0,00130
2 20 2,37 97,63 1,98958 0,01030
3 60 6,61 93,39 1,97030 0,02995
4 90 9,66 90,34 1,95588 0,04415
5 120 12,21 87,79 1,94345 0,05652
6 150 15,42 84,58 1,92727 0,07298
7 180 18,65 81,35 1,91036 0,08955
8 210 22,37 77,63 1,89003 0,10968
9 240 25,08 74,92 1,87460 0,12548

4 —— Chemia 1/1974
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Tabel 3

Datele obtinute la descompunerea hidroperoxidului de cumen pe bentoniti.

la temperatura de 404-0,1°C

Nr. Timpul in Conversia in %, 100

exp. minute 100 — lg (100 — a) ¥ oo m)
” X @ v
1 5 1,18 98,82 1,99484 0,00518
2 20 4,23 95,77 1,98123 01870
3 60 11,52 88,48 1,94685 0,05308
4 90 16,96 83,05 1,91934 0,08063
5 120 22,30 77,70 1,88649 0,11361
6 150 27,11 72,89 1,86267 0,13735
7 180 31,01 68,99 1,83879 0,16137
8 210 35,08 64,92 1,81245 0,18752
9 240 38,98 61,02 1,78547 0,21484

In acest fel au fost calculate vitezele specifice de reactie pentru cele
trei temperaturi si anume: R,y = 0,84 - 107¢ . min-1; ky, = 1,97 - 10*
s min~t si by, = 3,16 - 1074 - min~—1,
100

100—¢
o cinetica de ordinul intii in raport cu hidroperoxidul, pentru acelasi raport
reactant/catalizator si pentru conversii de pind la 409,.

Reprezentind grafic Ig in functie de timp, fig. 1, se constata

Wlise,)

azs}
9,204

815

3 so % 720 150 80 20 240 ¢ jmiy

¥ ig. I Cinetica descompunerii hidroperoxidului de cumen pe bentoniti. 1 — la temperatura
de 20°, 2 — la temperatura de 30°, 3 — la temperatura de 40°.

Prin reprezentarea grafica a lui 1g % in functie de 1/7, fig. 2, s-a calculat
energia de activare de 16 kcal/mol, care concordd cu datele obtinute la
descompunerea acestui hidroperoxid in fazd omogend [8].
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\Ipt

30 af 32 a3 14 _*
Tig. 2. Determinarea grafici a energici de activare pe baza ecuatiei Ini Arrhenius.

Coneluzii: Se studiazi descompunerea hidroperoxidului de cumen peo

bentonitd indigend tratatd termic si chimic.

Se urmireste cinetica reactiei la trel temperaturi de ltucru, determi-

nindu-se vitezele specifice de reactic si energia de activare.

Se constatd ¢d reactia de descompunere a hidroperoxidului de cumen

pe bentonite se petrece dupi o cinetica de ordinul intii in raport cu hidro-
peroxidul, pentru acelasi raport reactant/catalizator.

e

(Intrat in redacfic la 31 mat 1973)
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PASTOKEHHE OPTAHUMYECKHMX TUIPONEPEKHUCEN
HA TBEPObBIX KATAJIM3ATOPAX (I)

Paszromenue eudponepexucyu Kymoara Ha Gernmorumax

(Peszwwye)

HMayuanacek peakuns paszjaomKenust HAPOMEPEKHCH KYMOJa HA OTEYECTBEHHMX GeHTOHHTAX.

[Ipocnexupanach KAHeTHKA PeAKLMH Pa3jiOXKeHHS NPH TPeX PalNHUHRX TeMNepaTypax.
[TyTem ee nHHeapH3auMH YCTJHOBJIEHO, YTO DEaKIHs HMEET MECTO MO KHHETHKe MepBOro Io-
psinka. BoiyHcasieTcs 3aTeM 3HePrHsl aKTHBAUHH DeaxUHH.

DeHTOHHT, HCnoab30BaHHBIH B KaueCTBe KaTaiau3aTopa, Obi1 00paboTaH XHMHYECKH H
TEPMHYECKH, 3aTeM OfpeJeNHNach ero ygmenbHAHd [10BEPXHOCTb.

DICOMPOSITION DES HYDROPEROXYDES
ORGANIQUES SUR DES CATALYSEURS SOLIDES (I)
Décomposition du hydroperoxyde de cuméne sur des bentonites

(Résumé)

I/étude traite de la réaction de décomposition du hydroperoxyde de cuméne sur des
bentonites indigénes,

On a étudié !1 cinétique de la réaction de décomposition pour trois températures dif-
térentes. Par sa linéarisation on constate que la réaction a lieu selon une cinétique de pre-
micr ordre. On calcule ensuite 'énergie d’activation de la réaction.

La bentonite utilisée comme catalyseur a ¢té traitée chimiquement et thermiquement,
ensuite on a déterminé sa surface spécifique.



DESPRE ACRIDONE (XIIX*)

Condensarea 2,4—dinitrobenzaldehidel cu dimetileterul rezorcinet

VARIA TONESCU, TONEL HOPARTEAN si I0AN PANEA

Produsii obginuti la condensarea o-nitrobenzaldehidelor cu compusi:
aromaticl in medin acid, datoritd interacfiunii grupelor invecinate [1—5],
sint, in mod obignuit, 3-fenilantranilii, 9-hidroxiacridin-N-oxizii sl acri-
donele [2, 3, 5—7].

Trifenilmetanii se formeazd in aceastd condensare doar pentru acele
componente aromatice care au substituenti puternic electronodonori (—NIH,.
—NHR, —XNR,, —OH, —OR) [3, 5, 8] cind se obtin insd, de obicei [3,9]
51 3-fenilantramlii corespunzitori.

Prin condensarea 2,4-dinitrobenzaldehidei c¢u anisol [10], dime-
tileterul hidrochinonei [11] s dimetileterul pirocatechinei [12] noi am
obtinut 3-fenilantranilit Ia-c.

R, OCH,
| J
- !/ 1 Re 2N
i ol e
\ _‘\ A —(_)LHs
\\\!/ \:Rl \1/
75N }/;»’*’ : ¢ 7N —ocH,
oN N Ny O,N No, & ocw,
Ia-c II
a: R, =R, =R, =H R, = OCH,
b: R2=R3—~—:H R1:R4:OCH3
C; Ra=R4=H R1:R2:OCH3
R,=R,=H R,=R,=OCH,

*Acridone (XLVIIIj: M. Tonescu, I. Hopartean si M. Kezdi, Stud. Uni-
Babes-Bolyai, Chem., 18(1), 25 (1973).
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Rezultate diferite de cele mentionate am obtinut prin condensarea
9-4-dinitrobenzaldehidei cu dimetileterul rezorcinei. in acest caz conden-
sarea decurge cu randament mai bun, la un raport molar 1:3 intre 2,4-
dinitrobenzaldehidd si dimetileterul rezorcinei. Reactia are loc la tempera-
tura ambiantd, timp de 24 de ore, folosind ca agent de condensare acidul
sulfuric conc. (d == 1,84), iar ca solvent acidul acetic glacial. Ca produs
principal al reaL‘;lm am separat 2,4-dinitro-2',2”,4’,4"'-tetrametoxitri-
fenilmetanul (IT).

Structura produsului IT a fost ldmuriti cu ajutorul datelor microana-
litice, fizice si chimice. Obtinerea la dozarea azotului a valorii de 6,019,
a fost un prim indiciu ¢ reactia a decurs spre formarea unui derivat tri-
fenilmetanic, intruclt 3-fenilantranilul corespunzitor are un 9, de azot
de 9,33. Determinarca masel moleculare prin metoda Rast (M = 452)
cu ajutorul spectrului de masd (masa picului molecular de bazd M = 454)
a confirmat structura trifenilmetanicd a produsului de condensare II (a
cdrul masd moleculard calculatd este 454,4)

Prin tratarca produsului 1T cu nichel (din formiat) si hidrat de hidra-
zind, grupele nitro se reduc si se obtine 2,4-diamino-2',2",4',4"”-tetrame-
toxitrifenilmetanul (ITI), care cu clorura de benzoil in mediu bazic duce
la  formarea  2.4-dibenzoilamino-2',2" 4", 4" -tetrametoxitrifenilmetanului
(v).

Formarea produsilor 11T si IV s-a urmdrit cu ajutorul spectrelor IR,
In urma reducerii mtroprodusulm IT cu obtinerea 1ui III, se constatd dis-
paritia benzilor de absorbtie vy, asim. i sim. care apar la 1544, respec-
tiv 1352 cm ' (in produsul I1) si aparitia benzilor de vibratie vy, asim.
la 3450 em~t si sim. lIa 3 372 c¢m 1, caracteristice vibratiilor de valentd
ale aminelor primare aromatice.

In compusul IV rezultat prin benzoilarea produsului IIT dispar benzile
de absorbtic cerespunzitoare grupelor —NH, aromatice primare, manifes-
tindu-se in schimb benzile de absorbtie caracteristice : vyp din aminele se-
curdare la 3 440 cm 1, vibratici de valentda ve o (banda amidd I) la 1692
cm 1 si vibraticl de deformatie vy (bande amida II) la 1 537 em 1

Analiza completda a spectrclor IR si de masd a compusilor discutati,
precum gi implicatiile datelor obtfinute mai sus asupra mecanismului sin-
tezer Yédndsescu a acridenelor vor constitui obiectul unei note viitoare.

Partea experimentali

@i 2e-Dinitpo-2 20 A A telyamctoxitrifenilmetannl  (11). Iutrun flacon cu dop rodat
seointvodue 08¢ 2d-diuttrobenzaldehids, 096 ml dimetiieternl rezorcined, 3 ml acid acetic
' IooSe agitd pini’x la oblinerea unui amestec omogen. Se continud agitarea si se adaungd
i picitor 0,3 mi aci sulfuric cone ¢ - 1,84, Amestecul de reactie se mentine la tempera-
tura cumerei 24 de ore la intuneric. 8¢ observid inchiderca enlorii amestecului de reactie,
cu sepurarea unui precipitat de culoare gaibend. Prin adidugarea a 100 ml de apid precipitarea
este completd, Precipitatil se filtreazd $i e wsucd, obtinindu-se 0,6 -0,7 g produs brut. Pro-
disul brut se extrage de 4 ori o eite 30 ml eter etlilic. Substanta solidd ramasi se recri-
stalizenza de dona ori din neid ac dal, cind se obtine o substantd slal galbude pt.
19367, randament 32,67, yren solo benzen, aleool, usor solubilldt in dioxan si dimetil-
fermamida,
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Yxtractele eterice reunite se concentreazi si din substanta separati se recupereazd o
cantitate mici de 2 4-dinitrobenzaldehidd nereactionata.

CpaHpaN,0y (454,4)  caleulat C 60,79 H 4,88 N 6,16
gasit € 60,50 H 4,61 N 6,01

b) Separarea trifenilmetanului Il se poate efectua si in modul urmaitor: se intro-
duc in sintezd aceleasi cantititi de substante ca la punctul a). Precipitatul depus din ameste-
cul de reactie, dupi 24 de ore se filtreazd, se spali pe filtru cu apid si eter, apoi se recrista-
lizeazd din acid acetic glacial. Se obtine produsul 1I, identic cu cel obtinut la punctul a).
In solu{ia mumd se adaugd api, cind precipiti o substantd galbend, care dupi separare si
uscare se macereazd cu eter. Din substanta rimasi dupd filtrarea eterului, prin recristalizare
din acid acetic glacial se mai separidi o cantitate micd de produs II (0,08 g). Solutia etericd
se prelucreazit ca la punctul aj. (Randament in produsul IT 549).

2,4-Diamine-2" 27 & 4" -teivametoxitvifenidmetanul  (1I11). Se refluxeazd 0,2 g dinitvo-
trifenilmetan 11 in 3 ml etanol 96°,, 2—3 vriaute. (Produsul II nu se solvi in etanol) Se
adaugd un virf de spatuld nichel (din formiat), 4,6 ml hidrat de hidrazini 859, i se reflu-
xeazdi 1 ord. Se mai adaugd 0.3 ml hidrat de hidrazing, continuind incélzirea incd 1 ori.
Solutia se fiitreazd, se concentreazdi cind se separd o substanti de culoare albd, care se
filtreazd, usuca §i recristalizeazd din etanol apos, p. t. 146--77 randament 909%,.

CoyHLoNL0, (394,4)  caleulat € 70,03 I 6,64 N 7,10
gasit € 69,80 H 640 N 6,85

2.4-Dibenzoilamino-2',2" 4’ 4" -tetrameto xitvifenilmentanul (IV). Se suspendi 0,1 g din
produsul ITI in 20 ml hidroxid de sodin 209;. Apoi se adaugd 0,5 ml cloruri de benzoil.
Se agitd mecanic 3 ore. Se formeazd o substantd viscoasi care se depune pe fundul vasului.
Se decanteazi solutia si se fierbe de 2 ori cu 40 ml apd. Substania obtinutd s¢ macereazd
cu acetond. Solutia acetonicd se filtreazd peste cdrbune animal, $i se adaugd apd, cind
precipiti o substantd de culoare albd, care se {iltreazd, se spalil cu eter pe filtru i se
recristalizeazd din etanol apos, p.t. 235-67.

CypH NLH (602,6)  calculat € 73,74 I 5,68 N 4,65

alsit ¢ 73,50 H 535 N 4,40

Punctele de topire au fost determinate la blocul de cupru si aparatal Boetius §i =int,
necorectate.

Intrat in redacfie la 2 august 1973)
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Ob AKPHMJIOHAX (XLIX)
Kondencayua 2,4-0Ounumpobensarvdeauda ¢ Jumemuasupos pesopyuna
(Pesmwwme)

B pa6ote ofCcyxAaeTCs PeaKUHs KOHLEHCALHH 2,4-1HHHTPOGeH3a/p0eTHAA ¢ GEeHOMbHbIMH
shUpaMH B NPHBOARTCA PE3VIbTATLI, NOAYYeHHBIE NPH 3TON KOHAEHCAUMM AdA AUMeTHASPMpa
pesopuuna. OCHOBHLIM NPONYKTOM KOHIEHCAUHH B 3TOM cAydae Obil 2,4-aHHHTpO-27, 27, 47 47-
TeTpameToKCHTpHGenuMeTan 11. B xauecTBe areHTa KOHAEHCAUHH HCNONL30BANach KOHLEH-
TPHDOBAHHAS CEPHAf KHCJIOTA B JeIfHOH YKCYCHOR KHCIOTe.

Coennnense I] nepexoRHT NyTeM BOCCTAHOBJNEHHS HHKeseM (M3 (oOPMHATA) ¥ CHAPaTOM
THApa3HHa B 2,4-n1HaMuHO-2’, 27, 4/, 47-terpametokcuTpHbenuaMetan I1I, xoTophlit nyTtem Gern-
30HAMPOBAHHMSA C GEH3OWJIOBLIM XJIODHJOM NPUBOIHT K NOJYYEHHIO THGEH3OMJANPOH3BOR HOTO 1V

SUR LES ACRIDONES (XLIX)
Condensation de la 2,4-dinitrobenzaldéhyde avec le diméthyléthey de la vésorcine

{(Résumé)

L’¢tude traite de la réaction de condensation de la 2,4-dinitrobenzaldéhyde avec les
¢thers phénoliques et l'on présente les résultats obtenus lors de cette condensation pour le
diméthyléther de la résorcine. Le produit de condemsation principal a été le 2 ,4-dinitro-27,
27,47, 4’"-tétramétoxytriphénylméthane II. I’agent de condensation utilisé a ¢té l'acide sul-
furique conc. dans de l'acide acétique glacial.

Le produit II passe, par réduction avec du nickel (du formiate) et de I'hydrazine,
en 2,4-diamino-27,2//,4',4’‘-tétramétoxytriphénylméthane III, qui par benzoylation avec du
chlorure de benzoyl conduit & la formation du dibenzoyldérivé 1IV.



PERMANGANATE ION REDUCTION WITH THYOSULPHATE
IN AQUEOUS SOLUTION.
DISCUSSION OF CHEMICAL REACTIVITY

MARILENA GIURGIU

Introduction. Our kinetic studies have shown that permanganate
ion reduction with thyvosulphate in alkaline media involves an outer-sphere
momno-electronic transfer mechanism for the rate-determining step of the
redox process 1, 2].

In this paperitis shown how the polyelectronic perturbation equations
‘3] can te used to describe the outer-sphere reactivity in the reactant
system: 8,07 — MnO, in aqueous solution. On the other hand,
we try in this context to discuss the stabilityiof the possible complexes of
the type (O,Mn-X)*~ in acidic media. Thus it 1s not necessary to perform
a ccmplete SCF-MO calculation for such reactive species in order to disco-
ver the factors controlling the reaction rate. It is p0<'<1ble in this way, to
explain the reactivity of the different ligands (donors) to the same acceptor
centre, in connection with the concept of hardness and softness character
of acids and bases 47

Discussion of the chemieal reactivity in the system: MnO; — S,0%2-
When two reactant ions, S,0}~, the nucleophile reagent and the MnOy
ion, the electrophile reagent approach each other, a mutual perturbation
of the molecular orbitals of both reactants occurs. The resulting change in the
energy can be estimated from SCF-MO calculations when the bonds are
completely formed. In the case of the weak interaction such an outer-sphere
one, a polyelectronic perturbation treatment cau be performed which per-
mits to describe the various phenomena which occur during the process.

+ ‘The total perturbation energy is the sum of two contributions. First,
the neighboring effect which accounts for the interaction due to the forma-

tion of an ion-pair without any charge or electron-transfer, may be repre-
sented by:

(5:057)s + (MnOy), — (MnOy), - (S:057)s (1)
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Neglecting all intermolecular ion-pair interactions involving atoms
others than 4 (S. II) and a (Mn. VII) in the species B and A, the corres-
ponding energy change is of the form:

AE(1) = ~gg, - + AE, (1) @)
including some partial desolvation AE((1) energy. Here g, g, are the total
initial charges respectively of the atoms band a; I" = 1/r,, is the Coulomb
repulsion term [5] between & and a.

We must note that in our case the atoms b and a are at a large distance
from one another, because they are not directly connected but via the oxy-
gen atom bridge in the outer-sphere circumstances. We must thus conclu-
de that the first energetic term in eq. (2) is of minor importance.

The second effect controlling the process is the partial charge-trans-
fer accompanying the partially covalent bonding in the transition state.
It is illustrated by the process (3):

(MnO7), - (S,087), — [(MnO; )+ — (S,027)5~/, 3)

or:

(A)7 - (B), = J(A — (B,

The charge-transfer effects are produced by the direct interaction
between overlapping molecular orbitals involved in the electron transfer
and are responsible for the decrease of the ionicity of the reactants. They
also account for some desolvation of initially charged species, $,0%~ and
MnOy .

It may be calculated separately the perturbation produced on each
orbital ¢, of (S,0%7) by each orbital ¢, of (MnO;’) species. Such a pertur-
bation involves new partially perturbed molecular orbitals ¢ . For two
interacting orbitals:

mn’

L"JWI” = CLIJIH + d"p” (4)

¢ and d are the variational parameters.

Thus the energy change due to the partial electron-transfer from an initi-
ally double occupied orbital §,, of $S,0% to the empty orbital of MnOy is of
the form (calculated for the general case [3b]):

. nyg 1 " m r
AE,, = 24 V — A+ (G (g + 2(C)H) — (C)*g, — —

— 1j]+
+%ﬂ$wm~ﬂ{h~An+muAm—mWHQﬂ
re — 1)] + AF (mn). 5)

€

— (CCIRT | 2

o] 1s
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Cy, C, are the coefficients of atomic orbitals for the S(II) and
Mn(VII) atoms in the unperturbed orbitals ¢, and ¢, - C;' for S(II) in
S,02~ species are unknown, the last C, have been calculated [6]. The
values, 1, I,, A,, A, are the energies of ionization of electron for the follo-
wing processes:

— -_—

5,057 > 5,03 —I_> 5,03 (6a)
+e +e

MnO,” —— MnOj~ ——> MnOj~ (6b)
+1y +Ay

The interactions between other pairs of orbitals can be found by a
similar manner.

The desolvation energy due to the partial charge-transfer [7, 8] has

been calculated by Klopman [7] for a set of anions and cations in
aqueous solution in accordance with:

gy + 242 (C)%/* — q; —2d(C" )% — ¢}
] | B L Y
21 < 2Ra c

where % 1s a parameter depending on the charge ¢.

The value of B (the resonance integral) is small for small orbital over-
lapping.

By applving the variational principle the perturbation energy becomes :

AEmr. == En - Em + d{l {(En - Eﬂ)d‘ - (Em - Eﬂ)d?: U] —1‘

VB, — B 4(C) (Coe 2 (8)

The values E,, and E, may be associated with the energy of molecular
orbitals v, and ¢, of the $,03 and MnOj; reactant species under their
mutual influence and in the interaction with the solvent. They may be cal-
culated in terms of the previous discussed values: I, 4,, I, 4,,. C', CL g
g.,. R,, R,. The absolute calculations cannot be now performed. Not all
the parameters are known up to the present.

Thus we have limited our discussion of the chemical reactivity to
the evaluating the controlling effects in the permanganate-thvosulphate
ions interaction of the outer-sphere tvpe. When the perturbations are

small, i.e 48°</E,, — E,/, the last cquation can be reduced and approxi-
mated by:

2(C)% (C" P
AE,, =~ ®)

o L — Ly
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By the consideration of both effects, of charge and of frontiers and
taking in calculations the interaction of all molecular orbitals which can
contribute to the change of energy, it results:

Z(C;n)Z <Cn)2 ,33
AE,, = M“ ~+AE() 4+ Y Y ———
” ” £y — Iy,
oee, unace,

(10)

as the small perturbations approximation.

The discussion of the chemical reactivity in the system under consi-
deration is based on the limits of the last equation (10) for small perturba-
tions. There are two limits. It follows essentially from the consideration
of the difference in energy (E,, — E,), between the highest occupied orbital
of the nucleophile (spec1es S,087) and the Tlowest empty orbital of the elec-
trophile (species MnOj), i.e. the frontier orbitals [97].

The equation (10) allows to explain the factors determining the type
of interaction, as the first approximation to relate the stability of the ou-
ter-sphere complex to the reactant species properties and their electronic
structure, When the difference between E,, and F, for the frontier orbitals
is large, then E, — E,_ corresponding for all pairs of orbitals will he large
and very little charge-transfer occurs. It is a charge-controlled reaction.
It is not our reaction case. £,, is a very low value, that is the donor species
is difficult to ionize or polarize, E, is very high, the acceptor has a low
tendency to accept clectrons. And both reactants are strongly solvated.

When the difference (£, — E,) is nearly O, the interaction of the fron-
tier orbitals is predominant and strong electron-transfer occurs between
them. This type of interaction is essentially between nucleophiles with
low electronegativity and electrophiles of hlgh electronegativity.

In our reactant system, S,02~ ion the douor, is a ,,soft” base of low
clectronegativity and high polarizability. The highest occupied molecular
orbital in S,02~ is a doubly occupied 5a, level [10] having an energy of
—58.01 x 103 em !, relatively high comparatively with the correspon-
ding values for the , hard’ bases as F~, OH~, Cl-, etc. The acceptor cen-
tre, Mn(VII) in MnOj is a ,hard” acid, the lowest empty molecular
orbital is a 2e level [11] after Ballhausen and Gray, or a £,(3)
level [12] in accordance with Wolsberg-Helmholtz scheme. The energies
are respectively, —72.98 x 10® and —69.00 x 10® cm—t.

We have calculated a value of —65.76 x 10° cm—1 for 2e level of
MnO; by using the Wolsberg-Helmholtz semi-empirical method. In Fi-
gure 1 1s represented a model of the two oxyanions interaction in context
with the previous discussion. There are shown the highest occupied mo-
lecular orbital levels for the 8,02~ species (54,, Se, 4e) and the lowest unoc-
cupied level for MnOj ion (Z2e).

The difference in energy of the molecular orbitals probably invol-
ved in the mono-electronic transfer from ,S(II) atom to the Mn(VII)
atom, Es, — E., respectively, FEs, — Et,(3), corresponding to the
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values of 14.97 x 103 and 11.00 x 10®° cm~!, may be essentially
for the high electron-transfer probability in this reactant system. It
precedes at a higher rate than the oxygen ligand substitution in the
oxyvanions occurs. This difference in energy of the frontier orbitals is
rather small. The reaction under study may thus be considered of the
frontier controlled-type rather than a charge controlled one. The charge
cffects are not important for the reactivity. Our calculations have given
a difference in energy of 7.75 x 103 cm~! which may better support the
above conclusion on the high electron-transfer probability.

It is possible to establish a theoretical scale for the reactivity of dif-
ferent ligands having various donor properties, relative to the same elec-
trophilic centre, Mn(VII) in the complexes (OzMn.X)*~. The quantities
E, and E,_ have been given as algebraic expressions and can thus be eva-
luated directly in terms of the discussed parameters. Their evaluation
requires the knowledge of the molecular Coulomb interactions I' which
will vary from molecule to molecule, It has been defined {3b] a quantity E*
the ,,softness” of the reagent, independent from the other reagent, by set-
ting T =0 for all acids or bases. Thus, the electronegativity in solution
may be written as:

2

w(C)2
Ev;nt - [m - Cz([m - /Im) " ( i (1 - l) (Qb + 2d2x(c;)")2)
Rp €
(1)
%+ 9 x(c:)z 1 n
Ef =1 — &I, — 4,) — — (1 — ~] (g — 2282 %(C2)?)

A soft base as S,0% is characterized by a high value for the energy
of the occupied fronticr orbital, a high E” wvalue. The softness increases
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with the increase of E} value. A hard acid, as Mn(VII) in MnOjy has a

high value for the energv of the empty frontier orbital, a high E,; value.

The change in the softness character of the bases X in the mono-subs-
tituted complexes (O,Mn-X)*~ from ,hard” (F~) to ,soft” bases (SH™)
is much more important than the ligand X perturbation on the hardness
character of the Mn(VII) centre. The substitution of O~ with X in the

MnOy ion results in a change of the I, and 4, valuesand therefore in E
but this has a minor importance.

Some conclusions concerning the reactivity of the intermediate-com-
plexes (O3M - X)»~ taking into account the donor properties of the various
ligands X (I,,, A, etc. [3]) are presented in Table 1. We mayv note that
I, quantities show a svstematically decrease with the nature of ligand
X (the nucleophile, the reductant) from hard to soft hases.

In conclusion we may say that difference in the ionic electronegativi-
ties (E) — EJ) mav be used as a measure for the intermediate-complex
stabilities to the intramolecular electron-transfer from X to the central
Mn(VII) atom. The rate constant of the complexes decomposition is expected
to increase when this difference decreases, due to the higher electron-trans-
fer probability.

For the HS,0,- species (the reactant in acidic media) we may expect
a still lower E; value than that for SH-.

In acidic media as the first approximation, chemical reactivity mayv
be related to the electronic structures of the intermediate-complexes and
to the energies of the electronic transitions in a quantitative fashion, using
the SCEF—MO calculations. However, other effects mayv be important in
determining the reactivity. We have selected two compounds, (O;Mn- Cl)
and (OgMn -S,0,H), in which the ligands X have very different donor
properties.

The first compound has been prepared in 1966 [13] and its electronic
spectrum is shown in the Figure 2. The protonated species (HOMn- Cl)*

is probably an intermediate in

the CI- oxidation with perman-

€ ganate in aqueous HCI solution
(147

A MO calculation using the
Wolsberg-Helmholtz method has
been carried out for the (O,Mn-
- C1) species. The necessary in-
tegrals have been evaluated
semi-empirically. We have assu-
med a tetrahedral geometrical
) . \ structure for this molecule (C.,
300 400 500 600 local symmetry). The Coulomb

Arm integrals H,; have been approxi-
Iig.2. Electronic absorption spectrum of mated with th.e _experimcntal
MnO,Cl species () and MnO,™ ion (a). valence state ionization ener-

m?

1000
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Table 1

<F . .
o . E Neutral Conclusionson
X Complex 1,, Ay Desqlx ation Orblt.al calcuﬁted atoms stability to
N e e energies energies ate .
donor species 10—3cm 10—3cm 10— 3em—1 10—30ng—1 eV clectroneg. the electron
(softness) eV transfer
1. 2. 3. 4. 5. 6. 7. 8. 9.
P MnO,T 140.54 28.07 42,11 56.15 —12.18 11.48 stable at low
temperatures
OH™ MnO,-OH 105.69 22.59 40.90 43.45 —10.45 (0:9.10) stable in very
acidic media
Ce Mn0O,Cl 104.96 29.77 31.62 148.57 —9.94 8.94 stable at low
temperatures
Br 95.52 28.16 29.37 45.02 —9.22 8.28 unstable
CNT — 117.79 25.82 22.03 48.81 —8.78 — unstable
SII — 89.55 20.97 79.55 38.16 —8.59 (5:7.16) unstable
1~ — 84.31 25.90 26.54 40.50 —8.31 7.53 unstable

ALVHAINSOAHL HIIM NOILDNJIY NOI FIVNVONVINUId

£9
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Table 2
Valence state ionization energies of Manganese atom in MnO0,Cl
—3 -1
Electronic initial x107% em
VSIE configuration of — e
M atom Gatn==0.7280 | qagy=0. 7970 Qatg=1. 0000

d. VSIE ar 104.777 111.957 133.500
d. VSIE dr—1p 143.318 151.283 174.600
d. VSIE dr—1s 154.245 162.273 185.800
s. VSIE nh—ls 103.577 108.667 123.800
s. VSIE dr—2s? 121.009 128.757 143.800
s. VSIE d#—%p 128.68+4 133.977 149.700
p. VSIE dr—ip 68.833 73.065 85.700
p. VSIE dr—ip? 82.723 87.368 101.200
p. VSIE dr—3sp 83.323 87.968 101.800

gies (VSIE), which depend strongly upon the charge ¢ at the central
atom Mn.

Hy; = — VSIE(g) (12)

The choice of the oxidation state of the central atom influences the
order of the levels, the electronic distributions, and the transition energies.
It is necessary to take into account those values of one-centre integrals which
correspond to the oxidation state of the atom in molecule. We have pos-
tulated three values of ¢ for manganese atom in (MnO4Cl) : 0.7280, 0.7970
and 1.000,

The valence state ionization energies for Mn in MnO,Cl have been
calculated for different initial electronic configurations of the manganese

atom. These are presented in Table 2.

By using the last values we have calculated the H;; elements for the cen-
tral atom (Mn) (7 able 3). Two q values have been taken into account : 0.7280
and 1.000. The first value is more resonable chemically for the substitu-
tion of an oxidic ligand O*- with Cl~- in MnO; (here ¢y, = 0.6568). The
decrease of negative total charge by substitution may result in a decrease
of the fractional positive charge on the central atom.

The H,; elements for ligand are independent of the charge. These values
are presented in Table 3(b).

The H;; elements have been approximated to be proportional to the
overlap in accordance with:

Hi:’ = —F,: Gii(Hii ’ Hii)1/2 (13)
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H;; values for Mn atom in MnO,Cl

Table 3. a

Corrected values Hj; B —
. Calculated values with the for the substitution | % values for MnOj
¥ Balthausen method [6] of 072 with CI™ {Ballhausen-Gray) [6]
MuO; = MnO,Cl q=0.6568
q=0.728 q=1.000
Hii —128.51 —157.50 —125.31 ~121.28
Hii —62.27 —77.45 —62.43 —58.40
Hii —97.81 —~114.85 —97.44 ~93.41
* All energies are in 10° cm—!  units,
Table 3. b

H;; values for the ligands in MnO,Cl*

Corrected H;; va-
Values for lues for the sub-
Hii Ot~ in MnO, [6] stitation of 02
MnO~—»MnO,Cl
H,5(0) o —101.70 —105.73
Hop(0) = -91 .70 —95 .73
H,4(0) —260.80 —264.83
Hyp(Cl) o — —111.0a
Hyp(Cl) - | —101.0a

* All energies are in 10% cm—7 units.
a) these values correspond to the neutral atoms of ligands (taken from

Ballhausen's tables {6]).

where F, parameter is a function of bond character. We have used the

following values:

F, = 196 (Mn—O, sigma)
1.65 (Mn—Cl, sigma)
F, = 2.10 (pi)

x

)
i

The bond distances used in our calculations were ;

fam-o = 1.59 A (MnOy)
oot = 2.46 A [15]

5 — Chemia 1/1974

(14)
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By solving the two secular equations we may find the energies and
coefficients of the molecular orbitals, the electronic populations of the levels
in MnQO;Cl. These will be compared with those for (O;Mn-S,0,H) in order
to explain the difference in the electron-transfer reaction probabilities.

Conelusions. We have shown the importance of charge and frontier-
controlled effects in the outer-shere interaction between S,02” and MnOj
ions in aqueous solution by using the polyelectronic perturbation equati-
ons. The general theory of the chemical reactivity has thus been extended
to an inorganic reactant system. The reaction under study may be considered
of the frontier-controlled tvpe.

In acidic medium, probably involving the intermediate-complexes
(O3Mn-X)* -, the difference in the electronegativities (E7 — E7) mav
be considered as a measure for the complex stability relative to the intra-
molecular electron-transfer from ligand X to the Mn(VII) atom. It is ex-
pected an increase of the rate constant for the complex decomposition
with the decrease of this difference.

(Received August 3/, 1973)
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REDUCEREA TONULUI PERMANGANIC CU TIOSULLAT IN SOLUTIE APOASA,
DISCUTIA REACTIVITATIT CHIMICE

(Rezumat)

Dupad cum am ardtat in lucrarile anterioare, reducerea ionului permanganic cu cel tiosul-
furic in mediu alealin decurge dupd un mecanism de sferi-exterioard. Cinetica de reactie, stoi-
chiometria gi alte fapte experimentale vin in sprijinul acestei concluzii. Mecanismul cel mal
probabil este transferul upni electron de la specia 8,057 la MnO,” prin internediul puntii de
oxigen. Produsii imediati ai etapei determinate de vitezd sint 8,0, i MnO}™.

Ajci se discutd reactivitatea acestui sistem in aproximatic orbitalelor moleculare de
frontierd, a ciror interactiune devine importantd in determinarea probabilititii mari a transfe-
rului de electron. Se face uz de ecuatiile lni Klopman Iuind in considerare interactiunea mutala
a jonilor reactanti, cit i cea cu solventul, pe hazn unui caleul polielectronic al reactivitdfii
chimice.

BOCCTAHOBJIEHHWE MOHA TTEPMAHTAHATA THOCM/Ib®ATOM B BO/ITHOM
PACTBOPE. OBCYXIAEHUE XUMHMUFECKOH PEAKTHBHOCTH

(Peswome

Boceranopiente HOHa NepyManranata THOCEPHOKHCIBIM HOHOM B ILeJOMHON Cpele HMeeT
MeCTO [0 MEXAHH3MY BHeiwunefl ceprl. PeakllHONNAS KHNETHKA, cTEXHOMETPHST B IPYIHe 3Kcne-
PHMEHTAALEBE DaKTLL NOATBEP A 10T 3TOT BbiBoA. Hanbonee BepOSTHEIM MEXAHHIMOM HBJAHETCS
[EPEHOC OJHOTO 3IeKTpoHa 07 BHIa S5,087 k MnO; DocpeicTBOM KHCJIOPOAHOIO MOCTHKA.
HenocpeAcTBeHIBIME  TIPOIYKTAMI ONPe {esIonlero 3Tana CKoPocTH  sistotea $,0;7 1 MnOj—.

dadee o6cyKIdeTCS PEAKTHBHCCT 9TON CHOTEMB! B alMPOKCHMALIEH NOTPANHUHLIX MOJe-
KYJASAPHBIX OPGHTATEH, B2aHMOAeHCTBHE KOTOPLIX CTAHOBHUTCSH BAXHBIM NPH OlpelleseHHH 00Jb-
WOR BepOSITHOCTH 3JMEKTPOHHONO lepenoca. llpHMensiiotcs ypasuenus KJonmana, yudThiBas
B3AHMOLeHCTBHEe PearHpyIOUIMX HOHOB, 2 TaKiKe B3aUMOAEHCTBYe ¢ PACTBOPHTEJeM Ha OCHOBe
NOJH3CKTPOHHOTO BHIYHCJAEHHA XHMHUECKOI PEeaKTHBHOCTH.



BEITRAGE ZUR CHEMIE DER POLYTHIONATE (VI)*

Thermogravimetrische und UR-spektroskopische Untersuchungen
itber einige Metallpolvthionate

MAGDA SOMAY und CSABA VARHELYI

Die Polythionate der Alkali- und Erdalkalimetalle entstehen im allge-
meinen aus Me;S,0,, bzw, Me''S,0, und SO, in Anwesenheit von Kataly-
satoren. Das Pentathionat der Reihe wird mit Arsentrioxyd 1] und das
Hexathionat mit NaNO, [2] erhalten. Zur Darstellung der Trithionate
verwendet man eine Oxydationsreaktion mit Perhvdrol [3]. Die reinen
Tetrathionate bilden sich durch die wohlbekannte Oxydation der Thio-
sulfate mit Jod {4].

Beziglich der Darstellung von Metalldithionaten kann entweder die
direkte elektrochemische Oxvdation des Sulfit oder die chemische Oxyda-
tion, unter Verwendung von freien Halogenen, Bichromat, Permanganat,
usw. angewendet werden. Hohere Alkalipolythionate mit mehr als sechs

Schwefelatomen im S O -Anion wurden auch in der Literatur beschrie-
ben [3].

Die Kinetik und der Mechanismus der Bildungs- und Umwandlungs-
reaktionen dieser Anionen wurden vor vielen Autoren mit mannigfaltigen
Forschungsmethoden untersucht. Zur Klidrung dieser sehr komplizierten
Vorgidnge kommen die Papier- und Radiochromatographie mit markierten
S und O%-Atcmen (S0, .S, Na,5,0,, usw.) und die Tonenaustauscher-
technik im Betracht [6--8]. Die Salze der Polvthionsiduren zersetzen sich
im allgemeinen in Ldésung sowie im festen Zustand unter Abgabe von Schwe-
fel und Schweldioxid [9—127.

Im Gegensatz zu den Polvthionaten der Kobalt (I1I) — amine kén-
nen wir zur Darstellung der Metallpolvthionate keine doppelten Umsetzun-
gsreaktionen verwenden. Die thermische Stabilitit dieser Substanzen wurde
nur schr wenig untersucht. Torikai Eichirii un Mitarbeiter [13],
bzw. PavlvucRNenko und Mitarbeiter [14] haben die thermische

* VL Mitt, M. Somay, Stud. Univ. Babes-Bolyail, Chem., 13, (2), 129 (1968).
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Zersetzung einiger Dithionate untersucht (L1,5,0, Ag,S5,0, usw.)
und den Verlauf dieses Prozesses auch rontgenographisch verfolgt.

Die Ultrarotspektren von Na,5,0, und XK,S,0,, im Vergleich mit
jenem des K,P,0, wurden von Palmer [15] untersucht. Finige Erdal-
kali-tetrathionate wurden von I e c o m t e und Mitarbeiter [16], bzw. von
Schmidt und Sand {17] ultrarotspektroskopisch untersucht.

In vorliegender Arbeit haben wir die Pyrolyse einiger Metalldithionate
und Polvthionate thermogravimetrisch untersucht und ihre UR-Spektren
erortert.

Der termische Abbau dieser Substanzen ist im allgemeinen e¢in kom-
plizierter Prozess. Zwischen den Abbauprodukten finden wir Schwefeldioxid,
Wasser, elementaren Schwefel und Sulfate der entsprechenden Metalle
in verschiedenen Verhiltnissen, in IFunktion der Zahl der Schwefelatome
in den S,Oy — Radikalen, und der Natur des Metallions. Die Zersetzungs-
temperaturen der Polythionate mit identischen §,0, — Anionen sind,
im Zusammenhang mit ihren Polarisationseigenschaften, von der Natur
der Metalle beeinflusst.

In Abb. 1 und 2 sind die thermogravimetrischen Kurven einiger Di-
thionate dargestellt.

Wie aus diesen Thermogrammen hervor-
ceht, verlieren die untersuchten Substanzen bis
130~ 150°C ihr Kristallwasser. Die Alkali- und
Iirdalkali-dithionate sind bis 220—280°C bes-
tintig und zersetzen sich iiber diese Temperatur

No,S406 - Had unter Abgabe von Schwefeldioxid :

mg

Me§,0, - MeSO, ¢ S0,

4 Na;S0, Die thermogravimetrische Analyse zeigt,
dass die thermische Stabilitit der Dithionate

in der Reilie

} Na;S0e Me - Cd << Zn <0 Na <2 Ba < Sr <« Ca << Mg
Zn 53044 H:0 J zunimmt. Am bestindigsten sind die Magne-
sium- und Calciumderivate. Im Falle der
Natrium-und Frdalkalidithionate sind die zur
Kristallwasserabgabe entsprechenden Stufen
von diejenigen der Schwefeldioxidentwicklung
von  wohlbestinmmten  horizontalen  Teilen
‘! getrennt. Beim Zn$,0,-4H,0 und Cd$,0,-
Zn S0 -5H,0 tritt im Zersetzungstemperaturgebiet
nur ein Knickpunkt auf. Die Schwefeldioxid-
entwicklung ist in thermogravimetrischen
Experimentierbedingungen ein schuell ablau-
fender Prozess. Die TEntwiisserung findet im
allgenieinen viel langsamer statt. Diese Entwis-
serungsstufe kann zur kinetischen Analyse her-

€d S0 5HD

i angezogen werden. Bei Anwendung der von
i 7 s a k 6 modifizierten Oz a wa 'schen Rech-
20 0 600 30T nungsmethode [18,197 haben wir die kine-

tischen Parameter des Entwisserungsprozesses
Fig. 1. Thermogramme einiger Dithionate  des MgS8,04-3,5 H,0, Ca8,04.4H,0 und BaS,04.
der Metalle, -2H,0 ermittelt. Der Zersetzungsgrad der
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Foig, 20 Thermogramime  eindger Frig 30 Zersetzungsgrad (%) einiger Dithionate in
Dithionate der Metalle. Funktion der Zeit bei verschiedenen  Heizungs-

veschwindingkeiten o Anderung  der  log ai in
Funktion der rezipr. Temperatnr
i Autheizgeschwindigkeit  C/Min.

g
schiedenen Aufheizgeschwindigkeiten (3,8 und 10°C/Min), sind in Abb. 3 wiedergegeben.
Die kinetischen Parameter sind in der Tabelle | zusammengestellt.

obencrwih nten Verbindungen in Abluangigkeit von der Zeit, unter Verwenduns von ver-

Die thermische Zersetzung der Trithionate und der hoheren Polythionate ist ¢in kompli-
zierter Prozess. Die Aufspaltung der S-S-Ketten in den S 0} -Anionen Leim DBrwidrmen wird
von Ausscheidung von elementarem Schwefel und Schwefeldioxid - entwicklung begleitet.
Diese sukcessive, oder vielleicht simultane Vorginge finden schnell statt und kénnen nicht aof
den Thermogrammen getrennt werden. Durch eine derivatographische Untersuchunyg koénnen

wahlirscheinlich einige Zersetzungsreaktion auch in dicsem Gebiette besser erklirt werden.
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Tabelle 1
Kinetische Parameter fir die Entwisserung einiger Dithionate
Heizungsgeschwin- Aktivierungs-
Verbindung digkeit Tos energie
Grade/Min Kcal/Mol
MgS,04.3 1/2 11,0 5 395
8 409
10 416 9.6
Cas,04.4H,0 5 387
8 402
10 410 27,7
Bas,06.2 HO 3 387
8 394
10 397 19,7

Probemenge : 100 4+ 2 mg; Ty, - Temp. bei == 0,5 «

Die Thermogramme der K,5,04, Cs,5,0, und Ba8,0, - 21,0 zeigen, dass dic entwis-
serten Substanzen bis 210 —230°C bestindig sind und gehen bis 270 ~300°C in die entsprechiende
Sulphate fiber. (Abb.4))

Die thermogravimetrischen Kurven ciniger Tetra-und Pentathionate (Abb.5) zeigen
einen ihnlichen Ablauf. Mit der Verlingerung der 8-8-Ketten der Polythionate nimmt die
thermische Stabilitit der Salze ab. Der Gewichtsverlust der Tetrathionate beginnt ischon bei
190 - 200°C und bis 300 --320°C wandeln sich diese Derivate in die entsprechenden Sualfateum.

Tabelle 2
Ultrarot Spektraldata einiger Polythionate der Metalle und der Kobal¢ (1) -amine
Verbindung
Vibrations
frequenz I 1L 1588 Iv. v VL
N 11 3240m 3254s 3244x - ( —
3100s 3100s 3110 -
3130m
S 1T 2970m - 2970m 2970m | i —
A CH, 14508 14508 14503 —
S~ v 124033 1240 Schult.] 1230ss 128033 126055 1260s
120588 12304 123055 1228ss 1200s 12405
WS- O(v,) | 1050 -
1060ss - 1053ss 1005ss 1060ss 1040ss
993ss 1030s 10255
PRSI 787m 730sch 763s 670ss 640ss
( Vo ) 675 Schult
v~ O vg) 583ss 575s SRR 555 - 630
61338 560m 390ss 610s
58755
v 0 v) 535m 527m 533s 510m 560sx 545m
515m 510m 523m 533ss 535m

It {Cnlen)yCly Ty - 530, I1 trans- [Cofen) Ul Ty - 8,0, IIL trans-Colen),ClL)y - 5,040 IV, 815,0, - 3H,0;
VOIS0 VI Csg8,0y.

33 == sehr stark, & = stark, m = medium, sch = schwach.
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g
Na, S0+ 2H,0
mg
KeS 04
Csy 5406
Moy S0
i i
KySOy
CS:S.O. . K SaCc
#0550,
|
- G450,
| i | KaS0a
BaS,0, - 2H0 | K3S¢0s * HyO ;
-Hp
K2 SO0
lsﬂmo ;
|
§ | K,SQy
O SO, S .
200 «&0 600 80 << . 200 «Q0 600 800 e

I'ig. 5. Thermogramme einiger
Tetra-und Pentathionate.

Fig. 4. Thermogramme ciniger
Trithionate der Metalle.

Aus diesen Messungen gelit hervor, dass sich die thermischie Bestindigkeit in den Reilien.
K,5,0,> K 8,0> K;8,04; Nap,S0; > K,8,0> C5,8,04; K,8,0, > (5,8,0, abnimmt
Die UR-Spektren einiger Alkali- und Erdalkalipolythionate, bzw. von einigen Kobalt(ITI)-

amin-polythionaten ([Co(en),Cl,1,5,0,) in KBr Presslingen aufgenommen, wurden analysiert

und diskutiert.
Die charakteristischen UR-Frequenzen der untersuchten Verbindungen sind in Tabelle

2 zusammengestellt.

Fiir das $,0i -Ton konnen wir 11 Schwingunsfrequenzen auf Grund
der D,; — Symmetrie nach Herzberg [20] zuschreiben.

Von diesen Schwingunsfrequenzen treten in den IR-Spektren nur
die p; und p, S—O Valenzschwingungsfrequenzen, die pg und pg 3S—O,
Deformationsfrequenzen, bzw. die SO,—SO,;—Torsionsvibrationen auf.
Die SO;-Gruppen bewahren ihren Individualitit auch in den Polythiona-
ten und ihre charakteristische UR-Frequenzen verdndern sich nur ein
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wenig in der Polythionat-Reihe. (u; = 1000—1050 cm~!, p, = 580620
cm™?, pg = 510—530 cm~?). Die charakteristischen UR-Frequenzen eini-
ger Alkali- und FErdalkalipolythionate im Vergleich mit diejenigen der
trans- [Co(en),Cl,],5:0, sind in der Tabelle 2 zusammengestellt

Die Schwingunsgfrequenzen der Metall-polythionate und Kobalt (IIT)
-amin-polythionate erscheinen bei anndhernd gleichen Wellenzahlen.
Es wird oft eine parallele Verschiebung der pg pg ind pg Werte mit der

Zahl der Schwefelatomen in §_O; -Anionen beobachtet. Einige Abweichun-
gen sind bei den S-Oy-Deformationsschwingungen erkennbar. Es ist be-
merkenswert, dass sich die Valenzschwingungsfrequenzen der S-S-Ketten
in den UR-Spektren nicht auftreten kénnen.

Experimenteller Teil. Die Darstellung der Polythionate der Alkali- und Erdalkalimetallen
wurde nach Literaturangaben durchgefiilirt.

Einige Dithionate wurden durch dic Tonenaustauschertechnik erhalten. 20 mMol Na,5,0,
im 6080 ml wissriger Losung wurden durch eine mit Amberlit-IR-120 R-H-F'orm gefiillte
chromatographische Sdule durchfliessen gelassen. Die entstehende freie H,5,04 -Lésung wurde
mit dquimolekularer MeCO, Me == Zn, Cd, Mg, Sr, usw. Menge behandelt und auf dem Was-
serbade eingeengt. Die enstehenden Dithionate wurden durch umkristallisieren gereinigt. Mit
NiCO, und CoCO, konnten keine einheitlichen bestandigen Dithionate erhalten werden.

(Iingecangen am 3 Tuly 1973)
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CONTRIBUTII LA CHIMIA POLITIONATILOR (VI)
Studiu termmogravimetric si spectroscopic in infravosu asupra wnor politionati metalici

(Rezumat)

S-au obtinut o serie de ditionati si politionafi metalici de tipul MejS5x0, 5i Me''S,04 pe
baza datelor din literaturid gi prin folosirea risinilor schimbitoare de ioni (Amberlit IR —120).
Mel - Na, K, Cs, Mell = Mg, Ca, Sr, Ba, Zn, Cd. S-a studiat piroliza acestor siruri pe cale
termogravimetrici, calculind si parametrii cinetici de deshidratare in cazul unor cristalohidrati,
pe baza metodei Ozawa-Zsako. S-au interpretat spectrele lor infrarogii in comparatie cu complecsi
cobalt (III)-aminici ai politionatilor.

K XUMHH TOJHTHOHATOB (VD)

Tepmozpasumempuueckoe u CAEKMPOCKONU4ecKoe uccaedosanue 6 H K obaacrmu
HEKONIOPHLX METNAAAUNECKUX ROAUNTUORAMOS

{Peswme)

Vlonyden paa MeTAJMIHUECKHX JHTHOHATOB H IOJMMTHOHATOB THIA Me,f, 5;0, B MellS O
Hd OCHOBC JAHHLIX, HMCIOWHAXCH B JTHTEPATYpe, H NyTeM HCMOJAL30BAHHS HOHOOOMEHHLIX CMOJ
SAmberlit TR — 1201 Melb . Na, X, Cs, Mell — Mg, Ca, Sr, Ba, Zn, Cd. Aa’ropu H3yyaJu
HHPGAMS  9THX COJMeH  TePMOTPaBHMETPHUECKHM  METOJ0M, BLIMHCISISE H  KHHETHUeCKHe na-
PaMUTpPL QETHAPATAUHH B Cyyde HEKOTOPHIX KPHCTAWIOTHAPATOB Ha OCHOBe Meroja O3ana-
Aaro. HutepnpetHpopa uch X HubpaKkpacHsle CnexTpul 1o cpasuetio ¢ xobaabt (111)-amumin-
MEKOMITOKCAMH NTOIHTHOHATOR.
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Neue Polythionate der Dioxim-Chelate des Kobalts

CSABA VARHELYIL, MAGDA SOMAY und GYORGY GERGELY

Wie aus unseren fritheren Arbeiten [1-—35] hervorgeht, bilden die
Polvthionate kristallisierte, einheitliche Komplexsalze mit Kobalt (11I)
—aminen. Die Polvthionate der Hexamine und Monoacidopentamine sind
leicht lasliche Substanzen. Die Laslichkeit der analogen Derivate des Diaci-
do-tetramin-Kobalt (III) Typs ist viel geringer. Wir haben beobachtet,
dass die Loslichkeit der Polythionate mit identischen XKomplexkationen
i der Rethe:

R=,0, << RS04 << R8O, << RS;04 abnimmt.

Diese Verbindungen sind alle normale Salze, entstehen durch doppel-
te Umsetzungsreaktionen, und in Gegensatz zu den Polythionaten der
Uhergangsmetalle, zersetzen sie sich beim Aufbewahren nicht.

In Fortsetzung dieser Arbeit haben wir die Wechselwirkung der
Alkalipolvthionate mit Dioximin-Chelaten des Kobalts: {Co(Diox.Hj,
(Aminj, |~ untersucht. Nach unseren Beobachtungen fallen diese Chelate
die 3,05 -Anioue  aus  wissrigen-alkoholischen  Iosungen als normale
Salze mit  der  Zusammensetzung  [Co(Diox.H)o(Amin), 1,5 O - (Diox-
H,=Dimethvlglvoxim: DH, und Methyldsopropyldioxim : Propox. H,)-
- Amin-verschicdene aromatische Amine mit pk-Werten: 9—11 bzw. Thio-
harnstoff.

In Tabelle 1 sind 16 neue Polythionaten des [Co(Diox.H),(Amin),].
S, 04-Tvps charakterisiert.

Drese Komplexsalze sind in Wasser schwer loslich und lésen sich leicht
in Methanol, FEthanol und Dimethylformamid.

Die thermogravimetrische Analyse zeigt, dass diese Verbindungen
bis 170 —190°C bestandig sind und zersetzen sich bei hoheren Temperaturen

* VI Mitt. M. Somay und Cs. Varhelyi, Studia Univ. Babes-Bolyai, Chem. Vor-
stebtende Arbeit.
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Tabelle 7
Neue Polythionate des Typs [Co(Diox.H), (Amin)y], S;0,
{
| Mol .
| . Arale R Analvse
No FTormel L Gew. Cham}.\ten 3
1 stik
i ber.
i Ber. Gef.
1 [Co{Propox.H ), (Aniling 1,5,0, 1 1259,2 | Braune, klei-
ne Nidelchen| Co 9,36 | 9,45
: S 7,64 | 7,50
21 [Co(Propox.H),(Anilin),],8,04-2H,0 1327,2 | Braune mik-| Co 9,88 | 8,60
rokrist. Ma-
R S 964 1 932
3| [Co(Propox.Hj,(p-Toluidin, 158,04 - 2F,0 1351,1 | Braune mi- | Co 8,72 i 8,75
krokrist.
Masse s 7,10 6,90
4| [Co(Propox.H),(m-Toluidin}, 1,8,04- 2H,0 1351,1 | Braune mi-
krokrist. Co 8,72 8,68
Masse
3| [Co(Propox.H],(p-Toluidin), 1,5,0- 2H,0 1383,2 | Braune mi-
krokrist. Co 8,52 | 8,81
Masse S 925 9,10
6| [Co(Propox.H},(m-Toluidin),],5,0,2H,0 1383,2 | Braune mi-
krokrist.
Masse Co 8,52 8,40
7] [Co(Propox.H),(x-Naphtylamin),],8;0,+2H,0 | 1463,1 | Dunkelbrau-
ne krist. Co 8,05 7,90
Masse S 4,38 4,20
8| [Co(Propox.H),(B-Naphtylamin),],5,04-2H,0 1463,1 | Braune mi-
krokrist. Co 8,05 5,08
Masse S 4,38 4,20
9} [Co(Propox. H),(a-Naphtylamin),1,5,0 1459,2 . " Co 8,08 | 3,21
S 6,59 | 6,30
10} [Co(Propox.HY,(2-Naphtylamin), ,5,04 - H.O 1477 o . Co 7,98 | 7,85
S 6,49 | 6,30
11} {Co{Propox.H),{x-Naphtylamin},1,$,0,-2H,0 1527,2 . . Co 7,72 | 7,95
S 839 | 8§15
12} {Co{Propox.H),{2-Naphtylamin), 1,5,04-2H,0 | 1527,2 | Braunme Na- | Co 7,72 | 7,55
deln S 8,39 R, 14
13} [Co(Propox.Hj,{a-Naphtylamin), [,5,04-2H,0 | 1559,2 | Braune Ni-
delchien Co 7,56 7,69
14} [Co(Propox.H),(8-Naphtylamin),],8,04-2H,0 | 1559,2 | Braune mi-
krokrist.
Masse Co 7,56 7,57
15| [Co(DH),(Thio),],8,04 1042,9 | Braune mi-
krokrist. Co 11,70 | 11,75
Masse S 18,441 18,10
16 [Co(DH),(Thio),],8,04 1107 Braune klei- | Co 10,801 11,20
ne Nidel-
chen S 23,121 22,85
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ADbb. 1 Die UR-Spektren einiger Polythionate.

ohne Bildung von stéchiometrischen Abbauzwischenprodukten. Das End-
produkt der Pyrolyse um 900°C ist Coz0,.

Die Ultrarotspektren der [Co(Propox. H),(«-Naphtylamin),], S,O4,
[Co(Propox.H),(B-Naphtvlamin),], S$;0, K,5;04 und [Co(Propox. H),
(B-Naptylamin), |, S;04 sind in Abb. 1 dargestellt.

Die wichtigsten Spektraldaten einiger Polvthionate sind in Tabelle
2 zusammengestellt.

Die UR-Spektra der [Co(Diox. H),(Amin),], S,04 sind viel kompli-
zierter als diejenigen der einfachen Metall-polythionaten. Neben den Va-
lenz- und Deformationsschwingugsfrequenzen der $,0% -Gruppen treten
im Bereiche 700—1800 em~! auch diejenigen der koordinierten aromatis-
chen Aminen und Dioximen auf. Bei niedrigeren Wellenzahlen: 500—650
cm~1 sind aber die S-O,-Deformations-schwingungsfrequenzen der Polythio-
nate durch die organischen Komplexbildner nicht beeinflusst.



78 CS. VARHELYI, M. SOMAY, GY. GERGELY

Tabelle 2
Ultrarotspektraldata einiger Polythionate
Vibra- Verbindung
tions- ;
. ) |
frequenz I. 17, 111, Y 0 V1
: L
YN-—1 3240 m 3220-40m | 3240 m 3330 schult.
3070 m 3070 s 3070—90 s | 3200 mn i
YC—H 2990 s 2980 s 2980 m i
40 H .0 | 1740 sch 1760--80m | 1760 -8¢ m 1720 40 sch |
173050 m | 17001746 :
V(= N 1560 s 1560 s 1565 s 1585 s
ACH, 1370 m 1370 m 1370 m 1380 m - .
wN O 1240 ss 1240 ss 1240 ss 1240 ss 1240 GOp 1200-
YS—Of(vq) 1230 Schult. 88 1260 ss
yN—O 1090 ss 1130 m 1130 sch. 1090 ss 113338 1020 —
9B O vyg) 1025 5 1010 ss 1025 ss L1030 sx 1030x . 1050 <
S Of vy 780 ss 735 s 755 ss 740 m 68053 740 -
+ vy 740 m 755 s
w8~ Ofvg) 610 --620s 635 m 615 ss 655640 5 635 - 6400 630 s
m
S O{ vy) 535--45 560 m 550 —65 m i 540 schult 530 m 535 -
sch 560 m 540 s
1. {Co{Propox.H),(a-Naphtylamin}, ,5,0,: 1L [[Co{Propox.H),(3-Nuphtylamin)yJs$,0,;  IIL Co(Pro

pox. 3)(3-Naphtylaminiy 138,04 ; IV, [Co(DH)(Thioharnst), 1,5,0, 1 V. Na,5,0,: VI K,8,0,.

Die starken Banden bei 2950 —2980 cm ! gehoren zu den vC-H-Valenz-
schwingungsfrequenzen der CH,;, CH,-Gruppen der Dioxime. Die vN—H-
und vC=N-Banden der koordinierten Aminen und Dioximen bei 3230,
3080 cm~3, bzw. um 1560--1570 cm—! sprechen fir einen hohen kovalenten

Charakter der Co—N(Amin) und Co—N(Oxim)-Bindungen. Die vN-—-O
und vN-—OH-I'requenzen der Dioxime um 1220—40 und 1050—1100
cm ! sind wegen Uberlagerung der S—O-Frequenzen bedeckt.

Fir die starken O—H...0O -Wasserstoffbriichenbindungen, bzw. fiir
die trans geometrische Konfiguration der [Co(Propox.H),(Amin),]*-Chelate
charakteristischen §0—H..O-Frequenzen erscheinen bei 1720 — 1750
cm~! als schwache, breite Banden.

Die UR-Absorbtionsbanden der Polytionate der Metalle und der Dioxi-
min-Komplexe liegen bei gleichen Wellenzahlen. FEinige Abweichungen
sind bei den S-—O,4-Deformationsschwingungen erkennbar.

In einer anderen Reihe von Versuchen haben wir einige Anatations-
reaktionen der Aquo-amin-kobalt (III)-Komplexe mit Polythionaten un-
tersucht.
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Von der Oxysduren des Schwefels bilden die schweflige Sdure und
die Thioschwefelsdure leicht Sulfito-und Thiosulfato-Komplexe mit Kobalt

(I11). So wurden [Co(NH,), S0, %, [Co(NHg)5(S:0,5) 2%, [Colen)y(SOy),] -

[6, 7] erhalten. Ablov und Mitarbeiter [8-—11] haben auch Sulfito- und
Thiosulfato- bis- dimethvilglvoximin- und benzvldioximin-Chelate des
Kobalts von verschiedenen Tvpen [Co(DH),(S0;),7* -, [Co(DH)H(8,04),17,
[Co(Diph.H)4(804),1# - [Co(DH),XS0,2 - (X =C(Cl, Br, J, NO, NC§)
beschrieben un charakterisiert. [8—11".

Die ultrarotspektroskopischen Messungen bestatigen dass die Co—$50,
Bildung durch das Schwefelatom verwirklicht wird.

Im Vergleich mit dem Sulfition sind die Elektrondonor- eigenschaften
der S_0? -Ione viel schwicher. Diese Donoreingenschaften nehmen wahr
scheinlich parallel mit der S—8 Kettenlange zu, in derselben Richtung
wachsen auch die sterischen Hindernisse. Im Vergleich mit dem SO%~
haben dann die S,0%" -Anionen verminderte nukleophile FEigenschaften.

Fiir die Anatationsreaktionen verwendeten wir Rozeo- und Dirozeo-
Salze: [Co(NH,);(H,0)1X,;, [Co(NH,),(H,0),]1X,;, [Co(en),(H,0),]1X;, als
auch  Acido-aquo-bis-dimethvlglyioximatokobalt (IIT)-Nichtelektrolyte :
[Co(DH),(H,0)C1], [Co(DH),(H,0)Br], [Co(DH),(H,0)NO,], [Co(DH),(H,0)
NCS1, {Co(DH),(H,0)(NCSe) T und [Co(DH),(H,O)NCO}.

Der Austausch der Wassermolekiile in diesen Aquo-Komplexen mit
Na,S0, findet leicht statt. Die cntstehenden Sulfito-Salze : Na,y [Co(DH),
XS0, (X1, Br, J, NO,, NC&, usw.) kénnen aus den wissrigen Losun-
gen izoliert werden. Die analoge Anatationsreaktionreaktionen mit Na,S Og
fithren nicht zur Ausscheidung von Na,{Co(DH), X §,04], bzw. Na,[Co
(DH), (5.0),). Die [Co(DH),(H,0)X] bleiben unverdndert beim Behan-
deln mit Na,S Oy auf dem Wasserbade.

In einer anderen Reihe von Versuchen haben wir [Co(en),CO,]NO,
mit Ba$, 0, in wissriger Suspension mehrere Studen gekocht. Es scheidet
sich allmihlich BaCO,, aber [Co(en),3,0,] NO,; konnte nicht isoliert
werden.

Es ist bemerkenswert, dass eine analoge Substitutionsreaktion mit
BaS,0, sich leicht vollzieht [12].

[Co(en),CO3INO; + BaS,04 = [Co(en),S,0;] NO; + BaCO,
Hine direkte Synthese der [Co(Diox.H),(S,04)Y ]~ und [Co(Diox—

H),(S,04),13 durch Oxydation der Kompoucente mit Luftsauerstoff nach
der Gleichung:

2Cot + 4 Diox—H, + 45,08 4 1/20, = 2[Co(Diox-H)y(S,04),1°"
1OHO - 2HT ‘

gibt keine pozitiven Ergebnisse,
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Das Selenit-Ton mit stark nukleophilen Eigenschaften kordiniert sich
leicht zu Kobalt (I1I) und deshalb ist die Bildung von verschiedenen Selenito-
Komplexen, wie [Co(NH,);8e¢0,*, [Co(DH),X(SeO,)]2-, [Co(DH),
(85eQy), B~ zu erwarten. Diese priparative Versuche werden in einer kiinftigen
Arbeit besechrieben.

Experimenteller Teil. Die {Co(Diox-H), (Amin),] acetate wurden nach der klassischen
Oxydationsmethode aus den Komponenten mit Luftsauerstoff erhalten. Fiir die Synthese ver-
wendeten wir Dhmethviglvoxim. Propoxim, Kobaltm_“ctat, bzw. Thioharnstotf, Toluidine, Naph-
tyllamine in einem Molarverhiltnis: 2:1:3 in verd. Athanol.

Iir die doppelten Umsetzungsreaktionen verwendeten wir 10 mMol [Co(Diox-H), (Amin),]
acetat in 100 ml verd. Athanol 1:1 und iiberschiissige 5—10 proz-e Na,S$,0,—Lésungen. Die
ausgeschiedenen kristallinen Salze wurden an der Luft getrocknet.

Analyse : Der Kobaltgehalt der Proben wurde komplexonometrisch nach Zerst8ren der
organisclien Bestandteile der Salze mit heisser konz. Schwefelsdure und krist. KNO,, bestimmt.
Der Schwefelgehalt wurde als BaS0, bestimmt.

Die Ultrarotspektren der untersuchten Substanzen wurden in KBr- Presslingen aufgenommen,
und die Absorptionsbanden nach Angaben von Palmer [13], bzw. von Lecomte und Mitarbei-
ter [14] diskutiert.

{Eingegangen am 23 September 1973)
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CONTRIBUTII LA CdIIMIA POLITIONATILOR (VII)

Politionati not ai chelatilor dioximino-cobaltict

(Rezumat)

S-au studiat posibilititile de introducere a radicalilor politionici in acvo-complecsi cobal-
tici de diferite tipuri: [Co(NH,);(H,0) BT, [Co(en),(FH,0), Pt, [Co(DH){H,0)X] (X = (, Br, J,
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NCS, NCSe, NCO) prin reactii de anatatie cu politionatii metalelor alcaline, sau prin reactii
de substitutie cu liganzi bidentati. Nu s-au obtinut politionato-complecsi micsti cobalticl.

S-au descris 16 politionati de tipul [Co(DH),Amin), J,— SOy, resp. [Co(Propox. H),(Amin), ],
S5¢0,, si s-au interpretat spectrele lor infrarogii in comparatie cu cele ale politionatilor me-
talici.

K XUMHUH TIOJIUTHUOHATOB (VII)
Hosble noaumuoxamst QUOKCUMUHO-KODGABMOBNX XeAamoe
(Peswome)

HM3yuanuch BO3MOMKHOCTH BBeJeHHS NOJHTHOHOBBHIX PajHKaNOB B KOGAJABTOBHE AKBOKOM-
MAEKCH DasaMyHbplx THIOB:  [Co(NH,);(H,0) B+, [Co(en),(H,0),1*+, [Co(DH)y(H,0)x]
(X =1Cl, Br, J, NCS, NCSe, NCO) mnocpeactBoM peaKUHH aHATAlKM C MOJUTHOHA-
TAMH IEJOUREIX MeTAJNJIOB HJIM NOCPEeCTBOM peakuMi 3aMellleHHs GWAeHTATHHX JHraHAoB. AB-
TOPH He MOJYUHJIH CMEIIAHHBIX KOGAJNbTOBHIX IOJHTHOHATOKOMIIEKCOB.

Aptopnt onucand 16 noaurtHonaTos THna [Co(DH),(AMHHN),],SzO4 COOTBETCTBEHHO
[Co(Propox.H),(AMHHN),1,8304, ¥ HHTEPNPEeTHPOBANH HX  HH(pAKpacHHe CHEKTPu DO
CPaBHEHHIO CO CIEKTpPaMH MeTaN/IHYeCKHX [OJHTHOHATOB.

6 — Chemia 1/1974



KOMPLEXVERBINDUNGEN DES HEXA —
(O-HYDROXIBENZALHVYDRAZIDO)-CYCLOTRIPHOSPHAZENS

GERHARD SCHMIDT und VASILE REDI$

Hexahydrazidocyclotriphophazen, P Ng(HN—NH,),, wurde 1968 von

R.J. A Otto und L. F. Audrieth [1] durch Versetzen einer
dtherischen Hexaclorocyclotriphasphazen-Ldsung mit einer atherischen
wasserfreien Hydrazinsuspension erhalten. Zur Charakterisierung dieser
Substanz versetzten die Autoren die wisserige Losung des Hydrazids
mit Benzaldehyd bzw. Salizylaldehyd, wobei sie folgende zwei Derivate
erhielten : Hexabenzalhydrazidocyclotriphosphazen, (PyNg) (HN—N=CH—
—CgH;)e, bzw. Hexa(o-hydroxibenzalhydrazido)cyclotriphosphazen, (PyNj)
(HN—N = CH—(H, —OH),. .
. Da Otto und Audrieth das Verhalten dieser Verbindungen Metall-
lonen gegeniiber nicht untersuchten, fanden wir esinteressant eine Unter-
suchung von diesem Standpunkt aus durchzufiithren, dieses um so mehr da
Ja diese Verbindungen durch das Vorhandensein von 6 Hydrazidgruppen
mehrere Koordinationspunkte im Molekiil enthalten. In vorliegender Arbeit
untersuchen wir das Verhalten von Hexa(o-hydroxibenzalhydrazido) cyclo-
triphosphazen zweiwertigen Ubergangsmetallionen gegeniiber. Dabei konn-
ten wir bis jetzt 6 neue Komplexverbindungen mit den Ionen Cu2¥, UO?",
Ni*t, Co** und Zn®t synthetisieren und charakterisieren. Wie jedo ch
qualitative Versuche zeigten, geben mit diesem Iiganden auch andere
Metallionen Komplexverbindungen.

Experimenteller Teil."Um Hexa(o-hydroxibenzalhydrazido) cyclotriphosphazen zu erhal-
ten, arbeiteten wir eine neue Methode aus. Nach dieser Methode werden zuerst 25 g Salizy-
aldehyd in 50 ml Athanol mit 10 g einer 909 -igen wiisserigen Hydrazinhydratlésung versetzt

[3]. Das so entstandene Hydrazon wird durch Waschen mit Wasser gereinigt. 24 g des reinen
Hydrazons werden mit 10,2 g Hexachloreyclotriphosphazen, P,N,Cly [2] in 250 ml Ather

behandelt. Um den freiwerdenden Chlorwasserstoff zu binden, werden zum Reaktionsge-
misch noch 10 g 909, -ige Hydrazinhydratidsung gegeben. Nach einstiindigen Riihren entsteht
eine gelbe Kristallmasse die nach 48 stiindigem Stehen von der Losung durch Filtrieren
getrennt wird. Das Reaktionsprodukt wird durch Lésen in Dioxan und Féllen mit Wasser
gereinigt. Stickstoffbestimmung sowie das IR-Spektrum dieser Verbindung zeigten, dapf sie
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mit der von Otto und Audrieth hergestellten identisch ist. I1te von uns vorgeschlagene Methode
kann durch foldgende Gleichungen wiedergegeben werden :

HO—CH,~CHO + H,N—NH, » HO—CH,—~CH = N—Ni, 4+ H,0
6HO — CyH,— CH=N - NH, -+ P,N;Cly = (P,N,}(HN — N=CH—C4H, — OH){ 4 6HCl
Die Stickstoffbestimmung gab folgendes Resultat :

Ber. 22,219 Gef. 22,17

Von dieser Verbindung ausgehend konnten wir zwei Typen von Komplexverbindungen
erhalten. Beim ersten Typ handelt es sich um die Verbindung Cuy(P,N;)(N—-N=CH—-CH,—0),
+3Dioxan. Um diese Verbindung zu erhalten, wird Hexa(o-hydroxibenzalhydrazido)cyclotri-
phosphazen in Dioxan geldst und in die Losung Cu(NOy),-3H,0 gegeben. Nach Auflosen des
Kupfwernitrats wird allmahlich Ather hinzugefiigt, wobei die Komplexverbindung als brauner
kristalliner Niederschlag ansfillt.

Um die Komplexverbindungen zweiten Typs zu erhalten, werden #dthanolische Metallaze-
tatlosungen mit festem Hexa(o-hydroxibenzalhydrazido)cyclotriphosphazen in stochiometrischen
Mengen am RiickfluB gekocht. Nach Beendigung der Reaktion fillt die Komplexverbindung
in Form eines Niederschlages aus. Tabelle 1 enthilt die Reaktionsbedingungen sowie die
Analysendaten dieser Verbindungen.

Fs soll darauf hingewiesen werden, dafl die Ausfithrung der Analysen, wahrscheinlich
wegen dem Phosphorgehalt, viel Schwierigkeiten bereitete. Aus diesem Grunde sind auch
die Amnalysendaten nacht gerade die besten, jedoch ausreichend genau um die Zusammenset-
zung dieser Verbindungen einwandfrei zu bestimmen.

Um einige Strukturfragen der von uns hergestellten Verbindungen zu kldren, wurden
IR-Abscrptionsspektern von Hexa(o-hydroxibenzalhydrazido)cyclotriphosphazen, Metallaze-
taten und den Komplexverbindungen aufgenommen. Die Spektren wurden mit Hilfe eines
Spektralphotometers UR 20 Carl Zeiss Jena im Bereich 3600400 cm™? unter Anwendung
der KBr-Preftechnik registriert. Tabelle 2 enthilt einige charakteristische Frequenzen der
untersuchten Verbindungen.

Um zu beweisen daff in der Verbindung II und somit auch in den anderen Verbin-
dungen dieses Typs keine Losungsmittelmolekiile gebunden sind, haben wir die themische
Zersetzung von Verbindung II untersucht. Dabei stellten wir fest, daBl sich diese Verbin-
dung erst zwischen 175 und 500°C zersetzt was das Vorhandensein einer fliichtigen Kom-
ponente im Molekul ausschliefit.

Auswertung der Ergebnisse und Diskussionen. Wie aus den experimen-
tellen Daten hervorgeht, bestehen zwei Moglichkeitn beziiglich der Bindung
des Metallions an das Ligandmolekiil. Im ersten Fall, wenn nicht von Metall-
azetaten ausgegangen wird, ersetzt das zweiwertige Metallion die Wasser-
stoffatome der Phenolhydroxilgruppe bzw. der Hydrazidgruppe. Es wire zu
erwarten, dal dieses auch bei den anderen, von uns hergestellten Komplexver-
bindungen der Fall sei, jedoch tritt diese Art von Verbindung nur bei Komplex
T auf. Kupfer-, Stickstoff-, Kohlenstoff-und Wasserstoff-Bestimmungen, sowie
das Fehlen im IR-Spektrum der charakteristischen vNH bzw. v OH Frequen-



Tabelle 7
Nr Verbindung Reaktionsbedingungen Tarhe Analysen
o (Ber. Molekulargewicht) Iis werden vermisclhit : arbe
Ber. Gef.
1. Cug(PN ) (N—=N=CH~CgH, ~ O+ 0,6g Cu(NO,), 3H,0 0,36 g Ligand Braun C 41,05 40,80
3C,H,0O, (1578,45) in 25 ml Dio- H 3,42 3,29
xan N 13,31 13,66
Cu 24,15 24,57
11. [UOL{CHCO0), 14 (P3N,) 0,8¢ UO,(CH,;COG},- 0,3 g Ligand Gelb U 43,61 45,94
(HN N = CH - CgH,— OH), -2H,0 in 20 ml Athanol. 3040 Min.
(3280,88) Kochen N 6,41 6,22
111 [NI({CH,COO0),],+ (P3N,) 0,63 g Ni(CH,COO),- 0,4 ¢ Ligand Griin-
(NH -~ N=CH~C4gH,—~O0H); 4H,0 in 15 ml Athanol lichgelb Ni 17,52 18,72
(2012,70) N 10,47 10,80
IV, {Cu(CHCOO), 4+ (PyNy) 0,50g Cu(CH,CO0),-H,0 0,4 g Ligand Braun Cu 18,72 19,80
(HN-N=CH—-C H,; -OHj}, in 20 ml Athanol N 10,31 10,03
(2035,64)
V. [Co{CH,COO0), 4 (PyN,) 0,9¢ Co(CH,COO0},-4H,0 0,8 g Ligand Hell- Co 17,61 17,29
(HN--N=CH—-C H;—OH), in 40 ml Methanol braun N 10,46 10,71
(2008,04)
VI [Zn(CHZCO00),]4+ (PyNy) 0,62 g Zn(CH,CO0),-2H,0 | 0,45 g Ligand Gelb Zn 19,19 19,31
(HN —N=CH—-CgH,— OH), in 30 ml Methanol N 10,31 10,01
(2048,87)

LIGAND = Hexa (o-hidroxibenzalhydrazido)

cyclotriphosphazen.
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Tabelle 2

voBL mh Be g
. a0 e 0
o o L | BB BEE®
" erbindune v OH | s & - AT 28l =
NT. Verbinduny Phenol by . ky b ﬂ B m el 4 &y s 9 g
§ 7 7 Py K L= Yy o . P
A Z = A - N VR B =T = i =
1 (PyN)(HN—~N=CH-CH,~OH), 3225 3055 | 1578 - - 1205 554 900 — — -
2 Cuy(PyNy) (N—N=CH—C,H,—0), - - - - 1205 | 548 910 - 1135 | 862
3. Dioxan
3 VO, (CH,CO0),-2H,0 - - 1550 | 1490 . — - 942 | — -
4 [UO,(CH,CO0), - 3340 3055 1 1578 1530 1492 | 1210 554 Q00 930 — =
(P,N,) {HN—N=CH — (CgH, — OH),
5 Ni(CH,C00); 41,0 - 1580 | 1420 | - -~ . ~ - —
6 INi(CH,COO), 1. 3430 3055 1545 1453 | 1196 553 908 - — -
(P,N,) (HN~N=CH—C,H,—OH),
7 Cu({CH,CO0), H,0 - - 1610 | 1450 | -- e - -~
8 rCu(CH,C00), . 3450 | 3058 | 1580 1545 | 1450 | 1202 | 553 912 - -
(P,N,) (NH~N=CH—CzH,—-O0H),
9 [Co(CH,CO0),]s. 3455 | 3058 | 1618 1545 | 1450 | 1196 | 553 908 -~ - —
(P,N){(HN —~N=CH—CH, - OH), 4
|
10 [Zn(CH,COO), g 3455 | 3058 | 1580 1554 @ 1450 | 1198 | 553 908 - - -

(P,Ny) (HN—N==CH~CgH, —~ OH),

NENAZYHISOHAMLOTIAD LIN IXITdNON

68
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zen bei 3050 bzw. 3400 cm -, sind ein Beweis fiir diese Bindungsweise. Die
Struktur dieser Verbindung wird durch das Anlagern von drei Molekiilen
Dioxan noch einigermaBen kompliziert. Demnach ist das Metallatom tri-
kordiniert wobei je ein Stickstoffatom und zwei Sauerstoffatome die Rolle
von Ligandatomen spielen, wie aus nebenstehender Formel ersichtlich ist.

AN
1 Ol
/TN O/ NS
OO 4 |
M C
| 7\
N /N-—N H
RN

Wird von Metallazetaten ausgegangen, wird keines der beiden Was-
serstoffatome (—NH und —OH) ersetzt. Hier lagern sich offensichtlich
die sechs Metallazetatmolekiile an das Ligandmolekill an und koordinieren
durch je zwei Stickstoffatome der Hydrazidgruppen. Im IR-Spektrum
dieser Verbindungen treten die Valenzschwingungsbanden der NH-Gruppe
bei 3050 cm~! sowie der OH-Gruppe bei 3400 cm~! auf. Dabei ist die v
OH Bande von Interesse. Diese erscheint im Spektrum der Komplexverbin-
ungen als eine verhidltnismédBig scharfe Bande, was ein Zeichen ist, daB
in diesen Verbindungen das Phenolhydroxil keine oder nur sehr schwache
Wasserstoffbriicken bildet. Diese Bande ist im Spektrum des freien Ligand-
dmolekiils nur schwer zuzuordnen. Hier erscheint bei 3225 cm ! eine schwa-
che Bande, die auf kriftige Wasserstoffbriicken zwischen dem Phenol-
hydroxil und dem doppelgebundenem Stickstoffatom der Hydrazidgruppe
deutet. Es bildet sich dabeie in Sechser Ring, was das Schwingen der OH-
Gruppe stark behindert. Durch die Koordination des Stickstoffatoms an

H " : RS
., C— O
N-N—N T
>P\” H—O
N/ N

das Metallion, wird die Wasserstoffbriicke zerstdort und die OH-Gruppe kann
frei schwingen, wes im IR-Spektrum durch Auftreten bei 3400 cm—!
einer wohldefinierten Bande gekennzeichnet ist. Dieses Verhalten fiithrt zum
SchluB, daB in diesen Metallazetatkomplexen das Metallion zwei Stickstoff-
atome des Ligandmolekiils und zwei Sauerstoffatome des Azetations koor-
diniert.
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Abgesehn von der Art der Bindung des Metallatoms an die Iigandatome,
fest steht, da8 ein Ligandmolekiil hochstens sechs zweiwertige Metallatome
binden kann, Wir nehmen an, dafl auch andere Verbindungen, mit weniger
als sechs Metallatomen im Molekiil erhaltbar sind.

(Eingegangen am 23 Sepetember 1973)
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COMBINATII COMPLEXE ALE HEXA (O-HIDROXIBENZALHIDRAZIDO)
CICLOTRIFOSFAZENEI

(Rezumat)

S-au sintetizat si caracterizat un numir de 6 combinatii complexe noi ale hexa-(o-
hidroxibenzalhidrazido) ciclotrifosfazenei, cu ionii Cut+, UO3+, Ni#t, Co?*+ si Zn*+. Pe baza
spectrelor IR inregistrate se discutd structura posibild a acestor combinatii, clasificindu-le
in doud tipuri diferite. Hexa (o-hidroxibenzalhidrazido)ciclotrifosfazena a fost obtinutd dupd
o noud metodd, elaborati de autori.

KOMIVIEKCHBIE COEOHMHEHHS FEKCA(C-TUIPOKCHBEH3AJITUIPA3HIIO)
LHUKJIOTPUOPOCOA3EHA

(PeswowMme)

ABTODH CHHTE3HDOBAJNH H OXAPAKTepH30Ba/iH 6 HOBBHIX KOMIJIEKCHBIX COENHHEHHH Frexca
{o-rHApoKcHOeH3ANTHAPA3HIO) HukIoTpUdochazena ¢ wonamu Cu?t, U0+, Niz+, Cott, Zn2+.
Ha ociose UK crektpos aBTOphl 00CYKIAIOT BO3MOKHYIO CTPYKTYPY 3THX COeHHeHHN, OTHecH
HX K ABYM padaHunbM THiaM. [exca(o-ruapoxcuCenszairuapasujgo)unkisorpudocdased  mo-
JYYeH INpPH TOMOWH HOBOTO METORa, BHIPAGOTAHHOTO aBTOPAaMH.



UBER NEUE AMIDOCYCLOTRIPHOSPHAZENE

GERHARD SCHMIDT und VASILE REDIS

Durch teilweises oder vélliges Frsetzen von Chloratomen im Hexa-
chlorocyclotriphosphazenmolekiil mit Aminresten, entstehen Amidocyclo-
triphosphazene, Die grofie Zahl der in der Literatur beschriebenen Verbin-
dungen dieser Klasse wird durch die Moglichkeit verschiedene Verbindungs-
typen erhalten zu kénnen, erklirt. Viele dieser Verbindungen haben prak-
tischen Wert in dem sie, zum Beispiel, als Hirter fiir Polymere, als Insek-
tizide, Fungizide, Pestizide, Insektensterilierungsmittel, Pflanzenwuchsre-
gulatoren, Diingemittel u.a., Anwendung finden. [171.

In vorliegender Arbeit werden zwei neue Amidocyclotriphosphazene
beschrieben, undzwar das Trichlorotriureocyclotriphosphazen, P,N,Cl; (HN-
—CO-—~NH,); und dasTris (diphenvl-2,2'-diamino) cyvclotriphosphazen,
P,N,(HN—C,H,—C,H,—NH),.

Beide Verbindungen entstehen durch mehrstiindiges Kochen einer
Losung von Hexachlorocyclotriphosphazen in Tetrahvdrofuran mit Harn-
stoff, bzw. 2,2'-Diaminodiphenyl. In beiden Fillen wird als HCI-Ak-
zeptor Tridthylamin verwendet. Die Synthesebedingungen sind denen von
H.R. Allcock znd R. L. Kugel [2] fiir das Tris(o-phenvlendiamin)-
cyclotriphosphazen angegebenenen, dhnlich. Stickstoffbestimmungen, Eigen-
schaften sowie IR-Spektren, beweisen die Zusammensetzung dieser
Verbindungen.

Experimenteller Teil. Trichlorotriureocyclotriphosphazen. 1,5 g (0,024 Mol) Harnstoff
werden in 40 ml Tetrahydrofuran suspendiert und 3,4 ml (cca 2,5 g) Tridthylamin sowie
eine Losung von 1,4 g (0,004 Mol) Hexachlorocyclotriphosphazen [3], P,N,Cl,, in 10 ml
Tetrahydrofuran hinzugegeben. Das Gemisch wird drei Stunden lang unter stindigem Rithren
refluxiert. Nach Erkalten wird die gebildete weisse Kristallmasse (5g) von der Ldsung getrennt
und zwecks Beseitigung der festen Nebenprodukte mehrmals mit Chloroform behandelt. Dabei
werden der unreagierte Harnstoff und das Triithylaminchlorhydrat entfernt. Der Riickstand,
ungefahr 1,7 g bildet eine weisse hygroskopische Masse, die an der Luft bald kebrig wird. Die
Verbindung schmilzt bei 155°C unter Zersetzung. Sie 16st sich in Wasser sehr gut wcebei
Hydrolyse eintritt und ist in den iiblichen organischen Lésungsmitteln unléslich. Da Tuft-
feuchtigkeit die Verbindung rasch hydrolysiert, muf sie sofort analysiert werden.

PeN,Cl, (HN~CO—NH,), (418,47) Ber. N 30,12 Cl 2541 Gef. N 30,33 Cl 24,00
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Tabelle 1
. o N Lol BNHF | wCo . :
Nr. Verbindung vON | SNH, [vP=N vC()z SNH, vsyNH [ vgepNEH
1 H,N—CO--NH, 1010 | 1160 - 1620 1680 3352 3460
2 | P,N,Cl, — — 11220 - , )
3 PN, Cl,. !
(HN—CO—XH,), 1043 | 1178 | 1240 1635 1675 3350 | 3450

Um die Zusammensetzung dieser Verbindung auch auf physikalischem Weg zu bewei-
sen, wurden die IR-Absorptionsspektren von Harnstoff, Hexachlorocyclotriphosphazen und
Trichlorotriureocylotriphosphazen im Bereiche von 3600—400 c¢m™! aufgenommen. Dabei
bedienten wir uns eines Spektralphotometers UR 20 Carl Zeiss Jena und der KBr-Prefite-
chnik. Tabelle 1 euthilt einige charakteristische Frequenzen dieser Verbindungen.

Wie aus Tabelle 1 hervorgeht, enthilt das Trichlorotriureécyclotriphosphazen sowohl
die Banden des IHarnstoffs als auch die des Cyclotriphosphazenringes (v P==N bei 1240
em™) [4], was ein Beweis fiir die Zusammensetzung: P,N,Cl; (HN—CO-—NH,}, ist.

Einen weiteren Beweis fiir diese Zusammensetzung liefert anch die Titration der Ver-
bindung mit alkalischer Lésung. Wird niamlich mit 0,1 normaler NaOH-Lésung titriert, so
verbraucht 1 Mol der Substanz 6 Mole Natriumbydroxid, was durch folgende globale Reaktion
erkldrt werden kann:

PN,CL{HN-CO-NIL,), — 6 NaOH .. PN {ONa),(HN-CO-NH,), + 3NaCl -+ 3H,0

Die Stellungen der Chloratome im Molekul wurde bis jetzt noch nicht untersucht, es
ist jedoch wahrscheinlich, daf eine vicinale Form vorliegt.

Es sel noch darauf hingewiesen, daf das durch Hydrolyse mit KOH erhiltliche
K-Salz als N,P,K-haltige Verbindung als Diingemittel von Interesse wiire; dieses umsomehr
da verschiedene Untersuchungen bewiesen haben, daf die Pflanzen Verbindungen mit kova-
lenten N—P Bindungen leicht assimilieren [6].

Tyis (2,2'-digminodiphenyl)cyclotriphosphazen. 2,3 g (0,012 Mol) 2,2’-Diaminodipheny
(5] und 3,4 ml (0,024 Mol Triithvlamin werden in 15 ml Tetrahvdrofuran gelést und mit
einer Loésung von 1,4 g (0,004 Mol) Hexachlorocyclotriphosphazen in 8 ml Tetrahydrofuran
vermischt. Dieses Gemischh wird unter stindigem Riihiren 18 Stunden lang refluxiert, wobei
schon nach 12 Stunden aus der Losung weisse Kristalle ausscheiden. Nach Erkalten wird

Tabelle 2
f -
Aroma- | Aroma- =
Nr. Verbindung vP=N| tisches | tisches [8NH, lvgyNH A, vyNH
vee ! (N 3
1 2,2’-Diami-
nodiphenyl - 1450 1491 1622 | 3400 | 3490 -
2 Tris (2,2'-di-
an'inodiphenyi)
cyclotriphos-
phazen 1219 1450 1490 - — — 2900
! i ! 3300
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die Kristallmasse von der Losung getrennt und mit Tetrahydrofuran nachgewaschen. Nun
wird das Filtrat mit 5 Teilen Ather verdiint wobei 0,6 einer hellbraunen Flockigen Sub-
stanz ausfillt-Letztere wird abgenutscht und mit Ather nachgewaschen. Die Verbindung
schmilzt bei 360°C noch nicht, ist in Athanol, Methyl-dthylketon, Eisessig, loslich, in Was-
ser dagegen unléslich. Mit einigen Ubergangsimetallsalzen entstehen Niederschlige.

P,N,(HN—C,H,— C,H,—NH), (681,62) Ber. N 18,49 Gef. N 18,81

Tabelle 2 enthilt einige charakteristische Frequenzen des 2,2’-Diaminodiphenyls und
des Tris (2,2’-diaminodiphenyljcyclotriphosphazens.

Wie aus dem Spektrum ersichtlich ist, enthalt das Tris(2,2'— diami-
nodiphenyl)cyclotriposphazen die bei 1219 auftretende v P=N Bande,
ein Beweis dal wihrend der Synthese der P;N;—Ring unzerstért bleibt.
Anderseits liefert die aromatische CC Bande einen Beweis, daB das
Diphenylskelett in unserer Verbindung vorhanden ist.

Im Spektrum erscheint zwischen 3300 und 2900 cm™! eine breite
Bande was darauf hinweist, daf3 im Molekiil dieser Verbindung wahrschein-
lich kriftige Wasserstoffbindungen bestehen. Wegen der Atropisome-
rie des 2,2 — Diaminodiphenyls, besteht bei dieser Verbindung die
Moglichkeit einer Stereoisomerie. Demnach miissten vier Stereoisomere
existieren. Untersuchungen in dieser Richtung wurden jedoch von uns
bis jetzt noch nicht unternommen,

(Eingegangen am 22 October 1973)
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DESPRE UNELE AMIDOCICLOTRIFOSFAZENE NOI

(Rezumat)

Pornind de la hexaclorciclotrifosfazend si uree respectiv 2,2’-diaminodifenil, se obfin
douid amidociclotrifosfazene noi i anume: triclorotrinreociclotrifosfazena, PN ;Cl;(HN—
CO—NH,), sl tris(2,2’-diaminodifenil)ciclotrifosfazena, P,N,(HN—CH, — C,H,-NH),. Conditiile
de sintezd sint asemindtoare cu cele indicate de H. R. Allcock si R. L. Kugel, pentru obtine-
rea tris(o-fenilendiaminjciclotrifosfazena. Pe baza analizelor chimice, unor comportdri chimice
precum si spectrelor IR se trag umnele concluzii asupra acestor substanie.
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O HEKOTOPDBIX HOBbBIX AMHWIOLIMKIIOTPUPOCOPA3ZEHAX
(Peswme)

Hexonst u3 rekcaxaopuukaorpidochasena K MOUeBHHH, COOTBETCTBEHHO H3 2,2'-fiHaMHHO-
Avdennna, aBTOPH NOJAYYHJAR ABa HOBMX aMHAOUHKAOTPHODOCda3eHa, a HMEHHO: TPHXJOPTPH-
MoueBHHOUHKIOTpHOCchasen, P N Cl,(HN—CO—NH,); # TtpHc (2,2'-nHamMHHONHEHHA) WUH-
knotpudocdazen, P,N,(HN—C,H,~C,;H, —NH);. YCJOBHS CHHTE3a CXOJHK C YCAOBHSAMH, YKa-
3annunMi X. P. AnaxokxkoM H P. JI. Kyreaem nis nonaydesHs TpHC-o-QeHHJIEH JHAMAHUKKAOTPH-
docdazena. Ha ocHoBe XHMHYECKMX aHANM30B, HeKOTOPLIX XHMHYECKHX MOBeJieHHH, a TaKXe
MK crnexTpoB aBTOpL! Cllenand PAL BLIBOAOB 06 3THX BelllecTBaXx.



ELECTRODES-MEMBRANES LIQUIDES (V1)

Le comportement des électrodes-membranes de type ester (plastifiant)
— fritte envers les ions d’hydrogene

ELENA HOPIRTEAN ¢t EUGENIA STEFANIGA

1. Introduction. Dans un travail antérteur nous avons présenté Uélec-
trode-membrane H* - sensible obtenue de polychlorure de vinvle (PV()
et tricésviphosphate [1]. En étudiant le mécanisme de fonctionnement de
I’électrode on est arrivé 3 la conclusion que le tricrésylphosphate estle com-
posant électrodique actif {21, Les recherches sur les électrodes-membranes
liquides de type PVC -+ plastifiants ont été étendues sur une série entiére des
esters [3]. On a obtenu aussi V'électrode membrane tricrésylphosphate-fritte
[4] utilisé avec de bons résultats dans le titrage potentiométrique de
précipitation.

Dauns cet exposé on a poursuit la réalisation des électrodes-membranes
liquides H*-sensibles de tvpe ester (plastifiant)-fritte ainsi que leur valori-
fication analvtique dans le titrage potentiométrique acido-basique.

2. Partie expérvimentale. 2.1, L'oblention de !'dlectrode-membrane. 1. ¢ectrode, réalisée
pareillement a celle utilisée dans un ouvrage antérieur 5, est ilustrée dans la figure 1.
Dans l'espace entre les parois des deux tubes de verre concentriques, qui ont, collée & leur
extrémité, la fritte de verre G, (1), on introduit le composant électrodique actif (2). Aprés
avoir impregné la fritte avec le composant électrodique actif, on introduit dans le tube cen-
tral la solution interne (3) et 'Clectrode intéricure de référence (5). Par cette maniére de
réalisation de 1'électrode on assure une permanente alimentation du support avec le com-
posant électrodique actif.

2.2. Les fonctions électvodiques IN-pH. En utilisant le pll-métre MV-11 on a mesuré
la f.em. de la chalne électrolytique:

10.85.C. || solntion interne | membrane | solution externe || E.S.C.
Le mesurage s'est far 14 la tempdérature de la chambre et en condition de non agitation.

Pour obtenir les fonctions électrodiques on a utilisé les solutions de HCl—KCl, KOH —
K({l de pH connu et de force jonique constante (J==0,1 M). Le pH de la solution a été
déterminé avec l'électrode de verre. On a obtenu les fonctions électrodiques E-pH pour les
suivants composants actifs: tricrésylphosphate, dibutylphosphate, dibutylsébacate, phtalates
Cy—Cq, Cy—Cy, Cyo—C,y, diisooctylphtalate, diisooctylsébacate, benzylbutylphtalate et bis
{2 éthyl-hexyle) phtalate.
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Dans la fig.2 sont présentées les fonctions électrodigues obtenues pour tricrésylphos-
phate, diisooctylphtalate et dibutylsébacate.

On constate un comportement pratiquement similaire du diisooctylphtalate et du dibutyl-
séhacate. Entre pH:==2 -4 le tricrésylphosphate manifeste une sensibilité plus elevée envers

les ions de HT en comparaison des autres deux esters. Dans le cas des autres esters tes-
tés on a obtenu des fonctions électrodiques semblables.

2.3. Titrages potentiométrigues. On a effectué¢ des titrages potentiométriques du HCl
107N avec KOH~107IN. TLes courbes des titrages obtenus en utilisant comme composant
dlectrodique actif le tricrésylphosphate, respectivement le tributylphosphate, sont representées
dans la fig. 3. La courbe de titrage obtenu en utilisant le tributylphosphate se caractérise
par la modification du sens de variation du potentiel en domaine alcaline. Les courbes des
titrages obtenus avec les électrodes de phtalate C, et phtalate C,—C; sont presentées dans
la fig. 4.

La courbe de titrage obtenue avec l'électrode ayant comme composant €électrodique
actif diisooctylsébacate, representée dans la fig. 5, a la forme d’'une courbe classique poten-
tiométrique possédant une variation nette du potentiel a l'équivalence. Parmi les autres
esters testés: le diisooctylphtalate, le benzylbutylphtalate et le bis-(2 éthyl-hexyle)phtalate,
ont eu un faible comportement électrodique.
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Tableau 1

Résultats des titrages potentiométriques de HCl 10—! N avee KOH ~ 10—IN

V,(ml)
Composant électrodique actif AEi,l % (%)
verre membrane (mV)

Tricrésylphosphate 9,92 9,88 31 —0,4
Dibutylphtalate 9,92 9,73 21 —1,9
Tributylphosphate 9,92 £ 9,95 22 +0,3
Dibutylsébacate 9,92 9,64 21 +2,8
Phtalate C;—C, 10,10 10,22 31 11,2
Phtalate C,—C, 10,10 10,13 26 +0,3
Phtalate C, 10,10 10,10 36 0
Diisooctylphtalate 10,10 10,12 11 +0,2
Diisooctylsébacate 10,10 10,08 41 — 0,02
Benzylbutylphtalate 10,10 10,12 12 +0,2
Bis(2 éthyl-hexyle)phtalate 10,10 10,14 8 +0,4

La variation du potentiel autour du point d’équivalence pour la précision de 4-19;,
(AR :l:l%)' et Pexactitude des titrages effectués, par Verreur obtenue envers l'électrode de
verre, sonit données dans le tableau 1.

I exactitude des déterminations est bonne. En exceptant le dibutylphtalate, le dibutylséba-
cate et le phtalate Cy—C,, les erreurs obtenues sont sous -£0,5%. On remarque une varia-
tion nette du potentiel autour du point d’équivalence spécialement dans le cas du phtalate
C;, du tricrésylphosphate et dun tributylphosphate.

En conclusion, tous les esters testés manifestent une sensibilité envers
les ions H'*; on remarque particuliérement le comportement électrodique
du tricrésylphosphate, du phtalate C,, du phtalate C,—C, et du diiscoctvl-
sébacate.

(Manuscrit vegu le 22 octobre 1973)
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ELECTROZI-MEMBRANE LICHIZI (VI)

Comportarea elecivozilor-membrane de tipul ester (plasifiant)-fritd fapd de ionii HY

(Rezumat)

Lucrarea se ocupd de obtinerea electrozilor-membrane lichizi H¥-sensibili avind ca si
component electrodic activ unul dintre esterii: tricrezilfosfat, tributilfosfat, dibutilftalat,
diizooctilsebacat, etc. imbibati in frita de sticlda G,. S-a stabilit functia electrodicd de pH
a fiecdrui electrod si a fost testatit valorificarea analiticd a acestora in titrarea potentio-
metricd acido-bazicd a IICl cu KOH, Iixactitatea titririlor s-a exprimat prin eroarea obtinutd
fatd de electrodul de sticla.

AMOKHE MEMBPAHHDIE DNEKTPOMAbLI (VI)

[Tosederue mesipannsix saexmpodos muna scmep (naacmuguxkamop)- gpumma no
omHouenuw Kk uonasy H+

(Peswome)

ABTODH 3aHHMANHCH OAYyYenueM H+-uyBCTBHTE IbHBIX KHAKHX MeMOPAHHLIX 3I€KTPOAOB,
HMEIOIMX B KA4eCTBe aKTHBHOIO 3JeKTPOAHOTO KOMIOHEHTA OJJHH H3 3CTepoB: TPHKpesnadocdar,
TpuOytadocdhar, ZHOyTHAPTAAT, IMH300KTHAceGaKarT H T.N., NMPOMHTAHHHX B CTEKASHHON
dpurre G, ABTOPH YCTAHOBHJH 3JIEKTPOAHYIO GYHKUHIO PH KaXKA0ro 3JIeKTpoja H TeCTHpO-
BA/JH AHAJIHTHYECKOE NMpPHMeHeHHe ITHX 3TeKTPOZOB [IPH KHCIOTHOCCHOBHOM MOTEHUHOMETpHUEC-
koM tutpoBanud HCI ¢ nomombio KOH. TougocTh THTPOBaHHE BhIPaKeHa I1OrPEIIHOCTHIO,
NOJAYUeHHOH 110 OTHOLUEHHIO K CTEKJISIHHOMY 3JeKTPOAY.



DETERMINATION DE LA CONCENTRATION DES SOLUTIONS
CHIMIQUES DANS LE PROCESSUS DE FABRICATION PAR LA
RETRODIFFUSION DES RADIATIONS B~*,

GH. MARCU et V. SACELEAN

Les recherches théoriques sur la rétrodiffusion des radiations §~ ont
permis de conclure que ce phénoméne peut étre appliqué avec succes dans
la pratique analytique, spécialement dans l'industrie, constituant une mé-
thode d’analyse nondestructive remarquable pour la rapidité et pour la
possibilité d’automatisation du controle des mati¢res premiéres, des pro-
duits semi-ouvrés ou finis.

La modernisation des unités productrices réclame umne intervention
aussi prompte que possible dans le controle du flux technologique en vue
d’écarter les inconvénients accidentaux qui pourraient péricliter la qua-
lité des produits. I,e contrdle au moyen de la rétrodiffusion des radiatioms
B~ s’est avéré particulierement utile dans ce cas.

Parmi les nombreux travaux qui appliquent la rétrodiffusion des
radiations B~ & P'analyse des solutions nous ne ferons mention que d'une
partie de nos travaux, a savoir: 'analyse des solutions de NaOH pur et
en mélange avec du NaCl [1], 'analyse des solutions de H,SO, [2], 'ana-
lyse des solutions de UQ,(NO,), pur et en présence d’autres nitrates métal-
liques [3, 4], la détermination de la concentration des solutions de Na,CrO,,
de Na,Cr,0, [53] ou de CuSO, [6] etc.

Appareillage. Le schéma géuéral d’une installation plus fréquemment
utilisée en pratique pour l'étude et 'application analytique de la rétrodif-
fusion des radiations B~ este présenté dans la figure 1.

Dans cette construction, la source active, de forme annulaire, encercle
le détecteur de maniére que lenregistrement des radiations $— directes
soit pratiquement impossible ; le matériel rétrodiffusant est placé sous la
fenétre du détecteur, parallélement avec celui-ci.

Le principe de la méthode. A la base de la méthode d’analvse par la
rétrodiffusion des radiations - se trouve la dépendance qui existe entre

# ‘I'ravail présenté au XXIVe Congrés International de Chimie Pure et Appliquée,
Hamburg, 2—8 septembre 1973,

7 - Chemia 1/1974
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Vintensité des radiations rétrodiffusées et
Y Ia substance poursuivie dans le milieu a
analyser.

Ainsi qu’il est connu, le pouvoir de
rétrodiffusion des radiations B- rétrodiffu-

K 3 sées dépend des facteurs suivants : la nature
i [7—287 et Vépaisseur [13] du matériel
rétrodiffusant et la position géométrique

2 s de lensemble source- rétrodiffusant-—-dé-

' . tecteur [13, 29—-32].

R. H. Miiller [7—9] établit que,
dans des conditions opératoires identiques,
P le pouvoir de rétrodiffusion 2 la saturation
(nsat) est une fonction strictement linéaire
F}i g .‘I Montage po.ur.l’étud_e de la ?1:1];](Z‘r}?:gsngtgérant}eioé d‘é IEtyI'Ot(‘ilfqua'll'_f:
rétrodiffusion des radiations 7. 1 -~ . ’ 5 periodes du systeme pert
détecteur de radiations, 2 — source Odique. A la fin de chaque période, la
radjoactive, 3 — écran ct support courbe de dépendance de v, = f(Z) pré-
gi‘;xsiit_s"“me’ 4 — matériel rétro- sente une cassure brusque, correspondant

a4 un gaz rare.

Cette propriété se maintient aussi pour les composés chimiques, pour
les solutions et les mélanges homogénes, a condition qu'on leur associe
un nombre atomique effectif (Z), pour lequel R. H. Miller [7] a
établi la formule empirique suivante:

YA 7,
1

N

= Yo/ == e
V_ ‘:‘Llll - E”‘:'Ai (1)

oil ¢; représente les concentrations poundérales des constituants du rétro-
diffusant (Z¢; = 1) dont les nombres atomiques sont Z;, n, — le nombre

d’atomes de I'élément i du composé et A; — le poids atomique de I'élément i.

I. Danguy [13) a constaté, a la suite d’une étude minutieuse,
que lintensité des radiations B— rétrodiffusées varie en rapport directe-
ment proportionnel avec le facteur de rétrodiffusion de I'échantillon (R).
Pour un élément chimique le facteur de rétrodiffusion R est:

_\/ze+n 5
R=1/22 @

Dans le cas des composés chimiques, des alliages, des solutions ou
des mélanges homogénes on calcule le facteur de rétrodiffusion a I'aide
de la relation:

I EniZ(Z; + 1)
e R2 3
R——'\/:-'C'Rs = — (3)
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Tig. 2 Variation de Vintensité des radiations 7 Fig. 3 Variation de Ulintensité des
rétrodiffusées en fonction de la concentration en radiations §7 rétrodiffusées en fonction
pour-cent de  Puraninm dans les solutions de du nombre atomique effectif (7:01) des
UO0,(NOy),. solutions de UO,(NO,),.

Considérations sur 'analyse des solutions par la rétrodiffusion des
radiations 8 -. Au cours des recherches sur la rétrodiffusion des radiations
£- (source 204 T1) par les solutions aqueuses de UO,(NO,), [3] on a
remarqué que U'intensité des radiations rétrodiffusées présente une variation
linéaire seulement en fonction du facteur de rétrodiffusion des solutions
(fig. 2—4).

1 allure des curbes des figures 167
2—4 nous permet de considérer  pusjmn.
que, pour la pratique analytique

il est beaucoup plus convenable 7
d’utiliser la relation A = f(R), étant
donné que celle-ci est linéaire pour 1o

tout domaine de concentration des

solutions a analyser. oy
De cette maniére si on se 6

propose a analyser une solution

aqueuse du sol A B, I'un des éta- s

lons peut étre l'eau et l'autre un

solvant quelconque ou une solution 2

a titre connu. La seule restriction
qui s’impose est celle que les fac-
teurs de rétrodiffusion des étalons

Fiyg. 4 Variation de Vintensité des radiations

solent différents. X
fté tS. ) ., . , B rétrodiffusées en fonction du facteur de ré-
De la condition de colinéarité = trodiffusion (R) des solutions de UO,(NO,),.

i

K 22 24 26 28 30 R
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des trois points on déduit le facteur de rétrodiffusion de I’échantillon
qu’on analyse:

Ruo Ano 1
R, Ax 1
d’olt
R, = Ripoldue = A) + Ry (A — Ao (5)
Age — *\H,o

ot R, est le facteur de rétrodiffusion de la solution & analyser, Ry, —
le facteur de rétrodiffusion de 1’eau, Ry — le facteur de rétrodiffusion de
I’étalon choisi, et A, Ao et Ay sont les intensités des radiations B~ rétro-
diffusées corespondant a ces facteurs.

Conformément a P'équation (3) nous avons:

R, =\¢,Ry 5, -+ (1—¢,) Rigo (6)

Les valeurs de R, étant connues de la relation (5) la concentration
pondérale de T'échantillon inconnu ¢, jest:

b —
Ry ‘{Hz()

— R

c

x
I
c“{ #t

(7)

11,0

Conelusions, 1. Tntre la concentration des solutions et Uintensité
des radiations £~ rétrodiffusées il y a une dépendance lindaire seulement
dans un domaine limitdé.

2. L'intensité des radiations 8- rétrodiffusées varie linéairement avec
le nombre atomique cffectif des solutions, mais subit une cassure brusque
au niveau des gaz rarcs.

3. Une dépendance linéaire existe entre lintensité des radiations p-
rétrodiffusées et le facteur de rétrodiffusion de la solution a analyvser, pour

toute concentration de cette derniére.
{ Manuscrit vegu le 23 oclobre 1973)
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DETERMINAREA CONCENTRATIET SOLUTIILOR CHIMICE IN PROCESUL
TABRICATIEI PRIN RETRODIFUZIA RADIATIILOR 57

(Rezumat)

Luind in considerare unele lucriri din domeniul retrodifuziei radiatiilor 87 s-a dovedit
, pentru analiza solutijlor prin aceastdi metodd, este mai indicat si se urméireascil variafia

intensitdtii radiatiilor 7 retrodifuzate in functie de factorul de retrodifuzie al solutiilor, deoa-
rece intre aceste mirimi existd totdeauna o relatie de liniaritate.

OMPENEJNIEHUE KOHUEHTPAIIMU XMMHUYECKMX PACTBOPOB B TTPOIIECCE
®ABPUKALMU T1IPU [TOMOIUY OTPAXKEHHUS p—-JIYHEH

(Peziowve)

YuuThIBas HEeKOTOpble PabOTBl M3 OOJACTH OTPAIKeHMs B -Jydeldl, aBTOPbl JOKA3aJH, Y4TO

AMst QHAJM3A PACTBOPOB TIPH TNOMOIIH 3TOTO MeToja osee LeseCcoo6pasHo NPOCaeKHBaTh H3Me-
Heuye CHABL S-1yuell, OTPAKeHHBIX B 3aBUCHMOCTH OT BaxTopa OTpaxelnHs PacTBOPOB, TaK Kak

Me

KAY ITHMH BeJIHUHHAMH BCer ja cyulecrsver JINHeHHOe COOTHOLIeHHe.



N-(P-NITROBENZYL)-DERIVATE DES O-PHENYLENDIAMINS

ILEANA GANEA und RUNXANDRA TARANU

Vorliegende Arbeit ist eine Fortsetzung unserer Untersuchungen iber
die Reaktionsprodukte zwischen Nitrobenzylchloriden und o-Phenyvlen-
diamin [1, 2]. Sie bezieht sich auf die Reaktion zwischen p-Nitrobenzyl-
chlorid und o-Phenylendiamin.

In der Literatur [3] wird als Reaktionsprodukt dieser Reaktion das
N-(p'-Nitrobenzyl)-o-Phenylendiamin (II ¢) von Schmelzpunkt 136-—-139°
angegeben,

Als wir diese Reaktion in gleichen Arbeitsbedingungen reproduzierten,
erhielten wir neben der Verbindung II ¢ (in reinerem Zustand, Schm. um
10° hoher) auch ein di-p-Nitrobenzylderivat, IIT c.

QNH CH2~<_>\NO,

NH2

N H2 AN CH2 Ccl
+ | lTabe
NHz

NO,
labe @ NH~CH, @
NH- CHZ.Q/

a=orto i abc
b=reta
c=para

Die Struktur von N-(p’-Nitrobenzyl)-o-Phenylendiamin (IT ¢} wurde
durch die Syntese aus dem entsprechenden Azomethinderivat (IV), durch
die Bildung des diacylierten Derivats (V), sowie der Benzimidazole VI
und VII bewiesen.
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@NHz @N CHONGBH @NH CH,O
NH, NH2 r\o~ NH, NOg

V c QC\ ‘
- >
e HCCOH
P2
COCH3
oo, OO, O -0
//\\ £ NH NO,
W (EOCH3
M 5 i

Aus N-(p’-Nitrobenzyl)-o-Phenylendiamin (II ¢) und p-Nitrobenzal-
dehid (VIII c¢) erhielten wir das Azomethin-derivat (IX c¢), welches, in
Anwesenheit von Luft, dehydrocvklisiert wurde, und in das in der Litera-
tur bekannte [4], aber auf andere weise erhaltene, 1-p-Nitrobenzyl-2-p-
Nitrophenvl-Benzimidazol (X) {iberging.

Durch Reduktion des Azomethinderivats IX c¢ mit Natriumhydrido-
borat erhielten wir das N,N’-di-(p’-Nitrobenzyl)-o-Phenylendiamin (IIT c),
welches identisch mit dem von uns, aus o-Phenylendiamin und p-Nitro-
benzylchlorid (I ¢) erhaltene Amin, ist. Der Vergleich der Diinschicht-
chromatograme und der IR Spektrum zeigte, dass es sich um eine und
dieselbe Verbindung handelt.

Verbindung III c¢ zeigt die erwarteten Eigenschaften. So erhdlt man
durch Formylierung und Acetylierung ein Formyl-, bzw. ein Acetylderivat
X1, XII. Aus dem Acetylderivat XII erhilt man, durch kochen mit HCI
1/1 das Chlorid des 1,3-di-p-Nitrobenzyl-Benzimidazols (XIII).

Die oben beschriebene Svnthese, die die Struktur von III c bestitigt,
erlaubte uns eine endgiiltige Antwort auf die Frage der Struktur der Dinitro-
derivate IIT a und III b, welche wir durch die Kondensation von o-Phe-
nvlendiamin mit o-, bzw. m-Nitrobenzylchlorid (I a,b) erhielten, zu geben |

Fiir die Verbindubg IIT a und III b haben wir in anderer Arbeiten
{1, 2] auf Grund ihrer Higenschaften eine asymmetrische Struktur vorge-
schlagen.

Um dieses zu beweisen stellten wir aus N-(o’-Nitrobenzyl)-o-Phenylen-
diamin (II a) und N-(m’-Nitrobenzyl)-o-Phenylendiamin (II b) mit o- bzw.
m-Nitrobenzaldehid (VIIT a, b) die Schiffschen Basen IX a und b her,
welche dann mit Natriumhydridoborat reduziert wurden. Die Eigenschaf-
ten der so erhaltenen symmetrischen Verbindungen N,N’-di(o’-Nitrobenzyl)-
-o-Phenylendiamin (III a) und N,N’-di(m’-Nitrobenzyl)-o-Phenylendiamin
(ITI b) sind mit denjenigen der in fritherer Arbeiten als asymmetrische Dini-
troderivate beschrieben identisch.
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[ 2 [ j NO,
NH; NG, o°H N=CH@
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lfo]
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————
NH-CH,—Q— NO, i>

NO:z
X X

So konnte die symmetrische Struktur von III a und III b eindeutig
bewiesen werden.

Es soll hier darauf hingewiessen werden, dass die Herstellungsmethode
der drei beschriebenen N,N’-disubstituierten o-Phenylendiaminen iiber
die betreffenden Azomethinderivate, einheitliche und leicht in reiner Form



DERIVATE DES O-PHENYLENDIAMINS 105

erhaltbare Produkte liefert. Im Gegensatz zu dieser Methode erhdlt man
bei direkter Kondensation von o-Phenylendiamin mit den betreffenden
Nitrobenzylchloriden Gemische die nur schwer gereinigt werden k&nnen.

Experimenteller Teil. N N-Di(p’ - Nitrobenzyl ) -0- Phenylendiamin (111 ¢). a) 2,4 g o-Phen-
ylendiamin werden in 30 ml warmen Methanol gelost. Man versetzt die Losung mit 3,7 g
p-Nitrobenzylehlorid und siedet 2 Stunden. Wihrend der Reaktion bildet sich ein orangefarbener
Niederschlag. Er wird gleich nach Abkiihlen der Lésung abgesaugt. Nach einer umkristallisie-
rung aus Tolul erhilt man ungefidhr 1 ¢ einer Verbindung von Schmp. 190", Zum Reinigen
wird die Substanz in 10 ml heissem Athanol, dem man einige Tropfen konz. Salzsiure gibt,
suspendiert. Durch Reiben mit dem Glasstab scheidet sich in der kalten Losung das Chlorhy-
drat des N,N’-di{p’-Nitrobenzylj-o-Phenylendiamins (III ¢} in Form eines weisse, kristalline
Niederschlages ab. Nach Absaugen wird der Niederschlag in siedendem Athanol gelost
und einige Tropfen einer 30%,-igen NaOH Losung hinzu gegeben. Durch Verdiinen mit Wasser
und nachfolgendem Abkiithlen, scheidet sich ein Niederschlag ab, der filtriert wird. Nach
Umbkristallisieren aus Toluol erhilt man ziegelrote Kristalle von Schmp. 198°¢.

b) 1,5 ¢ N-(p’-Nitrobenzyl)-(p”-Nitrobenzyliden)-o-Phenylendiamin  (IX ¢) wurden in
60 ml Tetrabydrofuran gelost. Innerhalb von 307 wird eine Losung von 1,5 ¢ NaBH, in
60 ml Methanol, unter umschiitteln hinzu gefiigt. Nach beendigten Reaktion giesst man das
Reaktionsgemisch in Wasser, worauf der Niederschlag abfiltriert wird. Durch Umnkristallisieren
aus Toluol erhiillt man ziegelrote Kristalle von Schmp. 198%. Die Mischprobe mit der Verbin-
dung von a) crgibt keine Schmelzpunkterniedrigung.

In IR-Spektrum dieser Substanz tritt Dei 3387 cm™ eine starke Absorbtionsbande
auf, die wir der Walenzschwingung vNH einer nicht assozierten NH-Gruppe zuorden. Ander-
seits zeigt das Spektrum bei 3355 cin™! eine fiir die assozierte NII-- Gruppe charakteristische
Valenzschwingungshande.

CooH N0, (378,2) Ber: (., 63.47 H, 4.80 N, 14.82
Gef: C, 63.85 H, 5.03 N, 1468

N-(p'-Nitrobenzyl)-o- Phenylendiamin (11 ¢). a) Aus der methanolischen Losung erhilt
man nach Entfernen der Verbindung II1 ¢, durch Abkiihlen, etwa 3 g eines grauen Niederschlags,
welclier zum gréssten Teil aus dem Chlorhvdrat des N-(p’-Nitrobenzyl)-o-Phenylendiamin
besteht. Nach Trocknen wird dieser in Toiuol suspendiert und kurze Zeit gekocht. Das Chlor-
hydrat lost sich nicht. Man saugt den Niederschlag ab und bringt ihn in heissen Athanol.
Die Losung wird alkalinisiert, mit Wasser verdiint, und der erhaltene Niederschlag aus Toluol
umkristallisiert. Man erhilt ungefihr 1 g orangeroter Kristalle vom Schmp. 1497 Nach
Entfernen des Chlorhydrats erhilt man aus der Mutterlange, durch  Abkiihlen noch eine
kleine Menge der Verbindung IT c.

b ) 1 g N-(p'-Nitrobenzyliden)-o-Phenvlendiamin (IV) werden in 40 ml Tetrahydro-
furan geldst. Unter haufigen Umschiitteln ldsst man eine Lésung von 0,5 ¢ NaBH, in Athanol
hinzufliessen (0,5 Stunden). Das Reaktionsgemisch wird in Wasser gegossen, abfiltriert, und
nach der oben angefithrten Methode gereinigt.

Im IR Spektrum erschienen 2 Banden, welche den symetrischen und asymetrischen Schwin-
gungen des primiren Amins bei 3255 und 3370 cm™?, und dem sckundiren bei 3410 em™!
zuzuordnen sind.

CpT1,, N0, (2431 Ber: ¢, 6416 H, 539 N, 17.28
sef: C, 6432  H, 585 N, 17.24

N-(p'-Nitrobensyliden ) -o- Phenylendiamin (I1). Aquiwalente Mengen von o-Phenylendia-
min und p-Nitrobenzaldehyd (VIII ¢) in Athanol werden 5 Minuten gekocht. Nach Erkal-
ten der Lésung scheidet sich ein roter Niederschlag aus. Umkristallisierung aus Athanol.
Schmp 1347 Die Verbindung ist mit der in der Litteratur beschriebenen identisch. Sie
wurde auf eine andere weise erhalten {5

1-p-Nitrobenzyl-Benzimidazol (1'11). 1 gN-{p’ -Nitrobenzyl)-o-Phenylendiamin (II ¢} wer-
den mit 10 ml 809 -iger Ameisensiure 1 Stunde gekocht. Die Losung wird auf dem Wasser-
bad eingedampft, mit Na,CO, bis zur alkalischen Reaktion versetzt und der erhaltene Nie-
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derschlag wird it wenig Wasser gewaschen und aus Wasser umkristallisiert. Weisse Kristalle
vom Schmp. 102° Die Verbindung ist mit der in der Literatur beschriebenen identisch.
Sie wurde auf eine andere Weise erhalten [6].

Cp H, N0, (253.3)  Ber: N, 16.60 Gef: N, 16.00

N-(p'-Nitrobenzyl)-N,N’-Diacetyl-o- Phenylendiamin (V). 1 g N-(p’-Nitrobenzyl)-o-Phe-
nylendiamin (IT ¢) werden in 10 ml Pyridin geldst. Die Lésung wird unter Kiihlen und Riih-
ren mit 3 ml Acetylchlorid versetzt. Nach 6-Stundigen Stehen bei Zimmertemperatur giesst
man das Gemisch in Wasser, savert mit H,80, an und filtriert den erhaltenen Niederschlag.
Nach einer Umbkristallisierung aus Athanol erhilt man weisse Kristalle vom Schmp. 196°

C,7H,,N,0, (327.1) Ber: C, 62.35 H, 524 N, 1284 Gef: C, 6279 H, 568 N, 13.10

L-(p’-Nitrobenzyl )-2- Methyl- Benzimidazol (V1) 1y¢ Diacetylderivat (V) wird 0,5 Stunden
mit 15 ml HCl 1/1 gekocht. Man dampft die Losung ein. Zum Riickstand wird ein wenig
Wasser zugesetzt und darauf wird die Lésung mit Na,(CO, alkalisch gemacht. Der erhaltene
Niederschlag wird obfiltriert, mit Wasser gewaschien und nachher aus wasserigem Athanol
umkristallisiert. Hellrote Kristalle von Schmp. 125°.

CH,N,0, (267.3) Ber: ¢, 6740 1, 490 N, 1572 Gef: C, 67.97 H, 5.20 N, 15.85

N-(p'-Nitrobenzyl)-[\"-(p”u\’im>bmzyl£dz’n) -0- Phenylendiamin (1X c). 2 ¢ N-(p’N@;roben-
zvl)-o-Penylendiamin (11 ¢) und 1,2 g p-Nitrobenzaldehyd (VITI ¢) werden in 50 ml Athanol
10 Minuten gekocht. Man erhilt einen dunkelroten, kristallinen Niederschlag, der aus Athanol
umkristallisiert, bei 161~ schmiltzt.

CooHpN,0, (376,2)  Ber: N, 1482  Gef- N, 15.07

L-(p-Nutvobenzyl )-2-(p-Nitrophenyvl )- Beuzimidazol (X ). Man leitet 48 Stunden cinen Luft-
strom durch eine auf dem Wasserbade siedende Losung von 1 g N-(p’-Nitrobenzyl)-N'-
{p”’-Nitrobenzyliden)-o-Phenylendiamin (IX ¢) in 50 ml Athanol. Die Losung entiarbt sich.
Beim Erkalten scheiden sich gelbe Kristalle vom Schmp. 210° aus. Die Verbindung ist mit

der in der Idteratur beschriebenen identisch. Sie wurde auf eine andere Weise erhalten 47,

NN-Di-( p'-Nitvobenzyl )-N-Fovinyl-o- Phenylendiamin  (XI). Diese Verbindung wird wie
Verbindung VII erhalten. Umbkristallisierung aus Toluol. Gelbe Kristalle vom Schm. 1559,
Co H g N,Op (406,2) Ber: C, 62.04 I, 443 N, [3.79 Gef: ¢, 6250 H, 479 N, 14.17

IR Spektrum weist eine starke Absorbtionsbande bei 3385 cm™, auf welcher wir der
Valenzschwingung der NH-Bindung zuordneten. Die starke Rande bei 1670 cm™! entspricht
der CO-Schwingung (,Amidbande 17},

NONCD-(p-Nitrabensyl )-N-Aeetyl-o- Phenylvndiasmin (X11). Man verfiahrt wie bei Verbin -
dung V, nur geht man in diesem Fall von N,N’-di-(p’-Nitrobenzyl)-o-Phenylendiamin (IIT c)
aus. Nach umkristallisieren aus Athanol erhilt man heligelbe Kristalle von Schmp. 210°,
Coall,y NGOy (4202 Ber: ¢, 6283 M, 4,80 N, 1334 Gef: ¢, 63.25 H, 5.17 N, 12.98

IR Spektrum weist eine starke Absorbtionsbande bei 3380 cin™!, auf welcher wir
der Valenzschwingung der NH-Bindung zuordneten. Die starke Bande bei 1655 cm™! ents-
priecht der CO-Sehwingung (,Amidbande 1),

1,3-Di-(p-Nitrobensyl ) -2-Methyl- Benzimidazol Chlovid (XI111). 1 g der Verbindung XII
kochit man 1 Stunde mit HCL 1/1. Die Lésung wird auf dem Wasserbad eingedampft, der
Riickstand aus wenig Athanol kristallisiert. Gelbe Kristalle wom Schemelzpunkt 283°.

CH NGO, (438.9)  Ber: €, 60.02 H, 4.36 N, 12.77 ¢l 8.08
Gef: €, 60.49 H, 470 N, 13.05 Cl, 8.70

N-(n-Nutvobenzyl)-N-{ p''-Nitrobenzyliden ) -o- Phenylendiamin (1X b). Man erhdlt die
Verbindung wie IX ¢, nur verwendet man als Ausgangstoffe IT b und VIII b. Durch Umk-
ristallisierung aus Athanol erhilt man orangerotee Kristalle von Schmelzpunkt 145°,

Cool N0,  (376,2) Ber: N, 1482  Gef: N, 1519
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N-(o’-Nitrobenzyl)-N’'-(v"-Nitvobensyliden }-o- Phenylendianin (IX a). Man erhilt es wie
IN ¢, nur in diesem Fall aus II a und VIII a. Umkristallisieren aus Athanol. Rote Kris-
talle vom Schmp. 125°.

C,oH,N,0, (376,2) Ber: N, 1482 Gef: N, 1495

N,N’-Di-(m'-Nitrobenzyl ) -o- Phenylendiamin (I11 b). Man erhialt die Verbindung wie
II1 ¢, durch Methode b, nur verwendet man als Ausgangstoff IX b. Gelbe Kristalle von
Schm. 145°.

Die Verbindung ist mit der in der Literatur beschriebene (2] identisch.

N,N’-Di-(0’-Nitvobensyl)-0- Phenylendiamin (111 a). Ausgehend von IX a erhilt man es
analog III ¢ durch die Methode b. Gelbe Kristalle vom Schmp. 125°. Identisch mit in der
Literatur beschriebenen (17.

Die IR Spektrum der Verbindungen ITI b und IIT a zeigen die charakteristischen
Schwingungen der sekundiren Amine und zwar bei 3380 cm™ fir III b (in CH,Cl) und
3325 et und 3340 cm™ fiir die nichtassozierte vNH und assozierte vNH fiir III a (in KBr).

(Eingegangen am 27 Oktober 1973)
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DERIVATI N-(p’-NITROBENZILATI) AT O-FENILENDIAMINEI
(Rezumat)

Prin condensarea o-fenilendiaminei cu clorurd de p-nitrobenzil s-au obtinut un mono
si un di-p-nitrobenzilderivat (IT ¢ gi III ¢). Substanta IIl ¢ s-a obfinut si din azometin
derivatul corespunzitor (IX ¢) prin reducere cu hidridoborat de sodiu.

Prin aplicarea ultimei metode s-a 1dmurit constitutia di-o- si di-m-nitrobenzilderivatilor
o-fenilendiaminei (IIT a si I11 b) carora, in lucrari anterioare 1i s-a atribuit o altd structuri,

N-(I" HUTPOGEH3HWJIMPOBAHHbBIE) TTPOU3BOAHbIE O-¢EHUMAEHANAMUHA
(Peswonve)

Tlyrem KoujgencauMu o-QenHIeHfMAMHHA ¢ XJAOPHAOM I-HHTPOOEH3HJA aBTOPLI TOIY-
UMK MOUO- B aH-N-HUTpoGensnanpoussoauoe (1lc u lllc). Bemecrso IHc 6u10 noayyeso u 1o
COOTBETCTBYIOWEro azoMeTHHnpoussoiitoro (1Xc) nyrtem soccraHoslesus I'aapuiofopatomM Ha-
TPHS.

TIpuMenenter NOCAEHEr0 MeTOAA ABTOPLI BBISCHHJIM COCTAB 1M-0- H JH-M-HHUTPOGRH3HATNPO-
H3BoBIX o-Pernaenamuna (I11a u TIL), KOTOPLIM B npeibiIVILAX pafoTax NMPHIHCHIBAAACH
ApVTAad CTPYRTYDA.



STUDY ON THE POLYMER - PLASTICIZER
MEMBRANE-ELECTRODE (XII)

Determination of the free acidity (H,SO,) in the presence of Cu?* ions
using a PVC + tricresylphosphate membrane-electrode

ELENA HOPIRTEAN and MIHAELA PREDESCU

1. Introduction. The plastic electrode based on PV(C L tricresyl-
phosphate [1] was analytically used in a series of acid-base potentiviaetric
titrations [2—7) and of precipitation potentiometric titrations 8, 9].

The present paper extends the analytical use of the PVC < tricresyl-
phosphate membrane-electrode to the determination of H,SO, in the pre-
sence of Cu?t ions, by potentiometric titration.

2. Experimental section. 2.1. Experimental device. A membrane-electrode constructed as
described in an earlier paper was utilized [1]. A MV-11 pH-meter was employed for measu-
ring the e.m.f. of the following electrolytic chain :

ESC || internal solution | membrane | soluticn for titration }} ESC

The internal solution used was HCl 1073N. Potential measurements were petformed
at room temperature under conditions of magnetic stirring.

2.2. Working proceduve. A correct determination of the free acidity (H,S0,) in the
presence of Cu*T ions requires the removal of Cu?’ from the system. One of the following
approaches were taken to this end.

1. Complexation of Cu?t with Na,V, a reaction which is not accompanied by the change
in the pH of the solution (Cu?" 4 Na,¥V & Cu¥?~ + 4Nat).

2. Removal of Cu?* from the system by precipitating under the form of Cul (2Cu*t 4
-+ 4Nal = 2Cul + I, + 4Nat), a reaction which is not accompanied by the change in the
pH of the solution, either. Before titrating H,SO, with KOH, the iodine resulted from the
reaction was reduced with sodium thyosulphate.

Titrations of H,80, were performed at two concentration levels of Cn*t, 107* M and
2 - 1073M. For each Cu?t concentration level determinations were performed at different
concentration levels of H,S0, ranging within 2 - 107N — 2 - 1072N « Na,¥ 2 - 107*M and
Nal 2 - 107IM solutions were used. The equivalence point was detected both by PVC + tri-
cresylphosphate membrane-electrode and by’ glass-electrode, in view of characterizing the
accuracy of the determinations.

2.3. Results. 2.3.1. Titration of H,50, with KOH after complexation
of Cu with Na,Y. One of each titration curves obtained in the presence of Cu?* of a
107*M and 2 - 1072M concentration, respectively, is listed in fig. 1.
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Similar titration curves were obtained for titrations performed at different concentrations
of 1,80, at the two concentration levels of Cu?t. Data refering to the accuracy of titrations
this method are listed in table 1. The equivalence volumes were calculated
according to the Hahn-Weiler methiod [10]. With one single exception, the errors recorded

performed by

are bhelow

4 0.78°%,.

Table 1

Aceuracy of the H,80, with KOH titrations performed after complexation of Cu?t with Na,Y

Vo (ml)
H,50, Cus0, KOH Error
concentration |concentration]| concentration glass membrane (%)
electrode electrode
2 107N 107 ~2x 10N 12.72 12.70 —0.15
107N 1071 ~107IN 12.33 12.33 3.00
5% 107N 1071M ~5x 1UTEN 7.20 7.16 —0.55
2w 107N 107IN ~2 3 10N 12.37 12.33 —0,33
2% 107N 2% 1072 ~2 107N 11.84 11.75 —0.78
107N 2x 1073 ~107IN 10.75 10.83 +0.74
2x 107N 2x 107N | ~2x 107N 12.20 12.35 +1.22
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Table 2

Aecuraey of the H,50, with KOH titrations performed after precipitation of Cu2? as Cul

\(ml)
H,50, Cuso, KOH Frror
concentration [concentration| concentration glass membrane {9
electrode electrode !

i

1
2% 107IN ; 107M ~2 % 107IN 12.60 12.72 b 0.-5
107N 107IN ~107IN 12.17 12.25 +0.65
5x 107N 107™ ~5 107N 7.18 7.12 0.83
2% 1072N 1071M ~2x 1072N 12.20 12.3¢ - 1.06
2~ 107N 2 x 1072M ~2x 107IN 11.68 11.70 | 017
107IN 2 x 1072M ~107N 11.75 11.77 I | 017
2% 107N 2x 1072M ~2 . 1072N 12.21 i 12.35 | 114

232 Titration of H,80, with KOH after precipitation of Quw™
under the form of Cul. One of each titration curves obtained through this method
ata 107'M and 2 - 1072M concentration level, respectively is plotted in fig. 2.

An inspection of titration curves in fig. 2 reveals a much larger potential variation at
the equivalence point in the titration performed in the presence of Cu?™ of o 2. 10721
concentration than in the case of the titration conducted in presence of Cu* of a 1071M
concentration. As previously found [27, the electrode worsens its pH electrodic behaviour
on a strongly saline background. Results referring to the aceuracy of titrations performed
are listed in table 2. In this case too, most determinations are accompanied by o less than
+ 19 error.

In conclusion, good results were obtained by using the PVC + tri-
cresviphosphate membrane-electrode in the determination of the free aci-
dity in the presence of Cu?** ions both by the method in which the titration
of H,S0, is preceded by Cu?* complexation with Na,¥V and by that pre-
ceded by the Cu®** removal from the system under the form of Cul. The
methods developed mayv serve to determine the free acidity in the solution
involved in the baths of copper electrolytic refinement. Both glass-electrode
and plastic electrode mayv be used as an indicator electrode. The method
by which Cu?* is complexed with Na,Y is particularly recommended when
using a plastic electrode,

{ Kecesved November 3, [97.3)
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STUDIU ASUPRA ELECTRODULUI-MEMBRANA POLIMER -+ PLASTIFIANT (XII)

Determinarea aciditdtii libere (H,S0,) in prezenta ionilor Cu®t folosind
electrodul-membrand PVC -+ tricrezilfosfat

(Rezumat)

Lucrarea cuprinde rezultatele obtinute in valorificarea analiticd a electrodului-membrani
PVC + tricrezilfosfat la determinarea aciditatii libere (H,$0,) in prezenta ionilor Cu?*.
Titrarea se efectueazi fie dupi complexarea ionilor de Cu?t cu Na/Y, fie dupa scoaterea din
sistem a iomilor de Cu*t sub forma de Cul. Rezultatele obtinute prin metoda in care titrarea
H,S0, este precedati de complexarea Cu®™ cu Na,V sint superioare celor obfinute prin
cealaltd metodd, atit in privinta variatiei de potential inregistratd in decursul titrarii cit si
a exactitdtii determindrii.

HUCCNEAOBAHHE MEMBPAHHOTO SJIEKTPOIA
[MONTUMMEP -+ TNVIACTHOUKATOP(XIN)

Onpedesenue ceobodnod kucromuocmu (HySO,) 6 npucymemenn uonos Cut™ npu nomouyu
membpanroeo srexmpoda [1XB -+ mpuxpesuagocgam

(PeswomMe)

Pafora conepkXHT pe3ysbTaTH, NOJYueHHble NPH AHAJHTHYECKOM HCIOJbL3OBAHHU MeM-
6pannoro sjdektposa ITXB 4+ tpuxpesuadocdar npu onpeiesesHH cBOGOJHONH KHCJIOTHOCTH
(H,S0,) B npucyrcrsuyd HoHoB Cu*t. THTpoBaHHe NPOM3BOAMTCH HJIM 1OCAEe KOMIJIEKCALHH
HoHoB Curt ¢ Na,¥, HAH T1oC/ie yAaleHHS M3 cHcTeMbl HoHOoB Cu™ B BHge Cul.
PesyabTartel, nojyueHHble NPH NOMOLLH MeTOJa, B KOTOPOM THTpoBaHHIO H,S0, npeawecrsyer
KoMmniekcalns Cu?t ¢ Na,Y, CTOAT BHUIE De3yAbTAaTOB, NOJYYEHHBIX INPH HCIOAL3OBANKH
APYroro Meroja, KaK B OTHOIIEHHH H3MEHEHHs [OTeHLHala, OTMEUEHHOro TPH THTPOBAHHH,
TAK H B OTHOWIEHHH TOYHOCTH OnpejejeHHs.



COMPLEX CYANATES AND SELENOCYANATES OF Co(II), Ni(IT)
AND Cu(Il) WITH m- AND p-PHENVLENEDIAMINE

RODICA MICU-SEMENIUC and LUMINITA SILAGHI-DUMITRESCU

The complex compounds of transition metals with m- and p-phenylene-
diamines have been discussed in the literature [1—12]. Compounds of
Co(II), Ni(II), Cu(Il), Zn(Il), CA{II), Hg(II) and Pd(II) have been syn-
thesized for the case when the inorganic ligands (anions) were Cl-, Br-,
I-, NO,, ClO,, SO* 11 --12]. Combination ratios of 1M: nl, with n=1;
2 and seldom n = 3 (only for Ni(II), have been obtained [10]. Aromatic
diamines can act as both mono- and bidentate ligands, depending on the
working conditions [1—12]. From spectral data on Co(II) and Ni(II) com-
pounds [8, 9] it follows that Ni(II) has a six-coordinate, tetragonally dis-
torted configuration, and Co(II) in complex halides has tetrahedral confi-
guration. The compounds with bidentate inorganic ligauds have octahedral
configuration, with various degrees of distorsion.

In this paper we will discuss the results obtained in the investigation
of complex cvanates and seclenocyanates of Co(II), Ni(IT), Cu(II) with
m- and p-phenylenediamine.

Experimental Part. Potassium selenocyanate was prepared according to the literature
data [13] and - and p-phenylenediamine (abbreviated m-phda and p-phda) were commercial
products. They were recrystallised from diethyl ether and ethanol, respectively.

Preparation. The complex compounds were obtained in absolute ethanol (the selenocya-
nates), or in aqueous solution as well (the cyanates); these complexes were prepared by simple
mixing of the reagents in stoichiometric amounts, with intermediate separation of the potassinm
salt, in the case of selenocyanates. After filtration, the precipitate with combination ratio
1 M:n 1 (ne=1; 2) was washed with ethanol and diethyl ether. For the compounds with
n > 2 petroleum ether was used instead of diethyl ether. The use of other solvents for washing
the precipitates results in the loss of the coordinated amine, with the formation of com-
pounds with lower combination ratios, as described in literature for similar compounds [14].
A failure of an attempt to prepare Cu(Il) complex halides with m-and p-phda was mentioned
in the literature [9]. We succeeded in synthesizing the Cu(IT) complex cyanates with both
isomers. The attempts to prepare complex cyanates of Co{Il) and Ni(IT) with m-phda give
the simple cyanates of these metals, as with other aromatic amines [15]. The experimental
data concerning combination ratios, elemental analyses and some properties are listed in
Table 1.
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Table 1
Elemental analysix and some physical properties of complex c¢yanates and selenocyanates
of Co(ll), Ni(I1) and Cu(Il) with m- and p-phenylenediamine

\ 9% metal X T(Se) ;
Noo “ompound ‘olo ALp.“Ch oy
ert. ! sompen cale. 1f<mnd, cale. | found Cotor {dec)) Vou
: ; ‘ 5 |

1. Co{pphdal(NCO), 23.56 1 23.92 brown 204 | 4.69
11, Co(mphda),(NCSe}, 12,10 | 12.18 | 83.06 | 32.84 | brown (216) | 5.17
I11. Co(pphda),(N L‘se) 1210 | 12.48 1 33.06 { 32.70 | brown (193) | 5.19
IV. Co(pphda;(NCSe), 15.57 | 15.14 | 41.53 | 40.89 | brown (245) | 4.72
AW Ni{pphda),(NCO}, 16,45 | 16.64 grey 183 —

191 3.33
VI Ni{mphda}(NCSe), 14.10 | 13.82 | 42.21 | 41.78 | green (259 —

263) | 3.38
VII. | Ni{muphda),(NCSe), 12.13 | 12.76 | 32.67 | 32.29 | green (176) | 3.16
VIII Nx(xnphdd)‘(hC e}, 9.92| 9.76 | 26.70 | 26.90 | grey 148 | 2.89
IX. Ni(pphda}(NCSe), 14.10 | 14.85 | 42.21 | 42.34 | greenish [(226

240) | 3.28
X. | Ni{pphda},(NCSe), [ 1213 | 12.60 | 32.67 | 32.29 | green (168) | 3.14
X1 Ni(pphda),(NCSe), 8.39 1 8.77]22.65]22.96| grey 210 -
XI1I. .\ i{pphda)(NCSe), 6.41 1 6.45 | 18.80 | 19.21 | grey 191 + 3.03
XIIL. | Cu (1np11<ia)2(I\ICO)2 17.50 | 18.09 mustard 188 -
X1V. | Cu(pphda),(NCO), 17.50 | 17.84 brown 196

Physical measurements. Magnetic susceptibility was done at room temperature, with a
Faraday-type balance, calibrated with the aid of HgCo(NCS),. Magnetic moments were calcula-
ted with the relation g = 2,84 (Xpyc T)’/’. The results are given in Table. 1.

The ESR spectra were recorded on polycrystalline samples with a JEOL—JES 3 B
spectrometer at room temperature. The data are given in Table 2.

IR spectra were recorded with an UR— 10 Carl Zeiss- Jena apparatus, in the range 3600 —
—400 cm™!, in KBr pellets. Some absorption bands and assignments are listed in Table 3.

Table 2
ESR speetra of the Cu(li) complex compounds
R H, arr AH,, Ah 1
Compound gss vMC ”gi gss gss 1l; 1
XIII. Cu{mphda),(NCO), 3255 | 9395 2.06 49.9 20.6 | 76/134
2.19
X1IV. Cu(pphda)e(NCO), 3243 | 9392 2.06 52 — 56/111
2.18

Results and Diseussion. The combination ratios between the com-
ponents in the title compounds and some properties were determined. It
can be seen from Table 1 that the combination ratio can vary.

Some of the compounds prepared (I, V, VIII, XI, XII, XIII, XIV
have definite, sharp melting points, which suggest a monomeric structurey

8 — Chemia 1/1974
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while others (II, III, IV, VI, VII, IX, X) decompose without melting, thus
suggesting a polymeric structure.

The magnetic properties of the Ni(II) ion depend upon the symmetry
of the ligand field around it: for a square planar configuration the com-
pounds are diamagnetic, for tetrahedral symmetry p = 3-3 — 4 BM,
whereas the values observed for octahedral configuration are in the range
u = 2-9 — 3.4 BM [16—18]. The values found for our Ni(II) complexes
are in the range corresponding to the six-coordinate ion (Table 1). The
values higher than the spin only value occur because of spin-orbit coupling
between the singlet ground state and the immediately superior triplet
state [16, 17]. For selenocyanates (except for the compounds VI and IX)
lower values than for cyanates were observed, which are closer to the
value suggesting tetrahedral configuration.

The magnetic moments for a six-coordinate configuration of the Co(II)
on have values between 4.-8-—5.6 BM [16, 19, 20]. In a field of tetra-
hedral symmetry the magnetic moments are in the range 4.3—4.8 BM
[21]. We found magnetic moments suggesting a sixcoordinate configuration
of the central ion in compounds IT and III, whereas for compounds I and
IV the value of the magnetic moment corresponds to a tetrahedral sym-
metry (Table 1).

The magnetic properties of the Cu(II) ion were investigated with the
aid of ESR spectra. The experimental results are shown in Table 2.
The half-width wave of the spectral line has characteristic values for the
Cu(II) ion. The spectra exhibit axial symmetry, and the corresponding
two values of the g factor for the Cu(II) ion were calculated. The spectral
line from the parrallel band of the magnetic field is shorter, thus indicating
a tetragonal elongation distorsion, as found in other similar Cu(II) com-
plexes [22].

With the aid of IR spectra we followed the occurence and the shift
of the characteristic bands of the amines and anions, compared with the
spectra of the uncoordinated ligands (Table 3).

The bifunctional coordination ability of the pseudohalides and/or the
possibility to form bridges between two metal atoms are well known [23—
26]. Both anions have characteristic frequencies which occur in three ran-
ges of the three fundamental IR active vibratious and have various values,
depending on the bonding tvpe achieved [25, 27-—-29].

In the case of our compounds the spectra are complicated by the
overlap of the bands of the organic and inorganic ligands. The vibration
most sensitive to the bonding type of the pseudohalides is v (X =0, Se);
because of the above mentioned overlap not always certain assignements
could be made. Therefore the bonding tvpe of the anions are estimated
from the vy values. Thus the occurrence of an intense band at ~2150 em—1
in compounds II, IV, VI, VII, IX suggests a bridging bond of the seleno-
cyanate. [28]. The occurence of two bands in the same range, at ~ 2150
and ~ 2116 cm~!indicates the presence of two types of bonding of the
selenocyanate group in compounds X and XI: bridging and terminal (via
selenium). The hypothesis of coordination via selenium does not seem unli-
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Table 3

IR speetra of complex c¢yanates and selenmocyanates of Co(II), Ni(II) and Cu(ll
with m- andp- phenylenediamine (¢cm—1)

No. Compound Va v, Ven 3 10 ven | Vex

1. Co(ppda)(NCO), 3360 | 3295 | 1250 | 1031 | 2232 | 1307

II. Co(mphda),(NCSe), 3325 | 3298 | 1260 | 1040 | 2140 -

111 Co(pphda),(NCS8e), 3310 | 3258 | 1253 | 1000 | 2116 —

Iv. Co(pphda)(NCSe}, 3322 | 3252 | 1230 | 1035 | 2140 -

V. Ni(pphda),(NCO}), 3372 | 3320 | 1250 | 1015 | 2221 | 1321
3340 | 3280 | 1260 | 1030

VL Ni(mphda)(NCSe), 3328 | 3261 | 1230 | 1042 | 2150 | 600

VIL Ni(mphda),(NCS8e), 3338 | 3265 | 1288 | 1032 | 2149 | 602

VIII. | Ni(mphda),(NCSe), 3345 | 3275 | 1307 | 1025 | 2110 | 612
3430 | 3345 | 1320

IX. Ni(pphda)(NCSe), 3328 | 3261 | 1230 | 1042 | 2150 | 600

X. Ni(pphda),(NCSe), 3344 | 3265 | 1250 | 1058 | 2117 | 601

2150

XI. Ni(pphda),(NCSe), 3322 | 3262 | 1259 | 1065 | 2110 | 602
3420 | 3332 | 1239 | 1016 | 2150

XII1. Ni(pphda)¢(NCSe), 3335 | 3270 | 1230 | 1040 | 2116 | 600
3430 | 3335 | 1270 | 1060

XIIIL. Cu(mphda),(NCO), 3330 | 3250 | 1259 | 1080 | 2255 | 1330

XIV. Cu(pphda},{(NCO), 3340 | 3275 | 1242 | 1089 | 2244 | 1325

kely in the case of Ni(II), since the thiocyanate group can be coordinated
via sulphur atoms with elements situated at the end of the first transition
series [30]. In compounds III, VIII, XII a single band occurs at
2110 em~1 which also corresponds to a selenocyanate group coordinated via
selenium.

The cyanates bands occur for vgy at 2250—2220 cm~! and for Syg
at 625—610 cm !, which indicates coordination via nitrogen. The Fermi
doublet, occurring in the IR spectrum of the free cyanate ion, disappears
after coordination and v,,cannot be assigned unequivocally.

In the spectroscopic behaviour of the coordinated amines, a bands
shift is observed generally toward lower wave numbers. Thus, in the range
of vyg, vibration, the occurrence of two bands corresponding to v,y and
vy, Shifted towards lower wave numbers (compared to the free amme)
indicate the equivalence of the two amine groups, which are coordinati-
vely bonded in the compounds I—IV, VI, VII, IX, X, XIII and XIV.
The presence of several bands in the range mentioned can be correlated
with the simultaneous existence of both coordinated and free amino groups
(VIII, XI, XII). In compound V the bands can be correlated with the
presence of coordinated amino groups, whereas the free amino groups are
hydrogen bonded. In the latter case the bands are situated at wave num-
bers intermediate between those of free and coordinated —NH, groups.
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The stretching vibration frequency vepnenyw 18 the range 1300—1200
cm~! follow exactly the behaviour of the frequencies in the range 3400—
3200 cm -1 In compounds in which the amine exhibits two bonding types,
reflected in the values of the vy, bands in the range mentioned (vey),
two bands occur.

With regard to other ranges characteristic for amines, the occurrence
of a band between 1100-—~1000 ecm~1, of remarkable intensity is observed ;
this band is not present in the spectra of the free amines. This band is,assig-
ned to a skeleton vibration [31, 32] or to a infrared inactive deformation
band of the free amine and activated by coordination [32].

An interesting case is shown by Ni(p-phda)s(NCSe),. The infrared
spectrum suggests that both free and coordinated amino groups are present.
The sclenocyanate groups coordinated as monodentate through selenium.
These cxperimental data suggest that Ni(p-phda)s(NCSe), may have a
chlatrate structure of the type Ni(p-phda),(NCSe),. 2 p-phda, similar to
other Ni(II) compornnds with pyridine, aniline or p- substituted anilines [14].

With the aid of IR spectra and magnetic properties we proved that
the complex pseudohalides of Co(II), Ni(IT), Cu(I1) with #- and p- phda are
meunomeric compounds, with the cyanate and selenocyanate groups bonded
in traus position, via the nitrogen atom, respectively seleninm (I, V, VIII,
XII, XIII, XIV) or with the anion and amine acting as bridges (IT, TV,
VI, VII, IX). In compounds X and XI the amine acts as bridge and the
selenocyanate occurs both as bridging and terminal groups, bonded via
selenium. In the compound IIT the amince acts as a bridge and the terminal
anion is bonded through selenium.

( Reccived Novembrr 27, 1973)
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CIANATI SI SELENOCIANATI COMPLECSI DE Co(ll), Ni(IT), Cu(I) CU
m-SI p-FENTLENDIAMINE

(Rezumat)

Se comunicd sinteza §i structura cianatilor si selenocianatilor complecsi de Co(II),
Ni(II), Ca(II) cu m- si p-fenilendiamine (m-, p-phda). Au fost obiinuti compusi de tipul
NiL, (NCX), unde L = m-phda (n =1; 2; 4), L = p-phda (n = 1; 2; 3; 6) cind X = Se
si L = p-phda (n = 2) cind X = 0; CoL,(NCX), unde I, = m-, p-phda (n = 1; 2) pentru
X = Se, iar n = 1 pentru X = 0; Cul,(NCO), unde I, == m-, p-phda. S-au studiat proprie-
tdtile magnetice (susceptibilitdti magnetice i R.IZ.S. ) si s-an inregistrat spectrele IR ale
compusilor sintetizati. Compusii sint cu spin inalt avind momente magnetice caracteristice
pentru un ion central hexacoordinat sau/si tetracoordinat. Unii compusi sint monomeri,
altii polimeri; liganzii, atit cei organici ca si cei anorganici sint monodentati sau/si bidentafi
formind punti intre doi ioni metalici.

KOMILVIEKCHDIE TTMAHATDLI 1 CEJAEHOUMAHATBLL Co (II), Ni(II), CwuIL)
C M- H MT-QEHHJAEHIAMAMMHAMH

(Peswonme)

[IpuBeneHnl pe3yibTATHl HCCAEXOBAHHMS CHHTE3d H CTPYKTYPBl KOMIIEKCHHX HHAHATOB
# cenegouyanatos Co (II). NY(II), Cu(II) ¢ M- 4 n-hednaengtamiuamu (m-, p-phda). Toayyern
coeamuenna THNa NiL,(NCX), rae L = m-phda (n=1; 2; 4), L = p-phda (n==1; 2; 3; 6),
Korga X = Se ¥ L == p-phda (n =2} gorga X = 0; Col,(NCX), raze L = m-, p-phda
m=1;2 mig X =8¢ ,a n=1 149 X =0 Cul,{(NCO), rre I = m- p-phda.
ABTOPB M3y4YaaM MaruuTHbe CBOACTBA (MarHMTHbIe pOocnpHHvuupocTH M 2IIP) u 3ape-
ricrpuposann MK crnextpol cunresupoBanmbix  coetutiennfi. CoeIMHEHHST HMRIOT BHICOKHH
CNHH ¥  XapaKTepPHbIE MalHHTHLIE MOMEHTHl I8  IEeHTPAAbHOrO TeKCAKOOpIHHHPOBAHHOrO
WIH/H TeTPAKOOp AMHUpoBaHiioro Houa. OfHH COoeHHEHHS SIBISIOTCS MOHOMEPAMH, ApyrHe —
NOJHMEPAMH | JIHFaHbl — KakK OpraHHueCcKHe, TaK H HeOPTaHHUeCKHe — SBJISIIOTCA MOHOJEHTAT-
HLIMH HJH/H OHJEHTATHBLIMH H O0Pa3yIOT MOCTHKH MEXAY JBYMS METaNJTHYCCKHMH HOHAMM.



PROBLEME ALE NOMENCLATURII STEREOCHIMICE

SORIN MAGER

1. Introdueere. Perfectionarea intr-un ritm deosebit de accelerat a
noilor metode fizico-chimice de investigare a structurii compusilor organici
a contribuit intr-un mod %ubstantial si la dezvoltarea vertiginoasd a stereo—
chimiei moderne. Datoritd in bund parte lucririlor Iui Odd Hassel si
Derek Bartomn, care au pus bazele analizei umfnrmapmmle a fost
posibila trecerea atit de rapidd de la formulele bidimensionale ale chimiei
organice clasice la cele tridimensionale utilizate cu atita succes de chimia
modernd i de la interpretarea cvasi-empiricd a reactivitdii compusilor
organici la interpretarea rafionali a reactivitdfii acestora.

Printre realizarile de virf din ultimii 20—25 de ani in domeniul stereo-
chimiei se numird stabilireca configuratiei absolute, determinarea con-
figuratiilor unui mare numir de produgl naturali, confirmate prin smte7e
stereoselective, sinteza unor compuq macromoleculari cu o structurd stericd
regulatd, studiile conformationale in clasa biopolimerilor cu imp 1ca;11
deosebite in domeniul biochimici si biologiei molecul’lrc ete.

Evolutia rapidd in domeniul stereochimiei a dus la dezvoltarea unui
vocabular specializat si a unor defini;ii specifice, la revizuirea i unificarea
nomenclaturii si la unele modificari in terminologia stereochmnca st in
clasificarea tipurilor de stereoizomerie.

Ca urmare, se face simtitd nevoia prezentdrii celor mai importante
aspecte legate de utilizarea termenilor comuni limbajului stereochimic si
de felul in care acegtia pot fi incorporati in denumirile rationale ale com-
pusilor chimici individuali.

2. Tipuri de stereoizomerie (clasificarea stercoizomerilor) Stereoizomer;
sint izomerii care diferd intre e1 doar prin aranjamentul atomilor lor in
spatiu.

Conﬂgumtza unei molecule cu constitufie definitd este aranjamentul
atomilor sdi in spatiu (in raport cu un centru de referintd sau cu o unitate
structurala considerata ngldq) fard a tine cont de aranjamentele care
diferd ca urmare a unei rotatii in jurul uneia sau mai multor legaturi simple.
Moleculele ce diferd prin configuratie sint izomeri configurationali.
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Conformajiile unei molecule cu o configuratie definitd sint diversele
aranjamente ale atomilor sdi in spafiu ca rezultat al rotatiei mai mult
sau mai putin liberein jurul legdturilor simple. Moleculele care diferd prin
conformatie sint izomeri conformationali. Referitor la problema definijiei
notiunilor de configuratie si conformatie, noi aminunte st completiri sint
aduse in continuarea textului.

Una dintre cele mat importante modificdri din cadrul notiunilor legate
de stereoizomerie o reprezintd noua clasificare a stereoizomerilor in doud
mari clase : enantiomeri (antipozi optici) si diastereoizomeri. Daca in ceea
ce priveste continutul notiunii de enantiomer nu apare nici un fel de modi-
ficare, fiind vorba de cuncscuta stereoizomerie caracteristici moleculelor
care sint una fatd de alta imagini de oglindire, in schimb nofiunea de dia-
stereoizomer are un continut mult mai larg decit cel atribuit de stereo-
chimia clasicd, incluzind tofi stereoizomerii care nu sint enatiomeri [1].

Diastereoizomerii diferd intre ei prin valorile distantelor interatomice
dintre atomii nelegati direct, fiind de fapt ,,szomert de distantd’”’. Ca urmare
a acestel noi definitii, In cadrul diastercoizomeriei se incadreazd atit izo-
meria cis-trans (la combinatiile cu dubld legdturd C=C, C=N, N=N, si
la cele ce contin In moleculd cicloalcani), cit si izomeria conformagionald
st fzomeria substanteloy cu doud saw mai wmulte centre de asimetrie. (Vechea
semnificatie a notiunii de diastereoizomerie includea doar acest ultim caz).

Caracteristica tuturor diastereoizomerilor este aceea cid ei difera unul
de altul prin proprietdti ca punctul de topire si fierbere, indicele de refractie,
spectrele TR si RMN, ete. pe cind la enantiomeri toate aceste proprietéfi
sint identice ; acestia din uima diferd doar in ceea ce priveste sensul rotafiei
planului luminii polarizate. Diferentierea dintre enantiomeri si diastereoizo-
meri devine astfel extrem de clard in contrast cu cea veche dintre ,,izc-
meri lepticd” si,jzcmeri gecmetrici”. In cazul hidrocarburilor alicliclice
substituite, de exemplu, notiunea de izomer optic si izomer geometric se
suprapune (cis $i trans 3-metilciclohexanolul de exemplu, sint in acelasi
timp izomeri geometrici si optici, dar dupd noua interpretare ei sint clar
diastereoizomeri si nu enatiomeri).

3. Enantiometria (izomeria opticd, de oglindire). O importanti schim-
bare de conceptie si de terminologie In ceea ce priveste problema activitafii
optice o constitue legarea fenomenului de activitate opticd cu nofiunea
de chiralitate si nu In mod obligatoriu cu cea de asimetrie. S-a aritat intr-
adevir ca asimetria nu este o condifie necesard pentru existenta activitatii
optice Intr-o moleculd. Notiunea de asimetrie implici absenta oricdrui
element de simetrie, ca: centru de simetrie, plan de simetrie, axa de sime-
trie. Molecula acidului (+)—tartric de exemplu, desi confine o axa de sime-
trie de ordinul doi (C,) si deci nu este asimetricd, prezintd activitate optica.
S-a propus de aceea initial utilizarea termenului de ,,disimetrie’” pentru
desemnarca absentel unui plan de simetrie care duce de fapt la aparitia
activitdtii optice. Ulteriorinsd Ca hn, Ingold si Prelog au introdus
in nomenclatura stereochimicd termenul de chiralitate [2, 3, 4] definit
ca proprietatea de neidentitate a unui obiect cu imaginea sa in oglinda.
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O moleculd intr-o coufiguratic sau conformatie data este chirald cind nu
este identicd cu lmagivea sa in oglinda. Toate moleculele asimetrice sint
chirale, dar nu toate moleculele chirale sint asimetrice. Conditia pentru
aparifia activitdfii optice este deci chiralitatea i nu asimetria. Chiralita-
tea unei molecule poate fi apreciatd doar daca se face referire la structuri
considerate (cel putlin temporar) rigide. De exemplu, molecula etanului
este configurational achirala, desi multe din configuratiile sale ca de ex.
(a) sint chirale (Fig. 1). Configuratia unei molecule mobile este chirald

4 A x

(a) (b) (c)

iy [ Conformatii chirale (@) si achirale 1, ¢ wle etanulni

numai In cazul in care toate conformatiile posibile sint chirale, or,
in cazul etanului, conformatiile (b) si (¢) sint achirale.

Ca urmare a introducerii notiunii de chiralitate vechile denumiri de
wcentru asimetric” sau ,,atom asimetric” trebuiese Inlocuite prin denumirea
de | ,centru chirval’ sau |, centri de chivalitale’ .

In cazul diversclor tipuri de substanie organice chirale existd trel
feluri de elemente de chiralitate @ centru chiral, ce¢l wmal uzual, iutilnit In
cazul substantelor de tipul (1), axd clhirvald in cazul

a a a
d-—- é —b; € - Cm Cme Coovmr aaxa
, N
LI b : b
1 11

substantelor de genul alenelor (11) sau biarilderivatilor substituiti (I11T)
si plan chival constituit din ciclul benzenic si atomii de clor si oxigen in
compusul chiral (IV) sau de atomii coplanari, implicati in duble legituri,
a1 cicloalchener (V).
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Diferentierea enantiomerilor, prin specificares confignratied elementului
de chiralitate (centru, axa, plan), sc realizeazd prin utilizarea prefixelor
K 1 S conform conventiei “universale alui Cahn, In gold si Prelog
[5, 6] pentru speclfm(uca chiralitdtii (introdusa in 1951 si completati
in 1956 ¢i 1966). Prefixele R si S se utilizeaza in cazul compusilor a caror
configuratie absolutd c¢ste cunoscutd, iar pentru compusi carora 1 se cu-
noaste douar configuratia relativd sc utilizeaza prefixele R* ¢ 8%, Sistemul
de nomenclaturd R sl 8 este utilizat ¢ pentru specificarca configuratiet
diastercoizomerilor care confin in molccunld doudl sau mal multe centre
de chiralitate,

Regula lui Cahn, Ingold si Prelog, stabileste o ordine de s‘u(f@sizme
{regula standard de xuu(simu) a lganzilor at 1‘~at1 la clementul de chira-
litate, care atribuie prioritate liganzilor dupd wmdrul do ordine Z al ele-
mentulal legat dircet de centrul de chiralitate. Dupa stahilirea prioritafii
liganziler modelul este privit dm\])rc ]mrtca opusa ligandulul de ultim
rang si dacd ordinea succesiunii celorlalti liganzi corcspunde sensului acelor
ceasornicului configuratia este desemnatid prin stinbolul K (rectus); dacd
succesinnea este inversd sensului acelor ceasornicnlui configuratia se noteaza
cu S (sinister). In cazul in care atomii atagati direct de centrul de chira-
litate sint identici, pentru stabilirca prioritdfii se fine cont de substituentii
legati de atomii identici. Pentru a stabili de exemplu prioritatea liganzilor
in molecula VI se aranjeazi atomii atasati de cel doi atomi

Br
CH,— CHCl- Ll’ CHBr-CH,
Y
Vi
de carbon in discutie in ordinea prioritatii —C(Br, ¢, H) si— C(Cl, C, H)

si se atribuie DTlOthtC grupirii —CBrCH. In mod similar se poate decide
in cazuri ca—C(Cl, O, H) si—C(Cl, H, H) sau —C(C1, O, C) si—C(Cl, O,H).



122 S. MAGER

In cazul legiturilor multiple atomul legat de C se ia in calcul propor-
tional cu multlphmtatea legaturii. Pentru gruparea—NO,, de exemplu, se
va calcula de patru ori numdirul de ordine alO deci 4 X 8 = 32 pe cind
pentru gruparea —NO doar 2 X 8 = 16. (Se utilizeazd formulele clasice

~\< ). Din exemplele de mai jos, care stabilesc prioritatile diversilor
O

atomi sau grupe de atomi, aplicarea regulii standard de succesiune* se
poate intelege cu usurinta:

I, Br, Cl, F
(83, (39%) (17) )
OH NH, H
—NO, —NO, —N , N7 N’
“H “H g
32 16 9 8 2
(x8)  (@x8) 8+ (74D (1+1)
0 0 0 o
y 0
N T T ~c, —CH,0H, —CH,
“OR “OH ‘NH, R 154
24 (6) 24 (1) 23 22 17 10 3
(3x8) (3x8)  (2x847) (2x8+6) (2x8+1) (8+2x1) (3x1)

In legdtura cu regula de succesiune (regula secventei) se cere mentionati
o modificare adusd in 1966 cu privire la legiturile multiple. Pentru gru-

parile )C:O, —C=CH si —C=N, de exemply, se folosesc reprezentirile

nauplicative” 1, 2 si 3 in care (O), (C) si (N)

>C-O —C——CH —C———N
| N P AN N
(0) (©), © © (© (©, N N (© (©
1 2 3

reprezintd duplicarea atomilor cu atomul corespunzitor de la celdlalt capit
al legdturii multiple. Modificarea este importanti pentru cd duce, de
exemplu, la schimbarea ordinei de prioritate in cazul unei aldehide, com-

*Trebuie remarcat faptul cd se acordd intotdeauna prioritate grupdrilor care au legate
de atomul in discutic un atom cu prioritate mai mare, indiferent de faptul ci totalizarea
valorilor 7 pentru toti atomii legati de atomul in cauzi ar duce eventual la o cifri mal
mare. Uraparea —CIH,OH, de exemplu, are prioritate fati de gruparea —C(CH,}, in ciuda
faptului cd in primal caz totalizarea ar duce la valoarea 10(84-1-41), iar in al doilea caz
la valoarea 18(3:x 6).
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parativ cu aldehida hidratati corespunzitoare. Dupi procedeul vechi (1956)
gruparea —CHO se reprezenta sub forma 4 pe cind dupd procedeul nou
(,,duplicativ’’, 1966) sub forma 5, astfel ci dupd acesta din urmi

l l l
HC—-O HC-O HC—-OH

| || |
) (0) (Q) OH
4 5 6

gruparea aldehidicd are prioritate asupra aldehidei hidratate (6).

Cunoscind criteriile de stabilire a prioritafii liganzilor si luind ca exem-
plu cei doi enantiomeri (antipozi optici), aldehida D-glicerica (VII) si alde-
hida I-glicericd (VIII), nomenclatura celor doi enantiomeri dupi sistemul
R—8S va fi cea reprezentatd in fig. 2.

@ cHo 6
CHO
/ N 4
| R \ /

\ ,/' , { ,
6 \

4

Aldehidd A[‘#wv
R-glicericd S-glicerica
(D-glicericd) (L-glicerica)

Vil Vil

IFig 2. Configuratiile aldehidei R-glicerice (VII} si S-glicerice (VIII).

Analizind In mod similar configuratia fieciruia din cele patru centre
de chiralitate din molecula D-glucozei, de exemplu, se poate stabili cu
ajutorul reprezentdrilor IX, a, b, ¢, d din fig. 3 nomenclatura rationald
2(R), 3(S), 4(R), 5(R), 6 pentahidroxihexanal in care este precizatd confi-
guratia ficcdrui centru chiral (atom ,,asimetric”) din moleculd,

Stabilirea configuratiilor se poate realiza si maisimplu utilizind proiectiile
Fischer in locul formulelor perspectivice sau a modelelor. Dacd in formula
Fischer atomul cu cea mai joasd prioritate (In majoritatea cazurilor H)
nu este plasat in partea de jos a moleculei, se schimbd pozitia lui cu a
atomului din partea de jos a moleculei si se tine cont de faptul cd orice
modificare a doud grupari futre ele aduce cu sine iuversia configuratiei
absolute. Pentru cazul aldehidei D-glicerice, de exemplu, facindu-se sub-
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12
; 5
CHO CHO GH;0, CH; C.
T ~ PN
43 // \ p \
oloaess }R\ \ ; 3 }yf,gsoz / 3lS u
- .‘fa/\ ;'-’O,'"'—‘ N :‘L,’ /, TH — \ . -
N N # o % J/
OH OH G0, o! H GHO Sy
fxa IXb
12,3 23,4
CiHs0, GHO,
4 ~ 56 = ; 5 -~ 6 —
CaHsO: 2
H oH H oH
e xd.
Fig 3. Deducerea configuratiei absolute n D-glucozei dupit sistemul R-&

stituirea CH,OH cu H s-a ajuns la o configuratie S se atribuie deci alde-
hidei D-glicerice configuratia inversd, adicd R.

CHO CHO

E |
H—C—O0OH - HOH,C—C—O0OH

l |

CH,0H H

R S

Pe lingd notiunea de chiralitate cu semnificatia deja cunoscutd, nomen-
clatura stereochimicd face uz si de termenul de prochivalitate care se
atribuie unui centru de tipul C aabc care posedid doi liganzi diferiti si o
pereche de liganzi identici. Dacd aceasta pereche de liganzi identici dau
nagtere prin substituirea lor separatid cu o alti grupare la o pereche de
enantiomeri, liganzii poartd numele de emantiofopici {77, iar dack aceasta
operatiune duce la o pereche de diastereoizomeri, lignazii se numesc dias-
tereotopici. In ambele cazuri centrul prochiral devine centru chiral.

in compusii X si XII atomii de hidrogen ai grupirilor metilen se
leagd la un centru prochiral.
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COOH COOH COOH
| \ |
H,—C—-Hy - D—C—H si H-C—D (1)
| i 1
CH,; X CH, XIS CH, XIR
(S) (R)
Tiganzi enantiotopici
la centrul prochiral enantiomert
COOH COOH COOH
! | |
Hy—C—-Hy— D—-C—H si H—-C-—-D (2)
l | |
H-C-( H-C-Q H—-C-Cl
l l |
CH, XII CH, CH,
Liganzi diastereotopici (2R) (25)
la centrul prochiral XIIR XITS

diastereoizomeri

In primul caz (1) prin inlocuirea pe rind cu un atom de deuteriu se
obtine o pereche de antipozi astfel ¢d cei dol hidrogeni sint enantiotopici
pe cind in al doilea caz (2), obtinindu-se diastereoizomeri, hidrogenii sint
diastereotopici. Dacd substituirea unui ligand dela centrul prochiral are ca
rezultat aparitia unei chiralitdfi R, acel ligand este denumit ligand ,,pro-R”
si este notat Hy (sau in cazul general Lg); In cazul in care se ajunge
la chiralitate S ligandul se numeste ,,pr0-S” si se noteaza Hg(Lg).

Liganzii enantiotopici si diastereotopici se numesc in general , hetero-
topici” (sau stereotopici)®, Cazul atomilor de hidrogen diastereotopici pre-
zintd importantd In spectroscopia de rezonantd magneticd nucleard, deoarece
ei pot fi adesca deosebifi unul de altul prin deplasarile lor chimice deosebite
(cei emantiotopici nu pot fi diferentiati). Problema prezintd importantd
si in reactiile biochimice, decoarece enzimele care pot ft considerate ca
reactivi chirali pot face diferentieri atit intre gruparile enantiotopice, cit
si intre cele diastereotopice din molecula substratului [8].

Nomenclatura utilizatd in cazul ligavzilor atasati la un centru chiral
se aplicd si pentru fetele unei duble legaturi care sint si ele heterotopice
(enantiotopice sau diastereotopice). Cele doud fefe ule benzaldehidel siut
de (xemplu enantiotopice pentru ¢i adijia acidului cianhidric duce Ia
obtircrea a dol enantiomeri (3).

*Daci liganzi identici prin inlocuire separati dan nastere unor compusi identici, liganzii
se numesc ,homotopici”, de exemply, iulocuirea separati a atomilor de H din CH,Cl cu
brom di un singur produs, CH,CIBr, deci cel trei atomi de H sint homeotopici.
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CN CN
CHO ; I
| +HCN-HO—C—H+H—C—OH 3)
C6H5 l l

C.H, CH,

(R) (S)

Cele doud fete ale grupdrii carbonil din «-fenil butanond sint in schimb
diastereotopice, pentru cd dau mnastere la doi diastereoizomeri (4):

CH, CH, CH,

(Izzo +HCN—+HO—CI?—CN NC-—é—OH (4)
H»JC——CH?, H—é—CHa + H—-é—-CHS

&, o, &,

(R) )

Pentru diferentierea fetelor heterotopice se foloseste regula secventei
lui Cahn-Ingold-Prelog in doud dimensiuni (in plan) [9]. Daci liganzii
in ordinea secvenfei au un aranjament in sensul acelor ceasornicului, faa
este denumitd ,,7e” (tot de la rectus) in cazul opus ,,s¢” (sinister), asa cum
se observi in cazul concret al benzaldehidei care poate fi atacata de reactiv

(5), (6) fie din fatd (fata ,,7e¢”) fie din spate (fata ,,s”)

Cammn M
CH, H CH, H CH,
N/ AN I
) Cc +HCN - C = C--H (5)
I =
O CN \OH CN \OH
atac ,,7¢"" (din fatd) (R)
—-——
H CH, H CH, CH,
N/ NS I
C ) +HCN - C = C--H (6)
I rd N
O CN \OH OH CN
atac ,,s¢7 (din spate) ()

4. Yzomeria cis-trans. Izomeria cis-frans (denumitd in stereochimia
clasicd izomerie geometricd) reprezintd un aspect particular al diastereoizo-
meriei, care se referd atit la cazul substantelor cu dubld legiturdi C=C,
C=N si N==N, cit si la cazul derivatilor substituiti ai hidrocarburilor ciclice
saturate. Nomenclatura cis-frans poate fi de asemenea utilizatd in cazuri
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care implici existenta unei legituri cu caracter partial de dubla legatura
dacd una din structurile limita prezintd o pondere suficientd pentru a impune
o rigiditate apreciabild legiturii respective. In cazul concret al N-(metil,
benzil)-tioformamidei, de exemplu, reprezentatd prin structurile limita
XIIIa si XIIIb a fost posibila separarea izomerului ,fraws’’, mai stabil,
in stare purd, si a izomerului ,,cis” in proportie de 759%,.

CH, H CH, H
N // \ .
N—-C > N=C
/ AN / N
C.H;--CH, S CH,—CH, Sl

XIIIa XIITh

Referitor la utilizarea termenilor cis si frans, trebuie mentionat faptul
ci acestia pot fi utilizati si pentru denumirea unor izomeri conformationali
existentl ca urmare a rotatieli mai mult sau mai putin limitate in jurul
legiturilor simple, In acest caz se utilizeazi insi denumirile de ,,s-cis”
si,,s-frans”, ca in cazul conformerilor butadienei reprezentati prin formulele
XIVa si XIVb, pentru a evidentia faptul ca e vorba de o rotagie in jurul
unei legidturi simple (s).

CH, CH, H CH,
7 \ a
¢c—C Cc-C
s . 7 N
H H CH, H
s-cis s-trans
XIVa XIVh

In legatura cu cele doui exemple prezentate mai sus se cer aduse unele
completdri In ceea ce priveste insdsi nofiunea de configuratie si con-
formatie.

In acceptiunea obisnuitd a definitiilor celor doud notiuni, se considerd
configuratii acele aranjamente ale atomilor care pentru a fi transformate
una in alta necesitd ruperea si reformarea legiturilor iar conformatii, acelea
care pot fi interconvertite doar prin »otafii in jurul legiturilor simple. Acest
punct de vedere aduce cu sine asocierea unor substantiale energii de acti-
vare pentru trecerea de la o configuratie la alta, (de ex. aproximativ 60
keal/mo! pentru ruperea unei duble legituri) care in consecinfd vor fi sepa-
rabile. Interconversiunca diferitelor conformatii necesitd o energie consi-
derabil mai micd (abia aproximativ 3 kcalfmol pentru rotatia in jurul
legaturii C—C din molecula etanului, de ex.) si diversii conformeri vor
fi In marea majoritate a cazurilor neseparabili.
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Diferentieri nete pe baza criteriilor energetice sint Insd practic impo-
sibil de realizat, deoarece aceasta ar necesita o separare arbitrari o unei
serii de valori continue.

Cazul biarililor enantiomeri este semmnificativ din acest punct de vedere.
Ei pot fi considerati ca izomeri conformationali separati prin bariere ener-
getice suficient de mari ca cei doi enantiomeri (conformeri) sé fie separabili.
Dificultatea rotatiei in jurul legturii 1,17 depinde de marimea substituenti-
lor, aceasta putindu-se efectua fie prin devierea si intinderea legaturilor,
fie prin ruperea acestora dacd volumul substituentilor este prea mare.

Cazul rotatiilor in jurul legﬁturilor cu ordin de legiturd fractionar
intre unu si dot (’inndc tioamide) incluse in cadrul izomeriei Lm]formaﬁonale
a ridicat din partea unora obiectiunea cd este nelogic sd se excludi din
cadrul izomeriei conformationale rotirea in jurul legdturilor duble clasice,
cu atit mai mult cu it stilbenul si unii azoderivati, de exemplu, pot fi cu
usuringd interconvertiti prin simpld iradiere.

O altd interpretare a diferentierii dintre izomeril configurationali si
conformationali considerd ca izomer configuraional orice stercoizomer
separabil (dupa unii autori doar detectabil prin metode fizice), toate cele-
Ialte aranjamente reprezentind izomeri conformationali. Auxt punct de
vedere face Insd imposibila diferentierea configuratiilor de conformatii fara
a implica i precizarea conditiilor de observatie sia sensibilitd{ii aparaturii
utilizate, ceea ce ar duce in mod evident la complicatii suplimentare.

Intr-o acceptiune mult mai largd a nofiunii exista tendinta de a consi-
dera ca si conformatic o geometrie particulard a molecnlei definiti prin
pozitia in spatiu a atomilor in functie de lungimea legaturilor, unghiurile
legaturilor ¢1 unghiurile diedre.

Rezultd din considerentele expuse mai sus ci este dificil a stabili cri-
terii si definitii absolute pentru diferentierea no;mmlor de configuratie
s Lontormatle. In mod obisnuit, daci nu se iau in considerare cazurile
extreme de interferentd, se pot utiliza pe deplin satisfacdtor notiunile de
configuratie si conformatie in acceptiunea lor ,,clasica”, asa cum au fost
prezentate anterior (paragraful 2).

Nomenclatura compusilor cu duble legdturi a suferit o modificarc esen-
tiald prin introducerea sistemulni E-Z care are marele avautaj de a exclude
orice ambiguitate in cazul derivatgilor trisubstituifi ai olefinelor $i de a
oferi o nomenclaturd simpla si clard pentru derivatii tetrasubstituiti la care
vechea nomenclaturd cis-frans nu mai era aplicabila. Sistemul constd in
stabilirea ordinei de prioritate (dupa Cahn, Ingold, Prelog) a celor doi
substituenti de la fiecare capat al legiturii duble si compararea substi-
tuentilor cu cei de la celalalt capit. Dacid de aceeasi parte a legaturii duble
se afld substituentii cu prioritate, nomenclatura adoptata va fi , seccis”
iar in caz contrar ,sectrans”. (prefixul ,,sec’” arati ci e vorba de nomen-
clatura stabiliti pe baza regulii secventiale). Pentru simplificare, in loc
de seccis se utilizeaza litera Z (de la germanul zusammen=impreund) iar
pentru sectrans litera E (de la entgegen=opus, impotrivi).
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Cele citeva exemple prezentate in continuare scot in evidenta efica-
citatea si simplitatea sistemului

CH, H

) C:sC// (E)—2-butend
v "

XV
Cr CN

c—c (E)—2,3-diclor acrilonitril
g \9

XVI
cl Br

\;czci (z)—1,2-dibrom-1-clor-2-iodeteni
/ N
Br J

XVIT
CH, COOH

c=C Acid (E)—3-fenilbuten-2-oic
gé_H-? H

X VI
cl H

\ C=C H Acid (2E,4E)—5-clor-2,4-hexadienoic
CH, c—¢’

H “coon
NIX

De remarcat faptul ¢d in noua nomenclaturd Z nu corespunde intot-
deauna cu cfs din vechea nomenclaturi si nici E cu #rams. In cazul
(Z)-1,2-dibrom-1-clor-2-iodetenei (XVII}, de exemplu, vechea nomencla-
tura ar fi indicat prefixul frans.

9 — Chemia 1/1974
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Sistemul E-Z aduce si o mare simplificare in nomenclatura oximelor
eliminind prefixele sin sl anti care duceau la doud alternative de nomencla-
turd dupd cum se observd din exemplul de mai jos :

CH, C,H; (Z)—Butanonoximi sau Butanon-(Z)-oxima

N
I Metil-sin-etil-cetoxima
N
N anti-metil-etilcetoxima
OH
XX (denumirile vechi)

In legituri cu utilizarea noii nomenclaturi E-Z, singura aplicabil3
in toate cazurile, ar fi desigur de dorit, In principiu, aplicarea ei in exclusi-
vitate odatd cu renuntarea la vechea nomenclaturd cis-frans. Pentru cazurile
derivatilor 1,2-disubstituiti ai olefinelor nomenclatura cis-frans rimine
insd totusi extrem de utila.

Nomenclatura cicloalcaniloy substituify utilizeazd clasicele profixe efs
si trans pentri a stabili pozitia substituentilor de o parte sau alta a ciclu-
lai care este considerat in forma sa cea mai extinsd (pentru ciclurile mai
largi). In cazul compusilor optic activi poate fi utilizata si nomenclatura
R—S.

In timp ce simpla nomenclaturd cis-trans cste pe deplin satisficatoare
(neechivocd) in cazul derivatilor disubstituiti, odatd cu cresterea numiru-
lui grupérilor si mai ales pentru cazurile in care la acelagi atom de carbon
din ciclul se afld doi substituenti, aceasta nomenclaturd trebue completatd
prin introducerea grupdrii de referintd » care este legatd la atomul din ciclu
cu cea mai joasd numerotare (sistemul Beilstein). Prefixele ¢is si trans pot
fi notate prin prescurtarile ¢ si ¢ :

In cazul in care ar fi posibild o numerotare echivalentd mergind in
ambele sensuri ale ciclului, se alege aceea care did o pozitie cis a substi-
tuentului urmator.

Conform acestor principii compusul XXI se numeste 1,trans-4-dimetil-
ciclohexan-r-1-01, lar compusul XXII ¢is-3-trans-5-dimetilciclohexan-r-
1-01. (Se observa cd numerotarea s-a ficut in asa fel incit in pozitia 3
substituentul si fie in c¢ss). Pentru exemplul XXIII nomenclatura este
r-2, t{-5-dimetil-2-etil-1,3-dioxan-¢-5-01. Sistemul de nomenclaturd poate
fi utilizat fdard dificultate si dacd pozifia stereochimicd a ligandului legat
la atomul cu cel mai mic numir de ordine este necunoscutd. In acest caz
punctul de referinti se deplaseaza la atomul urmator (in ordinea numerotarii)
care poartd un substituent. Astfel denumirea compusului XXIV este
2-metoxi-r-4,cis-6-dimetil-1,3-dioxan, in care pozijia grupirii metoxi a
ramas nespecificata.
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CHj '_Csz
%
5

HO “CHy

XXI XX

5. Izomeria conformationala. Izomeria conformationald se incadreazd
in cazul general al diastereoizomeriei, deoarece toti izomerii conformationali
se diferentiaza prin distantele atomilor sau grupelor de atomi neclegati
direct intre ei. Moleculele care diferd prin conformatie se numesc izomeri
conformagionali.

Din infinitatea izomerilor conformationali posibili, doar un numdir
restrins sint favorizati relativ din punct de vedere energetic; moleculele
unui compus cu configuratie determinatd vor adopta aceste conformatii
cu stabilitate mai mare, care reprezintd comformerii. Se poate defini ca
si conformer o moleculd intr-o conformatie in care atomii ei revin in mod
spontan dupa mici deplasidri (rotatii in jurul legidturilor simple).

In fig. 4 sint reprezentati, ca exemplu, doi conformeri ai butanului,
XXVa st XXVb (reprezentare perspectivicd si proieciic Newman).

C[/—-& CH, CH,
H H H)\ H
H H\<
H CH, } -
H H
H N
CH; H
» gauc.jg_:(_skew') ot CH
2LV a XXVb

Fig 4. Conformerii gauche (XXVa) si anti (XXVb) ai butanului.

Conformatiile unei molecule aciclice (in cadrul unei rotafii complete
de 360°) sint denumite sinperiplanar (sp), sinclinal (sc), anticlinal (ac) si
antiperiplanar (ap) in functie de unghiul de torsiune (tabelul 1).

Conformatiile 1, 3 si 5 sint eclipsate, iar 2, 4 si 6 sint infercalate. Dintre
cele trei conformatii intercalate, in mod uzual conformatgia 4 este denumitd
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Tabel 1

Conformatiile unei molecule aciclice si simbolizarea lor in funetie de unghiual de torsiune <

T Conformatie Denumire Simbol

3 L sinperiplanar

=307 +30° ’ (sin eclipsat) + sp-

- sinclinal
(gauche) + sc.
(sin intercalat)

° =g -+ anticlinal
9074150 (anti eclipsat) + ac.
+150°— +210° -+ antiperiplanar
(—1507) (anti) + ap.

4+ 30°> 490

4
150> — 090 - — ant{clmgl ac
K4 (anti eclipsat)
5
— sinclinal
~90°—>—-30° (gauche) — sc.

(sin intercalat)

simplu anti, iar conformatiile 2 §i 6 echivalente, sint denumite ,,gauche”
sau ,,skew’” (vezi si fig. 4).

In cazul ciclohexanului, molecula acestuia poate adopta doui forme
lipsite de tensiune angulard: forma rigidd sau scaun (s) si forma flexibila*
[10]. Cele doud forme isi justificid pe deplin denumirea, deoarece prin con-
struirea modelelor se poate observa cu usurinid cd pentru a trece de la o
conformatie scaun (care este rigidd) la cealaltd (echivalentd in lipsa substi-
tuentilor) e nevoie sd se treacd in mod fortat (cu consum de energie) peste

*Termen utilizat in locul celui de bae; forma bae (barcid) reprezinti una din con-
formatiile posibile ale formei flexibile.
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Kear asa numita formd se-
‘ miscaun (ss), bogata
in energie, cu patru
atomi de carbon situ-
ati intr-un plan. De
la aceastd forma ne-
stabild se ajunge apoi
la forma flexibilg,
mult mal stabild (si
intr-adevar flexibila},

/ ‘ in cadrul céreia se di-
A ferentiazd conforma-
!: " Z b ~3y e
~ tiile ,,barca’ (bae) si
o~ V2N conformatiile ,,barcd

5 Sz (bac) torsionatd”

11w 5 Diagrama energeticd a interconversiunii conformatiilor (vSkeW boat“) sau

scaun (s, s, ale ciclohexanului. Siwist’” care pOt trece

cu multd usurintd

una in alta, cu consum mic de energie, asa cum se vede din diagrama ener-

getica {Fig. 3).

Coniorma‘pulo barcd torsionatd (bt) sint mai stabile ca si ccle barca

(b), deoarcce In pr1me1c eclipsarea celor opt atomi de 111(11‘05,(311 din cadrul
celor pa‘cru grupiri metilen care alcituiesc babordul si tribordul |, bircii”

este atenuatd. Conformatiile ciclohexanului si interconversiunea lor este

1epr{/c*1‘mm in flg 6. Conformatiile s; §i s,, ss, si s5,, precum st b; st b,

sint echivalente in cazul moleculei ciclohexanului nesubstituit. (In cazul

moleculei ciclohexanului cu un substituent, pot exista patru conformatii

barcit in care substituentul ocupd pe rind, datoritd flexibilitatii moleculei,

pozitiile bowsprit, ecuatorial-barcd, axial-barcd si flagpole). s«

=N

by
~ in
RN, 4 . e
L = O = S s
Ady T b = <><>
oA\ = [\ 7
N b,
A4 Aby I
ba

T'ig 6. Interconversiunea celor doi conformeri scaun ai ciclohexanului.
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Conformatia scaun (reprezentatd in perspectiva §i cu ajutorul proiectii-
lor Newman) prezintd doud tipuri de legdturi, ecuatoriale, e, si axiale, a
(pozitiile axiale de la atomii 1, 3, § din ciclu sint denumite sin-axiale),
in timp ce conformatia barcd (bae) poseda legdturi ecuatorial-barcd (eb),
axial-barcd (ab), pe lingd cele ,,flagpole” (fp) si ,,bowsprit” (bs)*, aga dupa
cum se vede din fig. 7.

a -3 fp .
3
= bs
= o =
ab bs eb
/]
Conformatia ,,scaun” Conformatia , borcd“(boe)
?

Fig. 7. Conformatiile scaun si barcid ale ciclohexanuluni.

Molecula ciclohexenei se poate prezenta sub forma a doud confor-
matii, semiscaun (a) si semibarcd** sau semibae (b) dintre care prima este
mai stabild (Fig. 8). Conformatia semiscaun posedd doud perechi de substi-
tuenti ecuatoriali si axiali identici cu cei ai conformatiei scaun si doud
perechi de substituenti pseudoecuatoriali (') si psendoaxiali (a’).

(Fa)
&~

a b

Fig. 8 Conformatiile semiscaun (a) i semibarci (b) ale ciclohexenei.

Molecula ciclohexadienei XXVI nu poate exista decit in formid de
tip semibarcd si posedd doud categorii diferite de substituenti: perpendi-
culari (p) si Liniari (1) care sint situafi vertical, respectiv orizontal, fati
de planul general al moleculei. (Se diferentiazd de substituentii ,,flagpole”
si ,,bowsprit” din conformatia barci a ciclohexanului, precum si de substi-

*Denumirile sint luate din vocabularul termenilor mariniresti, semnificatia pentru ,,flag-
pole” fiind catarg (pavilion), iar pentru ,,bowsprit”, bompres (vergea plasati in pozitie
aproape orizontald, la prora unei coribii pentru fixarea pinzelor).

**Forma semibarcd se diferentiazi de cea barcid prin faptul ci prima are molecula
mai aplatizats, fenomen ce se accentueazi si mai mult in cazul formei semibarci a ciclo-
hexadienei.
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tuentii corespunzitori din conformafia semibarci a ciclohexenei). In
formula ciclohexadienei prin linii punctate este reprezentatid (pentru com-
paratie) si pozitia aproximativi a legiturilor ,,flagpole” (fp) si ,,bowsprit”
(bs) ; (pozitiile intermediare, nenotate, reprezintd orientarea aproximativi
a legiturilor din ciclohexenad).

b p
)

XXVl - . XXWig XXVIb

Bariera joasd de energie ce separd intre ele cele doud forme semibarcd
face posibild o interconversiune extrem de rapidd a celor doi conformeri.
Moleculele de tipul 9,10-dihidroantracenului, de exemplu, (XXVIIa si
XXVIIb), care contin scheletul ciclohexadienei, pot sd treacd cu multid
usuringd dintr-o conformatie in alta, imitind prin aceastd trecere batiile
de aripi ale fluturilor. Acesta este motivul pentru care substantele din
aceastd clasd au fost denumite compusi de ,,#2p fluture” (,,butterfly”).

(Intpat in redactie la 7 iulse 1973)
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BOITPOCbHI CTEPEOXHUMHMUYECKON HOMEHKJATYPbI
(Peswme)

Hanoxkenbl Hanbosee 3HAUHTeNbHbIE ACTEKTH! BOIPOCA CTEPeOXHMHUECKON HOMeHKAATypH
Ha ocHoBe npaBun IUPAC qias HOMEHKJNATYPHl B OpraHHuecKol xHMHH (oTaen ). )

Iocsie KnacCHOHKALKHE CTEPEOH3OMEPOB aBTOP YTOUHSIET CAeNYOILHE TIOHATHS! | KHPaJHTeT,
NPOKHPAIUTET, IHAHTHOMEDHS, AHACTepeOH3oMepHsi, KoudHrypauns, KonopMalus. 3ateM NpH-
BOJHTCSI TPABUJIO NOCA@LOBATENLHOCTH H OOCYHAA€TCs ero NpHMeHelHe B HOMEHK.I1AType SHAH-
THoMepos (R. S) n usomepos usc, rtpaHc (B, Z). B 3akaiouenne paccMaTpHBAKICH BONPOCH
HOMEHKNATYPLl B O6JACTH KOH(POPMaLHOHHON H3OMEpHH.

PROBLEMES DE LA NOMENCLATURE STEREOCHIMIQUE

(Résumé)

On présente les aspects les plus significatifs Ju probléme de la nomenclature stéréo-
chimique selon les régles TUPAC pour la nomenclature dans la chimie organique (section E).

Aprés la classification des stéréoisoméres on précise les notions de chiralité, prochi-
ralité, énantiomérie, diastéréoisomérie, configuration, conformation, on présente la régle de
la séquencefet l'on discute son application dans la nomenclature des énantiomeéres (R,S)
et des isomeéres, cis, trans (E,Z). On traite ensuite les problémes de la nomenclature dans
le domaine de I'isomérie conformationelle.
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