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FACULTATEA DE CHIMIE IN FATA MARILOR EVENIMENTE ALE
ANULUI 1974

Tacultatea de chimie Intimpinéd maitile evenimente ale anului 1974 in
plin avint crcator, angajatd constient pe drumul modernizérii invatamin-
tului superior si al integrdrii in activitatea de cercetare si productie.

A 30-a Aniversare a Eliberarii Patriei, Congresul al XI-lea al P.C.R.
si scurgerea celor aproape doua milenii de 14 atestarea Clujului ca munici-
piu constituie ocazii de bilant a activitatii desfasurate de harnjcul colectiv
al Facultatii de chimie.

Membrii corpului didactic se straduiesc si traducd in fapt indicatiile
conducerii superioare de partid, perfcctionindu-si continuu nivelul profesio-
nal si cel ideologic, pentru a putea aborda procesul de instruire si educare
al studen\;ﬂor la nivelul corespunzitor cerintelor actuale.

In prezent, facultatea dispune de 71 cadre didactice, dintre care 3
au calificarea de doctor docent si 53 sint doctorn in chimie.

Tematicile de cercetare cunosc o ancorare din ce in ce mai trainicd
in economia mnafionald, a cérei deservire constituie unul din obiectivele
principale ale planurilor de cercetare. In acest sens este edificator ¢d
valoarea contractelor a inregistrat un progres continuu in ultimii aui,
depdsind in 1974 suma de 5 milioane lei, ceeca ce reprezintd mai bine de
70 000 lei pe cercetdtor. La rezolvarea problemelor de cercetare contractuald
participd colective largi, cuprinzind cadre didactice gi cercetdtori de la
mai multe catedre, specialisti din industrie, doctoranzi si studenti.

Incasdrile provenite din contracte constituie fonduri de dotare cu apara-
turd, materiale si substante necesare unei desfdsurdri normale a procesului
de instruire a studcnjmlor si a muncii de cercetare. Tot in directia autodo-
tarii este orientatd si activitatea atelierelor scoald care functioneazii pe
lingd Facultatea de chimie.

Tacultatea dispune de laboratoare dotate cu aparaturd moderna,
care permite continuarca unor linil de cercetare fundamentald devcuite
traditionale, cum ar fi studiul complecsilor, aplicatiile radioizotopilor la
elucidarea unor probleme de chimie anorganicd, de cromatografie, de
chimia suprafetelor, cineticad electrochimicd s.a., darin acelasi timp si de
cercetare aplicativd, cum sint cele de clectrocatalizi, de cataliza cterogend,
claborarea unor sticle speciale, a unor surse eclectrochimice de putere,
sinteza unor compusi elementorganici noi s.a.

In cadrul Laboratorului de Cercetdri de Chimie Analiticd se efectucazd
s1 o activitate de microproductie de senzori electrochimici si materiale
cromatografice.

acultatea de chimie Intrefine relatii de colaborare cu peste 30 de
unitdti productive si institute de cercetare din Cluj-Napoca si alte Jocalitafi
din tari. Spulah;u ai Imstitutului de Chimie din Cluj-Napoca sau de la
Combinatul de Ingrasiminte Azotoase (CIA) din Tg. Mures, predau cursuri
studentilor de la Facultatea de chimie. Pe lingd CIA — Tg. Mures functio-
neazd si o sectie serald de subingineri a facultatii, integratd pe platforma
combinatului, care pregiteste cadre pentru uuitdfi ale Ministerului Indu-
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striei Chimice. Studenti ai Facultatii de chimie efectueazd stagii legate
de elaborarea unor lucrdri stiintifice, a unor teze de diplomd si doctorat,
in uzine sau laboratoare de cercetare si control.

Incepind cu anul universitar 1974/1975 la Facultatea de chimie a
inceput sd functioneze si osectie de subingineri in specialitatea Tehnologia
Materialelor de Constructie (TMC), avind durata de scolarizare de 3 ani.
Cu aceasta numdrul sectiilor in care se pregitesc specialisti la facultatea
noastrd a crescut la 4 (Chimie, Fizicd-Chimie, subingineri in specialitatea
Tehnologie Chimicd Anorganicd — curs seral, pe lingd CIA — Tg. Mures
si Subingineri TMC).

Prin ldrgirea profilului facultdfii cu sectiile de subingineri, facultatea
dobindeste noi valente si noi forfe in procesul de integrare cu productia
$1 cercetarea in care este angajatd de citiva ani Incoace.



COMBINATII COMPLEXY (U HIDROXIACIZI (XX)*

Privire generald asupra sistemelor Ga(III) ¢i In(I1I)
cu acidul D-gluconic $i D-zaharic.

EUGENIA PERTE i COXNST. GH, MACAROVICI

Pornind de la citeva lncercdri preliminare, carc ardtaserd ca acidul
D-gluconic interactioneazd cu ionii de galiu, s-a efectuat un studiu [1—6]
potentiometric, conductometric, extractie si echilibru heterogen si preparativ
asupra sistemelor: Ga(I1I)—-HGH,, In(III)—HGH, Ga(Ill)—H,ZH, si
In(I1T)—H,ZH,.

Masurdtori potentiomelrice. Este cunoscut faptul ca, intre diferite
elemente ce formeazd complecsl cu aceeasi structurd, cea mai pronunjatd
scddere de pH are loc iu sistemul care are cea mai mare tendintd de a
forma combinatit complexe.

Din reprezentarea comparativd a curbelor potenjiometrice se pot
obtine o serie de informafii utile asupra stabilitifii relative a diferifilor
complecsi. Combinatiile complexe cercetate de noi sint comparabile in
acest sens, deoarece sint de acelasi tip si au aceeagi sursd de provenienta
a protonilor.

¥ig. 1 cuprinde curbele de titrare potengiometricd, cu bazd, ale ameste-
curilor de Ga(II)--HGH, ¢i In(III)-—-HGH,, iar {ig. 2 ale amestecurilor
de Ga(IT)—H,ZH, si In(II))—H,ZH,.

Reactiile ce au loc in acest caz, luind ca exemplu sistemul In(IIT)—
H,2H,, sint urmatoarele:

Indt 4+ H,ZH, & InZHj -+ 2H* pH=278 (1)
InZH; -- OH -2 InZHY + H,O0 pH=370 2)
InZHY + OH - & InZH; + H,0 pH=698 (3)

Examinind cu atentie aceste grafice, constatdm cid cea mai pronuntati
scidere de pH se remarci la sistemele cu galiu, deci galiul are cea mai mare
tendintd de a forma combinatii complexe.

Stabilitatea relativd a complecsilor se poate urmdari si in funcfie de
constantele de hidrolizd ale cationilor. Daca se iau in atenfie anionii com-
plecsi, atunci ca misurd a stabilitatii relative poate servi pH-ul la care
are loc neutralizarea celui de al patrulea echivalent de hidrogen, Dupa cum
se observa din fig. 1, pentru amestecul de galiu cu acidul D-gluconic pH==
5,82, pentru cel de indin pH=6,90, iar la sistemele cu acidul D-zaharic,
pentru amestecul cu galiu pH=6,50; pentru cel de indiu pH=6,98. Con-
stantele de hidrolizd cresc i ele in acclasi sens cu stabilitatea complecsilor

*) Eugenia Perte si Const, Gh. Macarovici, Rev, Ronmaine Chim., 16, 1749
(1971), )
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1T g 1. Titrarea potentivmetricd a sistemnelor Fig 2 Titrarea pelentiometricd a
. Ga(Ill) - HGH, - 1:1; 2. In{III; - sistemelor s 1. Ga(ITl) — HZH, ~1:1
HGH, 11 2o In(11Iy 11,710, 11

antonicl {la galin K=:1,4-10 3, iar la indiu K=3,72-10 5, dar pH-ul de
neutralizare creste putin (1,08, 0,48 unitafi de pH) [atd de constantele
de hidrolizd care se schimba cu doua ordine de mdarime.

Concluzia ce se desprinde in urma acestor observatii este : combinatiile
complexe de galin sint mai stabile decit cele corespunzitoare de indiu.

Pentru a ilustra acfiunea complexantd a acestor hidroxiacizi fatd de
elementele studiate, redam in fig. 3 curbele potentiometrice ale amestecu-
lui echimolar de galiu cu ambii liganzi, iar in fig. 4 aceleasi sisteme cu
indiu. Atit la galiu, cit si la indiu curbele de titrare indicd o actiune com-
plexantd a acidului D-zaharic mult mai pronunfatd decit a acidului D-
gluconic. Explicatia acestui efect o gdsim in bazicitatea primului carboxil
al acidului D-zaharic, care este mai mare (pK,;=3,01) decit cea a carbo-
xilului acidului D-gluconic (pK==3,556), deci si reactivitatea grupelor
hidroxilice invecinate este mai puternicd.

Rezultate similare obtinem si din constantele de echilibru, calculate
pentru toate cele patru sisteme [3—6] unde, intre valoarea numerica a
constantelor corespunzitoare amestecurilor cu galiu st a celor cu indiu,
existd o diferentd de un ordin sau doud ordine de marime. Trebuie si spunem
cd desi s-au adus o serie de completari la metodele de calcul din literaturd
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pH

2- 2
. o ‘ : 2
I"ig 3. Titrarea potentiometricd a 1*ig. 4 Titrarea potentiometricd a sistemelor :
sistemelor: 1. Ga{IIl)-HGH,; 1. In(IIT) - G, 0 20 In{1IT) -1 ,ZH,.

2. Ga(ITI) —H,2H,.

si desi s-a $inut seama de majoritatea proceselor ce an loc in solufiile sisteme-
lor Inate in lucru, constantele respective nu reprezintd o evidenfd netd a
stabilitifii complecsilor formati. Ele sint numai aparente deoarece stabi-
litatea reald reclami cunoagterea constantelor de disociere (K, K4 si
K ,) a celai de al doilea, al treilea si al patrulea proton hidroxilic al acidu-
lui D-gluconic, respectiv. D-zaharie, or ele nu sint cunoscute pind in
prezent.

Din reprezentdrile grafice ale cantitatilor procentuale [3-—6] a fiecirei
forme sub care se afld ionul metalic in functie de pH, s-a conturat suficient
de bine stabilitatea speciilor complexe aflate in echilibru. In toate cazurile,
cea mai stabild formi complexd este anionul complex, care existd de Ia

Talel 1
Valoarea constantefor medii de formure ale compleesilor
i |
Sistemul Ky / Kyt } Kipp Kiv
|
|
In(I1I)-HGH, 822102 2,38-107t 7.02-107 2,96.1078
Ga(Ill) -HGH, — 2,57 | 1,63-1073 2,17-107°
In(I1I) —H,ZH, — 1,66 6,23-1074 3,43-107¢
Ga(lIl) —H,ZH, - -— 1,95-10™ 2,45-10™1
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inceput i sistein st a carul concentrajie creste progresiv pe masura cresterii
pH-ului. Constatdm absenya cationului complex bivalent la sistemul
Ga(I1l)—HGH, si In(111)—H,ZH, si a celui bi- g1 monovalent in sistemul
Ga(111)—H,ZH,. Practic, deci, in sistemele mentionate, aceste tipuri de
complecsi nu se formeazd. Stabilitatea complecsilor electroneutrali este
mai mare decit a celor cationici, deoarece legdtura clementelor se face atit
la oxigenul grupdrii carboxilice, cit si la cel al functiei olice. In acest fel,
odatd cu cresterea pH-ului, echilibrul in sistem este deplasat spre partea
formdrii complecsilor clectronaturali i anionici.

De remarcat ci Intre constantele de echilibru ale celor doud elemente
cu unul i acelasi hidroxiacid existd aceeasi diferentd de cite doud ordine
de marime, confirmindu-se stabilitatea mai pronuntatd a complecsilor de
galiu.

O verificare ¢d prezumiiile de Ja care am pornit in aceste caleule sint
juste, o constituie suma procentuald a tuturor formelor sub care existd
jonul metalic intr-un sistem dat si care in toate cazurile este de 1002, -+ 0,8.

In toate sistemele se formeaza unul si acelasi tip de complex, in raport
de 1:1, existind, in functie de pH, sub formd de cation complex, complex
electroneutral §i anion complex

Diferitele specii complexe fiind in echilibru, alura curbelor este cauzati
de ansamblul proceselor ce au loc. La sistemele cu indiu, curbele prezinta
o regiune tampon relativ intinsd cu un singur punct de inflexiune datorat
celor patru protoni neutralizati. In sistemele cu galiu se remarci cite doud
puncte de inflexiune, al doilea corespunzind formdirii hidroxocomplexului.

Mdsurdtort conductometyice. Yolosind metoda seriilor izomolare '3--6]
in conductometrie, la toate sistemele, se obtin date care atestd formarea
combinatiilor complexe cu raport echimolar intre componenti.

La titrarea componentilor unul cu altul, odati cu cresterea concen-
tratiei unuia dintre componenti (gluconat sau zaharat) treptat creste si
conductibilitatea electricd a sistemului, dovadd ¢d in condifiile de con-
centratie studiate au loc procese generatoare de complecsi si interactiunea
dintre componenti se petrece cu eliberare de ioni de hidrogeun.

Mdasurdtor: de extractie. Datele experimeuntale obtinute prin metoda
extractiei ¢i echilibrului heterogen {1, 2,1, desi in counditii diferite {pH = 10},
confirma formarea complecsilor tot cu raport de 1Me?*: 1 ligand.

Din valoarea numericd a coeficientilor de repartitie (1)) calculaii,
rezultd o crestere a lor {tab. 2 si 3) odatd cu cresterea concentratiei hidroxi-
acidului; coeficientii de repartitie ai galiului fiind mai mici decit at indiului,
in sistemele cu ambii hidroxiacizi, rezultd o stabilitate mai mare a com-
plecsilor celut dintii. Stabilitatea mai mare a complecsilor de galiu se
remarcd st din randamentele de extractie, ¥ (tab. 2 s1 3).

Pentru a obfine date relative care sd ne permitd o mail bund comparare
a stabilitafii complecsilor celor doud metale cu unul si acelasi hidroxiacid
si a aceluiasi metal cu ambii liganzi, am utilizat valoarea gradului de




Valoarea coecficientilor de repartitie §i n

COMBINATIL COMPLENT CU THUDROXIACIZE (XX

randamentelor

sistemele s In(H)-HGH, si Ga(lil)-HGIHT

Tabel 2

de extractie pentru

D D Fioy (v
pH (T} {(Gay (I} (Ga)
0.8 0,4984 0,3678 33,10 26,89
04 00,8164 0,5923 14,96 37,20
0,3 0,9524 0,6949 48,75 44,00
01 1,5680 1,0460 61,06 34,08
001 28520 1,5280 74.04 60,44

Tabel 3

Valoares eoeliciengilor de repartifie 5i a randamentelor de extraciie pentra
sistemele : In(il)~ H,ZH | si Gadib-lL2ZI,

D

pIl (1)

0,1 01,6812
0,08 07715
0,05 04,9827
0,03 1,1920
0,01 1,563()
0,008 1,6200

D
[Gay

DTN
(In)

0,3316
€,3793
0,5290
0,667 1
1,0120
1,0490

40,52
43,54
49,568
54,38
0,98
(1,83

B
(Ga)

24,90
27,51
34,60
39,81
50,30
51,20

complexare a cationulni metalic, in aceleasi conditii de pH (= 10) i
aceleasi concentratii ale hidroxiacidului. Raportul gradelor de complexare
calculat pe baza datelor experimentale demoustreazd cd complecsii  cu
galin sint mai stabili decit cei de indiu, fapt rezultat $i din constantele

aparente de formare obtinute la acelasi pH

"

9
RN

Stabilitatea mail mare a gluconatilor ¢i zaharatilor complecsi de galiu
tatd de cel de indiu este in deplind concordantd cu rezultatele obginute
de Piatnitki (7] la studial interactiunii dintre ionii de AP, Ga®™
si Indt cu acidul tartric.

Tot din valoarea gradelor de complexare rezultd @ si In mediu alcalin
actiunca complexanti a acidaului D-zaharic este mai puternica decit a

acidulut  D-gluconic. Alfi cercetatori

acelasi Iucru,

8, 91, cu alte elemente, conclud
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Constatdrile expuse sint in strinsd legaturd cu numdérul gruparilor
carboxilice din moleculele acestor hidroxiacizi. Presupunem c¢id in timp
ce substituirea hidrogenului grupelor carboxilice cu un ion alcalin influen-
{eazd pulin mobilitatea ionilor de hidrogen din grupele olice, proces ilustrat
la titrarea liganuzilor singuri, substituirea acestor protoni cu metale mai
grele, care formeazd cu oxigenul legidturd coovaleutd, labilizeazad ionii de
hidrogen ai grupelor hidroxilice si astfel devine posibild eliminarea lor la
un pH mult mai scidzut. Cresterea pH-ului sistemului si neutralizarea ioni-
lor de hidrogen ecliminati, favorizeazd deplasarea acestui proces de echi-
libru inspre formarea complexului.

Se presupune urmatoarea cale de migrare a electronilor:

r$
/O
C—O—Me?*

)
H—-Ce=0eH
!

Aceasta cale de migrare a electrouilor conditioneazd proprietatile
electrodonoare ale oxigenului din gruparea olicd gl stabilizeazd legitura
coordinativd a acestul oxigen cu metalul. Se labilizeazd legdtura hidro-
genului cu oxigenul hidroxilic si, ca urmare, se usureazd deplasarea pro-
tonului si formarea combinatiel complexe. Neutralizarea cu bazd a pro-
tonilor eliminati conditioneazd acest proces de echilibru in partea formérii
complecsilor. Cu hidrogenii mai indepirtati (8, v etc.) ai grupelor olice
poate avea loc aceeasi deplasare de electroni favorizind, odatd cu cresterea
pH-ului, substituirea lor cu cationi metalici. Presupunem, de exemplu,
pentru sistemul Me(I1I)-H,ZH,, urmatoarele formule structurale:

— — — -0

O O
7 7
cC—0 C—0
| l
HC—-OIH HC—0
l l
HOCH OH~ HOCH OH~
‘ Me(H,0), | —— | Me(H,0) | ——on
HCOH HCOH
| |
HCOH HCOH
| |
Cc—-0 ¢—0
AN AN
i 18] | i O |

(MeZH,]* [MeZH,]°
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B O 7 - 0 2

7 7
C—0~ C—0~
l |
HC—O HC—-0
l l
OH~ HOCH OH~ HOCH L OH
_— | Me(H,0), | ———- | Me
HCOH HCOH " OH,
| |
HC—-O HC-0
| |
¢—0 Cc—-0-
AN AN
[MeZH,]™ [MeZH,OH]2~

Sinteze st mdsurdtort termogravimetrice. Complecsii acestor metale fiind
usor solubili in apd, pentru izolarea lor in stare solidd s-a folosit precipi-
tarea cu alcool. In toate cazurile [1, 2] s-au obtinut acizii liberi, sirurile
lor de potasiu putind fi separate numai la sistemele acidului D-gluconic.
Metoda preparativad in aplicagie la studiul complecsilor cu hidroxiacizi
prezintd mari dificultdti. Produsii nu ge pot izola in stare cristalina si desc-
ori se obtine o masi cleioasd la care individualitatea chimica este destul
de Indoielnica.

Tiste extrem de greu sd obtil combinatil anhidre si numerosi cercetators
le atribuie forma sarii bazice sau forma unei siri obignuite cu apa de crista-
lizare. Noi am atribuit (1, 2, 4] formule simple tuturor combinatiilor,
desi obfinerea unor produsi viscosi ar indica o polimerizare.

Metoda preparativd nu ne-a permis si tragem concluzii referitoare
la transformirile reciproce ale complecsilor, nici in functie de pH, nict in
functie de concentratia liganzilor.

Analiza termogravimetricd a combinatiilor objinute duce la concluzia
cd procesul de descompunere termicd al acestora trece prin faza de car-

bonat la oxid metalic.
(Ladrat in redactic la 22 stoiembrie 1975
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KOMIIZTEKCHBIE COEIHIEHMA C THIAPOKCHKHCTIOTAMIM (XX)

Obuguil saeand na cucmenst Ga(lIl)  « In(111y ¢ D-cuonorosoil u
D-caxaprott  Kucaomasy

(Peswae)

B pesyinrate uccde qoBanmii, Hposelennnx 10 cHx  nop [1--6] orHocHTeIbHO CcHOTEM
Ga(ITly - 116U, Tn{IID—-HGIH,, GadI) - ,2H, 4 In(IT) - 1,2, npi neMolld 110TeHILHO-
METPHUECKOTO MeTO 1A, KOIAVKTOMETPHUCCKOIO MeTO1A, MeTOd IKCTPArupoBauisg H reTeporen-
HOTO PABHOBECHH U APENapaTHBHONO MeTOAd, aBTophl Ciaecladn ofULHe BHIBOJALI O TIOBEIEHHH H
VUACTHH 3JeMCHTOB H COOTBETCTBVIOMUIX JAUCAHIOB B Npouecce KoMIlekcooOpazosanust, o6
OTHOWIEHHE KOMOMHHPORAHHS KOMHOHEHTOB H 00 VCTOHUHBOCTH ITOAVYEHHBIX KOMIIEKCHBIX
coeAHHeHHA.

COMBINAINONS COMPLEXES AVIC DES HYDROXYACIDES (XX)
Ve générale suv les svstémes Ga(lll) of In(l11)} avy acides D-gluconique cf D-saccharique
(Résumé)

A la sunite des dtudes entreprises jusquen présent sur les svstomes Ga(IIly—HGH,,
In(I11) —~HGH,, Gallll)—ILZH, et ImiIID)—H,ZH, par les méthodes: potentiométrique,
conductométrique, de D'extraction et de 1'équilibre hétérogéne et préparative, on en tire des
conclusions générales sur le comportement et la participation des éléments et des ligands
respectifs au processus de complexification, sur le rapport de combinaison eutre les compo-
satts et la stabilité des combinaisons complexement formdées.



NEUE CHELATE DES KOBALTS(III) MIT SCHIFFSCHEN BASEN
DES DIAMINO-BIS-ACETYLACETONAT TYPS

GUL. MARCE, €8, VARHELYY und ILDIKO MULLER

Die aliphatischen Diamine bilden mit «-Diketenen, wie Acetyvlaceton,
Benzovlaceton, Dibenzovlimethan, usw., bis-Schiffsche Basen. Der ein-
fachste Vertreter dieser Verbindungs-klasse, das Athyvlendiimino-bis-acetyl-
aceton (ec, H,) wurde von uns aus koordinationschemischem Standpunkt
untersucht.

Wir haben beobachtet, dass die aromatischen primidren Aminen mit
pK-Werten 9—12, und die Pyridinbasen leicht Chelate des Typs [cofec)
(Amin), " bilden konnen. Die sehr schwachen Basen, wie Nitro-aniline,
Anthranylsduren, usw. mit pk-Werten 13--16 sind fiir diesem Zweck unge-
eigeet. In fritheren Arbeitenn "1-—47 berichteten wiv diber die Bildung und
Eigenschaften der [Colec)-(Amin), N-Chelate. (Amin = Anilin, Tolui-
din, p-Phenetidin, Thiokarbamid.) Dic Struktur der Chelate des Typs
[Colec)(Amin), 7" mit einzihnigen Aminkomponenten entspricht zu vier
optisch aktiven cis-und zu  einer inaktiven trans-Modifikation. Von
diesen isomeren ist die trans-Modifikation die bestidndigste, und die
cis-Chelate verwandeln sich mit der Zeit in diesem {iiber.

Bei Verwendung von aliphatischen Diaminen, wie Athy]cndiamin,
Propvlendiamin, oder heterocyclischen Diaminen, wic o, «-Dipyridyl,
o-Phenauthrolin, fiir die Svnthese, erhalten wir gemischte Chelate mit
der Zusammensetzuug [ Cofec)(Diamin) *

Diese Chelate konnen nur in
zwel optisch aktiven Isomerpaaren auftreten, wie aus der Abb. 1. hervor-
geht.

Nach unseren Untersuchungen entstehen sehr leicht Igsliche Chelate
mit Athylendiamin, 1,2- und 1,3-Propvlendiamin, Dipyridyl, bzw. o-Phenan-
throlin, als Aminkompenente. Diese  Chelate von  zweiter  Ordung:
[Co(ec) (Diamin)]* wurden nach der klassischen Iuftoxydationsmethode
aus den Komponenten erhalten.

Fiir die Ausscheidung dieser Komplexe aus wissrigen-alkoholischen
Lisungen verwendeten wir doppelte Umsetzungsreaktionen mit Pikrinsdure,
und mit verschiedenen Komplexsduren des Kobalts und Chroms [3, 6.

Einige Verbindungen des Tvps [Co(ec){o-Phen) X und [Cofec)(pn) X
sind in der Tabelle 1 charakterisiert,

In einer anderen Reihe von Versuchungen haben wir zwel vierzdhnige
Chelatbildner 1,2-Propylendiainino-bis-acetvlaceton (1,2pn.ec.H,), und 1,3-
Propylendiamino-his-acetylaceton (1,3pu.ec. H,) durch c¢ine Kondensations-
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Abb. 1. Die moglichen
0 stereoizomeren  Struktuor-
0 formen des asymmetrisclien

Co o ec (o-Phenj =

D
=

e o
7).

0
T3
pd

/

Labelle 1

Nene Komplexsadze des Typs [Cogec)(o-Phen)| X und [Co(e¢) (1,2 pn)} X

Ui

Mol i: i Analyse
Verbindung Gvew. | 2 | Chrakteristik
ber, | £ Ber. Gef.
o

“Colec)(o-Phen) NO,-211,0 558,9 | 20| Lange, gelb- | Co 10,535 10,99
braune Platten | H,O 6,40 7.20
“Cofec)(o-Phen) ;- Gelbe mikro- Co 15,50 16,00
- TCO(NH,),(NOY - 1,5H,0 764,81 15{ cryst. Masse NoI831 18,10
H,O 3,33  3.67

‘Cofee)(o-Phen) - Hellbraune mi- | 1/3Co,0, - 1/2Cr,0,
- Cr{p-Anisiding ,(NCS) - 21,0 1028,4 140 | kroervst. Masse 15,18 14,83
N 13,61 13,46
1,0 3,50 4,00

Colecj(o-Phen.) - Hellbraune mi- | 1/3Co,0 4 1,2Cr,0,
- Cr{o-Toluidin),(NCH), i+ 31,0 994,91 50 krocryst. Masse 1542 15,13
1,0 543 3,87

Cojec)(o-Phen) - Hellbraune mi- | 1/3Co,0, - 1,2Cr,0,
- Cr(p-Toluidin),(NC8), - 31,0 994,9 | 35| krocryst. Masse 15,41 15,32
Co{ee)(1,2-pny - Cr(NCH), 1466,11 40/ Braune mikro- | Co,0, = 1/2Cr,0,
crvst. Masse 21,61 21,80
S 13,12 13,08

fColec)(1,2-pn) ;- [Co{NTL),(NCS), ] | 673,7 | 50 Braune mikro- | 1/3Co,0, + 1,;2Cr,0;
ceryst, Masse 23,20 23,19
S 19,04 19,28
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reaktion aus 1,2- bzw. 1,3-Propvlendiamin und Acetylaceton erhalten.
Die Schiffsche Basen euntstehen unter Wasserabspaltung:

CH,

l
CH, CH, CH, CH-CH, CH,
{ l [ e ‘\ l
C=0 -+ 0=C C=N N=C
| H,N  NH, | | |
CH, \ P ¢ = CH, CH, + 2H,0
| CH—CH, 1 | 1
C=0 | 0=C C=0 0=C
e CH, ! | !
CH, CH, CH, CH,

Diese Reaktion fithrt im Falle des 1,2-Propylendiamins zu einem kris-
tallinem Produkt. Die Schiffsche Base mit 1,3-Propylendiamin wurde nur
in Losung erhalten.

Die Schiffsche Basen wurden zur Chelatsynthese nach dem Schema:

2 Co** + 2 pnec.H, -+ 4 Amin -} 1/20, = 2[Co{pn.ec)(Amin),]" +
- H,O ++ 2 H*

verwendet. Als Aminkomponente zur Darstellung der Chelate des Typs
[Co (pn. ec)(Amin),]* benittzten wir Anilin, Toluidin und Picoline. Durch
Luftoxydation entstehende dunkelbraune Flissigkeiten enthalten die oben-
erwdhnten Komplexe als sehr leicht 1losliche Salze. Einige Derivate dieser
gemischten Chelate des Kobalts sind in der Tabelle 2 charakterisiert. Fiir
die Isolierung der [Co(pn.ec)(Amin),]* Chelate verwendeten wir Kom-
plexsduren, bzw. konz. NaClO, und KJ-Losungen.

Die  [Co(ec)(Amin),]X, [Co(pn.ec){Amin),]X-Komplexe verhalten
sich analogerweise gegen Reagenzien. Thre thermische Stabilitdt ist von
der Natur der in der &dusserem Koordinatiossphire gebundenen Anions,
bzw. von der Zusammensetzung der inneren Sphére beeinflusst.

Die partielle Dezamination der Komplexe in Bedingungen einer thermo-
gravimetrischen Analyse findet nicht statt nach dem folgendem Mechanis-
mus :

(Co(pn.ec)(Amin),]X = [Co(pn.cc)(Amin)X] -+ Amin
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Tabelle 2
Neue Komplexsalze des Typs [Co(pmee)(Amin)] X
Mol 1 2. o Analyse
. Formel Gew. | 2 | Charakteristik
TZ i her. - Ber. Gef,
1 [Co(l,2-pn.ec){v-Picolin), - Braune mikro-
SICT{N ), (NCSY, 7998 | 60| crvst, Masse /3 Co,0, -+ 1;2Cr,0,
[ 19,55 20,00
21 Co{l,3-pn.eci(&-Picolin), - Braune mikro- | 1/3Co,0, -+ 1;2Cr,0,
CCr(NH,),(NCST, 799,81 70| crvst. Masse 19,55 19,64
3 1 Co(l,2-pn.ec)(F-Picolin}, ; 799,81 65| Braune mikro- | 1/3C0,0,-+1,2Cr,0,
Cr(NH,),(NCS;° cryvst, Masse 19,55 20,10
S 16,03 15,93
41 Co(l,2-pn.ec)(m-Toluidin), 1, 1928,7 | 80| Braunviolette
Cr(NC8), mikroeryst Co,0) -1 1;20r,0,
Masse 16,40 16,30
5] [Co{l.2-pn.ec)(p-Tolui- 19287 | 85| Braune mikro- | Co 0,4 1/2Cr,0,
din, 1, [Cr{NCS, " crvat. Masse 16,40 16,10
S 9,898 9,66
6 | Co(l,2-pnec)(3-Picolin), ] 608,4 | 30| Unregelmissige
braune Krist. Co 98688 979
7 | Co{l,3-pun.cci{s-Picolin), 1] 608,4 | 25| Braune Prismien| Co 9,68 9,56
8 | [Co(l,2-priec)3-Picolin), /10O, 380,9 | 35 Braunce Pris-
men Co 10,14 10,28
9 | [Co(1,2-pn.ce(3-Piealing, - 1 758,41 30 Gelbe Pris-
TCO{NHLINO el Co 15,54 15,28

Analoge partielle Dezaminationsprozesse wurden im Tfalle
nachgewiecsen

glvoximinkomplexe
ausgewertet {71,

(L

Co(DH),(Amin), | X)

der Dimethyl-
und  kinetisch

Die Ultrarotspelktren des 1,2-Propvlendiimino-bis-acetylacetons und

der [Co(1,3pn.cc)(BPicolin),".

i

J

plexe sind in den Abb. 2
H
13
[}
100- e 12-pnec.H,
9 j
- 1 ;
‘&
g 1
Iy r I f
9 ! \J
et il
g !
S !
Y03 3200 2800 B0 e Mo

Wallonzost

AbbL. 2.
-bis-acetyl-acetons

Ultrarotspektrnm des

A‘i/ o0

1,2-propyvlendifmino-
(1,2pnectl,).

; Co(1,2pn.cc)(Picolin),] ClO-Kom-
und 3, wicdergegeben.

Fiir die Charakterisierung
der Co-Ligand-Bindungen die
wichtigsten  Absorptionsban-
den gehoren zu den vC=N-
Valenz-schwingungsfrequenzen
der Azomethin-Gruppe, bzw.
 den vC—O-Frequenzen.
Bei Koordination verschieben
sich diese charakteristischen
Banden der Ligande nach nie-
deren Wellenzahlen. Diese Fre-
quenzen wurden bei den freien,
nichtkoordinierten ce. H, und
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pn. ec. H, bei 1550 cm~t, bzw. .0 I
bei 1610 und 1590 cm ! gefun— * é [co( 13-pn.ec (S-Fﬁcohr"l

den. Diese Bande wurde im .
Falle der [Ni(ec)], [Pd(ec)] WW
und {Cu(ec)] Chelaten bei 1520 |
und 1530 cm ! gefunden {8,9].

In den UR Spektrogram-
men der [Co(1,3-pn.ec)(B-Pi-
colin),]J und [Co(1,2-pn.ec)
(B-Picolin), ]C10, erscheinen
diese Banden bei 1510 cm~?
und 1530 cm -1, Die Verschie-
bung ist kleiner im Falle des
1,3-Propylendiamin - Derivati- .
ves, wahrscheinlich wegen der . bP. 3. I'ltrarotfgektr{en der‘ [Co(lﬂ-ﬁn-aqc)&?)-?l(:m
schwicheren Co—N-Bindung L”(‘jtﬁglﬂ;dl;‘eud [Coll,2-pn-ac)(p Pleolin),1CI0, =
in den sechsatomigen Chela-
tringen.

Die ve_o-Banden der freien Ligande treten bei 1140 und 1160 cm -1
In den Komplexen [Co(l,3-pn.ec) (B-Picolin),]J und [Co(l,2pn.ec)(p-
Picolin), jCl0O, erkennen wir diese Banden bei 1118—1120 cm~!, bzw. bet
1080—-1120 cm~l. Im letzten Falle erscheint auch eine Uberlagerung der
vg-Bande des CIO4 -Ions. (Die anderen Perchlorat-Frequenzen wurden bei
625 cm-1t: v, und 460 cm~!: v,, wie im Falle anderer ionogen gebundenen
C1O,~ -Gruppen, identifiziert [10].)

Die ve-nu, 8cu, und dcu,-Frequenzen treten bei den freien und koor-
dinierten Schiffsche Basen bei 2960, 1460—70 und 1350—1360 cm=! bei
identischen Wellenzahlen, von dem Koordinationseffekt nicht beeinflusst.

Experimenteller Teil, Darstellung dev Schiffschen Basen. 0,2 Mol Acetylaceton und 0,1
Mol Athylendiamin (bzw. 1,2- oder 1,3-Propylendiamin) werden unter stetigem Umrithren
tropfenweise versetzt. Das Athvlendiimino-bis-acetvlaceton scheidet sich aus der Lésung nach
1j2-1 stiindigem Stehenlassen. IYir die Herstellung der 1,2-und 1,3-Propylendiamin-Derivate
werden die siruposen Flilssigkeiten zum Sieden erhitzt. Das 1,2-Propylendiimino-bisacetylace-
ton scheidet sich in schonen, farblosen Kristallen aus (Ausbeute : 60 —709,). Der 1,3-Propylen-
diimino-Derivat bleibt in der Loésung und wird direkt zur Chelatsynthese verwendet.
[Cofec) (Amin)y}-acetat und {(Co(pn.ec)(dmin)y]-acetat Lisungen 10 g (40 mMol) Co(CH,—
—C00),--4H,0 werden in 100 ml Wasser aufgelost und mit einer Mischung von 40mMol ec-
-H,, 1,2-pn. ec.H, bzw. 1,3-pn.ec.H, und 80 mMol Monoamin, bzw. 40 mMol Diamin in 100 ml
709%-igem Athanol versetzt. Die so enstandene braune Flitssigkeiten werden mit einem starken
Luftstrom 4—5 Stunden lang oxydiert, dann von den Oxydationsnebenprodukten abfiltriert,
mit Wasser auf 250 ml Volumen aufgefiillt. Je 50 ml von diesen Stammiltsungen enthalten 8
mMol Chelat des obenerwihnten Typs. Aus den so hergestellten Stammldsungen erhilt man
die ibrigen Salze durch doppelte Umsetzung. Fiir diesem Zweck haben wir 1—39%-ige
K, [Cr(NCS)s], NH,{Cr(NH,),(NCS),], Amin-H{Cr(NCS),-(Amin),], NH,Co(NH),(NO,),,
Pikrinsiure, (in, Wasser, bzw. in verd. Athanol (l:1), bzw. 20--25%,-ige KJ und NaClO,-
-Losung verwendet.

s

+

£o(1,2-pn ec ) pPicolin ) JCID,
|

Durchidssigkeit {%,)
=

!
1
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i
|
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TR 1200 800 B0 500 400)
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2 — Chimie—Tehnologie chimica
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Chemische Analysen: Der Kobaltgehalt der Proben wurde kmoplexonietrisch, der
Schwefel gravimetrisch als BaS0,, die Summe der Metalle als Co;0, ++ Cr,0, (920)° und der
Stickstoffgehalt gazvolumetrisch bestimmt.

Die Ultrarotspektren wurden mit einem UR 20 Spektrophotometer (Carl Zeiss Jena)
in KBr Presslingen untersucht.

(Eingegangen am 29 November 1973)
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NOI CHELATI COBALTICI CU BAZE SCHIFF DE TIPUL DIAMINO-BIS-ACETIL-
ACETONAT

(Rezumat)

S-au descris o serie de chelati cobaltici micgti cu unele bis-baze Schiff tetradentate
§i cu amine orgamice.

Compozitia cationilor noi complecsi: [Cofec)(pn)]™, [Cofec){o-Phen)]t, [Co(pn-ec)
(p-toluidin), 1", [Co(pn-ec)(Picolin), 1" a fost stabilitd printr-o serie de reactii de dublu schimb.
(,,ec. Hy” = etilendiimino-bis-acetilacetondi, ,,pn-ec. Hj == 1,2 sau 1,3-propilendiimino-bis-
acetilacetond).

Pe baza unor misurdtori spectroscopice in IR s-uu tras concluzii referitoare la legi-
turile chimice din complecsi.

HOBBIE KOBAJIbTOBBIE XEJIATbI C OCHOBAHMSIMHM [HHOO®GA THUIIA
JUAMHHO-BHC-ALETH/IALETOHAT

(Pesome)

Onucan psig CMEWIAHHLIX KOOANBLTOBLIX XEJNATOB ¢ HEKOTODBIMH TeTPaJeHTATHBIMH GHes
octioanuaMu Uludda ¥ ¢ opraHHYecKMMH AMHHaMH.

CocTtaB HOBBIX KOMILIEKCHBIX KaThOHOB: [Co(ec)(pn)]t, {Co(ec)(o-Phen)]t, Co(pn-ec)
(m-tonyuanH), | T, [Co(pn-ec)(NHKONHH), ] Ob1 yCTAHOBAEH PsiloM peaKuuil ABOHHOrO 06-
mena (,.ec.Hy’ = sTuaenaunmuno-Ouc-aneTuaaneron, ,pn-ec. H,' = 1,2 nan 1 3-nponunaen-
AHHMHEO-OHC-UETHIALeTOH).

Ha ocnose cnexkrpockonnueckux uavepentii 8 HK ofinacti asrtopur cieiann BLIBOABL ©
AHMHYECKHX CBASHX B KOMIVIEKCAX.



STUDIUL CONDUCTOMETRIC SI pH-METRIC ASUPRA SISTEMELOR:
MOLIBDAT DE SODIU — ACIZI DICARBOXILICI

Aecad. RALUCA RIPAN si I, CETEANU

In literatura de specialitate [1—12] s-au descris o serie de combinatii
ce sint considerate ca derivati ai acizilor oxalato-molibdenici si a cdror
compozitie si stabilitate a fost studiatd prin diferite metode chimice si
fizico-chimice

in lucrarea de fatd am studiat formarea si stabilitatea unor derivafi
analogi ai acizilor dicarboxilici: oxalic, malonic, succinic, glutaric, adipic
si ftalic, prin metoda conductometricd si pH-metrica.

Partea experimentaldi. Prin actiunea solujiilor apoase ale acizilor: oxalic H,C,0,. 2H,0,
malonic HOOC —~CH,—~COOH, succinic HOOC—(CH,),—COOH, glutaric HOOC— (CH,);—
COOH, adipic HOOC~— (CH,);—~COOH si ftalic CgH(COOH), asupra molibdatului de sodin
Na,MoQ,-2H,0 in solutie apoasd se formeazd oxalato-, malonato-, succinato-, glutarato-,
adipinato- si ftalato-molibdati de sodiu solubili si incolori.

Dupi variatia conductivitiitii electrice a solutiilor apoase izomolare, 0,05 M de Na,MoO, -
- 2H,;0-H,(;0, * 2H,0, Nay,MoO, - 2H,0-HOO0C—(CH,),—COOH, Na,Mo0O, - 2H,0-HOO0C
— (CH,)y~COOH, Na,MoO, - 2H,0—~HOOC — (CH,),~COOH si a solutiilor apoase izomolare
0,02 M de Na,MoO, - 2H,0—C, H,(COOH), in functie de concentratia in grame de acid oxalic,
fig. 1, de acid succinic, fig. 2, de acid glutaric, fig. 3, de acid adipic, fig. 4, sau de acid
ftalic fig. §, se formeaz3 oxalato-, succinato-, glutarato-, adipinato-, iftalato-molibdat de
sodin, respectiv heteropolicombinatii incolore, care sint solubile si"contin anionul [MoO,R, 2™
(unde R¥™ = radicalul acidulni dicarboxilic respectiv), corespunzitor raportului de com-
binare: IMo: 2R2?™,

In fig. 1, 2, 3, 4 5i 5 este prezentatd de asemenea variatia pH-ului solutiilor apoase
izomolare Na,MoQ, + 2H,0 — acid dicarboxilic in functie de concentratia in grame de acid
dicarboxilic folosit. Din datele reprezentdrilor grafice reifese cd oxalato-molibdatul de sodiu
corespunzator anionului {Mo0,(C,0,),]% se formeaza la pH = 2,8, ftalato-molibdatul de sodin
corespunzitor anionului [MoO,(CH,(CO0),), ™ rezultd la pH == 3,40 si cd succinato-, gluta-
rato-, si adipinato-molibdatii de sodiu, corespunzitori raportului de combinare 1Mo :2R2™
(unde R?7 = rad. acidului dicarboxilic respectiv) se formeazad in mediu acid la pH = 4 — 4,5
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Fig. 1. Sistemul Fig. 2. Sistemul
Na,MoO, + 2H,0—H,(,0, - 2H,0. Na,MoO,-2H,0 - HOOC — (CH,), - CODH,
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‘Fig. 3. Sistemul Tig 4. Sistemul
NagMoO, + 2H,0-HOOC—(CH,), — COOH. Na,Mo0, - 2H,0—~HOOC — (CH,),' - COOH.
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Fig. 5. Sistemul Tiig. 6.1 Sistemul
Na,MoO, + 2H,0—C,H,(COOH),. Na,MoO,!- 2H,0 - HOOC ~CH,—~COOH.

¥ Urmirind variatia 'conductivititii electrice a solutiilor apoase izomolare 0,05 M de
Nay,MoO, « 2H,0 - HOOC-~CH,—COOH in functie de concentratia in grame a acidului
malonic, fig. 6, pentru formarea malonato-molibdatilor de sodiu incolori si solubili se con-
statd aparifia a doud frinturi §i anume : frintura I corespunde raportului de combinare 1Mo :
2CH,{COO0)}—~ format la pH == 3,1 iar frintura II corespunde raportului de combinare 1Mo :
6CH,(COO)}~ format la pH = 2,4.

Valorile conductivitifii electrice a solufiilor apoase izomolare mentionate au fost sta-
hilite en ajutorul unui conductometru Radelkis OXK.102 la scara 50 milisimens cuplat cu
un galvanometru multiflex la sensibilitatea 1:10, la folosirea acizilor oxalic, malonic, succinic,
glutaric, adipic $i la scara 15 milisimens cuplat cu galvanometrul multiflex la sensibilitatea
1:10 la utilizarea acidului ftalic.

Valorile pH-ului au fost stabilite cun un pH-metru M.V, 11 folosind electroda de
sticla.

Dupé variafia conductivitdtii electrice a solutiilor apoase izomolare de molibdat de
sodin — acid dicarboxilic, in functie de concentraia in grame a acidului respectiv, rezultit
cd cele mai stabile heteropoli-combinatii corespund raportului de combinare 1Mo :2R2™ (unde
R¥™ = rad. acidulni dicarboxilic) $i contin anionul [MoO,R,™~, care se formeazi la pH =
2,8 — 3,4,

Prin titrarea conductometricd a unei solutii apoase de Na,MoO; + 2H,0O de concentratie
mai mare de N/100 cu o lsolufie apoasi ~ N de II,(,0, - 2H,0 se objin oxalato-molibdati
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Tabel 1
. Valori Valori Rapo.rt
Cotul experimentale calculate de combinare
¢ Mo 0%
I 0,42 ml (4,40 ml [:1
11 0,82 ml 0,80 1nl 1.2
1981 2,40 ml 2,40 mt 1:6

Tig. 7. Sistemul
NayMoOy4-2H,0 —~H,(C,0,-2H,0.

de sodiu incolori gi solubili, in compozitia cdrora nnui atom de molibden ii pot reveni una,
douad sau sase grupiri coordinative oxalato — C,0%7.

La titrarea conductometricd s-a folosit acelasi conductometru la scara 30 milisimens,
cuplat cu galvanometrul multiflex pentru sensibilitatea 1 :1 si rezultatele experimentale sint
prezentate in tabelul 1 i figura 7.

Tinindu-se seama de titrarea conductometrici ‘si de variatia conductivitdtii solutiilor
apoase izomolare 0,05 M de Na,MoO, » 2H,0 — H,(,0, » 2H,0 in functie de concentratia
acidului oxalic exprimatd in grame, se poate deduce ¢ pentru vxalato-molibdatii de sodiu
in solutie apoasd forma stabild corespunde raportului de combinare 1Mo : 2C,037 sicl existd
echilibre intre compusgii corespunzitori acestui raport si a celorlalte rapoarte de combinare.

Oxalato-molibdatii alcalini corespunzitori rapoartelor de combinare Mo: C,0f7 = 1:1
51 1:2 se obfin in niedin acid dupid ecuatia reversibila:

MoOI™ + 10,027 4 2nILOF 2 MoO4,_(C0)n ™ & n(2 4+ NH,0

"y
unde n = 1 san 2

Cotul al treilea din fig. 7, corespunzdtor raportului de combinare 1Mo :6C,077, poate
fi explicat prin formarea unor compusgi, unde se produce o asociere a moleculelor ligaudului
(cum ar fi acidul oxalic, malonic si ftalic) prin punti de hidrogen, rezultind astfel super-
comnplecsi.

In fig. 8 este prezentatd variatia conductivititii electrice a unei solujii apoase ~ Nf100
de Na,MoO, - 2H,0 in funciie de concentratia unei solutii apoase ~ N de HOOC—-CH,—~
COOH adiugatd in mod treptat. Cele 4 coturi din fig. 8, corespunzitoare datelor din tabelul 2,
aratd cd se pot forma malonato-molibdati de sodiu incolori, si solubili, in compozijia cdrora
unui atom de molibden ii pot reveni una, doud, patru sau sase grupdri malonato:
H,C(COO)3™. Pentru citirea valorilor 'conductivititii electrice 's-a ales la conductometru
scara de 15 milisimens si s-a luat sensibilitatea de 1:1 la galvanometru multiflex.

Tabel 2 i
Valori ) ) Raport de
Cotul | experimen- Valori combinare
) - tale calculate | Mo : TO0QC —
: = CH,~CO0™
1 0,75 ml | 0,58 ml {ES i R CTT
17 1,12 ml 1,12 ml 1:2 R 5 s !
111 2,10 mt 2,20 ml 1:4 ) i T
v 3,42 mi 3,36 ml 1:6 Fig. 8. Sistemul
Na,MoO, - 2H,0-~HO0OC—~CH,—COOH.
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Tabel 3
. . . . Raport
Valori Valori pot
Cotul R : 1 . de combinare

experimentale calculate Mo: CoH,(COO)E™
1 1,22 ml 1,21 ml 1:1
11 2,38 ml 2,42 ml 1:2
III 4,84 ml 4,84 ml 1:4
v 7,26 ml 7,26 ml 1:6

Fig. 9. Sistemul
Na,MoQ, + 2H,0 — C,H,{COOH),.

Prin titrarea conductometricd a unei solufii apoase ~ N/I1000 de Na,MoO, - 2H,0 cu
o solutie apoasd ~ 0,1 N de C;H,{COOH), (folosind acelagi conductometru la scara 5 milisi-
mens cuplat cu galvanometrul multiflex pentru sensibilitatea 1:1) se formeazd patru ftalato-
molibdati de sodiu solubili, in compozitia cirora unui atom de molibden i-ar reveni una,
doud, patru sau sase grupdri ftalato- C,H(COO)i™. Datele experimentale sint prezentate
in tabelul 3 si fig. 9.

Urmarind variatia conductivitatii unei solutii apoase ~ N/100 de Na,MoQ, - 2H,0 in
functie de concentratia unei solutii apoase ~ N de HOOC--(CH,),--COOH, fig. 10, sau de
HOOC - (CH,),—COOH, fig. 11, care se adaugid in mod treptat, se deduce ci se formeazd
succinato-molibdat de sodiu, respectiv glutarato-molibdat de sodiu solubili, corespunzitori
raportului de combinare 1Mo :2R%™ (unde R*— = rad. succinic sau glutaric), dupa ecuatiile de
substitutie reversibile care se produc in mediu acid:

MoO2™  2(CH,),(COO)E™ + 4H,0+ = [MoQg(00C — (CHy), ~COU), 1B~ & 6H,0
MoOZ™ +4 2(CH,),(COONE™ & 4H,0¢ & [MoO,{00C — (CHy), ~ COO0), ™ + 6H,0

La titrarea conductometricd a molibdatului de sodin cu acid succinic s-a folosit con-
ductometrul la scara 15 milisimens si galvanometrul multiflex la sensibilitatea 1:1 si la

N
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20 2k 28 %2 38 4@ e 4B 32 36 mi
cd suecni o0d gitarc

Fig. 10. Sistemul Tig. 11. Sistemul
Nay,Mo0O,+2H,0—-HOOC— (CH,),~COOH. Na,Mo0, - 2H,0 —-HOOC—(CH,); — COOH.
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Fig 12, Sistemul Tig. 13. Variatia pH-ului la solutiile
Na, Mo, 2H,0 -~ HOOC - (CH,) ;- COOH. izomolare din sistemele :
Na,Mo0, - 2H,0 — acid dicarboxilic
(oxalie, malonic, succinic, glutaric,
adipie, ftalic).

titrarea cu acid glutaric s-a utilizat conductometrul la scara 5 milisimens §i galvanometrul
multiflex la sensibilitatea 1:1.

In fig. 12 este prezentatd variatia conduetivititii electrice a unei solutii apoase ~ N/250
de Na,MoQ, + 2H,0 in functie de coucentratia unei solutii ~ 6,2 N de HOOC—(CH,), —
COOH adaungati in mod treptat. Dupd aspectul curbei conductometrice a acestei titrari
se formeazd un singur adipinato-molibdat de sodiu solubil, corespunziitor raportului de com-
binare 1Mo :2700C~ (CH,),—COO0™.

MO0 -+ 2CHY){COOR™ & HH,07 & i Mo0,{D0C — (CH,), - CO0), B~ + 6H,0

La aceastd titrare conductomctrici s-a folosit conductometrul la scara 5 milisimens
s1 galvanometrul multiflex la sensibilitatea 1:1.

Pentru a se urmiri mai bine valoarea pH-ului (2,8 — 4,5) la care se formeazi oxalato-,
malonato-, succinato-, glutarato-, adipinato- ¢i ftalato-molibdatii de sodiu, corespunzitori
raportului de combinare 1Mo :2R?™ (unde % = rad. acidului dicarboxilic respectiv) se prezintd
fig. 13.

Coneluzii. 1. Dupa variajia conductivitajii electrice a solufiilor apoase
izomolare de molibdat de sodiu — acid dicarboxilic, in funcfie de con-
centratia in grame a acidului dicarboxilic addugat, rezultd cad se formeazd
heteropolicombinatii stabile corespunzétoare raportului de combinare
1Mo : 2R?*~ (unde R?- = rad. acidului dicarboxilic), respectiv se formeazi
anionii {MoO,R,*-.

2. Formarea anionilor [MoO4RT*~, [MoO,R,?- (unde R?*~ = C,0}-,
H,C(CO0)2-, CeH(COO):- este bazatd pe reactii de substitufie rever-
sibile si, la amestecarea solutiilor apoase de molibdat de sodiu cu solujia
unuia din acizii dicarboxilici mentionati, echilibrul poate fi deplasat in
sensul formdrii unuia sau a celuilalt tip de anion.

Prezenfa anionilor [MoO,R*~, [MoO,R,1*- din solutiile rezultate din
antestecarea solufiei molibdatului de sodiu cu acid oxalic, malonic, ftalic
si a anionului [MoO,R,7?~ rezultat la amestecarea solujiei molibdatului
de sodiu cu acid succinic, glutaric, adipic (dupd cantitatile stoechiometrice)
se poate pune in evidentd, prin reactii de precipitare cu cationii;
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[Co(NH,)g]°, [CoEmg ", [Co(NHy);(H,0)F , [CrEn, T, [Cr(NH,)Cl1",
[CrEny(NCS),] ", [Ni(NHj)e* etc.

Acesti cationi cu solufia molibdatului de sodiu sau cu solufia unuia
din acizii dicarboxilici mentionati, nu formeazd combinatii cu solubilitate
redusd, ci numai cu amestecul solutiilor format din molibdat de sodiu
cu unul din acizii dicarboxilici respectivi.

3. Prin formarea heteropolicombinatiilor, care contin fn jurul atomului
central de molibden grupdri oxalato-, malonato-, succinato-, glutarato-,
adipinato-, ftalato-, se dovedeste actiunea complexantd si nu condensanta
a acizilor dicarboxilici asupra molibdatului de sodiu in solufie apoasa.

{Intrat in redactie la 20 decembrie 1973)
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KOHAYKTOMETPHYECKOE M PH-METPHYECKOE HCCJIEIOBAHUE CHUCTEM
MOTMBIAT HATPHUA — JJHKAPBOKCH/IBHBIE KUCJTIOTbI

(Peswwme)

ABTOPLI NIPOCJEKHBAMH KOHAVKTOMETPHUYECKH H PH-MeTpHUueCKH noBeienHe Moau6jiaTa
HatpHda Na,MoO,. 2H,0 B BOIHOM pacTBope NHOI AelCTBHeM BOJHBIX DacTBOPOB LiaBeseBOH,
MAJIOHOBOH, sSHTApHOM, TIYTapoBoli, aJHNMHOBOR U (PTaseBoil KUCIOT.

HauGonee ycroffuuBbie 0KCanato-, MagoBaTo-, PTataTo-MoaubaaThl HATPHS COOTBETCTBYIOT
COOTHOLIEHAAM KOMOHEHpoBauHs 1 Mo [ R2— 1 1Mo : 2R2™ coOTBETCTBeHHO aHHOHaM [MoO;R]*,
[MoO.R,]72; (rne R*~ = pajuKal COOTBETCTBYIIUEH AMKAPBOKCHALHON KHCAOTHI).

OfipasoBanue aunouos [MoO;R12~ 1 [MoO,R,J*~ 8uiBAEHO PeakUMAME OCAIKACHIHST C PStAON
KOMIITEKCHBIX KATHOHOB.
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CONDUCTOMETRIC AND pH-METRIC STUDY ON THE SYSTEMS:
SODIUM MOLYBDATE —DICARBOXYLIC ACIDS

(Summary)

In this paper the behaviour of the sodium molybdate Na,MoO,-2H,0 in acqueous solu-
tion under the action of the acqueous solutions of the oxalic, malonie, succinic, glutaric, adi-
pic and phtalic acids has been studied.

The most stable oxalato-, malonato-, phtalato- sodium molibdates correspond to the com-
bination ratios: 1Mo :1R?™ and 1Mo :2R¥™, to anjons respectively [MoO,R}*™, [MoO,R, #™
(where R2™ = the dicarboxylic acid radical).

The formation of the anions [MoO,R 2™, [MoO,R, ]2~ has been tested through precipi-
tation reactions with a series of complex cations,



ACID CATALYZED REACTIONS OF ALKYL-FURYI, CARBINOLS

I. MESTER and F. HODOSAN*

In the course of a research project on insect exohormones, it became
of iuterest to synthesize long chain aliphatic acids. A way to obtain
such compounds consists in the lengthening of aliphatic organometallics
with five carbon atoms provided by a furfural molecule. The alkyl-furyl
carbinols, resulted in the first step, undergo under the action of a cata-
lytic amount of hydrochloric acid in dry alcohol a rather complicated ring
opening reaction affording 4-ketoesters [1] which by Huang-Minlon reduc-
tion give finally the desired acids [2]. The main disadvantage of this
method of preparation consists in the low yields in the furan ring clea-
vage step [5.5—649%, [la]). Our experiments carried out on n-amyl-furyl
carbinol (I), in methyl or ethyl alcohol, resulted in the formation of
methyl and cthyl 4-ketodecanoate (II}, respectively, in low vields (29—
36°,), too.

The influence of the hydrochloric acid concentration and of the reac-
tion time on the ring opening reaction of alkyl-furyl carbinols were already
carried out by Bukharovand Pozdnyakova [la]. No systema-
tic study concerning the nature of the acid catalyst was performed so far.
Consequently, our efforts to improve the reaction conditions were directed
especially towards this aspect of the problem.

As proton sources seven acids were used (Table) and the reaction
was followed by thin-layer chromatography (Figure). It is noteworthy
that there are catalysts which leave the furan ring unchanged under
certain conditions. Thus, compound I by refluxing in methyl or ethyl
alcohol in the presence of a strong cationit (Amberlite IR—120, H -form)
afforded quantitatively the corresponding ethers IIla and IIIb. In the
77 spectrum of compound IIla, besides the lack of the O—H stretching
band, the following typical furyl vibrations {3] were observed: 3120,
1574, 1510, 887, and 740 cm~-1. The PMR spectrum of compound Illa
displays signals at 3 =086 (t, J =45 Hz, 3H, —CH,—CH,), 1.29
(m, 6H, methylene groups), 1.78 (m, 2H, —CH—-CH,—), 3.16 (s, 3H,

|
OCH,
OCH,), 4.12 (t, J = 6.5 Hz, ,1H, —CH—CH,) 6.22 (m, 2H, furan B-pro-
|
OCH,
tones,) and 7.31 (m, 1H, furan «-protone). The same methyl ether IIla
could be obtained using phosphoric acid as catalyst.

Amberlite IR—120 converted carbinol I into a resinous material by
boiling in aqueous dioxane. Similar results were obtained with acetic acid
or with sulfuric and perchloric acid, respectively, in methanol. Acidic
alumina in boiling benzene entailed no transformation of carbinol 1.

* Institute of Chemistry, Cluj-Napoca, Str. Donath nr. 65—103
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CsH1-CHy-CO-CHp-CHp COOF

g ”
0~ CH-CsH
OH a:R=CHjz

| b:R=CoHg
[ O] — CH-CsHy
OR

I

Huaug-Minlon reduction of cthyl 4-ketodecanoate (IIb) gave n-deca-
noic acid in high yield (939%), characterized as amide.

Experimental. Alethyl n-d-ketodecanvate (Ila). n-Amyl-furyl carbinol (I) (17 (9.9 ¢} in
25 ml of methanol containing 4.29;, hvdrochloric acid was refluxed for 30 minutes, the
solution concentrated to 1/3 of the initial volume, poured into 100 ml of coned. potassium
carbonate solution, extracted with ether, the ethereal solution dried over anh. potassium
carbonate, and fractionated i1 vacrno. The fraction boiling at 95-96° (1 mm) weighted 4.7 ¢
(3690}, IR bands: 1724, 1747 cm'~.

C H,00, (200.3) caled. C 65.97, H 10.06% ; found C 65.97, H 9.67°,.

Amyl-furyl carbinol methyl cther (I11a). n-Amyl-furyl carbinol (I} [1) (9.9 g} in 50 ml
of methanol was treated with 10 ml of Amberlite IR 120, H+-form, and refluxed under
stirving for 3 hours. The ion-exchange resin was filtered and the filtrate fractionated in vacio.
The fraction boiling at 63—65" (2 mm) weighted 10 g (939%), n?)l 1.4543.

CH50, (182.3) caled. == C 72,49, H 9.959,; found C 72.60, H 9.539%,.

n-Decanoic acid. Ethyl n-4-ketodecanoate (IIbh)(1.6 g) in 18.5 ml of diethylene glycole
was treated with 1.2g of hydrazine hydrate (91.69;) and refluxed for 15 minutes. After
addition of 2 g of poudered potassium hydroxide the refluxing was continued for 5 hours.
The solution was then chilled, diluted with 30 ml of water, acidulated, and extracted with

Il ®
- @&

I'ig. 1. Chromatogram of amyl-furyl carbinol (I), met-

hyl or ethyl n-4-ketodecanoate (II), and amyl-furyl

carbinol methyl or ethyl ether (III), on Merck’'s DC-

Fertigplatten Kieselgel 1%,,; developing solvent: chlo-

roform containing 19}, ethanol; indicator: phosphomo-
Iybdenic acid.
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Table 1
Proton . Temperature Time y il
source Solvent Ioc lirs, Result
HC(l1 ItOH boiling 0.5 1T1{299,)% - resin
H MeOH boiling 0.5 11a(369,)4 - resin
HCl MeOH - H,0 (7: 1) boiling 0.5 resin
H,50, MeOH boiling 3 resin
HCIO, MeOH boiling 3 resin
H;PO, MeOH boiling 3 IIIa
AcOH AcOH ca.22 20 resin -+ ?
AcOH AcOH boiling 0.5 resin
IR — 12086 MeOH ca. 22 45 I+ Illa
IR —120 MeOH boiling 3 IIIa (92.67()7
IR —120 EtOH boiling 3 ITIb
TR — 120 MeOH boiling 16 IITa
IR —120 aq. dioxane boiling 1 resin
alumina benzene boiling 8 no reaction
(acidic)
a) isolated vield b) Awberlite IR 120 {H form)

ether. The reaction product was extracted from the ethereal layer with 10°, sodium carbo-
nate solution, acidulated, and extracted once more with ether. The ethereal solution was
washed with water, and dried over sodium sulphate. Removing the solvent, 1.2 g (939,) of
n-decanoic acid was obtained, m.p. 3032 (lit. 47 31.5%, IR bands: 1718 and 1706 cm—L.

Amide, from n-decanoyl chloride with concd. anunonia, m.p. 94—-96° (lit. (4] m.p.

98°).

(Received January 16, 1974}
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REACTII ALE ALCHIL-FURIL-CARBINOLILOR CATALIZATE DE ACIZI

(Rezumat)

Spre deosebire de acidul clorhidric care transformd amil-furil-carbinolul dizolvat in

metanol sau etanol in nr-4-cetodecancatul corespunzitor, un cationit puternic cum ar fi
Amberlit IR —120 (forma H+t), sau acidul fosforic, catalizeazd formarea metil- respectiv etil-
eterului amil-furil-carbinolului,
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PEAKUMH AJIKMJT-OVPUIT-KAPBHMHOJIOB, KATA/TH3MPOBAHHBIE
KHUCJ/IOTAMH

(Peswwme)

B omnuune or cojisiHOll KHCJIOTHI, KoTopas npespauaer aMuadypua-kapOHHOI, pacTBo-
PeHHbI B METAHOJIE MAM 3TaJOHe, B COOTBETCTBYIOIIH{ H-4-KeTONLeKAHOAT, CHJILHBIE KaTHOHHT,
Kak AmOepiHt IR—120 (popva H*) nam Qocdopuas KuciaoTa, Kataausupyer obpasoBanie
METHJ- H, COOTBETCTBEHHO, 3THA3bHpa aMuA-QypHI-KapOHHOIA.



ACRIDONE (L)*
Izomerizarea termicd si spectrul R.M.P. al 6-nitro — 3-(3’, 4" -dimetoxifenil)-
antranilului

TOAN PANEA, 1ONEL HOPARTEAN si MARIA TONESCU

Tntr-o serie din lucririle noastre |1, 2, 3] am ciutat si extindem
sinteza Tandsescu a acridonelor [4—35] folosind noi componente aromatice,

Intrucit in prima sa etapa sinteza Tandsescu este o reactie de substi-
tutie aromaticd electrofild [571 pentru 3-fenilantranilul obtinut prin conden-
sarea 2,4-dinitrobenzaldehidei cu dimetileterul pirocatechinei [2, 3] erau
p031b11e doud structuri [3], Ia si Ib, corespunzitor producerii substitutiei
in para, Iespectlv in orto. Structura 3-fenilantranilului 1 s-a stabilit pe
cale chimica prin izomerizare la acridone §i printr-un studiu fizico-chimic,
de rezonan{d magneticd protonicd (R.ML.P.)

R=H
4 a {RlsRQ.—:OCH:,
5 p, J R =R, = OCIL
6 1\ Ry == H
N
0N 7 I 1

A, Tzomerizavea termicd a 6-nitro-3-(3' 4'- dimetoxifenil)-antranilului. 1zo-
merizarea termicd a compusului Ia [6], a furnizat un amestec de doud
acridone, care au fost separate prin cromatografie pe strat subt,'ire Numai
unul dintre cei doi 3-fenilantranili posibili si anume: 6-nitro-3-(3’, 4'-di-
metoxifenil)-antranilul (Ia) putea sd conducd la amestecul de acridone
(2,3-, respectiv 3,4-dimetoxi-6-nitroacridona) obfinute si separate de noi.
Datele experimentale sint in favoarea mecanismului radicalic, cu intermediar
de nitrend, propus de Coe si colab. [7], respectiv O gata si colab. [8],
pentru izomerizarea termica, respectiv fotochimicd a 3-fenilantranililor.

B. Spectrul R.M.P. al 6-nitro-3-(3', 4'-dimetoxifenil)-antranilului. Struc-
tura Ta a 3-fenilantranilului I a fost confirmatd i prin inregistrarea
si interpretarea spectrului R.M.P.

Pentru a facilita interpretarea spectrului R.MLP. al 6-nitro-3-(3', 4'-
dimetoxifenil)-antranilului s-a analizat si spectrul R.M.P. al 4-nitrovera-
trolului a cdrui diagramd de scindare si spectru trebuia si fie asemini-
toare cu cele ale fenilului substituit analog din pozitia 3- a compusului
Ia. Spectrul R M.P. al 3-fenilantranilului Ia s-a analizat din insumarea sub-
spectrelor de pseudoordinul intii a doud sisteme de trei spini A, cores-
punzind protonilor alfatici din cele doud grupe metoxil. Pentru sistemul

* Nota XLIX: vezi [3].



Tabel T

Deplasirile chimice (5. in ppm) ale protonilor compusilor discutati.

Desplasarea chimicid ¢

n, 3}14 By BHG 8117 L 8113, 8114, 31{5, SHG/ 8H-mCH30 B34 pCH40

Compusul

antranilul b) 8,83 7,57 6,96 | 7,28 | 7,695 — — — — — — e
c) 9,40 7,53 | 6,92 | 7,24 | 7,665 — - — — — — —
6-nitroantranilul d) 987 | 805 | 7,77 — 8,16 — — - — — - —

6-nitro-3-(3’, 4’-dimetoxi)-fenilantranilul
(Ta) — 1802|778 — |86l |75 | — - 7,07 | 7.65 3,98 4,01

4-nitroveratrolul — — - — — 7,74 - — 6,91 | 7,93 3,95 3,97

6-nitro-3-fenil-antraniiul - 8,13 | 7,88 — 8,67 | 809 | 765 | 7,74 | 7,67 | 8,15 — —

a) pentru numerotare vezi I; b) literatura [12]; o) literatura [11 %, aici se di i numerotarea corectd a ciclului antranilic; d) literatura [10]. Subliniem aici valoarea anormal

de mici a deplasarii chimice a protonului din pozitia 7, care are fn orto o grupa mitro (o dezecrapare, in acest caz, de numai 0,48 ppm).



Tabel 2

Constantele de euplare (J , in Hz) ale protonilor compusilor discutati
Constan-
tele de
cuplare
Jr
I%IHZ ) , C‘upléri
al Jas | Jae | Jaz | Jse ) Jsg 0 Jes | e Jow | Jow | Jaer | Jaww {Jas | T | Jas | Juw | Tswr 1{1tler-.
cicluri
Com-
pusul
h{ 883 | 0,95 1,21 | 6,34 | 0,82 ; 9,01 - — - — - - _ —
antranilul R .
c)| 8,66 | 0,9¢ 0,93 | 6,72 | 0,76 | 8,70 — — — — — — — — - —
6-nitro-
antranilul d) 9,6 — 1.2 - 1,4 —— — — —— - — _ - _ . —
6-nitro-3- s 0,4;
3 Jro = 04;
dimetoxi) 3 "~ 03
fenil-antrani- 7,67
hal (Ia) 9,2 - 0,7 - 1,7 — 0,4 2,2 — — — 8,4 |Js,0 =03
4-nitro-
veratrolul — — — - - - - - 0,3 2,4 — - — — — 8,6 —
6-nitro-3-fenil Jso =204
antranilul 9,2 — 0,7 — 1,7 - 7,2 1,7 0,8 1,9 77 11,8103 78] 20| 76 J7, 03
or 7 e
Js = 0,8
Jog =03

a} Valorile constantelor de cuplare de 0,3 s 0.4 Hz
Pentru antranil i 6-nitroantranil nu s-au dat cuplajele in care intervine hidrogenul din pozitia 3—, intrucit acesta lipseste din 3-flantranili. Pentru
wezi 13 D) literatura (12735 ¢ literatura [111;

d) literatura 7100

wu fost apreciate pe baza aparifici umerilor $i a largimii semnalelor, avind deci un curacter aproximatuv,

numerotare
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de spini ABC, corespunzind protonilor din fenil, atribuirea semnalelor s-a
facut intru totul analog si comparativ celor din spectrul 4-nitroveratrolului.
Semmnalele Lorespunmtoazc celuilalt sistem de spini ABC, constituit din
protonii antranilici, au fost comparate cu parametrii spectrali obhfinufi
pentru 6-nitroantranil [9—10]. Baza}i pe rezultatele analizei de mai sus
s-a interpretat si spectrul 6-nitro-3-fenilantranilului (al cdrui spectru este
constitnit din doud subspectre : cel al protonilor benzenoizi din ciclul antra-
nilic respectiv cel al protonilor fenilici).

Rezultatele analizei spectrelor R.M.P. ale antranilului la, 3-fenilan-
tranilului si ale 4-nitroveratrolului sint redate in tabelele 1 31 2. Deplasarile
chimice (valori 8 in ppm) si constantele de cuplare (J, in Hz) au fost obti-
nute direct din spectrele experimentale. Pentru comparatie aceste tabele
contin si pdrametrn spectrali ai antranilului ¢i 6-nitroantranilului determi-
uap anterior '10—12]. Valorile deplasarilor chimice ale protonilor fenilici
din 6-nitro-3-fenilantranil si autranilul Ia, indica dezecranarea puternica
a lor, ceca ce confirmi caracterul putermc electronoatrigator al ciclului
antranilic In pozitia 3— "10—121, efect ce
se transmite in fenil neaparat si prin efect
de conjugare 13, 1

Partea experimentalid. {-Nitroveratrolul {147 si FRONT
6-nitro-3-fenilantranilul [15; au fost preparati con-
form literaturii citate cu randamente de 96°, res-
pectiv de 609,.

6-Nitro- 3 (3%, 4"-dimetoxifenil)-antranilul (Ia) s-a
preparat conform procedurii descrise de noi anterior O O Q
27, cu randamente de 30--359,. 2,3- gi 3,4-dimetoxi-
-6-nitroacridona au fost prepdmto prin metoda Ull-
mann  [16] cu randamente de 63 respectiv 749,.

Izomerizarea termicd a lui Ia a fost condusi
in conformitate cu datele Ini Kwok si Prank

6. Produsul obtinut la izomerizare a fost analizat O O 0]

prin C.5.8. S-au folosit plici de sticld de dimensiuni

12:8,5 cm, acoperite cu silicagel . Pe acecasi

placd s-au cromatografiat: (1) 2,3-dimetoxi-6-nitro-

acridona, (2) produsul de la izowmerizare, (3) 3,4-di- Qo © o)
metoxinitroacridona (4) amestecul celor doud acrido-

ne cu antranilul initial Ia si (5) antranilul Ta. Aces- ] 3 3 4 5 START

tea au fost aduse pe placa cromatograficd, la linia
de start, sub forma unor solutii In cloroform. Deve-
loparea s-a facut intr-o camerd in S [17: cu CHCL,:
CH,COOC,H; (9:1), folosind tehnica ascendentad,
distanta de migrare a solventului fiind de 10 cm,
Detectarea componentelor s-a fdcut direct pe placa T {"g. 1 Cromatograma pe strat sub-
cromatograficd intrucit acestea sint colorate, precum tire de silicagel 5, a amestecului oh-
$i cu ajutorul I,, respectiv reactivului Dragendorff. tinut la izomerizarea termicid a 6-ni-
ldentificarea componentelor separate (Iig. 1) s-a  tro-3-(3/, {’-dimetoxi)-fenilantranilului
facut pe baza identitdtii valorilor Ry ale componen- (2), a 2,3-dimetoxi-6-nitro-acridonei
telor in stare purld cromatografiate in aceleagi con- (1), 3,4-dimetoxi-G-nitroacridonei (3)
ditii. Dupd cum se observd componentele amestecn-  si (6)-nitro-3-(3’,4’-dimetoxi) — fenilan-
lui de la izomerizare sint: 6-nitro-3-(3’, 4-dimetoxi- tranilului (3) puri,precum i a ames-
fenil)-antranilul nereactionat (R; - 0,70), 2,3- {I\f teeulni format din cei trei componenti
= 0,10) si 3,4-dimetoxi-6-nitroacridona (R = 0,34}, puri de mai sus (4).

3 ~— Chimje--Tehuslogie chimica
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Spectrele RAMLP. au fost fmregistrate cu un aparat JEOI, NMC 60 HI, operind la

6 Hz, folosind ca solvent CDCl, si tetrametilsilanul ca standard intern. S-aluerat pe soluti
saturate la temperatura de 20°C.

16.

17.
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ACRIDONE (L).
Thermal Isomerization and PMR Spectrum of 6-Nitro-3-(37, 4’-dimetoxi)-phenilantranil

(Summary)

The paper presents the study of the thermal isomerization and proton magnetic re-
sonance (PMR) of 3-phenilantranil I, obtained by the condensation of 2.4-dinitro-benzaldehyde
with pyrocatechol dimethylether. According to the resulted data the 6-NO,-3-(3',4’-dimeto-
xi)-phenilantranil (Ia) structure for the compound I is established. The PMR study of la and
6-nitro-3-phenilantranil confirms the strong electron winning character of the antranilic cycle
in the 374 position.



HYDROPEROXIDATION OF ORGANIC COMPOUNDS AT THE
LIQUID/GAS INTERFACE (VIII)

Hydroperoxidation of cumene in a metal apparatus,

1. VODBNAR

The catalysis of metal salts (such as metal carboxylates and metal
phtalocyanines) in the hydroperoxidation of cumene was studied by a
lot of authors, who have concluded that the limiting rate of oxidation
of cumene was just over half the theorethical rate. This result suggests
that the induced decomposition of cumyl hydroperoxide due to cumyloxy
radical proceeds rapidly [1—3]. The effect of the metal as catalyst in
the hydroperoxidation of cumene was concluded to be caused hy the
decomposition of hydroperoxide and not by the activation of oxygen,
since the rate of the hydroperoxidation increased with the increase in the
rate of metal-catalyzed decomposition of hydroperoxide.

In spite of the mentioned conclusions, recently we found that the
metal chemical reactor remarcably initiates the chain of hydroperoxidation
of cumene, perhaps by the mechanism presented in the paper of H. Hock
and H. Kropif [4].

On the basis of the experimental data, the kinetics of the process was
designed, the activation enthalpy, enthropy and other kinetic data were
calculated.

Apparatus and Proeedave. Hydroperoxidation of eumene was made in an usually construct-
ed rostless steel reactor, having the samc form as that described in a previous paper [57,
which was used also, for comparison of the experimental data. The apparatus made the ki-
netic  study possible.

Purified oxygen has been used as hydroperoxidizing agent. The cumene used as raw
material was puritied with concentrated sulphuric acid and a water solution of sodium hydro-
xide {6]. The quantities of cumene samples subjected to hydroperoxidation was 25 ml. Cu-
mene hydroperoxide as initiator was used.

Hydroperoxidation is achieved by the procedure described in a previous paper [77,

HResults and Discussion

The experimental results obtained are illustrated in table 1 and in
figures 1—4, In the first series ol experiments was compared the efficiency
of the rostless steel reactor and that constructed from glass (see table 1).
The flow of the oxygen was 7,5 1/h. As initiator of the process 0,329
mole/l cumene hydroperoxide was used.

It seems peculiar that the hydroperoxide content of the samples
using rostless steel apparatus becomes higher than with glass apparatus,
using the same amounts of cumenc hydroperoxide as initiator. The most
important couclusions we can draw, is that the side products appear
approximately in the same quantities (see figure 1), after three hours.

In order to explain the rate of the accumulation of hydroperoxide,
in figure 2 was preseuted the dependence between the hydroperoxide con-
tent of the samples on different temperatures after four hours of hydroper-
oxidation.
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Table 1

The results obtained by using a rostiess steel and a glass chemical reaetor.

= The hydroperoxide content of the samples on different temperatures
] using different chemical reactors, moles/1
2% |
= : Rostless steel reactor | (YMSSA
o 1 reactos
AR |
= 105 110 115° 120 125¢ 125°

1 2 3 + 5 6 7

1 ,

1 - 0.3871 0.5000 0.7920 —
1,5 - . - - 0.5000
2 (0.3639 0.3512 (1.5371 1.0070 1.8570 —

2,5 - - — - 2.2470 -

3 0,3863 (16064 00,8683 1.5100 2.2708 0.6900
3,5 - - 3,4130 -

4 0.7821 1.2420 2.2380 3.5170 1.3000
4,5 - - 4.0340 -
5 0.5693 1.1310 1.6480 2.6880 — 1.7008
6 - 1.4310 2.3340 3.1880 - 1.9000
7 1.0170 1.8170 3.3020 - -
8 2.4990 3.0490 2.0740 o
9 1.4870 - - - - : -—
b
4
3
g\
=]
=
s
.
o
5
°
.2 -~ N
: ;é i
J A e <
\/\'\J\/’( '\’v,‘[‘\w
' ‘ s e : .
§oo 9ec jatets , . io o itco i3 20 had
{,”l N f[tf?[/, c°
IFig. 1. I. R. Spectrum of the reaction products obta-  1Fig. 2. Dependence between the
ined in different chemical reactors: 1 — Glass reuc-  hydroperoxide content of the samples,
tor; 2 — Metal reactor. Acetophe non: 1680 cmn™#; on the reaction temperature, after

Cuniyl alcohol: 955 em™!; Cumene hydroperoxide :

837 cmL,

four hours,
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it 3
[k T
=551 ¢
i
-23
-34
-2.9
; ; : Do 252 2% 260
[Roon ], m-:‘vfc,('{ /T 0®
Fig. 3. Dependence between the rate Tig 4. Dependence between the
of the hydroperoxidizing, on hydroper- lg k/T and 1/T values.

oxide content of the samples, at diffe-
rent temperatures: 1-~105°; 2--110°;
3-115°; 4—~120°; 5§--125°;

It is noticeable that by using cumene hydroperoxide as initiator,
the rate of the accumulation of hydroperoxide increases linearly with
temperature, between 115 and 125°. The hydroperoxide coutent of the
samples varies from 1,2420 at 115° to 3,5170 mole/l at 125°.

Because the side products (acetophenon and cumyl alcohol) appeared
in small quantities, we can consider that oxygen is consumed primarily
in hydroperoxide formation and the side reactions can be neglected. Con-
sequently, between the concentration of hydroperoxide and the rate of
the hydroperoxidizing process must hold a linear dependence {(at the same
time of the reaction) until the hydroperoxidizing process begins to degene-
rate. This dependence is illustrated in figure 3.

It is not surprising to find that the degeneration of the process appears
at low hydroperoxide content in experiences made on 115 and 120° and
appears only by high concentration of the hydroperoxide on 125°, where
the chain of the hydroperoxidizing process is clearly longer than in the
first case. On the basis of figure 3 we can draw important conclusions
concerning the best technological conditions for the hydroperoxidizing
process.

On the basis of the experimental results obtained, the kinetics of the
process is designed, using the following relation :

WROOH = k[ROOH] + Wo ILSJ

The activation enthalpy and enthropy of the process are calculated
from pairs of log k/T and I/T values (figure 4) in the temperature region,
bet ween 110 and 120°,
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The obtained values are:
‘4
AH* == 17,08 kealfmole

AST = 17,88 cal/K°

The mentioned kinetic relation is consistent with the mechanism of
the hydroperoxidizing process described by the author in a previous paper
87 and with that of H. Hock and H. Kropt:

Me b O, - (Me)® ... (0—0s)3-
(Me)d ... (0099 4 RIT — (Me)® ... (O—O—H)3~ 4 R
(Me)d L. (O—O—H)3~ = Me + HO,
HO. ' RII = R 4 H,0,

{ Recerred  January 30, 197.4)
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HIDROTPERONIDAREA SUBSTANTELOR  ORGANICE IN PELICULA DI
TICHID (VI
Hidvoperoxidurea comenndid intr-an aparat de ofel inoxidabil

Rezumat

Hidroperoxidarea cumenului a fost studiat® de un numdir mare de autori, care au
recurs la utilizarea diferitilor initiatori de reactie, mulfi dintre acestia fiind sdruri ale aci-
zilor anorganici sau organici. Se adinite, in general, ¢d efectul de initiere se produce prin
descompunerea radicalicd a hidroperoxidului deja formuat. Prin cresterea concentratiel sirii me-
talice (initiatoruluii, viteza de reactie tinde spre o valoare constantd [1 — 37, In schimb,
cfectuind hidroperoxidaren cumenului in absenfa sdrurilor, intr-un reactor metalic, se con-
statd un efect catalitic evident, in urma cdruia viteza de reactie creste mai rapid decit viteza
de acumulare a produsilor secundari, ccea ce ar pleda in favoarea mecanismului dat de Hock
si Kropf [41.



40 ! VODNAER

THAPOITEPOKCHUIIMPOBAHHE OPIAHMYECKHX BEULIECTB B JKWJIKOM
[VIEHKE (V1)
Tudponepokcuduposanue KyMOAQ 8 npudope u3 HePIAGCIONeti cra.iu

(Peswoyme)

InaponepoKcHABpoBaliHe KYMOA4 H3YUAI0Ch MHOTOUHCJAEHHBIMH dBTOPAMH, KOTOpble MPH-
ferfid K HCIOAL30BAHMIO Pa3iHUNEIX HHHLUHATOPOB PeaKilWd, M3 KOTOPLIX MHOTHE ABASIOTCH
COJAMH HEOPTAHHUECKHN W/JIH OPraHHYeCKHX KHCJAOT. B 0CHOBHOM jomycKaioT, uTo 3dgderTt unu-
HHHPOBAHHSA MMeeT MeCTO NYTeN PAIHKAILHOIO PA3I0KeHns yiKe 06pa30oBanHOi THAPONePeKUCH,
Ilpy noBbiIEHHH KOHLEHTPAIHH MeTaIdHYecKofl COMH (HHHUHATOPA) CKOPOCTbH PeaKuHH Crpe-
MATCST K NOCTOSTHHON BesMuMie [1—3]. 3aro, npousseiss THIPONEPOKCHAHPOBAHKE KYMOJga
B OTCYTCTBHH COJell, B METANIHHECKOM PeAKTOpe, OTMeHdeT s SIBHO BhipasKeHHbIH KaTAAHTHUEC-
Kuil adPeKT, BCJAeACTBHE KOTOPOrO CKOPOCTL PedakiHH Bo3pacraer ObicTpee, deM CKOPOCTh HAKO-
[AEHHST BTOPOCTENEHHLIN IPOAYKTOB, UTO JIOATBEp K aeT MeXxanua, 1anubiil Xoxkkoy u Kpondoar.

[4]-



CERCETARI PRIVIND CALDURA DE SUBLIMARE $I VAPORIZARE
ATELURULUI DIN SISTEMELL Te—Te, Fe — Te, Pb — Te, Cu — Te,
S — Te, Cu — Sn — Te

GH. MARCU 5i ELENA VERMESAN

Cercetarile antericare efectuate de autori '1—31 asupra sistemelor
binare: Te — Te, Fe — Te, Pb — Te, Cu — Te, Su — Te §i ternar Cu —
— Sn — Te, au dezviluit o serie de transformari ce aun loc in comportarea
coustituentilor sistemelor, in ce privesc legaturile chimice care se stabilesc
si tensiunca de vapori a elementelor, care provoacd modificarca compozi-
tiei chimice si a unor caracteristici fizico-chimice, fizico-mecanice ete.

Cunoasterea i determinarea atit a presiunii de vapori cit si a ental-
plilor de vaporizare si sublimare a telurului dintr-un sistem in anumite
conditii de temperaturd si presiune, prezintd o importantd teoreticd si
practicd deosebitd, putindu-se stabili exact cantitatea de telur ce poate
pdrasi sistemul sau forma in care Te rdmine in sistem.

Cind se urmireste utilizarea In practicé a sistemelor studiate, in func-
tie de efectele pe care le produce telurul in masa metalicd in raport cu
concentratia lui efectivd si nu cea introdusa, importanta cunoasterii aces-
tor mirimi ¢i a variatiilor lor creste si mai mult.

Literatura de specialitate congine unele date referitoare la cédldurade
vaporizare si sublimare a telurului in stare elementard, insd nu da indicatii
privind aceste marimi cind telurul se gédseste alaturi de alte elemente cu
care formeaza unele sistene.

Doolan J. J, Pargtington J. R. 6], determind cdldura
latenta molard de vaporizare (entalpia molard de vaporizare), din studiul
presiunii de vapori, obtinind valoarea de 24 700 cal/mol, pentru intervalul
de temperaturd de 578 —-671°C si de 28 200 cal/mol 1n intervalul 488 —578°C.

studiind entalpia de vaporizare a teluralui Brookes L. S. [7, 8]
obtine valoarea 27 260 caljmol, fird a da indicatii privind domeniul de tem-
peraturd.

Kudriavtev A A.siTustiugov G, P, 9] folosind ecuatia:

108’ 1')mm cal - H =~ — %ﬂ’a J 7;5992)
care stabileste relagia intre temperatura absolutd si presiunea de vapori
a telurului in intervalul dintre 13 gi 760 mm col - Hg, calculeazad caldura
latentd molard de vaporizare, obtinind valoarea AH, poyi = 27 260 cal mol.

Prin extrapolarea curbei presiunii de vapori, obtine temperatura de
fierbere a telurului egald cu 990,1 -+ 1°C.

Studii privind cdldura latentd molard de sublimare a telurului au
fost intreprinse de Korneva I. V., PasinkinA. S, Novoselova
A B.si Priselkov A. I [10] folosind ecuatia:

log Pam cil - e = — 7579 - 9,753, obtinind astfel

valoarea AHg = 34 760 cal/mol.
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Cercetartle prezente, privind cilduia Iatenta de vaporizarve si subli-
mare a telurului din sistemele binare : Te - Te, T'e — Te; Cua — Te: Ph —
Te; Sn — Te si ternar Cu — Sn — Te, stabilese modificarile ce se produc
asupra acestor madrimi, in functie de temperaturd si natura elementului
care-1 nsoteste in sistem, si de legdturile pe care telurul fe stabileste cu atomii
elementelor respective.

Cercetarile s-au efectuat pe baza studiilor asupra presiunii vaporilor saturati de telur
din  sistemele Te—Te Ie—"Te; Cu—Te; Pb—Te; Sn—Te; Cu—3Su—"Te [1-37 folosind
metoda Langmuir, de urmirire a vitezei de vaporizare a elementelor de pe o suprafatd deschi-
sd in vid. Viteza de vaporizare si presinnea de vapori a telurului s-an determinat folosind
relatiile descrise in lucrarile antericare [2, 3], Izotopul radioactiv al telurului utilizat in
acest scop a fost 123m 4 1235 Te,

Studiile experimentale au fost efectuate pe o instalatie conceputd si realizatd de autor,
a cirei descriere si principiu de functionare au fost descrise in lucrdirile [2, 37

Cercetiirile au fost ficute pe sisteme metalice cu telur (Me —Te), formate din pulberi me-
talice (TFe, Cu, Pbh, Sn) in care s-au introdus cantitiiti bine determinate de izotopi radioactivi
ai telurului, In starea initiald de amestecare in sistem nu are loc nici o interactinne fntre
componenti si deci valorile entalpiilor sint aditive. In cazul in care sistemele sint tratate la temn-
peraturd mai ridicatd trebuie sd se tina seama de interacfiunile intre componenti si deci de
compozitia sistemului, cind entalpia se exprimid prin relatia:

JH )8! JH JH
Al e —;:) <dT 4 ( — cdp b [ sy - - dng
o1 pnyin, ap Jrum, L dnyirpe, ()Uz Tpng

In conditiile experimentale s-au urmdrit insd variatiile de stare si modificirile calduri-
lor de vaporizare si sublimare a componentului minoritar din sistem (Te), care aduce mo-
dificdri substantiale metalului de bazd clhiar de la concentratii foarte mici. Cum se admite
arbitrar cd toate elementele in stare standard (25°C si 1 atin.) au un continut caloric zero
si telurul cristalizat va avea entalpia standard egald cu zero prin definitie.

ixperimental s-a determinat activitatea initiala a radioizotopului introdus in probi,
a celui condensat in urma evaporrii i « celud rdmas in sistem dupd incdlzire. S-a calculat ten-
siunea de vapori a telurului la fiecare temperaturd si sistem studiat pe baza relatiilor descrise
in luerdrile {27 si [37. Din valorile obtinute pentru presiunea de vapori a telurului la anumite
temperaturi s-a caleulat cildura de sublimare AH si vaporizare AHv a telurului din sistemele
studiate, tinind seama de relatia:

AN

log P o oo
8 4,5737 - T

- constant.

Pentru determinarea analiticd a cildurii de vaporizare (AHv) si sublimare (AHs) s-a uti-
lizat relatia:

In — -
P, R

P, AH " 1 1
T, T,

Mdirimea variafiel lui AHv) $i AHs) este influentatd de natura elementulud cu caracter
tietalic care insoteste telurul in sistem, in modul ardtat in figura 1. Pe figurd a fost reprezen-
tatd i valoarea AH(y) 5 AH(s) a telurului obtinutd din studiul sistemului Te—Te*,
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Tabel 1

Fe—Te: Cu—Te:

Ph—Te; Sn—Te; Cu-—-Sn—Te, ohtinute din preluerarea datelor experimentale
PR AH Domeniul de temperaturd
SISTEMUL K cal/mol °K

Te-—"Te 27,66(v) 763,65 —1273,63
36,18(s) 483,17 — 663,63
Te—"Te 8,78(v}) 914,50 1403
54,55(s) 713,95
Ph—Te 37,91(v) 799,00 — 936,0
113,76(s) 704,22
Cu~—"Te 4,66(D) 885,50 —1120
86,353(s) 675,68
Sn—Te 7,88(v) 548,00 -901,5
91,69(s) 657,5
Cu Cu-—vu—"Te 20,61(v) 834,00 -1141

1/ mol.

uin ca

201

‘.

S

80

60

40 o

20

Cdidura de vaporizare AHysi sublimare AH, )0 telurut
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Tabel 2
Valorile caldurilor de vaporizare si sublimare a telurului eitate in literaturit
AH Domeniul Domeniul
caljmol de temperaturd de presiune Sursa bibliograficd
‘ ‘K tori
24.700 (v) 851,15 — 9445 K
27.260(v) - 13--760 [t
27.260(v) — 91
28.200(v) 761,15--851,13 b6
23.800(v) 900,15 - 8
34.760(s) sub punctul de topi- 107
re

in procesele de vaporizare $i sublimare, care au loc In acest caz, telurul trece din starea
fundamentald 3p, in stare de vapori. Vaporii de telur la temperaturile la care s-an fdcut de-
termindrile experimentale sint sub formi de molecule biatomice in care molecula in stare
fundamentald este 3¥g, cu o stabilitate ridicatd avind in vedere legidtura puternicd iutre
cei doi atomi in moleculd (o legdturd o si doud legituri =).

Concluzii. 1. S-a studiat variatia céldurii de vaporizare si sublimare
a telurului din sistemele Te — Te, Te — Te, Cu — Te; Sn — Te; Pb —
— Te; Cu — Sn — Te.

2. Valorile obfinute in cazul fiecaruisistem aratd modificari evidente
ale caldurii de vaporizare a telurului in toate cazurile, fatd de cea din
sistemul Te — Te.

3. Valorile caldurilor de vaporizare ale telurului din sistemele studiate
variazd in functie de natura componentilor din sistem in sensul: (Cu —
—Te) < (Sn — Te) < (Fe — Te) < Cu — dSn — Te) < (Pb — Te), cuprin-
se intre 20,610 si 4.660 cal/mol.

4. Céldura de vaporizare calculatd din datele experimentale pentru
telurul care se evapord din sistemul Te — Te, este egala cu 27 660 cal/mol
valoare foarte apropiatd de cele citate in literaturd.

5. S-a calculat In acelasi mod caldura de sublimare a telurului din
sistemul Te - Te, obtinindu-se de asemenea o valoare foarte apropiati
de valorile din literaturd si egald cu 36 810 cal/mol.

(Intral in vedaclie la 25 felvuaric [971)
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NCCNEJOBAHUE TEIVIOThI CYBJWMMALIMK M TEIMJOTHI [MAPOOBPAZOBAHMS
TEINAYPA B CHCTEMAX Te-—Te, Fe—Te, Ph—Te, Cu--"Te, Sn—Te, Cu—8n—Te

(Pesioe)

:"\BT()pbl H3YUQJAH BeJTHUHHLL, NapaKTepHLle 17 COCTAaBHBIX 2JeMEHTOB CHCTeMLL. Ha octiose
AABITeHHs 1apoB TeJAdypa B M3YdaeMbiX CHCTeMAX OlipejeleHbl TelVIOThI HﬂpOO(\pélSOBHHHSI H

C}'().’HL\IHIUH[ TEAAVPA, a4 TAKKe HX 3aBHCHMOCTL OT HPUDOIALL 37eMEHTOB, ¢ KOTOPLIMH o()pa:syeT
CHCTeMY,

STUDIES CONCERNING THE SUBLIMATION AND VAPORIZATION HEAT OF TEL-
LURIUM IN TITE Te-—Te, I'e —Te, Pb—"Te, Cu-"Te, Sn—Te, Cu-—Sn—Te Systems

(Summary)

The” paper reports the studies on the characteristic magnitudes of the component ele-
ments of the system. I'rom the vapor pressure of tellurium in the systems investigated, the
vaporization and sublimation heats of tellurium and their dependence on the nature of the
associated elements in the syvstem, are determined.



STUDIUL SPECTROFOTOMETRIC UV AI, FORMARII
HETEROPOLIANIONULUI DECAWOLFRAMODINIOBOSILICIC

GHEORGIIE MARCU si LETITIA GHIZDAVU

Consideratii generale. Flementele grupei a V-a, vanadiul si niobiul,
au proprietatea de a formain mediu acid, in prezenta radicalilor MoO3~
sau WO3~ si a unui heteroatom, heteropolicompusi ternari de tipul:

(XX W(Mo) o oM™ Oy I
carc aparfin seriei 12[1—38]. In cazul in care X = P, As, Si, Ge, B $i
M=V, n poate lua valorile: I—4, 6 si 10, iar in cazul in care X=P
s1 M=Nb, n =1 g1 2. Valoarea lui u se calculeazd prin insumarea alge-
brica a sarcinilor dispuse in interiorul anionului. Dacid chimia hetero-
policompugilor micsti care contin vanadiu a fost mult studiata [4—6],
in cazul niobiului studiile s-au oprit la determinarea colorimetricd a acestuia
sub formd de molibdoniobofesfat |7—97 ¢ sinteza unor diniobohetercpoli-
compugi [10]

In vederea completiirii seriei heteropoliwolframatilor micgti care con-
tin niobiu s-au extins studiile asupra unor compusi noi, wolframoniobosi-
licatii. In lucrarea de fatd s-au studiat si determinat conditiile de formare
in solutie a compusului decawolframodiniobosilicic in functie de concentra-
tie, pH, temperaturd si timp precum $i stoechiometria reactiei de for-
mare, folosind metoda spectrofotometrica.

Partea experimentali. Ca solutii de plecare s-au folosit serii de solutii de wolfra-
mat de sodin, silicat de potasiu si niobat de potasin de concentratii: 1073 ¢i 5 - 10733
in prezentd de HCIO, 1 M. Prepararea solutiilor de niobat de potasin gi silicat de potasin
s-a deseris Intr-o lucrare anterioard [11]. Misuritorile s-an  efectuat cu un spectrofotometru
VU lan =265 mp si 275 my, folosind cuve de 0,5 cem.

1. Studiul solutiilor eu raportul W :Si: Nb .- 10: 1:2 in functie de pH, timp i tem-
peraturd,

Deoarece la formarea heteropolicompusilor, pH-ul st timpul de reactie sint doi factori
foarte importanti de care trebuie si se find cont, s-a urmirit stabilirea pH-ului optim de
formare a anionului wolframoniobosilicie, precum §i cinetica sa de formare. In acest scop
s-an pregdtit amestecuri de soluyii de woliramat de sodin, silicat de potasiu si niobat de po-
tasiu in concentratie de 10733 i &1, 2-107% M in Nb ¢i 1072 M in W la urnmittoarele pH-uri:
0,20, 0,85; 1,05; 1,25; 1,78; 2,18; 2,57; 3,28; 8,77; 4,38; si 5,24, Stabilirea pH-uri-
lor solujiilor s-a facut cu IICIO, 1 M, iar mdsurarea lor s-a efectuat cu ajutorul unui pH-
metru MV —11. Pentrn urmirirea variatiei extinctiei §i a stabilitdatii solutiilor fn timp, mi-
suritorile s-au efectuat dupd 2 ore de la pregitirea probelor, dupi 5 ore, 24 de ore, in
continuare zilnic timp de 7 zile si apoi dupd 30 de zile. (fig. 1). Solutiile rdmin limpezi citva
timp chiar si la pH - 1, ceca ce atestd formarea unei combinatii stabile in mediu acid, deci o
puternici legare a niobiului in heteropolianion. Ixaminind curbele de formare a combinatiei
la pH > 1, se observd ca extinctia maximd se atinge numai dupd 4 zile, ceea ce insecamnd ci
la tempertura camerei reactia este destul de lentd, echilibrul stabilindu-se in timp, lucru de
altfel cunoscut pentru solutiile de woliramafi. Dupd aceea maximul extinctiei se deplaseazi in
timp cdtre pH = 1,73 dupid 7 zile si riimine constant i dupd 30 de zile (curba 3).

In concluzie pH-ul optim de formare al anionului wolframoniobosilicie  este 1,73 eind
acesta prezinta i stabilitatea maximi.

Prin fucdlzirea solutiilor de compozifie 10W - Si -+ 2Nb, heteropolicombinatia se for-
meazd mai rapid. Daced in formarea la temperatura  camerei i pH -: 1,73 maximul extinctiel
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I'ig. 1. Creslerea extinctiel amesteculud de so- T"ig. 2. Cresterea extinctiei a-
Tatii cu raportul Wi Si: Nb - 10:1:2 in functie mestecului de solutii cu raportul
de pH si timp. molar 10W - 2Nb -+ 181 la fier-
o= 285my, cuva de 0,5em. 1 — dupd 2 ore; bere in functie de pH si timp
2 — dupd 5 ore; 3 — dupd 2 zile; 4 — dupi 4 (% = 265my, cuva 0,5 cm), 1 —du-
zile; 5 - dupl 7 zile. pi 4 ore; 2 — dupd 24 ore.

se atinge dupil o sdptdming, in  cazul incdlzirii solutiilor la 70~ timp de 30 minute maximul
extincfiei se atinge dupi 3 zile, far prin incdlzire in apd clocotindi timp de 30 de minute
maximul extinetiei se atinge dupd numai 24 de ore (fig. 2). Deci pentrn obtinerea acidului
decawolframodiniobosilicic  este necesar s& se lucreze la cald si pH = 1,73.

2. Determinarca vaportului de combinave W :Si: Nb. Pentru determinarea compozitiei hete-
ropolianionului in solutie s-a folosit metoda rapoartelor molare [12], varianta de titrare
spectrofotometrica.

2.a. Titrarea spectrofotometricd  a  amestecului  silicat si wniobat cu wolframat.  Practic
s-aun preparat o serie de solufii de concentratie 1073 in 8i, 2 - 1073M in Nb si concentratie
variabild de W:0 — 5§ - 1072M a cdror pH a fost stabilit la valoarea 1,73 cu HCIO, 1 M.
Pentru atingerea echilibrului, solutiile s-au pastrat la temperatura camerei 7 zile. Extinctia a fost
misuratd la 265 i 275 my cu o cuva de 0,5 em. si s-an trasat curbele E = £ (W/Si) (curbele 1 i
2 fig. 3)

Din fig. 3 se observd un singur punct de intersectie corespunzitor raportului W: Si -
== 10: 1, de la care extincfia incepe si creascd putin datoritd excesului de W care absoarbe la
aceastd lungime de undd. Rezultate identice s-au obtinut si in cazul unor solutii mai concen-
trate: Si e 5« 1073 ; 10720

2.b. Titravea  spectrofotometvicd  a  awinesteculue de wolframat si silicat cu nivbat de po-
tasiu. S-au preparat o serie de solutii de concentratie 1073 M in Si, 1072M in W i 0—4 - 1073M
in Xb care au fost aduse la pH == 1,73 cu HCIO, 1M si lisate in repaus timp de 7 zile la tempe-
ratura camerei, pentru atingerea cchilibrului. Din reprezentarea grafici E = {{Nb/Si) (fig.4,
curbele | gi 2} se observd un punct de intersectie net pentru raportul Nb: Si = 2, urmat de un
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palier orizontal, excesul de Nb nefiind absorbant in aceste condifii de pH si la aceastd lungi-
me de unda. )

Prepararea acestui heteropoliacid si a sarurilor sale {117, a cdror analizd stabileste raportul
W/ND == 5 $i Nb/Si == 2, confirmd formarea ¢i existenta anionului decawolframodiniobosili-
cic in solutie.

(Intrat in redactie la 15 martie 1974)
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CMEKTPOPOTOMETPUUECKOE Y& UCC/IEJOBAHME OBPA3OBAHMSA OEKABO/Ib-
GPAMOIUHHUOBOKPEMHHMEBOTO TETEPOITOJIMAHHMOHA

(Pe3ioxme)

ABTOPL ONpeeHAH VCA0BHA 00pasoBanus B PavtBope BOALGPAMOHHOGOKPEMIUEBOTO
AHHOHA B 3aBHCHMOCTH OT KoHueuTpaund, pH, rtenmeparypnl # spemenn. Onthmanbupii pH
06pa3obaHHst H YCTOIYMBOCTH aHHOHA paBusietcsi 1,73. DKCTHHKUHS CMECH KOMITOHEHTOB i1pH
stom pH aBasercs vakcumanbrol yepes 7 asell npu KOMHATHOI TeMmepartype H uepes 24 uaca
npu 90°. [TyTtem cnexTpoOTOMETPHYECKOrO THTPOBAHHS ONDeIeNIeHO OTHOLIEHHe KOMOHHHPO-

padust 10 W 18i: 2Nb B u3yyaeMoM COeJHHeHHH, NOATBEDKIEHHOE M JIEMEHTADHLIM XHMH-
HeCKHM dHANHAO0M.

SPECTROPHOTOMETRIC UV STUDY ON THE DECAWOLFRAMODINIOBOSILIC
HETEROPOLYANION FORMATION

(Summary)

The formation conditions of the wolframoniobosilic anion in solution were determin-

ed, in respect with the concentration, pH, temperature, time. The optimal pH of for-
mation and stability of the anion is 1.73. The extinction of the mixture components at
this pH reaches its highest value after 7 days at room temperature, and after 24 hours
at 90°. By spectrophotometric titration the combination ratio was determined as 10W :1

Si: 2Nb in the combination investigated, which was also confirmed by elementary chemical
analysis.

4 — Chimie—Tehnologie chimica



KINETICS OF AQUATION OF [Co(en),Br(benzylamine) *~ IN ACID
MEDIUM

Acad. RALUCA RIPAN and MARIA VARHELYI*

Salts derived from the complex ion [Co(en),Cl(benzylamine) 2+ were
first obtained by Meisenheimer and Kiderlen [1] starting
from praseo-chloride and benzylamine.

In this paper the analogous bromo-benzylamine derivative is des-
cribed and the aquation kinetics of this complex investigated.

The above mentioned complex is formed according to the following
scheme :
trans-[Co(en),Br, ]Br 4 benzylamine = cis — [Co(en), Br(benzylamine) |Br, (1)

The IR spectrum of [Co(en),Br(benzylamine)](NO,), is given in fig. 1.

This spectrum enables to choose between the cis and trans geometric
configurations, viz. on the basis of the CH, rocking frequencies of the co-
balt-ethylenediamine rings. These frequencies are presented in table 1 for
[Co(en),Br(benzylamine) J(NO,), as compared to some alkylamine deriva-
tives examined by Baldwin [2] and by Chan [3,4]. Baldwin
observed that the most consistent differences between the spectra of cis
and trans isomers of [Co(en),XVY]X appear in the CH,-rocking region,
ie. 870 — 900 cm—?. Here complexes with a cis-configuration show two
baunds, while those with trans-structure show one. The splitting of the
ir. band in this region arises from the lower symmetry of the cis-isomer.
Since in the 870—900 cm~! region two rocking frequencies appear, the
studied complex must be of the cis-configuration.

The 508 and 470 cm~! (m) absorption bands, which appear in the
case of [Co(NH,)e]Clg, too, can be assigned probably to the Co-N stretch
which is consistent with the covalent character of the Co—N bond. In the
3300—3100 cm~? region appear three 'N—H stretching bands 3300 (m),
3180—3240 cm-? (s) shifted with 200—250 cm~ towards lower frequen-
cles as compared with the free non coordinated amines. The position of
these bands is indicative of the strong covalent character of the Co-N bond.

Cis ~ ko fen), Br(benzylomme)] {NOs)

donze £o)

Tranan
%23
&
\i

_‘__J

|
|
i
\
i
E B 2300 e 060 500 100

Vove th’* (e

Fig. 1. IR spectrum of cis-[Co{en),Br{benzylamine) (NO,),.

* Part of the thesis,
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Table 71

CH, — rocking frequencies (¢m—1} in the infrared speetra ol some [Co(en), XY|X type complexes

Formula Frequency References
trans-{Co(en},CH{NH,) }(ClO,), 888 2
trans-i Colen)(NH,) (H,0) {(NO,), 888 2
cis-[Co(en),Cl(n-propylamine) |Cl, 891 873 3
cis- [Colen),Cl{pyridine) }(NO,), 901 888 6
cis- "Co(en),Br(benzylamine) 1(NO,), t 901 877 this paper

In aqueous solutions of the [Co(en),Br(beunzylamine) (NQ,), the fol-
lowing ligand exchange reaction takes place:

[Co(en),Br{benzylamine) * + H,0 =
= [Co(en),(H,O)(benzylamine) * + Br- (2)

The bromide ion is replaced by a water molecule in an apparently
first order reaction.

The aquation kinetics of the bromo-pentamine type complexes was
very little studied, as compared to the analogous chloroderivatives. A
thorough study of the acid and basic hydrolysis of some complexes of
(Co(en),Cl{amine) 2* and ,Co(en),Br(amine) > types showed the ratio of
the aquation rate of the bromo- and chloro-pentamines to equal 2,5—3.5.
These results are consistent with the observations concerning the aqua-
tion of trans- {Co(en),Cl,] and trans-[Co(en),Br,] 4,5

In the present paper the substitution of Br- ions from Co(en),Br-

(benzylamine} | (NO,), has been followed by titration with a silver nit-
rate solution. The plot of log ¢ against

time showed a good linearity, which : e
cnabled us to derive apparent first or-
der rate constants. The influence of per-

chloric acid upon the reaction rate has

becn studied. The influence is the same ,;‘.
as in the case of the [Co(en),Cl{amine) 2"

(amine = pyiidine, picoline [G]. type
complexes, i.e. the rate constant decrea- 3
ses with increasing acidity, until [H ]
reaches the value of about 10-3 M,

and the remains practically constant in 3
spite of further increases in [H ). This
effect is illustrated in fig. 2. ik
In addition the influence of the : , .
temperature has been studied in order ! 2 } N

to derive act1va1,:10n en'thal.py and en- Fig 2. Influence of perchloric acid
tropy values. The kinetic runs for upon the rate of reaction (2)t = 65°C,
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—  this purpose have been car-
ried out in solutions with
H ]=3-10-3—10-*M
at the constant ionic
strength of p = 0.1 M, by
five temperatures: 40 —
— 85 — 60 — 65 and 75°.
The graphical plot of log
cofc versus time for several

runs is given in fig. 3.

As seen from these fi-
gures good linearity is ob-
served at the beginning of
the aquation, but at higher
! conversion degrees negati-
| ve deviations appear, indi-
cating the reversible cha-

Fig 3. Determination of the first order rate constants :
acter of th uation
of reaction (2) at [H+] = 2 - 107°M. I the aq

reaction, reported also by
Chan et al. in the case of other [Co(en),Br(amine)]*" type complexes.

From the slopes of the straight lines, corresponding to the linear por-
tion of the log cyfc versus time curves, first order rate constants have
been calculated. Mean values of these rate constants are given in table 2.

Table 2

First order rate constants of reaetion (2) in acid solutions for {Co{en), Br (henzylamine)]**

t°¢  [H+1-109 k- 108 o0 [H+7 - 100 k- 105 gy [l
40 1 0,410 60 1 7.1
2 0,526 2 5.04 450
3 4.97
3 0.552 10 492 (40°)
10 0.575 96 5.01
65 1 9.0 4.1
20 0.557 2 8.58 (50°)
3 8.63
55 1 3.60 10 8.50
2 2.98 96 8.57 3.87
3 2.85 75° 1 28.2 (607
2 24.1
10 2.88 3 23.3 3.50
20 2,92 10 23.6 (7075
96 23,2

* Data for [Co(en),Cl (benzylamine)}*t taken from Rei, [7].



REACTION OF [Co(en):xv] COMPLEXES 53

The plot of log k . S e
against 1/T shows good ’
linearity, as seen in 79r
fig. 4. By means of the
least square method, the 75k
following activation en-
thalpy and entropy va- 2
lues have been calculat- eo b
ed:
AH+ =22 -6+ 0.3 By
kcal/mole ; o o Yoo’
756 75 306 36 3%

ASF = 107 + 1.2 e.u.
Fig. 4. Determination of the activation enthalpy and

Frrors have been entropy of reaction (2) in acid solutions.
calculated in the usual
statistical way, on the basis of the standard deviations, using tabulated
te.es values.

By comparing the kinetic behaviour of the [Co(en),Br(benzylamine)]?"
studied with that of the analogous chloro-complex: [Co(en),Cl(benzyla-
mine) J2° [7] one can see that the aquation rate of the bromo-derivative
is about 3.5 times larger than that of the chloro-derivative. This is in ag-
reement with the above mentioned literature data concerning the aqua-
tion of bromo- and chloro-complexes.

The activation enthalpy value is smaller for the bromoderivative than
for the corresponding {Co(en),Cl{benzylamine)}? .

This can be explained easily il we assume an Sx 1 mechanism for the
aquation reaction. In this case only bond breaking is involved in the for-
mation of the transition complex, and so the activation enthalpies are
expected to be in the order Br < Cl, i.e. the same as for the dissociation
energies of the Co-Br and Co-Cl bonds. The assumed Sy I mechanism is
consistent also with the obtained small negative entropy value (AS¥).
The dissociation of Br leads to the increase of the electrical charge of the com-
plex ion, which intensifies the hydration.

Experimental. Synthesis of cis-[Co(eny,Bribenzylamine) (NOg), + 42 g (0.1 mole} trans-
{Cofen),Bry 1Br, completely acid free, are dissolved in 150 ml water and 11 g (0.1 mole benzyla-
mine are added, drop by drop, under permanent stirring. The yellow-green solution becomes
gradually violet-red. After standing about 1 —11/2 hrs it is filtered and mixed with a concentra-
ted aqueous solution of NH, - NO, . After a short time a brilliant reddish-violet precipitate,
consisting of irregular plates, appears. After 1015 minutes the complex salt is filtered,
washed with ice water and dried in air. Yield: 60-—65%,.

Analysis : Found Co 12.15 Br 16.18 XNO, 24.90
Caled.for Co(CyHgN,),Br{CeH;—CH, — NH,(NO,),(mol.wt.caled. 490.0)
Co 12.03 Br 16.31 NO, 25.32
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Kinetic measuvements : The weighed samples of the complex salt (4 - 10 33 were
dissolved at the desired temperature in distilled water, the wanted acidity and ionic strength
of the solution were realized with HCIO, and NaNO, solutions (all prelieated to the tem-
perature of the experiment. The liberation of Br™ ions was followed by potientiometric
titration. 10 ml samples were cooled quickly to 0°C, 20 ml 0.1 M HXNO, was added (cooled to
0°C, too) and the bromide jon was titrated with 0.01 M AgNO, solution, using a silver
wire as indicator electrode,

{Received March 19, 1974)
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CINETICA DE ACVATIE A COMPLEXULUI [Co(en),Br(benzilamind) 2+ IN MEDIU
ACID

(REZUMAT)

Se descrie sinteza complexului [Co(en),Br(benzilamind) J(NQ,),. Se studiazd cinetica de
acvatie a ionului  [Co(en),Br(benzilamini) 2+ in mediu acid.

KHUHETHKA AKBAIIMHM KOMIVIEKCA [Co(en),Br(Gensuitamuu) |2+ B
KHMCNION CPEJE

(Peswe)

Onucan cuiTe3 xoniekca [Co(en),Br(Gensuaavun) J(NQ,),. M3vyaiach KHHeTHKa akBaunu
nona {Cofen),Br (6enanaamun)]** B kucaol cpele.



ELECTROOXIDAREA ALCOOLILOR INFERIORI (V)
Oxidarea alcoolului etilic si n-propilic pe anod de Pd—Cu

E. SCHIMDT, L. ONICIU si U. HABERPURSCH

Lucrarea continud cercetdrile anterioare [1—3] si urmdreste electro-
oxidarea alcoolului etilic si n-propilic pe electrodul poros de Pd—Cu in
mediu alcalin.

Comportarea anodicd a acestor alcooli a fost studiatd de diversi autori
pe metale platinice [4—7]).

1.Condifii de lueru. S-a folosit un electrod poros de compozitie 90% Pd — 10% Cu
obtinut prin presare la ~2 000 kgffem? a unui amestec de pulbere de Cu si Pd de aceeagi gra-
nulatie, descris intr-o lucrare anterioard [2]. Ca electrolit s-a folosit 0 solufie apoasd de KOH
cate continea combustibilul (etanol san n-propanol) in diferite concentratii.

Modificarea polarizirii electrodului s-a realizat intr-un circuit de electrolizd [2]. De-
termindrile s-au efectuat in regim izoterm gi de agitare constanti.

2. Rezultate experimentale. Discutii. S-a urmirit influenta diversilor
factori (concentratia alcoolilor, concentrajia electrolitului §i temperatura)
asupra formei si pozifiel curbelor de polarizare.

In figurile 1—3 sint redate curbele de polarizare la oxidarea anodici
a etanolului la diverse concentratii de KOH si etanol si la trei temperatu-
11 diferite.

Se observd ca toate curbele prezintd doud paliere care devin mai pro-
nunjate si apar la intensitaji de curent mai ridicate, o datd cu cresterea
concentragiei etanolului si a hidroxidului de potasiu.

In tabelul 1 figureazi variajia potentialului stafionar ¢, (mV) la I =0,
in functie de concentrajia etanolului ¢i a hidroxidului. Se constatd ci
potentialul stationar cel mai negativ este obfinut in solufia cu compozitia :

.
(m\//t-:Nr«l)mL ) / e T

i
- /
'300 ,.-’ /

4

|
e ae CHa0H OIM
o b= CyHy0H 056 | KO BN
s CmCHyOH M [ 1237
d = CHg 04 25M
-5m
R

) ) o] 200 YA

Fig. 1. Curbe de polarizare la oxidarea anodicd a etanolului la diferite coucentratii de
etanol.
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Fig 2 Curbe de polarizare la oxidarea anodicd a etanolului la diferite concentrajii de
hidroxid de potasiu,

GUTV/ENH) g —_/_’c// / }
C

- oce
‘; ;Zé CaHsOH 25M
L ] KoM SN
T T T T AT T T E3) 33 )
iV

Fig. 3. Curbe de polarizare la oxidarea anodici a etanolului in funcfie de tcemperaturd.

Tabel 1

Conc. etanol Conc. KOH) t°C etanol
(nol/ HKOH o, (mV) molf1) oy (V) 2,5M KOH wy (mV)

M etanol 2,5M G M

0,1 — 178 0,5 —309 23 — 680

0,5 - 194 2,0 -~ 350 35 —705

1,0 —391 4,0 404 15 736

2,5 — 680 6,0 — 680
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Tabel 2 J - .
*1(\/‘)
2.7
. . c
% AnF i //" /
(mV) (keal/mol) 05 {1 /
/| .
~~ —
¢//' —
03 —
600 29,76 {/ —
550 27,67 /l _/'/ afZSZE.[ 4R 25M
500 30,5 A b=13C o
450 31,4 ﬂ‘(/ ety
350 1037 T T TR W
~300 11,16 T
- 250 12,22
- 200 9,22 Fig 4. Variaia supratensiunii in functie de densitatea
— 130 9,97 de curent la diferite temperaturi pentru solutia 2,83
C,H,0H +© KOH 6M.

C,H,0H 2,5M + KOH 6M. Tot aici se observa ca intensitatea limitd (pri-
mul palier) are valoarea cea mai mare la potentialul cel mai negativ dintre
toate solutiile studiate, tocmai ceea ce se urmdreste intr-o pild de combustie.

Pentru aceastd solujie s-a urmirit influenfa temperaturii (fig. 3).
Cea mai micd polarizatie si totodatd curentul limitd cel mai mare se ob-
tine conform asteptdrilor, la 45°C (fig. 4). Totusi valorile densitdfilor de
curent aparente limitd obtinute pe electrodul Pd—Cu (909% —10%) sint
mai mici, adicd performantele sint mai slabe decit cele ale electrodului de
platind [6—~7].

Din fig. 2 s-au calculat entalpiile de activare aparente (AH¥) pentru
diferite potentiale dinamice ¢ redate in tabelul 2.

Aceste date duc la concluzia cd procesul global de oxidare la inceput
(pina la primul palier) este controlat de transferul de sarcini, iarinzona
palierului avemn o limitare datoratd difuziei s$i poate adsorbtici unor in-
termediari.

Trasind graficul supratensiune-log 1 se obfine o variafie lineard pentru
prima portiune ascendentd a curbei de polarizare (fig. 5; exceptie masurd-
torile la 25°C).

Panta Tafel calculata (tab. 3) corespunde la un transfer monoelectronic
in concordantd cu alte studii pe electrod de platind si pentru care autorii
au propus un mecanism de dehidrogenare urmat de oxidarea rapidi a hidro-
genului format [8].

In tabelul 3 sint trecute si densitatile curentilor de sdmnb i,
prin extrapolarea pantei Tafel la w =0

Au fost determinate de asemenea curbele de polarizarve ale n-propano-
lului. Desi solubilitatea acestui alcool in apd este nelimitatd, in solutii
apoase de KOH ea scade considerabil. De aceea s-a lucrat cu solutii de n-pro-
panol ~0,5 M si KOH 6 M.

obtinute
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P e Tabel 3
e
3'25°C1c HsOH 25M ' -
: _qeon LGS = . . . N
o ?;So;j KOH 6M /r } t7C b(V) i iy (Afem?)
]
]
ot i 25 0,176 6,92 - 1075
- 35 0,192 1,99 - 1074
45 0,142 7,58 - 1074
02
S-a urmadrit influenfa tem-
¢

peraturii asupra curbelor de
polarizare (fig. 6). Urméarind
aceste curbe se constatd cid
la temperatura de 25°C nu
are loc oxidarea n-propanolului. La celelalte temperaturi curbele pre-
zintd numaiun palier iar in zona ascendentd o variatie lineard intre supra-
tensiune si log 1 (fig. 7), gasindu-se la 35 si 45°C pante Tafel de 0,104
respectiv 0,118V, ceea ce corespunde unui transfer monoelectronic. In
tabelul 4 sint redate valorile potentialelor stationare in functie de tem-
peraturd. Se observd o variajie mare a lor spre deosebire de solutia
de etanol 2,5 M.

Trebuie mentionat faptul cd atit potentialul stationar cit si potentia-
lele dinamice se stabilizeazd mult mai incet decit la metanol si etanol,
iar reproductibilitatea lor este slabd.

Fig. 5. Reprezentdri Tafel.

3. Coneluzii. Din cercetdrile intreprinse asupra oxiddrii anodice a
alcoolilor inferiori pe electrodul poros de Pd—Cu (909, —109%) in electrolit
alcalin rezultd cd:

— electroactivitatea alcoolilor scade cu cresterea numdrului de atomi
de carbon in moleculd in concordantd cu unele studii pe alfi electrozi;

e

o 3op | PCHOH st (05 M)
¢ 50| KOH BN

d =55°C

|
| E—

X0 %0700 T Ay

I'iyg. 6. Curbe de polarizare la oxidarea anodicd a u-propanolului la diferite temperaturi.
¥ I
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Tabel 4 T T
2 {v}
06
a=35°C) nC;K,0M sat{~(5M)
bwi5°C ) KOH 6M
t°C propanol g 04
0,5M - KO 6M (m\)
a2t
25 —217
35 —~28(3‘ ol pc
45 415 igi{A /)
55 - 742
I"ig 7. Reprezentari Tafel

- din valorile entalpiilor de activare aparente se poate presupune ci

in intervalul — 600 — (— 400) mV transferul de sarcind este etapa
determinantd de viteza;
i panta Tafel calculatd pentru prima zond ascendentd a curbclor
de polzm/aro a tuturor alcoolilor studiati, corespunde la un transfer mono-
electronic sugerind c¢d si pe acest clectrod are loc un mecanism de dehidro-
genare urmat de oxidarea hidrogenului format

(dntrat in reductie la 21 martie [97.1)
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SJAEKTPOOKHCIAEHHWME HU3WNX CIIHMPTOB (V)
OKucaenue 3mui0s0e0 1 H-RPORUI06020 Crupma Ha unode Pd —Cu
(Peswone)

Hayyanoch 3JeKTPOOKHCAEH e 3TAROMA U H-1IPOIAHOIA HA [TOPHCTOM 3jeKkTpote Pd—Cu b
LeJOUHOoN cpeje. ABTODBI NPOCIEKHBANN BAHSHHE KOHUEHTPALUMH CIHPTOB, 3JEKTPOJSHTA If
TEMHEPATYPbl HA NOJMAPH3AIHOHHBIE KPHBbIe H BBIUHCJAHAH Ka’KVULHECsS! IHTAMbIHU aKTHBALHH
IPH OKHCAEHHH CHHPTOB.

YCTaHOBAGHO, YTO 3JMEKTPOAKTHBHOCTbL CITHPTOB criagaer ¢ poctoy yucaa atomo C B Mo-
JeKylle B COOTBETCTBHH C APYTHMH HCCIe0BAHUSME,
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ELECTRO-OXVYDATION DES ALCOOLS INFERIEURS (V)
Oxydation des alcools éthylique ot n-propylique suv I’ anode de Pd—Cu

(Résumé)

On a étudi¢ 1'électro-oxydation de l'éthuanol et du n-propanol sur l'dlectrode poreuse
de Pd-Cu en milieu alcalin. On a observé linfluence de la concentration des alcools, de
Vélectrolyte et de la température sur les courbes de polarisation et I'on a calculé les enthal-
pies d’activation apparentes a 1l'oxydation des alcools.

On a constaté que l'électro-activité des alcools décroit avec le nombre d’atomes de
C dans la molécule de 1'alcool, en concordance avec d’autres recherches.



DERIVATIVES OF FURAN (XII)*
On the bromination of 2-furyl (2') — benzothiazole

VALER FARCISAN, FLORICA PAIU and 1ULIU MESTER
By reacting 2-furyl(2’)-benzothiazole (I) with bromine, the 2—[5'-

-bromofuryl (2')] — benzothiazole (I1I) was obtained [2]. We considered of
interest to find out if in this reaction

Ra
/(\( > [)»_Mlz&l
R s
I: Ry =R, =Ry =H. IT: R, = Br; R, = R; = H.
V:R;,=Ry;=H,; R, = Br. VI: R, =R, =H; R; = Br.
VII: Ry = R, = Br; R; = H. VIIT: R, = Ry = Br; R, = H.
IX: R, = H; R, = R; = Br. X: R, =R,=R,;=Br
_N
oD
" -y
II1: R =H; IV: R = Br

no other bromo derivatives were formed, taking into account particu-
larly the work of Bogert and Abrahamson [3] which shows that
in similar conditions the 2-phenyl-benzothiazole (III) — an analogous of
I — is brominated in the benzothiazole ring, namely at the 6-position to
afford the 2-phenyl-6-bromo-benzothiazole (IV).

With this aim in view we prepared the series of bromo derivatives
which in principle are more likely to be obtained by the bromination
of I, namely II, the 2-furyl(2')-4-bromo-benzothiazole (V) (4], 2-furyl
(2')—6—bromo-benzothia7ole (VI) (5], 2-5-bromofuryl{2’)]-4-bromo- ben-
zothiazole (VII), 2-[{5-bromofuryl(2’)]-6-bromo-benzothiazole  (VIII).
2—fury](2’)—4,6-dibromoben/othlﬂ/ok (IX) and 2-75-bromofuryl(2’)]-4,6-
dibromo-henzothiazole (X).

The compounds IT {2}, V [4] and VI [5] were described in our earlier
works. For the sy nthesis of I1X the 2.4-dibromofuranilide (XI) was thio-
nated to afford the 2.4-dibromo-thiofuranilide (XII) which was then oxi-
dized yielding the 2-furyl(2')-4.6-dibromo-benzothiazole (IX). Dircct
halogenation of V, VI and IX gave rise to VII, VIII and X.

* Part XI see [1].
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By comparing the thin layer chro-
matograma of this compounds with that
of the crude product (A) obtained when

o I is brominated in the conditions des-
° cribed in another paper [57 (sec
fig. 1}, it is obvious that exclusively 11
o and VI may be supposed as reaction
products with unimpaired furan and
benzothiazole rings. But the obtention
A v v ow o o x of VI is very qnlikely owing to the much
- ~+  higher reactivity of 5-position as com-
IFig. 1. Thin layer chromatogram of pared to 6 one in the Z-furyl(Q’)-benzo—
compounds 11, IV, VI, VIT, VI IX, X thiazole (I). Thus it may be concluded
and the crude mndu(‘t A, on silicagel G that by the bromination of I ouly 2- [5,~
Merck ; developing solvent toluene: car- o ) o S AT
hontetrachloride 9:1; indicator: phospho- })T01110f11}}1(2 ) J-benzothiazole (1) is for-
molihdenie acid, med. Evidently no degradation products
were considered. In order to realize
why substitution does not cocur at the G-position, we investigated more
thoroughly this reaction.

By reacting 2-furyl(2')-benzothiazole (I} with bromine at rocm tempe-
rature in the conditions given in the experimental section, a red-orange
product may be isolated. This one is rather unstable and by boiling with
glacial acetic acid, water or if is macerated with 29, metabisulfite loses ha-
logen to afford in very good yield 11, Thus was proved that the red-orange
product is an intermediate in the synthesis of 2-758-bromofuryl(2’) J-ben-
zothiazole (1I).

The analytical data enable us to ascribe the formula XTII for this
intermediate.

Indeed XIIT contains four bromino atoms. Iodometric determination points
out two ,,available” bromines. If XIII is exhaustively macerated with a
diluted solution of metabisulfite, Il is obtained almost quantitatively and
in the solution three bromide ions — | reductible” bromine — may be
determined.

Attempts to study the electronic spectrum of this compound were
unsuccessful ; XIII is not stable in the conditions required for the'recording.

This formula is supported also by the known behaviour of the benzothia-
zoles and of the furans. Thus the benzothiazoles react with bromine, to
supply charge-transfer complexe [6, 7, 8. Presumably the substitutions
in the furans take place initially with 2.5-addition followed by elimination [9],
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With this data in view let us examine the bromination of I and III,
looked on as 2-substituted derivatives of benzothiazole (XIV).

In the given conditions the halogenation of XIV is an electrophilic sub-
stitution.

It is also known that in benzothiazole the electronic effects are easy
transmitted from 2 — to the 6-position [10].

By III the electrophilic attack involve a benzothiazole substituted
in the 2- position with the phenyl, which may increase the electronic den-
sity in the 6-position and thus to promote the substitution. In the other
case the attack of the electrophile in the 6-position is not supported by
I but by the intermediate XIII. Here the substitution in the mentioned
position is handicaped by the presence in the 2-one of the 2.5-dibromo-
dihydrofury! group with obvicus electron attracting nature.

This considerations supply a plausible, of course not exhaustive, ¢xpla-
nation for the difference ohserved if T and IIT are reacted with bromine.

Experimental. The m.p. were determined in capillaries and are uncorrected. For the
recording of IR spectra a double beam spectrophotometer Carl Zeiss Jena type UR—10
was used; the substances were prepared as KBr pellets. The elemental analyses were car-
ried out at the Institute of Chemistry, Cluj Str. Donath 65.

The new compounds obtained by our methods elaborated for similar compounds in
previous papers [4,5°, are presented in Table 1.

2 [ — Bromofuryl(2') -benzothiazole (11). aj From I in the conditions described in
another paper /5/.

b) 0.3267 g XII1 were macerated several times on a sintered glass funnel with 10—15
ml 29, sodium metabisulfite and filtered by suction. The residue was thoronghly washed
with water yielding 0,2037 g (98 - 59) crude product {m.p. 123°C). Recrystallization from
ethanol afforded the pure substance m.p. 127 C. The IR spectrum of this product is iden-
tical with that of I obtained in the conditions described above.

IR : 769, 910, 1018, 1238, 1320, 1470, 1510 cm—?o,

Intermediate X111, To a solution of 0.5 g T in 15 ml anhydrous chloroform, 0.25 ml
bromine were added at room temperature and the mixtare stirred for 15 minutes. Then
once more 0.25 ml bromine were added the mixture stirred again for 15 minutes and allo-
wed in the dark for 24 hours.

The precipitate was filtered and washed with 60 ml anliydrous chloroform. During the
filtration a device was used to avoid the acces of water vapours. The precipitate was dried
in a desiccator with sodium hydroxide and paraffin. This 0.5 g (30.6%) red-orange pure
product was obtained XIII shows not sharp m.p.

The water vapours, the heating and the light decompose the substance. Attempts
to obtain solutions of XIII failed.

C,H,Br, NOS (520 - 90). Caled. N 2.66; Found N 2.9

Determination of bromine

a) Todoswetric determination (,,available” bromine)

0.2 g XIIT were treated with 15 ml of 409 potassium iodide, 15 ml 5 N acetic acid
and heated on the steam-bath for 30 minutes after cooling was titrated with N/10 sodium
thiosulfate.

Calculated for 2 Br 30.71: Found 30.2

b) Gravimetvic detersnination of browide don (, reductible’” bromine). 0.2 g XIII was
macerated with 30 ml 2% sodium metabisulfite in a mortar. The mixture was quanti-



New compounds

Solvent used

, . Strating . l
¥ ~ P t=l ) * 3 ot -
Product obtained substances Method for recry stalli ‘
zation |
|
2.4-Dibromo-furanilide 2.4-Dibro-
(XT) mo aniline
and furoyl a Iithanol
chloride
2.4-Dibromo-thiofuranilide X1 I Ethanol
(X1I)
2-Furvl{2)-4.6.-dibromobenzo-
thiazole (IX) XI11 c Fthanol
2-15"-Bromofuryl(2’) I-4-bromo- Vid d Ethanol and
-benzothiazole then glacial
(VII) acetic acid
2-15"-Bromofuryv{(2’}) }-6-bromo- Ethanol and
-benzothiazole V15 d then glacial
(VIII) acetic acid
2-[5-Bromofuryl(2’) -4.6-dibromo- Ethanol and
benzothiazole (X) X d then glacial
acetic acid
* see the metheds for similar compounds: a 4 b 4, ¢ 475 d 15



Table 1

, L Formula Analysis
I\IdtmégC point (Molecular
weight) Calculated %, | Found 9%
| ¢, H,B1,NO, C 3840 | C 3840
(344.00) H 1.75 H 2.0
i 115
| .
12 CLHBr,NOS | ¢ 3669 | C 367
i {360.10) H 1.67 )=t 2.2
| C 3676 | C 369
| 176 ¢ H,Br,NOS H 1.40 H 1.6
| {358.10) N 3.91 N 4.1
154 CoHBr,NOS | C 3676 |C 363
| (358.10) H 140 | H 1.4
| N 381 | M 42
| Br 44.63 | Br 445
C H,Br,NOS ¢ 3676 | C 371
195 (358.10) H 140 | H 16
N 3.91 N 4.2
Br 44.63 Br 44.5
C,,H,Br,NOS ¢ 30.16 C 29.6
190 H 0.91 H 1.3
; Br 5476 | Br 549
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tatively poured into a beaker by washing with 20 ml 29 sodinm metabisulfite and warmed

on the steam- bath for 30 minutes. Then was filtered in a 200 ml calibrated flask, the resi-

due washed thoroughly with water, and the flask completed to quota. 50 ml samples were

taken and the bromide determined gravimetrically with silver nitrate in the usual manner.
Calculated for 3 BY 46.03; Found 46.1

( Received March 25, 1974)
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DERIVATI AL FURANULUIL (XIT)
Despre bromuravea 2-furil (27 benzliazolului

(Rezum at)

Se studiazi detaliat bromurarea 2-furil(2’) benztiazolulni (D). Comparind cromatogra-
ma in strat subtire a compusilor II, V, VI, VII, VIII, IX $i a produsului brat ohtinat la bro-
murarea lui 1, se ajunge la concluzia ci 11 este singurul produs de bromurare cu ciclurile
intacte. Se izoleazd un intermediar XTIT care oferd o explicatie a faptului ¢& in cazul lui
I nu are loc halogenarea in pozitia 6.

NPOU3BOIAHDBIE ®YPAHA (X1D)
0 bpostuposaniu 2-pypir (2') Gensmuasou

(Pesone)

[Moapobuo u3yuatocs Oposupopante 2«bypra(2) censruatoia (I). CpaBuHBas TOHKOCI0M-
Hyto xpomatorpanmy coedunenuit 11, V., VI, VI, VIIL, 1X 1 neounwiennoro npoayvkTa, noay-
YeHHOTO NPH GPOMHPOBAHUM COoeMiieHist I, aBTOPsl NPHULIH K BLIBOAY, UT0 coeaunenne I sB-
JdgeTest e AHHCTBeHHBIM NpoAYKTOM ()pOMHpOBZlHHﬂ ¢ HeAbRIM HHKITAMH. ;/\BTO})M H30JHPOBAJH
nporexyTounoe coedunenne XIII, koropoe obbacuser 10T GaxT. uTO B CAVuae CoeHHEHIs
[ He HMeeT MeCTo TaJOoHJHPOBaHHe B [0JOKenHH 6.

5 — Chimie—Tehnologie chimica



UBER «-DIOXIMINKOMPLEXE DER UBERGANGSMETALLE
(XLIV)*
Neue Sulphito- und Selenito-dioximinkomplexe des Kobalts

CSABA VARHELYI, MAGDA SOMAY und IMRE KOZMA

Das Sulphit-Ton bildet mit cinigenn Ubergangsmetallen Komplexe
von verschieden Typen. Im allgemeinen verhilt sich das SO%- Ion als
einzihniger Ligand. Es wurden auch Verbindungen mit Sulphito-Briic-
kengruppen .beschrieben. Sulphito-Chelate mit 2weizdhnigem SO~ tre-
ten nur selten auf (1, 2]. Von den Selenito-Komplexen des Kobalts ist
bis jetzt nur das [Co(NH;);(SeO,) ]X bekannt [13]. Tellurito-kobalt 11I-
Verbindungen wurden in der Literatur nicht erwdhnt. Ablov und
S yrzovahaben beobachtet dass die komplex gebundenen NH, und H,0O-
Liganden in den Dimethylglvoximino-kobalt(I1I)-Chelaten durch SO}~
leicht ausgetauscht werden [4—10].

Es wurde auf priparativem Wege bestiatigt, daB kein anderes ecin-
zdhniges Ligand — auller der Cyano-Gruppe-so erheblichen Trans-Effekt,
wie SOZ-, hat [6—10].

Ausser dem Dimethylglyoxim wurden auch das e-Benzyldioxim [7]
und das Monomethylglvoxim [9] zur Darstellung von gemischten Sul-
phito-bis-dioximato-kobalt(ITI) —Chelaten verwendet.

In vorliegender Arbeit haben wir eine Rethe von Ligandaustauschreak-
tionen der H[Co(DH),X,] und H[Co(Diph.H).X,] Komplexsiuren, bzw.
der [Co(DH),(H,0)X] Nichtelektrolyte (X = Cl, Br, J, NCS, NCSe, NO,)
mit Na,S50,, Na,Se¢0,; und Na,TeO,, in wisserigen alkoholischen 1,6sungen
durch préparative Methoden untersucht.

Die Anatationsreaktionen fithren im allgemeincen nicht zur Bildung
der gemischten [Co(DH),X(EO,) 3~ —Chelate. Wegen des starken T'rans-
Effektes der FOi~ — Ionen bilden sich wahrscheinlicher die entsprechen-
den Anione der dreibasischen Komplexsiim'm: {Co(DH),(EO,), 3~. Die
Wechselwirkung der [Co(DH),(H,O0)X] (X = Cl, Br, J, NCS, NCSe und
NCO) mit Na,80, und Na,S¢0, gibt nur LCO(DH) (EQg), >, Im Falle des
Nitro-aquo- mchtelel\trol}t(s [Co(DH),(H,0)(NO,)] kounten wir aber
auch [Co(DH),(NO,)(S04) >~ und {CO(DH) (NO,)(SeO;) P- isolieren. Zu
dicsem Zweek verwendeten wir doppelte Umsetzungsieaktionen mit Ko-
balt(III)- und Chrom(III)- amin-Basen. Die besten Fallungsmittel erwiesen
sich die Kationen der Diacido-tetramin-Reihe. Einige Komplexsalze von
diesem Typ sind in Tabelle 1 charakterisiert.

Beim Behandeln der H{Co(Diox. H),X,]-Sduren oder der [Co(Diox.H),-
(H,0)X]— Nichtelektrolyte mit dberschiissigem Na,S0, oder Na,SeO,
entstehen immer die [Co(Diox.H),(EQ;), *~ — Anionen. Diese Komplexe
konnen aus wassrigen alkoholischen Iosungen am meisten mit Hexamin-
salzen getrennt werden. Im Falle der schwerléslichen Benzyldioxim -De-

* XLIIL Mitt, Z, Finta, J.inorg. nuel. chem. im Druck,
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Tabelle 1
Neu Komplexsalze des Typs Kat,[Co(DH),(NO,)(Se0,)]
Mol et Analyse
No. Formel Gew, ‘(Uh 71 Charakteristik .
ber. o) Ber. Gef.
1 trans— [Co(en),Cly 7, 997 8 10 Glinzende, gelbl Co 17,73 17,48
L()(DH) INO)( S Oy - griine Prismen | H,(O 3,61 3,40
- 2H,0 X 1820 17,75
2 trans- [ Co( pn)2C12',_, 10724 18 Lanzenformige | Co 16,48 15,90
"Co(DHILINO,)(SeO),) - 31,0 gelbgriine Kris | H,O 5,04 5,30
talle N 17,34 17,77
3 trans— "Crien),(NCS), , 10384 15 Gelbbraune 1:3C0,0, -+ Cr,Oy
[Co(DH)LING,) (Se0,) Dendrite 22,37 22,10
N 2291 23,30
4 \ko(DH) (P\ndm)_,j_, 1357,2 20 Gelbbraune, Co 13,03 12,90
“Co(DHLINOL) (SeOy) kleine Nadeln
3 [Co(DH),(B-Naphtvlamin),i, | 1613 20 Gelbbraune Co 10.97 11,01
[Co(DH)LINOL) (Se ) mikrokrist. N 1473 1499
Masse
6 Co(DH),(p-Toluidin)}, -, 14692 15 Gelbbraune Co 12,04 12,29
[Co(DH),(NO,) (SeO,) 1 Dendrite
; \
7 [Co(DH)(Anilin), 1412 20 Gelbbraune, Co 1251 1248
(Co(DH)LINQO,) (Se),) k kleine
' Plittchen
8 Co(DH),(m-Xylidin), , 1525,0 l 12 Kleine, gelb- Co 11,60 12,10
Co(DH)LINO,) (Se0)y) braune N 1560 18,10
nnregelmiissige
Prismen

rivate kénuen auch Monoacido-pentamine und Diacido-tetramine zur
doppelten Umsctzung verwendet werden.

Die in der Tabelle 2 beschrichenen Verbindungen sind in der Lite-
ratur noch nicht erwihnt.

Die IR-Spektren der Nag Co(DH),(50y),] - 12H,0 und Nay Co -
(Diph. H),(50,),1H,0O sind in Abb. 1. \\udugcgeben.

Die S0O%° — Gruppe, mit einer pyramidalen Struktur, wie ScO3
und TeOQ%" zeigt vier Hauptschwingungsfrequenzen :

‘/1 967 — 1010 (S = 0), v,: 620 — 8305(S0,); vy 933 — 961 (S — 0}
469 — 496 cm~—!

Diese Frequenzen erscheinen bei den untersuchten Verbindungen
bei 1100 cm =1 (1090 — 1100) (s.s), 970 cm~! (960) (s.s), 620,660 cm—1
(625 — 630) em~*! (m), 480 (m) (440, 470) (m) (die Frequenzenwerte in
Klammern werden den Benzyldioxim-Derivaten zugeordnet,
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Tabelle 2
Neue Derivate der [Co(DH),(S0),),]°~ — und [Co(Diph.H),(80,),]>~ — Anione
Mol. . Analyse
. Formel Gew. |2 Charakteristik —
Zo ber. 23S Ber. Gef.
1} [Crien),],- 843,7 80 | Hellgelbe, 1/3Co,0, - 1/2Cr,0,
[Co(DH)4(80):] « 9H,0 mikrokrist. 18,52 18,20
Masse ) 7,60 7,34
H,0 19,10 18,60
2| [Cr(en)y]- 1001,9 90 | Hellgelbe, 1/3C0,04+ 1/2Cr,04
[Co(Diph.H),(SO04),] - 4H,0 mikrokrist. 15,60 15,19
Masse S 6,40 60,80
H,0 7,19 6,77
3| [Co(en),]- 1044,9 90 | Gelbe, kleine Co 11,28 11,33
[Co(Diph-H)4(SO0,), 1+ 6H,0 Nidelclhen S 613 581
H,0 10,34 10,05
4| [Co(o-Phen),]- 1337 75 | Kleine, gelbe Co 8,81 8,65
[Co(DH), — (S0,),]+ 16H,0O unregelmaiss. S 4,79 4,40
Krist. H,0 21,50 21,10
5| [Cofen)y(o-Phen)]- 8937 80 | Gelbe mikrokrist. | Co 13,19 13,30
[Co(DH), — (SO,),1-8H,0 Masse S 7,17 7,40
H,O 16,12 16,81
6| [Colen),(pn)]- 810,5 70 | Kleine, gelbe Co 14,54 14,20
[Co(DH), — (80,),1-6H,0 Nidelchien S 791 8,10
H,0 13,33 13,40
7| [Co(NH,);(NOy) ;- 2181,6 60 | Gelbe unregel- Co 13,531 13,40
[Co(Diph-H),(S0,),1,12H,0 miiss. S 587 577
Kristalle H,0 9,91 10,10
8! [Colen),Cl{Benzylamin) ]y 2468,3 65 | Dunkelgelbe Co 11,93 11,70
[Co(Diph.H)y(S0y) 41, - 6H,0 mikrokrist, S 5,18 4,70
Masse H,O 4,38 4,10

Die Lage der S5O,;-Frequenzen bestdtigt, dal die Co—S0, Bindung
durch das Schwefelatom verwirklicht, und von der Natur des Dioxims
kaum beinflusst wird.

Einige charakteristische UR—Frequenzen der untersuchten Verbin-
dungen : Nag[Co(DH)o(S0,),1:¥C = N : 1580 cmn~? (s.s), "N — 0: 1240 cm—?
(s.s.), "N — OH: 1090 cm~' (s.s.) %0 — H..O 1700 c¢m~?' (schw)
Na,[Co(Diph. H)y(S0y)]: *C = N: 1550 cm~?! (s.5.), "N — O: 1290 (s.s),
N — OH 1135 cm-! (s.s) 80 — H. O 1770 cm~* (schw). HKs ist bemer-
kenswert, daB eine Uberlagerung der *S — O und "N — O Frequenzen bei
1100 cm~t im Falle des [Co(DH)o(SO;),*~ — Komplexes stattfindet,
Im Vergleich mit dem Na,[Co(DIH)y(SO;),] sind die YN — O Schwingung-
sfrequenzen des Nag[Co(Diph. H),(S0q),] nach hoheren Wellenzalilen ver-
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Moy fotipe ik o0, ] 35,0
;

A b b, 1. Ultrarotspektrum von
a) NayCo(DINL{80,),1; b) Nay [Co(Diph.11)4(50,), ]

schoben. Dicse Verschiebung ist durch dic Anwesenheit der mit der € = N—
Doppelbindung konjugierten Phenyl-Gruppen zu erkldren. Die Deloka-
lisierung dieses w-Systems gibt cinen partiellen Doppelbindung-Charakter
der N—O-Bindung. Fiir dic O—H..0O. Wasserstoff-briickenbindung cha-
rakteristische %0—H Frequeuzen erscheinen bei 1700, bzw 1770 cm-?
(schw). Metallsalze des [Co(DH),(NO,)(Se03)]2~ konnten wir noch nicht
isolieren,

Experimenteller Teil. No, /ColDH),(500,1 - 12 H,0: 50 mMol Co(DH),(H,0)Cl (17 g)
werden in 100 wml wisseriger Suspension it 100 mMol Na,80, « 7 H,0 auf dem Wasserbade
erwiirmt. Die braune kristalline Masse wird allmihlich gelost. Die entstehende gelbe Lo-
sung wird abgekiihlt und mit 250 ml Aceton versetzt. Nach einigen Minuten wird eine gelbe,
schimmernde krist. Masse abfiltriert und mit Ather gewaschen.

Ausbeute : 809

Na, [ColDiph H), (S0, + 9 Hy00. 50 mMMol “Co{Diph H)(H,0)C1] werden mit 200 ml Methanol
700, und 100 mM Na,80, + 7H,0 behandelt. Die Mischung wird in einem mit Riickflusskithler
verselienen Kolben 1/2--3/4 Stunden gekocht. Die entstehende dunkelgelbe Losung wird ab-
filtriert und in einer Kristallisationsschale stelien gelassen. Nach 56 Stunden werden die
seidenglinzenden nadelformigen Kristalle abfiltriert und mit Ather gewaschen.

Ausbeute : 70739,

Nay [ ColDH)(NO,)SeO,) ~ Losung. 50 mllol fein gepulvertes [Co(DH),(H,0)(NO,)] werden
mit 30 mdMol Na,SeQ, in 200 ml Wasser auf dem Wasserbade gelinde erwdrmt. Das Aquo-nitro-
nichtelektrolyt 1ost sich allmiblich auf, Die entstehende braune Losung wird abfiltriert und
rur doppelten Umsetzungsreaktionen verwendet.

Fiir die doppelten Umsetzungsreaktionen verwendet man 59 -ige Na,[Co(DH),(S0,), ",
379 -e Na,[Co(DH),(NO,)(Se0,)? in Wasser, hzw. 2-3%-ige Na,[Co(Diph.H),(S0,),]
in 70—809%;-igem Methanol.

Die Komplexsalze von Iexamin-, Monoacido-pentamin-, bzw, Diacido-tetramin Typ
werden in Wasser oder in verd. Methanol gelost (2—3g/100 ml Losung).

(Lingegangen am 30 Mdrc [Y74)
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DESPRE «-DIOXIMATII METALELOR TRANZITIONALE (XLIV)
Sulfito- si selenito-complecsi noi cobaltict cu a-diaxime

{(Rezumat)

S-au studiat o serie de reactii de anatatie la diferiti acvo-neelectroliti dioximato cobal-

tici de tipul [Co(Diox.H),(H,0)X | (Diox.+H, = dimetilglioximd si benzildioximi) X =
Cl, Br, J, NO,;, NCS, NC8e si SO;) cu Na,S0; §i Na,8e0,.

S-an descris 16 derivati noi ai anionilor [Co(DH),(S0,),73, [Co(Diph:H),(80,),87 si
Co(DH),(8e0,) (NO,) 27,

S-a constatat ca reactiile de precipitare sint mai putin caracteristice pentru derivatii
cu seleniu.

S-a efectuat un studiu spectroscopic in infrarogu asupra unor derivati alealind.

Ob « AHMOKCHMATAX TMEPEXOOHBLIX META/NVIOB (XLIV)
Hospre koBaa0moeole cyanhumo- 1 ceAeHUIMOKOMNACKCH ¢ 2-QUOKCUINQ.M it

(Peswae)

syuen psia peakitil anatauii pasviHubbiX THOKCHMATOKOOAALTOBLIX AKBOHEYTIERTPOTH-
ToB THna [Co (Diox.H), (H,0)X] (Diox. H, = AUMETHIIIHOKCIM H GeH3HALHOKCHY) X =
Cl, Br, J, NO,, NCS, NCSe, u 50;) ¢ Na,50, H Na,Se0,.

Onucano 16 BoBuiX npomssoanbix annonos [Co (DI, (80,), 3~ [Co (Diph. H), (50,),73~
H [Co(DH), (Se0,) (NO,)*~

YCTAaHOBJAEHO, YTO PeaKUHMH OCAWKIAEHHUS SIBISIOTCA MeHee XapaKTePHbIMH A5 MPOH3BOI-
HBIX € CesleHHeM.

ABTOpbI IIPOBEJH CNEKTPOCKONHUeCKoe ueeaetopane B MK ofaacth nexotopuix ilesou-
HbIX TPOU3BOJHBIX.



THIN LAYER CHROMATOGRAPHY OF SOME TRANSITION METAL
DIETHYLDITHIOPHOSPHATES

TONEL HAIDUC* and MARIA CURTUIL

In recent years the chelate complexes of metals with dialchildithio-
phosphoric (phosphorodithioic) acids as ligands, of the following type:

RO S
\\ / \\
P M
N
RO S

arc intensively investigated [17. A useful property of these chelates is
their good selubility in organic solvents, whereas in water they are little
soluble. This affords the extraction of metals as dithiophosphate complexes
and several such applications have heen described [2, 3, 41, We were in-
terested especially in the extraction of uranium by using dithiophospho-
vic acids (or their salts) as chelating agents [5]. However, the good solubi-
lity of these complexes resulted in bad selectivity in the extraction process
and an additional separation mecthod is necessary, in order to isolate ura-
nium from other metals. This paper reports the results obtained in the
thin layer chromatographic separation of some tiransition metal ious
(UOZ7, Ni*~, Co?t, Cu?™, Ag , Hg¥, Ie* and Mn? § as diethyldithiophos-
phate complexes, on silicagel.

Experimental par(. Thin layer clironatographic plates were prepared by using sili-
cagel IT Merck (10—40 p) with 37, starch, in 250y layers on glass plates (10 + 5 X 4 cm).
After drying the plates were kept in a drver at 120° for 1 hr and were stored in a des-
sicator over anhydrous Cadll,.

The metal salts and the solvents were analytical grade, aud were used without further
purification.

In all cases the solutions (0.00 ml) were applied on the start with a micropipete at
approx. 1.5 e¢m from the plate’s bottom edge. The ascending ciromatography technique was
used, and the operation was carried on in a closed atmosphere, saturated with the solvent
vapour, in a 17 =0 13 0 12 cm chamber. The migration height was at least 10 cm.

The preparation of the metal chelates An aqueous solution cou-
taining the transition mietal salt, of 6.1 M concentration, was extracted with 0.1 diethyl-
dithiophosphoric acid (CHO),P(S)SH in butanol by intensive shaking for 2 min. The buta-
nolic solutions were applied as spots on the chromatographic plate.

Developing of the chromatogrames. Several solvents or solvent mixtures,
as listed below, were used for developing the chromatogrames.

Solvent systems : A — Methylene chloride; B — Butanol; C — Chloroform; D — Butanol +
carbon tetrachloride (30:50)**; X — Butanol -~ chloroform (100:50); F — Diethyl ether -+
chloroform (50:30); G — Methylethylketone; H — Butanol +- chloroform -+ methylene chilo-
ride — diethyl ether 4+ methylethyvlketone (20:20:10:20:10); T — Butanol 4 chloroform -
perchloric acid (100:50:0,2); J — Butanol - chloroform - perchloric acid: (100:50:0,6).

* Address correspondence concerning this paper to this autlor,
** mililiters,
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Visualization of the spot FPor this purpose the dried plates wete sprayed
with colour reagents, as follows:
U0t : vellow complex; brown colour with K Fe(CN),
Ni*i: violet complex; red colour with dimethyiglioxime in alcohol (1°,) iu the pre-
sence of ammonia

Co?7 : blue-green complex; black colour with Nu,$ 3¢,
Cu?¥ : brown complex; black colour with Na,S 59
AgT ¢ colourless complex; black colour with Na,S 59,

Hg?* : colourless complex; black colour with Na,S 59,
Fet : brown comples; blue colour with K,I'e(CN),
Mn?t: colourless complex; pink colour with NalO,.

Results and discussion. The Ry values obtained for the complexes
investigated in various solvent systems are listed in Table 1.

An interesting observation is that the Ry values of some chelate com-
plexes are affected by the composition of the mixture in certain solvent
systems. Thus, the presence of UO3 -, when using the solvent systems D, E
and G, decreases the Ry of Ni?' and with the solvent systems I and J
increases the Ry of iron. This influence is explained by some sort of interac-
tion between the two metal complexes.

It was also noted that the presence of UOZ" increases the Ry value
of Hg?' in the solvent systems B, D, F, H, I and J and the Ry value of
Mu? o in the systems I and J. Also, in the solvent svstews I, I and J the
presence of U0  climinates the tails of Cu® spots, observed in its ab-
senice. This behaviour is mnot entirely clear, but the differences observed
during the reciprocal influence of the chelates are rather small and do not
interfere with the separations of the ions.

In most of the solvent system used Ni* has a stroug tendency to form
tails, The presence of chloroform or carbon tetrachloride in butano! redu-
ces significantly these tails. The same effect has also perehloric acid.

In the solvent systems investigated the UQ3;  {ovs remain on the
start, which affords a good scparation from Cu® , Ag and Hg? . A good
separation of Co* from UQ} is couditioned by the use of a freshly
prepared solution of cobalt diethyldithiophosphate. Otherwise, two
spots are observed for cobalt, duc to alteration (oxidation or decomposi-
tion) of the cobalt chelate.

The iron and manganese chelates are identified at the start, together
with the UO2  complex. The presence of a small amount of perchloric acid
in the system modifies the R, values for UO} , Mn?* and Fe* chelates
to an extent which depends upon the concentration of the acid. Thus, the
separation of Mn* and Fe? from uranium can also be achieved as illustrat-
ed in Fig. 1 for the solvent system J.



Qi values

for diethyldithiophosphate complexes

Table 1

Solvent l

system U0+ | NiZ+ NiZ Co? ! co? é cut o jeat Agh | Ag b I»Igl" “HgH! re? T pe? T Mt v
A 0 1.00® 1.00b 1.00 1.00 1.00 1.00 | 0 1.00b| 1.00 | 1.00 | 0 0 0 0
B 0 1.00P 1.00% 0.79 0.81 1.00 1.00 | 1.00 | 1.00%| 1.00 | 1.00 | © 0 0 0
C 0 0.95 0.95° 0.95 0.95 0.95 095 | 0 095 | 095 | 079 ' 0 0 0 0
0 1.00° 1.00° 1.00b 1.00b 1.00 1.00 | 1.00 | 1.00 | 0.88 | 1.00 | 0 0 0 0
E 0 0.94b 0.85P 1.00b 1.00b 1.00" | 1.00 | 100 | 1.00 | 0.88 | 1.00 | 0 0 0 0
ig 0 0.85° 0.740 0.90 0.90 0.90 090 | 1.00 | 1.00 | 0.59 } 1.00 | 0 0 0 0
G 0 0.80Y 0.65b 1.00 1.00 1 1.00b | 1.00b] 1.00 | 1.00 | 0.80 | 1.00 | 0 0 0 0
H 0 1.00b 1.00° 1.00 1.00 1.00 1.00 | 1.00 | 100 | 0.81 | 1.00 | 0 0 0 o

1 0.11 1,000 0.90® 1.00 1.00 1.00 1.00 | 1.00 | 1.00 | 081 | 100 | 0 0.07 | 0.15 | 0.20

J 0.28 1.00 1.00 1.00 1.00 1.00 1.00 | 100 | 1.00 | 0.81 | 1.00 | 0.04 | 0.08 | 0.30 | 0.40

N5
a} In the presence of GO3™ .

b) Tails.
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front,

'"UO ............... -

I'ig. 1. Chromatogram J svstem.

1 — Ni*t; 2 - Nizt - U0

3 — Ye*t; 4 — Te?h — UO;

5 — Mn?t; 6 — Mn2t — UOT.
- vog

It follows from the results discussed here, that the thin laver chroma-
tographic behaviour of some transition metal dithiophosphates (on silicagel)
is selective and affords the separation of uranium from other metal ions.

The data obtained (table 1) suggest that other separations are possible
as well.

{ Received April f, 1974)
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CROMATOGRAFIA PE STRAT SUBTIRE A DIETILDITIOVOSFATILOR T"NOR
ELEMENTE TRANZITIONALE

(Rezumat)

S-a studiat comportarea dietilditiofosfato-clielatilor de UO3™, Ni*t+, Co?t, Cu®t, Agt,
Hg?+, Mn®t gi Fe?t pe plici cromatografice cu strat subtire de silicagel, pentru ionii indi-
viduali si in amestecuri binare UQEt —Mn+. Separarea ionului uranil de alti cationi este
posibild cu unele dintre sistemele de solventi folosite.



TLC OF SOME METAL DIETHYLDITIHOPHOSPHATES
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TOHKOCTOHHAS XPOMATOTPAGHS JHHITHLIHTHODOCHATOB
HEKOTOPBIX TIEPEXOIHBIX METAJIOB

(Pesiove)

Hayueno nosejenre austuiinThodocdaro-semarop UOL+, Nizt, CO¥, Cui, Ag+, Hg*,
Aln?t W Pe?’ wa xpomartorpaguuecKHX HJAACTHHKAX € TOHKHM CJ0eM CHJIWKareas, Kaxk A1
HIAMBHAYAALUBIX HOHOB, Tak H 1as GHHapHbelx cMeceli TUOZ+ Mn-. PasjesenHe VPAHHI HOHa
OT JIPYTHX KATHOHOB BOZMOMKHO C HEKOTOPBLIMH CHCTEMAMH PacTBOpHTeJell, MCIOAB3YEMbIMH £
3710l pabore.



MODELAREA MATEMATICA A FUNCTIONARII IN REGIM STATIO-
NAR A UNEI PILE DE COMBUSTIE METANOL-OXIGEN

L. ONICIU 5i 8. VGACHI

Aceastd lucrare face parte dintr-un program mai larg de optimizare
a functiondril in regim stationar a unei pile de combustie metanol-oxigen,
care se afla In momentul de fatd in cadrul preocupirilor noastre.

Cercetarca de fatd este preliminard, interesindu-ne la structura actu-
ala datd a electrozilor numai modul in care raspunde pila la diferitele varia-
tii ale parametrilor de functionare,

Considerdm procesul chimic dintr-o pila de combustic ca o cutie nea-
gra (black-box) cu intrdri si lesiri (fig. 1): principalele marimi de intrare
sint debitul de electrolit (Q,), concentratia clectrolitului (C,), temperatura
de functionare (t°) si presiunea oxigenului (p,); mirimea de {egire urmi-
ritd este puterca debitatd pe o sarcind constantd, p.

,,_,kgwe_.w_..%.
o DA VVVVV ) PROCES T ——— - ’;\”Dnjx,'y://cmz
ot |

'ig 1. Variabilele de intvare si desire ale procesulul

Dorim, din considerente pe care le vom expune ulterior, sd determindm
din punct de vedere cantitativ corelatia dintre mérimea de iesire (variabila
dependentd) si marimile de intrare (variabilele independente).

Considerind procesul ca fiind extremal (fig. 2}, s& presupuneit ¢ ue
situdm initial cu parametrii de functionare (mdarimile de intrare) intr-un
punct relativ departat de extremum (x(,, v,,) ; reprezentarea graficd intr-un
spafiu S-dimensional este dificil de ficut, asa ¢d apeldam la o reprezentare
in spatiul tridimensional. Urmirim sd ajungem la extremum prin pasi
succesivi si In numdar ¢it mai mic, pentru a face cconomie de cfort de expe-
rimentare. Aceasta inseamnd cd avaunsul catre regiunea de optim trebuie
sd se facd pe linia de cea mai mare pantd. Dupa ficcare pas ficut s¢ veri-
ficd dacd direcfia de deplasare corespunde sau nu gradientului, iar dacd
nu corespunde, se determind o noud direcic. Dacd In centrul experimentu-
lui aproximdm suprafata de rdspuns cu un hiperplan, consinusii directori
al hiperplanului, care sint de fapt coeflicienfii gradientului in puunctul res-
pectiv (vezi anexa, vparagraf 1), ne dau directia si seusul de  deplasarce
cdtre extremum. Dacd modelul matematic este de forma:

Y =4 + 1% b{" A ¥y ‘;* N + Ay ¥y (1)

consinusii directori ai planului sint chiar coeficientii ay, ¢,,...4q,.
i 1 2 n
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T'ig. 2. Suprafata de raspuns Fig. 3. Instalatie de masurd

a unui proces extremal; apro- in flux continuu.

ximarea suprafefei prin plane
pe parcursul drumului catre
optim.

Deplasindu-ne in sensul $1 proporfional cu mdrimea lor, ne deplasim
pe directia gradientului. Coeficientii modelului ii vom determina dupa
fiecare pas, sau cel mult la doi pasi facuti in directia optimulul.

Determinarea lor se face cu ajutorul unui experiment factorial ortogo-
nal la doud mnivele [1, 27, care asigurd acoperirea tuturor combinatiilor
posibile de variaii simultaue ale parametrilor. Ortogonalitatea experimen-
tului se obtine lucrind cu variabile centrate $i normate, astfel incit unei
variatii In sens pozitiv fatd de centrul experimentuluii se afecteazi valoarea
]

-1, iar in sens negativ valoarea 1.
Experimentul a fost realizat fn jurul centrului de coordonate :

Ce = 1, = 6N £° =1y == 30°C

Qe == 1, = 0,051/h Do, = 1y = 125 mmH,0
si cu pasi

ACe = A, = 1IN At° = Ay = 10°C

AQe = A, = 0,0151/h Ap,, = A, = 25mmH,0

Datele experimentale au fost culese pe o instalagie simpla (fig. 3),
care asigurd functionarea pilei in regim continuun, depasind astfel cu un
prim pas stadiul de laborator.

Datoritd dispozitivelor de reglare cei patru parametri luati in couside-
ratie pot fi mentinuti constanti la diferite valori, la alegere. Datcle experi-
mentale obtinute sint prezentate in tabelul 1. Valorile centrate si normate
cu care vom lucra mai departe, sc gdsesc in tabelul 2.

Variatiile simultane ale parametrilor duc la variajii ale marimii de
iesire urmarite. Deoarece nu putem observa influenta cirui parametru
de functicnare are o pondere mai mare, mai mulfi parametri variind simul-
tan, apeldm la prelucrarea statisticd a datelor, care are la bazi metoda
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Tabel | Tabel 2
Ce Qe t P Pmw iy

c e opay TN Xy X, X, P
R At 1 1 1 11
5003 20 100 1275 12,00 L 1 12,75 12,00
5003 20 130 975 6,00 Io—1 =1 1 975 600
3008 40 100 13,68 14,04 -1 =1 1 —1 1368 14,04
5003 40 130 9,10 7,80 -1 1 1 1 910 7,80
3006 20 100 572 3,98 It 11 372 398
5 0,06 20 130 6,00 5,75 1 1 1 600 575
5 0,06 40 100 16,00 20,00 1 i1 1 -1 16,00 20,00
50,06 40 130 11,20 12,60 I 1 =l 1 11,200 12,60
7003 20 100 11,36 11,22 1 —1 1 -1 11,36 11,22
70,03 20 150 9,00 9,00 I =1 -1 =1 9,00 900
7003 40 100 520 4,80 [ 1 -1 320 480
70,03 40 150 8,64 6,60 1 1 1 1 864 6,60
70,06 20 100 5,60 5,80 1 1 —1 3560 580
70,06 20 130 3,00 5,00 | - 1 500 500
7 0,06 40 100 15,60 15,00 1 1 —1 1560 15,00
7006 40 150 1400 13,68 1l 1 I14,00 13,68

START celor mal mici patrate. Coeficientii

modelului au fost glsifi pe aceasta

bazd (vezi anexa, paragraf 2), cu aju-

\‘/a%glgﬁpgg?gm torul unui program de calcul origi-

\valon centru nal*. Programul, in afara calculului

propriu-zis, realizeazd si testari suc-

}estarea_l cesive ale corectitudinii masurdtori-

masurit_orl ol e c7op ) lor, ponderii coeficienfilor in model

Caleudl ~ si corectitudinii modelului (vezi a-

coeficientil or nexa, paragraf 3). acest lucru este
T reflectat de organigrama (fig. 4).

testarea Considerind ca pentru méisurito-

co[g rile preliminare la care ne aflam fu

i
/

lLente)
ujlentelor
—
[calcu'ul valorii ]
| din model |

T tes P[(area j
corect
Ul

I e
i coeficienti \

valori
/vac

alorile noulul centrih

]?

i g 4I0rganigrama programului de caleul

. Pactorial la doud nivele.

prezent nu este necesard cea mai
precisd aproximare a suprafetei de
raspuns, experimentul este realizat
numai la 2 nivele, Vom utiliza un
experiment factorial la 3 mnivele,
numai pentru aproximarea regiunii
din jurul optimumului, deoarece in
acest caz efortul de culegere de date
pe instalatie este mult mai mare.
Este necesar s precizdm urma-
toarele : matricea variabilelor de in-
trare trebuie completatd cu valori +1
(variabile centrate si  normate);

* Programul poate fi consultat la Catedra de chimie fizicd a Fue. de chimic din Cluj.
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matricea variabilei de iesire se completeazd cu valorile efective ale mari-
mii urmdrite ; pe imprimantd apar, la terminarea programului, coeficien-
tii modelului (calculati conform paragrafului 2 din anexa), centrul urma-
torului experiment (calculat conform paragrafului 3 din anexd), marimea
pasilor efectuati in experiment si valorile testelor statistice cu ajutorul
cdrora s-a verificat modelul (paragraf 4 din anexa). Programul de cal-
cul di, pe parcursul rularii, mesaje care avertizeazd operatorul asupra cven-
tualelor erori pe care le-a facut in experimentare, ca de exemplu: , Adangd
termeni de ordin superior. Regresia nu corespunde’.

Pentru cele trei teste statistice a fost considerat un grad de sigurantd
de 909%.

Regresia obtinutd este de forma:

4= 18,310 4+ 1, 86x, -+ 12,52x, — 6,58x, (2)
con{irmindu-se asteptarile

— luerind cu concentratii apropiate de 6N coeficientul modelului
s-a obtinut egal cu 0,00, indicindu-se c¢d din punctul de vedere al acestui
parametru de functionare ne afldm intr-un optim;

— dependenta de debit este destul de slaba : coeficientul 1,86 ne indica
necesitatea cresterii valorii parametrului la 0,2 1/h (vezi indicatiile din
program) ;

— dependenta de temperaturd este cca mal puternica, coeficientul
de 12,52 trimitindu-ne la valori superioare de experimentare, de cca 60°;

— dependenta de presiune este comparabild cu cea de debit. Semnul
minus indicd presiuni de lucru prea mari, algoritmul de caleul conducin-
du-ne la valori mai mici, de cca 80 mmH,O.

Noul centru de experimentare va fi, conform algoritmului Box-Wilson :

(e = GN 17 = 60°C
Qe = 0,2 1jh o, = 80 mmH,O

*

Aceastd lucrare prezintd rezultate obtinute pind in prezent, in procesul
de optimizare a functiondrii in regim stationar a pilei de combustie metanol-
oxigen. Programul de calcul folosit este util si in orice altd modelare mate-
maticd bazatd pe experiment factorial la doud nivele.

ANEXA
1. Tinind seama cid modelul este de forma:
vo=oag oagxg - oL -k agxy, (L
proiectiile gradientului pe axe vor fi
dy av Jdy

= owe Ay T T Ay . T = (1.2)
Jx, Moy, dxy N
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Aceasta inseamni ci deplasarea pe directia gradientului se va face proportional cu mirimea
coeficientilor modelului.

2. Considerind un model matematic real:

Vo oag b Xy b e ap Xy (2.1
il vom aproxima cit mai bine posibil prin coeficientii a,, a,, .. a , dacil suma erorilor este
minima :
1 n
— — o 2 i
- z : (ymas~ - 3‘model-) = min (2.2)
n = 1 B

Conditia aceasta se reduce la un sistem de ecuatii:

Je
0 {2.3)
Jai
care matricial, poate fi seris:
[CTHUJAT = [CTI0V] (2.4)

unde matricea {U] este matricea valorilor de intrare 3] iar vectorii [A” i [V77 sint vectorul

coeficientilor, respectiv vectorul mdarimilor de iesire. Prin rezolvarea ecunatiei obtinem coefi-
cientii :

([UTIU) =TTV (2.5)

care, in cazul unor mdsurdtori ortogonale (Zujj gy = 0) $i a unor variabile centrate si

normate [3], sint de forma:

1 i}
-~ a o
Ag i . E Xk ¥i (2.6)

3. Deplasarea punctului de functionare citre extremmum se face, conform algoritmului
Box-Wilson [3,47, in sensul si proportional cu coeficientii modelului:

Ui = Uyg -+ 0,5agdg (3.1)

Dacl, ficind cite o misurdtoare la doi pasi succesivi, se observd cd performanta urmariti
scade de la unul la celilalt, inseamna cé ne aflim in zona de optim 4i suprafata de rdspuns
trebuie exploratd mai amdinuntit, printr-un experiment la trei nivele; daci se observid ci
perforinanga creste, la fiecare doi pasi facem cite un set de n maésurdtori pentru recalcularea
coeficientilor modelului {2, 3, 41.

4. Analiza statisticd a datelor experimentale cuprinde:

4.1. Verificarea preciziei celor n masuritori, efectnati cu ajutorul testului Cochiran
{27 pentru un numar de n—1 grade de libertate:

2
N Smux .
Gmax == — = G (+.1)

deoarece o misurdtoare iesiti din comun are o dispersie foarte mare in raport cu suma
tuturor dispersiilor. In acest caz, pentru medierea erorilor, mésuritorile trebuie repetate
de un numdr mai mare de ori.
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4.2, Verificarea ponderii coeficientilor in model se face cu ajutorul testelor Student
sau Fischer {5,67; astfel, coeficientul este semnificativ (considerat diferit de zero) daci:

gl a
< ty, n, sSau — o Ty (4.2)

In acest caz respingem ipoteza de zero ai == fxi. $i acceptim ipoteza alternativi af < ol .
aj “1

Intuitiv putem spune ci daclt mirimea coeficientilor este comparabild cu dispersia lor de
<eterminare, influenta coeficientilor este zero. Aceas uu inseamndt namal cd omdrimile v
siowi nun osint corelate, dar poate Insemna san ¢d procesul se afld din punct de vedere al
variabilel x; la optim, sau cf dispersiile de mdsurare sint prea wari, suun cd unitafile e
variatie Aj sint prea mici.

4.3, Verificarea corectitudinii modelului s¢ face en ajutorul testalui Vischer, comparind
dispersia reziduald san remanentd cu dispersia de determinare o mirimii de ieyire

V.ooxy

5

In cazul satisfacerii incgalititii (4.3) respingem ipoteza de zero of 5 «
ceptdm alternativa:
2 o

%, x; x <ol 15,61 Tn acest caz regresia nu este satisficitoare si trebuie completa-
pEd T -

og L
td cu termeni de ordin superior. Dispersia reziduald s?

s . cuprinde dispersia da-
» X e eV

toratd erorii de determinare a mirimii de iesire si dispersia datorati imperfectiunii modelului.
Prin suprapunerea efectelor ar urma ci:

(4.4)

2 LW w2
by, Ry ov o Xy =FOSe Y Shuaad

Yoal ar fi ca <2 Sap o2 .
Ideal ar fi ca 8 el —» 0, iar S X3 - 52

BIBLIOGRAIIE

1. V. V. Nalimov, Primenenie matesnaticeskoi statistiki pri analize vecestva, Izd. ¥F. M.,
Moscova, 1960, p. 164—167.

2. V. V. Nalimov, Novie idei v planirovanii cksperimenta, Izd. Nauka, Moscova, 1969,
p. 52-358.

3. C. Penescu, G. Tonescu, M, Tertisco, E. Creangid, Identificarea experi-
wmentald a procesclor automatizate, Ed. Tehn. Bucuresti, 1971, p. 232--243.

4. G. E. Box, K. B. Wilson, J. Roy. Statistical. Soc., B, 1(1951).

5. G. Ciucu, V. Craiu, Teoria estimatiei si verificavea ipolezeloy statistice, Fd. did. si

ped., Bucuresti. 1969,

6. V. Craiu, Verificarea ipoteselor statistice, Ed. did. si ped., Bucuresti, 1973.

7. A. Gluck, Metode matematice in industria chimicd, EQ. Tehn. Bucuresti, 1971, p. 150—
166.

8. L. Omiciu, Pile de combustie, T.d. st., Bucuresti, 1971, p. 97103,

6 — Chimie—Tehnologie chimicd



82 L. ONICIU, S. AGACHI

MATEMATHYECKOE MOOEJHWPOBAHHE $YHKUWOHHUPOBAHUS, B CTAUMOHAP-
HOM PEXHWME, TOIVIMBHOIO 3JIEMEHTA METAHOJ/-KUC/IOPOL

(Peswwve)

IlpuBenennas maremaTHueckass Mojeb HaiieHa Ha OCHOBe CTATHCTHYECKOH 0o6paboTKu
BKCNEPHMEHTANbHLIX AaHHBIX. Mojear uMmeer BHA y = 18,31 4 1,86x, 4 12,52x, — 6,58%,,
TpHYeM [OKA3LIBAETCH COOTHOIIEHHe MeXK1Y BBIXOAHOH NepeMeHHON (MOWIHOCTb) H BXOAHBIMH
flepeMeHHBIMH  (KORUEHTPALM 3/IeKTPOJHTA, PAcXOl 3JMeKTPOIHTA, TeMuepaTypa (QYHKUHOHH-
pPOBaHHA, AaBllenHe KHCJI0poaa). O6pafoTka JaHHLIX OCYMECTBJEHA MPH IOMOLUH TPOrDaVMbL
BLIYHC/IEHHSA, NpuBeleHHoil B cratee. IlpH nomown rpaguentHoro asroput™a bBoxc-Busabcona
HaliJeHbl HOBbIE 3HAUeHHS 3KCIEDPHMEHTHPOBauHs, (olee GJIH3KHe K ONTHMYMY.

MATHEMATICAL MODELLING OF STEADY STATE WORKING OI' A
METHANOL-OXYGEN FUEL CELL

(Summary)

The mathematical modelling showed was found according to the statistical processing
of the experimental data. The pattern being of the type y = 18, 31 + 1, 86x, + 12, 52x; —
6,58x,, the correlation between the output variable (power) and the input variables (electro-
lyte flow, work temperature, oxygen pressure) is stated. Working up the data has been
performed according to a computing program descrhibed in the paper. By means of the
gradient algorithm Box-Wilson the new experiment values closer to the optimwm ones were

found.



VARIATION DE LA TENSION INTERFACIALE PENDANT
IL’EXTRACTION LIQUIDE-LIQUIDE (I)
Extraction de quelques acides aliphatiques monocarboxyliques dans le
systeme acétate de butyl-eau

EMIL CHIFU et 10SIF ALBU

Introduetion. La thermodynamique des processus irréversibles mon-
tre qu’en présence du gradient d’une propriété intensive on peut induire
dans un systéme le gradient d’une autre propriété intensive [1}.

A A Zhukhovitskii, V.A. Grigoryan et E. Mikha-
1ik [2] ont établi une relation entre le gradient — ou la différence —
de potentiel chimique et la variation de la tension interfaciale. Dans un
systéme formé de deux phases olt le transfert d'un seul composant a lieu
d’une phase a l'autre, la force thermodynamique

X, = Au, (1)
Ay étant la différence de potentiel chimique, détermine le flux conjugué

dn

Jr= (2)

atc’

olt 1 est le nombre des moles de substance transférée et t le temps. A
température constante, la différence de potentiel chimique peut induire
— dans certaines conditions — la variation Ac de la tension interfaciale,
respectivement la force thermodynamique X,:

X, = — Ag, (3)

le flux couplé étant
27T (4)

ot A est l'aire de l'interface. En tenant compte des relations linéaires en-
tre les flux et les forces thermodynamiques

]1 = L11X1 + mez (5)
]2 = L21X1 4 Ly X,

ol L,; sont les coefficients phénoménologiques, les auteurs {27 obtiennent,
pour J, = 0 (état stationnaire), l'expression

Ac = MAy. (6)
dans laquelle

M = ( f_*) = L, (7)
Jalx=0 Ly
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et, en conformité avec les relations de réciprocité de Onsager,
Lyy = Ly (8)

L’équation (6) est valable seulement pour M # 0. Cette expression a
été vérifiée dans certains cas [3].

En particulier, au cours du processus d’extraction liquide-liquide, le
transfert de masse déterminé par lc¢ gradient du potentiel chimique peut
provoquer des variations de la tension interfaciale liquide/liquide.

G. T. Frumin, M. V.Ostrovskii et A,A. Abramzon
[4] ont appliqué lequatlon (6) a l'extraction daus quelques systémcs
liquide-liquide. On écrira

A6 = 6s — G, 9)

olt ceet o sont, respectivement, les valeurs dc la tensicn interfaciale a
I'équilibre et au moment t de l'extraction.
Puisque

AV’ == Morg — Hag (10)

Ol g €8t le potentiel chimique du composant que 'on extrait dans la phase
organique et p.dq le potentiel chimique dans la phase aqueuse, en intro-
duisant (9) et (10) dans la relation (6}, les auteurs [4] obtiennent:

Ao = MRT In MMowlaq _ yrppyy faa (1)

”aq 2org Corg

Dans cette expression M, est le poids moléculaire et d,,, est la densité
de la phase organique, M, ¢t d,, sont les mémes grandeurs pour la phase
aqueuse, ¢,, et ¢, sont les concentrations de la substance qui se distribue au
moment t dans la phase aqueuse et, respectivement, dans celle organique, I
est la constante des gaz ¢t 7 la température absolue. K représente la cous-
tante de partage exprimée par le rapport des fractions molaires dans les
deux phases, a 1'équilibre:

K o= s (12)

€
X&rg

Quoique la tension interfaciale doive jouer un rdle important dans
I'extraction liquide-liquide, la variation de cette grandeur au cours de ce
processus est peu étudiée dans la littérature. Dauns ce travail nousnous
proposons de vérifier la validité des équations (6) et (11) au cas du trans-
fert des acides aliphatiques monocarboxyliques: acétique, propionique,
n-butyrique et n-valérique dans le systéme acétate de but}l -eau. Ici Dex-
traction des acides susmentionnés n’est pas acccmpagnée par d’autres
processus comme en seraient les associations moléculaires en ph%a orga-
nique (dimérisation) ; la dissociation ionique de ces acides — dont les con-
stantes d’acidité en solution aqueuse sont de I'ordre du 10~% — peut étre,
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elle aussi, considérée négligeable. Par conséquent les équations (6) et (11),
lesquelles ont été établies pour le passage simple d’un composant d'une
phase a l'autre, doivent étre entiérement valides dans notre cas.

Partie expérimentale. La vérification cxpérimentale de Véquation (11) nécessite des
mesares simultannées de tension interfaciale (o, dyn/cm) et de concentration, en phase aqu-
euse (cnq, molefl) aussi bien quen phase organique (Corg. mole/1l) a divers intervalles de
temps, au fur et 4 mesure gue le processus d’extraction avance jusqu’d 1’établissement de
Véquilibre de distribution.

T.e volume initial de chacune des deux phases était de 50 ml. Les mesures ont été
ciiectudes A la température de 25° C - 01,

1,a concentration initiale des acides acétique, propionique et butyrique était de 0,50
wole/1 pendant que celle de Vacide valérique, dont la solubilité en phase aqueuse est plus
faible, ¢tait de seulement 0,38 mole/l

Les valeurs des concentrations a divers intervalles de temps ont ¢té mesurées en reti-
rant nn ml de chaque phase et en dosant avec une solution aqueuse de NaOH en présence
de la phénolplitaléine. Par cette mesure parallele du titre de 'acide dans les deux phases
on s'est assuré en méme temps que la valenr globale de la concentration dans les deux
phases était identique 4 celle initiale dans 1'acétate de butyvl

[ tension interfaciale liquide/liquide a été mesurée, avec une erreur de -£0,05 dynfcu,
par la méthode du Noity, en utilisant un annean de platine,

Résultats expérimentaux. Discussion. Pour pouvoir apprécier le com-
portenient des systemes étudiés, on a déterminé aun préalable les courbes
de 1'équilibre de distribution : concentration dans la phase acétate de butyl
(c&g) — concentration dans la phase aqueuse (c§,), au moment ol I'équi-
libre de distribution a ét¢ atteint. Dans la figurc 1 on a représenté les
résultats obtenus pour les acides acétique (1), propionique (2), butyrique
(3) et valérique (4). On coustate, dans le domaine de concentration étu-
dié, une proportionnalité divecte entre les deux concentrations. Ainsi,
les systémes se comportent de facon quasi-idéale et les associations molé-
culaires ne sout pas probables.

On a évalué ensuite expérimentalement les grandeurs As — conformé-
ment a Véquation (9) — et log (64q/Corg) Pour les acides plus haut mention-
nés, quand le transfert a lieu de la phase organique {acétate de butyl) dans
fa phase aqueuse. Tes résultats obtenus sont représentés dans la figure
2 pour les acides acétique (1), propionique (2), butyrique (3)et valérique
(4.

On observe que la dépendance linéaire indiquée par 'équation (11) est
respectée d'une maniére tout a fait satisfaisante.

Afin d’effectuer une vérification supplémentaire, les systémes ci-
dessus ont été étudiés aussi dans le cas inverse, celul du transfert des aci-
des aliphatiques de la phase aqueuse dans la phase organique. On constate,
de méme, que  Ag varie linéairement avec 1og (Cq/Corg)-

En utilisant "équation (11) nous avons calculé les constantes de par-
tage, 4 partir de Vordounée a l'origine des droites de la figure 2. Les résul-
tats sont portés dans le tableau 1 (colonne 2).



ppa— Z S .
KA (7
&) /
+
aj»—
? A 2 ,
-§
a2r e -
/ M
.
P + )
Ol e /
4/
o7 Y 53 G4
.
Cq, molq/[
Tig. 1. Courbe d’équilibre: concentration en phase organique (C§,) — concentration

e1l

phase aqueuse {C§,), a la distribution des acides acétique (1), propionique (2), buty-

rique (3) et valérique (4) entre Vacétate de butyl et Veau.

04

£
L

A g dynfem
S

IMig 2. Variation de la tension interfaciale (As) et des concentrations en phase aqueuse
(Caq) et organique (Corg) pendant le transfert des acides acétique (1), propionique

(2), butyrique (3) et valérique (4) de l'acétate de butyl dans de l'eau.
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Tableaw 1

Constantes de partuge caleulées a 'aide de Péquation (11) et déterminédes expérimentalement
de maniére directe a I'extraction de quelques acides aliphatiques monoearboxyliques dans le
systéme acétate de butyl-eau.

I i K
caleulé ! expérimental
Acide acétique | 0,356 ( 0,344
Acide propionique } 0,088 | 0,089
Acide butyrique ! (04,0249 | 0,027
Acide valérique i 0,01 i 4,01

Les valeurs des constantes de partage, ainsi calculées, peuvent étre
comparées avec celles déterminées directemnent par le dosage des acides a
["équilibre de distribution, en utilisant les peates des droites de la figure 1.
Les résultats sont portés dans la colonne 3 du tableau. La concordance
entre les deux séries de valeurs est satisfaisante.

En conclusion, les données expérimentales présentées confirment la
validité des équations (6) et (11) daus le cas du transfert, supposé simple,
des acides acétique, propionique, n-butyrique et n-valérique de la phase
organique d’acétate de butyl dans la phase aqueuse.

CManuserit vegw le O oavetl, 1071
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VARIATIA TENSIUNII INTERFACIALE IN TIMPUL EXTRACTIEL LICHID-LICHID
U]
Lxtractic unoy acisi alifatici monocavboxilict in sistemul acclat de butil-apd

(Rezumat)

In luerare se prezinti date cxperimentale privind variatia tensiunii interfaciale in
timpul extractiei lichid-lichid a acidului acetic, propionic, n-butiric $i n-valerianic din acetat
de butil in apa. Rezultatele confirmi validitatea unor ecuatii din termodinamica proceselor
ireversibile care prevdd variatia liniard a tensiunii interfaciale cu logaritmul raportului coun-
centratiilor de acid in faza apoasd i organica.
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MGMEHEHHE MEX®ASHOTO HATSKEHIS BO BPEMY DKCTPAKILHIH
KHUAKOCTh —)KHMIKOCTD (1)
FRCMPEKIUL HCKOMOPOLY MOHOKAPOOKCUAOHOLY QAUDAMUMCCKUX KUCIOM 6 Cucmee
Oymuaayemant-eodu

(Peswnme)

ABTOpBI NPHBEIH 3KCHEPHMEHTALHLIE laHible 00 HIMeueHiul Membasnoro HaTsKenus
BO BpeMs 3KCTPAKUHH KHIKOCTb-’KHAKOCTH YKCYCHOH, MPONHOHOBOH, H-MacJasinoll W H-Bagde-
PHAHOBOM KHCJIOT M3 OyTHJaaleTaTa B Boie. PeavanTarsl HOATBEPIKIAIT CHPABeLIHBOCTL He-
KOTOPBIX YDaBHeHHH TePMOAHHAMHKH HeOODATHMBIX NPOLECCOB, KOTOPHE [Pe1ycMaTpUBAIOT
auHeliHOe H3MeHenHe \leAGDA3HOTO HATAXEeHUS! C JOTraPHdMOM OTHOWIEHH S KOHUSHTP ANl KHCAOT
B BOJHOIl H opranHyeckoil ¢asax.




SEPARAREA SI IDENTIFICAREA ELECTROFORETICA A UREEI
IN AMESTECURILE COMPLEXE REZULTATE PLASMOCHIMIC
DIN ETER DE PETROL, AMONIAC SI VAPORI DE APA

A, CONSTANTINESCU si € LITEANU

Din studiul literaturii de specialitate rezultd cd fu conditiile descér-
drilor clectrice de ifnaltd freeventd asupra amestecurilor gazoase de metan,
amoniac si vapori de apa, se obfine uree impreund cu numerosi alti compusi
organici aminati [ 1—67.

In accastd lucrare ne-am propus si identificdm prezenja ureei si in
amestecurile complexe obtinute prin descrcari electrice de inaltd frecventa
asupra amestecurilor gazoase de eter de petrol, amoniac st vapori de
apid. Scopul urmdarit a fost obtinerca de indicatii pe cale electroforetica
in ceea ce priveste cantitatca de uree formatd in aceastd descdrcare elec-
tricd, comparativ cu aceea efectuatd, in aceleast conditii, asupra ameste-
cului de metan,amoniac g1 vapori de api.

Material si metodi. Amestecurile de analizat provin de la Laboratorul de Chimie fizica
al Facultatii de Farmacie din Bucuresti, unde au fost obtinute intr-o instalatie de desciredri
clectrice de inalti freeventa cu electrozi exteriori, conceputa si realizati de D. $tefidnescn
7 S-aun folosit urmdtorit parametri de descarcare electricd : tensinnea la electrozi 3400 V),
curentul de descarcare 200 mA, freeventa oscilatorului 1,5 MHz.

Separarca ureel din amestecurile complexe obfinute plasmo-chimic din cter de petrol,
amoniac $1 vapori de ap@ s-a ficut cu un uparat de electroforeza adaptat pentru tehnica
verticald.

S-a folesit ca electrolit soluia de acid formic 2 N, intensitatea curentului 6 m4, ten-
siunea 420V, timpul de migrare clectroforetict de 6 ore, benzi de hlrtie cromatografica
Whatman nr. 1 avind lungimea de 34 om, iar litimea de 4 cm.

Rezultate si diseutii. In condifiile de lucru mentionate, ureea rimine
in apropierea liniel de start si la pulverizarea electroforegramel cu solufia
194 de p-dimetilaminobenzaldehidd in etanol se coloreazd in galben, ca
s1 proba martor (ureea pura).

Electroforeaza constituie astfel un procedeu cficace de separare a
urcei din amestecul complex de compusi formati plasmochimic.

Decupind zonele corespunzitoare ureei la un numdar de 15 electro-
foregrame si fractionindu-le in mici porfiuni, dupd extractie apoasid s-a
obtinut o solutie al carui spectru de absorbtie UV indicd prezenfa unor
maxime de absorbtie la lungimile de undd de 191, 193 si 198 nm, aceleasi
care se regasesc si in spectrul UV al ureei pure (fig. 1).

Se confirmd astfel prin spectroscopie UV prezenfa ureel in amestecul
compusilor rezultati plasmochimic In descircarca electricd de inalta frec-
venjd asupra amestecului gazos de cter de petrol, amoniac §i vapori
de apa.

Spotul ureei separatd prin metoda electroforeticd este de circa cinct
ori mai mare decit cel datorit ureei obtinute prin descarcidri electrice de
inaltda freeventd, in aceleasi condifii, asupra amestecului de metan, amo-
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225 S

Fig 1. Spectrul de absorbtie In UV al solutiei extrasd
cu apd din spoturi electroforetice {— - — --)

si al ureei
pure (—— .}

niac si vapori de apd. Obtinerca plasmochimicd a ureei prin descircdr
de inaltd frecventd asupra amestecului avind drept componentd hidro-
carbonatd metanul este, asadar, mai putin indicata in comparafie cu aceea

efectuatd asupra amestecului avind component lhidrocarbonat eterul de
petrol.

(Intrat in redactie la |7 ebruarie 1974)
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OTAEJEHUE 1 3JTEKTPOPOPETHYECKAS HMAEHTUCHKAUMS MOYEBHHDLI B
KOMIUVIEKCHbBIX CMECHX, MNOAYYEHHBIX I[VIAZMOXUMHUYECKH M3
METPONEMHOIO 30UPA, AMMHAKA M BOJSIHOIO MMAPA

(Peswonme)

Henoabava siaektpobopes na OyMare, aBTOPbl OTAEAHJH MOUEBHHY H3  KOMINVIEKCHOH
CMeCH BeIeCTs, MOJAYHeHHLIN [OCPeICTBOM BbICOKOUACTOTHLIX 3JIeKTPHUECKHX pa3psajoB Ha
razoo0pasHble caecH neTpodeitioro 3PHpa, aMyHaka M BoisHoro napa. [1aTdo MoueBHHBI, HOAY-
YeHHOII H OTAeIeHHOfl 3THM crocoboN, GoJblue, deM NATHO MOYEBHHDI, HOMYUEeHHOH NIa3MOXH-
NMHUECKH B TeX Ke VCIOBHAX H3 CMecell MeTana, aMMHaka H BOJAAHOMO napa.

ELECTROPHORESIS SEPARATION AND IDENTIFICATION OF URIIA IN COMPLEX
MIXTURES ISSUED PLASMOCHEMICALLY I'ROM PETROLEUM ETHER, AMMONIA,
AND H,0 VAPOURS

(Summary)

Using the electrophoresis on paper the separation of urea from a complex mixture
of substances formed by electric dischiarge at high frequencies on certain gaz mixtures of
petroleum ether, amimonia, and water vapours has been obtained. The urea spot thus obtained
and separated is greater than that due to urea obtained plasmochemically under the same
conditions from mixtures of methane, amunonia, and water vapours.



RECENZII

L. Oniciu: Chimie fizied. Electro-

e¢himie. Editura didacticd i pedagogici
Bucuresti, 1974,
In ultimele decenii  electrochimia  a

cunoscut o dezvoltare spectaculoasd datoritid
atit umor progrese importante in teorie si
in metodologia investigatiilor, cit si mai ales
in urma implicatiilor pe care aceastd (sci-
plini le-a dobindit in rezolvarea nnor pro-
bleme practice deosebit de importante. Pen-
tru ilustrare ajunge si amintim cd azi pro-
cedenl cel mai promitator de conversie a
energiei  este considerat cel electrochimic,
sau cd fenomenul de corozinne si cdile efi-
ciente de combatere a ei sint de naturd electro-
chimicd. Llectrosinteza organicd in zilele
noastre deschide perspective incd nebénuite
in obfinerea umor substante mult cautate
in conditii deosebit de avantajoase. In
domeniul teoriei recunoasterea rolului inter-
fetei pe care il are in procesele de electrod
a produs o adevdratd revolutie in studiul
5i interpretarea fenomenelor electrochimice.

Manualul profesornlui Oniciu este intre
primele care consemneazd aceste progrese
prin prezentarea unui material modern in
continut, conceptie si metodologie, oferind
cititorilor o imagine clard despre aspectele
de bazd ale electrochimiei. Partea intii a
lucrdrii este comsacratdi studiului ionilor in
solutie, tramsportului ionilor in solutii de
electroliti, protonilor, respectiv electronilor in
solutie. In partea a doua sint expuse pro-
blemele care azi sint considerate ca fiind
miezul electrochimiei: structura interfetei
metal-electrolit si fenomenele ce au loc in
aceastd interfatd in cursul proceselor electro-
chimice. In capitolul , Bazele termodinamice
si cinetice ale reactiilor de electrod” se
discuti stratul dublu electrochimic, electro-
sorbtia, reactiile de electrod, precum si

metodele moderne de cercetare a  acestor
reactii. Se expun originea diferentelor de

potential, problema izotermelor de adsorbtie,
metodele de determinare a electrosorbtiei.
Studiul mecanismelor de reactie este indicat
prin metode electrochimice : potemtiostatice,
galvanostatice, culostatice, precum s priu
metode neelectrice cum ar fi reflexia, efi‘psy—
metrin,  rezonanta f spin, In

clectronici  de
cupitoiul urmator se discutd detaliat unele
provese <le  electrod  cn dmplicatii  practice
deosebite cum ar fi electrodepunerea metale-
lor, reactia de descarcare a hidrogenului st
a oxigenului, coroziunea i pasivarea netale-
lor, procese de  dectrod  ale  substantelor
organice, precum $ioalte procese frecvent
intilnite in industria electrochimicdl {{ndustria
clorosodicd, producerea apel grele, fluorurarea
electrochimicd, clectrodepunerea vopselelor,
etc.). In partea a treia a manualului {capitole
speciale) autorul trateazd problema electro-
chimiei topiturilor §i a gazelor, precum sk
aspectele conversiei electrochimice a energiei.

Lucrarea este o expunere moderni a
problemelor majore ale electrochimiei actuale
cu calitdti didactice pronuntate : succesiupea
logicd, explicatii clare, utilizarea unui aparat
teoretic modern dar in acelasi timp accesibil
cititorilor. Prezentarea unui mundr mare de
metode de investigare impreund cu indicarea
literaturii  reprezentative sint menite s&
ajute pe cititor in aprofundarea problemelor
discutate, deschizind orizontul si spre preo-

cupdri care momentan apartin  viitorului.
Considerdin ¢d manualul este de un real
folos tuturor cirora le-a fost destinat: stu-

dentilor, doctoranzilor si specialistilor din
industria electrochimicid si este o realizare
buni a intentiilor autorului de a aduce o
contributic la modernizarea Inviatamintului
universitar in tara noastra.

1. KEKEDY
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