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STUDIA UNIV. BABES—BOLYAI, CHEMIA, i, 1977

CARACTERISTICI SUPERFICIALE S$I DE STRUCTURA ALE UNOR
RASINI SCHIMBATOARE DE IONI INDIGENE

L. LITERAT si 1. GROS

In familia vionitilor produsi de Combinatul Chimic Victoria [1] apar}in
o seamd de schimbdtori de ioni macroporosi stiren divinil benzenici cu inalte
performanfe. Pentru unii dintre acestia (tabelul 1) au fost cercetate caracteris-
ticele de suprafad si structurd in corelatie cu anumiti factori de influenfd cu
rol tehnologic (grad de reticulare, fractie volumari, timp de sulfonare). Concluziile
sint deduse din masuridtori de sorbtia azotului la —195°C efectuate cu o apara-
turd Sorptomatic 1800 Carlo Erba.

Din izotermecle de sorbtie s-au evaluat suprafata specifica [2], raza [3]
si distributia volumului porilor [4].

Rezultate. Diseutii. Izotermele de adsorbtie ale copolimerilor (fig. 1) §i schimbitorilor de
ioni (fig. 2 i 3) au formd de 8 [2] si trideazd corpuri a ciiror suprafatd se acoperd fird conden-
sare capilard [3].

Punctele ramurilor de desorbtie contureazi, pregnant pentru copolimeri si ceva mai difuz
pentru cationifi, histerezisuri de tip B [2]. Aceasta denotd ci structura corpurilor respective este
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Fig. 1. Izotermele de adsorbjie si desorbiie Fig. 2. Izoterme de sorbiic si BET pentru

ale azotului (—195°C) pe Viopor B. cationit macroporos 1 Ht,



L. LITERAT, 1. GROS

L il

ey

’-....J. JRO——

818 T’

$ spm= 58,7 m2/g

vl )
ED] o .,'\J
[“:m:’N [-3:0
L g
60
-2’0
50
-1,0

) 0

)
5t

0,8

]

We s

Fig 3. Izoterme de sorbtie pe cationit 896 Ca2™,
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a ramurilor de adsorbtie ({ig. [-—3) conduce in toate cazurile la drepte

ce trec prin origind, cu pantd variabild, proporfionald cu mirimen suprafetei specifice.
Valorile suprafetei specifice indicd unele corelafii importante (tabelul 1). In primul rind se

renmarcd valori

sistematic inferioare

pentru foniti fatd de copolimerii de origini.

Tabel 1

Copolimeri sticen-DVB i schimbdtori de ioni, caracteristicl de suprafatd si de sinteza

Ar. Demunirea si forma ionicd
ert. ’
1 Copolimer VIOPOR B
2 Cationit 1 ™
3 Cationit 896 NH7
4 Cationit 896 Ca*™
5 Cationit 896 Al
6 | Copolimer macroporos
7 Cationit 903 1 h H™
8 | Cationit 903 3 h H™
9 Cationit ¢ S 32. 1 H™
10 Cationit C $ 32. 2 H™
11 Cationit ¢ 8 32. 4 H™

Crad de

Fractia

Suprafata

reticulare | volninara | specificd Obs.

(% DVB; {fv) (m*/g)
25 0,40 153,0
25 0,40 43,0 provenit din (1)
25 0,40 41,0 provenit din (2)
23 0,40 56,7 provenit din (2)
25 0,40 56,0 provenit din (2)
23 0,25 115,0
23 0,25 32,8 (6) sulfonat 1 ord
25 0,25 33,0 (6) sulfonat 3 ore
21 0,50 45,8
i9 0,25 16,7
21 0,23 25,8

Constatarea confirmi observatiile lui I3, Bortel (3], care o atribuie modificirii de densi-
tate indusd prin grefarea functiilor de schimb ionic [G].

Am

ciutat o precizare

a acestor efecte prin cercetarea modificirilor volumului, razei i

distribugiei porilor. In acest sems, dacd micgorarea suprafetei specifice se datoregte mdririi densi-
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titii, aceasta se poate realiza cu sau firi compactizarea scheletului copolimerului. In primul caz
este de asteptat o modificare a dimensiunii §i distributiei porilor, in al doilea nu.

Curbele de distributie a volumului porilor (fig. 4 —6) demonstreazd cd efectul rigidizarii struc-
turilor mactomolecnlate prin introducerea grupiérilor de schimb ioinic este de micd importanta.
Distributia volumului porilor in copolimeri gi in cationitul puternic acid (2, tabelul 1), provenit din
el, este practic aceeasi (fig. 4). Usoara deplasate a maximului din domeniul 10—15A spre valori
mari ale razei (cu 2—5 A) nu poate explica salturile mari de suprafatd specificd (tabelul 1) si ca
atarc ideea compactizdrii structurilor reticulare nu se demonstreazé. Cresterea densitdfii esantioane-
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¥ig. 4. Functia de distributie a porilor in Viopor (2) si cationit (1).
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lor prin sulfonare, fird alterarea texturii copolimerilor, este de altfel fireascd dacd se {ine seama
c4 introducerea unei grupiri sulfonice este aproape echivalentd, in unitdti de masi atomicd, unei
secvente de monomer (stiren).

Tabel 2

Caracteristicile de supraiatit si structurdé a copolimerilor i schimbétorilor de ioni maeroporosi

G;:d Frac- Supra-| Raza Raza
~ : - tia | Volumul | fata |[medie Domeniul de prepon-
Nr. Denumirea reticu- : efec- .
. PN volu- total |speci- a . derentd
crt. si forma ionicd lare . . tiva )
; o/ | mard] Vogs ficd fporilor o 4 Riim A
D{?B f(v) cm’/g mijg | Rp A
1 | Cationit CS. 32-2 19 0,25 | 0,0274 16,7 32,8 | 12,5 | 10-25; 25—-70
2 | Cationit C& 324 21 0,25 | 0,0405 258! 3.4 — -
3 | Cationit CS 32--1 21 0,50 | 0,0680 458 29,8 | 11,0 | 10-12; 2550
70—200;
200 2000
4 | Copolimer 25 0,25 — 115,0 — — —
5 | Cationit 903—1h 25 0,25 { 0,062 52,56 23,6 | 17,0 | 12—-24; 40— 150;
6 | Cationit 903—3h 25 0,25 | 0,059 332 356 | 10,0 | 95-15; 50—150;
7 | Copolimer Vipor B — — 0,202 122 33,0 | 11,5 | 10—16; 30--45;
50--150
8 | Copolimer 25 0,4 — 153,0 - — —
9 | Cationit 896 1™ 25 0,4 0,090 43,0 42,0 | 16,0 | 15—-20; 30--45;
10 | Cationit 896 Na™ 25 0,4 — 58,5 — — —
11 | Cationit 896 NH+ 25 0,4 0,058 42 29,3 | 11,5 | 10—-12; 3040
! 50—120
12 | Cationit 896 Ca?t 25 0,4 0,086 57,6 | 30,2 | 12,0 | 11-15; 30-50;
13 | Cationit 896 AB™ 25 0,4 0,089 55,0 32,6 9,5 9-—-20; 30-50;
55—-120
Tabel 3
Influenfa timipului de sulionare asupra valorii supraiefci speeifice
Grad | ., : .
de I rac- Timp | Capacitate
Nr. ; ‘ reticus|  He€ de de Slxprfifa‘ga
Esantion volu- | sulfo- schimb specificd Obs.
crt. lare . s 2
(o micd | nare ionic (m?/g)
DV/i)S) (fv) | (ore) (mval/g)
1 Copolimer macroporos 25 0,4 115
2 Cationit (HT) 25 0,4 0.5 2,33 | 66,6 provenit din (1)
3 | Cationit (HT) 25 0,4 1,0 3,12 50,0 idem
4 Cationit (Ht) 25 0,4 2,0 3,67 43,2 idem
5 | Cationit (H™) 25 0,4 3,0 3,84 40,0 idem
6 | Cationit (HT) 25 0,4 5,0 4,01 39,0 idem
7 Cationit 903 1h 25 0,25 1,0 - 52,5 idem
8 Cationit 903 3h 25 0,25 3,0 — 33,0 idem

Studiul subliniaza si unele particularitdti (tabelul 2) datorate conditiilor de sintezd si diverse-
lor fgrme ionice. Totusi, in general, atit copolimerii cit si cationifii rezultafi an porozitate preponde-
reatd in domeniul microporilor fini (10—15 A) si a porilor intermediari (Rp & 100 A). Influenta
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t impului de sulfonare (fig. 6) aratd ci durata procesului conduce doar la o micsorare a razelor porilor
fini. Pentru esantionul studiat (903) o prelungire a intervalului cu douid ore determini o micgorare
a suprafetei soecifice cu 19,5 m?/g si o lngustare a microporilor de 1n 20 A 1h 10 -12 A (tabelele
I si 3, fig. 6).

Ingustarea porilor s-ar datora grefarii unui numdr sporit de grupiri functionale, care, avind
dimensiuni nioleculare mici fatd de ale porilor, devin sesizabile ca efect doar pentru microporii
fini. Schimbarea valorii de suprafati specificd urmeazi aceeasi explicatie a sporirii greutitii volu-
metrice.

Aldturi de aceste aspecte s-au studiat cfectele conditiilor de sintezd (grad de reticulare, frac-
tia volumard etc.) asupra structurii copolimerilor (tabelul 1, 3).

Gradul de veticulare (°,DVB) determini variatii simbate pentru suprafata specifici a copoli-
merilor si a formelor ionice obtinute din copolimeri cu aceeagi fractie volumard (8, 10, 11, tabelul 1).

Fractia volumard (fv) de sintezd arati cii o cregtere a proportiei componentului inert deter-
mind o micgorare a suprafetei specifice (1 ¢i 6; 9 si 11 respectiv 2 51 8 tabelul 1) pentru acelasi
grad de recticulare.

Durata de sulfonare determind modificiri ale suprafefei specifice si ale capacitdtii de schimh
ionic. Prelungirea timpului de sulfonare conduce la o micsorare progresivi de suprafatd specificd
si la o crestere a capacitdtii de schimb (tabelul 3).

Efectul formei ionice, produs prin substituirea protonului in gruparea sulfonici cn joni avind raze si
sarcini diferite se pare neesentiald pentru valoarea suprafetei specifice gi distributia porilor. Forme
ionice cu sarcini diferite (Nat, Ca?+ ¢i AI™) aratd suprafete specifice practic egale (56—58 m?/g)
iar altele de sarcini egald dar raze promuniat diferite (T, NHJ) de asemenea egale intre ele
(41 —43 m?/g), dar ceva mai mici ca in cazul anterior (tabelul 1).

Concluzii. Studiul relicfeazd cid trecerca de la copolimeri lacationiti nu
modificd decit in micd misurd structurile de bazd sub aspectul porozitdtii si
al suprafetelor de schimb ionic. Nu are loc o alterare a suprafetel prin compacti-
zarea structurilor reticulare ci se produce o crestere a masel volumice, ca ur-
mare a grefirii frunctiilor cu rol de schimb ionic.

Suprafata totald destinatd schimbului ionic rdmine practic acccasi ca a
copolimerului de origind, aceasta la rindul sdu fiind determinatd de conditiile
de sintezd (fractie volumard, grad de reticulare).

(Intrat tn redactie la 29 octombric 1975)
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CARACTERISTIQUES SUPERFICIELLES FT DI STRUCTURE DES RESINES
ECHANGEUSES D'IONS INDIGENES

(R ¢sumd)

En utilisant les données de I'étude de sorbtion de l'azote & —195°C sur divers types de
copoliméres stiren DVE et échangeurs d’'ions provenant de ceux-ci on essaye de les caractériser du
point de vue de la structure superficielle. On établit quelques relations des facteurs technologiques
de synthése et la valeur de I'aire spécifique, la distribution des pores et 'évolution de ces parame-
tres au passage des copolimeéres a échangeurs d’lons. Ces relations permettent le contrdle et
la coordonnation du processus technologique.
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MODIFICARI DE STOECHIOMETRIE INDUSE DE SORBTIA
AMONIACULUI GAZOS PE ALUMINE

L. LITERAT

Cercetarea aciditatii superficiale a unor alumine, prin adsorbtia si apoi
desorbiia la cald, In vid, a amoniacului, a aritat ci esantioane de alumind
cu grad inalt de dezorganizare reticulard devin negre si manifestd pierderi de
masd suplimentarc cantitatilor de amoniac adsorbite, iar comportarea si as-
pectul acestora reamintesc aluminele reducdtoare deficitare in oxigen obtinute
pe alte cdi [1—3]. Probe din aceeasi aluminfi, supuse unor tratamente identice
in vid, dar in absenfa amoniacului rdmin albe si nu indicd vreo modificare
de stoechiometrie [1]. Aceastd comportare am cercetat-o mai indeaproape incer-
cind o explicatie si o legdturd cu o eventuald noud cale de declansare a nestoe-
chiometriei pentru oxizii refractari.

Partea experimentald. Probele de alumind cercetate, ca si instalatia folositd, au fost descrise
cu alti ocazie [1, 3]. S-a lucrat in regim continuu de evacuare, probele fiind mentinute la 25°C
timp de 5—6 ore pind ce s-a atins un vid limitd de 6,1 . 1073 torr, apoi calcinate pind la 600°C
cu un program de 10°C/min si menfinute la aceastd temperaturd aprox. 10 ore pind ce s-a atins
din nou gradul de vacuum stabilit inifial. Ciclul s-a incheiat cu ricirea probelor in vid. Repetarea
acestei succesiuni de etape a condus de fiecare datd la probe de alumind albd anhidrd cu grad de
dezorganizare apropiat celor de plecare [3].

Variatia de masi, ca si dependenta de temperaturd a presiunii realizate in sistem ca urmare
a deshidratirii aluminei, sint redate in fig. 1 (I, 2) ¢i tabelul 1.

Alumina anhidrd, alba, astfel obtinutd a fost expusd apoi amoniacului gazos (p == 22,6 torr)
la 20°C pentrn adsorbtie (1015 ore}.

Dupi saturare, s-a efectuat desorbtia, mai intii la rece (25°C) spre a determina NH, adsorbit
fizic [4], apoi la incdlzire cu o vitezd de 5°C/min. pind la 600 °C pentru evaluarea amoniacului
chemisorbit si caracterizarea aciditdtii superficiale [5].

Datele experimentale sint redate in tabelul 1 i curbele punctate (3, 4) din. fig. 1.

Tabel 1

Variatia de masa inregistrati Ia deshidratarea aluminel (Am,; Am,) la adsorbtia (M) si desorbtia
amoniacului (Any,, Am;) i la declangarea nestochiometriei (Amg)

Amy = 60,8 mg/g = 3,38 mmoli H,0/g ALO, 1o .
Am, - 487.2 mgjg — 27,10 mmoli H,0/g ALO, } total 30,48 mmoli/g
Amy = 11,753 mgjg = 0,692 mmoli NH,/g Al,O, NH, total adsorbit
Amy == 5,80 mgjg = 0,323 mmoli NH,/g ALO, N, adsorbit fizic
Amy = 6,25 mgfg = 0,368 mmoli NH,/g Al,O, NH, adsorbit chimic
Amg = 6,92 mg/g — deficit de oxigen = 0,0425 atomi Ofmol ALO,

Interpretare, diseufii. Evacuarea izotermd (25°C) a probelor de alumind hidratatd amorfa
indicd pierderi de masd (Am,) de ordinul a 3,889, sau raportat la proba anhidrd de 60,2 mg/g.
Exprimat in milimoli, aceasta reprezintd 3,38 mmoli H,0/g sau 0,355 mmoli pentru un mol AlLO,
si corespunde apei adsorbite fizic [2]. In continuare, curba termogravimetrici (1) aratd pind la
600°C o variatie de masd (Am,) de 31,489 respectiv 487,2 mg H,0/g, adicd 27,1 mmoli/g san
2,88 mmoli pentru un mmol Al,C,. Pierderea de masi se face cu precddere in intervalul 80—160°C,
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Fig. 1. Evolutia Am = f(T) si p = f(T) in timpul des-
hidratérii (1, 2) si desorbtiei amoniaculni (3, 4) in vid pe

alumind.
deshidratarea fiind practic incheiatd la 500°C. Dependenta de temperaturd a presiunii (2) — in
primd aproximafic derivata curbei termogravimetrice (1) — precizeazd ci intensitatea de evacuare

este maximi exact intre 80--180°C, se mentine apoi la un palier destul de ridicat in intervalul
200--320°C, dupd care coboard usor, riminind constantd din nou peste 400°C. Restabilirea gradului
de vacuum inifial (6,1 - 1072 torr) se atinge abia dupd citeva ore (10) de evacuare continui la
600°C. Acest mers in trepte al curbei p = f(T) sugcreazit o pierdere a apei de constitutie in etape
si intervale distincte de temperaturd, fenmomen concordant, dar mai greu de surprins din curba
Am = f(T).

In concluzie, alumina hidratati cercetatd pierde pind la 600°C in vid 3,235 mmoli H,0
pentru un mmol ALO,, din care 0,355 mmoli H,0 sint adsorbiti fizic iar 2,88 mmnioli fac parte din
structura chimicd a acesteia. Rezultatele par a indica existenta unor eventuali germeni de structuri
hidrargillitice (ALO, - 3H,0) ce refin api adsorbiti (0,235 mmoli) [2, 3. In final, calcinarea in
vid conduce la probe de alumind anhidrd, de asemenea inalt dezorganizati reticular, cu un continut
de maximum 0,12 mmoli 11,0 pentru un mmol ALO,.

Studiul sorbtiei amoniacului pe produsele de deshidratare termicd in vid obfinute mai sus
indicd o aciditate superficiald destul de redusd, cantitatea totald de NH, adsorbit (Am,) la 20°C
fiind abia de 11,73 mg/g sau 0,692 mmolifg ALO,, din care 0,323 wmmoli adsorbit fizic (Am,) iar
restul (6,25 mg/g = 0,368 mmoli/g) chemisorbit [1, 4].

faptul cd desorbtia in vid a amoniacului este practic incheiatd sub 120°C, aratd cd centrii
acizi de suprafatd sint extrem de slabi si restringi ca numir [, 5] si, cii, deci din acest punct
de vedere aluminele nu prezintd prea mare interes in procese catalitice acido-bazice [1, 4, 3]. Pier-
derea de masd peste 120°C (Amyg) = 6,42 mg/g) vizeazdt intr-un fel sau altul o modificare de compo-
zitie pentru aluminele studiate. In principiu acest ,,defect de masi” ar putea fi atribuit mobili-
zdrii apei din compozitia aluminei — ca urmare a fixdril mai puternice a amoniacului (proces care
n-ar trebui sd afecteze culoarea esantioanclor) sau initierii unei abateri de la stoechiometrie, obti-
nindu-se ¢ alumini coloratd deficitard in oxigen., Prima alternativd este contrazisi de aciditatea
superficiald slabd ca si de aparifia coloratiei, fapte ce vin concomitent in sprijinul ideii unui deficit
de oxigen.

O explicatie ar putea fi aceea care presupune ci amoniacul chemisorbit se disociazd in vid
la cald iar hidrogenul activ format determini in intimitatea solidului procese redox al ciror rezul-
tat ar fi desprinderea unora dintre atomii de oxigen ai retelei slab organizate de ALO, si eliminarea
lor sub formd de apd, alaturi de azot molecalar. Faptul observat, ci numai pentru alumine inalt
dezorganizate se produce innegrirea, in timp ce aceleasi tratamente lasi fazele «, ¥, & nemodificate,
subliniazd importanfa texturii ca o conditie esentiald.
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Conditiile experhmnentale favorizeazd disociatia amoniacwlul si dacd ne referim doar la ter-
modinamica echilibrului 2NH, ¢ N, 4+ 3H, care devine favorabil descompunerii (AG < 0) la pre-
siune normald, peste 150°C [6], datele inregistrate de noi, in vacuum, confirmi ideea intru totul.
Addugind si faptul ci entalpia de descompuere (AHKm = 411 kecal/mol) a amoniacului este rela-

2
tiv mica si apropiatd ca valoare cildurilor de chemosorbtie {5, 67 s-ar explica de ce toemai amonia-
cul adsorbit chimic labil este implicat In generarca nestoechiometriei.

Tuscamneazd deci ci deficitn! de masi poate fi atribuit reactiei globale

ALO, & 2N s 221 1 31,0 & N,

si ca atare din valoarca accstuio se poate celeula abaterca de la compozifia stoechiometrici. S-a
obtinut astfel (Amg = 6,42 mmg/g) cd deficitul in oxigen pentru alumina neagrd este de 0,68 mg
respectiv 0,0425 miliatomi de oxigen pentru un milimol de Al,O, siprin uninare formula compusului
obtinut este de forma Al,O2957 & AlOgs, in foarte bunid concordantd cu a aluminelor reducéitoare
nestoechiometrice obtinute de diversi autori pe alte cii [2, 3, 7]. Se pare, asadar, cd ne aflim
in fata unui procedeu de initiere a nestoechiometriei pentru alumine — in conditii mult mai comod
de realizat. E suficient sd reamintim in acest sens ¢ alumine la fel de ,,amorfe” 2, 3, 7, 81
necesitd condifii mult mai drastice de tratament (500°C si 107% torr), procesul rezumindu-se in
exclusivitate la suprafata externi o probelor. In cazul sorbtiei amoniacului gazos, nestoechiometria
se initiazd la temperaturi aproximutiv egale dar la presiuni superioare cu trei ordine de mérime,
fapt deosebit de important pentru o eventuald transpunmerce practicii. Reiese, asadar, cd amoniacul
adsorbit genereaza prin disociatie termicd mediu reducdtor, care promoveazd gi faciliteazd procese
redox de suprafati. Mai mult chiar, dat fiiud ci NI, se adsoarbe in cele mai intime portiuni ale
adsorbantului studiat, se asigurd posibilitate de reactie Iun intreaga musd expusit trotamentului,
fapt confirmat de innegrirea uniforma ininteriorul probelor cercetate.

In sfirsit, pentru a epuiza consceintele ce decurg din studiul intreprins, adiugim ca aciditatea
de suprafatid a acestor alumine este slabd (0,368 mval/g), fapt $i mai pregnant ilustrat dacd se ex-
primé aciditatea raportatd la unitatea de suprafagd. Stiind cd suprafate specificd a probelor era
de 230 m?/g, se deduce o cifri de 0,027 mg NH,/m? san o aric de 106 A? pentru un centru activ
acid de suprafatd [7, 8, 9.

Coneluzii. Datele indicd o noud cale de obtinere a almuinelor deficitare
in oxigen, ca urmare a adsorbfici amoniacului si apoi a desorbtici in vid.
Mecanismul de lucru implica crearca unei atmosferce reducdtoare in intimitatea
aluminei, prin disociatia termicd a amoniacului adsorbit.

Faptul cd numai in prezenta amoniacului are loc innegrirea probelor si
intrucit numai pentru alumine inalt dezorganizate reticular se produce abatere
de la stoechiometrie, subliniaza rolul texturii si al mediului reducétor in promo-
varea proceselor redox de suprafata.

(Intrat in redactie la 29 octombrie 1975)
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MODIFICATIONS DE STOECHIOMETRIE INDUITES PAR LA SORPTION DE I/AMMONIAC
GAZEUX SUR LES ALUMINES
(Résumé)

Des modifications de stoechiométrie ont été remarquées & U'adsorption et ensuite & la désorption
4 chaud, en vide, de I'ammoniac, sur les alumiines & hant degré de désorganisation réticulaire.

On conclut que, dans les conditions données, a lieu la décomposition thermique de 'ammo-
niac qui facilite les réactions red-ox de surface tout en déclanchant la non-stoechiométrie.
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RESOLUTION IN CONTINUOUS THIN LAYER CHROMATOGRAPHY

8. GOCAN

The continuous thin layer or paper chromatography is an approach fre-
quently used in the case of some difficult separations [1-—13]. It provides an
increase in the resolution of components by an” additional” elongation of the
column. This is performed by the evaporation of an amount of a AV eluent
at the end of the column opposed to the starting line, after it had migrated
through the thin layer in the S-chamber and had participated in the chromato-
graphic process. The evaporation can also be forced by heating this end by
means of an electric resistance.

As it is known, in thin layer or paper chromatography, the resolution
is given by equation [14]:

LAR
R, == 1
* 2(ay + oy ( )
where: AR;= Rp — Ry, I — the start-front distance, «,, », — the stan-

dard deviations of the two components. If the zones are adjacent, symmetric
and of approx. equal surfaces, then o, ¥ 5, ¥ ¢ equation (1) may be written:

LARy
R, = LAl )
=B @

The magnitude of the resolution in coutinuous chromatography may be
explained by the increase in the AR, diffcrence  with the cluent volume AV
which evaporates. Further, we shall assume that the standard deviations of
the components remains practically constant in continuous chromatography.
This means that the liquid volume AV that passed through the column will
modify only the relative migration speeds of the two components. Thus the
resolution will be maximum when AR, has the maximum value.

Let R, and R, be the values R, for two components in the continuous
chromatography. These values are relative to the volume of the mobile phase
V3 which passed through the column and arc cxpressed as follows:

1

, 1 ,
Ry vz and Ry = """ (3)
: L Ry Vgl L4 R VIV,
and the difference AR;:
’ Ut Var
AR = — —— 4)
Vi - BV Vit ks
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= 0 and is sa-

The condition for the maximum of value AR; is that —
Var
tisfied by the value:

V= Vs x/kxkz (5)
and the maximum value is given by equation :

AR

(AR, = — bl flbs
(ky -+ Nhieg) by + Riko)

The value of Vi = V', + AV represents the total volume of the cluent
having migrated through the column (7 == V,, represents the case of a con-
ventional chromatography).

If we consider that k, ~ k, ~ & than cquation (5) becomes Vi == 1k,
and after replacement in eqnation (3) we obtain: R, = 0.5.

A series of practical conclusions can be drawn from the above. The chro-
matographic process must be stopped at the moment in which V) satisfies
the condition given by ecquation (3), as the resolution decreases again beyond
this value. At the same time, the resolution will increase only in the case of
compounents having values Ry <2 0.5,

Also, based on the above cquation we wmay predict the possibility or
the impossibility of separating two components by continuous chromatography.
From equation of the resolution (2) we may caiculate AR, for R, -=1 in the
case of conventional chromatography (I, oy and o,). Assuming that the stan-
dard deviation of the two adjac&nt zonics 1s not too much modified in the con-
tinuous chromatography, then the separation of the two components is possi-
ble only if (ARf)p.. calculated by cquation (6) is higher or equal to (ARf)ca
In the opposite case, when (ARf)we > (ARf)uae for this set of experimental
conditions the scparation is not possible by continuous chromatography.

It is known from the unidimensional multiple chromatography (UMC)

- . . . \ . . 1
(15] that (AR ) is achieved for a number of developings mpe. = Y I ==

= (Vg/Vy)k. In the case of continuous chromatography it was shown that
(AR})max, is obtained when the condition given by equation (3) is satisfied, i.e.:
Vir = Vgalkik, = Vk But /17, = = e, == (V/T73)k, meaning that there is
an cquivalence b&t\\ cent the continuous chromatography and UMC. The difference
lics in the working procedure alone, that is to say that in the first case the
evaporation of the cluent V7 is discontinuous whereas in the second casc it is
continuous.

( Received November 23, 1975)
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REZOLUTIA IN CROMATOGRAFIA CONTINUA PE STRAT SUBTIRE

{(Rezumat)

In lucrare se arati ci diferen{a maximi intre valorile Ry a doi componenti se obtine cind
raportul dintre volumul fazei mobile ce a migrat, V;u, citre volumul fazei stationare, Vg, este egal cu
ridicina pétratd din produsul coeficientilor de repartitie, adicd V;n/ Vg = Jl;k—z

Diferenta intre valorile Ry creste numai in cazul componentilor care au valorile Rf < 0,5.
De asemenea, se demonstreazi ci intre cromatografia continui §i cea unidimiensionald multipld
existi o echivalentd, deosebindu-se numai prin tehnica de lucru.
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DERIVATIVES OF FURAN (XIII)*
2-[3'-Formylfuryl (2) ]-benzothiazoles.

VALER FARCASAN, FLORICA PATU and CONSTANTIN 1USAN

In a previous work [2], by cowparing the yiclds obtained by the for-
mylation of furan and 2-furyl(2’)-benzothiazole (I) using the Vilsmeier-aack
method [3], we pointed out that the clectron attracting effect of the benzoiiia-
zole is felt in the 5 position of the furan ring.

o 3 4
o NS / \!
i N2 Wan
6. i s \O/ 3
R /,-\\w}’,«\ .,_Sz
2 7 i 1
IRy =R, »H X R,=A ; RgB,

i RicH; RQ-CH:, b e P\]"CHO; Rz"‘H
' R,=H;, R;=8B, Xl:R,=B ; R;=H
IV R, CHO, Ry= CH, XIl'Ry= CH=C-CO,C;H;, Ry=H

V.R,=~ CHO, R,= B, HNC,H,
VIERy=H o Rp2NO; XIV Ry= CH=C-CONHCH,CoHyiR; - -
VIR, = A, Ry=H HNC H,
IX"Ry= A Rg= CHy XV Ry= CH=G-CONHCeH;, R, - H
HN-CH,

F /CQ-0

A=CH=N~NHCO-@ B=CH=C |
== NN =C—CH,

Taking into account this fact, it appeared of interest to us to formylate
6-substituted 2-furyl{2')-benzothiazoles with the aim to establish if, under these
conditions, an interaction between the 6-and 5'-positions may be observed.

By the reaction of 6-methyl-(II)) and 6-bromo-2-furyl(2')-benzothiazole
(III) with dimethyl-formamide and phosphorous oxychloride, we obtained the
2-[5'-formylfuryl(2’) ]-6-methyl-benzothiazole (IV) and the 2-[5-formylfuryl(2’)]
-6-bromo-benzothiazole (V), while 6-nitro-2-furyl(2')-benzothiazole (VI) does not
react under these conditions. The behaviour of VI may be explained if we
admit that the strong —F cifcet of the nitro group is transmitted to the 5'-
position, on that account the electronic density in this position is lower than

* Part XII see [1].
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in the cases of substances II or III and_thus the electrophylicTattack of the
Vilsmeier-Haack reagent is ineffective. . '

Some spcectral data, which  will be analysed in another paper, support
also this view.

It is known that some condensation products of isounicotinic acid hydrazide
(VII) with carbonyl compounds, display a better auntiturbercular activity as
the parent substance. Moreover, one of these, the ,,Menazon” is a derivative
of Z-acetyliuran [4]. This is the reason which prompted us to prepare the
hydrazones VIIL, IX and X by the reaction of VII with the aldehydes XI, IV
and V.

Among the substances which may be obtaincd from aldehydes, the azlac-
tones are of interest as starting matcrials for a large number of compounds:
derivatives of substituted acrilic acid, keto-acids, amino-acids and so on [3].
On that account we prepared the 2-[3’ iormylfur}x( "} j-benzothiazole azloctone
(X1I) by the condensation of XI with hippuric acid, the general rlenmeyer-
Pléchi methode [6].

‘Tue ethanolysis and aminolysis (With benzylamine and aniling) of XI1
aliorded the corresponding derivatives of a-benzoylamino-3-[2-furyl(2’)-benzo-
thiazoly(3'} j-acrilic acid, i.e. the ethyl ester (XIII), benzylamide (XIV) and
anilide (XV).

The biological activities of some of these substances will be tested.

Experimental. The mp. were determined in capillaries and are uncorrected.

2-Furyi 2')-6-nitro-bensothiazole (VI). To a suspension of 1 g 6-nitro-benzothiazole (XVI)
(71 in 7 ml etnanol, 1 g potassiw hydroxide was added, the mixture boiled for 30 minutes and
then poured into 2J mi water. The solution was acidified with h'ydmchiuxic acid, and filtered.
The diicd peecipicate was dissolved in 3 ml pyridine and, under stirring, 2 . 3 ml furoyl chloride
were addea. Taoe mixture was heated on a steam — bath for 30 minutes dnd then poured into a
diluted hydrocaloric  acwd solution. The precipitate was filtered, dissolved in 3 ml dimethyl-for-
mamide and treated with [0 ml ethanol and 2 ml concentrated hydrochlorie acid. 1Tne mixture
was heated for 30 iinutes on a steam-bath and then poured into water. The crude product (0.45 g,
52vg) was recrystubzed from glacial acetic acid. M.p. 205-,

The rec I‘)bulﬂlsn,(i produut is not chromatographically pure. The traces of impurities, which
do not atfect the m. p., were removed by preparative thin layer chromatography. For this purpose
silicagel & plates and cnloroforme as eluent were used.

Uil N30 (246.1), Caled. € 53.65; H 2.45; N 11.31. Found ¢ 53.6; H 2.7; N 10.8.

2- 0 -Forimylfuryl(2' ) -G-inethyl-benzothiazole (IV). To a mixture of 3 ml ice-cooled dimethyl-
formamicde and 1 ml phosphorous oxychloride a solution of 0.5 g II [8]) in 2.5 ml dimethyl-for-
mawmide was dropwise added. The mixture was warmed at 100° (in an oil bath) for 2 hours
and then poured on 50 g ice. The pH was adjusted at 6 with a solution of sodinm acetate (10 g
in 13 ml water) and allowed to stand at room temperature for some hours. The precipitate was
filtered, washed with water and recrystaliised from glacial acetic acid. M.p. 169-—-170°.

CraHpNO, S (243.3) Caled. N 5.70. Found N 5.3

2-(3"-Formylfuryi (2')]-6-bromo-benzothiazole (V)From III [9] under thie conditions described
above for the syuthesis of 1V. Recrystallization from glacial acetic acid afforded the pure product,
m.p. 2007

CpHgBrNO,5 (308,3), Caled. N 4.533. Found N 4.6

Isonicotinoylhydrazone of 2-[5'-formylfuryl (2)]-benzotiiazole (VIII). A mixture of 0.1 g XI
(25, 006 g VII and 10 ml ethanol was boiled for 30 wminutes. After cooling was filtered and recry-
stallized trom dimethyl-formamide, M.p. 220°,

Cyedl 3N, O, 5 (348.37). Caled. N 16.08. Found N 16.0.

Isonicotinoyliydrazone of 2-[5'-formylfuryl (2')]- 6nwt/t_’ylbenwl/uawle (IX). From IV under
the conditions described for VILL 3Lp. 253~

CusH (N(O,;5 (362.4). Caled. N 13,46, Found N 15.4
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Lsonicotinoylhydrazone of 2-(5"-foriyifuryl (2') }-6-bromo-oenzothiazole (X). From V, under the
conditions described for VIII, but in this cuse after boiling, the mixture wuas poured into water
and then the precepitate filtered. M.p. 2787,

el BENGOGS (427.3). Caled, N 1310, Found N 12.7

Ilhe yields by the preparation of hydrazones VIIL, IX and X were ~ 939,

2-[5-Lormylfuryl (2') j-benzothiazole aslacione (X1I1). 0.5 g XI, 0.4 » aippuaric acid and 0.18 g
anhydrous sodinum acetate were intimateley mixted in a jar. The mixture wus traunsfered into a
flask, treated with 1 ml acetic anhydride and heated for 2 hours in aun oil bath at 120°. After
cooling, thie reaction product was macerated with 5 —10 ml cethauol, then filtered and the precipi-
tate washed with warm water, Recrystallization trom xylene and then from benzene afforded the
pure substance (0.7 g, 86.47), nup. 237°.

CHppNR0,5 (372.4) Caled. N 7.52. Found N 7.8

a-Lencoylamino-3-[2-fuiyl( 2 )-benzotivazolyl (3') j-acrid iyl ester (X111, A mixture of 0.1 g
NII, 25 ml ethanol and 0.1 ml 17, potassium hydroxide was heated on a steam-bath for 30 minutes
aud then poured into 100 ml water. After soue hoars the precipitate was filtered and recrystalli-
zed from 10 ml ethanol. The pure substance (.07 g, 63.57y), yellow crystals, mells at 1787,

Copl Do NgO5 (418.43). Culed. € 66.01; il 4381 Found C 65.6; H 4.2

w- Bensoylamino-f-[2-furyl( 2 )-bensothiuzolyl  (5') jracril-bensylainide (XIV). To a solution of
0.1 ¢ XII in 5 ml dimetiyl-formamide, 0.1 ml benzylamine were added, the mixture heated on a
steam-bath for 13 minutes and then poured into lug ml satarated solution of natrinm chloride in
water, Tle precipitate was filtered washied with water and reerystallized from 15 mil ethanol. The
pure substance (0.05 g, 33.57%) melts at 204°.

Coahl; N3Ou5 (499.5). Caled. € 70,125 11 4.20; N 9.18, Found € 69.7; 1I 4.4, N 8.7

a-Benzoyluimino-p-[2-furyl( 2’ )-benzotiyasolyl-(37) Jacril-anilide (XV). A mixture of 0.1 g XII,
5 ml dimethyl-formamide and 0.1 ml aniline was heated on a steam-bath for [ hoar and then
poured into 100 ml of a saturated solution of natriwn chioride in water. The precipitate was filtered,
waslied with water, and reerystallized from ethanol. The pure substance (U.04 g, 33.37;) melts at
210~

CapHppNO,S (463.5) Caled. N 9.02. Found N 9.25

{ Received  December 5, 1973)
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DERIVATI AT FURANULUI (XIII)
2-[5'-Formilfuril(2'))-benztiazoli
(Rezumat)

Se supun formilirii in conditiile reactiei Vilseimer-Haack substantele II, III si VI. Din II
si III se obtin formil derivatii IV si V. Faptul cd VI nu reactioneazid in aceste condifii se pune pe
seama efectului — ¥ puternic al grupdrii nitro, care se resimte in pozitia §’.

Din XI, IV si V se prepard izonicotinoil hidrazoanele VIII, IX ¢i X iar din XTI §i azlactona
XII. De la XII prin etanolizi $i aminolizid se ajunge la compugii XIII, XIV si XV,
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STUDIUL FORMARII HETEROPOLIWOLFRAMATILOR K,,[U(P W,;04)s]
(I) ST K,[U(P,W,0q),] (II) PRIN ELECTROFOREZA PE HIRTIE

GH. MARCU si MARIANA RUSU

In continuarea cercetirilor noastre asupra formirii in solutie a heteropoli-
woltramatilor K;o[U(PW,,04),1 (I) si Kii[U(P,W;,06).] (1), [1, 2] s-au stu-
diat rcactiile chimice dintre hctuopoh liganzi neasturati X PW,,0,, respectiv

K, I 2\V17061 si ionii U?™, folosindu-se ca metodd de lucru electroforeza pe hirtie
la tensiune inalta.

Electroforeza pe hirtie la tensiune inalti este o metodd de investigatie
a formarii combinafiilor complexe. Cu ajutorul acestei metode s-au determinat
constantele de stabilitate la o serie de complecsi [9], rezultatele fiind in buni
concordantd cu cele obtfinute prin alte metode. Aceasti metodd a fost folositd
cu succes §i la determinarea constantelor de stabilitate ale heteropolicombina-
tiillor [10—13].

Formarea heteropoliwolframafilor (I) si (II) are loc in urma reactiilor
dintre heteropoli liganzii neasturati K PWang, respectiv K, ,P,W,04, sl ionii
U**, conform urméitoarelor ecuatii chimice :

2K PWy 04y + Uttt 5 K [UPW,;04),] + 4K+ (1)
2K ;6P WOy + Ut 5 Ky [U(P,W,,04).] 4- 4K+ (2)

Partea experimentali. Experimental se determind prin electroforezi pe hirtie la tensiune
inaltd, valorile mobilitatilor electroforetice p, ppy4+ si wipe §i, cunoscindu-se concentrafia agentului
formator de complex, se calculeazd constantele de echilibru K ale reactiilor (1) si (2).

Pentru calcularea constantelor de nestabilitate ale hetropoliwolframatilor formati, se aplica
relatia:

log p=1log K + logec¢ 1)

unde K este constanta de echilibru, iar ¢ este concentratia formatorului de complex.

S-a lucrat cu o instalatie de electrofozerd pe hirtie la tensiune inalti conform [14]. Expe-
rientele s-au efectuat in medin de K,PW,;04,1072M, respectiv de K, P,W,;04,1072M, in domeniu
de pH cuprins intre 2 si 6,5.

Solutia de U*" s-a depus cu o micropipetd la centrul benzii de hirtie cromatografici (hirtie
Whatmann nr. 4, de dimensiuni 38/1,5 cm), la capetele cireia s-a aplicat o diferentd de potential
de 900 V. Timpul de electromigrare a fost de 30 minute, iar temperatura de lucru de 1642°C.
Deplasarea compugilor dupid electromigrare s-a urmirit pe baza culorii proprii §i prin developare
cu o solutie de K, [Fe(CN)s] pentru ionul Utt, Deplasarea tuturor compusilor s-a corectat fata de
pozifia glucozei depusd simultan cu elementele de studiat pe banda de hirtie cromatografica.

Suma mobilititilor electroforetice a ionilor formatiin functie de pH se calculeazi cu ajutorul
relatiei lui Kunkel i Tiselius (2) [15], finindu-se seama gide absorbtia jonilor pe hirtia
cromatografici Whatmann nr. 4 (R = 0,89 pentru ionul [U{PW,;0,,),]* si R = 0,96 pentru
ionul [U(PyW,04)51%7).

1 1732
g =4d - m . (T) cm? . V7. g71, (2)
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Rezultate experimentale, 7. Sistemul Ut — PW,,0,,7-
Migrarea (d) si valorile sumei mobilitagilor  electroforetice (u) ale Ut in mediu de
K,PW,,051072M in functie de pH, sint prezentate in tabelul. 1.
Tabel 1

Aigrarea i suma moebilititiler eleetroforetice
in funefie de pI, pentru K, [U(PW;04),]

NT. d wy - 1074

crt. pH (cm) cm? fi\"“‘ -8
1 2 1,05 —~1,40
2 2,5 —0,72 --0,96
3 3 -+0,07 -+0,10
4 3,5 +1,05 41,40
5 + 41,84 i-2,45
6 4,5 12,26 i-3,00
7 5 -+-2,32 +3,15
8 5.5 1-2,32 +3,15
9 6 £2,32 8,15

Valorile sumei mobilitdtilor electroforetice () ale Ut in functie de concentratia ligandului
(K, PW,04) sint prezentate in tabelul 2.

Tabel 2
Valorile mobilititilor electroforetice in funectie de concentratia lui
K;PW ;04
Nr. | ¢ in w1074 wer — putt
crt. moliflitru jem? . V71, g78 MU (PW,,0g)s 10— HE1
I AV 3,17 253,5
2 5. 1072 3,90 86,0
3 1o ! 2,91 16,3
4 510 2,69 10,1

2. Sistemul U — Py 204,19
Migrarea (d) si valorile sumei mobilitigilor electroforetice (u) ale Ut in mediu de
K PoW, ;0610720 In functie de pH sint prezentate in tabelul 3.
Tabel 3

Migrarea si suma mobilititilor electroforetice
in fanefie de pH, pentru K [U(P,W;04,),]

Nt V d wg - 1071

ert, | P (cm) cm? -dV“1 < sTL
1 2 —0,93 --0,75
2 2,5 —0,35 -—~0,27
3 3 +1,33 -+1,05
4 3,5 -+2,68 +2,10
5 4 +3,10 -+2,44
6 4,5 +3,20 +2,52
7 5 +3,30 +2,60
8 5,5 +3,30 +2,60
g 6 +3,30 +2,60
10 6,5 -+3,30 +2,60
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Valorile sumei miobilitatilor electroforetice (1) ale U™ in functi: de concentratia ligandulu
(K, oPyW,,04;) sint prezentate in tabelul 4.

Tabel 4
Valorile mobilitfilor electroforetice in funetie de coneentragia Jui
K, oPa W04
Nr. ¢ in po- 1074 g — pytt
crt. moliflitru [em? . V7.1 B (P WOy ) 18— — B8l
1 1072 2,62 229,0
2 3. 107 2,54 76,0
3 1071 2,32 14,2
4 5.1071 2,07 9,2

Tensiunea in toate cazurile a fost 900 V.

Interpretarea rezultatelor. In vederca determindrii counstantelor de nesta-
bilitate (B), se reprezintd grafic sumele mobilitdtilor electroforetice in funciic
de pH, pentru cei doi compusi, si se obtin curbe in forma de ,,S” (fig. 1 si 2),
caracteristice formaérii combinafiilor complexe.

Din fig. 1 si 2 se observi ¢l partea superioarid a curbclor in formd de
5”7 corespunde  formirii  heteropolianionilor  [U(PW,0,,), 1%,  respectiv
[U(P,W, Og), ¥, iar domeniul de pH in care se afli situatd accastd parte
a curbei corespunde domeniului de formare si stabilitate a heteropoliwolra-
matilor formati.

In cazul compusului (I) domeniul de formare si stabilitate este cuprins
intre pH-ul 3 si 6,5, iar pentru compusul (II) acest domeniu este cuprins intre
pH-ul 2,7 si G,5.

piot o>
W T
ok &
%
- e
e e
2 /
;j. g
; /7
1
; N
N A S T A8
i
-
e .
Fig 1. Reprezentarea graficd a sumei mo- ¥ig. 2. Reprezentarea graficd 2
bilititilor electroforetice p in functic de sumel  mobilititilor electroforetlce
pH, pentru sistemul Ut —PW,,0,7~. v in funciie de pH, in sistemul

Ut Py W04,
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Extrapolind la ordonatd cxtremele curbelor in forma de ,,5”, se deter-
mind mobilitifile electroforetice ale speciilor ionice existente pentru sistemele
Uttt —PW,,0,7-, respectiv Ut~ — Py W ,04,19~ (tabelele 5 si 6).

Tabel 5

Aobilltitile electroloretice ale speclilor lonice
existente in sistemul Ut —PW,,0,.7~

Tabel 6

Mobilititile electroforetice nale speciilor jonice

existente in sistemul Ut - P,W,,0,,1°"

Nr. we 107¢ Nr. ! w1074
crt. Tonul cm? . V7. g7 crt, | Tonul cm? . V©i.og7d,
1 Ut —1,90 1 U+ —1,74
2 | [U(PW,,0,),. 1 13,15 2 | [U(PyW,30)5 1%~ +2,60

— . . .
Se reprezintd grafic dependenta log —%‘——E—%-— in functie de log ¢ si se
hpc — P81

determini valoarea lui ¢ corespunzitoare cazului:

gt
Bape — Har
Aceste rezultate sint redate in fig. 3 1 4.
In continuare s-au calculat constantele de echilibru, stabilitate si nesta-
bilitate pentru compusii studiati, obfinindu-se valorile date in tabelul 7.
®
~
4 LS JF -
5 ~ A% ~
| e
3 X 4
3z B 7§ B
3 g 4
~ o7 58
» 3 Wi
wy w
) i
~ ~
p!
3 =
- &
~ [
o? N o \
w N\ e \
~“ \ - .
o \ M“ N
A N Ay
~ N, ~ \
N ] \\
= . ) % S
P e e I T = ey L e N
578 il ge t " et s 5.
gy — uyts g — putT
Fig. 3. Dependenta log Fig 4. Dependenta log ——————— 1§
’ Brpe — B ) Yrpe — Ha1
in functic de log ¢ pentru sistemunl U - functie de log ¢, pentru sistemul U+ —
- PyWy0g™ .

= PW 0y
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Tabel 7

Valorile constantelor de echilibru, stabilitate si nestabilitate

Nt Constanta Counstanta Constanta
t. Compusul de de de

crt. echilibru stabilitate nestabilitate
1 1K, [U(PW,;04),.] 2,52 . 10¢ 2,48 . 108 5,90 . 107
2 | K [U(PyW,04)5] 2,29 . 108 2,22 . 108 4,54 . 1077

Coneluzii. In urma studiului intreprins asupra reactiilor dintre ionii de
U4+ si heteropolianionii PW,;0,077, respectiv P,W,,0,,97, prin electroforezi
pe hirtie, s-au stabilit urmitoarele :

1. Heteropolicompusii (I) si (II) sint combinatii unitare, nefiind vorba de
un amestec de heteropoliwolframati.

2. Domeniile de pH in care se formeazd heteropoliwolframatii studiafi
sint cuprinse intre 3 si 6,5 pentru (I) si intre 2,7 si 6,5 pentru (II).

3. Valorile constantelor de stabilitate, respectiv de nestabilitate, determi-
nate experimental pentru cei doi compusi studiati, au acelasi ordin de mirime,
fapt ce confirmi stabilitatca apropiatd a celor doi compusi, precum si stabili-
tatea lor comparativd cu a altor heteropolicompusi cunoscuti, a ciror constante
de stabilitate au fost determinate prin alte metode [16—19]1.

(Intrat in redactie la 12 decenbrie 1975)
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A STUDY OF THE HETEROPOLYTUNGSTATES K., U(PW,,05),1 AND K, [U(P,W,;0,).]
TORMATION BY PAPER-ELECTROPHORESIS

(Summary)

Chemical reaction between Ut jons and the unsaturated heteropolyligands K,PW,,0,, and
K, PoW ;04 respectively were studied by high voltage paper-electrophoresis as an investigation
method. Unitary compounds of K [U(PW,04),] and K [U(PyW,;0q),] types were evidenced
by this study and the pH range of there stability were established. The values of the stability and
nonstability constants for the two compounds were also established.



STUDIA UNIV, BABES—BOLYAIL CHEMIA, 1, 1977

COMBINATII COMPLENE CU HIDROXTACIZII (XXI)
Studiul spectrofotometiic al sistemului TiO({ClO,),—acid D-zaharic

L. CZEGLEDT i CONST, GII. MACAROVICI

In continuarca studiulni asupra combinatfiilor complexe cu hidroxiacizii,
in lucrarca de fatd s-a aplicat metoda de analizd spectrofotometricad a sistemu-
Iui TiO(ClO,),acidD-zaharic. S-a urmdrit comportarca sistemului in functie de
pH, stabilirea raportului de combinare, precum si determinarea constantei
aparente de disociere a combinatiilor ce se formeazd la un pH dat, in misura
in care comportarea sistemului permite aceasta.

Spectre de absorbtie in functie de pH. Aparatura folositd cit si prepararca solutiilor de
perclorat de titanil sint asemdndtoare celor aridtate intr-o lucrare anterioard [17].

Solutiile de acid D-zaharic s-au preparat din zaharat de calcin prin schimb ionic. S-au pre-
parat doud serii de solutii in care concentratia titanului in ficcare probd era de 2. 1074 M si
tiria fonicd p = 0,035 (IIClO,), iar concentratia ligandului era de 2 . 107* M si respectiv 1. 1073
M, realizindu-se astfel un raport intre titan si ligand de 1:1 (seria I), respectiv 1:5 (seria II).
Pentru a obtine curbele de absorbtie in funciie de pH, probele au fost tratate cu cantitiiti variabile
de NaOH 0,5 M. Solutiile s-au pistrat la temperatura camerei timp de mai multe zile si s-au
inregistrat spectrele de ahsorbtie la intervale de timp de cite o zi.

In cazul curbelor de absorbfie ale amestecurilor 1:1 s-a observat cresterea absorbiiilor pro-
belor, la o lungime de undd datit (de ex.: 230 nm) pind la pH = 7. Intre pH = 7 — 9 s-a inre-
gistrat o micd scidere a absorbtiilor, iar la pH > 9 ele preziutd valori putin mai mari.

Spectrele de absorbtie pentru raportul reactentilor de 1:5 prezinti de asemenea mai multe
domenii de pH privind modificarea intensit3fii absorb‘,cle Pind la pH = 2,5 absorbtiile” probelor
cresc; intre pH =~ 2,5 — 4,0 se observi scdderea lor, urmatid de o crestere a intensitdtii abqorbtxu
in domemul de pH = 4--7. Dupid valorile aproape constante in domeniul de pH =7—-9 () =
== 210 — 220 nm) se observd scdderea lor la pH > 9.

Pentru a putea comparT cele 2 serii si pentru a trage anumite concluzii s-au reprezentat
extinctiile probelor respective in functie de pH la o valoare de lungime de undi constanti (Fig. 1).

Curbele seriei IT se intretaie cu curbele seriei Tla pH = 2,1 — 2,3. In domeniulde pH = 2,3 -
— 7,0 curbele seriei I si IT prezintd diferente de extinctii aprecmblle indicind formarea diferitelor
forme de complecsi in functie de pH si de concentratia ligandului. La pH > 7 curbele ambelor
serii se inscriu aproximativ paralel cu axa absciselor, de unde rezultd cd in acest domeniu existd
acelasi complex.

Curbele de absorbtie pentru seria II (Fig. 1) prezinti la pH > 5 modificiri de extinctii
31 se poate considera ci cresterca valorilor extinciiilor corespunde modificdrifor petrecute in sfera
de coordinare a titanului, sau cd aceste modificiri se datoresc scindérii protonilor din grupérile
OI1 ale ligandului.

Avind in vedere ci in seria a II-a (1Ti:5 ligand), in domeniul de pH = 2,3 — 7,0, curbele
prezintd valori de extinctii mult mai scizute fatd de cele corespunzitoare seriei I (1Ti: 1 ligand)
si constatind cd stabilitatea in timp a solutiilor cu pli < 3 este mai mare, ne-am propus studierea
complexului ce se formeazd in domeniul acid (pH == 1,7 — 3,0).

Stabilirea raportului de eombinare si determinarea constantei de disociere.
Pentru determinarea raportului de combinare al complexului format in solufie
pH = 1,7-—3,0 am aplicat metoda variatiunilor continue [2—3] si metoda drep-
telor [6].

Metoda variafiunilor continue nu ne-a permis evaluarea raportulul de
combinare, deoarece chiar si la un mic exces de ion central are loc hidroliza
titanului, observat si in cazul sistemului titan-acid gluconic {1].
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Fig. 1. Curbe de absorbtie in funcfie de pH, la o lungime de undd
constantd (A = 210 — 230nm)

E = Ecompl. — EgzH,
— Ti: H,ZH, = 1:1 (seria I}
e Ti: H,ZH, = 1:5 (seria II)

Compozifia si constanta de disociere a complexului care existi in solutie
(pH = 1,7—7,3,0) s-a determinat prin metoda dreptelor, utilizind ecuatia lui
Asmus [6]:
1 agwpbfe 1 bo\" 1 (1)
(V K, '

Principiul metodei cit si modul de lucru au fost discutate intr-o lucrare
anterioard [17].

Se citeste extinctia unei serii de solufii ce contin, in acelasi volum final,
concentratii constante de ion metalic si concentratii variate, crescinde, de ligand.

La seria de pH = 3, s-a constatat cresterea valorilor extinctiilor de la
raportul de amestecare 1T1:0,5 ligand pind la 17Ti:1 ligand, iar la concentratii
mai mari de ligand se obfin valori descrescitoare ale extinctiilor, ceea ce



1. 107N TiO(Cl0,),

si 1,75

total V = 50 ml; pH
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M in HCIO, (o, -

Tabel 1

-1 ml) < 1.10727 acid D-zaharie (v ml); veolum

= 2,3; euva 0,5 cm; referintd apit; p = 0,035; » = 210 nm;

I = Lcompl. — EH,zH,
7 1 1

voOHZH| | m= A ! - 107075 ) —— o7 hS = 1078 — . 1078
ml 104 . d | m | G025 +08 v Ve

em ™! cm 1725 1705 1! 172
0,5* 1 0,621 1,242 0,805 1,189 1,414 2 4
0,6* 1,2 | 0,654 1,308 0,764 1,136 1,291 1,667 2,778
0,7 1,4 | 0,685 1,370 0,730 1,093 1,195 1,429 2,041
0,8 1,86 | 0,705 1,410 0,709 1,058 1,118 1,250 1,663
0,9 1,8 10,723 1,446 0,692 1,027 1,054 1,111 1,235
1,0 2,0 10,726 1,452 0,689 1 1 1 1
1,5 3,0 10,740 1,480 0,676 0,904 0,816 0,667 0,444
2,0 4,0 | 0,747 1,494 0,669 0,841 0,707 0,500 0,250
3,0 6,0 10,755 1,510 0,662 0,760 0,577 0,333 0,111
4,0 80 | 0,766 1,532 0,653 0,707 0,500 0,250 0,062

* probe opalescente

impiedici cvaluarea raportului de combinare, mai ales ¢, in

primul caz, pina

la raportul de 1Ti:0,7 ligand se obtin solutii opalescente.
Pentru evaluarca raportului de combinare, cit si a constantei de disocicre,

s-au utilizat datele obtinute la seria rea-
lizatd la pH == 2,3 si valorile c¢xtinctiilor
determinate dupd o echilibrare de 1 zi.
Rezultatele sint consemnate in tabelul 1.

Reprezentind grafic valorile 1/m pe
abscisd si 1fv” - 1073 pe ordonatd si
dind valori succesive lui ,,»#”’, se ob}ine o
dreaptid la valoarea lui #» = 0,5 (Fig. 2)
ceea ce denotd ¢ numdrul de liganzi an-
gajati de fiecare atom (ion) metalic este
egal cu 0,5, deci in solutie la pH = 2,3
este prezent complexul cu raportul de
combinare 2Ti:1 ligand.

Constanta de disociere aparentd
(K,) s-a calculat din intretdicrea dreptei
cu axa ordonatei, unde

1 (b 1
o Vi K,
de unde
- b\ ‘
Aﬁ%7)m" 2)

Valoarca —1/¢" s¢ obtine prin in-
multirea valorii pantei M cu valoarea

B T I T s s

1 em

Stabilirea raportului de combinare
la pH == 2,3; » = 210 nm,
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1/m pentru —1fe* = 0, dedusd din grafic. Determinind valoarca K, din primul
termen al partii drepte al ecuatici (1), s-a calculat atit valoarea coeficientului
molar de extincfie (e==aparent) cit si valoarea modulului de extinctie corespun-
zdtor complexdrii totale a ionilor metalici (,,m”). Din modulal de extinciie
(,,m”) s-a calculat valoarca corespunzitoare extinctiei la legarea totald a ionilor
metalici in complex (E, - m - d). Datele objinute sint prezentate in tabelul 2.

Tabel 2
N \ b3 ‘ M !s - v ,,m”’ ' - E 3 ! K
pH boam |, 05 o s —1 9 En L ? -o,sc, 0,5
‘ I cm i L jem” [ Ijmol . cm moli~” {1
2,3 ] 210 ' 14,29 . IOl,St 8,843 . 1015 l 1,615 I 0,8071 8,075 . 10® \ 1,60 - 1073

Pe baza datelor tabelului 1, cunoscind valoarca F,, s-a putut calcula con-
constanta de disociere a complexului si prin metoda deplasirii echilibrelor {7].
Considerind c¢d titanul ncangajat in coomplex se giseste in solutie sub
forma Ti(OH)3* formarea complexului se¢ poate reprezenta prin reactia urmai-
toare :

QTHOH): 4 ZH; *s 2T OH)ZH, - (3)

de unde :

. (THOM); B ZH
K, - =~ : (4)
2THOTT, - 7215 )

Concentratia complexului s-a calculat:
. P 1 L e 9.4 -
[2Ti(OH),-ZH{" ] = — - — [THOH): "] (5)
P T
unde I, reprezintd extinetia unei probe oarecare, iar K, este valoarea extinciiel
in conditiile complexarii totale a ilonului metalic,

Concentratia la echilibru a titanului nelegat in complex s-a calculat prin
diferenta dintre concentrafia totala a ionului mctalic $i cea a lonului legat in
complex :

[TH{OH);" | = [Ti(OH)3 "] — 2[27Ti(OH),Z2H,) (6)

Concentrafia acidului zaharic la cchilibru s-a calculat prin scidderea con-
centratiel complexului din concentratia totald a ligandului, inmultit cu un factor
de transformare :

9 . o I K
[ZH: ™ = [HZH, o] — [2Ti(0H), ZH,)] - L 7
L L L2 4 tot IJ . ( )2 4):] [11+]2 + Ifl(H+) + A,le ( )

unde N, si [, sint constantele de disociere ale acidului zaharie, determinate
de not pe cale potentiometricd (K| == 5,53 . 1074 si K, == 9,03 - 10-%),

* HyZH, = CgH,,04; ZHY™ = C4H,0,
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Tabel 3

[TiO(CI0,),] = 2-10-%; ph = 2,3; A = 210 nm; cava 0,5 em; p = 0,035; E, = Ecompl. — En.zn,

o _ [0+ - zmy-
[H,ZH N 2TiI{OMH), 211 Ti{OHZ+ ZHE - S = .
L TO" 4] E, [271%( 1022 4) [Ti{ 1042 ) [ 1(;;7 ] ¢ [2Ti{OH), - ZI*I?J*]
moli®?/1%5

1,8 0,723 0,896 0,208 1,610 0,837 . 1073

2 0,726 0,899 0,201 1,959 0,969 . 1073

3 0,740 0,917 0,166 3,718 1,028 . 107#

4 0,747 0,925 0,149 5,460 1,070 . 1073

(] 0,755 0,935 0,129 9,017 1,126 . 107#

8 0,766 0,949 0,102 12,555 1,083 . 1073

K = 1,019 +10—%
(4

Rezultatele sint repezentate in tabelul 3.

Comparind constantele de disociere obfinute prin metoda dreptelor: I, -
= 1,60 - 107% moli®*/1%3 cu constanta obtinutd prin metoda deplasdrii echili-
brelor: K, = 1,02 - 107® moli»5/1%5, s¢ observd o concordantd mulfumitore.

(Intrat in redactie la 15 decembrie 1975)
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COMBINAISONS COMPLEXES AVEC DES HYDROXVYACIDES (XXI)
iL'étude specivophotométrique du systdime TiO(ClO,),—acid D-saccharigue.

(Résumé)

L’interaction de l'ion titanyle avec l'acide D-saccharique est caractérisée par I'existence dans
la solution d'un complexe du type 2Ti:1 ligand, complexe de stabilité moyenne. La constante
de dissociation apparente calculée au pH = 2,3 (i = 210 nm), par la méthode des droites, a une
valeur de 1,60.-107% moles0,5/10,5 et par celle du déplacement des équilibres, de 1,02 . 1079
moles 0,5/10,5
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BENZOFURO-BENZIMIDAZOLES (II)*
2-Substituted benzofuro[2,3-f ihenzimidazoles.

VALER FARCASAN and ILEANA BALAZS

In connection with our investigations in the benzofurobenzimidazole series,
we prepared some 2-substituted benzofuro'2,3-1 [benzimidazoles. The synthesis
of such compounds presents, interest owing to the properties reported for
some of their analogous, namecly the Z-substituted benzimidazoles. Thus the
2-mercapto-benzimidazole (I) is an antioxidant [2], the Z-aminobenzimidazole
(IT) shows interesting biological activities [3] a.s.o.

° AN
P ™ e
7 i ! Bz‘_a

7!%6/“\ A AN
3 H
IV: R=OH VII: R=SCH,COH
v: R=NH, X:R=H

Vil: R=%H

IX

By reacting 2,3-diamino-dibenzofuran (III) with the suited rcagents (see
experimental section) the 2-hydroxy-(IV), 2-amino-(V), and 2-mercapto-benzo-
furo 2, 3-f]benzimidazole (VI),were prepared. The reaction of VI with chloro-
acetic acid afforded the benzofuro[2,3-f benzimidazolyl-(2)-thioacetic acid (VII),
which was then cyclised. The ring closure may lead to two isomers, VIII and
IX. The chromatographycal control of the crystallized product isolated by us
proved that this is not a mixture. From the two possible structures our option
s for VIII, taking into account that an electrophylic attack of the carboxylic
group is favoured in the l-position. Indeed, the situation of the two nitrogen

* Part I see [1].
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atoms in benzofuro[2,3-f Jbenzimidazole (X) is similar to that of the same atoms
in 2,3-diamino-dibenzofuran (III). Or in the case of III, E. Sawisckl and
F. E. Ray [4] have demonstrated that the aminogroup para to the oxvgen
atom is the more basic group.

To the best of our knowledge no UV spectra of benzofuro-benzimidazoles
were reported. Thus we registered the spectra of substances IV, V, VI, VII

and X in ethanol.

0 -
-0 s _—
"0 4846 WL 4TI A 35 36 37 30 28 000 cm
AN A
O — D e
O 1y
Fig. 1

If the spectra of dibenzofuran (XI) [5] and benzofuro[2,3-f ]benzimidazole
(X) are compared, it may be observed that the condensation of XI with the
imidazole ring brings about a bathochromic shift in the spectrum (sce fig. 1).
The substitution of the 2-position in X with the —OH, —NH,, —SH or —
—SCH,COOH groups, shifted the first band toward longer wave lengths (see
experimental section compounds IV, V, VI, VII and X).

In the case of compounds IV, V and VI an equilibrium between two

tautomers is possible,
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Only for substance VI we have the adequate set of substances to§moot
such a question. Comparison of the spectra of compounds VI and 'VII empha-
sizes a remarkable difference. This suggests that in ethanolic solution ‘the
cquilibrium between the thionie and thiolic form is shifted towards the first
one.

Provided this is true, the spectra of VI oaund I1I 41 on onc hand and
VIT and X on the other hand must be similar, owing to the structural rclq.—
tionships. Actually VI may be considered as a derivative of III, monosttbsti-
tuted to the both nitrogen atoms. The inspection of fig. 2 confirms the above
assumption.
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It is to be noted that also in the case of 2-mercapto-benzimidazole (I)
the thionic form is favoured [G].

The synthesis of the necessary compounds for a similar analysis of the
spectra of IV and V will be the topic of a future paper.

Experimental. The melting points have been determined in capillaries and are uncorrected.
The electronic spectra were recorded on a ,,Specord’ spectrophometer.

DBenzofuro[2,3 — f] benzimidazole (X). A mixture of 0.6 g IIT [1] and 0.3 ml 809 formic
acid was heated for 2 hours at 135 — 140°. After cooling the reaction product was treated with
icecooled 109% NaOH until alcaline medium. The precipitate was filtered and washed with ice-
cooled water. Thus 0.62 g (99%,) pure substance were obtained. M.p. 216 — 217° (Lit. [7] 218 —

- 2199, X could be recrystallized from a mixture of water and ethanol.

Soluble in ethanol and dimethylformamide, scarcely in benzene.

Oy HgN,O (208.21) Caled. N 13.46; Found N 13.4
UV : kmax, 312.5 nm (ethanol)

2-Hydroxi-benzofuro[2,3 — flbenzimidazole (IV). A mixture of 0.2 g III and 0.2 g urea was
heated at 170 — 180° until a solide product was formed. The reaction product was dissolved in
dimethyl-formamide and precipitated with water. For analysis 0.1 g substance was boiled with
10 ml methanol to which some drops 40% KOH were added. After filtration the solution was
acidified with diluted HCI, water added and allowed in the refrigerator. The precipitated IV was
collected Ly filtration as a brown substance, soluble in dimethyl-formamide, scarcely in ethanol,
benzene or §9, NaOH. M.p. > 360°.

CsHgN, O, (224.21) Caled. N 12.49; Found N 124

UV Amax. 331.5 nm (ethanol)

2-Amino-benzofuro(2,3—f benzimidazole (V). To a mixture of 0.32 ml bromine and 1 ml water
cooled at —3 ... 0° a solution of 0.42 g NaCN in 2 ml water and then 1 g III were stepwise
added. The mixture was stirred for 1 hour at 0° and more over 2 hours to room temperature.
Then 30 ml water were added and allowed to room temperature for 24 hours. 30 ml water were
once more added, boiled with charcoal, filtered and to the solution concentrate ammonia added
until complete precipitation. Then was filtered to obtain 0.9 (819%) crude product. Two recrystal-
lyzations from cthanol-water afforded the pure V, mip. 295 — 296°, soluble in ethanol dimethyl-
formamide, tetrahydrofuran, scarcely in benzene, chloroform or carbon tetrachloride. For analysis
the substance was dried in vacuum at 130°,

CsHgN,;O (223.23) Caled N 18.82; Tound N 18.7
UV : Jmax. 329.5 nm (ethanol)

2-Mercapto-benzofura[2,3— f lbenzimidazole (VI). To a solution of 0.31 g KOH in 7.5 ml ethanol,
under cooling, 0.35 ml carbon disulfide (dried on Na,SO,), 1 g I1I and 0.75 il water were stepwise
added. The mixture was boiled for 3 hours on a steam-bath, then 10 minutes with charcoal and
hot filtered. The warm solution (60—70°) was treated with 5 ml warm water (60-70°) and 12 ml
33Y%, acetic acid. After cooling the precipitate was filtered to afford 0.92 g (769%;) crude product.
Tor analysis was recrystallyzed from dioxane-water and then from ethanol. Soluble in dioxane,
glacial acetic acid, ethanol scarcely in benzene or xyleme. M.p. 360°.

CysHgN,OS (240.27) Caled. N 11.66; Found N 11.8

UV Amax, 347 nm (ethanol)

Benzofuro[2,3—f jbenzimidazolyl (2)—thioacetic acid (VII). A mixture of 0.48 g VI, 0.19 g
chloroucetic acid, 0.16 g anhydrous sodium acetate and 6 ml ethanol was boiled on a steam-
bath for 3 hours. After cooling was filtered. The precipitate 0.36 g (60%), was then dissolved in

diluted NaOIH, filtered, and from the solution precipitated VII with diluted acetic acid. M.p.
2587,

CisH o NgOS (298.31) Caled. N 9.39; Found. N 9.6
UV ! Amax, 333.5 nm (ethanol)

g - Clhemia 1/1977
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Thiazolo[3,2—a] [benzofuro[2,3—fbenzimidazoll—4(5H )-one (VIII). A mixture of 0.15 g
VII, 0.15 ml acetic anhydride and 0.45 ml pyridine was warmed on a steam-bath for 5 minutes.
After cooling was poured into water. The precipitate was filtered and recrystallized from dimethyl-
formamide. The pure substance, light-brown needles, melts at 276°. Soluble in dimethyl-formanide
scarcely in glacial acetic acid or ethanol.

CusHN,0,S (280.29) Caled. N 9.99; Found., N 10.4

( Received December 23, 1975)
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BENZOFURO-BENZIMIDAZOLI (11)
Benzofuro[2,3— fibenzimidazoli substituifi tn 2
{(Rezumat)

Se prepard derivatii beuzofuro[2,3 -flbenzimidazolului substituiti in pozifia 2 cu grupdrile
—OQH(IV), —-NH,(V), —SH({VI) si SCH,~COOH (VII). Prin inchidere de ciclu VII a fost trecut
in VIII. Se inregistreazd spectrele compusilor IV, V, VI, VII si X si se demonstreazi cd echilibrul
tautomer pentru VI este deplasut spre forma tionicd,
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UBER TRIAZINE (LIII)M
Studium der Struktur einiger Triazine nach der Methode der
Molecular Orbitals (MO)

EUGENIA GAVRILA und 10N CADARIU

Im Rahmen unserer fritheren Arbeiten, die Basizitit und das spektrale
Verhalten einiger Triazine Dbetreffend ([2,3], waren einige Probleme wie:
die Stellung der Protonierung im Molekil, die Stabilitit der Tautomeren und
einige Aspekte des Zusammeunhangs zwischen Struktur und spektralem Verhalten,
noch offen geblieben. Wir waren der Meinung, daB die Anwendung der MO-
Methode (Htuckelsche Anndherung) zur Erlangung von theoretischen Informa-
tionen fiir die Xlidrung obiger Probleme beitragen koénnte,

Unsere Aufmerksamkeit galt den Substanzen Acetoguanid (4-Amino-2-
methyl-6-oxo-tetrahydro-1,3,5-triazin) und Dioxim (4-Oximino-6-oxo-tetrahydro-
triazinyl-2-formaldoxim), die von Klausenburger Forschern synthetisiert und
ausfithrlich beschrieben worden sind.

In der vorliegenden Arbeit stellen wir die erhaltenen Informationen die
Molekularstruktur der neutralen Formen bzw. der Kationen und der Anionen
der oben angefithrten Triazine betreffend vor,

Es ist bekannt, daB die theoretischen Daten eines Grundzustandes fiir
dic Vorhersage uber die relative Stabilitdt verwandter Molekiile verwendet
werden koénnen.

Charakteristisch fiir die Stabilitdt ist die Resonanzenergic (Eg), und vom
thermodynamischen Standpunkt aus als MaB fiir die Stabiiitat kann mit ziemlich
guter Annidherung die Bildungsenergie des Molekills (AHY) dienen. AH/ besteht
aus den Summanden: Resonanzenergie und Gesamtheit aller Bindungsenergien
gemilB der Gleichung:

AHf = ER + 2 EBindung

In einer dhnlichen Untersuchung Z. Sim o n und Mitarbeiter [4] berech-
nen die Resonanzenergie als Differenz zwischen der Energie des n-Systems
(E) und der Summe der Elektronenenergie (2x3) und der Energie der lokali-

sierten Bindungen (ey.z):
Ep=E — 5 (20; + ev-2)

Wir sind in derselben Weise verfahren.

Die in Betracht genommenen Strukturen fur die untersuchten Substanzen,
die uns vom theoretischen Standpunkt am wahrscheinlichsten schienen, sind
in den Abb. 1 und 2 angefiihrt.

Es ist ersichtlich, daB die Anzahl der Atome, die ihre atomic orbitals
zu molecular orbitals verschmelzen, 9 bzw. 12 ist (siche Numerierung!). Da
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die untersuchten Molekiile als ecinziges Symmetrieelement die Molekiilebene
besitzen, ist die Ordnung der Sikulargleichungen gleich der Anzahl der in
molecular orbitals implizierten Atome,

Y H H
;N 1 N N
- T T . N . o~ -
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| i ! | |
b oM SN N N HHY
\\\;:C - \C/ cr -
" . |
SINH, A NH D NH, G
RH) H H
. , SN (+) /N N
MOt %-*CH3 HOm(lZ \ﬁ—CH_,, o—¢" C—CH,
, ] i
‘ N I\ il
\\,\/\l \\;,\,,/ {\la‘\\\\w//'\J
- 1) o
! !
| ] e
NH, D NH, & VOF
NI N
NN - 2
0=C 1£mCH Ho—c¢? Sc—ch,
Pl -
N N N
~ N

I B
LY
T

Abb. 1. In Betracht genommene Strukturen fiir das Molekiil, das Kation
und dis Auion des Acetoguanides.

Der Coulombparameter (o) und der Resonanzparameter (8) fir jedes Atom
bzw. Bindung wurden den Empfehlungen von Streitwieser [5] und
Hifelinger [6] entnommen. Die Werte sind in der Tabelle 1 zusam-
mengcfalt,

Die durch Lésen der Sidkulargleichungen erhaltenen Werte — und unter
Verwendung von 8 = — 16,5 keal/Mol 7 — wurden zur Berechnung von Eg
henutzt, Die Gesamtheit der Bindungsenergien wurde in den meisten Fallen
aunter Benutzung der Daten von Dewar und Mitarbeitern [8] erhalten, da
diese Daten ftir Stickstoltheterocyvelen aufgestellt worden sind. In der Tabelle
2 sind die von uns tbernommencn Daten centhalten.

Dic far die Schitzung der Stabilitdt der ersten untersuchten Verbindung
benotigten GréBen: dic Energie fur das hochste besetzte orbital (emo) und



TRIAZINE (LIIY)
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Abb. 2. In Betracht genommene Strukturen fiir das Molekiil, das Kation und
das Anion des Dioximes.

Tabelle 1

Die Werte der verwendeten Faktoren {lir die Rechnung nach der
MO-Methode (Hfiickel)

Coulombintegrale Resonanzintegrale
agy = «+ 1,58 Bex (ming) = B
ap  =a+ 058 Be—c = 0,98
apg+ = o+ 1,53 Bean = L1B
ag—~ = a4 0,58 Bx-o = 0,78
ay =a+ Bewo =B
ag = a + 2,08 Be—o = 0,88
ag— =oa-+ B 5(:_@3. = 0,68
ayy+ = « + 2,08
wly, =% + 2,08

@ = a(Benzol) B = Bee(Benzol)
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Tabelle 2
Bindungsenergien (keal/Mol)
Ex _H(Pyrron i E_x-n ’ Eo_n ' Ee_o Ecoo
93,2 100,6 I 102,1 82,5 163,8
Ex_o Ee_c Ee_n Be_x Eeox
44,0 l 83,1 102,4 ! 71,4 119,4

die Energie fir das niedrigste freie orbital (e10) sind in der Tabelle 3
zusammengestellt.

Tabelle 3
Energienfaktoren, der in Detracht genommenen Strukturen fiir Acetoguanid

igz]; E Lr SHO fLE = 2 Paina —AaH/

’ keal{Mol keal/Mol

A 21,3163 3,4608 x - 0,8298 « — 0,8083 1429,18 1492,94
B 21,1473 2,8458 = - 0,683p3 a — 0,7908 1436,58 1483,52
C 22,8063 3,2608 % 4 00,8963 2 — 0,7803 1529,78 1583,57
D 23,126p 3,5068 2 -~ 1,0615 x — 0,80483 1503,64 1561,49
E 23,1263 3,6788 o - 1,0618 o — 0,804p8 1529,48 1590,17
¥ 23,1805 3,3258 2 -+ 0,8353 o — 0,7708 1522,38 1577,24
G 21,3428 5,4868 o + 0,788p o — 0,789 1335,98 1426,50
e 22,8463 6,916p8 o -4- 0,9998 o« — 0,7198 1302,74 1416,84

Die Gesamtenergie stellt eine unkorrigierte GroBe dar, da der Beitrag
der Wasscerstoff-Briickenbindungen von uns nicht beriicksichtigt worden war.

Durch Vergleichen der AH/-Werte fiir cine Molekiilart geht hervor, daB
von den in Betracht kominenden Strukturen die stabilste die Struktur A fiir
das neutrale Molekill, die Struktur E fiir das Kation und dic Struktur G fiur
das Anion ist.

Die Daten féir das Dioxim sind in der Tabelle 4 enthalten.

Die stabilste Struktur des Dioxim-Kations ist dic Struktur K ; im Falle
des dreiwertigen Dioxim-Aunions haben die Strukturen M,N und O praktisck
dieselbe Stabilitat,

Beziiglich der tautomeren Formen des neutralen Dioximes, wurde von
0. Horowitz (9] eine Untersuchung durchgefithrt.

Die Ordnung der Stabilitdt @ndert sich nicht, wenn man fiir die Bin-
dungsenergien Werte aus anderen Quellen benutzt [10].

Die Berechnungsergebnisse zeigen, daB fiir das neutrale Acctoguanid die
tautomere Amidinstruktur A die gréBere Stabilitdt besitzt. Diese Ergebnisse
sind in Ubereinstimmung mit den SchluBfolgerungen aus den IR-Untersuchungen
und mit den anderen Literaturangaben [11].
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Tabelle 4
Energienfaktoren, der in Betracht genommenen Strukturen fir Dioxim

Struk- — S E. _ f

turen = Er ZHO fLE 2 Prina 2H
keal/Mol | kecal/Mol
I 28,4463 3,3888 o + 0,5218 o — 0,4338 1542,82 1598,72
J 29,9428 3,194 o 40,6353 x — 0,3368 1636,56 1689,26
K 30,2298 3,5793 « + 0,5218 x -~ 0,4268 1644,92 1703,97
L 30,0578 3,2358 o - 0,5218 o — 0,4218 1611,68 1665,06
M 23,3528 14,2948 o 40,1778 o« — 0,5258 1254,32 1325,17
N 23,4158 4,3578 o +4- 0,3408 o - 0,5618 1254,32 13286,21
O 23,0383 4,9808 o + 0,2338 o — 0,5198 1245,42 1327,59
P 24,5903 5,4588 « -+ 0,3098 x - 0,48183 1212,18 1302,24

Fs geht aus den gewonnenen Daten hervor, daB in den kationischen
Formen der beiden untersuchten Substanzen die Protonierung an dem Sauer-
stoffatom der Carbonylgruppe crfolgt (Struktur E bzw. K).

Die IR-Absorbtion der beiden Substanzen in Form ihrer Hydrochloride
[11, 1} wurde von uns eutsprechend den Strukturen von Typ C bzw. J inter-
pretiert. Im Falle der ersten Substanz ist der Unterschied zwischen den Bil-
dungswirmen der beiden Strukturen E und C (Abb. 1) nicht gentigend aus-
geprdgt, um eine eindeutige Stabilitatsrethenfolge festzulegen. Andererseits mul3
man bertcksichtigen, da das IR-Spektrum auf Substanzproben im festen
Zustand, manchmal Kristallwasser enthaltend, aufgenommen wurde. Unter
diesen Umstdnden ist das Molekiil in verschiedenen Arten von Wasserstofi-
Briickenbindungen miteinbezogen, Bindungen welche die Elektronendichtevertei-
lung beeinflussen. Wir haben aber solche Einfliisse, wie schon erwidhnt, bei
der Berechnung mnicht Dbericksichtigt. Es ist auBerdem bekannt, dal wihiend
der Synthese ciner Substanz die kinetischen Faktoren zu einer Form des
Endproduktes fiihren koénnen, die nicht unbedingt die thermodynamisch sta-
bilste sein muB.

Da die untersuchten Substanzen OH-Gruppen enthalten, kénunen sie in
zwel tautomeren Formen auftreten, beide Formen haben aber ein gemeinsames
Anion. Die Abschédtzung der relativen Stabilitit {ir die hypothetischen Formen
des Anions muB daher nur als Hinwels auf die Grenzstrukturen betrachtet
werden, die fir die relative Struktur des mesomeren Anions das grofte Gewicht
haben kénnten. Auf Grund des Stabilitdtsfaktors (Resonanzenergie oder berech-
nete Bildungswirme) andert sich dicses Gewicht zugunsten der einen oder der
anderen mesomeren Konfigurationen.

Unsere Versuche, zusédtzliche Angaben tber die Stabilitdt aus den Spek-
traldaten zu erhalten, haben zu keinen eindeutigen SchluBfolgerungen gefithrt.
Der Vergleich der Lagen der Absorbtionsbanden aus dem elektronischen [3]
mit den berechneten Werten zeigt eine ausreichende Ubereinstimmung fir alle
als moglich gehaltenen Strukturen.

Wie die vorliegenden Arbeiten zeigen, liefert die Anwendung der MO-
Methode (Hiickel) fiir die Stabilitatsberechnungen nur Teilergebnisse, da wir
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wahrscheinlich eine nicht geniigend groBe Anzahl von méglichen Strukturen
beriicksichtigt haben, um allgemeinen SchluBfolgerungen ziehen zu diirfen.
Andererseits muBl man auch den begrenzten Charakter der Hiickelschen Methode
an sich in Betracht ziehen.

*

Die Autoren mochten ihren Dank Herrn Prof. Dr. Z. Simon fiir die uns erteilten wertvollen
Hinweise im Laufe der Durchfithrung dieser Arbeiten aussprechen.

Die Autoren danken ebenfalls dem Kollektiv des Lehrstuhls fiir Datenverarbeitung an der
Universitdt von Cluj-Napoca, wo die rechnerische Datenverarbeitung durchgefiithrt wurde.

(Eingegangen am 27 Tanuar 1976)
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TRIAZINE (LIII)
Studinl MO privind structura unor devivafi tviazinici

Rezumat

S-a evaluat stabilitatea relativd a unor structuri posibile pentru doi derivafi triazinici, adop-
tind drept parametru de stabilitate céldura de formare a moleculei, Pcntru calcularea acestei mirimi
am apelat la metoda MO (Hiickel) prin intermediul cireia am determinat energia de rezomanti.
Studiul se referd la molecule neutre, anioni si cationi.
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UBER TRIAZINE (LIV)l
Deutung der elektronischen Spektren einiger Triazine mit Hilfe der
MO-Methode (Hiickel)

EUGENIA GAVRILA und ION CADARIU

In Fortsetzung der Arbeiten aus der vorangegangemen Mitteilung haben
wir uns vorgenommen, zu untersuchen, in wie weit die Ergebnisse der MO-
Mcthode mit den experimentellen Angaben die spektralen Ubergangszustidnde
betreffend in Einklang gebracht werden kénnen [2].

Die untersuchten Substanzen waren auch diesmal das Acetoguanid (A)
und das Dioxim (I). Wegen der Ionisierungsprozesse und der tautomeren Gleich-
gewichte, an denen diese Substanzen teilnehmen, dndern sich ihre Spektren in
Abhingigkeit von der Natur des Mediums. Vorlanfig verfiigen wir iiber quanti-
tative Messungen nur im Falle des Dioxims.

In Ubercinstimmung mit der GréBe der Siurekonstanten [2,3] ensprechen
die aufgenommenen Spektren den drei molckularen Arten: Kation, ncutrales
Molekiil und dreiwertiges Anion.

Die Kennzeichen dieser Spektren sind in der Tabelle 1 zusammengestellt,

Tabelle 1

Absorbitionshanden in UV des protonierten, neutralen und negativ geladenen Dioxims

Bande T Bande II Bande III
pH Molekiilart , . Aax E,_, ) \ .
max (nm) (1.Molt.cm) max
0,27 J — — 245 14,6 . 108 280% 9,9 . 10%
7 I — — 230 19,9 . 103 320 4,2 .10
13,6 P 209 | Sebr 273 21,3 . 108 - -
groB

* Schulter

Auf Grund der Klassifizierungskriterien der Ubergangszustinde [4] vermuten
wir, daB der Bande II ein = — =*-Ubergangs zugrunde liegt, da die groBe
Intensitdt und dieselbe Tage auch im sauren Medium erhalten bleibt.

Wir stellen eine bathochrome Verschiebung der Bande beim Vergleich
zwischen : neutrales Molekill und geladene Form (+4) fest. Ein dhnliches Ver-
halten hat auch das Benzaldoxim [5] und das Pyridin-2-aldoxim [6]. Im
Bezug auf die Bande IIT méchten wir erwihnen, daB im Spektrum der waB-
rigen Losungen von Pyridin-2- und Pyridin-4-aldoxim eine Bande von sehr
schwacher Intensitdt bei ~ 360 nm auftritt. Dic Bande wurde von Mason
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[7] der Form des Doppelions zugeschrieben, das sich in kleinen Mengen im
Gleichgewicht mit der normalen Form befindet. In unserem Falle hat aber
die Bande bei 320 nm eine ziemlich groBe Intensitdt, so daB sie wahrsche-
inlich einer Ursache andercr Natur zuzuschreiben ist.

Beim Acetoguanid konnte wegen ihrer sehr geringen Wasserldslichkeit
kein Spektrum der neutralen Form aufgenommen werden. Wir haben aber
Richtwerte fiir die Absorbtionsmaxima der Substanz im sauren Medium (245nm
<200 nm) und im alkalischen Medium (247 nm; < 210 nm).

Fiir die Berechnung der elcktronischen Spektren der neutralen und ionischen
Formen haben wir die durch Losen der Sikulargleichungen erhaltenen Ergebnisse
(Tabelle 2) fiir folgende Strukturen verwendet :

H H
N N N.
7 AR TN 8 SN () £\ .
0O=Cs 2 C—CH, O=C C—CH, 0—9 LH—CH3
l | ! Il !
NS, N N NH* N, N
\\é'/L \\\‘C/,‘ \\C/
| ! ;
NH, NH, . NH,
2t () C© ()
H i H
N N N
7 TN 8 9 10 PO (=) RN )
O=Cs 2C—~CH=N-OH 0=C C—CH=XNOH 0-C C—CH=NXO0
I | l I | I
HNS 38N HN NH*F N N
4 N . B
AN C/ el AN o
| ll |
N—-OCH (1) NOH (n NOt) (P)

11 12

Diese sind nicht immer die von der Berechnung als stabilste Strukturen aus-
gewiesen [1]. Da es bekannt ist, daBl die cnergetischen Daten nicht gentgend
sicher fiir die Schéatzung der Stabilitdt sind, haben wir diejenigen Strukturen
in Betracht genommen, welche die physiko-chemischen Eigenschaften der Sub-
stanzen am besten widerspiegeln.

Fir jede Zlolckillart enthalt dic Tabelle die Energieniveaus, die als Funk-
tion der Losungen der charakteristischen Gleichung: x == “— 2 ausgedriickt

sind. Die molecular orbitals ¢, sind in der Reihenfolge der steigenden Energie
angefiihrt.



TRIAZINE (LIV) 43

Tabelle 2
Energieniveaus der Molekiile von Acetoguanid und Dioxim
Acetoguanid Dioxim
Molekiilart Molekiilart
A | C | H ‘ 1 | J | P
n Yu
o — gy x— gy
3 B

9 1,8257 1,7321 1,7059 12 1,8860 1,7718 1,8894

8 1,0265 0,8921 0,9978 11 1,3328 1,3302 1,3471

7 0,8077 0,7800 0,7196 10 1,0716 1,0329 1,0773

6 —0,8294 —0,8962 —0,9991 9 0,4327 0,3360 0,4815

5 --1,1444 —1,3673 —1,3113 8 —0,5210 —0,6356 —0,3092

4 —1,5253 —1,7294 —1,6941 7 —1,0348 —1,1358 -~0,7445

3 —2,1224 —2,1673 —2,1330 6 —1,1368 —1,1925 —1,0504

2 —2,2376 —2,3022 —2,3350 5 —1,7726 —2,0247 —1,3966

1 —2,8008 —2,9419 —2,9506 4 —2,0379 -2,1429 —1,6874
3 —2,3595 —2,3689 —1,9671
2 - 2,4191 -—2,4199 —2,2078
1 —2,9413 —3,0506 —2,9323

Mit Hilfe dieser Angaben haben wir die Energien der elektronischen Uber-
gangszustande : ¢, = Yuir, Yp  Ymae und dy oy > Yy berechnet, wo ¢
das héochste besetzte molecular orbital bedeutet. Die Werte dieser Energien
sind neben den experimentcll gewonnenen Werten in den Tabellen 3 und 4
zusammengestellt.

Tabelle 3
Energien der elektronicsehen Ubergiinge fiir Acetoguanid
.. Ubergangsenergie (nm
Molekitlart Ubergang gang gie (nm)
berechnet experimentell
A Yo = g —-1,6378 = 243
U ) —1,8568 = 216 (228)
Yy = Py —1,9528 = 205
N Yo = Uy —1,676p = 239
Yg =+ Uy ~1,788B = 224 245 (236)
vs = —2,1473 = 186
H Yo = U1 —1,7198 = 233
¥g > va —-1,9978 = 201 247 ; (253)
V5 = ve —2,0318 = 197
B = — 25.000. cm—?

Die in Klammern gesetzten \Werte bezieheu sich auf das 2-Amins-4-hydroxy-1, 3, 5-triazin.
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Wic schon erwihnt, haben wir fir das Acetoguanid keine guantifative
spektralen Daten. Daher haben wir auch die Absorbtionen des 2-Amino-4-
hydroxy-1,3,5-triazins berficksichtigt, die nicht allzuviel von denen unsercr
Substanz abweichen diirften. Flament und Mitarbeitern [8] geben folgende
Werte der Absorbtionsmaxima fiir die wiBrige I,6sung des 2-Amino-4-hydroxy-
1,3,5-triazins an:

pH - 1 Schulter 236 nm
pH = 7 Schulter 228 nm
pH -+ 11 253 nm

Beim Vergleichen der experimentell bestimmten mit den berechneten Iiuer-
gicn stellten wir fest, dal dic Lage der Absorbtionsbanden in ausreichenden
Ubercinstimmung wiedergefunden wird, wenn man fiir das Austauschintegral
den iblichen Wert  Boerctrsiopisen = — 29.000 e~ (@ibernommen von Benzol)
verwendet.

Die berechneten Daten stimmen aber mit den experimentell bestimmten
im Falle der Verschicbung der Banden beim Ubergang von der neutralen Form
zu den geladenen Formen nicht {iberein. Um Ubereinstimmung mit den experi-
mentellen Daten zu erhalten, haben wir im Falle des Dioxims cinen viel groBeren
Wert fiir 8 als itblich verwendet (s. Tabelle 4). Hoéhere Wert: als iiblich (obwohl
nicht so groB) sind auch bei anderen Triazinen festgestellt worden {371,

Tabelle 4
Energien der elektronischen Uhergiinge ftir Dioxim
] {thergangsenergie
Molekiilart Ubergang ga7e 8
berechnet experimentell
1 D5 = Dy --0,9545 = 328
Dy = by -~ 1,467 = 213 230
We =* U1o - 1,5938 == 197
J Vg = Uy —0,9718 = 322
e = Uy -—1,4728 = 213 245
vs ™+ Uio --1,6688 == 188
P Ps = Py —-0,7918 == 395
Yy = g -—1,2268 275
by => g ~1,3868 = 22

Bs-—32.000 cr !

Die experimentell festgestolite bathochrome Verschiebung bei der Pro-
tonilerung und der sauren Dissoziation des Dioxims wird durch die Berechnung
nur im zweiten Falle wiedergetunden (Bildung des Anions).

Dic Verschichungsrichtung der Absorbtionsbanden infolge der Ionisierung
(protolytische Prozesse) konnte im Prinzip auch durch eine Stérungsrechnung
vorausbestimit werden.
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Die Anderung der durch Ionisierung verusachten Energie (Ac) ist pro-
portional der Ladungsdichte und der Anderung des Coulombschen Integrals
am gestoérten Atom [9]:

Ae = A(AEy,) =~ Aoy(ch: — o)

wobeli :

Il

Ax; = die Anderung des Coulombschen Integrals des gestSsten Atoms;

¢; = der Koeffizient des atomic orbital in den molecular orbitals (k
und n), zwischen denen der Ubergang stattfindet.

Wir haben die GréBe Ac fir den ProtonierungsprozeB unter Verwendung
der eigenen Vektoren aus der Tabelle 1 berechnet. Wenn man beriicksichtigt,
daB oyt > ay [1], und daB « eine negative GroBe ist, erhdlt man fir den
ersten Ubergang im Falle des Acctoguanids eine hypsochrome Verschiebung,
wie aus der Tabelle 5 ersichtlich ist,

Tabelle 5

Energiciinderungen der Ubergiinge im Protonierungsprozef (neutrales Molekill — Kation)

Verbindung gestortes Atom Ubergang Ae
Acetoguanid Ve = Y7 —0,1367Auy hypsochrome
N, Vg —* Vs 0,0264A ax bathochrome
Yy =Yg 0,2765A o bathochrome

Verschiebung

Dioxim Vg > Vg —0,0438A0 Liypsochrome
N Y1 Vg —0,04398ax Verschiebung
Gg = U1g —0,1177 A oy °

Fir das Dioxim zeigen alle Uberginge.eine hypsochrome Verschicbung.

Die tatsdchliche Anderung der Lage der Absorbtionsmaxima in den Spek-
tren der beiden Substanzen in protonicrter Forin crfolgt aber entgegengesetzt
zu diesen Vorausberechnungen,

Im Falle der sauren Dissoziation wird diesclbe Berechnung fiir die Ionisic-
rung einer einzelnen Funktion verwendet. Ionisieren mehrere Funktionen, erhilt
man die Energiedanderung durch dic Summierung der Beitrdge aller Storungsfak-
toren. Die Berechnungsergebnisse im Falle der sauren Dissoziation (neutrales
Molekiill - Anion) wvon Acctognanid und Dioxim sind in Tabelle 6 zusam-
mengestellt.

Unter Berticksichitigung der Werte des Coulombschen Integrals (11, da
son < o, stellt man fest, dal in beiden Fillen die Protolyse ein Abnehmen
der Ubergangsenergie und dementsprechend ein Zunehmen der Wellenlinge
bewirkt. Diese SchiuBfolgerung ist in Ubereinstimmung mit den experimentellen
Daten.
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Energiciinderungen der Ubergéinge im Prozef der sauren Dissoziation

Verbindang gestortes Atom Ubergang Ag
Acetognanid g = Vq —0,4020A0p bathochrome
0. by = Uy - 0,3014A0p bathochrome
g > Dy 0,0036Aag hypsochrome
Verschiebung
Dioxim Wg =* Yy —0,0663A 0 bathochrome
0, 04 Op Wy = g —0,3608Ax0 bathochrome
bg = Uig 0,0131A 00 hypsochrome
Verschiebung

Die Ergebnisse der vorliegenden Arbeit zeigen, daB die theoretische Deutung
der elektronischen Spektren mit Hilfe der MO-Methode (Hiickel) im Falle der
untersuchten Triazine nur teilweise mit den experimentell gewonnenen Daten
iibercinstiinmt.

(Eingegangen am 27 lanwar 1970)
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TRIAZINE (LIV)
Inteypretarea spectreloy electronice ale unor derivapi triazinici prin metoda HMO

(Rezumat)

Spectrul electronic, deplasirile benzilor produse la ionizarea (acceptare sau eliberare de
protoni) unor derivai triazinici sint interpretate prin metoda HMO.
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UBER TRIAZINE (LV)W
Die Molekulardiagramme und die physiko-chemischen Eigenschaften einiger
Triazine, wie sie sich aus der MO-Methode (Hiickel) ergeben

EUGENIA GAVRILA, JANOS ZSAKO und 10N CADARIU

Das Molekulardiagramm bietet cine theoretische Grundlage far die Deutung
des chemischen Verhaltens der untersuchten Substanzen mit Hilfe der 3MO-
Methode [1].

Aus den Kocffizienten der atomic orbitals (o) in der Wellentunktion,
die jedem molecular orbital , entspricht, wurde bercchnet: der Bindungsgrad
der m-Bindung (py-im Diagramm zwischen den beteiligten Atomen cingetragen),
die w-Elektronendichten (£-in Klammern neben jedem Atom angefithrt) und
das MaB fur die von jedem Atom ausgehende freic Valenz (Fi-an den Euden
der Pfeile, die von den entsprechenden Atomen ausgcehen).

In den Abbildungen 1, 2 und 3 sind die Parameter angegeben, welche
den moickularen Art (neutrale Form, Kation und Anion) von Acetoguanid (4)
ensprechen.

ro,;m/lé
. = . H PO S T Y
H SIS VLA NV RT
N 2 \S S C:c(( (‘F/ N
7 VI 8 \o—-—?—c N Cgmr—
0=C*% 2C—CH, o
l “ g 4 844
NE 3N 0,562 = B /
+ N \N N3
\\ 4/ i & o
¢ S 2
‘ /c 02621
NH, 942 |§~
5 (4)
/NH, (o)7%

Abb. 1. Molekulardiagramm des neu-
tralen Acetoguanid.

Die Bindungsgrade im Molckulardiagramm Zeigen fiir die neutrale Form
(Abb. 1) eine relativ gleichmilige =-Elektronenverteilung, Eine Ausnahme
bildet die Bindung zwischen der Methylgruppe und dem Ring; diese Erschei-
nung ist dadurch zu erklidren, dass dic Methylgruppe einen schwach elektronenab-
gebenden Charakter hat,
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- ~
9] - C
:
¢
N
‘ 5 )
i [
/ !
Abb 2 Molekulardiagranm des Ace- A b b. 3. Molekulardiagramm des Ace-
toguanid-Kations. toguanid-Anions.

Beim Betrachten der ILadungsverteilung stellt man fest, dall das frei
Flektronenpaar am Stickstoffatom N, weitgehend mit den vier wm-Elektronen
des Rings in Konjugation tritt. Es ist gleichfalls ersichtlich, dal ein stirkerer
clektronegativer Charakter der Stickstoffatome (N, N;) und des Sauerstoffatoms
(O,) sich nur dann bemerkbar macht, wenn die Atomc mit cinem p-Elektron
und nicht mit demn frelen Elektronenpaar an der Konjugation beteiligt sind.
Aus der Ladungsverteilung ergibt sich fiir den Angriffspunkt elektrophiler
Reagenzien die Rethenfolge: O, N; und Nj.

Im konkreten Fall des sauren Angriffs wurde gezeigt, dal die Stabilitat
der Kationen fiir die Protonierung am Sauerstoffatom O, spricht [2]. Die
IR-Daten [3] scheinen aber fiir eine Protonierung am tertidren Stickstoffatom
zu sprechen. Das von uns unternommene Stabilititsstudium hat die Struktur,
in der die Protonicrung am Stickstoffatom N; stattfinden wiirde, nicht bertick-
sichtigt ; obwohl eine solche Struktur wire nicht im Widerspruch mit dem
IR-Absorbtionspektrum. Die Ladungsdichten und die Bindungsgrade im Kation
(Abb. 2) zeigen erwartungsgemiB eine Elektronenverschicbung zum Protonierung-
szentrum  (Ny) hin. Andere nennenswerte, Anderungen trceten im Molekular-
diagramm des Kations nicht auf.

Im Falle des Anions (Abb. 3) behalten die Bindungsgrade, mit Ausnahme
VO D og_g Peey und p4_, die groBer sind, fast denselben Wert wie im
neutralen Molekill. Das bedeutet eine Verstirkung der Cy—O,-Bindung und
¢ine stdrkere Konjugation der NH,-Gruppe mit dem Ring. Alle dicse Daten
zusammen mit denen aus dem Stabilititsstudiam |2 koénnten flir cinen gro-
Beren Anteil der Amid-Grenzstruktur im mesomeren Anion sprechen. Mit Hilfe
der MO-Koeffizienten wurden aunch die Paramcter der Elektronenverteilung
fir die drei molekulare Spezies des Dioxims (I) berechnet.
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F L5 A<
& NI
7 / 1\ 8 9 10 0529 l ] 05
0=Cs 1C—CH=N—OH L
| I 0.95 'V iﬂl ties
HN 5 3 N wamsr  HN N:-/U’J.'«l
4 2 L
N ..
g 0;,’35/ Fi
11 ;
N com®
(l)H 12 (1) o,&s/ 8
- z Ly

A b b. 4. Molekulardiagramm des nentralen Dioxims.

‘ Die Bindungsgrade und die n-Ladungsdichte zeigen fiir das Molekiil (Abb.
1) cine ziemlich schwache Konjugation der Oximgruppen mit dem Ring. Infol-
gedessen sind die freien Elektronenpaare der Sauerstoffatome (O,, und Oy,)
relativ lokalisiert. Im Ring ist die Elektronenverteilung des w-Systems zwischen
den 6 Atomen ziemlich ungleichmaBig (siehe p,_; und p,_;). Man beohachtet
gleichfalls, daB die w-Ladungsdichte den gro8ten Wert am Carbonylsauerstoff
O, gefolgt von dem der Stickstoffatome N;; und N, hat. Eine groBere Elektro-
nendichte am Atom O, wiirde — wie im Falle des Acetoguanids- die Ergebnisse
der Stabilitdtsberechnung die Struktur des Dioximkations betreffend unter-
stiitzen ; das steht aber in Gegensatz zu den Ergebnissen der IR-Spektralunter-
suchungen [4]. Die Diagrammdaten zeigen eine etwas stidrkere Konjugation
der Ketoximgruppe mit dem Triazinring. Mit aller Zuriickhaltung, die man
bei der Korelation dieser Feststellung mit dem Verhalten der Substanz in
Losung haben muB, scheint es interessant, daB diese Feststellung mit der von
uns vermuteten Reihenfolge der Ionmisierung der sauren Funktionen iibereinst-
immt [5].

Zum Unterschied vom neutralen Molekiil stellt man im Kation (Abb. 5)
eine Anderung der Bindungsgrade im Sinne ihrer gleichmaBigen Verteilung
fest. Die Ladungsdichte am protonierten Stickstoffatom N, steigt stark an.

Fir das dreiwertige Anion des Dioxims zeigen die gzwonnenen Daten
(Abb. 6) eine Struktur, die sehr dhnlich der Struktur des neutralen Molekiils
ist. Der einzige Unterschied besteht darin, daB die Ladungen der Atome O,
und N, lagemaBig ausgetauscht sind. Analog dem Anion des Acetoguanids
scheint der Anteil der Lactam-Struktur am mesomeren Anion groBer ru sein.

4 — Chemia 1/1977
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Abb. 7. Die Molekulardiagramme des Acetognanids im Grundzustand und in den angeregten
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A bb. 8 Die Moleknlardiagramme des Dioxims“im Grundzustand und in den angeregten
Zustdnden.

Wir haben das Molekulardiagramm auch fiir die zwel untersuchten Sub-
stanzen (neutrale Spezies) in angeregten Zustinden mit Hilfe der MO-Methode
(Hiickel) berechnet. Die Ergebnisse sind in den Abbildern 7 und 8 widergege-
ben.

Fiir das Acetoguanid sind die drei Ubergangszustinde mit einem Ladung-
sitbergang von der Carbonylgruppe zum Ring (¢q = ¢, und ¢4 — ¢5) bzw. von
der Aminogruppe zum Ring ({5 — ) verbunden.

Im Falle des Dioxims beobachtet man eine Elektronenverschiebung vom
Ring zur Formaldoximgruppe im Ubergangszustand $g — p, von der Carbonyl-
gruppe zur Formaldoximgruppe im Ubergangszustand $; = $p und von der
Ketoximgruppe zur Carbonylgruppe im Ubergangszustand {5 — ;0.

Die vorliegende Arbeit zeigt, daB die Molekulardiagramme zufriedenstel-
lend mit Daten aus fritheren Arbeiten und mit einigen chemischen Eigenschaften

der untersuchten Substanzen in Einklang gebracht werden konnen.

(Eingegangen am 27 Ianuar 1976)
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TRIAZINE (LV)
Diagramele moleculare si proprietdtile fizico-chimice ale unor derivati triazinici objinute prin metoda
HMO

(Rezumat)

S-au calculat diagramele moleculare pentru doi derivati triazinici (speciile neutre, cationice
si anionice) corelindu-se datele cu unele proprietdti fizice gi chimice ale acestora. La excitarea
moleculelor, se pune in eviden{i un transfer de sarcind intre diversele grupiri substituente si
ciclul triazinic.
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SINTEZA UNOR NOI HEXAPOLIFOSFATI METALICI SI COMPLECSI

C. STANISAV si ANGHELINA LAZAROV

Hexapolifosfafii filnd mai pufin studiafi pind in prezent, ne-am oprit
pentru inceput asupra unor sinteze de hexapolifosfati.

In toate sintezele efectuate s-a plecat de la hexapolifosfatul de sodiu
NagP,0,,, care are o structurd liniard:

O O O O @] O

Il I I If I I
NaQO—-P—-O0—-P—-0O—-P-0O0—-P—-O—P—-—0O0—P—-0ONa

! ! | | ! !

ONa ONa ONa ONa ONa ONa

In acidul corespunzitor sirii de hexapolifosfat de sodiu fiecare atom de
fosfor are cite o grupare —OH corespunzitoare unui acid tare, iar cei doi
atomi de fosfor terminali au §i cite o grupare —OH ce corespunde unui acid
slab, fapt dovedit prin titrarca acidului hexapolifosforic — HgP,0,, — potentio-
metric [1,2] sau In prezentd de indicatori [3] cu NaOH.

Sinteza hexapolifosfatului de hexammincobalt (I1T). Se dizolvd in api, separat, 10 g Nag P,O,,
si 10 g ([Co(NH,)e] (NO;); (prepararea [Co(NH;)e] (NO,); s-a efectuat dupd metoda {4]). Turnind
solutia de complex peste solutia de NagP,0,, se obtine un precipitat galben-portocaliu.

Pentru stabilirea rapoartelor de combinare §i a formulei noului complex s-a efectuat analiza
elementard (tabelul 1),

Tabel 1

Nr. : : “xoit O o
ort. Componenti dozati Gisit 9, Calculat 9,

1 cobalt 12,62 12,68

2 amoniac 21,60 21,93

3 sodiu 5,02 4,91

4 fosfor 20,73 20,00

5 apa 7,66 7,74

Din aceste date conchidem cd substanta sintetizati are formula:
[Co(NTH,)s1:NayPgOyp - 4Ha0

Este interesantd comportarea termici a complexului sintetizat. Dacd se incilzegte [Co(NH,)],
Na,P 0,y - 4H,0 la o temperaturi cuprinsi intre 250 — 350°C se obtine o noud substan{d de cu-
loare albastrd solubili in api la cald, inregistrindu-se o pierdere in greutate de 26,449, (pierderea
calculatd = 26,04%). Prin incilzire in continuare la peste 500°C substanta pierde tot amoniacul
si trece in final intr-un compus rosu-violet, greu solubil in ap#, acizi minerali si chiar in api regald.
In acest caz se mai inregistreazi o pierdere in greutate de 3,959, pierderea in greutate totald
fiind de 30,399% (pierderea de greutate totald calculatd = 29,67%).
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Pentru a stabili formula substantel albastre s-a ficut analiza elementard a acesteia (ta-
belul 2).

Tabel 2

M | Componenti dozati | Gisit % | Calculat %
1 cobalt 17,24 17,10
2 amoniac 5,14 5,21
3 sodiu 7,05 6,95
4 fosfor 27,12 26,95

Substanta albastrd are formula: CogNay(NH,),P,0,, si este un hexapolifosfat triplu de cobalt
(II), sodiu i amoniu. Compusului violet, insolubil, nu i-am putut efectua analiza, dar pe baza
pierderii in greutate cu 30,399 presupunem cid este un polifosfat macromolecular de cobalt (IT)

si sodiu.

Cunoscind formulele celor trei substanie, putem scrie ecuatiile reactiilor
ce au loc la diferite temperaturii:

3[Co(NHs)s 1,Na, P40y - 4H,0 253 [Co(NH,)]:Na,PeOyy + 12H,0

3[Co(NHj)s]sNaPgOy Mol CoyNa,(NH,),PeO;y + N, + 28NH,

n Co,Na,(NH,),P,0,, "5 2[CoNa(PO,);n + 2nNH, + nH,0

Sinteza hexapolifosfatului de diacvotetvamsnincobalt (I1I1I). Sinteza s-a efectuat plecind de la
NagPyO,, si un exces de [Co(NH,),(H,0),;](Cl0,); dizolva{i in apd. Prin amestecarea solutiilor se
ob{ine un precipitat de culoare rogie. Rezultatele analizei elementare a precipitatului rogu sint
trecute in tabelul 3.

Tabel 3
;\; Componenti dozati Gisit 9 Calculat %,
1 cobalt 14,20 13,63
2 fosfor 22,42 19,20
3 aoa 8,09 7,70

Din aceste date concludem c3 substanta sintetizatd are formula: [Co(NH,),(H,0);], Na,
POy + 4H;0.

In mod analog, plecind de la NayP,0,, si un exces de perclorat de acyopentammincobalt
(III), s-a sintetizat hexapolifosfatul de acvopentammincobalt (I1I): [Co(NH;),H,0],Na,P,0,, - 3H,0.

In continuarea studiului nostru am sintetizat combinatfii prin reactia dintre NagP,O,p i
azotat de hexaacvocrom (III) la rece in rapoartele initiale [Cr(H,0)(1(NO,);: Nag PO, 1:1,1:2,
1:3. In toate aceste cazuri la inceput s-au obfinut substante viscoase, de culoare verde, care prin
sedere in etanol sau acetond cristalizeazi. Rezultatele analizei elementare a compusilor obginuti
sint trecute in tabelele 4,5,6.
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Tabel 4
?;i Componenti dozati | Gdisit % | Calculat %
1| crom 11,11 10,75
2 sodiu 4,89 477
3 fosfor 19,59 19,29
4 apd 11,68 11,21

Formula complexului este: [Cr(H,0)s], Na,PyO,, - 6H,O0.

Tabel 5
ﬁi Componenti dozati | Gasit % | Calculat 9;
1| crom 13,08 13,07
2 fosfor 18,00 17.52
3 |apd 13.88 13,58

Formula complexului este: [Cr(H,0)¢]s(PeOyp)s - 24H,0

Tabel 6
(Iilt- Componenti dozafi | GiHsit % | Calculat %
1| crom 13,59 13,07
2 fosfor 18,48 17.52
3 apd 13,90 13,58

Formula complexului este: [Cr(H,0)q1s(PsOyp)s - 24 H,O0.

Sinteza hexapolifosfatului de pentaamminclorocobalt (II1). Se dizolvd in apd, separat in doud
pahare, Nay,P,0,, si [Co(NH,),C1]Cl,, apoi se toarnd excesul de solutie de complex peste NagP,O,,.
Se obtine un precipitat de culoare rogie. Rezultatele analizei elementare a complexului obtinut
sint trecute in tabelul 7.

Tabel 7
:g Componenti dozati Gasit 9% | Calculat 9,
1 cobalt 17,30 18,43
2 fosfor 14,80 14,53
3 apa 5,44 5,62

Din aceste date conchidem ci formula complexului sintetizat este: [Co
(NHg),Cl], PO, - 4 H;0.
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¥ig. 1. Termodiagrama complexului
[Co(NH,),Cl], PsO,, - 4 H,O

Acest complex a fost studiat gi in faz¥ solida
grin metoda termogravimetricd si termodiferentiald,
nregistrarea termogramei 'si termodiferentialei au
fost realizate cu un_ derivatograf PaulikErdely tip
OD—102, pini la temperatura de 950°C.

Din figura 1 remarcidm_pe curba TG incepu-
tul procesului de deshidratare la 70°C si desfisurarea
sa ulterioard in patru etape:

I. Intre 70—170°C are loc eliminarea a patru
molecule? de Y api obtinindu-se | complexul anhidru
[Co(NH,;),C1],PgO,, Pierderea in greutate obfinutd
este de 5,519, cea calculati fiind 5,629,

II. Intre] 170—270°C are loc un proces de
dezaminare in care din cele 20 de molecule NH, se
eliminid 12. Pierderea in greutate gisitd este de
16,56, iar cea calculatd 15,959.

ITI. Intre 270 —370°C se continui procesul de
dezaminare inceput in etapa a II-a. Pierderea ‘celor
8 molecule de NH; corespunde unei scideri in greu-
tate de 10,029, pierderea calculata fiind de 10,639,

IV. Intre 370—490°C are loc declorurarea
complexului, inregistrindu-se o pierdere in greutate
de 8,599, pierderea calculatd fiind de 7,839.

Dupi cele 4 etape, se obfine hexapolifosfatul
de cobalt (II).

Pe curba diferentiald (ADT) se evidentiazd
dous efecte endotermice gi doud efecte exotermice.
Primul efect endotermic la 220°C corespunde primei
etape de dezaminare. Efectul endotermic cu maximul
la 340°C marcheazi a doua etapd la dezaminare.
Cele patru etape decurg cu viteze diferite, fapt
ilustrat de curba ATG. Efectele exotermice de la
442°C si 500°C indicd unele transformiri ale ionului
hexapolifosforic care trece, fie in alte forme ale
retelelor cristaline, fie in alfi polifosfafi.

Sinteza hexapolifosfatului de bariu. Se dizolvid
in api, separat, NagPO,;y i BaCly. Amestecind cele

dous solutii (BaCl, fiind in mic exces), rezulti un precipitat alb. Rezultatele analizei elementare
a complexului sintetizat sint trecute in tabelul 8.

Tabel 8
ﬁﬁi Componenti dozati | Gésit % | Calculat %
1 fosfor 16,76 16,49
2 bariu 46,18 47,69
3 api 7,81 7.97

Din datele analizei atribuim formula complexului: Ba,P¢Oy- 5 H,0.

Din rezultatele analizei complecsilor sintetizati se remarci o diferenfd in
ceea ce priveste numdrul ionilor de sodiu substituiti din NagP O,y $i anume:
in cazul combinatiilor in care avem cationi complecsi in starea de oxidare 3+
nu se substitue to}i cei opt atomi de sodiu (exceptind complexul [Cr(H,0)sls
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(PeOye)s - 24 H,0), spre deosebire de cazul in care cationul complex are starea
de oxidare 27 cind to}i opt atomii de sodiu se substituie.
S-au obfinut noud substante noi care au dovedit octobazicitatea acidului
hexapolifosforic.
(Imtral in redaciie la 12 februarie 1976)
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1D

SYNTHESIS OF SOME NEW METALLIC AND COMPLEX HEXAPOLYPHOSPH\TES

(Summary)

Some new metallic and complex hexapolyphosphates were prepared by the reaction of sodium
hexapolyphosphate and water soluble metal salts or complexes. Elemental analysis established the
composition of the hexapolyphosphates synthesized and the basicity 8 of the hexapolyphosphoric
acid, in agreement with the results obtained by titration of HP,0,, with sodinm hydroxide.

The DTG and DTA investigation of the compound [Co{NH,),Cl}; P¢O,, - 4 H;0 established
that the loss of ammonia occurs in two steps, the final product being a cobalt (II} polyphosphate.
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CONDUCTOMETRIC TITRATIONS IN A.C. WITH AMALGAMATED SIL-
VER ELECTRODES

CSABA MUZSNAY

It is generally known, that the electrolytic conductivity is determined
most exactly with ,,platinized” Pt electrodes [1—31, necvertheless this elec-
trodes are sometimes replaced in conductometry with different electrode-materials
due to the inconveniences causes by the platinum black. Frequently, the
substitution of ,,platinized” Pt electrode was made with bright platinum for
the purpose of eliminating the disadvantages related to the existance of porous,
active surfaces. For other purposes the measurements need not be very precise,
the question is to find a less noble metal than platinum, thus were used e.g.
Ni electrodes [4], inoxidizable steel [5] and graphite [6] electrodes, respectively.
The diversity of the electrode-materials used in d.c. technique [7] is still more
considerable than that pointed out in a.c. technique.

The required exactness of the conductomctric titration did not suppose
the unconditional use of the platinum black electrodes. On the other hand,
the conductometric senzors constructed from less precious material than Pt could
be contributed to the larger use of the conductomectric determinations in
industrial analvsis and control.

Experimental. Conductance cell. On the basis of the above mentioned considerations it was
studied both the behaviour and the possibilities of employment of amalgamated silver electrodes
in the a.c. conductometric titrations. Two kinds of dip type Ag clectrodes were used, such as
biaxial (Fig. la) and monoaxial electrodes (I'ig. 1b) The value of cell constant (C) was the follo-
wing: C = 0.20 ecm™! for the biaxial electrodes and C == 0.40 em™! for the monoaxial electrodes.
The amalgamated electrodes have quite agreeng characteristics to those presented by the d.c. con-
ductometric titration in the presence of internal depolarizers {8, 9). The amalgamation of electro-
des was made with bidistilled Hg in conformity with the procedure given in the quoted papers.

Conductivity seasuvements. The variation of the solution conductance during the titration
was determined either by measuring cell resistance with the help of a Wheatstone bridge using
a “magic eye” tube as a detector of the null point, or by measuring potential drop across a stan-
dard resistance coupled in series with the cell (On this potentiostatic principle operates e.g. the
conductivity-meter , Radelkisz’ Type OK 102/1)

Recording and evaluation of the titration curves. The titration curves were recorded either
manually -~ point by point — using both of the above mentioned methods, or automatically, by
employing potentiostatic method. The delivery of titrant with a fixed rate was catried out by
means of a membrane pump previously presented [9]. The total volume of solution pressed by the
pumpe was constant in the period in which the piston did a round (returning time in the initial piston-
position : 40 sec). The yield of titrant was adjusted between 1.0 —1.7 ml/period and 1,5 —2.6 ml/min,
respectively being kept at a fixed value during a given titration. In the delivering rate
of solution appeared small fluctuation, in such a way that titration curves have a lightly serrated
character. These sinall oscillations did not exert a sensible influence on the exactness of positioning
of e.p. In case of the continuous recording, the equivalence volume was determined partly from the
delivering rate of the titrant, partly from the running time of recorder before the e.p. (from the
start of adding of titrant up to the e.p.). It was made repeatedly a direct cotrrelation between
the volume of solution delivered by the pumpe and the distance made from the paper of recorder
before the e.p. is being reached,
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Fig. 2. Titration of 250 ml 1072 n sulp-
huric acid — point by point — with I n
sodium hydroxide (f = 0.949)

Fig. 1. Conductance cell with two cylindrical
electrodes. a) biaxial electrode, 1. electrodes, 2 cell,
3. solution to be titrated. b) monoaxial electrode.

Results — Titration eurves. Some typical conductometric titrations — such
as acidimetric, precipitimetric, complexometric — was carried out. The most

frequently used titration cell is shown in TFig. la. _
Acidimetric titrations. The shape of the titration curves does not differ

from those obtained with the platinized Pt electrodes. Within the range of
accepted experimental errors the e.p. coincids with those obtained by classical
(noninstrumental) methods too. Titration of a strong acid with a strong base
is represented in Fig. 2, while Fig. 3a and Fig. 3b show the curves correspon-

15+

(a) (b)

Galvanomeier deflexnn
;
Galvanometer deflexion

;' 4 I i
5 0 v:ml NaOH

i .
0 5 0 15 ) z5 ¥miH CQ

Fig. 3. Automatic recorded acidi-alkalimetric titration curves: a) 10 ml

0.1 n barium hydroxide in 300 ml solution titrated with 5.1072 n acid car-

bonic. b) titration of a mixture of 2.5. 1073 n hydrochloric acid42.5-1073n
acetic acid with 0.1 n sodium hydroxide.
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ding to the titration of a strong base with a weak acid and the analysis of
mixture (strong + week acid) with a strong base, respectively.

Precipitating titrations. These titrations could be divided in two categories :
a) either the titrand nor the titrant contain the silver ion (Ag*) and the
mercury species (Hg3’, Hg?"). For the lack of these ions we do not observe
any difference with respcct to the Pt electrodes neither concerning their func-
tion not regarding the shapce of obtained curves. Fig. 3b shows a precipitating
titration of that kind.

b) If the titrant or the titrand contains species of mercury and (or) silver
ions, the electrode function becomes reversible. The presence of these ions
effects so the shape of the titration curves as the reactions which take place
near the surface of the electrodes.

In this respect, the shape of curve corresponding to the titration of Ag+ ion with CIT
ion des not differ from that given in the special literature (Iig. 4a). On the contrary, after each
titration the electrodes were covered with a thin calomel layer, which can be removed by easy
wiping. The possibility of reneval of electrode surfaces denotes an appreciable advantage. In the
case of the precipitation of Agl the shape of curves differs from the classical one by appearing of a
small minimum near the e.p. On the other hand one does not observe the formation of the adhe-
rent layer on the surface of electrodes. In view of the bimetallic electrodes used, these have a
very mear electrode potential towards the potentials of the pure electrodes (such as the Ag/Agh
electrode and the Ig/(Hgd" & Hg*T) electrode). The exchange current results from the contribution
of both types of species. On this account in the titration of AgNO,; with NaCl precipitates also
Hg,Cl, near the electrodes but remains in solution Hg®* ions. In the titrations with KJ (Fig. 4b)
the following precipitates appear on the surface of electrodes, before the e.p.: Agl, Hg,I, Hgl,.
After the e.p. these precipitates are dissolved — especially Hgl, and Hg,I, by forming HgI}+

c
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Iig. 4. Automatic recorded precipitating titrations. a) 10 ml 1.0438 10~In AgNO, in 350 ml
H,0 titrated with 1.0583 . 1071 NaCl. b) 10 ml 1.0438 - 107n AgNO; in 350 ml H,O titra-
ted with 1.0656 . 107! n KI.
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ions. In e.p. the concentration
of electroactive species is sud-
denly diminished. In like man-
ner it decreases the exchange
current and it increases cor-
respondingly, the degrre of po-
larization of cell and there
appears a small minimum of
conductivity. When the titra- g0 i
tion is done in d.c., this mini-
mum becomes much deeper
than that observed in a.c. [9].
The titration curve represen-
ted in Fig. 4b constitutes a i
certain proof with respect to !
the significant modification of
degree of cell polarization in e
e.p. under the condition of '

the applying of low a.c. tension G-

(0.2 V) across the cell.

(a)

(b) 7
,

Complexometric tit- 0.
rations. The curve corres-

onding to the titration ..

pf g '« nitrate with Fig Automatic recorded precipitating and complex forming
Ol mercuric mirate wi Utr'ttlom a) Hg(NO,), titrated with KI. b) Hg(NO,), -+ AgNOQ,
NaCl has similar shape titrated with KI. ¢) Hg(NO,), -+ AgNO, titrated with Nadl.
to that represented 1n
I'ig. 5c¢. From the two breaks the first corresponds to the formation of HgCl”
complex ion and the second for the slightly ionizing HgCl,. On the surface of
the electrodes are formed AgCl - Hg,Cl,. The puupxtak is casy removed by
wiping.

T'itrations based on the successive precipitation and complexation reaction.
In the titration of strongly dissociating mercury salt with KI appears two
very distinct and reproducible breaks. It happencd the stepwise formation of
the Iollomug3 complexes (Fig. 5a): Hgl™* (first break), Hgl, (second break),
Hgl,, HgI} . After the titration, an adherent Agl layer remains on the surface
of the amalgamated clectrodes. The sum of Ag(l) + Hg(II) was also titrated
with CI™ or I~ (e.g. Fig. 5b and 5c¢). It is not possible the selective determination

of the components from graphs because the formation of mixed metal-haloid
complexes.

Conclusions. The use of amalgamated silver electrode in a.c. conducto-
metry offers the following advantages with respect to the platinated Pt elec-
trodes: 1. More reduced contamination by absorbtion, and more reduced poi-
soning of the proposed clectrodes, 2. More reduced sensitivity towards the
mecanical shokcs and towards the touches, which also makes possible the
continuous and instantancous recording of conductance by using the electrodes
without bell protection; 3. The casy rencwing possibility of the clectrode sur-
laces by means of washing, wiping and amalgamation or by complete substi-
tution of senzor; a lower price than the platinum electrodes; 4. The possi-
bllity of the use in other clectrochemical methods, such as in d.c. conductometry
[8,9], in potentiometric titration [10] and in polarography [11].
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Some disadvantage of the Ag(Hg) electrodes towards the platinated Pt
electrodes are the following: 1. Less noble and less indifferent character of
the proposed electrodes; 2. Reduced chemical stability towards the very cor-
rosive substances; 3. An easy modification of the cell constant (C) due to the
repeated amalgamations and the modification with time of degree of amalga-
mation. This fact is significant only in some absolute determination method
of conductivity but it is of no importance in titrations.

The minimal polarization as well as the maximal reversibility of elec-
trodes are assured in the presence of the Ag and Hg species.

( Recesved  February 13, 1976)
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TITRARI CONDUCTOMETRICE IN CURENT ALTERNATIV CU ELECTROZI DE ARGINT
AMALGAMAT

(Rezumat)

8-a studiat comportarea senzorului conductometric de Ag(Hg) in titrdri conductometrice
obisnuite §i cu inregistrare automat3, Majoritatea curbelor de titrare acido-bazice, de precipitare
si de complexare, au aluri identice cu cele obtinute prin intermediul electrozilor de Pt platinati.
In titririle prin formare de precipitate avantajul electrozilor de Ag(Hg) este evident. In prezenta
speciilor de argint sau de mercur curentul de schimb se maireste prin participarea activd a ambelor
specii, gradul de polarizare a celulei scade, ceea ce determini ca uneori in p.e. alura curbelor de
titrare si difere de a celor clasice.
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COROZIUNEA OTELULUI IN MEDIU DE HIDROGEN SULFURAT, LA
TEMPERATURA ORDINARA

L. ONICIU st MARIA ILIES$

1. Introdueere. Comportarea la coroziune a o}elulul in mediu de hidrogen
sulfurat este mai putin studiati de literatura de specialitate. Ramura indus-
triald care cerceteazd actiunea corosivd a H,S asupra ofelurilor, este industria
petrolierd, unde corodarea si fisurarea materialelor reprezinta o problema serioasid
pentru intreaga industrie a rafinariilor. De aceea, se apreciazd oportunitatea
unui astfel de studiu, in scopul stabilirii duratei de funcfionare a instalatiilor,
precum s$i a perioadelor de revizie §i in vederea luarii unor misuri pentru
combaterea coroziunii.

In prezenta lucrare se expun rezultatele obfinute la studierea comportirii
la coroziune a unor sorturi de ofel, in solujie apoasid cu continut variabil de
hidrogen sulfurat, la temperatura ordinard si in conditil statice,

La baza determinarilor procesului de coroziune a stat metoda electro-
chimicd de mdsurare a potentialelor electrozilor polarizafi cu o sursd exte-
rioard de curent.

2. Rezultate experimentale. Diseutii. Primele incercari in studiul polarizirii probelor luate
spre cercetare aun fost efectuate in solutii apoase de hidrogen sulfurat, de concentratii cuprinse intre
0,2—0,8 g/l. Avind insd in vedere faptul ci hidrogenul sulfurat este un acid foarte slab, care se
disociazd in micd misurd, dupi relatiile:

H,S s Ht 4 HS™ K, =9,1.107¢
(Noser, K.H., 1965)
HS™ & SHT 4 o~ K, =11.10"1
solutiile aveau o slabid conductibilitate si polarizarea probelor nu s-a putut efectua.
In aceasti situatie, s-a ales un electrolit cu o bund conductibilitate $i anume, clorura de
potasiu, de concentratie 0,5 N, in care s-a introdus, prin barbotare, hidrogen sulfurat, care apoi
s-a dozat, obtfinindu-se solutiile ale ciror concentratii sint cuprinse in tabelul 1,

Tabel 1

Coneentratia solutiilor coresive

i Conceutrafia

Solutia - -

KCl (normalitate) [ H,S g/l
Nr. 1 0,5 —_
Nr. 2 0,5 0,90
Nr. 3 0,5 1,50
Nr. 4 0,5 2,20
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Otelurile studiate, precum §i compozitia lor chimicd, sint prezentate in tabelul 2,

Tabel 2
Compozitia chimicit a otelurilor

\ Otel-tip

I 19 Mn 5 W 4571 W 4505
Compozitiek
Carbon 0,105 0,10 0,05
Siliciu 0,570 1,00 1,00
Mangan 1,200 2,00 2,00
Sulf 0,019 — —
Fosfor 0,017 — —
Crom 0,090 16,50 —18,50 16,50 —18,50
Molibden — 2,50 2,00— 2,50
Nichel — 10,50—13,50 19,00—21,11
Cupru — — 1,80— 2,20
Titan - minim 59, din -

C

Niobin -+ Titan — — minim 8%, dinC

In vederea efectudrii misuritorilor de polarizare s-au confectionat probe din otelul respectiv,
de dimensinnile : 20 x 10> 1 mm, care, dupd o prealabild pregitire, s-au supus procesului de polari-
zare in solutiile prezentate in tabelul 1. 8-a lucrat la temperatura de 20°C (4-0,1°C), la presiunea
atmosfericd si in conditii statice.

Rezultatele obtinute sint prezentate sub formi de diagrame, potenfial — 1gi, pentru fiecare
din solutiile specificate. Aspectul acestora, pentrn solutia de KCl 0,5N, fird continut de hidrogen
ulfurat, rezulti din fig. 1.

LA

¥ig. 1. Diagramele, potential — Igi trasate pentru solutia de
KCl0,5 N. 1.I". OL 19 Mn 5; 2.2/, O, W 4571; 3.3". OL W 4505,
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Evident, gi in solutia de clorurd de potasiu are loc procesul de coroziune, cu formae
de rugind.

Formarea ruginii a fost remarcatd in special la suprafata otelului 19 Mn 5, care s-a dovedit
a fi cel mai puternic corodat in conditiile experimentale, in comparajie cu celelalte sorturi studiate.

Diagramele caracteristice solufiilor cu continut de hidrogen sulfurat sint prezentate in
fig. 2, 3 i 4.

Din analiza acestor diagrame rezulti cd prezenta hidrogenului sulfurat favorizeazi procesul
de coroziune care se intensificd in funcfie de concentrafia acestuia. De ascmenca, se constatd ci
cele mai ridicate valori ale curentilor de coroziune corespund ofelului 19 Mn 5, pentru care, la
un continut de 2,20 g/l H,S, se ajunge la 4,80 mAjcm?,

Pe baza rezultatelor obtinute, se stabileste cd acest ofel este nerezistent
la coroziune, in conditiile aritate, comparativ cu OL W 4571 si in special cu
OL W 4505, pentru care, in situatii similare, valoarea curentului de coroziune
ajunge abia la 0,70 mAjcm?

Aceastd comportare rezultd ¢i din fig. 5, in care apare evidentd diferenja
intre valorile indicilor de coroziune pentru cele trei sorturi de ofel.

Faptul cd pentru ofelul 19 Mn 5 s-a Inregistrat cea mai pronungatd
coroziune, se datoreaza compozifiel sale chimice ; acest ofel nu contine elemente
de aliere, cum ar fi: Cr, Ni, Mo, care si maireascd rezistenfa la coroziune
si nicl elemente stabilizatoare (Ti, Nb, Ta).
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Fig. 2. Diagramele, potential — Ig i trasate
pentru solutia de KC1 0,56 N + 0,90 g/l H,5.

1.1, OL 19 Mn 5; 2.2’. OL W 4571; 3.3,

QL W 4505.

8§ -- Chemia 1/1977

s (gt (mdscm?]

Fig. 3. Diagramele, potential — Igi trasate

pentru solutia de KCL 0,5 N 4 1,50 g/t H,S.

1.1’ OL 19 Mn §5; 2.2 OL W 4571; 3.3.
OL W 4505,



66 L. ONICIU, M, ILIES

i i ™ /
Poig ! |
o i » f;
SRR Ry = ity
A
o st »
SR 1117~ S O X A
Pt I e e SRR D)
| [ 3
. %
! :’/ - /
i M s ;2] S B § o % Ly 2
R 3l - g & 8
PR A < ~
T
S - G/%0 : S r
| :
; 4 Ul
. . V7 | SR e X 0110 =110
l‘?’cz»z gger /
|
, !
[gﬂfd L i e ¢y UGN S p— Qo0 270
[ 2
34
5 42 08 G4 a1 0 0 G4 85 08 /0 R
’ : —e Conc HS ]
——zn g (mA7ant) {Sot. KC1 05N}
Fig. 4. Diagramele, potengial — lg i trasate pentru Fig. 5. Influenfa concentratiei
solutia de KCl1 0,5 N + 2,20 g/l H,S. 1.17. OL 19 hidrogenului sulfurat asupra vite-
Mn 53; 2.2 OL W 4371; 3.3, OL W 4505. zei de coroziune, 1. OL, 19 Mn 5;

2. 0T W 4571; 3. OL. W 4503.

Prezenta cromului in ofel favorizeazd formarca unui strat de acoperire
pasiv la suprafata mctalului, lucru confirmat de literatura de specialitate
pentru sorturile de otel avind compozitie similarda cu OL, W 4571 si OL W
4505 [1]. Pasivarca realizati pe suprafata otelului si rolul specific al cromului
au constituit obiectul multor cercetdri, care au condus la formularea unor
teorii. Astfel, Uhling [2] presupune c¢d are loc formarea la suprafafa
otclului a unel pelicule adsorbite, din ionii inhibitori, ceea ce ar permite
oxidarea iomilor de fier bivalent. Pe de alti parte, Hoar si Evauns,
[3,4] admit fixarea si menfinerea unei pelicule protectoare, constituitd din
cromat de fier si din oxizi micsti de fier si de crom in contact intim cu
metalul. Fdrd a exista un consens, ambele teoril sint, in esentd, de acord cid
prezenta cromului intirzie reactiile anodice si catodice ale coroziunii.

La toate tipurile de otel studiate s-a constatat cresterea vitezei de coro-
ziune in functie de concentratia hidrogenului sulfurat, proces datorat formirii
hidrogenului difuzabil la suprafata metalului, conform reactiei:

sl -+ Hybs - Fes - 21T (dituzabil)
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I'ig. 6 a, b, e Aspectul probelor dupdt corodare,

Prezenta hidrogenulul favorizeazidt procesul catodic de fixare a electronilor
proveniti din reactia anodicd si, prin aceasta, intrefine coroziunca.

De asemenea, studiile efectuate in aceastd directie [5,6] au stabilit cd
prezenta hidrogenulul este principala cauzd a coroziunii, prin fisurare, a ofelului,
indiferent de conditiile de aparific a acestuia in metal (in timpul turnirii sau
topirii, metalului, in timpul tratamentelor in atmosfere reducdtoare, sub
actiunca mediilor care contin hidrogen ete...).

Rezultatele obtinute prin mdsurdtori electrochimice au fost confirmate
de analiza microscopicd a probelor, prin care s-a pus in cvidentd aspectul
suprafefel acestora dupi coroziune in condifiile amintite.

Se vor prezeunta doar microfotografiile obtinute dupd expuncrca probelor,
timp de 3 ore, in solutia cu continutul maxim in hidrogen sullurat si anume
2,20 g/l

Suprafata otelulur 19 Mn 5 apare acoperitd cu un strat de sulfurd de
{ier, repartizat uniform, dar neaderent si cu un inalt grad de porozitate
(fig. 6 a). In acest caz, difuzia agentulul corosiv spre supralafa probei este
facilitatd, ceca ce duce, in continuare, la intrefinerea procesulul de coroziune.

Pentru sorturile de ofel W 4571 si W 4303, apreciate prin metode electro-
chimice ca fiind cele mal rezistente la coroziune in hidrogen sulfurat, analiza
microscopici stabileste acclasi lucru (fig. b gi ¢). La suprafata acestora, sulfura
de fier apare in strat fin si aderent, iar prezenta porilor nu este semnalatd.

Procesul se desfisoard insd foarte lent gi nu prezintd pericol decit in
cazul in care are loc in mod necontrolat pe o perioadd ind:lungati de timp.

In concluzie, se apreciazd ci aceste doud sorturi de otel se pot utiliza in
diferite instalafii industriale care functioneazd in regimul de corodare specificat,
deoarcce prezintd o rezistenfd apreciabild la coroziune.

(Intrat  in  redaciie la G aprilie 1976)
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LA CORROSION DE I/ACIER DANS UN MILIEU D’HYDROGENE SULFURIL, A
TEMPERATURE ORDINAIRE
(Résumé)

Dans I'article on expose les résultats obtenus 4 la suite des études électrochimiques et micros-
copiques sur trois sortes d’aciers soumis a la corrosion dans des milieux aqueux contenant du hy-
drogene sulfuré i température ordinaire et dans des conditions statiques.

Les recherches entreprises permettent d’en formuler des conclusions concernant les domaines
d'utilisation de ces aciers dans les installations industrielles.
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N-HETEROCYCLIC DERIVATIVES (I)
A new way for the synthesis of 5-chloro-3-(4'-amino) phenyl-anthranyl

CECILIA ANGHEL, ANA MIHON and KLAUS LIENERT

3-Aryl-anthranyls show interest in the syntheses of some compounds of
pharmaceutical intermediates [1,2].

The previous known methods dealing with the synthesis of 5-chloro-3-
(4’-amino)-phenyl-anthranyl (I) [3,4,5] use as starting material o-nitrobenzal-
dehyde, a compound difficult to obtain. Moreover these methods are laborious
and give low yields.

This paper reports the results obtained in the attempts to prepare the
5-chloro-3-(4"-amino)-phenyl-anthranyl (I) from p-nitrochlorobenzene (II) and
p-aminobenzylcyanide (III) using the R.B. Davis and L.C. Pizzini genc-
ral method [2].

R
l
i
NO, NA
| Cl\ o
2\ - 2N\
0+ em= S-roT T 0
N\ l = A\ VAV
] C=N N
Cl
(II) III: R = NH, I:R = NH,
H 77\
IV: R = NO, VI:R= —N=C"\_/
[
V:R = NHCOCHCI, NO,

Because of the difficulties cucountered in the isolation of (III} from the
crude product obtained by the reduction of 1V by means of the known method
[6], we tried, a new reduction way using hydrazine hydrate and Ni{from for-
miate). The yields are low (27.09%,).

The reaction of p-nitrochlorobenzene (II) with p-aminobenzylcyanide (III)
in methanolic KOH solution — (the conditions of Dawis-Pizzini method) — do
not yield the heterocyclic compound I.

The failure of the condensation was supposed to be due to the presence
of the amino group. Indeed in the strong basic medium the reaction involves
the carbanion formation at the level of the ethylene group of p-aminobenzyl-
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caynide (ITI), which in this case is unfavoured by the donnor effect of the
amino group. To prove this assumption we tried to diminish this effect by
the acylation of the amino group with dichloroacetyl chloride possesing a strong
(—1) effect.

The reaction of p-{dichloroacetamido)-benzyleyanide (V) with p-nitrochloro-
benzene (IT) in methanolic KOH solution gives a reaction product which
after boiling with ethanol and concentrated HC! afforded 5-chloro-3-(4’-amino)-
-phenyl-anthranyl (II). The mixed melting point with an authentic sample
[51 shows no depression. The IR spectra of the two products are indentical.

The compound presents in ethanolic solution a green fluorescence and it
is irritant.

By treating (I) with o-nitrobenzaldehyde, 5-chloro-3-(4’-o-nitro-benzilide-
namino)-phenyl-anthranyl (VI) was obtained, which was identical to a product
prepared by us in another manmner [5].

The above data confirm the explanation assumed bv us for the failure
of the expected reaction between (II) and (ITI).

Experimental. p-Amivo-benzyleianide (TID. 5.0 g p-nitrobenzylevanide were thoroughly mixed
with Ni from formiate. The mixture was suspended in §0 ml TtOH and 2 ml hydrazine hydrate
were added. After stirring for 15 min. the mixture was gentlv heated (40°). In case the H, develo-
pment slowed, additional NH,NH, . 1,0 (6 ml) was added. After 1--2 hours the mixture was refiu-
xed for 8 hours. 0.1. g charcoal were added and the solution was filtered. The filtrate was concen-
trated under vacium (15 mm/[170 - 180°). A viscous liquid, with characteristic smell was obtained.
It erystallized after 23 davs {nup. 43--46°C). Yield 1.1 g (27.09).

CyH,N, (132.0) Caled. N°, 21.21 Found N9, 20.83.

p-Dichlovoacetamido-benzvlevanide (V). 4.0 p-Amino-benzyleyanide (I1I) were suspended in
20 ml 109, NaOH. 4.5 ¢ dichloroacetvl-chloride were gradually added, the solid product filtered
and thorough washed with water. The product was crystallized twice from MeOH, giving 4.2 g
(52.297) pale yellow crystals with m.p.: 147 - 148°C.

C,CLILO (242.9) Caled. N9 11.53 Found N9 11.45.

5-Chioro-3-(4-amino}-phenvi-anthranvl (T). 4.0 g (V) were treated with 30 ml MeOH and the
suspension added to a methanolic KOH solution (60 g KOH were heated with 10 ml H,0O and
120 ml MeOH were added). The mixture was then cooled to 0° A solutinn of 4.6 g p-nitrochloro-
henzene in 40 ml MeOH was dropwise added under continuons stirring and then stirred for 6 hours,
the temperature being maintained between 0.-7°C. Afterwards the mixture was allowed for a few
liours at room temperature poured on water and filtered. The Tirick red precipitate (2.8 g) was
hoiled in 50 m! C H,, and the hot suspension was filtered, giving 1.0 g product. This was then
boiled for an hour, with a mixture of conc. HCI/EtOH (6G:4). The precipitate was suspended in
water and neutralized with NH,. After crystallization from FtOH 0.3 ¢ product (I) was obtained
(m.p. 194—197°C). Crystallization from benzine (h.p. 120°) vielded a compound with™m.p. 203°C.
IR : 828, 1184, 1508, 1605, 3223 and 3338 cm™!, C,HCIN,O (244.5) Caled. N9, 11.45 I'ound

N9, 11.09.
5-Chloyo-3-(4'-0-nitrebenzilidene )-phenyl-anthranyl  (VI) 0.1 g (I} were suspended in 10 ml
EtOH 969, 0.2 g o-nitro-benzaldchyde were added and the mixture refluxed for 1/2 hours. The

precipitate thus obtained was filtered, crystallized from CH,-EtOH (1:3). M.p. 218° (identical
with that of an authentic sample, lit. [71.

{Receired April 19, 1976)
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DERIVATI DIN CLASA HETEROCICLURILOR (I)
O noud cale de obfinere a 3-(4’-amino)fenil-5-clov-antranilului

(Rezumat)

Se di o noud metodd de preparare a p-aminocianurii de benzil (IV) care se transforma in

p-(dicloracetamido-cianura de benzil (V) (compus nou) in scopul obtinerii 3-(4’-amino)-fenil-5-cloran-
tranilului (I).

Obtinerea pe o cale noud a 3-(4’-amino)-fenil-5-clorantranilului (I) [3, 4, 5] include, in acelasi
timp, extinderea reactiei Davis-Pizzini [2].
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SCHIMBUL IONIC AI, UNOR HETEROPOLIWOLFRAMATI ORGANICI
FATA DE URANIU ST PRODUSII SAI DE FISIUNE CU APLICATII LA
SEPARAREA LOR

GH., MARCU si LETITIA GHIZDAVU

Heteropolicombinatiile 1: 12 sint o clasd de substante intens investigata
in ultimii ani [1], de formula:

M?SltX) [Xx+ ¥15040]m - nH,0

unde X este unul din elementele P, As, Si etc; Y = Mo, W, Viar M = H*,
cation™+. Datoritd structurii lor speciale formatd dintr-o refea cristalind rigidd
in care unitdfi structurale [X=+Y¥,,0,,]8-%~ se repetd identic, utre ele fiind
situati cationii M=+, si datoriti solubilititii lor reduse in apd si acizi, hete-
ropolisdrurile prezintd proprietatea de schimb cationic. Astfel, aceste combinatii
functioneazi ca schimbitori de ioni anorganici cu selectivitate si capacitate
de schimb foarte ridicati fajd de metalele alcaline, produsii de fisiune si alte
sisteme de cationi [2—10].

In lucririle noastre anterioare [11—13] am studiat in special schimbul
ionic al sarurilor acidului 12-wolframosilicic, folosind ca tehnicd de lucru cromato-
grafia pe hirtie impregnati. Scopul prezentei lucrdri este acela de a extinde
studiile asupra 12-wolframosilicatilor de 2-picolind si oxind si a 12-wolframo-
fosfatilor de pyridind si 2-picolind ca schimbitori de ioni fatd de: ¥Cst,
UO%*, ®Co?*, 982+ Ru’t si Zr*t si a elabora o metodd de separare a
acestor ioni. S-a ales acest sistem deoarece, la recuperarea cesiului din degeurile
de fisiune, elementele UO%*, Rudt, Zrt*, Sr?*, Co?’ jeneazi separarea sa in
stare pura.

Partea experimentali. Benzile cromatografice impregnate cu leteropoliwolframati organici
au fost obtinute prin precipitarea directi a heteropolisirurilor pe hirtie, precipitate fine gi aderente
la hirtie. In acest scop benzile de hirtie Whatman Nr. § de dimensiuni 20 x 1,5 cm au fost initial
introduse intr-o solutie 0,1 M de acid 12-wolframosilicic, H,[SiW,,0,,] respectiv acid 12-wolframo-
fosforic, H;[PW,,0,,] si uscate la temperatura camerei. Apoi, acestea au fost introduse intr-o solu-
tie clorhidricd de 10% pyridind, respectiv 109, 2-picolind sau solutie acetici de §% ortooxichino-
leind, avind loc precipitarca heteropoliwolframatului organic pe hirtie. Dupi uscare, fisiile de hirtie
astfel tratate au fost spilate cu apid acidulatd cu acid clorhidric, respectiv acid acetic, pentru a inde-
pirta excesul de bazd organica.

Developarea cromatogramelor. Solutiile sirurilor metalice de UOL+, Rud+, Zrt+ gi eluentii
s-au preparat prin cintirire, plecind de la reactivi pentru analizi. Solutiile marcate de 8°Cs+,
©Co%+ si 9°Sr®+ s-an preparat prin dilutie izotopicd. In toate cazurile, solutiile (1—2pl) au fost
aplicate la start cu o micropipetd la aproximativ 2 cm de la capitul hirtiei. A fost folositd tehnica
de cromatografie ascendentd, lucrindu-se in vase inchise, Durata de developare pentru un spatin
mediu de migrare de 16 cm este de 50 minute, Ca eluenti s-au folosit solutii de: azotat de amoniu
0,1 M; I M acid azotic 0,1 M; 1 M si amestecul (NH,NO, IM 4+ HNO; 0,1 M)/L.

Identificarea ionilor metalici s-a ficut radiometric prin misurarea activitifii de-a lungul benzi-
lor uscate din 3 in 3 mm cu un contor Geiger-Miiller in cazul '#7Cs+, 9812+ gj 6°Co?+ precum §i chimic
prin reac}ii de culoare in cazul UO}+, Rud+ si Zrt+, dupd cumn urmeazd:

UOZ+: culoare brunid cu K, [Fe(CN)y]

Rud+ : culoare neagrd cu Na,$ 5%,

Zrt+: culoare rogie cu Alizarina S
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Rezultate si discufii. Valorile Ry obtinute in urma studierii comportirii
cromatografice a cationilor: ¥7Cs*, 0512 | 6°Co?’, UQO3+, Ru® si Zrt" pe
hirtie impregnatd cu heteropoliwolframati organici sint trecute in tabelele 1
si 2. Migrarea ionilor este determinatd de o serie de factori, ca: raza cationului
care se schimbd, tdria legéturii pe care o poate realiza acesta cu heteropoli-
anionul, natura si pH-ul eluantului si heteropolisarea folositi ca schimbitor.

Tabel 71

Valorile Rp in funetie de natura si concentratia eluantului la ero-
matografia pe hirtie Impregnatii cu dodecawolframosilicati organiei

12-wolframosilicat de picolini
Eluant
Cs+ | Srz+ | Co?+ | U0+ | Rud+ | Zré+
NH,NQO; 0,1 M 0,02 0,73 | 0,76 | 0,72 | 0,02 | 0,03
NH,NO, 1M 0,05 | 0,78 | 0,80 | 0,74 | 0,05 | 0,04
HNO; 0,1 M 0,04 | 0,85 | 0,63 | 0,70 | 0,03 | 0,24
HNO;, I M 0,05 | 0,90 | 0,67 | 0,76 | 0,18 | 0,55
NHNO, 1 M
HNO; 0,1 M 0,07 | 0,94 | 0,80 | 0,74 | 0,16 | 0,24

12-wolframosilicat de oxini

NH,NO,; 0,1 M 0,03 | 0,70 | 0,62 | 0,37 | 0,03 | 0,05
NH,NO; 1 M 0,08 | 0,74 | 0,65 | 0,45 | 0,05 | 0,07
HNO; 0,1 M 0,05 | 0,67 | 0,58 | 0,51 | 0,13 | 0,16
HNO; 1 M 0,08 | 0,78 | 0,60 | 0,72 | 0,30 | 0,28

NH,NO, 0,1 M
1INO, 1 3 0,08 | 0,75 | 0,65 | 0,54 | 0,13 | 0,16

In toate sistemele investigate, ionul Cs* ramine la start, fapt ce dovedeste
cd acesta prezintd un schimb ionic ridicat cu heteropolisirurile organice. Prin
intrarea sa in refea se formeazd heteropolisirurile de cesiu, foarte stabile, el
neputind fi cluat cu HNO, respectiv. NHNO,,.

Tonii de Rud* si Zr*t sint de asemenca identificatila start in sistemele
de elutie cu NH,NO,, ceea ce aratd la fel un schimb ionic puternic, Utilizarea
acidului azotic ca cluant determind modificarca valorilor Ry pentru acesti cati-
oni, in functie de concentratia ionilor H*.

Prin electroforezd pe hirtie impregnata cu heteropoliwolframatii organici
studiati, in electrolit HNO; 0,1 M respectiv 1M, s-au obtinut valori (+) ale
migrarii Rud* si Zr*+. In acest caz se formeazi complecsi de tip anionic care
sint responsabili de objinerea valorilor Ry mai ridicate.
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Tabel 2

Valorile Rpin funetie de natura si coneentraia eluantului la eroma-
tografin pe hirtie impregnati cu dodecawoliramofosfati organiei

12-Zolframofosfat de pyridind

Fluant —_

BICH 1 03r2 k1 60Co T U0 | Rud & | Zrtd
NH,NO, 0,1 M 0,07 | 0,77 | 0,75 | 0,74 | 0,01 | 0,07
NHNO, 1 M 0,04 | 0,92 | 0,79 | 0,76 | 0,05 @ 0,09
HNO,; 0,1 M 0,01 | 0,82 | 0,62 | 0,71 | 0,07 | 0,24
HNO;, 1 M 0,03 | 0,86 | 0,66 | 0,73 | 0,16 | 0,52
NH,NO,; 1 M
+HNO, 0,1 M 0,05 | 093 | 0,84 | 0,76 | 0,17 | 0,28

12-wolframofosfat de 2-picolini

NH,NO, 0,1 1 0,05 | 0,75 | 0,77 | 0,75 | 0,04 | 0,08
NH,NO, 1 M 0,07 | 0,97 | 082 | 0.78 | 0,67 | 0,11
HNO, 0,1 0,03 | 0,87 | 0,65 | 0,72 | 0,18 | 0,38
1IN0, 1 M 0,10 | 0,90 | 0,69 | 0,77 | 0,19 | 0,57

NH,NO, | M+
HNO, 0,1 2 0,07 1 0,97 | 08810781 0,18 | 0,38

Tonii Sr*%, Co** si UOY" prezintd Rp-wri de valoare medie cdtre mare,
ceea ce dovedeste cd acestia prezintd o comportare crommatograficd asemiand-
toare.

Pentru un acelasi cluent mobilitatea variazd in functie de natura suportu-
lui cromatografic. Dacd compardam schimbul 12-wolftamosilicatilor i 12-wol-
framofosfatilor care au acclasi cation organic, picoling, se observd cd schimbul
12-wolframosilicatului de picolind este mai mare, dar nu cu mult decit al 12-
wolframofosfatului de picolind. In cazul 12-wolframofosfatilor (tabelul 2) o
datd cu cresterea volumului catiopuluil organic capacitatea de schimb scade.
Aceasta sc datoreazd faptului c¢d cationii mari organici, ca picolina, blocheazid
cavitdtile prezente in structura cristalind a sirii, deranjind miscarea liberd a
cationului $i implicit schimbul ionic. Obtinerca unor Rp-uri mult diferite in
cazul 1Z2-wolframosilicatului de oxind pentru cationii studiati ar putea fi dato-
ratd unor scurte interactiuni intre ionii metalici $i oxini.

Comparativ cu hirtia Whatman nr. 5 neimpregnatd, unde R -urile pentru
acesti cationi sint apropiate intre ecle si de valoarea 0,98, in cluentii folosifi
de noi, rezultatele obtinute pe hirtie impregnatd cu aceste heteropolisaruri
indicd posibilitatea separdrii lor prin schimb cu acestea. Separdrile optime
obfinute sint redate in fig. I.
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Fig. l. Separarea 187Cs+, 982+, $Co?+, UOLH,

Ru®+ gi Zr4+ pe hirtie Whatman Nr. 5 impregnatd

cu: 1—12 wolframosilicat de picolini gi elutie cun

HNO, 1 M si 2—12-wolframofosfat de pyridingd si
elutie cu NH,NO; 1 M - HNO,; 0,1 M.

Coneluzii. Heteropolivwolframatii organici studiafi prezintd proprietati
avantajoase de schimb ionic, fapt verificat prin urmirirea comportérii cromato-
grafice a: WICs+, 052+ 60Co2+, UOLH, Rudt, st Zrit.

Pe baza rezultatelor obfinute s-a elaborat o metodd simpld de separare
a acestor cationi, metodi care poate fi aplicatd la separarea produsilor de fisi-
une, la purificarea cesiului sau verificarea puritdii sale.

(Intrat in redacfic la 20 aprilie 1976)

BIBLIOGRATIIL

. L. P. Kazanskii, I. A, Torcenkova gi V.1 Spitsin, Uspekhi Chim. 7, 1138
(1974).

2. G, Alberti si G, Grassini, J. Chromatog. 4, 423 (1960).

3. J. van R. Smit, J. Inorg. Nuclear Chem., 27, 227 (1965).

4. M. Lesigang, Mikrochim, Acta, 1964, 34,

5. M. Lesigang si I Hecht ikrochim. Acta, 1964, 508.

6. G. Alberti, J. Chromatog, 31, 358 (1965).

7. 3. vau R. Smit, W. Robb st J. J. Jacobs, Nucleonics, 17, 117 (1959).

8. H. Schroeder, J. Chromatog., 6, 361 (1961).

9. J. van., R, Smit. Chem. Ind. (London), 49, 2018 (1964),

10. T.V. Healy, Radiochim. Acta, 3, 106 (1964).

11. Gh. Marcu, Studia Univ. Babes— Bolyai, Chem., 12(2), 140 (1967).

12. Gh. Marcu gi L. Ghizdavu. Stud. Univ. Babes—Bolyai, Chem., 14 (1), 39 (1969).

13. Gh. Marcw siT. Ghizdavu, Lucrdrile celei de a I1-a Conferinfe \’a;zonale de Chimie Ana-
liticd [TUPAC, vol. 1V. p. 85 (1971).



76 GH. MARCU, L. GHIZDAVU

L'ECHANGE IONIQUE DES HETEROPOLYTUNGSTATES ENVERS L’URANIUM ET SES
PRODUITS DE FISSION AVEC APPLICATION A LEUR SEPARATION

(Résumé)

Par la méthode de la cromatographie sur papier imprégné on a étudié par comparaison le
comportement d'échange jonique des sels de pyridine, 2-picoline et oxine des acides 12-tungstosylici-
que et 12-tungstophosphorique envers les ioms: $7Cs+, 982+ 80Co2+, UOL+, Rud+ si Zri+. En se
basant sur ces études, on a €labor¢ une nouvelle méthode de séparation de ces cations avec plu-
sieurs systémes d’élnants,
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UBER o«-DIOXIMINKOMPLEXE DER UBERGANGSMETALLE (XL V)*

Papier- und diinnschichtchromatographische Untersuchungen einiger Kobalt
(III) — und chrom (I1I) — amin — komplexe

CSABA VARHELY{, ATTILA SO0 und GYONGYI KISS GALFALVI

In friheren Arbeiten [1—3] haben wir die relativen Mobilitdten (Rg) einer
Reihe von verschiedenen Kobalt (I1I1)-Komplexen mit Amin-, bzw. Dioximin-
liganden unter Anwendung von Methanol-n-Buthanol- wissriger HCl- Losung,
Methanol-Accton-Mischungen als Laufmittel, auf papier- und daunschicht-
chromatographischem Wege bestimmt. Es wurden einige empirische Regelmés-
sigkeiten in der Anderung der Ry — Werte in Funktion der Zusamnensetzung
und der geometrischer Konfiguration der Komplexe bzw. der Natur des Laui-
mittels beobachtet.

In Fortsetzung dieser Untersuchungen haben wir in vorliegender Arbeit
Kobalt(IIl) — und Chrom (III) — komplexe von verschiedenen Typen, wie
Monoacido-pentamine [Cofen), X(Amin) **, Diacido-tetramine ([ M{Amiu) XY ]7)
und Tetraacido-diamine (Reineckesalzanaloga: [Cr(NCS),(Amin), ™, bis- Dioxi-
minokobaltiate : [Co(diox.H),XY | ) mit den obenerwihnten Forschungsmethoden
aufgearbeitet. Es wurden die relativen Mobilitdten in Methanol-n-Buthanol-wissr.
Salzsdurelosungen bestimmt und mit fritheren chromatographischen Daten,
verglichen,

Tabelle 1
Papierchromatographische Rp-Werte einiger Komplexe des Typs [Co(Amin) X,]- Y

Laufmittel Konz.
No. Formel g. 1072/
A B ¢ D 100 ml
1 cis-[Cofen),C1,].C1 0,66 0,61 0,60 0,54 4,30
2 trans- [Co(en),Cl;]- Cl 0,63 0,60 0,58 0,50 v
3 trans- [Co(NH,),CL]-Cl 0,71 0,62 0,57 0,59 4,16
4 cis-[Co(en),(NCS), ]- NO, 0,62 0,54 0,55 0,22 4,48
5 trans-[Co(en),(NCS),]- NO; 0,61 0,50 0,51 0,18 4,50
6 cis-[Colen),(NO,),].NO, 0,68 0,67 0,54 0,54 4,50
7 trans-[Co(en),(NO,), 1. NO, 0,62 0,61 0,52 0,48 4,36
8 cis-[Co(en),Bry ] Br 0,64 0,54 0,59 0,53 4,24
9 trans- [Co(en),Br,|Br 0,62 0,49 0,57 0,49 4,20
10 [Co(en),CO,;]C 0,67 0,65 0,60 0,48 4,20
11 cis-[Co(o-fen),(NQ,),]- Br 0,71 0,65 0,49 0,42 4,16
12 cis- [Co{dip),{NO,),1Br 0,73 0,71 0,50 0,44 4,18
Laufmittel: ,,A” : Methanol-n-Buthancf-0,1 N 1l (6:1:3)
,B” : Methanol-n-Butbanol-0,1 N HCI (7:1:2)
»C” 1 Methanol-n-Buthanol-0,1 N HC] (7:2:1}
,, D7 : Methanol-n-Buthanol-0,1 N HC] (8:1:1)

* XLIV. Mitt. Cs. Varhelyi, M. Somay, I. Kozma, Stud. Univ. Babes— Bolyali,
Chem., 19, (2) 66 (1974).
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Tabelle 2

Eintluss der Aeidiiiit ani die papierchromatographisehien Rp-Wevte der Komplexe
des Typs [M(en), X, .Y

Formel

cis- Lu)(ca) (NCH), NO,
trans- {Co(en), (NCSj, INO,
cis- [Cr{en),(NCS), INO,
cis-[Colen),(NO,), INO,
trans- [Cofen),(NO,}, INOy

Lanfmittel: Methanol-
Konz., 4,5.1077%

u-Buthanol-
g/100 ml

wiissr, HCL (6:1:3)

| Hol-Konz,
S

ol N oo
0,066 0,79
0,64 0,74
oG08 0,73
L0,62 0,77
L0861 0,76
0.60 0,74
0,68 0,77
0,62 0,72

im Laufmittel

(

15 N

0,85
0,82
0,83

0,56

0,83
0,84
0,80
0,78

Papier- und diinnschichtehromatographisehe Rg-Werte einiger Komplexe
des Typs [Co(en), X (Amin)|Y,

Tabelle 3

* Diinnschichtchromatographische RF

- Werte

Laufmittel Konz.
Formel - g.107?/
A A* | on i ¢ D D+ | 100ml
L()(cn SBe(Benzylaming ((NOJ), 0,68 0,49 | 0,49 | 0,67 — 4,56
Colen},Cl(Benzylamin) [{No,), 6,76 0,58 | 0,55 | 0,68 - 4,24
FCafen), Br{im-Xylidin) (\()q)“ 0,69 | 041 1 059 | 0,36 | 0,47 | 0,28 4,30
Colen),Clim-Xylidin) [ (NO,), 0,72 | 049 | 0,66 | 0,40 | 0,48 | 0,36 4,20
ColeniyBr(m- Tohudm, (NOy), 0,70 1 0,44 0,45 | 0,40 | 0,60 | 0,28 4,28
Lolen,Cl{Anilin) 1(NO,}, 0,73 0,62 | 0,49 | 0,54 — 4,24
= bhiinnschichtcehromatograplische RF-\\'cxte
Tabelle 4
upier- und dilnnschichtehromatographisches Rp-Werte einiger Reineckesalz-analoga
Laufmittel Konz.
Formel g.1072/
A Ax B C f D D* | 100 ml
NH, Cr(NC8),(NI,),] 0,63 | 058 | 049 | 0,39 | 6,36 | 0,29 4,40
NI, ICr(NCS), (B unldmm) 0,70 1 0,60 | 0,42 1 0,41 0,30 | 0,26 4,16
NH,; Cr(NCS)(Anilin), ] 0,73 | 0,54 | 0,639 | 0,39 | 0,38 | 0,30 4,20
NH, Cr(NC8),(Ps rldm,g] 0,65 | 0,57 | 040 § 0,34 1 0,31 | 0,28 4,20
=T ».ml H{[Cr(NCS),(p-Toluid.),] 0,62 | 0,56 | 0,50 | 0,45 | 0,38 | 0,28 4,10
p—Auisid.H[Cr( NCS), (p.Anisid.), ] 0,76 | 0,53 | 0,40 | 0,38 | 0,32 | 0,30 4,30
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Tabelle 5

Papierchromatographisehe I -“N(c einiger Dioximino-Komplexe des l\p~ M (Co [diox.11) \\|

L:llllllllttLl Lauimitetl
Yormel —e Formel
A C A l C
. , Lo sa | -
H{Co(DH),C 0,75 0,48 H[Co(DH)(N,)CT ) 0,58 0,50
H [Co(DH), j“ 070 | 042 | H[CoLi,(N J)J ‘ ’ 0,56 0,38
HECO(D Ny, 4,57 0,44 T COTE (NG NCS; Lua2 | 0,34
H‘LU)(l’rupo\ H,CL 0,09 0,44 H{Co(DH) (N (NC8e) 042 0,52
1 (Co{Propox, 11“]_1 0,68 0,39 | 11 Co(D1i) 2(@\)&1 0,74 1 0,57
H Co{Dif 11),Cl, | 0,68 | 0,63 H (Co(DH),(CN)Br ] 0,70 | 0,55
T Co(DiE 1), Ja ) 0,65 0,50 T [Co{DHL{C :\)JJ 0,69 l 0.33
1 Co{DiLH) (N, 0,66 0,54 [Co(DH),(Py), | |
H{Co(DH)4(NOyUL ] 0,69 0,46 LCo(DH ), (N J)uj 0,58 | 0,57
11 Co(DH),(NO,) Br 0,58 0,44 LCO(DH),(Py),
HCo(DI),(NO,) J 0,50 0,41 LCOo(DH),(Ng) Brj 0,57 0,56
[Co(DH)s(Py), |-
[CO{DH),(Ny T ] 0,56 0,54

Konz, der Komplexsiuren: 4,0—4,4-107"¢ g/ivu ml,

Lxperimenteller Teil. A) Papicrchromaiographische Unlersuchungen

Die Komplexverbindungen wurden in Methanol, bzw. im Wasser gelost. Volumen der un-
tersuchenden Iosung: 0,02 ml. Laufmittel: Mcthanol, n-Buthanol und wissrige Salzsdurelosung in
verschiedenen  Volumverhiltnissen. Versuchstemperatur: 20°C. Papiersorte : ,,Scheicher und Schiill
Nr. 2043/h. Die Rp — Werte wurden nach dem anlsteigenden Verfahren bestimmt. Da die Komplex-
verbindungen stark gefdrbte Substanzen sind, wurden zur Entwicklung der Flecke keine Reagenzien
verwendet.

B) Dinnschichichromalographische Unicrsuciungen, Die Herstellung der Silikagelschichten wurde
aus einer homogenen Suspension von gereinigtem Kieselgel, Gips und Wasser nach der von Balo gh
angegebenen Methode durchgefihrt, (Silikagel G.j . Die Ausfithrung der Versuche ist in unseren
fritheren Arbeit {1] angegeben.

Darsteliung der untersuchten Verbindungen. Die [Co(en),X,]Y und [Cofen), X (Amin)]Y, Komplexe
warden aus trans- {Cofen),Cl, [ und [Cofea),Bry [Br durcn eine Reihe von Substitutionsreaktionen
eritalten (3, G, Die verschiedenen Clrom (III) — Derivate wurden aus [Crien), X, durch teilweise
Desaminierang (7], bzw. aus K [Cr(NCS)q] durch Substitutivnsreaktionen ohne Verwendung von
Losungsmitteln erhalten. [8]. Die mounobasischien Komplexsiuren des Typs H[Co(diox-H),XY ]
(X =Y, X # YY) diox. H, = Dimethylglyoxim, Propox:H, = Methylisopropyldioxim, Diph-H, =
Benzyldioxim) wurden in unseren [ritheren Arbeiten charakterisiert {9, 10].

Schlussiolgerungen. 1. £s wurden die relativen Mobilitaten (Rp—Werte)
von 5 Komplextypen in v uschudcncn Metl 11101 - Buthanol -wiassr. HCl — Mi-
schungen (Volumverbaltnissen) ,,A 2108, BT T2, 70201, D
8:1:1 als ILaufmittel aul pup1m~ und dmmsclnchtchromatograplnschem
(,A” und ,,1)’) Wege untersucht.

2. Es wurde allgemein beobachtet, dass die Ry — Werte mit der Verminde-
rung des Wassergehaltes des Laulmittels abnchmcn Dic grossten Ry — Wertew
wurden bel Anwendung von Lanimittel | A’ beobachtet.

3. Die aul paplerchromatog. mesumu Wege crhaltenen Ry und ARg —
Werte sind grosser, als diejenigen dic aus dunnsduLhtchronmtographlsdlcn
Messungen herv orgehcu.

4. Die Rp — Werte der monobasichen Komplexsduren des Typs H[Co{Diox.
H)pX,] mit identischen X — einzdhnigen Liganden und mit verschiedenen
Dioximen fallen in folgenden Reihen:


diox.il

v
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Laufmittel ,A”: DH, > Propox.H, > Diph.H,

Laufmittel ,,C"”: Diph.H, > DH, > Propox.H,

5. Die Ry — Werte der Dlmgthylglyommm chelate des Typs: Kation.
[Co(DH),XY | dudern sich in folgenden Reihen:

Tautmittel ,,A”: XY :Cl, NCS > Cl, > Cl, CN > CUNO,) > CI(N,)

Laufmittel [, A”: XY : J, > J, CN > J(N;3) > J(NO,)

Lautmittel ,,C7 XY :(l, L\ - CL, NCS > CL (Ny) > CL > CINO,)

Laufmittel ,,C7 XY : J, CN > J, > J(NO,) > J(Ny)

Diese Reihentfolgen sind vou der Natur und Zusammensctzung des Laufmit-
tels stark beeinflusst. Die Ry ~ Werte nelunen in alien verwendeten Laufmitteln
in der Reihe X, Ci>X, Br>XJ ab. (Iiinfluss des Atomgewichtes des Halogens).

6. Von den isomeren {M(en),X,|Y — Kouplexen haben die cis-Verbindun-
gen einen grosseren Ry -Wert, Die AR — Werte zwischen cis- und trans-Iso-
meren erreichen nur 0,05--0,08 bei den beiden chromatographischen Methoden.
Die Ry — Werte nehmen parallel mit der Sdurckonzentration zu, die ARp —
Werte bleiben aber unverandert., Die Chrom(Ill)-Derivate haben eine kleinere
relative Mobilitat als die analogen Kobalt{1lI)-komplexe.

7. Analoge Beobachtungen wurden auch im Falle der [Co(en), X(Amin) [**
-Komplexe erhalten.

8. Dic Rp — Werte der Tetrathiocyanato-diamin-chromiate nehmen auch
mit der Verminderung des Wasscrgehaltes des Laufmittels ab sowohl bel den
papicr-, als auch bei den dtiunschichtchromatographischen Messungen.

Es wurden keine Regelméssigkeiten zwischen der Natur des kooridinierten
Aminligands, der Zusammensctzung des Laufmittels und der Rg-Werte de
Reineckesalzanaloga gefunden.

(Eingegangen am 3 Mai, 1976)
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DESPRE o-DIOXIMATII METALELOR TRANZITIONALE (XLV)
"Noi date cromatografice pe hirtie si pe strat subfire asupra unor complecst cobalt (I1I) — si crom (I1I)—
aminici

(Rezumat)

S-a studiat comportarea cromatograficd pe hirtie si pe strat subtire a unor complecgi de
cobalt (III) si de crom (III) de tipurile: [M(en),XVY]", [Cofen),X(amind) 2™, [Cr(NCS),(amind),]”
respectiv  [Co(diox.H),XY)]~ (diox.H, = dimetilglioxima, bcnnldxo\lmﬁ sau propoxima), folosind
diferite amestecuri de metanol-butanol- HCI diluat, ca eluenfi. S-au glsit citeva relatii empirice refe-
ritoare la valorile Rg-urilor in functie de natura liganzilor §i de compozifia eluentilor.
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