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SEMI-EMPIRICAL MOLECULAR-ORBITAL CALCULATIONS.
EVALUATION OF THE EFFECTS DUE TO THE NEIGHBOURING
ATOMIC CENTERS

J. MATHE

The semi-empirical molecular orbital calculations simplify and reduce the
computational work by substituting given quantities (diagonal and off-diagonal
matrix elements), with equivalent parameters that can be obtained by much simpler
techniques, or from experimental data. Generally we use iterative procedureto
readjust the empirical parameters. The progress of the semi-empirical method
is reflected in more and more sophisticated approximations of the matrix elements.
In this paper we discuss only the evaluation of diagonal matrix elements. There
are several papers which examine the approximations used for the off-diagonal
matrix elements [1 — 11]. Inthe Mulliken — Wolfsbherg—- Helmholz
molecular-orbital calculations the diagonal matrix elements (Coulomb integrals)
are evaluated from atomic ionization data, taking into account the atomic charge
and configuration [12]. J6rgensen etal. corected the diagonal matrix elements
with the electrostatic Madelung energies due to the neighbouring atomic centers [13 .
The effect of neighbouring atoms are complex, the point charge Madelung potential
calculations do not include some covalency effects: penetration of the atomic or-
bitals on one center into the imperfectly shilded nuclear fields of other centers and
the electron cloud expansion effect [14]. Approximations have been suggested

by R os for evaluating the effective nuclear charge, taking into account the pene-
tration effect [15].

The purpose of this paper is to present a new method for the evaluation of the

neighbouring atom effects, including electrostatic interactions and covalent electron
penetration effects.

The diagonal elements /;; of the secular equations are of the following form :

i = () 1 (1)) = (g [—‘;m 1)>+m< )lx,-(l)>--w-
by S G
2 xn > PLINGS \F1<>>

,-l)
%5{2) xi(1)

~*}w3




6 J. MATHE

The x; orbital belongs to the « nucleus, § stands for all the other atoms in mole-
cule. The summations j are extended over all occupied orbitals of « atom, the sum-
mation & over all occupied orbitals of § atoms. The first three terms represent
the kinetic energy and the interaction of the electron on the 7th orbital with the «
nucleus and other electrons. These terms, neglecting the reduction of the interclec-
tronic repulsion, can be approximated with the free-ion energy, i.e. with the valence
state ionization energy. The last three terms express the interaction of the ¢ th elec-
tron with the other atoms. These terms can be equalized approximately with the
Madelung energy of the 8 ions, as proposed by Jorgensen [13], Ros [15] and
Cotton [167. Thus one can write

fyp = VSIE (q) -+ Z*#
€l 1\'0[{;

where ¢, is the charge of 2 atom obtained by the Mulliken population analysis [17].
The valence state ionization energies can be evaluated using a quadratic equation :

VSIE = Ag® + Bg + C

The A, B and C parameters are given by Bash, Viste and Gray [18].

The cffective charge of 8 atoms 2 which act on the ¢ th electron (centered
at the = nucleus) w ould dlﬁm‘ from the formal charge because of the penetration
of 7 th orbital in the electron shell of B atom. We propose the following procedure
to evaluate the zg. If we cousider the o and 2 atoms as point charges, z3 will be
equal to the formal charge of 8 atom, obtained by the population analysis: Z; —
——E 1,(8) ; where i, 271 &) represents the number of electrons centered at the

i nucleus. The ] nudcu\ is completely screened by its electrons. Z5 is the nuclear
charge. In fact as a consequence of partial covalent bond formation the 2 electrons
petetrate into the 4 electron cloud, the screening of the #th atom nuclear charge
by the ng electrons is not complete. The effective charge of 8 ligands become more
positive than the formal charge. We can take into account this effect by multi-
plying the number of electrons with some screening constants o, << 1. (e.g. with
the Slater screening constauts). Thus the effective charge will be:

% = 2y — 2 m(B) o

where 5, 1s the screening constant of £ th electrons.

As the probabilit\' of finding = electrons near the 5 nucleus increases, the
effective charge increases u)rro&pondmglv Consequently we can evaluate the
effective charge of the f atom using the following relation :

25 == ={%) (Zg — 20 m(B) + =(8) (Zy — Z}; 1, (B) o)
The first paranthesis represents the point-like charge of £ atom which acts on the
electron centered on « nucleus, the second paranthesis is the charge which acts on
the delocalized electron. 7,(8) and =,() represent the probability of finding the 4 th
electron at the « aud £ atoms. The two probabilities were obtained b} means
of Mulliken’s population analysis:
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where Y N(k, i, ») represents the “sub total gross population” on atom «, N(k) is

£
the number of electrons on the & type molecular orbitals. All calculations were
iterated as long as self-consistency in charge were closely approached.
The off-diagonal matrix elements were evaluated using the Wolfsberg-Helm-
holz approximation :

The multiplicative factors used are F, = 1.617 and I'_ -~ 2.10, where those proposed
by Bash, Viste and Grav [187.

Application. We used the above method forinterpretation of the spectral pro-
perties of sodium diaquo-bis (tartrato) manganate (I1I) nonahvdrate "Mn(CH,O4),
(H,0),1Na; . 9H,0 reported in a preceding paper [18]. Figure 1 represents the
model of this compound. Figure 2 shows the representation of the ¢ and = orbitals
on ligand atoms. In Table 1 are given the metal and ligand wavefunctions in the
Dy, syvmmetry group. In our calculations we have neglected the 4s and 4p orbitals,
Using the variational principle we obtain the orbital energies = solving the secular
determinantal equation.

where /i;; are the Hamiltonian matrix elements between the /th and jth atomic
orbitals, G; is the group overlap integral,

(70 ®5) = (7500 = KS(7: 75)

S(x,, 7, is the biatomic overlap integral, K is a numerical factor. The overlap
integrals were obtained by the following radial functions [19]:

Ry, (Mn2+) == 0-515y,,(3.15) + 0.693y,, (1.70)

R4, (0) == 05(2.2266)

Ru(0) = 7(2.245
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Table 1

Orbital Scheme in D,; Symmetry Group

. Ligand orbitals
Representation Metal orbitals ’
° 7
1
- E (oy + 03 + 03 + o))
A4, P 3d . 4s )
ﬁ (o5 + o4
1
Azg “2“ (T — e+ 7y — Tg)
1 1
A,, 4P, \—/53(05 ~— O4) Py {m1g + Toq ~ 7y — 74
1
Blg 3dxzﬁyz T; (o1 — o3 + 03 — gy}
1
B2g 3d,y E (71 + may + map + my)
1
B,, Py (Fyp — Ty — Tap + Ta)
1
3d,, ':/-5 (ryy -+ 73) )
Eg ) ’
3dy, _\E— (7o1 + 7o)
1 1
4p 4 \/_2— (6, — a3) _\75’(7:11 — )
I
“ 1 1
4py \/—;2 {03 — ay) _@' (mae — 7y

The numbers in brackets stand for the exponent ({) in the Slater type radial func-
tions
Yo = N 1 exp (— %)

As a consequence of charge transfer from the ligand to the central ion, the effective
charge of the transition ion is less than the formal charge. Based on this considera-
tion we used the radial function of Mn(I) instead of that for Mn (III).

For the coordinated water oxygen we used a tetrahedral hybrid orbital. The
hybrid orbitals of ijonised hydroxy groups were obtained by requirement that the
sum of the overlap integrals D S,, be a maximum, were S,, represents the overlap
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integral between the hybrid oxy-

gen orbital and orbital on the neigh- £ r{:to:l’ orbilals M.0. Levels Ligand onbitals
bouring metal and carbon orbitals. [0 om
The four oxygen orbitals obtained
in this way are: -50 ¢
$, = 0,4750(2s) + 0,880(2p,) 285
¥, = 0,4750 (2s) + 0,2563 (2p,) + 3
+ 8,8417 (2p,) ;.h‘:'
4s = (25.) .. M
U, = 0,7408(2s) — 0,3999 (2p,) — -+
— 0,5398 (2p,) Qg Qs b €
e | T E(H‘o)

The z axis is directed to the me- 1oy rkeat==121,,
tal ion. 1byy *

Figure 3 shows the energy -%0t
distribution of molecular orbitals. o, (o)
We place the 4 metal and 28 ligand %"m
clectrons (24 form the hydroxy ?
groups and 4 from water molecules)

on the bonding’ nonbonding and an- Fig. 3. The energy distribution of molecular orbitals.
tibonding molecular orbitals. The

ground state is then [(1610)? (1ay,)? (10,,)? (1e)* (20,,)2 (@2)* (a3)? (25,2 (00)?(10,)%)(22,)1]
(2¢7)% (263;)(3a,) which is identical with the ground term’B,, obtained from ligand
field considerations. The sequence of antibonding orbitals 2b7s(du_ys) > 2ai(ds) >
> 2b3(dyy) > 2er(d,., d,,) is identical with the sequence of d orbitals obtained by the
ligand field approximation for the axially elongated compounds.

Table 2 gives the observed and calculated d-d transitions, considering that
the electron repulsion contributions are the same for all the antibonding states.
The agreement between the calculated and observed transitions is satisfactory,
indicating the correct assignment of the visible spectrum. The nonbonding-anti-

Table 2
Observed and caleulated d—d transitions for the
[Mn (C; H, 0(),(H,0),] 9Xa;H,0
Transition Experimental cm™! Calculated trans. energy cm—*!

By oy 11,800 8.750
"y, > 5B, 19,790 15,550
22,900 22,700

By, = OF,
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Table 3
Orbital Energy Levels and Eigenveetors of
[Mn(40)(X1,0),]1—
R . Figenvector Coefficient
. Orbital energy 1K
Symmetry Dy 10-5 o1 o l . .
la,. —165.9 0.195 0.935 0.025
2ae —130.2 0.340 — {1,209 0.851
3¢ — 77.1 0.992 —1.376 —0.594
1b,¢ —133.7 0.533 (1753
2byg — 84.0 0.867 —0.685
les —131.2 0.522 0.776
2o, — 89.1 0.868 —0.650
1b, . —169.5 0.268 0.862
b, — 68.4 1.039 —0.670

bonding charge transfer transition takes place approximately at 30,000 cm-1. This
is an acceptable value for trivalent manganese. The final charge distribution in
the investigated compound is Mn 1% (40)-2%% (2H,0)+*%. Studying the electron
repulsion parameters in the transition metal compounds (nephelauxetic effect),
Jorgensen concluded [207 that the effective central atom charge always is a frac-
tion below the oxidation state, but usually above <4 1 and frequently above -{- 1.5.
The obtained central ion carge -+ 1.4 is in accordance with these predictions.

The results of our considerations are the following:

In the semiempirical molecular orbital calculations it is necessary to include
into the Coulomb integrals the electrostatic effect of neighbouringions and the electromn
penetration effect. Neglecting these terms, the central atom charge are found
to be very low, in the range 0—1. Take into account the interatomic Coulomb
term in some cases the Madelung energies are very large and we do not obtain con-
vergences in the iteration procedure. It is necessary to take into account the pene-
tration of the atomic orbitals into the imperfectly shielded nuclear fields of the
neighbouring atoms, i.e. to cvaluate the Madelung energies using some effective
charge.

The covalent bond formation also might modify the diagonal matrix elements
due to the nephelauxetic effect. The electron cloud expansion reduces the electron
repulsions. We intend to take into account this effect in the evaluation of the
diagonal matrix elements in the future.

Acknowledgement. 1 wish to thank Prof. Dr. I. Cadariu for helpful dis-

cussion of the problem.
( Received Norember 10, 1959)

REFERENCES

.M, Wolfsberg and I, Helmholy, J. Chem. Phys., 20 837 (1952).

2., Basch, A, Viste and H. B. Gray, J. Chem. Phys, 4% 10 (1966).

W. A. Yeranos, J. Chem. Phys., 4% 2207 (1966).

L. Ch. Cusachs and B. B. Cusachs, J. Chem. Phyvs., 45 1060 (1967).

R. . Fenske, K. G. Caulton, D. . Radtke aud C. . Swceeney, Inorg. Chem.,
3 951 (1966).

6. R, F. Fenske and D. D, Radtke, Tnorg. Chem., 7 479 (1968).

Ut e L L



MOLECULAR-ORBITAL CALCULATIONS 11

D.D. Radtke and R. F. Penske, J. Am. Chem. Soc., 8% 2292 (1967).

J.Balllhausen and . B, Gray, Inorg. Chem., 1 111 (1962).

ST A Kettle, Jo Chen Soc., A, 420 (19686).

10, G. Blyholder and C. A, Coulson, Theoret. Chim. Acta, 10 316 (1968).

(1P, W Smith, R.Stoessinger and A, G Wedd, Theoret. Chim. Acta, 11 81 {1968).

12.C. J. Ballhauseun aand H. B. Gray, ,Moleeular Orbital Theory”, Benjamin Inc., New
Yeork, 1964,

13. Ch, K. Jorgensen, 5. M, Hormner, W, . Hatfield and 8 Y. Tyre, Int. J. Quantum
Chem., 1 191 (1967).

H A T. Armstroung, B, Bertus and 8. P Me Glynu, Spectroscopy Letters, 1 43 (1968).

Roliv oS |
i

15. P. R os and . C. A, Schuit, Theoret. Chim. Acta, 4 1 (1966).
16, F. A, Cotton and C. B. Harris, Inorg. Chem., 6 369 (1967);
FoA Cotton, C. B, Harris and J. J. Wisc, Inorg. Chem., 6 909 (1967).
7. RO 8 Mulliken, J. Chem. Phys., 25 1833 (1955).
I8 J. Mathé and 1. Cddariu, Rev. Roumaine de Chimie, 12 949 (1967).

19 3. W. Richardson, W. (. Niewpoort, R.R Powell and W. F. IHdgell, ]J.
Chem. Phys., 36 1057 (1962).
200 Ch. K. Jorgensen, Helv. Chim. Acta, Fasc. extr. A. Werner, 1967

CALCULE DE ORBITALE MOLECULARE SEMIEMPIRICE.
EVALUAREA EFECTULUL CAUZAT DI CENTRI; ATOMICE VECINE

(Rezumat)

fu lucrarca de fata se proputie o noud metodd pentru evaluarea integralelor coulonibiene in caleule
de orbitale moleculare semiempirice, Iuind in considerare efectul atomilor vecini. Acest cfect este foarte
complex, ce naturd electrostatic i de covalenti, de delocalizare. Asupra electronilor din atom actio-
neazd atomil vecini prin forte coulombiene (potentialul Madelung). Datoritd covalentei insa sarcina
lor este diferitd de sarcina formald. Se propune o metodid pentru evaluarea sarcinii efective a atomilor
vecini. Metoda a fost aplicatd pentru combinatia Nag ' Mn(1IT)(CH,00.(H, 0,0 9 H,0, folosind modelul
CAI (O (FLOY,

BBIYHCAEHMS TTOJAYIMITHPHYECKIIX MOJERY.THUPHDBIX OPBHMTAIETL OLEHKA
SOOPEKTA, BbI3HIBAEMOTO COCEAHMMH ATOMHDIMM IIEHTPAMI
(Pezwae)

B padore npeliaraercs HOBHIT METOL 1J51 OLEHKH KVJIOHOBCKHY HHTErPasoB [pPH BbIUHCICHHAX
UOJTYIMIHPHUECKHX MOJCKYAAPHBIX OPOHTadel], HpHHEMAs Bo BHHMaHHe 3DderT coceIHlx atoMon. ITOT
3(peRT OUeHb CIOKHBIT, HMEEeT 3SIeKTPOCTATHYECKYVIO, KOBAJTCHTHVIO 1 AeJOKAIN2RMIOHHYIO MPHPOIY.
Ha saextpounl atoMa AeHCTBYIOT COCEAHME  dTOMBL  KYJIOHOBCKHMI  citasi  (notennnat  Msieayar).
Onaxo 6aarolapst KOBAJGHTHOCTH HX 3apal pasziuduen ot dopyaisnoro. [lpeltaraercs meror as
olenk! 3¢ddeKTHBHOrO 2apsid coceinux aroMos. Metol O npusendén A0g coeutHenns Na, Mu(l11T)
{C H,04),(H,0), | - 9H,0, uenodansya yModeab [Mn(O 7 (H,O0), 7.






O NOUA METODA CINETICA DE DETERMINARE A ACIDULUI URIC

de
E. CORDOS si E. CIRLIG

Acidul uric se formeazi in organismul uman ca urmare a oxiddrii bazelor
purinice care la rindul lor pot apirea prin catabolismul acizilor nucleici, precum si
ca produs al metabolismului proteic. Continutul crescut de acid in serul sanguin
indica stiri patologice legate de o dezagregare celulard internd ca leucemie, leuco-
citozd, pneumonie. O scidere accentuatd a concentratiei in acidul uric poate indica
o depunere a acestuia la nivelul articulatiilor (gutd).

Existd relativ putine metode de determinare a acidului uric majoritatea lor
bazindu-se fie pe reactia de formare a albastrului de wolfram In urma reducerii
cu acid uric a acidului fosfowolframic [1—3]1, fie pe reactia de oxidare enzimatica
a acidului uric la alantoini [4—6].

Reactiile care stau la baza metodelor mai sus amintite sint reactii lente,durata
unei analize fiind de circa o jumitate de ord sau chiar mai mult pentru unele me-
tode enzimatice [7,8]. Cinetica acestor reactii nu este studiata.

In prezenta lucrare este elaborati o metod3 cinetici de determinare a acidului
bazatd pe formarea albastrului de wolfram si totodatd este examinata influenta
diferitilor factori asupra vitezei de reactie in scopul stabilirii parametrilor optimi
de lucru.

Aparaturd i reactivi

Reactia s-a desfasurat intr-o cuvi cilindricd cu diametrul de 1,5 cm si capacitate de 9 ml. Agi-
tarea reactivilor s-a asigurat cu ajutorul unui agitator magnetic, mentinindu-se o turatie constantd
pe tot cursul determinarilor. Turatia cea mai potriviti a fost stabilita prin incerciri, conditia prin-
cipali fiind ca ea si nu fic prea micd, pentru a permite o bund amestecare, dar nici prea mare, ca
si formeze vortexuri care si deranjeze determinarea. O valoare convenabili este aceea de 200 rpm.
Cuva a fost introdusa intr-un bloc de termostatare i mentinutd la 257 Reactia a fost urmdritd spectro-
fotometric la 625 mmn, drept sursi de lumini utilizindu-se o lampid de tungsten si un monocromator
Zeiss- Jena. Intensitatea luminii trausmise s-a misurat cu o fotoccluld tip MVS cu fotocatod de Cs—5b,
totocurentul generat fiind inregistrat de ciitre un inregistrator Zeiss-Jena tip G1BIL.

Au fost utilizati trei reactivi; solutie standard de acid uric, acid fosfowoliramic si solutie tampon
de borax.

Solutie standard de acid wric 100 ppm. Sc dizolvd 0,1 g acid uric in apid distilatd. Suspensia
formatid se limpezegte prin adiugarea citorva piciituri de carbonat de sodiu 0,1 N si se aduce la cotid
in balon de 1000 mi

Acid fosfowolframic (AFW). Se fierb sub reflux, timp de doud ore 20 g wolframat de sodiu si
15 ml acid fosforic {d =1,75), dizolvate in circa 150 ml apd. Dupi ricire se completeazd cu apid la
200 ml

Solutic tampon de bovax cu pIl-ul cuprins intre 9,60 si 10,00 se obtine prin amestecarea in diferite
proportii a unei solutii 0,2 M de borax cu o solutie NaOH 0,1 M.
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Partea experimentali

Ordinea adduvgdril veactivilor nu are prea mare importantd din punct de vedere
al desfisurdrii reactiei propriu-zise. Acidul fosfowolframic absoarbe insid si la lun-
gimea de unda la care se fac determindrile, asa cd, pentru a nu obfine un salt
in momentul adaugdrii acestui reactiv si pentru a stabili in bune conditii punctul
corespunzitor valorii zero a absorbantei, se adaugd reactivii in ordinea: acid
fosfowolframic, solutie tampon si acid uric.

Influenta concentratiilor acidului  fosfowolframic este lustratd in fig. 1. Pe
ordonatd a fost trecutd valoarea pantei fotocurentului in mV - s Intrucit este
vorba de masuritori de absorbante in domeniul de la 01a 0,1, mérimea fotocurentului
se poate considera ca fiind direct proportionald cu viteza de reactie. Fiind vorba
de masuritori relative, pentru care s-au pastrat conditii identice pe tot parcursul
determinarilor, s-a considerat ¢a se poate utiliza In determindri direct variatia
fotocurentului.

Dupa cum se poate observa din figurd, viteza de reactie creste o datdi cu con-
Ccntmtla in AFW pind in ]urul valorii de 2 - 10~ gP/ml Mirind concentratia
in AFW viteza incepe apoi sa scadd usor din cauza scdderii pH-ului solufiei la con-
centratii mai mari de ATW, céci dupa cum se va vedea mai jos reactia este
sensibila la schimbarile de pH.

Dependenta eiteser de reactic de pH face ca s fie necesard utilizarea solufiilor
tampon. Reactia nu incepe decit la pH-uri mai mari decit 9,5 i dupd cum se vede
din fig. 2, viteza ei creste repede cu pH-ul

I.a valori ale pH-ului mai mari decit 10,00 nu se poate lucra intrucit apare
o opalescentd datoritd probabil descompunerii acidului fosfowolframic la meta-

Es3

P

{o ey
™

Ponte focorere, 5

S 36 7 93 9 [ Q¢
¢ @ x 30 W
Lonc AEw /gpx <yl

Fig 1. Variatia vitezei de reactie in functie de con- Fig 2. Dependenta de pH a vitezei de
centratia acidului fosfowolframic. reactie a acidului uric cu acidul fosfowolf-
ramic.
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K7} ) w5 o = N(L'-
cenc. ac uric {ppm) TIMD (ser)
IFig. 3. Curba etalon pentru determi- Fig 4.

narci cineticd a acidului uric.

wolframat de sodiu. S-a ales ca valoare de lucru pH-ul 9,85, care se poate obtine
comod cu ajutorul unei solutii tampon formatd dintr-un volum solutie borax
0,2 M 31 doud volume de NaOH 0,1 M. La aceasta valoarc a pH-ului viteza
este suficient de mare, deci metoda cigtiga in sensibilitate si totodata se evitd apa-
rifia opalescenfei care ar denatura rezultatul determinarilor. & = K
Au mai fost incercate si solutil tampon continind carbonat de sodin sau mumat
solutii de hidroxid de sodlu insi rezultatele obtnlu’(e nu au fost reproductibile.
Mentionam c¢i toate pH-urile au fost misurate in pre/cll;d a 0,1 ml AW ddaugat
la solutiile tampon. Determinarea sc desfisoari in modul urnmtor in cuva se
introduce 0,1 ml ALW $1 7 ml solutic tampon borax-hidroxid de sodiu. Se conec-
teaza w1t‘1wrul magnetic si se porneste banda de hirtie a inregistratorului. Sc
mtroduw apol prin m]ectarc sau prin pipetare rapidd 1 ml solutie de acid uric §i
se inregistreaza fotocurentul timp de 10 secunde cu o vitezi de rulare a hirtiei
de 120 mmyminut. Se obfine o curbi cineticd a cirei inclinagie se determind grafic.

Viteza de formare a albastrului de wolfram, exprimatd prln panta fotocuren-
tului este direct proporfionald cu concentratia acidului uric pind la 100 ppm (fig. 3).
Peste aceastd concentratie panta fotocurentului nu mai este direct propor‘ponald
cu concentratia acidului uric, mdisuratorile fiind facute in transmitantd si nu in
absorbantd.

Reactia este de ordinul intfi in raportul cu acidul uric, logaritmul concentratiet
variind linear cu timpul (fl(f 4). Constanta de vitezd, pentru conditiile bpemﬁcatc
mai sus, adicd pH = 10,2 si 25°, are valoarea 6,7 - 10 3.

Reproductibilitatea metodei este satisfacdtoare, eroarea medic patratica fiind
cuprinsa intre 1,4 51 3,09%,. KEcuatia dreptei de etalonare calculatd prin metoda celor
mal mici pitrate este: Y = 0,32 -1 0,106 ¢. unde ¢ este concentratia acidului
uric exprimatd in ppm.

Metoda a fost verificati pe trei seruri deproteinizate cu acid tricloracetic
99 cu continutul diferit de acid uric.
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“abel 1

Acid uric in ser mg/100 ml

Eroarea Y,

Luat ( Gisit

2.1 2,0 —4,8
2,9 2,9 -
4,3 4,5 + 4,6

Determindrile trecute la rubrica ,,luat” au fost efectuate dupd metoda spectro-
fotometricd indicata de Caraway [53] si au servit drept termen de comparatie.
Dupid cum se poate vedea rezultatele obtinute prin metoda cinetica sint in buni
concordanta cu acelea obtinute prin metoda clasicd, avind in schimb avantajul
rapiditdtii. O determinare prin metoda cineticd dureazd circa 1 minut.

(Intral in redactie la 28 noiembric 1969)
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HOBbIH KUHETHUUECKWIA METO1 ONPEALJIEHHS MOUYEBOM KUC/IOTbI

(Peswume)

Omnican HOBHI KHHETHYeCKHH METOJ Olpeie]eHHs MOWYeBOIl KHCJOTH, OCHOBAaHHLIA Ha H3MEpPEeHHH
CKOPOCTH 00pa30BAHHA BOJdb(PAMOBOH CHHH, [OJYUEHHOIl B pe3yJjbTaTe BOCCTaHOBJAeHIs (ocdoBOIb-
(paMOBOH KHCJIOTBI MOUYEBOH KHCJAOTOH.

Peaxuus npocaexena cnekrpodoromerpudeckd npH 650 v OntHmanbHple paGodHe yCJAOBHS Clle-
Ayiomue: pH = 9,85, konuentpamus docdoponbhpamoBoli KHCa0TE cootBeTcTBYeT 2. 1073 r P/ma # Tem-
neparypa 25°C. CkopocTh 06pa3zoBaHHsi BOAb(YPAMOBOI CHHM NPSIMO TPONOPUHOHAILHA ¢ KOHUeHTpALHell
MOYeBOH KHcaoTbl B obgacti 10—100 stuonubix Joqeil. Metox Obl1 1pOBepeH ¢ XOPOUIMMH DPe3yiib-
TATAMH HA JeNpOTEHHH3HPOBAHHBLIX CHIBOPOTKAX.

A NEW KINLETIC METHOD FOR DETERMINING THE URIC ACID

(Summary)

A new kinetic method for determining the uric acid is described. It is based on measurement
of the formation rate of tungsten blue, formed by reduction of tungstophosphoric acid with uric acid.
The reaction is followed spectrophotometrically at 650 nm. The optimal working conditions
are: pH 9,85, the concentration of tungstophosphoric acid corresponding to 2.1073 gP/ml and 25°C
temperature. The formation rate of tungstophosphoric acid is directly proportional to the uric acid concen-

tration in the range of 10--100 ppm. The method was tested, with good results, on deproteinized
serums.



ASUPRA DETERMINARII VITEZEI DE REACTIE PRIN METODA
INTEGRARII (I)

Cazurile ¢ = at" i reactil de ordinul intii

de
E. CORDOS

In automatizarea metodelor cinetice de analizd un rol important il joaci deter-
minarea automatd a vitezel de reactie. Dacd mersul reactiei in cauzid este urmérit
instrumental atunci mdsurarea vitezei de reactie se reduce la determinarea pantei
curentului dat de traductorul respectiv. Intr-o lacrare anterioari [1] s-a expus
principiul determindrii pantei curentului de traductor prin metoda integrari,
schema unui aparat care efectueazd aceastd mdsuritoare, precum si rezultatele
obtinute cu citeva sisteme chimice. Determindrile au fost efectuate pe o portiune
a curbei cinetice care poate fi consideratd o linie dreaptd. In prezenta lucrare sint
expuse considerentele teoretice cu privire la determinarea tangentei prin metoda
integrarii pentru cazurile cind intervalul pe care se face integrarca este mai mare si
portiunea curbel cinetice luatd in lucru nu se mai poate asimila cu o linie dreapta.
Calculele s-au efectuat asupra unor curbe descrise de ecuatiile: ¢ = af, ¢ = at” §i
s == e

Principinl deterinindrit vitezel de veactie prin
metoda integrdrii. Metodele cinetice de analiza se ¢
bazeazd pe misurarea vitezei de reactie si de-
ducerea concentratiel pe baza relaicl ce exista
intre aceasta §i vitezd. Intruclt concentratia nu
se masoard dircet, i prin intermediul unui tra-
ductor, s-au luat in considerare numai cazurile
in care intre curentul emis de acest traductor si
concentratia componentului misurat existi o re- LA
latie strict lineard. Din acest motiv, desi integra- :
rea se face asupra curentului de traductor, drept
variabild dependentd s-a luat concentratia ¢. De

asemenea, ecuatiile au fost explicitate in for- At A
ma ¢ = f(/), unde { este timpul scurs de la inifi-
erea reactiei. o ! !
. . . 3 t t
Metoda de determinare a pantei prin inte- 0 A : ‘I

grare se bazeazd pe urméatorul principiu, ilustrat

S . Fig. 1. Principiul determinirii pante
in fig. 1 pentru cazul ¢ = atf.

2 — Chemia 2/1970
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Semnalul de la traductor, proportional
cu concentratfia, se integreazd pe douid inter-
vale de timp [, iar intre ariile obtinute, A4,
si 4, se face diferenfa. Aceastd diferentd AA,
este legatd de inclinajia dreptei a sau tg o,
prin relatia :

Ad = tg o2 (1

Diferen{a nu depinde de valoarea abso-
lutd a concentratiei, intrucit méarimea primei
arii objinute prin integrare este luatd ca re-
ferintd pentru intreaga masurdtoare. De aceea
la nici una din curbele discutate nu s-a luat
in considerare ordonata la origine.

G 11 t to : Dupd cum se poate vedea, in cazul li-
Fig 2 Metoda prin integrare pentru cazul  niei drepte diferenta A4 nu depinde de timp,
¢ == ath cu alte cuvinte, indiferent de porfiunea in care

se face miasuritoarea valoarea obtinutd va fi
acecasi. In cele ce urmeazi se pune problema pistrarii valabilitatii rezultatelor
obtinute pentru cazul cind intervalul de integrare, [, este destul de mare ca
porfiunea curbei cinetice luata in lucru sd nu se poatd considera o linie dreapta.
Cazul ¢ = at*. Sd presupunem ci integrarea se face pe doud intervale de timp,

de lat—17latsidelatlas+{ (fig. 2).
Diferenta A dintre cele doud arii obtinute prin integrare este datd de expresia:

i1 t

Ad == ﬂ at" dt — \ at* dt @

t [
Integrind si introducind limitele se obtine:
Ad = (¢4 Ot — 20 L (F Iyt 3)

w1 ‘

Ridicind Ia putere expresiile din paranteze si reducind termenii asemanidtori se
ajunge la:

Qa (n -1 L)n (n o Linn iin - 2) )
N o (4)

" 20 ! 41
Avind in vedere ¢i tangenta la curbd in punctul { este datd de expresia:
tg o = ant’n— J) (O )

se poate scrie relatia 4 in forma:

2 - D=y I 2 N 2 - By - (] ]
g R (7] ®

/ — 2 .
AA tg ol T 4 ¢ 61 t

Din relatia {6) se poate vedea ca diferenta dintre cele doud arii este proporfio-
nala cu tangenta la curbd in punctul corespunzator mijlocului perioadei de integrare.
Pentru # = 1 ¢i # == 2 relatia 6 devine:

Ad = tg ok,
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adicd tocmai relatia 1. Pentru aceste doud
tipuri de curbe coeficientul de proportionali-
tate este acelasi ¢1 nu depinde de ¢. Aparatul
electronic {27 care efectueaza determinarea
vitezei de reactie prin metoda integrarilor
va avea tensiunea de iesire intotdeauna di-
rect proportionald cu panta curbei cinetice,
indiferent de portiunea in care se face masu-
ratoarea. Dacd n > 2 atunci coeficientul de
proportionalitate intre A4 si tg « devine
dependent de f. Indicatiile aparatului de masu-
rare a vitezel de reactie sint utile din punct

C

de vedere analitic dacd masuritorile se fac la A

acelagl timp ¢, insd In cazul efectudrii unei
serii de determinari consecutive pe o aceeasi

19

curbd, pentru studii cinetice de exemplu, tre- o H

tel t

bute avutd in vedere variatia coeficientului  ¥ig 3. Metoda prin integrare in cazul
de proportionalitate cu valoarea lui ¢ reactiilor de ordinul intii.

Reactiv  de ordinul  intii. Desi ccua-
tia ¢ == a” na reprezintd o ecuatic cineticd tipica, ea a fo

st abordatd intrucit are

drept caz particular Hnia dreaptd. Modul de calcul este insii asemanidtor si pen-
tru ecuatiile cinetice tipice. In cazul reactiilor de ordinul intii reprezentate de

ecuafia
€ == gl At
unde ¢, este concentratia initiala, iar
¢ este concentratia la timpul /, (fig. 3) diferenta
i1 data de relatia:
1 -;‘l t
Ad = ege Hdt — che"“ dt

t -1
Integrind si aplicind limitele se obfine:

Co

AAd o T Rer L Qp-kt C‘Mr!‘i

k- ’

sau scotind ca factor comun ¢ * :

Kt
Ad e O (¢ M b e — 2)
k
Tntrucit tg x = — cyhe ™, relaia 10 devine:
RN T VRN
(¢ e )
_\ e Y - -
{ == tg « e

(7)

dintre cele doud arii va

(®)

(10)

(11)

Paranteza de la numaritorul fractiei se poate exprima s intr-o altd formd, astfel ¢i:

(e - 1)2
Ad = tg o

keokl

(12)
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Dupd cum o aratd ecuatiile 11 sau 12 la reactiile de ordinul intii diferenfa dintre
cele doud arii, respectiv rezultatul ce il va da aparatul de misuri, este direct
proportional cu tangenta la curbd in mijlocul intervalului de integrare. Intrucit
coeficientul de proportionalitate nu depinde de valorea lui 7, urmeazi ci si in
cazul unor masurdtori consecutive rezultatele se pot utiliza direct, fard a fi nece-
sard o prelucrare suplimentard.

Pornind de la expresia (10) si dezvoltind in serie ¢*’ ¢l ¢~# se obtine rela-

tia (13):

A =— =

2ty a [(RI)? (k14 (kD)8 (k)%
x [ R L R J (13)
k2 2! 4! 6! wnl N

De aici se pot deduce condifiile in care 1ezultatele sint similare cu acelea obfinute
pentru linia dreaptd. Dacd se pot neglija termenii seriei, cu exceptia primului,
atunci ecuatia (13) devine identica cu ecuatia 1. Acest deziderat se rea]i7eaza
daca kl <72 0,347, caz in carc termenii neglijati contribuie cu mai putin de 1%

la valoarea lui AA. Fiindca 4 = In 2/ty,, unde h, este timpul de mJumatapre,

conditia ca AA sd aibd acceasi valoare ca in cazul liniei drepte, cu o eroare mai
micd decit 19, este:

0,347
L= (14)
sau
0.347
In 2 (15)
adicd
[-70,500 ¢4, (16

Inegalitatea (16) se poate interpreta in sensul ¢d la valori ale perioadei de misura
(2/) mai mici decit timpul de injumdatédtire, determinarea tangentei prin metoda
integririlor va da aceleasi rezultate ca pentru o linie dreaptd. Din acest punct
de vedere, pe o portiune cgald cu cel mult 2/, curba cineticd se poate asimila cu
o dreaptd, cu o eroare mai micid decit 1%,. Cum in mod practic, pericada de inte-
rare I este mult mai micd decit jumitatea timpului d, injumditatire, se poat
gfirma cd in cazul reactiilor de ordinul intli, eroarca cauzatd de neliniaritate-
acurbei c¢inetice asupra rezultatului mésurdtorilor este neglijabilé.

In concluzie, un aparat care misoard viteza de reactie, bazat pe metoda inte-
grarii, va da un rezultat direct proporfional cu panta sernnalului de intrare, consi-
deratii in punctul ce reprezinti mijlocul intervalului de misurd. Intrucit in deter-
mindrile analitice, portiunea pe carce se efectucazi misurdtoarea se giseste intot-
deauna la aceeasi distantd de origine, indicatiile aparatului sint valabile pentru
toate tipurile de curbe discutate. Dacd maisuritorile sint ecfectuate succesiv pe
acceasi curbi, rezultatele fiind destinate calculdrii unor parametri cinetici, atunci
peuntru curbe de tipul ¢ = a#* unde n > 2 trebuie luatd in considerare dependenta
de timp a coeficientului de proporfionalitate dintre indicatiile aparatului si panta
semnalului de intrare.

(Intrat in redacfic la 28 nofembrie 1969)
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Ob OINMPEAEJIEHMM CKOPOCTH PEAKUHWHM METOIOM HMHTEIPHPOBAHHS (1)

Cayuau c=at® u peaxkyuu nepsozo nopAoKa
(PezoMme)

Meroa onpejedeniisi CKOPOCTH peaKUUY IYTEM HHTENPHPOBAHHA HMEET HEeKOTODhle OCOGEHHOCTH TOrAa,
KOUJla HHTepBaJs, B KOTOPOM MNPOH3BOJMTCH HHTerDHpOBaHHe, GOBUIOH U YacTb KHHETHUECKOW KDuBoii,
B35ITYIO B paboTy, HeAb3sl aCCHMHJIHPOBATH ¢ MpsiMol nnHuell. JloKassiBaeTcs, Yto A5 KPHBBIX, OMHCAHHLIX
ypaBHeHHeM ¢==at", K03(p(HUHEHT NPONOPLUHOHAABHOCTH MEXKAY 3HAaUeHHEeM KacaTesbHO/I H Pe3yabTaToM,
NTOJYYeHHBIM H3MepEeHHeM, 3aBHCHT OT 3HavyeHus ¢ JHUb NpPH 3HAUYeHHAX » Ooabwe wem 2. Ilas peakuui
NepBOro MOpsiiKa 3TOT KO3(dHUUKEHT He 3aBHCHT OT f{ H HMeeT ja’Ke 3HauyeHue, COOTBETCTBYIOLIEe NpAMON
JIHHUH, €CJH LHTepBa/j H3MepeHHs He MpPeBpHUaeT 3HaueHHs] BpeMeHH Pa3JiBOeHH:.

DETERMINATION DE LA VITESSE DE REACTION PAR LA METHODE D'INTEGRATION (I)

Cas de ¢ == al™ et véactions du premier ovdre

(Résumd)

La méthode de détermination de la vitesse de réaction par intégration offre certaines particula-
rités lorsque l'intervalle sur lequel a lieu I'intégration est grand et que la portion de la courbe cinétique
mise en oeuvre peut ¢étre assimilée 4 un segment de droite. On démontre que, pour les courbes décrites
par I'équation ¢ == at”, le coefficient de proportionnalité entre la valeur de la tangente et le résultat
obtenu par la mesure ne dépend de la valeur de ¢ que pour les valeurs de #» plus grandes que 2.
Pour les réactions de premier ordre ce coefficient ne dépend pas de ¢ et a méme la valeur du cas de
la ligne droite si l'intervalle de mesure ne dépasse pas la valeur du temps réduite de muoitié.






DOSAGE COLORIMETRIQUE DU Cet+ AVEC 0-AMINOPHENOL

par

A SUTEU, T. HODISAN et ADRIANA NAUMESCU

-

De nombreuses méthodes ont été proposées pour le dosage du Ce'+ par colori-
métrie ou spectrophotométrie. La littérature fait mention d’une série de substances
utilisées pour la détermination colorimétrique du Ce!+, parmi lesquelles : persulfate
{1, 2], 8-hidroxyquinoléine [3]acide sulfanylique [5], acide anthranylique [4],
benzydine [6], o-phénilénediamine [7], pyrocatéchol 3,5-disulfonate de sodium
(tvron) [81, formaldoxime [9], xylénol organe 710,117, acide picramique [12], bleu
de méthylthymol {13], acide salicylhydroxiamique [14], o-toluidine [157, strychni-
dine {16}, bleu de méthyléne [17] et acide aurinetricarbonique [18, 19] (aluminon).

Dans le présent travail on étudie la possibilité de déterminer colorimétrique-
ment le Cett en petites concentrations avec o-aminophénol (substance qui semble
plus accessible) avec lequel il donne une coloration rouge-orange intense qui corres-
pond probablement a4 un produit d’oxydation de l'o-aminophénol par Cet+ Le
spectre d’absorption de la solution est représenté dans la figure 1.

I.a courbe d’absorption a été déterminée & Vaide d’un spectrophotometre
enregistreur Beckman D. B. La coloration apparait instantanément. Etant donné
le réle important du pH dans le processus d’oxydation de I'o-aminophénol, des
expériences ont ¢té faites pour préciser son influence sur "absorption de la solution.
Les résultats donnés dans la figure 2 montrent que le pH optimum est enregistré
entre 1,2 et 2,2. Si le pH est supérieur 4 3,0 la
coloration devient instable, ce qui s’explique

par le processus ’oxydation de 'o-aminophé- io ’
nol, du a lI'action de l'oxygéne atmosphérique. 0'70
Aux pH inférieurs a 2,0 la colloration obte- ' ]
nite est aussi stable mais l'intensité est beau- %% 1
coup plus petite. IL'influence du pH sur 0¥ |
Uabsorption est montrée dans la figure 2. 0w |
2 y; |
Le pH a ¢té mesuré avec le pH-metre MVIIL Pour o :
l'obtention d'un pH de 1.2 4 2,2 on a employé une solu- £
tion 0.2 N d’acide chlorhvdrique et de chlorure de po- o f
tassivm 0,2 M. '

ORI 660 00 WU 380 620 AL 7D W 78D Ninm;

La loi de Lambert-Beer s’applique rigou- Fig. 1. Courbe d'absorption de Vo-ami-
s . ot 4 nophénol oxydé¢ par Cet™. O-aminophé-
reusement au cas d'une concentration de Ce

> bl A nol 0,3%; Cett = 10,03 mg/l; pH =2,0;
variant de 5 a4 45 ugjem?®, alors que, aux cas cuve = 1 cm.



24 A. SUTEU, T. HODISAN, A. NAUMESCU

£
0310
ety
b £
(ab
62t -~
0 B
b -
9.
T 3 o 57 6. pil S A ] /}R‘F:/W
Fig. 2. Dépendance de labsorption du pH ¥Fig. 3. Ddépendance de I'absorption de la
de la solution. Ce*t == 10,03 mg/l; o-amino- concentration du Ce't. O-aminophénol 0,39, ;
phénol - 0,39 ; A =470 nm; cuve = | cm. pH =,20; » =470 nm; cuve | cm.

d'une concentration moindre ou plus élevée, la loi ne s’applique pas. La courbe

tracée est indiquée dans la figure 3. La valeur du coefficient molaire d’absorp-
tion calculée est égale A ¢ = 2500 mole-? . cm?.

Pour tenir compte de la dispersion des points on a calculé la droite la plus pro-

bable, par la méthode des moindres carrés a 1'aide des formules connues. I,’équation
de la droite est donnée ci-dessus :

Y = 0,0571 + 0,008 »

calculée avec la formule générale:

Y = A, + 4,X
oft:
A1 — n Zxy — Zx Zy
n Xxt — | Zx|?

A _ nIx*Zy — Ty Zxy
0 =

nZxt — |yt

# = le nombre des points considérés ;
x == pg Celt/cm?;
v = la densité optique.

Partie expérimentale. Les solutions cotitenant de Cet+ de 5 a 45 pg/em?® ont été introduites dans
des ballons jauges de 25 cm?®, en y ajoutant pour chaque épreuve 10 cm?® de solution tampon (HCI +
KCl, au pH = 2), et 5 cm?® d’o-aminophénol 0,39%,. On agite et on compléte avec de l'eau distillée,
jusqu’a la marque. La densité optique de la couleur est déterminée 2 1'aide d'un photocolorimétre FEK-
56 dans une cuve de 1 cm 4 » = 470 nm. La coloration rouge-orange est stable durant quelques heures.

La plupart des oxydants interférent comme : Fe3+ (2,2 ygfems), Cré+ (0,6 pgfem?®), Vi+ (1 uglem?),
MnOy, BrOj, ClO37, H,0, etc.
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L/interférence de Fed+ peut étre évitée par sa complexation avec le polyphosphate de sodium.

Etant donné que l'o-aminophénol en solution est aisément oxydable nous recommandons l'utili-
sation des solutions de ce réactif préparées quelques instants auparavant. Pour leur préparation on
dissout lo-aminophénol dans une quantité minimale de HCL et que I'on dilue ensuite avec de l'eau
distillée.

Conclusions. La méthode permet le dosage photocolorimétrique de micro-
quantités de Ce'+ par lapparition d’une coloration rouge-orange en présence de
I'o-aminophénol. Ies mesures de labsorption molaire ont été effectudes & A =
= 470 nm.

(Manuscrit vegu le 2 décembre 1964)
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DETERMINAREA COLORIMETRICA A Cet*+ CU o-AMINOFENOL

(Rezumat)

In lucrare se prezinti o noui metodi colorimetricii de determinare a ceriulni (IV) folosind o-amino-
fenolul, care formeazd cu ceriul (IV}) o coloratie rosie-portocalie. I.egea Lambert-Beer este verificatd
pentru cantititi de cerin (IV) cuprinse intre 5,0--452 pg/emd,

KOJIOPHMETPHYECKOE OITPEJEJEHHE Cet+ O-AMMHO®EHOJIOM
(Peszwye)
ABTOPB! NPHBOIAT HOBHIH KOJOpHMETPHUECKHIT MeTod onpeieietust nepud (IV), uenoawbsys o-aMHHO-

(denou, Kotopeiit oGpasyer ¢ neprenm (IV) Kpacno-opauxeBylo okpacky. 3akon Jlarbepr-Beepa nposepen
Ans KonnuecTBa uepus (IV) mexay 5,0 u 452 priemd.






KINETICS AND MECHANISM OF SUBSTITUTION REACTIONS
OF COMPLEXES (XXX)

New bis-dimethylglyoximato-dinitro-cobalt({II)
derivatives and aquation kinetics of the [Co(DH),(NO,),]~ ion

CSABA VARHELYL, T0AN ZSAKO and ZOLTAN FINTA

The complex salt Na[Co(DH),(NO,),] is easily formed if an aqueous suspension
of H[Co(DH),Br,! or H{Co(DH),Cl,  is treated with a stoicheiometric amount
of AgNO, in the presence of sodium acetate [1]. It is more adequate to prepare
itby Cugaev' s method [2],in 60-—70 p.c. ethanolic solution from Nay[Co(NO,),]
and dimethylglyoxime (DH,). The sodium salt is formed accordingly to the equation

Nag[Co(NO,) 4] + 2 DH, = Na|Co(DH),(NO,), ! -+ 2 NaNO, + 2 HNO,

The free H’CO(DH) (NO,),] H,O acid can be obtained from the aqueous
solution of the Na|Co(DH),(NO,),] salt, by treating it with hydrochloric acid.

As already observed by Cugaev 12", in heated aqueous solutions of the
complex acid an aquation reaction oceurs, andthe noun-electrolytical aquo-nitro-
derivative is formed :

HICo(DH),(NO,),T 4+ H,0 = [Co(DH),(H,0)NO,] + HNO,

Ablov [1] observed the H,O to be labilized by the trans-effect of the nitro-
group. Thus, the water molecule can be easily substituted by different anions and
by treating the H[Co(DH),(NO,),] or the [Co(DH),(H,0)(NO,)]| with HCl, HBr,
HI or KCNS, H[Co(DH),(NO,)X] type acids have becn obtained with X == (],
Br, I, NCs.

The synthesis of several simple salts of the H{Co(DH),(NO,),] acid has been
reported with Na, K, NH, and with several organic N-bases (e.g. the anilinium,
— guanidium — and diisobutylammonium salt [31). The complex acid forms
easily [Co(DH),(Amine),}- [Co(DH),(NO,),; type binary complex salts, which are
formed as well defined crystalline products. The synthesis of such complexes and
the investigations of the electric conductivity of their solutions have been reported
by Ablov [4] and by Ripan and coworkers [5].

In the present paper a great number of double exchange reactions were carried
out with diacido-tetramino-Co(I1I) and diacido-tetramino-Cr(III) type complex
catious, viz. with [Me'en,X,]* and [Co(NioxH),(amine),]". A number of 12 new
compounds have been isolated. As our experiments showed, the complex acid
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forms no well crystallized products with hexammin- and monoacido-pentamin
type complex cations. The precipitation reactions with chlorhydrates of amines
and of alcaloides are not so characteristic as in the case of the analogous thio-
cyanato- and selenocyanato anions.

The H[Co(DH),(NO,),] acid is coloured in yellow. Its absorption in the visible
region is very weak [6] and cannot disturb the nitritometric determinations, by
the aquation kinetic measurements.

The aquation kinetics of nitro-complexes has been studied only in the last

few years. The nitro-complexes of the platinum, rhodium, iridium and especially
those of cobalt(III) offer large possibilities for investigations of this kind. The
aquation kinetics of [Pt(NO,),A;] type complexes has been studied by Staples
and Thompson [7]. The majority of kinetic investigations were carried out
with Cobalt(III)—comple*(es Thus aquation kinetics studies have been reported,
involving fCo(NH) NO, 2T [8, 9] [Co(en),(NH,)NO, 2" {107, 1,2- and 1,6-
[Co(en)y(NO,), |© [11], [Co(en),(NO,)X]™ type complexes with X = Cl, NCS
[10, 12, 13], [Co Am4(\TO) 17 type complexes containing propylenediamine, tri-
ethylenetetramme and 1,4,8,11-tetraaza-cyclotetradecane [14], [Co(NH;),(NO,), 1™
[23]. The substitution reactions of complexes can often lead to the modification
of the geometric configuration. Thus, the substitution of a chloride ion by ammonia
or pyridine in 1,6-[Co(en),Cl,]" leads to the formation of 1,2-[Co(en),Cl Am 7
Though Garbett and coworkers [15] have shown the aquation of 1,2-
C()(ux) (NO,X 1" type complexes to occur with retention of configuration, the
poss1b1]1tw of configuration modifications makes more difficult the mterpretatlon
of kinetic results. The possibility of configuration modifications is almost comple-
tely excluded in the case of «-dioxime containing cobalt(ITI)-complexes, since
the presence of the two very short hydrogen bridges O—H..O stabilizes the trans
geometric configuration of [Co(DH),X,]~, [Co(DH),Am X] and [Co(DH),Am,]"
type complexes. Thus, the bis-a-dioximato-nitro-cobalt (III)-complexes must be
very suitable for kinetic studies. Only a few studies have been made in this field.
Birk and cowerkers [16] have investigated the kinetics of the basic hydrolysis
of the [Co(DH),(NO,)Br]~. Anatation kinetics of [Co(DH),(NO,)(H,0)] with
Cl-, Br-, and NCS~ has been studied, too [17].

In aqueous solutions of [Co(DH),X,]~ type ions, the following aquation pro-
cesses occur !

[Co(DH),X,]~ -+ H,0 = [Co(DH),X(H,0)] + X~ (1)
R
[Co(DH),X(H,0)] + H,0 = [Co(DH),(H,0),]* + X~ BT

Kinetics of these ligand exchange reactions have been studied in our previous
papers [18—22] for X = CI, Br, I, NCS and NCSe. ;

In the case of the halogeno-derivatives both reactions ns (1) and (2) occur, but
by the other two complexes only reaction (1) could be observed.

In the present paper the aquation kinetics of the [Co(DH),(NO,),]~ ion has
been studied. Kinetic runs have been carried out at 6 different temperatures, at
the constant ionic strength w =1 m, in the presence of different amounts of
perchloric acid. The variation of the concentration of the liberated NO; ions has
been followed colorimetrically. The graphical plot of log c¢4/c vs. time showed
a good linearity, i.e. practically takes place only reaction (1) and it is apparently
a first order reaction. Thus, our experimental results allowed us to derive first
order rate comstants from the slope of the obtained straight lines.



SUBSTITUTION REACTIONS OF COMPLEXES (XXX) 29

Several experimental curves are given in Fig. 1. One can see the great influence
of the acidity upon the reaction rate. Mean values of the rate constants are given

in Table 1.
Table 7
Apparent first order rate constants for reaction (1) (kapn- 105, s—%)
[HCIO,] 102 mole/l 20°C 25¢ 30°¢ 35°C 40°C 45°C
0.5 — — .53 2.10 2.87 4.26
1.0 - — 2.73 3.73 5.21 7.25
2.0 1.81 3.35 5.00 6.81 9.39 12.9
3.0 — - — 9.57 13.3 18.3
4.0 — — 12.2 17.0 23.4
5.0 4.38 6.73 10.2 14.4 20.5 28.2
10.0 6.53 10.3 16.1 — - -
15.0 7.67 12.6 20.0 - — —
20.0 8.53 14.0 23.2 -— — -
25.0 8.85 15.2 25.2 - - -
30.0 9.34 16.1 26.8 — — —

The great influence of acidity upon the rate constants cannot be explained
by presuming a partial reaction order with regard to hydrogen ions. This is obvious
froin the following data. At 30°C the tenfold increase of [H*] from 102 to 101
mole/l causes the increase of k., of 5.9 times, while for a tenfold increase from
2102 to 2.10-! only an increase of 4.6 times can be observed (see Table 1)
The absence of a constant partial reaction order and the fact, that at higher aci-
dities the rate constant approaches a limit (at a given temperature), suggests the
idea, that the observed fenomenon is due to a protolytic pre-equilibrium. An
analogous protolytic equilibrium has been frequently presumed inorder toexplain
the influence of acidity upon the aquation kinetics of nitrocomplexes [7, 10, 11,

13, 237, In our case the following pre-equilibrium

can be admitted :

[Co(DH),(NO,), -+ HY = Co(DH),(NO,)(NO,H) ]

The possibility of formation and stability of

such protonated products is argued by the synthe-
sis of the compound cis-{Co(NH,),(NO,)(NO,H)]

(NOy), [24].

Our experimental results can be explained in
terms of the pre-equilibrium (3). If only the proton-
ated form of the complex participates in the aqu-
ation reaction, with increasing acidity equilibrium
{3) 1s shifted towards the formation of the protona-
ted form, and the apparent rate constant is enlarged.
The mechanism of reaction (1) is then Sy1 CA or

f g e

CCF

) t mep

20 7] &0 g
Fig. 1. Determination of apparent
first order rate constants at 40°C.
[HCIO,}: 7 — 0.005; 2 — 0.01; 3 — 0.02

Sy2CA. On theother hand it is possible, that also the 7 — 0.03; 5 — 0.04; 6 — 0.05 molef]
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¢

non-protonated form participates in an aquation process. In this case the rate con-
stant for the aquation reaction of this non protonated form must be much less,
than the rate constant for the aquation of the protonated form. The calculation
of the equilibrium constant of reaction (3) and of the individual rate constants
for the aquation of the protonated and non-protonated forms, will be given in our

next paper.

Experimental part

Synthiesis of NalCo(DH),(NO,),]. 40 g of Na,[Co(NO,)4] are solved in 300 ml of water and
a solntion of 23.2 g (0.2 moles) of dimethylglyoxime in 600 ml ethanol is added. The mixture is
heated on water bath, until its volume is reduced to about 100 ml. The sodium salt Na Co(DH),(NO,),]
separates from the solution in form of big reddish-brown crystals. The product is filtered, washed
with ice-cold water and dried on air. By further evaporation of the solution new amounts of the
product can be obtained. Yield: 80-85 p.c.

H{Co(DH),(NO,), - HyO- Na[Co(DH),(NQ,}, | is synthesized from 40 g of Na,[Co(NO,)s] and
23.2 g of dimethylglyoxime as described ahbove, but the solution is concentrated only until its volume
is reduced to about 400 ml. Tt is filtered and after coo]ing the reddish-brown solution, about 30 ml
of 50 p.c. sulphuric acid are added. The H Co(DH),(NO,), - H,O acid precipitates in form of microcrys-
talls coloured in vellow. The product is filtered. washed with ice-cooled water and dried on air. Yield:
70 p.c.

Analysis found Co 14.65, N 21.22, H,0 4.25
caled. Co 1473, N 21.00, H,0 4.50

New devivatives of the HICo(DHYANO,) " acid with ColllIl) — and Cr(I1l}-amines. 5 m-moles of
a diacido-tetrammin type complex salt are dissolved in 50100 ml water and a solution of 10
moles of the HICo(DH),(NO,), | acid in 57 ml dimethylformamide is added dropwise. The precipi-
tated crystalline product is filtered after a standing of 1/2~ 2 hours, it is washed with a little ice-cooled
water and dried on air. Synthesis and analysis data of 6 new derivatives of this type are given in
Table 2.

Table 2

New cobalt(1l)- and chromium (I)-amine derivatives of the H Co(DH),(NO,) " acid

‘ eioht | Vi Analysis
No. Formula* Mol weight | 3 T)e,ld Appearance
caled. (o) Caled. Tound
1 1-6- Cofen},CL - A 631.0 30 sparkling, vellow-
green rectangular
plates Co 18.68 18.73
2 1-6-"Colen),Br, 1. A 719.9 40 sparkling, vellow-
green dendryvtes N 1946 19.60
3 1-2-7Ca(en) ,(NCS), - A 676.2 35 vellow-brown, Co 17.43 17.49
irregular prisms N 2485 24.70
4 1-6-[Co((en),(NOy), - A 652.1 30 vellow, thin plates Co 18.07 18.23
5 1-6 Co(Py),CL 1A 828 4 GO rhombohedral long, Co 14.23 14.18
vellow-green prisms N 16.9] 16.80
6 1-6[Cr(en),(NCS), 7. A 669.3 50 | irregular, yellow 1/3 Coz0,+-
plate aggregate 1/2 Cr,04
23.35 23.20
N 25.11 25.07

* A 5 Co(DHLINO, T -+ ColCILN,0,),(NO, 1.
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New [Co(a-Dioxime)y Am,) [ColDH),(NO,),] type compounds. 5 m-moles of "Co(NioxH), Am,]
acetate are solved in 50— 100 ml of 50 p.c. ethanoi and a solution of 5 m-moles of H[Co(DH)(NO,),!
acid in 4—35 ml dimethylformamide is added drop by drop. The precipitated characteristic crystalline
product is filtered after a standing of 1/2—1 hour, it is washed with ice-cooled water and dried on
air. The needed [Co{NioxH), Am,] acetate can be obtained by using the earlier described synthesis
[257. Synthesis and analysis data of 6 new derivatives of this type are given in Table 3.

Tabie 3
New complexes of the [Co(NioxH),Am,} Co(DH),(NO,),] type
‘eip ie Analysis
No. Formula* M”l'( ]“ ﬁli‘llt X,X l\d Appearance S
caled. (Jol Caled. Found
7 [Co(NioxH),- yvellow-brown Co 12.97 12.86
{aniline), - A 908.6 60 dendrytes N 18.50 18.40
8 [Co(NioxH),-
p-cthylaniline), |- A 964.7 65 brown, long prisms N 17.42 17.50
9 {Co(NioxH),- Co 12.22 12.29
(m-xylidine),]- A 964.7 60 brown prisms N 17.42 17.35
10 {Co(NioxH),- yvellow-brown
{o-toluidine), - A 936.7 40 short dendryvtes Co 12.59 12.64
11 [Co(NioxH}),- sparkling, brown
{p-toluidine), . A 936.7 70 dendrytes N 17.94 17.88
12 [Co(NioxH),- red-brown rhombo- Co 11.83 11.77
(p-phenctidine), |- A 996.7 75 hedral plates N 16.87 16.99
A - Co(DHRINO,T = [C0(CHNLO,),(NO,), ]

Kinetic measurements. The weighed samples of the complex acid HiCo(DIL(NO,), - H,O were
solved in pre-heated water and the needed amounts of pre-heated HClO,, NaXNO, and sulphanilic acid
solutions were added in order to ensure the wanted acidity, the constant jonic strength of p = 1 m,
and in order to prevent the decomposition of the liberated NO; ions. The obtained solution was kept
in an ultrathermostat at the working temperature. The constancy of the temperature was maintained
with an accuracy of - 0.01°C. Trom time to time samples were taken and ice-cooled quickly. The
concentration of the liberated NO,-ions has been determined.

Deteymination of the libevated NOg-ions has been carried out by means of the Griess-Tlosvay diazo-
tation reaction [26, 27]. In weakly acid solutions the nitrite ion diazotates the sulphanilic acid. The
obtained diazonium compound can be coupled with primary amines (a- or $-naphtylamine, aniline, etc.),
giving an azo-dve. Our preliminary experimments show the naphtol and their derivatives to be very
suitable reagents in this coupling reaction. The formation of the dve takes place as rapidly as in the
case of «-naphtylamine, but its colour (bright red) is much more intensive. The possibility to propose
a new analytical method for colorimetric determination of nitrite ions, based on this reaction. will be
studied in our next paper.

According to Staples and coworkers [11. 12} the stability of the colour of the dye formed
with a-naphtylamine depends upon the pH. The colour is reproducible and constant in time if a borax
buifer is used, but in weakly acid solution the extinction of the solutions decreases in time. Our colori-
metric determinations have been performed in borax buffers. Extinction was determined by using a blue
filter (absorption maximum at 420 nm). A calibration curve was used. Since NOj ions are rather
instable in acid solutions, several preliminary experiments have been carried out In two parallel
samples, kept at 60°C, the concentration of NOj ions was followed. The first sample was an aqueous
solution, containing 2.107% m KNO, and 1071 m HNO,. The other sample contained hesides these
components also 2.5,1073 m sulphanilic acid. From time to time the concentration of NO, has been
determined colorimetrically. While in the first sample the obtained concentration diminished perma-
nently, in the second one it had the same value even after several hours, Thus, Pilkington and
Staples” proposal [127, to introduce sulphanilic acid  before the beginning of the kinetic runs, seems
to be very sound and in such conditions, this colorimetric method can offer truthful data.

{ Recetved June 12, 1970)



32 CS. VARHELYI, J. ZSAKO, Z. FINTA

REFERENCES

V. Ablov, Doklady Akad. Nauk SSSR [2], 97,1019 (1954).

A. Cugaev, Ber. dtsch. chem. Ges., 41, 2226 (1908).

Cambiand C. Coriselli, Gazz. chim. ital,, 66, 81 (1936).

V. A blov, Izvestiva Sektora Platiny, 30, 67 (1955).

Ripan, Cs. Varhelyiand B. B6hm, Studii i Cercetdri Chim. (Cluj); 13, 19 (1962).

.Nakahara, Bull. Chem. Soc. Japan, 27, 560 (1954).

J. Staples and A, Thompson, J. Chem. Soc, (A), 1969, 1058.

Bannerjea, J. inorg. Nuclear Chem., 29, 2795 (1967),

CH.D. Harris, R. Stewart, D. Hendrickson and W. Jolly, J. inorg. Chem. (Wash-
ington), 6, 1052 (1967).

© 0N G b 0310
HoREREOEPE

in

10. R. V. Bradley, E. D. Greaves and P. J Staples, J. Chem. Soc. (A), 1966, 986.
11. P. J. Staples, J. Chem. Soc, 1964, 2534, (A), 1967, 45.

12. K. A. Pilkington and P. J. Staples, J. inorg. Nuclear Chem., 29, 1029 (1967).

3, J.P. Staples, J. Chem. Soc., 1965, 7320.

14: P. D. Grosse and P. J. Staples, J. inorg. Nuclear. Chem., 31, 1443 (1969).

15. K. Garbett, R. D. Gillard and P. J. Staples, J. Chem. Soc., (A), 1966, 201.

76. J. P. Birk, P.B Chock and J Halpern, J. Amer. Chem. Soc., 90, 6959 (1968).

17. D. H. Hague and J. Halpern, J. inorg. Chem. (Washington), 6, 2059 (1967).

18. J. Zsaké, Cs. Varhelyiand. Z. Finta, Stud. Univ. Babes-Bolyai, Chem., 14, (1) 51(1969).
19. Cs. Varhelyi, Z. Finta and J. Zsaké, Revue Roumaine Chim., 14, 1133 (1939).

10. Z. Finta; J. Zsako and Cs. Varhelyi, Z Physik. Chem., 242, 200 (1969).

11. Z. Finta, Cs. Varhelyi and J. Zsaké, J. inorg. Nuclear Chem., 32, 3013 (1970).
22, Cs. Varhelyi, J. Zsak o and. Z. Finta, Monatshefte, 101, 1013 (1970).

23. M. Malik and Mec. Auley, J. Chem. Soc. A 1969, 915.

R. Ugo and R. D. Gillard, J. Chem. Soc. (A), 1967, 2078.

25. R. Ripan, Cs. Varhelyiand I.. Szotyori, Z. anorg. allg. Chem., 357, 149 (1968).
P. Griess, Ber. dtsch. chem. Ges.,, 12, 426 (1879).

27. L. Ilosvay, Bull soc. chim. France, 2, 347 (1889).

CINETICA ST MECANISMUL REACTIILOR DE SUBSTITUTIE IN COMPLICSI(XXX)
Not dervivati bis-dimethylglioximato dinitvo cobaltici si cinetica de acvagie a ionului [Co(DH),(NOy), 1~
(Rezumat)

Se di sinteza a 12 siruri ale acidului H{Co(DH),(NO,),7 cu cationi compleesi de tip diacido-tetra-
minic.

Se studiazd viteza de acvatie a ionului [Co(DH),(NO,),1” in solutii apoase urmairind variatia
concentratiel ionilor NOj eliberati, precumn §i influenta aciditdtii asupra constantei de vitezd la sase
temperaturi (20, 25, 30, 35, 40, 45°C).

Reactia este aparent de ordinul intii. Variatia constantei de vitezdi cu aciditatea se explicd printr-un
reechilibru protolitic.

KHHETHKA H MEXAHHM3M PEAKIIHI 3AMELIEHHMS B KOMITIEKCAX (XXX)

Hosote 6uc-Ousenmu.icazioncumamo-Ounumpo-ko6aa bmogsie npou3sodnsle 1 KUHEMURA
axeayuu uona [CO(DH),(NO,),]™

(Peswowme)

Tposoantesi cuntres 12 coteil Kucaotst H{Co(DH),(NO,), | ¢ KOMIIEKCHBIMH KATHOHAMH AHAIML0-
TeTPAMHHHOIO THIIA.

Hayuaercst ckopocTh akBauuu Hona [Co(DDH),(NO,),"~ B BOJAHBIX PACTBOpPAX, NPOCJEXHBAST H3Me-
HEHHE KOHUEHTPALHMH BBIIEJEHHBIX HOHOB NO,, a TakxKe BJHSIHAE KHCJOTHOCTH Ha KOHCTAHTY CKOPOCTH
npu wectu temneparypax (20, 25, 30, 35, 40, 45°C).

ToBupunmomy peakuusi nepsoro nopsiaxa. MsselenHe KOHCTAHTH CKOPOCTH € KHCJOTHOCTBIO 00Dbf-
QHAETCA Npe ABapHTEbHAIM [IDOTOJHTHYECKHM DAaBHOBECHEM.



KINETICS AND MECHANISM OF SUBSTITUTION REACTIONS OF
COMPLEXES (XXXIII) B

Thermal decomposition of [Co(DH), Am,] X type complexes in isothermal conditions

I0AN ZSAKO, CSABA VARHELYI and MIHAELA AGOSESCU, "1} § |

“
1

In our previous papers [1—35] the kinetics of the thermal decomposition of
[Co(DH),Am,)X type complexes has been studied in the conditions of thermo-
gravimetric analysis, by using both Horowitz and Metzger's method [6] and the
modified Doyle [7] method. In the above formula DH, standsfor a molecule of
dimethylgly oxime, Am for different aromatic and heterocyclic amines, X for Cl-,
Br-, I- and NCS-. Apparent activation energy values and pre-expounential fac-

tors have been derived from thermogravimetric curves for the following substi-
tution reaction

[Co(DH),Am, ]+ 4+ X~ = [{Co(DH),AmX] 4+ Am (1)

which occurs during the first stage of the pyrolysis process leading to the vola-
tilization of the liberated amine.

A thorough study of the influence of heating rate on the obtained apparent
kinetic parameters [4—5] showed a dependence of the apparent activation energy
E, upon heating rate and decreasing of E, with increasing the heating rate ¢ has
been reported.

In the present paper Doyle’s isothermal method [8] was used for deriving
apparent activation energies. This author has shown the possibility to estimate
apparent activation energies by measuring the weight of the sample at constant
temperature, function of time, and by comparing the obtained results with a ther-
mogravimetric curve, recorded with constant heating rate. For this purpose the
transformation degree « of the studied complex must be determined for different
isothermal aging times {;, also, the absolute thermogravimetric analysis temperature
T, at which the transformation degree « is the same as at the aging time ¢, in iso-
thermal conditions.

As shown by Doyle, a graphical plot of 1g 4, versus 10®/T; must give a straight
line with the slope m, and this  value can be used in deriving apparent activation
energy values, accordingly to the formula

£, == — rm cal/mole with 7 = 4351 2)

By calculating the aging times ¢ we must take in account that the actual
isothermal aging time ought to be corrected, since volatilization can occur also

3 — Chemia 2/1970
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in the heat-up period, before the sample reaches the constant temperature of the
isothermal study. Thus, isothermal aging time f; consists of both the observed
time {,, at the constant temperature and an eqmvalent isothermal time #, corres-
ponding to the heat-up period:

— (3)

For a rough approximation of ¢, Doyle gave the formula

3

t, = 0031 4)
q

where 7', stands for the absolute isothermal aging temperature, and ¢ for the heating
rate during the heat-up period.

This method was used in our previous paper [9] in deriving activation energies
for the deamination reaction of tris-ethylenediamine-chromium (III) halides.
The obtained values were rather close to those derived from thermogravimetric
curves, by means of the modified Doyle method.

Doyle’s isothermal method has been improved by us [10]. The inaccuracy
of formulae (2) and (4) has been shown. Both the equivalent isothermal time of the
heat-up period £, and the factor » in the formula (2) depend upon the activation
energy and upon the isothermal working temperature. On the basis of the following
empirical relations

1.191

g — M9 g 0.957 Tg (5)
q
and
y= — L0~ 4076 + 995 (Ig E, — 4) — 610 (1g E, — 4)* —
Y (492 — 09761g E,) (T, — 273) (6)

an iteration procedure has been proposed for deriving activation energy values,
more accurately than by means of the initial Doyle’s isothermal method. In the
above formulae E, must be given in cal/mole units.

In the present paper the following 8 complexes have been studied

[Co(DH),(aniline), ] I I.
L(_o(DH) (aniline),] NC II.
Co(DH),(p- toluldme)g] III.
[Co(DH)g(p toluidine),] NC Iv.
r(.o(DH)2(0 ethylamhne)z] V.
Co(DHj,(o-ethylaniline),] NCS VI.
[CO(DH)Z(B picoline),] I VII.
[Co(DH),(p-picoline),] NCS VIII.

By measuring the weight of the sample at various isothermal aging times, with the aid of a thermo-
balance constructed on the basis of literature data [11], the transformation degree a of the initial-
complex could be calculated by means of the formula

fWe— W

7)
W, — W, (

where W, W and W, stand for the initial, actual and final weight of the sample, respectively. The
final weight W, corresponds to the weight of the sample after the completion of reaction (1).
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In order to derive absolute thermogravi- o
metric analysis temperatures 7,;, thermogra-
vimetric curves of the studied compounds

taking them from our previous papers [1,2].
These curves, in a plot 7 — « versus 7, were
compared with isothermal curves, in a plot
1 — o versus time. This procedure is illustrated
by Fig. 1. In this figure the curve a is the ther-
mogravimetric curve of the compound II,
and the curve & is the isothermal curve of
the same compound, recorded at 140°C. The
two dotted lines show the deriving of the

boodomocnem

a
4&; T

apparent isothermal aging time {, for the . : i
thermogravimetric  analysis  temperatures ® ® x “ o
T, = 150 and 165°C, respectively. In the con-  Vig 1. Deriving of {;, and" 7, values.

ditions of thermogravimetric analysis, with ¢ — thermogravimetric curve OOf, the
— 10°C/min. at 150°C we have 1 — o — compound II. recorded with g ==10°C/min ;

g = / iy © ~. o« = b - isothermal curve of the compound II.

= 0.873 In isothermal conditions 1 — « rea- 7, = 140°C, in the heat-up period

ches the same value at ¢ = 13.6 min. Since g = 10°C/min.

the initial furnace temperature was of 20°C,

the isothermal working temperature 7y = 140°C is reached at { = 12 min, i.e. the

apparent isothermal aging time is of £,, = 1.6 min for the considered 1 — o value

and the corresponding thermogravimetric analysis temperature is of 7, = 150°C =

= 423.2°K.

By using this procedure, T, — {,, pairs have been derived for all the studied
complexes and for different isothermal analysis temperatures. Some examples
are presented in Table 1.

Table 1

Thermogravimetric analysis temperatures 7; and apparent isothermal aging times t;, for ¥
the isothermal decomposition of the compound 1 and IT at the isothermal analysis temperature 7,

I. II.
Ty = 165°C Ty == 170°C Ty == 140°C
T, ¢ 1 g min T ¢ t; . min T, °¢ t; o min
180 1.4 175 0.5 145 0.6
185 2.3 180 1.1 150 1.6
190 3.3 185 2.1 155 3.5
195 5.0 190 3.0 160 6.7
200 7.0 195 4.6 165 10.3
205 8.8 200 7.5 170 18.2
205 10.0
210 12.4

From these data activation energy values were derived by means of the above
mentioned iteration procedure [10].

In the first iteration cycle the apparent isothermal aging times were corrected
with the equivalent isothermal aging time of the heat-up period, calculated by means
of Doyle’s approximate formula (4) (see Table 2), and isothermal aging time ¢;
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were obtained accordingly to eq. (3). A graphical plot of 1g ¢, versus 10}/ T, showed
the relation to be nearly linear. The slope m of the obtained straight lines was derived
graphically and the approximate value of the activation energy was obtained accor-
dingly to eq. (2), by using » = 4351, indicated by Doyle. These E, values, obtained
by means of Doyle’s initial method, are presented in Table 2.

Table 2

Aectivation energy values obtained by means of the initial and of the improved Doyle method for the
studied complexes, at different isothermal working temperatures as compared with thermogravimetrie
analysis data

¢, min E,, kcal/mole
Compound T, ¥
Doyle SC Doyle SC TG
L 165 1.31 1.82 19.6 19.2 4187
170 1.33 1.61 244 223 40.8 4234
180 1.36 1.02 33.1 37.9 4366
II. 120 1.18 0.99 27.4 29.0 4338
140 1.24 0.89 32.6 35.9 53.0 4374
145 1.25 0.77 34.8 43.0 4404
170 1.33 0.81 39.2 45.8 4404
III. 140 1.24 1.25 25.0 25.2 4289
150 1.27 1.14 27.9 29.0 32.7 4322
Iv. 140 1.24 1.34 24.1 23.5 4269
150 1.27 1.17 287 28.4 32.0 4315
160 1.30 1.19 292 20.2 4317
V. 140 1.24 1.90 20.0 16.2 4145
150 1.27 1.53 215 21.4 25.3 4235
VI 140 1.24 2.79 16.5 10.9 3975
145 1.25 2.80 17.0 11.1 23.5 3979
150 1.27 2.43 18.9 13.2 4052
VII. 140 1.24 1.26 25.2 25.0 4287
160 1.30 1.09 29.6 32.1 42.6 4340
VIIIL. 140 1.24 1.27 23.7 24.8 4285
150 1.27 1.19 27.4 27.8 53.2 43190
160 1.30 1.05 31.5 33.3 4348

In the second iteration cycle ¢, was calculated with the formula (5), by using
the £, value obtained in the first cycle. By using these {, values, the linearity of
the graphical plot Ig ¢ vs. 103/ T, became better. Slopes m were derived also graphi-
cally and the factor » was calculated accordingly to eq. (6) by using the obtained
approximate F, value.

In the third and the following iteration cycles ¢, and r values were calculated
by 1means of the formulae (5) and (6), by using E, values obtained in the previous
cycle.

For deriving the slopes m, the least square method was used. This procedure
was continued, until ¢, an E, values became self consistent. In this final stage the
graphical plot 1g # vs. 103/7, showed a very good linearity, as seen from. Fig. 2,
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Final resultsare given in Table 2. This table
contains the equivalent isothermal aging ti-
mes of the heat-up period £, and the activa-
tion energies E,, obtained by means of the  iof
initial Doyle’s method (¢, Doyle and E,,
Doyle), and also the final, self consistent ¢
values (¢,, SC and E, SC). As seen, the E,,
Doyle and E,, SC values sometimes are very
close, but sometimes they differ considerably,
up to 50 p.c. These differences appear due
mainly to the inaccurate ¢, values, given by
eq. (4), and also to the inaccuracy of the
r = 4351 value, proposed by Doyle. The cor-
rect, self consistent » values are also presented
in Table 2. L

The above mentioned fact, that ¢, values, = \\
calculated with eq. (5) ensure a better line-
arity, than those corresponding to eq. (4), «
together with the data presented in Table 2 a
show clearly the approximate character of
Dovyle’s isothermal method and the usefulness ' Lo’
of the improvements proposed in our earlier Y X N U R L
paper [10]. e o o A

On the other hand the activation energy, ;;dg' Wzilchpl;);f Ofcéﬁsé’st‘;it 10,/ T’},;E)g.
values, obtained in the present paper for the 4 — compound I, T, — 165°C; b — com-
same compound, show a sistematic increase  pound I, T, = 170°; ¢ — compound II,
with increasing isothermal working tempe- Lo = 190°C.
rature, but they are always smaller, than
the activation energy values derived from the thermogravimetric curves (corres-
ponding to ¢ == 10°C/min) and reported earlier [4,5]. These E, values, taken from
[4,5] are presented in the same Table 2 (E,, TG)

Discussion The above result agrees perfectly with our earlier obser-
vations concerning the dependence of the apparent activation energies of reaction
(1) upon the heating rate. Since the apparent activation energy decreaseswith
increasing heating rate, in isothermal conditions the apparent activation energy
must be larger, than in the conditions of the common thermogravimetric analysis,
because a zero heating rate is performed.

On the other hand, the thermogravimetric curve, used for deriving thermo-
gravimetric analysis temperatures 7, corresponds to a finite heating rate, i.e.
to a smaller apparent activation energy. Since a smaller activation energy makes
the thermal decomposition to occur in a larger temperature interval [12], this
procedure of deriving T, values is equivalent with enlarging the scale on the T
axis. It is obvious, that in such conditions Doyle’s isothermal method must give
smaller values for the apparent activation energy, than the modified thermogravi-
metric Doyle method [7], used for deriving E,TG values. The above mentioned
effect must be larger if the isothermal working temperature is lower, since the decom-
position rate becomes also smaller. Thus, the sistematic variation of the obtained
apparent activation energy values can be easily explained.

The above given exeperimental data show clearly, that the application field
of Dolye’s isothermal method is very limited. We can trust the obtained apparent

lot; (min)
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activation energies only if in the conditions of thermogravimetric analysis they
are independent from the heating rate. Thus, in the case of the thermal decom-
position of [Co(DH),Am,] X type complexes, this method cannot be applied in
spite of the very good linearity of the plot of Ig ¢, vs. 1/7.

The apparent activation energy derived by means of Dolye’s isothermal method
depends upon the isothermal working temperature, and it must also depend upon
the heating rate performed for obtaining the necessary thermogravimetric curve.

Taking into account the above considerations, we can tell nothing about the
physical significance of the obtained kinetic parameter.

Our previous studies [4,5] showed, that reaction (1) cannot be characterized
by a single activation energy value. This kinetic parameter depends upon working
oonditions, and its physical significance is rather obscure. It characterizes not
only the chemical reaction (1), but also the other physical processes, which occur
during the pyrolysis, viz. the formation and growth of crystallization centres, diffusion
of the gaseous product etc.

The main conclusion of the present paper is the following : Doyle’s isothermal
method does not allow the determination of this kinetic parameter, since the basic
hypothesis of this method, the existence of a single E, value is not valid and the
obtained apparent E, values can offer no truthful pieces of information.

( Recerved June 12, 1670}
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CINETICA ST MECANISMUL REACTIILOR DE SUBSTITUTIE A COMPLECSILOR (XXXIII)
Descompunerea termicd a complecsilor de tipul [Co(DH),Am,] X in conditii izoterme

(Rezumat)

Un numir de 8 complecsi de tipul [Co(DH),(Am),] X au fost studiati cu ajutorul metodei izo-
terme a lui Doyle la diferite temperaturi. In conditiile experientelor are loc descompunerea termici
a substantelor studiate conform ecuatiei (1). Pe baza datelor experimentale s-au determinat energiile
aparente de activare ale reactiilor (1). Valorile obtinute arati o variatie sistematici cu temperatura
de lucru si sint totdeauna mai joase decit cele obtinute anterior din analiza curbelor termogravimetrice.
Cauzele acestei neconcordante sint discutate si se ajunge la concluzia ci metoda izotermi a lui Doyle
nu poate fi aplicatd la studiul reactiei (1).
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KHHETHKA H MEXAHH3M PEAKIHA 3AMEUIEHUS KOMIVIEKCOB (XXXIII)

Tepuuueckoe pasrosxcerue komnaescos muna [Co(DH)(Am),1 X 8 usomepmuveckux  ycaosusx
(Peswome)

Apropu u3yuanu 8 kommnekcos tHna [Co(DH),(Am)]X uzortepmuueckum merofoM [oias npu pas-
JHYHBIX TeMrepaTypax. B yc/IOBHAX ONMMTOB HMeeT MeCTO TEPMHYECKOe DaslokeHHe H3yYeHHHX BEHIECTB,
cornacio ypasuenuio (1). Ha ocHoBe 3KCnepHMEHTAIBHEIX JaHHBX ObIIH ONpefesIeHb KaXYylLHeCsd SHEPran
aktuBauuu peakuuit (1). Tlonyyennsle 3Ha4YeHHsT MOKA3WBAIOT CHCTEMATHUYECKOE H3MeHeHHe ¢ paGouefl TeM-
nepaTypol M BCErla OHM MeHbile 3HAYeHH, PaHee NOJIYYEHHHX [IPH aHa/lu3e TepMOrpaBHMETPHYECKHX
KPHBEIX. ABTOPst OOCY M AAIOT NPHYHEB ITHX HECOTJIaCHH H NPHUXOLNT K BHIBOAY, UTO H30TePMHUYECKHI METON
[oina Heslb3sl NPUMEHHTh K H3yuyeHHI0 peakuuu (1).






STUDIU ASUPRA ELECTROZILCR-MEMBRANE POLIMER - PLASTI-
FIANT (IV)

Utilizarea membranei PCV + tricrezilfosfat ca electrod indicator in titrarea poten-
flometricd a unor acizi slabi, baze slabe si a unor amestecuri de acizi sau baze

de
C. LITEANU i ELENA HOPIRTEAN

In literatura de specialitate se cunosc pufine luerari refentoare la utilizarea

a T —

membranelor ionitice ca electrozi indicatori la titrarea” potentlometnca "2 a01z1lor
slabi {1] si a bazelor slabe [2]; referitor la titrarea amestecurilor de acizi sat de
baze nu se cunosc incd incercari.

in continuarea studinlui nostru privind utilizarea membranei obfinute prin
plastxflerea policlorurii de vinil cu tricezilfosfat [3] ca electrod indicator in titrarea
potentlometnca acido-bazicd [4, 5] ne-am ocupat deltitrarea unor acizi slabi, a
unor baze slabe, precum §i a unor amestecuri de acizi sau de baze. 3y

Partea experimentald si diseugii. Potentialul celulei comstind din' urmitorul lant electrolitic:

(—) ESC solutie interni solutie externi ESC (+)
HCl 10N 1 riscra (de titrat)

a fost misurat cu un pH-metru MV—11. S-a utilizat membrana in formd de buld. Titririle s-au condus
ja temperatura camerei, iar citirea valorilor de potential s-a ficut la agitare (magnetica).

1. Titravea unor acizi slabi. Curbele de titrare ale unor acizi slabi sint prezentate in fig. 1.

La titrarea acidului oxalic (curba 1) se remarcé o ugoard inflexiune a curbei corespunzitoare neu-
tralizdrii in prima treaptd. Localizarea (prin calcul [6]) a punctului final al titrdrii se poate face cu
mare ugurintd pentru neutralizarea in treapta a doua, unde se obtine o variatie de potential in jurul
punctului de echivalentd suficient de mare (aprox. 50 mV). Acizii cromic {curba 2) si fosforic (curba 3)
se titreazd in doud trepte. Localizarea primului punct de echivalentd in cazul ambilor acizi se face cu
mare ugurinti. In jurul celui de al doilea punct de echivalenti variatia de potential este mult mai
micd (aprox. 10 mV) fatd de cea din jurul primului punct de echivalentd (aprox. 40—50 mV). Panta
functiei electrodice [3], AE/A pH de altfel in mediu alcalin este mult mai mica fatd de cea din mediu
acid.

2. Titravea unor baze slabe. In fig. 2 sint reprezentate curbele de titrare ale unor baze slabe ca:
hidroxid de amoniu, metilamini si etilendiamini cu acid clorhidric ~ 2.1071 N. In toate cazurile curbele
de titrare prezinti un salt de potential in jurul punctului de echivalenti suficient de mare (aprox.
50 mV) care permite stabilirea cu ugurin{d a punctului de echivalentd.
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PR B R S 12 3~ 5 6 7 dmHl
Fig 1. Titrarea unor acizi slabi ¥ig 2. Titrarea unor baze slabe cu
cu NaOH ~ 2,107t N. HCI ~ 2,107t N.
1 —x—, acid oxalic; 2 —A—, acid 1 —x—, hidroxid de amoniu; 2 —A—,
cromic; 3 —0—, acid fosforic. metilamini ; 3 —0—, etilendiamini,

Curbele de titrare ale unor sdruri cu hidrolizd alcalind ca: borax, carbonat de sodiu, arseniat
secundar de sodiu, cu acid clorhidric sint trecute in fig. 3. Titrarea boraxului decurge foarte bine
{curba 1), curba de titrare prezentind o mare variatie de potential in jurul punctului de echivalenti
{aprox. 90 mV). Pe curba de titrare a carbonatului de sodiu se sesizeazd, dar destul de slab, neutra-
lizarea §i in prima treaptd. Arseniatul secundar de sodiu se titreazi la arsemiat primar de sodiu (curba 3)
eu o precizie buni, variatia de potential in jurul punctului de echivalenti fiind destul de mare
(40 —50 mV).

3. Titrarea unor amestecuri de acizi sau baze. In fig. 4 sint prezentate curbele de titrare ale unor
amestecuri de acizi ca: clorhidric + fosforie, sulfuric + fosforic si fluorhidric -+ fosforic, cu hidroxid
de sodin ~ 21071 N. Evident, pind la primul punct de echivalenti se titreazi acidul tare si acidul
fosforic in treapta I urmind apoi titrarea acidului fosforic in treapta a II-a. Titrarea amestecului de
acid fluorhidric gi fosforic s-a efectuat in pahar din material plastic.

S-au incercat de asemenea titririle amestecurilor de: acid clorhidric -+ acetic,
acid sulfuric + acetic si acid azotic 4 acetic, cu NaOH. Titrdrile nu decurg
cu precizie prea buni, saltul de potential in jurul primului punct de echivalen{d
nefiind suficient de net. Pe curbele de titrare obfinute pentru titririle amestecurilor
de baze ca : NaOH -+ hidroxid de amoniu, NaOH - metilamind si NaOH -+ etanol-
amind, cu HCI 2 .- 101N, de asemenea primul punct de echivalen{i, corespunza-
tor neutralizdrii hidroxidului de sodiu, este destul de greu de localizat.

Toate titririle prezentate s-au condus in paralel si cu electrodul de sticld pentru
a putea caracteriza exactitatea rezultatelor obinute cu electrodul membrani,
cu exceptia titrarii amestecului de acid fluorhidric + fosforic. Rezultatele ob{inute
sint centralizate in tabelul 1. Drept volume de echivalentd s-au considerat volumele
de inflexiune calculate dupd Hahn — Weiler [6]. Examinind datele cuprinse
in coloana 5 reiese cd exactitatea titridrilor este buni, erorile fiind cuprinse intre
+0,1% si +0,7%.
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Coneluzii. Pe baza rezultatelor obtinute putem afirma ci electrodul membrani
de PCV - tricresilfosfat poate fi utilizat in titrarea potentiometrici a acizilor
slabi, a bazelor slabe si a unor amestecuri de acizi, dind rezultate comparabile cu

Tabel 1
Exaectitatea rezultatelor ohtinute cu electrodul membranii
C\ri Titrarea "“’/CIE:”&H;“‘“ Llecm;f,i‘_ ’Eﬁ‘l’)‘bra““ Diferenta 9,
1 2 3 4 5
1 oxalic - NaOH 4,82 4.79 —0,6
2 cromic -- NaOH 4.11 4.09 0,4
8.15 8.12 —0,4
3 H,PO, + NaOIH 5.12 5.10 —0,3
10,75 10,72 —-0,3
4 NH,OH + HC1 5,47 5,48 40,2
5 Metilamina + HCI 5,48 5,52 -+0,7
6 Etilendiamina -;- HCL 6,61 6,62 +4-0,1
7 Borax + HCl 4,84 4,86 +0,4
8 Na,CO, -+ HU1 9,45 9,41 —0,4
9 Na,HAsO, -+ HClL - 6,51 6,55 +0,6
10 (H,PO; 4+ HCI) - NaOH 7,39 7.42 40,4
13,16 13,19 +0,2
11 (H PO, + H,S0,) -4 NaOH 8.02 8,06 +0,5
13,67 13,70 40,2
12 (H,PO, -+~ HIY) -+ NaOH 7,55 —
— 11,90
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cele obtinute utilizind electrodul de sticld. Se constati ci in jurul punctului de
echivalentd situat in mediu alcalin, variaia de potential este destul de mici datorita,
desigur, unei sensibilitdfi mai scdzute a membranei fatd de ionii de hidrogen la
valorile respective de pH [3]. In cazul acidului fosforic de exemplu, variatia de
potential la primul punct de echivalentd AE ;y, = 45 mV, respectiv A E 5, =8 mV
la al doilea punct de echivalentd (valori determinate pe cale graficd). Rezultid deci

AE 45 : . y
c& raportul (—I—) == — = 5,62 are o valoare mult mai mare decit aceea calculati
*1%

AEr 8
. v (AE ApH 1,12 e e
[7], respectiv decit —-I-) — 2= — —— = 1,33. Asadar, precizia titriri-
AEyrlsr, ApHyp)z1e, 084

lor cu acest electrod va fi intotdeauna mai buni atunci cind pH-ul de echivalentd
va fi situat in mediu acid.

(Intrat im redactie la 7 aprilic 1970)
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HUCCNENOBAHUE ANMEKTPOJI0OB MEMBPAH TIOJIMMEP -+ IWIACTUGHUKATOP (IV)

Hcnoas3o6anue noauxaopsunuasiol membpanot -+ mpuxpesusgocam e kavecrmee uHGUKAMOPHOO 3AeKMPOOQ
npu nOMeHyUOMEMPUYECKOM MUMPOEAHUL CAQOX KucAom, CAaObiX OCHOSUHUL U CcMeceld Kucaom
UL OCHOBAHUL

(Peswome)

Pa6ora coaep KHT pe3y.bTaTH, NOJyYeHHRHe NPH NOTEHUHOMEeTPHYECKOM THTPOBAHHH C.1a0blX KHCJOT,
c1abbIX OCHOBAHMH H CMeCeH KHCJOT HJH OCHOBAaHHH, HCHOJb3ysl B KaueCTBe HHJIHKATOPHOI'O 3JeKTPOAA
ROJHXJODBHHHJBHYIO MeMOpaHy -+ Tpukpesuadocdar. [ XapaKTePHCTHKH TOUHOCTH NDPOBEJEHHLIX THT-
POBaHH CPaBHHBAOTCA OGBEMH 3KBHBAJIEHTHOCTH, BhMHCIeHHHe MoTojoM T'aHa u Beitnepa, ¢ o6wnémamu,
NONYYEHHBMH IIPH HCIOAb30BAHHH CTEKJSHHOIC 3J1EeKTPOAa.

LTUDE SUR LES LLECTRODES-MEMBRANES POLYMIRE 4+ PLASTIFIANT (IV)

Utilisation de la membrane PCV - tricvésylphosphate comme électrode indicatvice dans le titvage
potentiomélrique d’acides faibles, de bases faibles et de mélanges d’acides ou de bases '

(Résumé)

La présente ¢tude donne les résultats obtenus par le titrage potentiométrique d’acides faibles, de
bases faibles ou de mélanges d’acides ou de bases en utilisant comme électrode indicatrice la membrane
de polychlorure de vinyle + tricrésylphosphate. Pour apprécier le degré d’exactitude des titrages cffec-
tués, on compare les volumes d’équivalence calculés d’aprés la méthode Hahn-Weiler, avec les volumes
obtenus en utilisant électrode de verre. :



THE AMMONOLYSIS OF ORGANOTRICHLOROSILANES
LIVIU VANCEA and I0NEL HAIDUC
Introduetion. The ammonolysis of organochlorosilanes, R,SiCl,_, is a rather

complex process involving at least two types of elemental reactions: halogen/
amine substitution:

>Si—c1 - NHj — ->Si——NH2 + HC1 )

and homo- (2) or hetero- (3) functional condensation :
—>Si——NH2 4 OH,N— S1—\-\— R —>Sl~—NH Sl< + NH, @
>Si-—NH2 i CI—SI~~ - >51 NH — b/ 1 HCl 3)

Reaction (3) is possible as long as some unreacted organochlorosilane isstill present
in the reaction mixture. Hydrochloric acid formedin reactions (1) and (3) is elimi-
nated as ammonium chloride, formed inthe reaction with ammonia. It is evident
from the nature of these reactions that there will be a strong tendency towards the

formation of silazanes, i.e. compounds consisting of \S1—~NH Sl‘ groups ;

/ AN
\S1——

seldom achieved [1—3] and it is favoured by the presence of bulky groups attached
to silicon, which may cause steric hindrance for reactions (2) and (3). Further compli-
cations may arise from reaction (4), which can be regarded as a transamination:

the isolation of aminosilanes, i.e. compounds containing NH, groups, can be

Ngi NH-8iZ +HN — 8iZ AN i
/S1 NH Sx\—{HgN Sl\ — /51\ /Sl\ - NH; (4)
N
l
Si
/N

However, this reaction is not very important in ammonolysis of organochlorosilanes
It is also evident that the nature of the ammonolysis product will be largely deter-
mined by the functionality of silicon in the starting chlorosilane, i.e. by the number
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of chlorine atoms attached to silicon in the parent compound. Thus, the ammono-
lysis of monofunctional chlorosilanes (R35iCl) gives RgSi—NH, and/or RygSi—NH —
—SiR,; difunctional chlorosilanes (R,SiCl,) give in some cases diaminosilanes
R,S1(NH,), and in most cases cyclic oligomers (R,SiNH), [1—6].

It is important to notice that in the case of difunctional organochlorosilanes
the tendency to cyclisation is strong and the ammonolysis product is made up
largely of cyclic trimers (I) and tetramers (I1) rather than linear oligomers [1--6]:

R,
Si
RN . :
HN NH R,51—NH-—SIiR,
L | f
R,Si  SiR, HN NH
NS .
N R,Si— NH-—SiR,
H
(R,SiINH), (R,5iINH),
1 11

and no linear oligomers are formed.

In the ammonolysis of organotrichlorosilanes all these tendencies will act
concurently, to give rise to complex mixtures and structures. Literature data,
concerning the ammonolysis of organotrichlorosilanes report very different results
(see Fig. 1). The first studied ammonolysis of a trichlorosilane was that of “silico-
chloroform "’ HSiCl,, described in 1905 {7] to give HSi = N and later [SiH(NH) ],NH
[8]. The inability of silicon to form multiple bonds and the lack of steric effects

i l

to prevent condensation
of HSi(NH,);, initially for-

H N . .

NN S SVLANP ‘\ I Ve med in the ammonolysis

5’\ ! ) ¥ i ; g / ,S( reaction, were taken into
NS AN .

P ‘\[ i 1 K 1 account when a high poly-

o LY =y 1 T sovelt & o

A N RN K\ AN - RN meric polycyclic structure

(I11) of (HSIN),
gested [4].

was sug-

i i -
2 L The ammonolysis of

2 P ‘\NH u;ﬂ; "7 alkyltrichlorosilanes RSiCly

N RS S Y (where R—=Me, Et) [9, 10]
| I ‘”"'{’ | was reported to give rib-
TSN ’ N J R NH oy o ’ bon-like polyeyclic poly-

R " " sie v ' | Pi—i— —st  mers (IV), while other au-
n—" BSi Mg ol meo {)‘“ tors [11] reported a poly-

i - e cyclic network (V) made

Vil

{RS:’(NH)"SL [RS?(NHL@]B

{Rsr{m:},é]s

Fig 1. Structures of products reported in the ammonolysis of

trichlorosilanes.

up of about 12 linked SiyN,
rings as a product of ammo-
nolysis of metyltrichlorosi-
lane. Polymer formation
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was described also in the ammonolysis of methyl-, ethyl-, and propyltrichloro-
silanes [12] and amyltrichlorosilane [13].

In other investigations individual compounds of general formula [RSi(NH), ;],,
with # = 4, 6 or 8 were described as ammonolysis products of alkyltrichlorosilanes
(R = Me, Et, hexyl, heptil, octyl, nonyl)[13—15]. Analogy with related silo-
xanes suggest cage structures (VI—VIII) for these compounds. The observation
that ammonolysis products of alkyltrichlorosilanes eliminate ammonia on heating,
without increasing their molecular weight, suggests the occurence of some intra-
molecular condensation of type shown by equation (2).

It follows from the above discussion that the results of ammonolysis of organo-
trichlorosilanes described in the literature are rather contradictory.

We have examined the ammonolysis of n-propyl-, n-butyl-, iso- butyl-, and
p-tolyltrichlorosilanes. In all cases soluble products were obtained, which after
evaporation of the solvent gave clear oily liquids; on standing or heating these
underwent further evolution, with elimination of ammonia, ending up in the for-
mation of solid, only partly soluble polymers.

Results and discussion. T/ nature of the ammonolysis product. The ammono-
lysis of n-butyltrichlorosilane in benzene gave a liquid product, which immediately
after the reaction and removal of the solvent, exhibited a molecular weight of 898,
which corresponds approximately to eight C,H,Si(NH), ; units (the mol. weight of
an octamer would be 856). Iso-butyltrichlorosilane had a molecular weight of 557
(average) which corresponds to five iso-C,H,Si(NH),;, units (or to a mixture
of tetramer (VI) and hexamer (VIII)). However, all these evolve constantly ammonia
on standing or heating, which suggests the presence of Si-NH, groups in the primary
ammonolysis product. One can tentatively assign a bicyclic structure (IX), to the
ammonolysis product of iso-butyltrichlorosilane

NH, R R R’

| i | |
R—8Si—NH-—Si—NH R R—Si—NH--51—NH R

| | NIV | NS

NH NH Si NH NH Si

i 3 ! o 7N\
R—8Si—NH--8i—NH NH, R—Si—NH-—-S1—NH R

NH, R R R’

IX, R=:1s0-Bu X, R=Me, R°=Ph [11]

which is similar to the structure (X) assumed [11] for a compound isolated in a
coammonolysis of dimethyldichlorosilane with phenyltrichlorosilane. Molecular
weight and composition agrees with such a structure. However, it seems that a
mixture of various products rather than individual compoundmakes up our ammono-
lysis product.

In the ammonolysis of n-propyltrichlorosilane and p-tolyltrichlorosilane vis-
cous polymers were obtained, and the continuous evolution of these systems, with
elimination of ammonia, did not afford correct molecular weight determinations.

The observation of the behaviour of ammonolysis products of organotrichloro-
silanes, on standing or heating (which accelerate the process of gaseous ammonia
evolution) led us to the conclusions that the primary ammonolysis product is an



48 L. VANCEA, 1. HAIDUC

unstable system, which on standing or heating undergoes further transfomations.
We call “primary ammonolysis product’” the system obtained after the complete
substitution of chlorine atoms, when no more Si—Cl groups are present in the
mixture ; in such a system some reaction (2) and (3) already occured during the
ammonolysis process to give a partly condensed product. Thus, the only reaction
possible in a normal evolution of the process is reaction (2) (homofunctional con-
densation) and probably — on strong heating — also some reaction (4). It is
interesting to note that if the ammonolysis product is left for a longer time or heated
only moderately (not over 100—120°C) the end product is a glassy solid; if the
product was heated at higher temperatures a brittle resin is obtained, having pro-
bably a larger degree of cross-linking, less uncondensed Si—NH,; groups and pro-
bably some branching at nitrogen due to reaction (4).
In explaining the processes which occur during the evolution of the ammono-

lysis product we feel that we have a stepwise transformation of a neso-compound

RSi(NH,); to a cross-linked high-polymer, made up mainly of branching groups,

RSi(NH), ;. This idea and the terminology are borrowed from the study of redistri-
bution ethbna [16, 17} and probably the composition of the system, from a
structural point of view, is comparable to that of an equilibrium system between
a neso compound and a cross-linked tridimensional polymer, e.g. POCl,—(P,0,),
or OP(NMe,);—(P,0;), [17] In our case, however, the evolution of the system is
non-reversible, due to elimination of ammonia, and no true equilibrium is achieved.

One can assume that the immediate product of ammonolysis, formed in a

type (1) reaction is a neso-compound, i.e. a triaminosilane RSi(NH,),. Reactions
(2) and (to some extent) (3) result in formation of silazanes, in which a silicon atom
is connected to other silicon atoms through one, two or three —NH— bridges. The
number of such bridges determines the nature of the structure unit in which a given
silicon atom takes part:
R R R

i ‘ !
H,N--Si—NH, H,N—5t—(NH),; (HN)s—Si—(NH) 5

i i
NH, NH, NH,

neso molecule end group middle group
(n) (e) (m)
R

(HN),. —-blm(\H)

1
(NH)os

branching group

(0)

The structure units are nammed according to the role thq can play in a polymazric
chain or network. The sorting of these structure units in molecules, gives riseto
individual species present in the ammonolysis product. Thus, linear molecules e¢,
eme, emme are probably present in the reaction mixture, at least at early Stageb
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of the evolution of the system. “Middle-groups only”’
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molecules are likely to be

cyclic trimers (m); or tetramers (m),. The cage compounds mentioned above
(VI—VIII) are “branching groups only” molecules, (b),, (8)s or (b)s.

R R R

|
H,N—Si—NH—Si—NH,
J I |

R

R

I i l
H,N—Si—NH—~| —Si—NH— |- Si—NH,

l 1

NH, NH, NH, NH, . NH,
ee em,e
Si
VRN
HN NH

R | R
Nsi s
HN" \_  \NH,
N
H

()

All these species are able of further condensation and

on heating they will tend

to eliminate ammonia to give rise to cross-linked polymers, containing only bran-
ching groups, which will be the end productsof the condensation. The tendency
of condensation of Si—NH, groups (reaction (2)) will result in a stepwise decrease
of the number of NH, groups attached to each silicon atom, therefore the nature
of the structure unit will continuously change in the sense # — ¢ — m — b, until
all silicon is present only in branching groups, in the final polymer. Therefore, one

can assume that the proportion of the silicon present in
neso molecules will continually decrease whereas that
present as end and middle groups will be described by
curves passing through a maximum. The proportion of
branching group will also increase continually. Assu-
ming that no structure unit is thermodynamically fa-
voured over the others, a random distribution will ocur
and the evolution of an ammonolysis product system
can be qualitatively described by a diagram shown in
Fig. 2. In abscisa we can have time, temperature or
[NH]/[Si] concentration ratio. This is formally similar
to the diagram describing the equilibria in the system
POCl;—(P,0;) with the difference that in an ammo-
nolysis product the system evoluates continually towards
the right and the composition of the system will be de-
termined by the previous “‘history” of the system (age,
temperature and duration of heating); whereas in an

4 — Chemia 2/1970

00

%
o silicon
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ffsi
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s time or femperotire
Fig. 2. Postulated change of
structural units during the
condensation of an ammono-
lysis product.
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equilibrated POCl,—(P,0;), or
A = & OP(NMe,);—(P,0;), system the con-
— e — stitution of the mixture will be con-
SNy M -, A‘ ~NH, stant (after the equilibrium was rea-
by, ched) and determined only by the
concentration ratio [POCL]/[P,0;] in
Fig. 3. Formation of cage molecule silazane (b), the mixture at a given temperature.
from two cyclic trimeric molecules, (m);. Of course, in the case of the ammo-
nolysis products of organotrichloro-
silane this is only a qualitative picture. The exact shape of these curves could
be established only by determining the concentration of each type of structure unit,

but this seems to be more difficult than in an equilibrated system.

The question whether individual compounds can be isolated from such a system,
as in the case when (b),, ()¢ and (b); compounds were reported, depends on the
possibility to favour the intramolecular condensation at a given stage and to hinder
intermolecular condensation and thus to minimize cross-linking. Schematically,
the condensation of two (m); units to a (b)¢ cage is shown in the {Fig. 3. At each
step a reaction of type (2) occurs and a new Si—NH—Si bridge is formed.
In fig. 3. triangles represent SizN, rings ; each triangle side is a Si—NH —Si group,
and only free NH, are represented (I), R groups being ommitted for clarity sake.

Probably processes like those shown in Fig. 3 are favoured by a higher dilution.
Cage molecules (b), were precipitated from primary ammonolysis products with
petroleum ether [14, 157 which suggests that such species are formed even at earlier
stages of the ammonolysis. On standing or heating such cage molecules may enter
in equilibrations with e(m),e molecules or other species and dissappear from the
end product. It follows that the ammonolysis product is a rather complex mixture
containing some neso molecules, chain e(m),e and ring (), species and some cage
(b), molecules, in a continuous interaction. That is why we hesitate to assign a
single structure (e.g. IX), with any degree of confidence, to the ammonolysis product
in one of its stages of evolution, although such molecules can also be present in
the mixture. We feel that only when the individuality of a compound formed in
the ammonolysis of organotrichlorosilanes is definitely proved, (e.g. by some chro-
matographic procedeures, etc.) one can discuss about its possible structure.

Thermal properties of silazane polymers formed by ammonolysis of RSiCly. Tt was
shown above that solid polymers are obtained from the ammonolysis product after
long standing or heating. These are soluble in common organic solvents at early
stages of their aging, but their solubility decreases slowly in time, and faster on

heating. The polymers prepared by the ammonolysis of n-PrSiCl;, n-BuSiCl,,
and iso-BuSiCl; were subjected to thermogravimetric analysis. From thermogravi-
metric data per cent loss of weight was calculated and the data are plotted against
the temperature, in Fig. 4. Maximal weight loss is shown on each curve. The data
show that the polymers have good thermal stability. Those containing branched
aliphatic groups (iso-butyl) show a lower stability. A clear difference was observed
between a polymer previously heated to 100° for 3 hrs and the polymer agged on
standing. It is also noticeable that appreciable weight loss in iso-butyl polymers starts
at temperatures above 250°, whereas the n-propyl and n-butyl polymiers do not
lose more than 109, of their weight up to 400°. Up to 600°C these polymers lose

2(m); b,m, b,m,
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IFig. 4. Loss weight during heating of ammonolysis polymers
*Polymer coated previously at 100“ for 3 hrs.

respectively 46 and 569, of their weight, and practically very little further weight
loss 1s noticed up to 900°C (the upper limit of our apparatus). This corresponds
approximately to a residue of silicon nitride.

Experimental part. All the syntheses were carried out in anhydrous sodium dried solvents. Organo-
trichlorosilanes, R8iCl; (R = nPr, nBu, isoBu, p-CH,CH,--) were prepared from silicon tetrachloride
and appropiate Grignard reagents in dicthyl ether and had physical properties close to those reported
in the literature [18]. Molecular weight determinations were made cryoscopically in benzene.

The ammonolysis of organotrichlorosilanes was performed in benzene or diethyl ether, by passing
a stream of dry gaseous ammonia over the well-stirred and ceoled to 0°C solution of the chlorosilane.
After the reaction was completed the mixture was heated to reflux for 12 hrs, then cooled to room
temperature. The precipitate of ammonium chloride formed in the reaction was removed by filtration
and the solvent removed by distillation under reduced pressure.

u-Lr5iCL 0 2158 g n-Pr8iCl, dissolved in 500 ml dry benzene was treated as above with gaseous
ammonia during three hours. Work-up as described gave a viscous oil, which eliminates continually
ammonia.

n-BuSiCly: 157 g n-BubiCly in 300 ml dry benzene was treated with gaseons ammonia during
90 min, then worked-up to give a viscous oil, having average mol. wt. 898 (crvoscopy in benzene).

1so- BuSiCly: 124 g iso-BuSiCl, in 260 ml diethyl ether was treated with gaseous ammonia during
1 hr. Work-up as described gave a viscous oil, gr. mol. 567, Si 24.68 ©;. These data are close to those
required for structure IX (R = is0-Bu) (caled. mol. wt. 568, ¢, Si 25.08) but we assume that the
oil i3 a complex mixture rather than an individual compound.

p-CH,CH,SICL*: 11 g p-CH,CH,SICl, in 50 ml benzene was treated with gaseous ammonia
during 60 min, then stirred 45 min at the room temperature. Work-up as above gave a viscous oil,
which after being heated for 3 hrs at 80—100° passed into a glassy mass.

Conelusion. The ammonolysis of organotrichlorosilanes, RSiCl; (R=n—Pr,
1n—Bu, iso—Bu, p—CH,C,;H,—) yields an unstable system, which further under-
goes a continuous evolution, with elimination of ammonia, due to a polycondensation

* This compound was prepared and ammonolysed by Miss E. E. Torok as a part of a M.A.
thesis.



59 L. VANCEA, 1. HAIDUC

reaction (2) of the primary ammonolysis product. This behaviour is explained
by a conversion of neso molecules, RSi(NH,); (#) succesively into end (e), middle
(m) and branch (b) groups, finally resulting in the formation of a cross-linked poly-
mer (b),, via intermediate linear e(m),e and cyclic (m), molecules.

( Recetved April 7, 1970}
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AMONOLIZA ORGANOTRICLORSILANILOR

(Rezumat)

S-a urmirit amonoliza unor organotriclorsilani, RSiCl, (R = n-Pr, n-Bu, iso-Bu, p-CH,CH,—).
In toate cazurile produsul de reactie este un sistem nestabil, care suferi o evolutie continud, cu dega-
jare de amoniac, rezultat dintr-o reactie de policondensare (2) a produsului primar de amonolizd.
Aceastd comportare este explicatd prin transformarea moleculelor neso RSI(NH,); (#) succesiv in grupe
e, m §i b (vezi textul), avind drept rezultat final formarea unui polimer reticulat (b),, prin intermediul
unor molecule liniare e(m),e §i ciclice (m),. S-au studiat proprietitile termice ale polimerilor obfinuti.

AMMOHOJIN3 OPTAHOTPHXJIOPCHJIAHOB
(Pesiowme)

HeciegoBal aMMOHOJIH3 HEKOTOPBIX OpraHOTPUXJOpPcHAaHOB, RSiCly (R=p-npomua, #-0yTui,
#30-6yTua, n-CH;C,H,—). Bo Beex cayuasnx mpoayKTOM PeakuuM sBJfgeTcst HeyCTOHUMBAS CHCTEMA, KOTO-
pas npereprieBaeT JasbHelilHe npeBpalleHus C BhIeJCHHeM aMMHaKa, 3a cUeT PeakIHH MOJIMKOR IeHCanHHi
(2) nepBUYHOrO NPOAYKTA AMMOHOJU3A. DTO sBaeHHe OOBICHSETCS NpeBpaleHHeM He30-MoaeKyI RSI(NH,),
(n), TIOCJIEIOBATEIBHO B IPYIIIIE €, /1 U b (CM. TeKCT), B pe3y/inTate uerc obpasyercs ciiThift noaumep (b)y
NOCPEACTBOM JIMHEHHRIX €(m),€ U UHKAHYeCKHX (1), Moaeky.. kccnedoBaul TepMHuecKHe cBOACTBA NOJY-
YeHHbIX TOJHMEepOB.



CALCULATION OF IONIC EQUILIBRIA BY MEANS OF TRANSFORMED
QUANTITIES (I)

Transformation of quadratic equations

CSABA MUZSNAY

1. Introduetion. The recent progress of both theoretical and applied analytical
chemistry reveals the necessity of the exact treatment of equilibria, the exact know-
ledge of the errors, respectively, that appear following the approximations made.

The tendency of an exact treatment of equilibria is reflected in numerous papers
[e.g. 1—8 and 15—24], as well as in a series of handbooks recently appeared [e.g.
9—14].

In the following pages a new solution of the simplest equilibrium problems,
expressed by quadratic, equations will be given. FExact criteria are esta-
blished for the following cases: a) when the solution of the quadratic equation
can be reduced to the solution of a first degree equation (linear approximation),
b) when the solution of the quadratic equation can be reduced to the solution of a
quadratic equation, with no first degree term (quadratic approximation), ¢) when
the quadratic equation can not be solved using approximations.

From the point of view of mathematics, the different equilibria (acid base,
solubility, complexation, etc. equilibria in aqueous or nonaqueous media, respec-
tively) do not differ esentially. The differences are determined by a) the number
of the simultaneous equilibria, b) the degree of the equation to be solved, c) the
possibility of solving these equations with or without approximations.

2. Treatment of a single dissociation equilibrium. Transformation of the qua-
dratic equation. Iet us consider the dissociation of the mononuclear combination
RA,. The first step of dissociation can be expressed by the following equilibrium :

RA,= RA, , + A 8y

where R represents the anion of an acid, the cation of a base or 'the central ion
of a complex, 4 is a monodentat ligand, » represents the basicity of the acid, the
acidity of the base or, the coordination number of the complex ion, respectively.

The equilibrium (1) is characterized by the thermodynamic equilibrium cons-
tant K, (ionization constant, dissociation or instability constant, respectively),
defined by the expression:

(4J[RA,_ 4] fa- fRAw_,

K, =
¢ (Rd,) fra, @
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It is convenient to combine the activity coefficient factor in (2) with K, to give
an apparent equilibrium constant K:

, f A]’RA 7
K == I&o }RA = [ JedTn (3)
fa - fra, 4 [RA]

Using concentrations instead of activites K = K. If no further dissociations will
be considered, the following relations are valid:

[A] = [AR, ] =C (4)
[RA,) = Co— [4]=Co — C (5)

where C, (mol/l) is the initial, analytical concentration of the mononuclear combi-
nation R4 and C{mol/l) is the equilibrium concentration of the resulting species.

Takmg into account relations (4) and (5) the equation (3) can be written in the
form of the following quadratic equation:

4 KC —KCy=0 (6)

from where:

C == — K 4+ -\/1(2 TAEC, (7)

2

A simple transformation method for equation (6) is presented here. This equa-
tion can be brought in a more adequate form for obtaining numerical values of
C either graphically or by means of numerical tables, allowing at the same time
the choice of adequate approximation methods. Multiplying equation (6) by 1/K?
and introducing the following notations:

CIK =T 8)

and
Co/K == {9)

respectively, we obtain the equation:
T2 - T =< (10)

1 and v are dimensionless quantities and thev will be termed as fransformed con-
centration (T) and transformed constant (z), respectivdy The use of dimensionless
quantities offers the following advantages [25, 26]; 1) an easier generalization,
2) reduction of the number of variables {e.g. instead of three variables —C, K, Cy —
remain only two —7 and = —), 3) the mathematical treatment of the e\perlmental
data is simplified.

3. The solving of the transformed equation. The cocfficients of equation (10)
being equal with unity and not being influenced by the coefficients of equation
(6}, it is convenient to calculate the values of the function y = 1% 4+ T for different
values of T, and to represent grafically or tabulate respectively, these values. Eq.
(10) is solved graphically in the usual way (fig. 1), by plotting the function y =
= T% 4+ T (curve ““a” of the figure 1) and intersecting the obtained parabola with
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the straight line y =t (curve “b” of the
fig. 1.). The values of 7T, corresponding to
the points of intersection, represent the
reots of the transformed equation. It can be
observed that all real roots of the quadratic
transformed equations arve placed on a single
curve. This parabola has the minimum at

= — 1/2 and t = — 1/4, respectively.
At T = — 1 and 0 respectively, we have r = 0
(the curve y = T* + T intersects the abscis-

<

[} et

sa). It is sufficient that both the graphical . %

representation and the tabulation be made > i

only for the first quadrant of the coordinate .

system, only the positive values of C (or B

T > 0, respectively) have physical meaning

in"equilibrium calculations. Fig. 1. Graphical solution of equati-
Knowing T one can calculate the un- on (10). The curve “a”: function y =

known concentration (C) using equation (8). ’j?ﬁ g Curve "¢ fmtlidioni y=
The function (10) has three distinct do- — + ~ 1 Curve "b": function y = .

mains for positive values of 7.

a) If 7 < 1, consequently 7% € T and the equation (10) is reduced to the
expression :

Ta=r (11)

noting with 7, the value of the T obtained on the basis of linear approximation.
From (11), (8) and (9) it follows that:

C =C, (12)

and consequently it is not necessary the solution of equation (6).
The relative error of the calculation is defined by the relationship:

To — T,
A=+ —i]-:— (13)
where T, is the exact value of T obtained after solving the equation (10).
T — :_.u.g/iii (14)

Substituting in (13) the values of T, from (11) and (10), respectively one obtains:

T2 T,— T,
Ap= p = 4 T, (15)

Thus the relative error 1s equal fo the transformed concentration (see equation (8)).
Consequently, the smaller T,, the less is the relative error and the linear approxi-
mation is admitted.

In which conditions can 7?2 be neglected in the presence of 7', and when is it
permissible to use linear approximation ?
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Considering the precision with which the equilibrium constants are determined
as well as the precision of the concentration values calculated we attribure to rela-
tive percentage error (A9%) a value of 4+ 19, namely

A < 0,01 (16)
which is a condition strictly enough [27]. From (10) and (15) we obtain:
= A} + A, (17)
and on the basis of relations (20) and (21):
T << 10-2 (18)

Accordingly, the linear approximation is admitted when the value of the framns-
formed constant is not greater than 10-2, In this case, the approximation gives even
more exact values than those obtained by solving the equation (10), because ats
small values of v considerable calculation errors appear.

Exemple 1. Calculate the [H+] in a 10—3 molar chromic acid solution (X, = 1,8.10-1 mol/l and
K,y = 3,2.1077? mol/1). Considering only 1ihe first icnizaticn step and neglecting the icnization of water
we obtain:

© = Cy/K, = 10—%/1,8.10~1 = 5,5.10~2

Because ~ < 1072, from (12) [H+] = 1073 From (15) aund (11) the error will be ~ 0,55%,.

b) At great values of T the inequality 72 » T is valid and equation (10) reduces
to the form:

T2 =« (19)
or
T,, = Vv (20)
respectively, noting with T,, the value of T obtained on the basis of quadratic
approximation.
Respectively, from (20), (8) and (9):
C =VC,K (21)
In this case the relative error will be:
Tay— T
Ar) — az [
, = Taz s (22)
From (22) it can be deduced that:
(L4 Ay
T a1 (23)
respectively
1 1
Ay + T~ (24)

Considering, that A, <C 0,01, from (23) we obtain the inequality :
T > 2525 (25)
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Accordingly, the quadratical approximation s admitted for values greatey than 2500
of the transformed comstant. The error of calculation is given by the equation (24).
The result expressed through relation (25) is in agreement with that obtained by
Meeks [28] in other way.

Example 2. Let us calculate the [H*] and [Ac™] of a 1,00.1071 molar acetic acid solution
(K = 1.75.107% mol/1). According to equation (9)t = C,/K = 10—1/1,75.10—% = §5,21.10+5, r being
greater than 2500, the quadratical approximation can be applied and from (21) we obtain [Ht]=[Ac~]=
\/1,75-10“" = 1,32.10—3. The_ error of approximaticn (according to equation (24)) will be: A%

= 100/2 /7 = 0,66%.

¢) The domain for which 10-% < v < 2500 approximation methods cannot
be applied. The complete solution of the transformed quadratic equation (10) is
necessary. Graphical or tabular methods are faster than the usual calculation using
formula (7). The procedure consists in the calculation of the value of v = C /K
then from this value T is obtained by either graphical or tabular way. Roth methods
must guarantee an accuracy of minimum - 19%,. To increase the precision of the
graphical representation, the interval of values for = (102 — 2500) and of 7(10-2—50)
respectively, was divided in 7 domains (Table 1), each domain being plotted sepa-

Table 1

Intervals of representaticn of 7 and ~ for the first quadrant of coordonate system

Limits of interval of representation for T’ Limits of interval of representation for <

1.1072 — 4.107*
4.1072 — 11.107*
1.107t — 4.107%
4.1074 — 11.107*

1,01.107* — 4,16.1072
4,16.10™* — 12,21.107*
1,1.107t — 5,6.1071

5,6.1071 — 2,31

s o o i, o, e e,
IO DN e Q0 BD e
o N

1— 4 2— 20
4—~12 20— 150
10-—56 1102550

rately (fig. 2a and 2b). The calculation and tabulation of pairs of values v — T
was accomplished with the computer DACIC I by the Institute of Calculation of
the Academia of Science of R.S.R. From the great number of values calculated
in this way, some illustrative data are summarized in table 3. It has been proved
that the tabular method is more exact than the graphical one.

Example 3. Let us calculate the[H+) of a 10—? molar formic acid solution (K = 1,75.10—* mol.1-1)
The dissociation of water will be neglected.

According to equation (9) v = 10-%/1,75.10—¢ = 5,71,

I. Graphical method. From curve 5 (fig. 2a) the corresponding value of T is 1,94 and from
8) [H*+] = 1,75.10—+.1,94 = 3,39.10—4¢, Solving equation (6), the exact valueis: [H+] = 3,40.10—¢,
therefore the error of the graphical calculation is — 0,159%.

1I. The tabular method. The tabulated value of 7T, corresponding to t = 571 is 1,942 (from
the table 3). Consequently, (H+] =11,942.1,75.10—% = 3,399.10—4. The error of this method is —0,03%

It must be mentioned that modifying the precision of + 1% admitted, the
values of © which limit the domains a), b) and c) will also change.
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Fig. 2. The function v = f(7). The numbers in parantheses on the curves
and on the axis of coordonate respectwelv correspond to the intervals in table 1. a)
Intervals: (1), (3) , (7). b) Intervals: (2), (4), (6)

In some cases the transformation of the quadratic equation may give the follo-
wing forms:

TP — T =+ (26)

or
T — T = —= (27)
The plot of the function: 7% — 7" = v is a parabola with a minimum at T = 1/2 and © = 1/4, respec-

tively, At values of T = 0 and I, respectively = = 0. The same parabola (fig. 1, curve ¢’} is obtained
by displacing the curve “a” (fig. 1) with the unity to the right, along the T-axis. It follows, that the
bositive root (T,) of eq. (26), for given values of 7, can easijly be obtained not only by tabulation

Ti3) 080 20! s )
HARS r
g (3)
(1 -t
1040 -200
@
s Ss
(3)
ot 1010
[
; _s407?
)to&‘ 001
70l 5107 w0? T
¥ig. 3. Plot of function + = f(T). The

numbers in parantheses, on the curves and
on the axis of coordinate, respectively, cor-
respond to the intervals in table 2.

or plotting of data in the first quadrant, but also from
the positive root (7T,) of eq. (10), using one of the
methods suggested, on the basis of the relation:

T, =1+ T, (28)

For positive and for subunitary values of T the
transformed constant (<) from the eq. (26) will have
x?egative values. This special case is expressed by the
eq. (27) Graphical representation or the tabulation
should be made in the fourth quadrant of the coordinate
system. One can state the following:

1) If || > 1/4, the eq. (27) has imaginary roots
(This case is of no interest to the equilibrium problems),
‘) If [+ < 1072, the linear approximation can be used:

= |z|, 3) In the interval 1/4 >: [t] > 1072 the use of
tabular method is more convenient. To assure a high
precision of the graphical representation, values of T
and ~ are divided into 3 smaller intervals (the table 2
and the fig. 3). The values of T — + are tabulated
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for the interval 1/2 > T > 1073 Oune can observe, that eq. (27) has two positive roots. By means of
the indicated methods only root Ty is oitr-ued, Ty being calculated on the basis of the relation:

Ty =t — Ty (29)

Table 2

Intervals of representation of 7 and < for the fourth quadrant of coordinate system

Limits of interval of representation for T Limits of interval of representation for ~
1072 — 4.1072 (H —0,99.1072 — (~) 3,84.107*
4.1072 — 11.1072 (2) — 3,84.1072 — (—) 9,79.107*
1.107 — 5.107¢ (3) -9.107t  — (~)25.10!

Fquations (10), (26) and (27) were obtained transtorming the initial equations with positive quan-
titiecs. When transformations are made using negative quantities too, a single transformed form results,
which is expressed by equation (10). In order to calculate tiie positive root of the initial (nontrans-
formed) equation, the sign of the transformed roots must be considered, as well as the relation existing
between them, and the fact that the transformation relation will have a little different form as com-
pared to eq. (8).

4. The ecaleculation of logarithmie quantities with the aid of the transformed
quantities. The knowledge of numerical values of pC ( = — log C) and pC (= —logC,)
respectively is at least as important in analytical chemistry as the knowledge of
the nonlogarithmic ones. Logarithmic quantities are more accessible for graphical
representations at the same time being more intuitive. .

The relations pT = f(pr) and pC = f(pC,, pK). On the basis of relation (7),
after logaritmation and introduction of the operator pX = — log X, we obtain:

pC = pK + pT (39)

In order to calculate $C, the value of pT defined through equ. (14) must
be known.

pT = —log 1/2 (— 1 + V1 + 42) (31)

The calculation of p7 with the aid of eq. (31) is laborious. This can be simplified
using linear, or quadratic approximations, respectively, or the graphical-tabular
methods.

Taking into account the values of 7 or those of pr respectively, the following
relationships hold:

a) When 7 =7 10~% and pr > 2, respectively, on the basis of equalities (11)
and (12) the following relations can be obtained:

Pl = P (32)
PO = pC, (33)
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b) When = > 2500 and pr < — 3.400, respectively, on the basis of the equa-
lities (20) and (21) the following expressions can be obtained:

Pl = — log Vr = 1/2p (34)
pC = 1/2p7 + pK (35)
$C = (pCo + PK) 112 (36)

¢) When 10-2 << v < 2500 and — 3.400 < pr << 2.000, respectively, the value
of pT is expressed by (31) which cannot be logarithmated directly. In this case,
the use of methods indicated in section 3 ¢) appears more advantageous. For
calculations besides the values of v and T, the values of pr and pT have been
also tabulated. Some illustrative data are given in table 3.

Table 3
Some pairs of values (logarithmie and nonlogarithmic) of transformed quantities
=124 T T pr= —logn~ pT = —log T
1 2 3 4
0,01020 0,01010 1,99133 1,99568
0,01030 0,01020 1,98699 1,99140
0,01041 0,01030 1,88271 1,98716
0,01051 0,01040 1,98747 1,98297
0,01061 0,01050 1,97428 1,97881
0,01071 0,01060 1,97012 1,97469
0,01081 0,01070 1,96599 1,97062
0,01092 0,01080 1,96151 1,96658
0,01102 0,01090 1,95786 1,96257
0,01112 0,01100 1,95386 1,95861
0,01122 0,01110 1,94988 1,95468
0,01133 0,01120 1,94595 1,95078
1,96117 0,9870 — 0,29252 0,00568
1,97905 0,9930 — 0,29646 0,00305
1,99700 0,9990 - 0,30038 0,00043
2,01502 1,0050 - 0,30428 — 0,00217
2,03312 1,0160 - 0,30816 — 0,00475
2,05129 1,0170 - 0,31203 — 0,00732
2,06953 1,0230 — 0,31587 — 0,00988
2,08784 1,0290 - 0,31970 — 0,01242
5.5581 1,9100 — 0,74493 — 0,28103
5,6064 1,9200 — 0,74868 — 0,28330
5,6549 1,9300 — 0,75242 — 0,28556
5,7036 1,9400 - 0,75615 — 0,28780
5,7525 1,9500 — 0,75986 — 0,29003
5,8016 1,9600 — 0,76355 — 0,29226
5,8509 1,9700 — 0,76722 — 0,29447
5,9004 1,9800 — 0,77088 — 0,29667
2510 49,60 — 3,39962 — 1,69373
2530 49,80 — 3,40309 — 1,69723
2550 50,00 — 3,40654 — 1,69897
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It was established that, wsing loga- /
vithmic quantities, the graphical and tabular P
methods are faster than the usual calculation
methods. Relative to the tabular method, 4
it is more convenient than the graphi-
cal, assuring at the same time a higher 2
precision,

Fig. 4 represents the function pr = )
= f(pT) — egs. (10) or (31) — in the interval "’
— 6 < pr < + 6. When pr << 2.000 or
v < — 3.400 the function becomes linear. 2r
Nevertheless the two straight lines have /| __.
different slopes. -4}

The relation pT = f(arcsh 7). It is well
known, that the solution of the quadratic
equation can also be expressed in a loga-
rithmic form by hyperbolic functions (e.g. Fig. 4. Plot of function prt = f(pT) for

sinh : positive values of T and =, respectively
t]:z x, COSkx) 02 rather }ll)y the inverse of (from data in table 4). Dotted lines indi-
ese (e.g. arcsnx, arces x)- cate the intervals in which the wuse of

For this purpose eq. (14) iS rewritten graphical or tabular method is advantageous.
in the following form :

)
wi

— e
EN

s

(=L Yy
r=vE (g ] )
Logarithmating this expression one gets:
— (=1L
—log T,= —1/2 log = T (2\/7_ -+ ] - + 1) (38)

In (2_——1: -+ [/;« - 1) being equal to arcsh — 1/2 \/?:-arcsk 1/2 \/:r_, after substi-
tution eq. (38) vields:

T — T 1 . 1“ 39
rL. 2 +—2.3026 aresh 24/t (39)

Considering eq. (30) the following expression results for $C:

pC = j—? + pK + ' aresh - (40)

2.3026 2+J=

Equation (39) can be solved in graphical or tabular way too. The procedure consists
of tabulation or graphical representation (fig. 5) of function

arcsh —— in
N 2.3026 2=
the interval: 10-2 <1/2 V= < 5. The sharp variation of pT (fig. 5) at very small

values of arcsh 2—\1/—_is to be observed.
T

This hyperbolic function has also found application in acid-baseequilibria
calculations [29] and has proved advantageous in obtaining numerical values
of the function pr = f(pT), particularly in its nonlinear domain.
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Grophical or
tobulor soldtion

e

-4
Fig. 5 Plot of {function T, = Fig. 6. Plot of function pA% = f(p1).
1 Curve a) linear approximation. Curve b) quad-
= f tarcsh —|; (from datain table 4}. ratic approximation.
2 \/T 2

Example 4. Calculate the pH of a 1.00.1073 molar formic acid solution (K = 1.75.107% mol.17],
pK == 3.75, respectively) without taking into account, the influence of the ions of water on the equilib-
rinm: HCOOH = HCOO™ 4+ HF.

1
Solution I. On the basis of relation {(40) the knowledge of pK. p<, and arcsk o= respectively,

is mecessary. From example 3; = = 5,71 and pr = pC, — pK = 3.000-3.757 = — 0,757.
1 1
I'rom mathematical tables [e.g. 30]: arcsh =2 arcsh 0.309 = 0.0903. Introducing
12,3026 2~J7 2.3026

hese values in (40), we obtain:
pH == — 0.757,2 + 3.757 - 0.0903 == 3.469

Accordingly, the previous calculation of C is not necessary, neither its subsequent logarithmation.
Solution II. First one calculates « (see example 3) then pT from table 3. Thus we have: T -=
= 1.94, pT == — 0.288. On the basis of relation: pH = p7T -+ pK we obtain pH = 3.469 which agrees

: 1
well with the value obtained using function arcsh E—“/—;

2+/7
PH == 3.469.

From these exemplifications one can see that the simplest and the fastest method is that which wuli-
lises tabulated values of pT — pr.

From example 3, [H*] -~ 3.40.107* and

The relations pA; = f(p=) and pA, = f(p=). The calculation error of the linear
or quadratical approximation methods depends on the value of =, according to
equations (17) or (23).

Graphical representation of the logarithmic form of functions — pA, = f(p7)
and pA, = f(pr), respectively — offers a more general picture about the errors
of these approximation methods than the non logarithmic forms — expressed
by eq. (17) and (23), respectively.

Two methods can be used for logarithmic plottings:

I. One calculates a set of pairs of values for pv — pA,% and for p= — pA%,
respectively (table 4), then both functions are represented in a single coordinate
system (fig. 6). Both approximation methods (linear or quadratic) give conside-
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rable errors (pA9, < 0) in the interval : — 3.400 < pr < 2.000 (fig. 6). Accordingly,
the use of tabular or graphical method is recommended. When pt =0 (v = 1).
the errors of these approximation methods become equal, pA,% = pA,% = — 1.791,
or A% = A,% = 61.89,, respectively. The function pA, = f(pr) — (curve “a”
on Fig. 6) is identical with function pT = f(pr), therefore it becomes linear for
values of pr greater than 2. The function pA,% = f(pr) (curve “b” on Fig. 6)
is practically also linear for values of pr smaller than — 3.400.

Exemplification (nr. 5) relating the use of curves plotted in Fig. 6:

a) When the admitted relative error of calculation is 19;, then we have pA,%, == 0 and pA,%, =0
respectively. Accordingly, a certain approximation is justified only when pA,%; or pA,%, have positive,
values (curves “a” and ”b”, respectively are situated above axis p+). The conditions of approximative
calculations are fulfilled in the shaded domains in Fig. 6.

b) When the calculations require greater accuracy (A%, 2 0,19;) then it is always necessary
that the negative error exponents be greater than unity (A9 > 1). The linear, or quadratic approxi-
mations, respectively are justified only for those values of pr for which curves “a” and “h”, respec-
tively in Fig. 6, are situated above the straight line pA9; == 1. The interval of p=, for which the
tabular or graphical solving is recommended, is extended for the limits — 5.400 > pr > 3.000. The
conditions, for approximative calculations with a precision greater than 0.19;, (pA% > 1) are fulfilled
in the doubly shaded domains. For any other values of pA®%, the limiting nodes of pr can be deter-
mined graphically by parallel displacement of the pr — axis upright to the given value of pA°,. The

T

points of intersections with curves ”a” or "h” respectively, give the nodes.

II. On the basis of relations (17) and (23), respectively, the negative error-
exponents pA;, and pA,, respectively, can be expressed by means of function
arcshk (where % is a multiplying factor). Since function pA,% = f(p=) — eq.
(17) — is similar to function pT = f(p=) according to eq. (39), the following
relation is wvalid:

PA, = pT/2 - arcsh ?\l/j (41)

2.3026

The expression of pA, is obtained from eq. (23) in the same way as pT, from eq.
(10). The following quadratical equation is obtained:

1

N
V=

—0 (42)

The roots of this equation can be expressed in the following manner:

277 1
The ultimate relation is obtained after hyperbolic transformation (sh_fv = . )

o4

S e 2V
PA, = — arcsh ”57’\7::— (44
The calculation of pA; or pA,, by means of relations (41) and (44) is more dif-
ficult than using method I.
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Data for the ealeulation of C, pC, Cy, and pC,, respeetivel

Quantities :
T, pC, pA T, Co A P, pCo PA
Method of unknown: T, C, A
solution
known: ¢ b T pT
- Linear approxi- T < 1073 pr 2 T <1072 T >2
mation T == pT = pr t=T pr = pT
C =¢C, pC = pC, Cy=C pCo = pC
A =7 P4, = pr 4, =T, pby =pT,
Graphical or tabu- 1073 v <2500 —-3-40>p'r>2 00 1072 < T < 50 2>pT>~—170
lar solution
T2+ T=r T = f(arcsh t=T124 T pr=pT+p(T+1)
2Vx = p(To)+#(T
C=T.K pC = pT + pK Co=K. .= pCo = pK + p=
The value of A is determined from the precision of plotting, and tabulating,
respectively.
Quadratic T > 2500 pr < — 340 T > 50 pT < — 170
approximation — 1
T=\/‘t pT ='§p T= 1% pr=2pT
¢ =+JC,K pC = ;(pCﬁ—pK) Co = CYK pCy = 2pC-pK
— 1
Ag = 1/2+7 Py =030 ——p7| A, =1/2T pA, = 0.30-pT

In conclusion, it can be pointed out, that the transformation of quadratic
equations in form of equation (10), allows a uniform treatment of the corres-
ponding equilibria. The method suggested is advantageous with regard to the
solution of these equations as well as the estimation of the errors committed by
approximations. The transformed equation (10) is dimensionless which has advan-
tages in the calculation of the logarithmic (pC, pC,), and nonlogarithmic quan-
tities (C, C,) respectively.

The data relating the different calculation methods are summarized in table nr.4.
The application of the relations deduced for given equilibrium constitutes the
subject of the following paper. The solution of more complex equilibrium problems,
expressed by equations of higher degree than II, is under investigation.

The author wishes to thank Dr. Ldsz16 Kékedy for his beneficial suggestions, encouragement
and helpful discussions.

(Received April 15, 1970)
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Tabls 4
by means of transformed gquantities. Basie relations
Some numerical values of transformed quantities
; . 1 : 1
: r bl pT | s BT A% | AS | PA% | A%
247 2
10— 107 6.000 6.000 | 500.0 3.000 10¢ 9.99.10¢ 4.000 —5.00
10™4 107 4.000 4.000 50.00 2.000 1072 9.8.102 2.000 —3.99
1072 107 2.000 2.000 5.000 1.002 10 9.1.10% 0.000 —2.96
0.11 107t 0.959 1.000 1.582 0.522 10t 229.0 - 1.000 —2.36
2.00 10¢ —0.301 0.000 0.350 0.151 10% 41.40 —2.000 —1.62
110 10t ~2.041 | —1.000 0.048 0.021 103 4.900 | —3.000 —0.68
2550 50 —3.407 | --1.699 0.009 0.004 5000 1.000 | —3.699 0.00
10100 102 —4.004 | —2.000 0.005 0.002 104 0.497 -~ 4.000 0.80
10¢ 108 —6.000 | —3.000 0.000 0.000 10% 0.050 —~5.000 1.30
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CALCULE DE ECHILIBRI TONICE PRIN INTERMEDIUI, MARIMILOR TRANSFORMATE 8}
Tranforinaica ccuatict de gradul doi

(Rezumat;

Concentratiile de ecchilibrn  ale ionilor participanti Ia un echilibrn simpin se pot calceula prin
rezolvarea unei ccunatii de gradul doi. In lucrarc se prezinti o metodd de transformare a ccuatiel gene-
rale de gradul doi intr-o ecuatie de forma ~ - 12 -} 1" in care mdrimile transformate © si 1" sint adi-
mensionale. Transformarea propusid permite o tratare matematicd mai generali a cchilibrelor respec-
tive, precum si calcularea pe o cale simpli a concentratiilor de echilibrn si a mirimilor logaritmice
corespunzitoare. S-au precizat criteriile exacte cind in caleule se pot aplica metode de aproximare (lineard
si cuadraticd). Totodatd s-au evaluat erorile de caleul comise in cursul acestor aproximiri. Pentr
cazurile cind nu se pot aplica calcule prin aproximiri, se prezintdi rezolvarea exactd a ecuabiel prin
metoda graficd, respectiv tahelara.

BbIUHCIEHMS HOHHBIX PABHOBECHI YEPE3 [IOCPEJ/ICTBO TIPEOLPAZO-
BAHHDLIX BEJHYHH (1)

Ipeodpasosanue Ypasrerus emopot — CMeneHu
(Pesome)

PaBHOBeCHbE KOHUEHTPAUHH HOHOB, VHACTBYIOHUIHX B IIPOCTOM DaBHOBECHH, MOXHO BBIYHCJAMTDL IIy-
TéM pelueHHsi ypaBHeHHst BTOpoil crenend. B paGorte Jaérca meron npeoGpaszoBaHus oOLIErO ypaBuenHs
BTOPOIi CTeleHH B ypaBHere Bugat =712 -+ T, B KOTOpOM NpecOpasoBaHHble BeNHYHHBl TH T SIBASIOTCH Hepas-
MepHBIMH. IlpennaraeMoe npeoGpazoBaniie 103BoJisieT Gosnee OOHLYI0 MATEMATHUECKYIO TPAKTOBKY COOT-
BETCTBYIOIH X PABHOBECHH, 4 TaKKe BhIYHC/IEHHE IPOCTHM ClIOCOGOM PABHOBECHBIX KOHLEHTPAUHil i COOTBET-
CTBYIOIUHX JiorapHdbMuuecKux BejHUHH. JlAlOTCSt TOUHBE KPHTEPUH, KOrAa NPH BHIUYHCAEHIAX MOXKIO HpH-
MEeHATH METOIH NPHOAHKEeHHS (HHeRHOro H KBajpartnuHoro). OLHOBpeMEHHO aBTOp OLEHH. TOTPelIHOCTH
BHYHC/AEHHS, COBEpIISHHLE B TeueHHe 3THX NpHOnMKeHHHA. 115 cayyaeB, Korjga Heqib3s NIPHMEHHTb BLIYHC-
JIEHHS NOCPeACTBOM NPHOIHKeHHl, aBTop 1aéT ToyHOe pelleHHe ypaBHEHHs rpadueckuM, COOTBETCTBEH-
HO TabeJbLHWM METOLOM.



DESPRE, ACRIDONE (XXXVIII)

Condensarea 2,4-dinitrobenzaldehidel cu dimetileterul hidrochinonei
in prezenta acidului polifosforic

de

MARIA FTONESCU si TONEL HOPARTEAN

Intr-o lucrare anterioarad [1], am aritat ci prin condensarea 2,4-dinitro-benzal-
dehidei c¢u dimetileteral hidrochinonei in prezenta acidului sulfuric se formeazid
6,nitro-2',5'-dimetoxi-C-fenilantranilul (I).

Din cauzi i acidul sulfuric concentrat poate da cu usurin{d o serie de reactii
secundare ca sulfonarea produsilor de plecare, hidroliza grupdérilor O-alchil, s-a
pus problema alegerii unui catalizator acid mai putin agresiv decit acidul sulfuric,
dar care totodatd sa fie un bun agent de condensare.

Acidul polifosforic este utilizat pe o scard larga in chimia organica [2], drept
catalizator acid in reactit de condensare, ciclizare, deshidratare, hidrolizd etc.,
fiind un reactiv blind gi care nu da reactii secundare. Datoritd acestor proprietati,
utilizarea acidului polifosforic in locul acidului sulfuric sau clorhidric este prefe-
rata in cazul multor condensiri.

Avind i vedere faptul ¢d acidul polifosforic a mai fost folosit ca agent de
condensare Tn reactia Tdnasescu |3, 4], am Incercat condensarea 2,4-dinitro-benzal-
dehidei cu dimetileterul hidrochinonei, in mediu de acid polifosforic. Ca produs
principal am obtinut 6-nitro-2",5'-dimetoxi-C-fenilantranitul (I).

Pentru stabilirea condittilor optime de reactie, s-a intreprins un studiu siste-
matic referitor la influenta diferitilor factori ca: temperaturd, timp.de reactie,
cantitatea de acid polifosforic, asupra randamentului in antranilul (I).

Tabel 1
24—~ NI DALLIL Al Temp. Timp Coode s, Randament
I o ml ¢ ore o %

i 2,10 4 80 4 0,2 13,0

1 2,10 8 80 4 0,18 11,7

1 2,10 4 K0 [ (},26 16,9

1 2,10 4 80 8 0,32 21,6

1 2,10 4 80 12 0.3 19,6

1 2,10 4 100 4 0,2 13,0
2,4-D.N.B 2. 4-dinitro-benzaldehida, DIMILH. - dimctileterul-hidrochinone: A P acidut  potifosforic, €, de 8. -

== cantitatea de substanta obtinata.
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Astfel s-a stabilit (tabelul 1) ca reactia decurge cu randamente mai bune,
lucrind cu un raport molar 1:3 intre 2,4-dinitro-benzaldehidd si dimetileterul
hidrochinonei, incidlzind amestecul de reactie in etuvd, la temperatura de 80°,
timp de 8 ore.

Dovada formirii antranilului (I) este aceea cd la incdlzire se izomerizeazai,
[1], la 6-nitro-1,4-dimetoxiacridona (II), care este identica cu acridona obtinutd
prin sintezi Ullmann, prin ciclizarea acidului (ITI) cu acid polifosforic.

Ciclul izoxazolic al antranilului (I) se poate deschide pe cale reductiva cu
formarea 2,4-diamino-2’,5"'-dimetoxibenzofenonei (V).

H NQCO@

NH, OCH,
v)

Reducerea s-a efectuat cu pulbere de zinc in solutie alcoolicd apoasd in pre-
zenta clorurii de calciu [5—6]. Benzofenona (V) topeste la 183--4°, iar prin tratare
cu clorurd de benzoil in mediu alcalin s-a obfinut dibenzoilderivatul care are punct
de topire 226--7°.

Partea experimentali. Condensarea 2,4-dinilvo-benzaldehidei cu dimetileterul hidrochinonei in pre-
zenta acidului polifosforic.

a) Intr-un flacon cu dop rodat se introduc un gram de 2,4-D.N.B., 4 ml. AP.F. (859 P,0,),
2,10 g. D.M.ILH. Amestecul de reactie se incdlzeste timp de 8 ore la 80~ in etuvi, agitind cit mai
des posibil. In timpul reactiel culoarea amestecului se inchide. Dupa terminarea reactiei, peste ames-
tecul rdcit se adaugd 200 ml apd, cind precipiti o substanta de culoare galben- -murdar. Precipitatul
se filtreazd si se spald cu multd apidi, pentru indepirtarea excesului de A.P.F. Produsul brut se antre-
neazd cu vapori de apd pentru indepirtarea D.M.E.H. nereactionat. Substanta se filtreazd, se usucd
si se refluxeazdi cu 2 » 100 ml benzind (pi. 70-100°) pentru indepdrtarea 2,4-D.N.B. nereactionate.
Substanta care rdmine dupid extractia cu benzen se recristalizeazd din acid acetic glacial, din care se
separd cristale aciculare de culoare galbend, p.t. 218—2147. Substanta este insolubild in apd, greu solu-
bild in alcool, cloroform, benzen, eter, usor solubild in dioxan si acid acetic glacial 1a cald.

b} Experienta a fost repetatd cu cantitati identice i in conditii identice, cu deosebirea ci amestecnl
de reactie s-a prelucrat astfel: dupd terminarea reactiei si spilarea produsului rezultat cu multd apa,
se filtreazd si se usued. In continuare produsul brut se macereazi cu eter in care substantele de plecare
sint foarte solubile, ceea ce permite indepdrtarea lor. Substanta ramasi dupd filtrare si uscare se recri-
stalizeazd din acid acetic glacial, din care se separd cristale aciculare de culoare galbend, p.t. 213-—-214°,
care s-au dovedit a fi antranilul (I).

€y N0, (300,3) caculat ¢ 59,99 H 402 X 9,33
gasit O 60,17 H 423 N 9,50

Din solutia acetici dupd 24 ore mai depung o substantd de culoare galbend, care dupid recristalizare
din etanol 969, are p.t. 146—147° a clrei structurd urmeazi sd o stabilim.

2,4-Diamino-2",5" dz'mﬁtoxibenzofunmm (Vi. 0,2 ¢ Antranil (I} se introduc in 10 ml etanol 969,
se adaugd 15 ml apa fierbinte, 0,2 g clorurd de calciu cristalizatd si 2 g pulbere de zinc. Amestecul
de reactie se refluxcazi timp de 3 orc, sub agitare puternicd. In txmpul fxerbtru se observd o schim-
bare de culoare a amestecului de reaclie de la galben la incolor. Solutia caldi se filtreazd, iar la rece
depune o substanti incolord, care se recristalizeazd din etamnol 969, p.t. 183--4°.

C,H, (N0, (272,3) calculat C 66,16 H 592 N 10,28
gisit  C 66,30 H 5,98 N 10,07
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2,4-Dibenzoilamino-2',5 -dimetoxibenzofenond (VI). Se suspendd 0,1 g benzofenond (V) in 20 ml
hidroxid de sodin 109, se adaugd 0,3 ml clorurd de benzoil sub agitare continui. Se continui agitarea
inci 2 ore. Se obtine un produs cleios; se dacanteazd solutia §i se macereazi cu acetoni. Substanta
obtinutd dupd filtrare si uscare se recristalizeazi din etanol, 969, p.t. 226—~7°.

CyoHyN,O; (480,5) calculat C 72,49 H 5,03 N 5,82
gisit € 72,63 H 520 N 6,08

(Intral in redactie la 21 aprilie 1970)
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OB AKPHAOHAX (XXXVIII)

Kondencayusa 2,4-Ounumpobensarvdeeuda ¢ JQumemuasuporm 2udpoXuroHd 6 Npicymemeud
noaugocdopro Kucromoi

(Pesiome)

B paGote npUBOAHTCS pPeakLHsl KOHJEHCANHH Mex 1y 2,4- \HHHTPOGEH3ANbACTHAOM H AHMETHASDUPOM
THAPONHHORA B NPHCYTCTBHH NOJAHPOCHOPHOI KHCIOTHI.

B kauecTse OCHOBHOTO NpPOAYKTA pPeakuHu Hodyded 6-HHTPO-2', 5-aumerokcu-C-enusantTpanna
(I). Tlpn narpesanun anrpanna (1) nsomepusyercst na akpuion (II), [1].

Haokcasonopull unka antpanuaa (1) O OTKPHIT BOCCTAHOBHTENBHO, C NojyueHHeM GenzodeHoHa
(V). xotopmii nocpeicTBoM 0GpPaGOTKH GEH3OHJIOBBIM XJOPH/IOM NPHBEN K 00PA30OBAHMIO COOTBETCTBYIO-
wero aubensonanponssoanoro (V1)

ACRIDONES (XX XVITI)

Condensation of 2,4-Dinitrobenzaldehyde with Hydyoquinone-dimethyletherv in the Presence
of the Polvphosphovic Acid

(Summary)

The condensation reaction between 2,4-dinitrobenzaldehyde and hydroquinone-dimethylether in
the presence of the polyphosphoric acid is reported.

The main reaction product was 6-nitro-2’, §-dimethoxy-C-phenylanthranyle (I). On heating the
anthranyle (I) it undergoes isomerization to the acridone (1I) {1].

The izoxazole ring in (I} has been reductively open, with the formation of benzophenone (V)
which on treatment with benzoyl chloride gave the corresponding dibenzoyl derivate (VI).






COMPORTAREA POLAROGRAFICA A OXAZOLILOR
2,5-DISUBSTITUITI ()

Influenta temperaturii asupra curentului de difuziune

de
CLARA MAKKAY, FRANCISC MAKKAY si MARIA IONESCU

Combinatiile organice care contin in moleculd functiunea NO,, se reduc polaro-
grafic destul de usor. La reducerea functiunii NO, se formeazi o unda polarografica,
care in domeniul de pH acid, in majoritatea cazurilor corespunde la un schimb
de 4 electroni. Dacid combinatia organici este dinitrosubstituitd, atunci unda, even-
tual undele obtinute corespund la un schimb de 2 x 4 electroni.

Avind in vedere cid oxazolii 2,5-disubstituiti I—IV, care se formeazj prin
condensarea benzaldehidcianhidrinei cu o-, m-, p-nitrobenzaldehide, concomitent
cu oxazolidonele-(4) corespunzitoare [1] dupd reactia:

H-~C—N 0=C——N—-H
I I + ( I
CH;—CH(OH)CN + O = CHR -C,H;—C C—-R CH;—C C—R
N~ N
0 H§° H
I, 11, 111, 1V V, VI, VII
unde R =1, V: C.H,NO, o
II, VI: C{HMNO, m
III, VII: C,H,NO, p
1v: CH,(NO,),(2,4)

conjin in moleculd functiunea NO,, era de asteptat ca si aceste combinatii si fie
active la reducerea polarograficd. Aceasti presupunere a fost doveditd in cazul
oxazolid onelor-(4) 2,5-disubstituite [2].

n lucrarea de fatd a fost studiati comportarea polarografica a oxazolilor

I—1V, care contin funcfiunea NO, pe nucleul fenilic legat la carbonul 2 al hetero-
ciclului.

Partea experimentalii. Comportarea polarograficd a oxazolilor I, II, IIT si IV a fost urmiritd
in solufie etanolicd, inregistrind polarogramele catodice In concentratie de 3,12.107%—6,4.107¢ M cu
ajutorul unui polarograf inregistrator Radelkis tip OH 102, viteza de baleiaj fiind 8,33 mV/sec. (Dife-
rentele in concentratie a combinatiilor studiate au fost determinate de solubilitatea diferiti a acestor
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substante). Inaintea fiecdrei inre-
gistriri solutia a fost desaerati cu
gaz metan purificat. Drept catod
icfe a fost intrebuintat un electrod
) picitor de mercur cu hyg= 86 cm

a Buh si 14 picituri/minut. Ca celuli de
electrolizd a fost intrebuintati o

celuld obisnuitd tip Heyrovsky.,
Toate potentialele din lucrare sint
raportate fati de un electrod de
calomel saturat. Ca solutie de ba-
0 24 a fost folositd o solutie apoasd
de cloruri de tetrametilamoniu

Fig. 1. Polarogramele catodice ale 2 (o.nitrofenil)-5-feniloxa- 3 M din care in fiecare caz s-a
zolului I (3,12.1073 M), respectiv al solutiei de bazi 0,15 M: addugat 1 mlla solutiile studi-

1. oxazolul T la 20°C; 2. oxazolul I la 70°C; 3. solutia de bazi ate.
la 30°C. { . %} Date experimentale. Urmdi-

rind influenta temperaturii asu-
: e pra formei polarogramelor giasupra
curen‘tulm de difuziune s-au inregistrat polarogramele la temperaturi de 20, 30, 40, 50, 60 si 70°C,
mentinind temperatura cu o precizie de 4 0,1°C. In figurile 1—3 sint reprezentate polarogramele
catoglxce ale oxazolilor I, IT §i III, inregistrate la temperaturi de 20 i 70°C in solutie alcoolicd, res-
pectiv pe fig. 1 se giseste si polarograma solutiei de baza. ’
] Ia inrgg:stfarea polarogramelor oxazolului II, solutiei de studiat i s-a adiugat o solutie de gela-
tind 19, asigurind pentru gelatind o concentratie de 0,19, cu scopul de a micsora maximul ascutit
care apare la — 0,82 V. Acest maxim apare cu mult mai slab pronuntat dupd adiugarea gelatinei
(cu‘rba‘ 1 din fig. 2), iar la temperaturi mai mari decit 40°C dispare complet si polarograma devine
mai bine formatd (curba 2 din fig. 2.).

3

-05 ~10 -15 EV(ECS

In fig. 3 sint reprezentate polarogramele obtinute pentru oxazolul IIT, concentratia solutiei de
bazi fiind identici cu cea din fig. 2. , ’

__Din polarogramele obfinute pentru oxazolii I, II si III, i reprezentate parial
in fig. 13, s-a putut constata ca prin cresterea temperaturii valorile curentului
de dlfu%1une cresc, iar polarogramele devin mai bine formate. Pentru a scoate in
ev1den;al \gana;la curentului de difuziune cu cresterea temperaturii in intervalul
de 20—70°C, s-a executat reprezentarea grafici a curentului de difuziune in functie
de temperaturd. S-au obtinut dreptele din fig. 4.

Din dreptele prezentate in fig. 4 se poate constata ca variatia curentului de
difuziune este lineara
in intervalul de tempe-

2 raturd: 40—70°C, 1la
oxazolul I; 30—70°C
la oxazolii IT ¢i ITI. Cre-
sterea curentului de difu-
ziune cu cresterea tempe-

1, . .
#‘A raturit este mai accen-

8uh tuatd la oxazolul 1 si

II decit la oxazolul I1IT.

Pentru a elucida

daca intensitatea curen-

¢ 53 = T R tului limitd este deter-

minati exclusiv de difu-

Fig 2 Polarogramele catodice ale 2 (m nitrofenil)-5-feniloxazolului 11 ziunea depolarizatorului,
(1,67.1073 M), 1. oxazolul II la 20°C; 2. oxazolul 11 la 70°C. sau si de reactie chimica,
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fo
ici
RA
— 0’0 X 5
o -0 10 13 EVIECS) oot
Fig 3. Polarogramele catodice ale 2{p. nitrofenil)-5-fenilo- Fig. 4. Variatia curentului
xazolului 1IT (0,64.-1073 M) : 1. la 20°C; 2. la 70°C. de difuziune in functie de

temperaturd: 1. la oxazolulI;
2. laoxazolul II; 3. la oxa-
zolul 111,

s-a calculat coeficientul de temperaturd la cei trei oxazoli cu ajutorul formu-
lei [3]:
i
T
[(Z.d)h] — 14100

{(ia)s

obtinindu-se urmatoarele valori: 1,169,/grad la oxazolul I, 1,599 /grad la oxazolul
11 si 1,43%,/grad la oxazolul III, determinate din cresterea curentului de difuziune
intre 20—70°C. Luind in considerare cd in cazul substangelor organice cresterea
curentului de difuziune cu fiecare grad Celsius in general poate si fie 1,1—1,59%,
[4], din valorile obtinute pentru cei trei oxazoli mononitrati se poate deduce cid
in cazurile de mai sus inten-
sitatea curentului limitad este
asiguratd numai prin difuzi-
unea substantei studiate.

Urmarind  comportarea
polarografici a 2(o,p-dinitro-
fenil)-5-feniloxazolului IV in
solufie alcoolicd intre 20 si
70°C, s-au obtinut palarogra-
mele compuse din doud trepte
(fig. 5), treptele corespunzind
reducerii celor doua functiuni
NO,. Concentratia solutiei de uA
baza a fost 0,25 M.

Determinind la 20° po-
tentialele de semiunda cores-
punzidtoare celor doud trep- ~ ; N
te, s-au obtinut rezultatele 0 -0 -0 -0 EV(ELS)
Eipgy = — 0’350‘ volti i Tig. §. Polarogramele catodice ale 2(o, p.dinitrofenil)-5-fenil-
Eiypey = — 0,775 volti. Din oxazolului IV (1,47.1073M): 1. la 20°C; 2. la 70°C.
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o aceste valori se poate constata ca cele

N 3 doud functiuni NO, din moleculd se
reduc la potentiale diferite.

Din polarogramele obtinute s-a pu-

tut constata ci prin cresterea tempera-

turii creste si In acest caz valoarea

# curentului de difuziune la ambele trepte,
Y iar polarogramele devin mai bine for-
S mate la temperaturi mai ridicate.

Reprezentind variafia curentului
de difuziune la cele douid trepte, res-
pectiv la polarograma globala in functie

2 : de temperaturd, s-au obtinut dreptele
din fig. 6.
P Din fig. 6 se poate constata ci si

in acest caz curentul de difuziune cres-
te linear cu cresterea temperaturii intre
20 i 70°C, atit la prima si a doua
5 treaptd, cit i la polarograma globali.
. Calculind coeficientul de temperaturd
s-au obtinut 1,56%/grad pentru treapta
I-a, intre 40—70°C, 1,38%,/grad pentru
treapta a doua Iintre 20 — 70°C, iar
pentru polarograma globalda 1,359%,/grad
de asemenea intre 20—-70°C. Din aceste
4 o valori se poate conclude ¢d si in acest
¥ig. 6. Variatia curentului de difuziune in func- caz curentul limiti este determinat de

tie de temperaturi pentru oxazolul IV: 1. la . . . .
prima unda; 2, la a doua undit; 3. la polaro- difuziunea SubStantel studiate.

grama globald. Concluzii. Oxazolii 2,5-disubstitui1;i

I—1IV sint activi la reducerea polaro-

graficd si se poate urméri usor comportarea lor prin reducere pe un electrod pici-

tor de mercur. Oxazolii 2,5-disubstituifi dau polarograme bine formate la care

curentul de difuziune creste in general linear cu cresterea temperaturii intre 20—70°C,
iar coeficientul de temperaturd rimine la o valoare obisnuita.

(Intrat in redaciie la 23 aprilie 1970)
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NOISIPOTPAGHYECKOE TIOBEAEHHME 2,5-ABYX3AMEHIEHHBIX OKCA3OJ0B (1)
Bausanue mesmnepamypol v Ougpysuonneli mok
(Pesiome)
Ipoc.exusas noasgporpaduueckoe noseleHue 2(0-, M- K 1. HUTPoden1)-5-HeHHAOKCA30108, ABTOPHI

YCTAlOBHIH, YTG 3TH COEJHHEHHsT BOCCTAHABJIMBAIOTCA B 3TAHOJOBOM pacTBOpPe Ha KaleabHOM PTYTHOM
3JE€KTPoe (OCHOBHOH DACTBOD —- TETPAMETHAAMMOHHEBHIT XJOPHI) H MOAyHawTcHs uéTkHe BoaHbl. [Ipk
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BOCCTAHOBJACHHH 2(0,11. JHHHTPOMEHH.T)-5-(DeHHIOKCA30A3 HOAYUACTCT [OJTIPOrpamMma, CoCTABJIEHHAS H3
ABYX BOJIH. C 1IOBBILIEHHEM TeMITePATYpbl (JOPMa HOAAPOrPAND VAVYILAETCst H AHGPVIHOHHBIET TOK BOOGLIE
yBeanunBaeTcst JqHHeilHo. Qupeleass TeMmiuepatyphbil Koa(OOUUHEHT, NOAYYHIHCH 3Hadenust mexay 1,16
u 1,599% /rpajyc. 910 A0KasbIBALT, YTO CHAA IIPeILEIbHOTO TOKA ofectedea JAHWE AHGOYaHEH H3YUEHHOrO
BeLUeCTBA.

COMPORTEMENT POLAROGRAPHIQUE DES OXAZOLS 25-DISUBSTITUES (I)
Influence de la tempérvature sur le courant de diffusion
(Résum¢g)

En suivant le comportement polarographique de 2(o-, m- et p-nitrophényle)-5- phényloxazols, on a
constaté que ces composés sont réduits dans une solution éthanolique sur l'électrode a égouttement de
mercure (la solution de base étant le chlorure de tétraméthylammonium) et qu'on obtient des ondes bien
formées. A la réduction 2(o,p. dinitrophényle) -5-phényle-oxazol on obtient un polarogramme composé
de deux ondes, A V'accroissement de la température, la forme des polarogramines s’améliore et le courant
de diffusion croit en général linéairement. Iin déterminant le coefficient de température on a obtenu
des valeurs entre 1,16— 1,599 /degré, ce qui prouve que Uintensité du courant limite n'est assurée que par
1a diffusion de la substance ¢étudide.






ECHILIBRU DE FAZE IN SISTEME LICHIDE

Apd—acid salicilic—acetat de butil si api—fenol—acetat de butil
—acid salicilic

de
A. POP, GII. WEISS si L. CORMOS

In cadrul recuperirii fenolului din deseurile de fabricare ale acidului salicilic,
cit si a epuririi apelor reziduale rezultate in aceeasi fabricatie, s-a ivit necesitatea
studierii sistemelor: apa — acid salicilic — acetat de butil si apid — fenol — acetat
de butil — acid salicilic. ‘

In literatura se gisesc studiate o serie de astfel de sisteme ca : sistemul apa —
fenol — benzen [1—6], apa — fenol — acetat de butil [7], apd — fenol — acid
salicilic [8—107 si apd — benzen - acid salicilic {117

Pentru epurarea apelor reziduale fenolice, literatura preconizeazia o extractie
lichid-lichid cu acetat de butil, eter izopropilic sau benzen [6, 7, 11].

Avind in vedere cid aceste sisteme n-au fost studiate in prezenta acidului sali-
cilic si intrucit acesta este obiectul studiului nostru, asupra deseurilor si apelor
reziduale ardtate, ne-am propus si studiem aceste sisteme, in vederea unei epuriri
avansate a apelor reziduale si a recuperidrii economice a degeurilor respective.

P'artea experimentaki. Materialele utilizate au fost: fenol p.a. recristalizat si distilat, cu p.t.
40,97C; acetat de butil de puritate peste 999 ; acid salicilic p.a. cu p.t. 159°C.

Studiul echilibrelor in aceste sisteme s-a fdcut la temperatura de 207C, prin agitarea vie a
amestecurilor de faze timp de 30 de minute, urmatii dc separatea fazelor la aceeasi temperaturd si
determinarea compozitiei acestora prin analizd chimicid. Aceste date an determinat liniile conodice.

Stabilirea curbelor de miscibilitate s-a ficut prin metoda titririi, la temperatura de 20°C,

1. Sistemul apd-acid salicilic-acetat de butil. Datele titrdrii pentru acest sistem sint cuprinse in
tabelul 1.1.

Tabel 1.7

Nr. Continut acetat de butil Continut acid salicilic Continut api
exp. in 9 greutate in 9 greutate in 9%, greutate

1 99,250 0,750

2 93,241 4,662 2,097

3 90,909 6,818 2,273

4 89,022 8,377 2,601

5 87,002 10,848 2,150

6 84,110 15,890 -

7 0,712 — 99,288

8 — 0,120 99,880
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150
acid salicilic 130
)

90

7 E—

o — — 0 20 50 i
apa. acetat de butil acid salicilic in apa, % g

Fig. 1.1. Diagrama de miscibilitate o siste- Fig 1.2, Selectivitatea procesului
mului ternar api-acid salicilic-acetat de butil in functie de concentratia acidului
salicilic in apd.

Diagrama de miscibilitate din fig. 1.1, construiti pe baza datelor obtinute la titrare, este o dia-
gramil tipicd sistemelor ternare, cu doud domenii de miscibilitate, unul fiind foarte redus.

Datele conodice s-au construit dupa datele de echilibru din tabelul 1.2, in care sint prezentate
si raporturile de distributie ale acidului salicilic intre faza apoasd si faza organicd, raportul de distri-
butie al apei si selectivitatea.

Tabel 1.2
Y . distri- N
:[ ffaza organicd, “ o i Farza apcasd, . ¢ Raport d.L\ distri :’F‘l"“i“
XNT. | ‘ ) i butie vitatea
X ‘ T t K
“xp- D Acid A\ L Acctat Acid Anid Acetat | Acid sali- Apa S "-j}
salizilic Apd t de butil | salicilic AP ge butil | cilic K, i, Ky
1 7.G89 2,458 89,844 0,046 99,212 0.741 167,0 0,0245 6,816
2 2,687 1,530 95,783 0,032 49 234 4,735 82,3 0,0153 5,378
3 1,648 1,226 97,125 0,026 99,243 0,730 61,5 0,0123 5,000
4 1,111 1,095 97,794 0,022 99,251 0727 51,0 0,0109 4,678
5 0,101 0,964 98,935 0,003 99,275 0,722 40,4 0,0096 4,208
6 0,068 (,870 99,062 0,002 99,366 0,632 34,0 0,0087 3,908

Variatia raportului de distributie a acidului salicilic este prezentatd in fig. 1.2. Se constati o
abatere insemnatd de la linearitate a acestor raporturi, cu o variatie mare, de la 167 la 34, pentrn
concentratii de echilibru ale acidului salicilic in apd cuprinse intre 0,0469, si 0,0029,. Fenomenul se
datoreste disociatiei jonice partiale si hidratirii acidului salicilic prin legituri de hidrogen sau chiar prin
legidturi coordinative.

Caleulind numarul unitatilor de schimb, cu valorile raportului de distributie din tabelul 1.2 si
un raport api-solvent de 1: 1, ajungem la concluzia ¢ii, pentru indepirtarea acidului salicilic din sotutia
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saturatd (de 0,129; la 20°C), pini la un conginut de 20-25 S;
mg/1, sint necesare numai doud unititi de schimb (extrac- '
tie), ceea ce s-a confirmat experimental.

Selectivitatea dizolvirii acidului salicilic in raport cu
apa, in facetatul de butil, variazi dupd diagrama din
fig. 1.3. Se trage concluzia cii solubilitatea apei in acetat
de butil creste o dat? cu cresterea concentratiei acidului
salicilic in acetatul de butil, datorita fenomenelor de hidra-
tare mentjonate.

Sub concentratia de 19, acid salicilic in acctat de
butil, solubilitatea apei rdmine aproape constanti, aceasta 5000
fiind solubilitatea apei in acetat de butil pur [11°.

Din diagrami gi din variatia raportului de distributie
tragem concluzia cd, folosind acest sistem s-ar putea face ..,
in condifii economice epurarea avansatd a apelor reziduale )
ce contin acid salicilic. 0 5 ] 7

.2. sttuem?tl apa-fenol‘acutat de buill-z’wzd salicilic. S-au acid salicilic in HDU_Z(] .
studiat doud sisteme in acest sens: un sistem care are ca
fazd organicd (solvent) un amestec de compozitie initiali TFig. 1.3. Sclectivitatea dizolvarii aci-
constantd, format din acetat de butil 98¢, si acid salicilic 29, dului salicilic in acetat de butil in functic
iar al doilea sistem are ca fazd organicd (solvent) un amestec de concentratia acidulni salicilic in apa.
de compozitie initiald constantd, format din acetat de butil
90, si fenol 100,

In presupunerea cd aceste compozitii nu s-ar modifica in diferite echilibre de fazi, s-au tratat
amestecurile ca sisteme ternare ale cdror componenti sint : api-fenol-solutie de acid salicilic 2%, in acetat
de butil, respectiv api-acid salicilic-solutie de fenol 107, in acetat de butil, reprezentindu-se iu dia-
grame ternarc.

2. 1. Sistenul  apd—fenol—solutic de acid salicilic 29, tn acetat de butil. Acest sistem trebuie si
arate cum se modificd raportul de distributie al fenolului intre cele douid faze, prin adaos de acid
salicilic. Datele titrarii sint cuprinse in tabelul 2.1.1. si reprezentate in fig. 2.1.1. si acest sistem
admite douil domenii de miscibilitate, dintre care unul mai redus.

E000 1

7000 -

Label 2.1.7

(“:; Continut solvent °) greutate { Continut fenol ¢ greutate Continut api 9, greutate
!
1 17,921 | 71,685 10,394
2 27,100 63,234 9,666
3 36,765 55.147 5,088
4 46,642 46,641 6,717
5 56,389 37,594 6,017
6 66,351 28,436 5,213
7 76,482 19,120 4,398
8 87,125 9,680 3,195
9 97.371 0,000 2,629
10 0,000 71,500 28,700
1 8,224 74,013 17,763
12 3,748 71,214 25,028
13 0,000 7,400 92,600
14 0,100 4,752 95,148
15 0,200 2,900 96,900

Datele de echilibru aritate in tabelul 2,1.2. indici un raport de distributie al fenolului intre
faza apoasi gi faza organicd, favorabil extractiei.

Se constatd ci, prin introducerea acidului salicilil in sistem, nu se modificd intr-o misurd im-
portantd raportul de distributie al fenolului intre cele dou# faze, fatd de sistemul apa—fenol—ace-
tat de butil, dat in literaturd [7]. Selectivitatea de extractie se poate urmdiri in tabelul 2.1.2.
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e
fenol acid sakicilic

solvent salvent

Fig. 2.1.1. Diagrama de miscibilitate a siste- ¥ig. 2.2.1. Diagrama de miscibilitate a siste-

mului ternar:* api-fenol-solutie de acid salicilic mului ternar: apid-acid alicilic-solutie de fenol
29 in acetat de butil. 109, in acetat de butil.

2.2, Sistemul apd-acid salicilic-solutie de fenol 10°, in acetat de dbubil. S-a studiat acest sistem,
cu scopul de a determina influenta fenolului asupra extractiei acidului salicilic din apele reziduale.
Curba binodald corespunzitoare a fost construiti pe baza datelor din tabelul 2.2.1.

Tabel 2.7.2
Nr. Faza organicd, % g Faza apoasid, %, g Raport de distributie Selécﬁvitatéa{
€xp. Fenol Acid salicilic Fenol Acid salicilic Fenol Acid salicilic 5
1 27,200 1,170 1,025 0,0550 27,10 21,20 0,785
2 18,370 1,710 0,411 0,0242 48,25 59,00 1,220
3 10,400 1,460 0,212 0,0242 49,00 60,50 1,230
4 1,490 1,450 0,030 0,0242 49,70 60,00 1,200
5 0,378 1,280 0,018 0,0242 26,20 53,50 2,040
6 0,098 1,340 0,013 0,0358 7,20 37,50 5,300
Tabel 2.2.7
Nr. Continut solvent Continut acid salicilic Continut apd
exp. 9% greutate 9% greutate o/ greutate
1 85,714 9,524 4,762
2 91,346. 4,808 3,848
3 97,087 — 2,913
4 - 0,120 99,800
5 0,892 _ 99,108
6 84,034 15,966 —
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Tabel 2.2.2
Nt. 1'aza organica, % g Faza apoasd, 9% g Raportul de distributie
e€xp. Fenol Acid salicilic Fenol Acid salicilic Fenol Acid salicilic
1 10,100 6,420 0,210 0,085 48,20 75,50
2 8,650 1,520 0,188 0,028 46,00 54,50
3 9,570 0,179 0,180 0,022 53,20 8.25

Diagrama corespunzitoare ecste reprezentatd in fig. 2.2.1, iar dreptele conodice s-au construit
pe baza datelor de echilibru din tabelul 2.2.2.

Raportul de distributie al acidului salicilic variazd cu continutul acidului salicilic in sistem, de
la 8,25 la 73,50, pentru concentratii ale acidului salicilic in faza apoasd, cuprinse intre 0,022% si
0,0859%,. Comparind raporturile de distribufiec ale acidului salicilic in acest sistem cu cele din sistemul
api-acid salicilic-acetat de butil, se observi cii prezenfa masivi a fenolului influenfeazi nefavorabil,
intr-o micd misurdl, extractia acidului salicilic. Totusi o epurare avansati este posibild, potrivit celor
constatate la sistemul apd-fenol-solutie de acid salicilic 29, in acetat de butil, pentru cd primul echi-
libru indepirteazi din sistem, in toate cazurile, cantitd{ile mari de fenol.

Coneluzii. Studiul intreprins aratd cd prezenta simultani a fenolului si aci-
dului salicilic in apele reziduale influenteazd pufin epurarea acestor ape, prin extrac-
tie cu acetat de butil i cd aceastd epurare se poate face intr-un grad inaintat,
intr-un numdr redus de unitdti de schimb (pind la doua).

{Intval in redactie la 24 aprilie 1970)
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DRSO

®A30OBDBIE PABHOBECHS! B KHIKHUX CUCTEMAX
Boda-caauyuaoean xucaoma-ayemam Gymuaa i 600a-enoa-ayemam Gymuia-caauyi106as KUCAoma

(Pezwme)

Ipu pexyunepauun pevosa 13 0TGPOCOB, NOAYIEHHHIX B NPOLECCE MPOU3BOACTBA CATHUHIOBOR KHCI0-
Thl, 4 TaKXe UPH OUHCTKE OCTATOYHBIX BOJ, NOJYHYEHHLIX B 9TOM MpPOIECCE, BO3HHKNA HEOOXOANMOCTb H3y-
Yeuns TPOItHLIX KHIAKIX cucren. B 1annoil paBoTe H3YHAlOTCS CHCTEME: BOJA-CANHIN/IOBAR KHC/IOTA-aeTaT

6 — Chemia 2/1970



892 A. POP, GH. WEISS, L. CORMOS

GyTHna ¥ Boia-denos-alleTaT OYTHJIA-calHUMJOBas KHcaora. Jlaéres Taioke OTHOIIEHHe pacnpefefenns
(enosnia B caanuMAoBOM KHCAOTH B ABYX (a3ax, a TakKe CEJEKTHBHOCTb ITPOLECca.

YcranoBJeno, 4TO OHOBPEMEHHOE NPHCYTCTBHE GEROMA H CANKLUHI0BON KHCIOTH B OCTATOYHBIK BOAAX
BJAHSNET HEMBOIO Ha HX OYHCTKY NYTEM IKCTParHpoBaHHA aleTaToM GyTHIA. 3HaUHTEbHYIO OUHCTKY MONHO
HPOH3BECTH MAKCHMYM B ABYX CTaAMfX.

EQUILIBRES DE PHASES DANS DES SYSTEMES LIQUIDES
Fau— acide salicyligue—acélate de butyle; cau—phénol—acélate de butyle—acide salicylique
(Résumé)

La récupération du phénol a partir des déchets résultant de la fabrication de 'acide salicylique
et I'épuration des eaux résiduelles provenant de cette opération ont nis en lumiére la nécessité d’étudier
certains systémes liquides ternaires. Le présent travail étudie les deux systémes annoncés dans le titre,
11 renseigne également sur le rapport de distribution du phénol et de I'acide salicylique dans les deux
phases ainsi que sur la sélectivité du processus.

On constate que la présence simultanée du phénol et de I'acide salicylique dans les eaux résiduelles
influence peu I'épuration de ces eaux par I'extraction & 'acétate de butyle. L’épuration pent étre poussée
4 un degré avancé, dans le temps de deux unités de reléve au maximum.
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Décomposition thermique du titanyleoxalate de triéthylénediamino-chrome(III)
décahydrate

par

CONST. GIH. MACAROVICL et M. BENEA

Dans un travail précédent [1] on a montré le mode d’obtention de plusieurs
complexes mixtes A titane et chrome, parmi lesquels le complexe:

[Creny], {TiO (C,04),15 10H,0

initialement de couleur jaune et qui maintenu & lair devient violacé.

Dans le présent travail on étudie la décomposition thermique du complexe
tris-titanyle bis-triéthylénediaminochrome(I11) décahydrate par des méthodes
thermogravimétriques (TGA), thermodifférentielles (TDA), spectroscopie par les
ravons X, spectroscopie en infrarouge et analyses chimiques.

Partie expérimentale. La thermolyse ATG de la substance synthétisée a été effectuée avec une
balance mwontée suivant le principe du modele Frdély, aussi pour Vanalyse thenmodifférentielle,

cpn

La vitesse d'¢chauffement a ¢té de 5° C/minute pour ATG et d’environ 10°C/minute pour ATD.

La thermolyse a cu leu en présence de Vair et des produits de décomposition, volatiles.

Dans la fig. 1 sont représentées les courbes ATG et ATD. Iin paralléle, on a effectué des essais de
vérification de la décomposition du complexe, jusqu’a la température de 280°C, avee un appareil réalisé
d'aprés notre propre conception (fig. 2).

Les analyses chimiques portées dans le tablean 1 sont obtenues sur des ¢chantillons  caleinés a
diverses températures lors de la décomposition de la substance étudiée.

Séparément on a préparé des dchantillons calcinés aux températures suivantes: 150, 180, 280,
420, 480, 580, 650, 710, 760, 850 et 900°C.

Les échantillons ont été maintenus dans le four une demi-heure chaque fois, 4 la température men-
tionnde ¢t ensuite refroidis brusquement a lair.

1} convient de remarquer que certains ¢chantillons ont ¢té maintenus 15 ou 60 minutes a la tempé-
rature respective, les résultats obtenus sont les mémes que dans le cas des échantillons caleinés durant
30 minutes.

Tes spectres de ravons X ont 6té effectuds i laide d'nun appareil TUR-60 Dresden, avec anti-
cathode en enivre, par la méthode des poudres Dabye-Scherrer, les résultats étant portés dans le tableau
2 et fig. 3.

Les spectres d'absorption en infrarouge omnt (¢ réalisés au moyen d'un appareil UR —10 Carl
Zeiss - Jena, sur des disques de bromure de potassium, les fréquences étant inserites dans le tahleau 3,
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5D
Tableaun 1
Analyses chimigues
Tempéra-
Nt ture a la- Composition chimique,
échan- quelleon a Tormule Couleur
titlon retiré 'é-
chantillon| Ti Cr C,0, N H,0 C
°C
1 25 10,44 | 7,40 | 38,42 | 12,26 | 12,63 | 10,25
(10,54)| (7.55)](38,72){(12,32)[{13,20)[(10,56}] [Cr en,]; [TiO(C,0,);],+ 10H,0 violacé
2 150 12,44 | 8,98 | 44,90 | 14,32 12,10
(12,143} (8,78)1(44,60)|(14,10)] — |(12,17)] [Cr eny), [TiO(C,04),), marron
3 180 17,14 | 11,97 | 63,24 | 1,68 1,45
(16,91)1(12,14)|(62,88)1 (1,67)} ~— (LAL)] Cry(Ti0),(Cy0,) ¢ N.C. marron-
4 420 36,30 | 26,15 vert
(36,10)[(26,08)| — — — 0,30 | Cry0,-3Ti05- Oy 44 vert
5 480 36,20 | 26,26
(36,83)/(26,66)] — — — 0,08 | Cr,0y,q0 + 3 TiO, **
6 580 36,60 | 26,73
(36,86)/(26,70)| — — — — CryOy, 40 + 3 TiO,
7 710 36,60 1 26,70
(36,86)1(26,70)] — — — — Cr,04,40 » 3 TiO,
8 850 36,63 | 26,75
(36,68)[(26.55)| — - — — Cr, 00, - 3 TiO,

*
%

Données du speetre Rintgen des produits de la décomposition du eomplexe, A

— lLes chifires entre parenthéses sont ceux calculés pour le composé.
— Différentes nuances de vert.

Tableaw 2

différentes températures

[Creny ], [Ti0 (C,04), ], - 10 H,yO
4= 4,596; o = 2,954; — — 0,843
a
580°C 650°C 710°C 760°C 850°C 950°C TiO,***

Inten-
da o o 2y da 4y a sité
7 ” n 7 n n n
— — 3,776 — 3,604 3,600 3,598 3

3,241 3,320 3,320 3,240 3,196 3,196 3,241 9
- — — — — 2,752 2,750 1
2,488 2,544 2,510 2,488 2,488 2,484 2,488 8
-— — 2,289 — 2,292 2,290 2,294 2
2,184 — — 2,186 2,189 2,190 2,189 7
— — 2,082 2,057 — 2,053 2,053 3
— 1,923 — 1,875 1,863 1,870 1,870 4
1,693 1,710 1,672 1,684 1,688 1,686 1,689 10
— — _ 1,632 1,623 1,623 1,624 8
1,536 — —_ — — — 1,537 1
— 1,480 1,480 1,481 1,481 1,481 1,482 3
— — — — -— 1,445 1,450 4
— 1,365 — 1,367 1,366 1,362 1,362 6
- — — — 1,349 1,349 1,347 3
— - — 1,166 1,169 1,167 1,169 2
— 1,096 1,094 1,096 1,092 1,092 1,093 4
— 1,041 —_ 1,039 1,041 1,042 1,041 5




86 C, MACAROWVICE, M. BENES

°¢
586 1 3TCCy 299
3 |
- ; .
: i
&390 i l i 1 i l IT02Cry 21 40
£
: i
H
70° 1 | | i 37705 Cox dg.30
[ !
.
760° i i r i ; i! 3T Ly 8y
i ’ ;
n | i
! T
3 i a1
550 ! L1 ‘ Lol
i ‘
L H
) | ! i
s | ! RERY b s
fr
- N 1 ! .
st . Nl
| l Lo ah oo, .
28 36 34 32 3 28 25 24 22 20 (8§ /1§ X 2 n

Fig. 3. Les speetres Rontgen d'oxvide CryO, . 3Ti0, & diverses températures.

Résultats et discussions. 11 résulte de la courbe ATG que le tristitanyleoxalate
de Dbis-triéthylénediamino-chrome (111) décahydrate se décompose a partir de 60°C
en perdant continuellement l'ean d’hydratation, de sorte qu'a 150°C, la substance
devient anhydre (tableau 1j.

La décomposition de l'ion [Creny]*" va commencer a 170°C par le dégagement
d’ammoniac.

Le processus se déroule rapidement jusqu'a 280°C, lorsque 1'éthylene-diamine
est complétement décomposée, ce qui peut étre vérifié au moyen de 'appareil de
la figure 2, le réactif Nessler étant utilisé pour déceler 'ammoniac.

Par la suite, on observe la décomposition de 'ion oxalique, vérifiée avec le
méme appareil, en utilisant cette fois en tant que réactif pour CO, le chlorure de
baryum ou l'hydroxvde de baryum.

I allure de la courbe thermodifférentielle (Fig. 1) nous indique jusqu’a la tempé-
rature de 280°C deux effets, 'un dfi a la perte de l'eau, I'autre an dégagement de
'ammoniac par la combustion de P'éthyléne-diamine.

Jusqu’ala température de 420°C environ, on a enregistré sur la courbe thermo-
gravimétrique une perte accentuée et continue en poids. Au dela, on a constaté
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Tablean 3
Spectres d’absorption en inlrarouge du [Cren;]; [Ti0(C,0,),]; 10 H,0 et des produits
de la décomposition & différentes températures
105°C 150°C 180°C | 280°¢c T 420°C
(1/2 h) (1/2 h) (1/2h) ¥ ¥ (1/2h)° ~ (1/2 h)
v, NH, 3580 3580 3580
vy NH, 2900 ti 2900 ti 2900 — -
1715 ti 1715 ti 1710 ti — —
— 1690 ti -
v =0 1680 ti — — 1670 i -
{CO0M) 1640 ti 1640 i - 1640 i 1620 £
¥ NH 1590 i 1580 m — — -
1530 m 1510 m 1510 ¢ - —
1460 m — — 1450 —
€00~ — 1410 1410 1420 —
1400 i — — — —
v C—N 1340 i 1360 m 1350 f 1350 —
(Moo —_ 1320 m — 1320 —
1265 i 1275 m 1270 — —
1140 mi 1130 i 1140 m 113 1130 §
v C—N 1055 i 1065 i 1055 i 10801040 £ —
1010 £ — 1010 — 1020980 f
— 940 1 — — —
¢o0™ 905 m 900 m 900 i — —
[Nolo 850 i 850 1 - — —
805 ti 800 u 810 ti
3 NH 740 i — - 820 820
M-0 640 i — — 400 ti 400 ti
535 i 525 m 330 i
480 it 475 m 480 i
— ti. == trds intense; — { = {ntenss; — m = moyenne; — { = faible.

une perte treés lente, du fait de la combustion du charbon qui s’est accumulé comme
impureté,

A partir de la température de 580°C et jusqu'a 690°C le poids reste constant.

A la température de 690°C un effet exothermique accentué apparait sur la
courbe DTA, tandis que sur la courbe TGA on ne remarque qu'une perte trés faible

en poids suivant un palier horizontal qui ne subit aucune modification méme 2a
la température de 1200°C.

Les rontgenogrammes correspondant aux températures de calcination dé-
montrent que jusqu’d la température de 480°C, U'oxvde mixte qui en résulte reste
amorphe.

A des températures plus élevées on constate qu'un arrangement du réseau
sc produit, qui continue jusqu’a 950°C.

Dans l'intervalle de 420—950°C, une série d’oxydes intermédiaires se forment

successivement jusqu'd Cr,0O; . 3 TiO,, portés dans le tableau 1, présentant des
structures qui tendent de plus en plus vers celle du ratile.

Bien que la plupart des oxydes mixtes de titane avec d’autres métaux aient
une structure du type spinelle [2], il résulte du diagramme réntgen de 'oxyde mixte
Cr,0; . 3Ti0, étudié par nous, que la structure du rutile reste prédominante.
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L'explication réside dans le fait que les rayons des deux ions Ti** (r = 0,63 A)
et CB3* (r = 0,68 A) étant trés rapprochés, ces ions peuvent étre remplacés isomor-
phiquement, ce qui est confirmé d’ailleurs par voie optique puisqu’au microscope
polarisant on observe une seule phase, celle du rutile.

En analysant les spectres IR du complexe et les substances qui en résultent
par sa décomposition thermique, on constate, a différentes températures, des varia-
tions successives.

Le spectre IR de la substance initiale présente une série de bandes d’absorption
spécifiques a Tion [Creny]*" superposées en partie aux bandes d’absorption de
I'ion oxalyque des oxalates métalliques complexes [3...11] (Tableaun 3).

Au fur et 4 mesure de la décomposition thermique, on remarque une décrois-
sance de U'intensité de certaines bandes d’absorption, de méme que le déplacement,
lagrandissement ou l'apparition d’autres nouvelles bandes, ce qui démontre 1’affai-
blissement de certaines liaisons, ou méme leur disparition et la formation de nouvelles
Haisons (Tableau 3).

Dans le spectre IR de la substance initiale ou de la substance anhydre (le déca-
hydrate étant réchauffé 4 105°C durant 2 heures), on distingue dans le domaine
d’absorption intense et large, situé 4 3580—2900 cm~' quelques sommets a 3540
3430, 3230 cm—1, qui correspondent aux vibrations v, et v, du groupe NH, et de
I'harmonique $NH.

Quant aux échantillons réchauffés a 150 et 180°C, on remarque la décroissance
en intensité de ces absorptions et leur disparition totale dans le cas du produit
obtenu par 'échauffement a 280°C.

Cependant, on enregistre encore a cette épreuve les vibrations vC-N, mais elles
disparaissent a 1’épreuve réchauffée & 420°C.

La disparition des bandes de 1715 et 1690 cm ~1qui étaient trés intenses jusqu’a
180°C et le déplacement des bandes intenses de 1410 — 1400 cm —* vers 1450 — 1420cm -1
de faible intensité, font ressortir d’abord la présence des oxalates simples, [5,9]
de titane chrome et ensuite leur dégradation {10, 11, 12].

Pour les échantillons réchauffés au dela de 420°C, les spectres ne subissent plus
de modification.

On conclut que l'oxyde mixte Cr,0, . 3TiO, se forme par la décomposition
thermique du complexe mixte [Cr eny], [TiO(C,0,),]5* 10 H,O.

Réchauffé & une température supérieure a 500°C I'oxyde mixte tend vers la
structure du rutile, dans le réseau duquel les ions de Ti*" ont été substitués iso-
morphiquement aux ions de Cr3*.

(Manuscrit vegu le 14 mar 7970)
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OXIZI MICSTI CU TITAN (IV)
Descompunerca fevinicd a titaniloxalatului de trietilendiamindg cvom(I11I) decahidrat
(Rezumat)
Se studiazd descompunerea termicd a [Crengl, [TiO(C,0,},],-10 H,O, TGA si TDA, controlati
prin spectre de raze X gi IR. Prin descompunere termicii rezulti oxidul mixt Cr,0,.3 TiO,, care peste

500°C formeazd o refea asemdndtoare cu cea a rutilului, in care ionii de Ti*t sint substituiti izomorf
cu ioni de Cr3+,

CMEUIAHHBIE OKHUCH C TUTAHOM (1V)

Tepuuueckoe pasaomcenue Oexaeudpama mumanuiokcarama mpusmunrenduamunxpora (I11)
(Pesome)

Hayuaercs tepuuueckce pasmoxeHne [Crengl, [TiO(C,0,),1, - 10 H,0 TrA u THA, nposepen-
toe pedrrenorpadmudeckn u MK cinextpami. TTyTésm TepMHUeCKOro pasioeHHs MOJyYaercst CMElUaHHas
oruch Cry04.3 TiO,, Kotopan cuiwe 500°C oGpasyer pyTHAONONOGHYIO PEIIETKY, B KOTODOH HOHB Tit+
u30MOphHO 3amelilenbl HoHamu Crd3-+.






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

Hydroperoxidation of cumene with oxygen [3]
1. VODNAR

Hydroperoxides of all sorts are used in higher quantities in different industrial
processes as initiator of polymerization, vulcanization agent, raw material in phenol
production and so on. From the technological point of view, the hydroperoxides
of alkylbenzenes are of the first importance. For instance, cumene hydroperoxide
is the principal raw material in phenol and aceton production; both are used in
producing plastic materials and synthetic fibres. As a result, in chemical literature
are published many articles, in which the investigators try to outline most favourable
work conditions for hidroperoxidation of cumene [4-—-227.

Owing to the continuous need on the world market, the annual world output
of cumene hydroperoxide is ever higher. The most promising method for producing
cumene hydroperoxide is the method of hvdroperoxidation at the
liquidfgas interface [I, 2.

This paper presents the experimental results obtained in hydroperoxidation
of cumene, by applyving the above mentioned new method. At the same time, the
kinetics of hydroperoxidation are designed.

Apparatus and Proeedure. Hydroperoxidation of cumene made with labora-
tory apparatus is described in the first paper of this series {2, which made pos-
sible the kinetic investigation.

As hydroperoxidation agent, technical oxyvgen has been used. The hydroperoxi-
dation of cumene has been studiced in accordance with different parameters (tem-
perature, flow of oxygen, type of initiator, concentration of initiator and concen-
tration of cumene).

The cumene used as raw materiai, was purified by treating it with concentrated
sulphuric acid and a water solution of sodium hydroxide [23]. The volume of
cumene samples subjected to hydroperoxidation was 25 ml.

Hydroperoxidation is realised by bubbling the purified technical oxygen
through cumene stratum. Tests for dosing hydroperoxide [24] are taken from the
reaction mixture periodically.

The technical oxygen necessary for hydroperoxidation is taken from a gas
cvlinder, passes through a pressure safety vessel and some purification towers,
where carbon dioxide, water vapors and traces of sulphur, are succesively eliminated.

Results and Discussion. Experimental results are illustrated in figures 1-—7.
Hvdroperoxidation has been studied in accordance with different parameters.
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Fig. 1. Concentration variation of cu- Fig. 2 Concentration variatin of comene hydro-
meunce hydroperoxide, depending on time peroxide, depending on time at different flow
at different temperatures (without initi- capacity of oxygen (t = 125,57 ; initial concen-
ator) ;1 125,5%; 2 — 1207;: 3 — 115°. tration of cumene hydroperoxide = 0,297 mo-

les/lj: 1~18 1/h; 2 — 10 I/h; 3 — 7,3 1/h.

The first parameter studied was the temperature of hydroperoxidation. The flow
of oxygen was 10 I/h. Figure 1 illustrates the kinetics curves on three temperature
values.

The curves of figure 1 show that the higher the temperature, the greater is
the rate of hydroperoxidation. But on temperatures higher than 126° maximum
concentration of cumene hydroperoxide in the sample decreases suddenly. From
the technological point of view, the temperature 125,5° is of the most favourable.

In the following series of experiments, working with different flow of oxygen,
temperature 125,5° and initial hydroperoxide content of the cumene sample
0,297 moles/l. The results are given in figure 2 that shows the concentration of
cumenie hydroperoxide in the cumene sample vs. the reaction temperature, at
different oxygen flows.

Figure 2 shows that the rate of hydroperoxidation depends a little on oxygen
flow, having in all cases a value of about 0,966 moles.l-1-h~1. The maximum
achieved concentrations of cumene hydroperoxide, vary between 2,8 and 3,2 moles/1
(42—489%,). The maximum concentration of hydroperoxide is obtained by an oxygen
flow equal 7,3 1/h.

We can state that the rate of hydroperoxidation increases from 0,434 to
0,966 moles.1-1-h~!, and maximum hydroperoxide concentration of sample from
1,8 to 2,8 moles/l, when we work with an initial hydroperoxide content of the cumene
sample equal 0,297 moles/l, at 125,5° in comparison with uninitiated experiences.
This improvement is due not only to the initiation of reaction, but also to the
new method which has been applied.

The dependence between the increase of hydroperoxide concentration in the
sample and the reaction time at different temperatures, is illustrated in figure 3.
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Fig. 4. Concentration variation of cumene

hydroperoxide, depending on reaction time, using

different initiatorsin amount of 0,297 moles/l:

1 — Hydroperoxide of tert. buthyl; 2 — Hadro-

peroxide of cumene ; 2 — Hydroperoxide of ethyl-
benzene.

We can observe that when the reaction temperature is low, the rate of hydro-

peroxidation is small, in spite of the presence of the used initiator (cumene hydro-
peroxide). The maximum reaction rate was 0,5 moles.1~-1.h~1.

Not only cumene hydroperoxide, but also other hydroperoxides (ethylbenzene
— and tert. buthyl hydroperoxide) are used as initiators of the hydroperoxidation
process. The temperature was maintained at a constant value of 125,5°. The concen-

tration of the used initiators, was 0,297 moles/l. The experimental data are illust-
rated in figure 4.

The curve of figure 4 show that the maximum reaction rate has been obtained
by using tert. buthyl hydroperoxide as initiator ; but the maximum concentration
of the hydroperoxide sample was obtained when we used cumene hydroperoxide
as initiator. It is possible that fast thermal decomposition of initiator is produced
in the first case, generating products able to decompose the accumulated hydro-
peroxide. Ethylbenzene hydroperoxide is proved to be an unsuitable initiator.

The last parameter studied was the concentration of cumene in the cumene
samples subjected to hydroperoxidation. Menochlorbenzene was used as solvent
and cumene hydroperoxide as initiator (0,297 moles/l). The results obtained in
this series of experiences are illustrated in figure 5, which plots the concentration
of cumene hydroperoxide in the sample vs. the reaction time, at the temperature
of 125,5°, with samples of different cumene content.

‘The diagram of figure 5 shows that maximum hydroperoxidation rate is
achieved by using samples of 1009, cumene.
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Fig. 5. Concentration variation of cumene hydro- Fig. 6. Relation betweer lg &
peroxide, depending on time, using different initial and 1/T.

concentrations of cumene (the amount of the initia-
tor = 0,297 moles/l; ¢t == 125,5°% : 1 — 4,487 moles/l;
2 — 5,385 moles/l; 3 — 6,282 moles/l.

On the basis of the experimental resuits obtained, we can state that the
hydroperoxidation of cumene is an autocatalised process which can be described
by the following kinetics relation:

where a is concentration of cumene in the sample, moles/l;
b — concentration of initiator, moles/l;
x — the quantities of cumene transformed up to moment ¢, moles/l.

The activation energy of the hydroperoxidation process is determined from
pairs of 1g & and 1/T values, corresponding to the three chosen temperatures (see
figure 6), becomes equal to 9,6 kcal.

It should be mentioned, that the value obtained for activation energy is in
a good concordance with the rule of M. Polanyvi which shows that the activation
energy of the processes in which free radicals and molecules similar to them take
part, should be calculated by the relation:

E=1156—q a

where a is a constant characteristic of homologous series of the studied substance ;
g — the reaction heat of hvdroperoxidation process.
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Conclusions. On the basis of the experimental results obtained by hydroperoxi-
dation of cumene with oxygen at the liquid/gas interface, one can draw the fol-
lowing conclusions :

— the higher the temperature, the greater is the rate of hydroperoxidation.
From the technological point of view, the temperature 125° is the best:

— by applying the method of hydroperoxidation at the liquid/gas interface
a higher concentration of cumene hydroperoxide has been realised (the increase
was 609,) [22];

— the activation energy of hydroperoxidation of cumene with oxygen at the
liquid/gas interface becomes 9,6 kcal/mol.

{Received May 28, 1970
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HYDROPEROXIDAREA SUBSTANTELOR ORGANICE IN PELICULA I'E LICHID I

Hidroperoxidarea cwmennlui cue oxigen

(Rezumat)

In lucrare se prezintd rezultatele experimentale obtinute la hidroperoxidarea cumenului prin
metoda cu peliculd de lichid {1--3]. Drept agent de hidroperoxidare s-a utilizat oxigen tehnie puci-
ficat, iar ca initiatori de reactie hidroperoxizii de cumen, de etilbenzen si de tert. butil. Hidroperoxi-
darca s-a studiat in functie de diferiti parametri (temperatura, debitul de oxigen, concentratia cuue-
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nalui gi felul ini(;iatorului) Pe baza rezultatelor experimentale se descrie cinetica reactiei, se calculeazi
energia de activare gi se indicd conditiile optime de hidroperoxidare. @

Timpul necesar atingerii concentrauel maxime de hidroperoxid de cumen, prm aplicarea metodei
eu peliculd de lichid, se reduce cu cca 90‘?{) in comparatie cu metoda clasicd [22].

FUAPOIEPOKCHIMPOBAHVE OPTAHHUYECKHX BEILECTB B XKHMIKOH IVIEHKE (II)

Tudponeposkcuduposanue KYmoaw — KUCAORODOM
(Peswwe)

B pafiore npuBOAATCH 3KCNepHMEHTAILHBIE Pe3yabTaThl, MOJYUYeHHbIe IPH THAPONePOKCH AHPOBAHHH
KyMoaa MetofloM Xuixoll naénku [1—3]. B kauectse areHta ruponepoKCHAMPOBAHHS HCNOAb3OBaH
OUHILEHHDI TeXHHYECKHH KHCAOPOA, @B KauecTBe WUHHIHATOPOB PeaklWH — FHAPONePeKHCH KyMoJa,
oTHI6ensoMa U Tper-Oytuaa. [HiaponepoxcuAHpoBaHHe H3YYEHO B 3aBHCHMOCTH OT Pas/IMUHLIX MapaMeTpos
(TeMiiepaTypa, pacxol KHCJIOPOId, KOHLEHTpAUMS KymoJa H BHI HHHpuatopa). Ha ocHoBe skcnepHmen-
TAJNbHLIX PE3YJILTATOB OITHCHIBACTCS] KHHETHKA PeaKUWH, BbIYHC/ISETCS IHEPrHsl aKTHBAUMM H YKa3blBAIOTCH
ON'TUMANbHEE YCJIOBHST THPONEPOKCHAMPOBAHHS.

Bpewmsi, HeoGxonumoe JJs1 JIOCTHKEHHS MAKCHMAJbHOH KOHHEHTPALMH THAPONepeKHCH KyMoaa,
nyTéM MpHMeHeHHs! MeroJa XH/KOf MIEHKY, coKpauiaeTcss Ha npuosausnt. 909, Mo cpaBHeHHio ¢ Kiaccuye-
CKHM MeTolom [22].



DERIVATIVES OF FURAN (IX)*
The anilide of 5-(2-benzothiazolyl)-furan-2-carboxylic acid

VALER FARCASAN, FLORICA PAIU and ILEANA BALAZS

In the course of our investigations concerning the Jacobson reaction in the
furan series, we noted [2] the formation of a by-product in the oxidation of the
furan-2.5-dicarboxylic acid dithioanilide (I) to 2.5-bis-(2-benzothiazolyl)-furan (II).
The elementary analysis and the IR-spectrum of the by-product suggested that this
compound is the anilide of the 5-(2-benzothiazolyl)-furan-2-carboxylic acid (III)

H H
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In order to check the validity of this assumption, the preparation of III by
an independent route was necessary. A very suitable starting matter for this synthesis
appeared to be the 5-(2-benzothiazolyl)-2-formyl-furan (IV) [3].

v
T g
CoAH
IV: R =CHO; V: R=COOH; VI: R = CHNOH; VII: R = CN;
VIII: R = COCI

The first step consisted in the oxidation of the formylderivative IV with
hydrogen peroxide to the 5-(2-benzothiazolyl)-furan-2-carboxilic acid (V). Since
with some substituted furans ring cleavage is reported to occur during hydrogen
peroxide oxidation [4], we decide to prepare the acid V by an alternative route,
as an additional proof of its structure. Thus, by converting the aldehyde IV into

* Part VIII see [1].

7 — Chemia 2/1970
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the corresponding oxime VI [3] and by dehydrating the latter, we obtained the

5-(2-benzothiazolyl)-2-cyano-furan (VII), which was then hydroli7ed to the acid V.
The identity of the <amp1es of 5-(2-benzothiazolyl)-furan-2-carboxylic acid obtained
in these two ways demonstrated that in our case there is no ring cleavage and
that the one-step conversion of IV into V by hydrogen peroxide can be used
for preparative purposes.

The acid V thus obtained was couverted into the corresponding acyl chloride
(VIII), which on reacting with aniline gave 5-(2-benzothiazolyl)-furan-2-carboxylic
acid anilide (II1). The melting point as well as the IR and electronic spectra of
this substance are identical to those of the by-product isolated in the oxidation of
the dithioanilide I. OQur assumptions concerning the structure of the mentioned
by-product [2] were thus confirmed.

The preparation of the anilide III provided the opportunity of making a com-
parison between this compound and the already known anilide of the furan-2-
carboxylic acid (IX) [5], in order to get more information about the interaction
of the furan and benzothiazol rings.

With this aim in view we recorded and analyzed the IR spectra of the anilides
IIT and IX, with special emphasis on the amide I band (v.,) which is known to
provide valuable insights on the effects exerted by the substituents in such com-
pounds [6]. The v, bands of 111 and IX were found to be ~ 20 cm! apart,
and for a better understanding of this fact we decided to extend our spectral
investigations upon another structurally related anilide, namely benzothiazolyl-
2-carboxvlic acid anilide (X).

Table 7

Amide 1 bands (ucg) in the IR spectra of the anitides

2 40 ~en N Rithat!
Substances ( e CT1

Anilide of benzothiazolyl-2-carboxylic acid (X) 1683

Anilide of furan-2-carboxylic acid (IX) 1660 [7]
Anilide of 5-(Z-benzothiazolyl)-furan-Z-carboxvlic acid(III) 1683

The data listed in Table 1 clearly point out the differences between the influen-
ces exerted by the furan and benzothiazo! rings upon the neighbouring anilide
groups. The benzothiazol ring having an acceptor character, the v, band is situated
at significantly higher wave numbers in compound X. The fact that the v, band
of the substance III is located at the same wave number as that of X, but
~ 20 cm~?! higher than the one of the parent anilide IX, stresses the influence
of the substituent and allows the conclusion to be drawn that the electron-attracting
effect of the benzothiazol ring is transmitted almost unaltered through the furan
nucleus in the ground state.

These information regarding the interaction of the furan and benzothiazole
ring, together with experiments going on in our laboratory, concerning the mecha-
nism of the Jacobson reaction, will be useful for the interpretation of the behaviour
of the furan-2.5-dicarboxylic acid dithioanilide (I), in oxidation reactions where
benzothiazolyl-furans are formed. Future papers will be devoted to these topics.
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Experimental*

S-(2-Bewcothiazelyly-fuvan-2-carboxylic acid (V). a) To 1 g IV [3] dissolved in 8 ml pyridine,
2 ml hydrogen peroxide were added in four portions at 15 minutes intervals and the mixture was
boiled for T hour. After cooling the mixture was poured into 100 ml water and acidulated with hydro-
chloric acid. The precipitate was filtered, dissolved in 60 ml hot dimethylformamide, in the preseuce
of charcoul, filtered and to the boiling solution water was added until a weak opalescence was observed.
After cooling 0.9 ¢ 837 ) pure substance precipitated. White necdles, mup. 273°C, soluble in hot etha-
nol and benzene hut not in chloroform.

CL NG, S 12452 Caled. C 38,76 I 287 XN 35371
Found ¢ 38,90 H 271 N 6,20

by A suspension of 0,4 ¢ VII in 7 ml concentrated hydrochloric acid was hoiled on an oil-bath
{~ 1407C) for 3 honrs. After cooling the precipitate was filtered and 0,4 g (929;) crude product were
obtained. This was purified as described above, The pure substance melts at 273°C. The mixted wmclting
point with the produet prepared by method @) shows no depression,

5-(2-Benrothliazalvly-2-cyano-furan (V11 The oxime VI [31, 1 g was boiled with 4 ml acetic
anhydride for 1 hour on an oil-bath (~ 140°C). After cooling the precipitate was filtered and washed
with a small amount of ethanol vielding 0,7 g (759;) of the pure product. Light-b~ wnp lates, nup.
194°C. The nitril VIT is soluble in benzene and chloroform, and can be reerystallized from glacial acetic
acid or ethanol,

Ul N, 0% 2262 Caled. N 12,38
Found X 1271

Anidide o 5-12-bencothiazolvly-fuvan-2-carboaviic acid (J111. A mixture of 0,53 ¢ V. and 5 ml thienyl
chloride was boiled on o steam-bath for 30 minutes, then the excess thionyl chloride was removed
by distillation. The residue was dissolved in 10 ml Lenzene and treated with 2 ml aniline and 2 ml
prridine. The mixture was then heated ou a steam-bath for 30 minutes, cooled and acidified with
hydrochloric acid. The precipitate was filtered and washed with water, giving 0,6 ¢ (659,) crude pro-
duct. This was hoiled with 30 ml glacial acetic acid in the presenice of charcoal (small amount:, {ilte-
red and the solution treated with 40 ml cthanol, 70 ml concentrated ammonia and 80 ml water.
After cooling the pure HIT precipitated as radial concretions of vellow-cream crystals, m.p. 238~ 239°C.
The substance is very poorly soluble in xvlene, ethanol, acetone and ethvl-acetate, slightly soluble in
chloroform, but soluble in hot glacial acctic acld. UV .o 334 nm.

CQgH,N,0,5 320,47 Caled. ¢ 6748 1T 83,77 N 8,74
Found C 6724 I 375 N 873

The identity of this compound with the by-produet obtained in the oxidation of furan-2.5-dicar-
boxylic acid dithioanilide (I), (2] was established after purifving the by-product in the above des-
cribed manner when its melting point rises from 226- 227°C to 238--239°C.

The anilides of benzothiazolvl-2-curboxvlic acid (X) {8 and furan-2-carboxvlic acid (IX) 3] were
prepared after literature data.

( Recetved May 20, 1970)
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DERIVATI AI FURANULTUI (IX)
Anilida acidului 5-(2-benztiazolil)-furan-2-carboxilic

(Rezumat)

Pornind de la acidul 5-(2-benztiazolil)-furan-2-carboxilic (V), obtinut prin oxidarea lui IV i prin
hidroliza lui VII, s-a preparat anilida III, care s-a dovedit a fi identicd cu produsul secundar izolat
la oxidarea ditioanilidei acidului furan-2.5-dicarboxilic (I}. Analiza vibratiilor v¢, in spectrele compusilor
IIT, IX g¢i+ X arati cd in 5-(2-benztiazolil)-furanii substituiii in 2, efectul atrigitor de electroni al
nucleului benztiazolic se transmite prin ciclul furanic.

[MPOU3BOAHBIE ®YPAHA (IX)

Anuauo 5-(2-Gensmuasoaun)-ypan-2-kapboroeod kucaormet

(Pesiome)

Hexoaa us 5-(2-Gensrnazonnn)-gypaH-2-kap6oHoBoll KHCaoTel (V), MOIyY4eHHOH OKHCIEHHeM coe-
avHenns 1V # ruaponusom coegunenns: VII, aproput nonyunau anuaun I, xoropulit okasancs naentHy-
HBIM ¢ BTOPOCTENIEHHHIM NPOJYKTOM, H30JHDOBAHHHM IIPY OKHC/JIEHHH AMTHOAHHAMAH ¢ypan-2.5-1HKap-
6oHoBo#l KHc0TB! (1). Ananu3 BuGpauuili vep B crmektpax coeianuenuft 111, IX u X nokazeiBaer, uto B
5-(2-6enstnaszonna)-pypanax, samemléHHBIX B 2, JIEKTPOHHONPHTAraTeabiblH 3ddekT GeH3THA3010BOro
AApa nepelaércs yepe3 GypaHoBblil WHKJ.



TITRAREA EXTRACTIVA A CUPRULUI SI ZINCULUI
CU PUNCT FINAL INDEPARTAT

de
LUCIA GEORGESCU si 10AN AL. CRISAN

Titrimetria extractivd este un capitol in plind dezvoltare, cu toate ci primele
determindri au fost facute acum 35 de ani [1]. O datid cu introducerea indicatorilor
metalo-cromici, in titrimetria extractivi au apirut noi posibilitdfi pentru ciutarea
unor metode titrimetrice de determinare a cantititilor din ce in ce mai mici de
substanta.

Unul dintre indicatorii metalo-cromici mult folosiji in complexometrie este
piridil-azo-naftolul (notat prescurtat PAN), care prezintd perspective interesante
pentru titrdrile extractive. In lucrarea de fati se prezinti o noud metodd de deter-
minare a cuprului §i zincului prin titrare extractivd cu solutie de PAN in tetra-
clorurd de carbon. Reactiile de titrare sint:

Cu?" + 2 HPAN = Cu(PAN), + 2 H" (1)
Zn* - 2 HPAN = Zn(PAN), - 2 H* (2)

Pentru aceste titrdari se pot scrie urmdtoarele relatii [2]:

_éCuz':" :f: ‘ Vmin "+‘f; ) f/—i (3)
“C—/,nz? == jfg ‘ T}min _+" ‘7; : T/;‘ (4)

cu ajutorul cdrora se pot calcula concentratiile medii Cey2! &1 Coot in functie (1@
pantele cele mai probabile f; si f, si in functie de volumul de solujie titrantd V,;
folosit in fiecare caz. Aici V., este volumul minim de solufie cu care se poate
face titrarea, iar f, si f, se calculeazi prin metoda celor mai mici patrate.

Pe baza reactiilor (1) si (2) se pot calcula functiile teoretice [2):

Co2r = 1,275 - 104 . V g (3)

Crazr = 1,320 - 1074 .V g (6)



5 L. GEORGESCU, 1. CRISAN
102 E Cu, 1

unde V este volumul de solutie de PAN in CCl, de molaritate exactd, exprimatid
in cm3. Aceste functii au fost corectate pentru solufia de PAN aproximativ 0,19
de titru T = 0,00114 cind rezultd:

Cent -
2.
CZH’ +

145,453 - v ug
149,665 - ©

(7)
(8)

unde v este numirul de cm® de solutie titrantd de concentrafie indicatd, folosifi
la titrare.

Modu! de lnern. Proba de 1050 cm?® solutie 107 M aflatd intr-o pilnie de separare de formd
cilindrica s-a tratat cu 1—2 cm? solutie de amoniac concentrat gi apoi s-a titrat cu o solutie de PAN
0,19, in CCl,. Solutia titrantd s-a adiugat in portiuni de 0,1—-0,03 cm?® dintr-o biureta de 2 cm® Dupa
fiecare portiune de reactiv addugat, pilnia s-a agitat puternic timp de 1 minut, apoi s-a ldsat in
repaus si s-a indepdrtat faza organicd intens coloratd in rosu, atita timp cit in solutie este prezent
jonul de determinat. Sfirsitul titrdrii se sesizeazdi ugor prin schimbarea culorii, din rosu intens in gal-
ben, a emulsiei separate prin agitarea pilniei.

Cu ajutorul acestei metode s-au efectuat titrari pe solutii pure de Cu®+ si Zn2+,
cind s-au obfinut rezultatele trecute in tabelul 1.

Tabel 7
Tonul emd solutie 104 M cm® PAN folositi
onu Inati in lueru 1 2 3 4 Medie
5 0,25 0,23 0,20 0,20 0,22
Ca?™ 10 0,45 0,45 0,43 0,40 0,44
20 0,90 0,90 0,90 0,85 0,88
30 1,38 1,36 1,34 1,32 1,35
S 0,25 0,21 0,20 0,20 0,21
Zn*™ 10 0,46 0,45 0,43 0,42 0,44
20 0,95 0,90 0,86 0,85 0,89
30 1,35 1,30 1,30 1,30 1,31

Datele tabelului 1 au fost prelucrate statistic, iar parametrii statistici obfinuji
sint dati in tabelul 2.

Tabel 2
“om? "f).;ot ) 2 s5 2
Tonul bi hPij Spij v st
5 7,746.1073 6,0.1075 3,873.1073 1,50.107®
10 7,937.1072 6,3.1075 3,980.1073 1,58.107%
Cuz+ 20 8,366.107* 7,0-107°% 4,183.1072 1,75.107%
30 7.071.1073 5,0.107 3,532.1073 1,25.107%
§pij = 7,780.10—3 §p. ¢ 3,892.10-7
1
5 7,746.1073 6,0.1078 3.873.1073 1,50.1078
10 5,477.1073 3,3-107s 2,886.107° 0,83.107®
Zn*~+ 20 14,352.1073 20,6.1073 7,251-1072 5,25.107°
30 8,124.1073 6.6.1075 5,000.1073 2,50-107®
§pij == 8,924.103 sp = 4,752, 103
1



TITRAREA EXTRACTIVA 103

fn tabelul 2 Svij este eroarea medie patratici de selectie a unei determiniri
pentru o concentratie data, s%ij este dispersia de selectie a unei determindri pentru
o concentratie datd, s, este eroarea medie pitratici de selectic a mediei unui
sir de determinéri pentru o concentratie data, iar s%i este dispersia de selecfie a mediei

unui sir de determindri pentru o concentratie datid. Cu ajutorul acestor parametri
s-au calculat mediile S, si S5, care caracterizeazd eroarea medie patratici de

selectie a unei determindri oarecare $i a unei medii oarecare de-a lungul intregului
domeniu de concentratii pe care se poate aplica noua metodi titrimetrica.

Cu ajutorul datelor din tabelul 1, apelindu-se la formulele cunoscute din sta-
tistica liniei drepte, s-au calculat dreptele cele mai probabile:

C.o = 1,532 4 140,788 - v g ©)
C v = 0,494 + 148,418 - v pg (10)

Pentru ca dreapta cea mai probabild nu se suprapune exact peste cea teoretici
corectatd pe un larg domeniu de concentratii este necesar sa se calculeze domeniul
de aplicabilitate al metodei, adicd al concentrafiel minime $i maxime intre care
metoda poate da rezultate corecte in limita erorilor maxime admise la titrare.

In cazul titririi extractive volumul cel mai mic de solufie titranti care poate
fi separat este Umim = 0,03 cm®. Inlocuind vm, in relatiile (7), (8) si (9), (10) rezulta
concentratiile minime corespunzitoare dreptelor teoretice corectate:

Cuin = 145,453 - 0,03 = 4,363 pg Cuz* (amn
Cuin = 149,665 - 0,03 = 4,489 pg Zn** (12)
si corespunzitoare dreptelor celor mai probabile :
Cunin = 1,532 - 140,788 - 0,03 = 5,755 pg Cu?* (13)
Cuin == 0,494 -1 148,418 - 0,03 = 4,947 ug Zn*+ (14)
Stiind cd S = f - 5y deci S o+ == 0,5479 s §, .1 = 0,7053 s-a calculat:
{4,363 — 5,755 | = =
tCuzL == '—7:3:'}‘9—*— —_ 2,039 < 0.84 - tk::l{,QtsO,% (15)
£, 2r =220 AL 648 < 5,84 = i 50 0m (16)
0,7053

deci conditia ca fe, << f este satisficuti pentru concentratiile minime.
Pentru a afla limita Co.. pind la care diferenta dintre concentratia calculata

cu dreapta teoreticd corectatd si cu dreapta cea mai probabild nu este semnificativa
se calculeazd pentru cupru:

Vo 38405779 5 1532
max 145,453 — 140,788

=102cm? 17)

iar pentru zinc:
v _ 584 . 0,7053 -+ 0,404

“max E = 2,99 cm® (18)
149,666 — 148,418
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inlocuind aceste valori in (3), (4), se obtine:
Cunes — 145,135 pg Cut* (19)
Cunex = 223,121 pg Zn*+ (20)

Probele de analizat se vor lua deci astfel ca sd corespundi intervalului:
C.o+ € [5,755, 145,135] (ug Cu®') (21)
C, .+ € [4,947, 223,121] (ug Zn®*) (22)

Pe baza datelor tabelului 1, cu ajutorul dreptelor celor mai probabile, s-au
calculat datele din tabelul 3.

Tabel 3
ug Diferenta
Tonul

lnat aflat ug l %
31,77 31,13 0,65 2,04
Cuz+ 63,54 63,47 0,07 0,11
127,08 125,42 1,66 1,10
190,62 191,59 0,97 0,51
32,69 31,66 1,03 3,15
Zn*+ 65,38 65,79 0,41 0,62
130,76 132,58 1,82 1,09
196,14 194,22 1,92 0,97

Din tabelul 8 rezultd ca existd o bund concordantd intre cantitdtile luate si
cele aflate, in cadrul limitelor calculate.

Aceastd metoda de titrare extractivd cu punct final indepdrtat, verificatd statis-
tic, a fost folositd pentru determinarea sumei ionilor respectivi din apa potabild,
exprimatd in Cu??. S-au luat probe de apd de cite 50 cm?® care s-au titrat dupi
procedeul descris. Pe baza unei medii obfinute din patru titrari s-a constatat cd
apa potabild analizatd contine 16,14 pg Cu?*/100 cm?®.

Determinarea acestor ioni din api prin titrarea extractivd descrisi are avan-
tajul cd nu necesiti o concentrare prealabili a apei, asa cum se procedeazi in
mod obisnuit. In plus metoda este simpld si usor de aplicat in orice laborator,
deoarece nu necesiti decit o microbiuretd si o pilnie cilindricd de separare de
format mic (care poate fi numitd ,pilnie de titrare extractiva’).

ntrat in redaciie la 4 tumic 1970)
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AKCTPAKTUBHOE TUTPOBAHHME UMHKA M MEIU C YIAJEHHOHW KOHEYHOH
TOUYKOM

(Pezwome)

IlpuBoANTCS HOBHI METOA ONpefeseRHS MeiH H LHHKA NYTéM THTPOBAHHA IHDPHAHJIA30-Ha(TONOM.
J1o TOUKH 9KBHBAJIEHTHOCTH YIAJISETCH KAXK[as SKCTParHpoBaHHAs yacTb. MeTOL MPOBEPEH CTATHCTHYECKH

M YCTaHOBJIEHO, YTO Haubojee BeposiTHasl (GYHKUHS OnpefleleHHs NPaBHJbHO OLEHHBAeT TeODETHYECKYIO
dYHKHHIO OnpefeseHHs.

TITRAGE EXTRACTIF DU CUIVRE ET DU ZINC A POINT FINAL ELOIGNE

(Résumé)

Les auteurs présentent une nouvelle méthode de détermination du cuivre et du zinc, par titrage
au pyridyl-azo-naphtol. Jusqu'au point d’équivalence on écarte chaque portion extraite. La méthode
a été vérifiée par des statistiques et Pon a constaté que la fonction de détermination la plus probable
donne une estimation correcte de la fonction théorique de détermination.






STUDIUL PROPRIETATILOR FIZICO-CHIMICE ALE ALUMINELOR
PROMOTATE CU DIOXIZI METALICI (1)

Prepararea si studiul acidititii sistemelor Al,0;—CeO,

de
AUGUSTIN PO i NICU I)l'l;\!ll'l,‘f\

Catalizatorii solizi acizi prezinti o importantd deosebitd in industria petro-
chimici in procese industriale de cracare, izomerizare, alchilare, ciclizare, poli-
merizare sau ca suporfi la prepararea catalizatorilor bifunctionali.

Dintre acestia cei mai importanfi sint: oxidul de aluminiu (modificdrile y
sau y) [1—3], alumosilicea [4—97, silice-oxid de zirconiu [10] etc. Oxizii compo-
nenti ai acestor catalizatori sint stabili din punct de vedere termic gi se comporta
ca substante cu caracter acid.

Aceastd aciditate este repartizatd, neuniform pe suprafata solidului, sub
formd de centri acizi de tdrii diferite.

Proprietitile catalitice ale sistemelor oxidice mentionate se atribuie tocmai
actiunii unor asemenea centri acizi superficiali.

Natura lor adeviratd (protonica sau neprotonicd) constituie si in prezent obiec-
tul unor discutii contradictorii.

Astfel, s-a dovedit cd oxidul de aluminiu are centri acizi de tip neprotonic (1],
iar aluminosilicea posedd ambele tipuri de centri acizi [11, 12].

Independent de natura centrilor acizi, aciditatea superficiald depinde atit de
raportul componentilor, ¢it si de istoria obtiinerii sistemelor catalitice gi de trata-
mentul termic aplicat [13—17].

Pornind de la aceste consideratii, autorii si-au propus si studieze proprietitile
fizico-chimice ale aluminelor promotate cu dioxid de ceriu in diferite procese de
transformare a hidrocarburilor.

In aceastd lucrare, in primi etapi, se studiazid proprietitile acide ale acestor
sisteme, in functie de compozitie, conditiile de preparare si de tratament termic.

Partea experimentald 1. Prepararca oxizilor micsti. In conditii diferite, s-au preparat prin copre-
cipitare doui seril de sisteme ALOH),—Ce(OH), cu aceeasi compozitie chimicd, dupd cum sc aratd in
cele ce urmeazii:

Tn prima serie de sisteme, notatd cu A, solutiile pure de azotat de aluminiu $i azotat de cerin
$i amoniu, amestecate in raportul corespunzitor se dilueazii la 5 litri. Solatia obtinutd se incilzegte
la 80—65°C si se precipitd prin adiugare treptati timp de 30 minute si agitare continui cu o solutie
de carbonat de amonin 109 pini la pH = 8. Se continud agitarea si inciilzirea sistemelor incd 100 minute.
Dupid aceasta, precipitatele obtinute se filtreazd, se spald $i se usucd.
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In a doua serie de sisteme, notati cu B, solutia azotatilor s-a adiugat in timp de 30 minute
in aceleasi conditii de agitare, peste solutia de carbonat de amomniu 109, la temperatura camerei. In
continuare, precipitatele s-au ldsat in repaus timp de 10 zile, 1Ia pH = 8, dupi care s-au fiert 30
minute §i apoi s-au prelucrat. Dupi filtrare, toate precipitatele s-au spadlat cu api distilatd pini la inde-
pirtarea completd a ionului azotat, s-au uscat in etuvd la 105°C timp de 30 ore si s-au trecut prin
sita de 10.000 ochiuri pe cm?.

Compozitia chimicd gi pierderea de apid a sistemelor studiate, exprimati in procente greutate,
se aflid in tabelele 1 si 2.

Tabel 1
Compozitia si pierderea de apid a sistemelor seriei A
Compozitia Pierderea de apad in 9, greutate
(ﬁi Yo greutate Temperatura de tratare termici in °C
ALO,; | CeO, 300 400 460 500 600 700 800 900
1 100 0 12,0 30,0 37,2 41,8 44,1 44,6 45,1 45,5
2 98 2 21,0 30,4 34,4 36,0 36,8 37.4 38,0 38,4
3 96 4 22,4 28,0 32,0 33,7 34,4 35,0 35,2 35,6
4 94 6 22,5 28,3 31,7 32,4 33,0 33,6 34,0 34,3
S 92 8 21,3 25,1 29,9 30,3 31,9 32,9 33,2 33,9
6 90 10 20,6 27,0 30,0 31,3 32,6 33,0 33,4 33,6
7 80 | 20 20,4 25,6 27,0 28,3 29,2 29,6 30,0 30,4
8 70 30 17,0 22,5 26,5 27.0 28,2 29.3 29.9 30,1
9 60 1 40 18,0 23,0 25,5 26,7 28,0 28,6 29,0 29,2
10 50 | 50 20,3 23,0 24,5 25,0 25,8 26,0 26,2 26,5
Tabel 2
Compozitia si pierderea de apd a sistemelor seriei B
Compozitia Pierderea de apd in % greutate
?g Jo greutate Temperatura de tratarea termicd °C
ALO, | CeO, 300 400 460 500 600 700 800 v 900
1100 0 | 162" 23,5 28,0 297 31,2 31,8 32,4 33,0
2 98 2 12,0 17,4 23,0 25,2 27,0 27,5 28,0 28,2
31 96 4 9,0 14,5 20,0 23,0 25,1 26,0 26,2 26,3
4 94 6 10,0 15,0 20,0 22,4 25,0 25,4 26,0 26,2
5 92 8 12,5 17.5 21,0 22,5 24,0 24,5 25,0 25,¢
6 90 10 13,5 18,5 22,0 22,5 24,3 24,8 25,0 25,1
7 80 20 8,1 12,5 17,5 21,0 23,9 24,4 24,9 25,0
8 70 30 16,5 21,0 22,7 23,2 23,8 24,1 24,3 24,5
9 60 40 14,7 19,5 21,0 21,8 22,0 24,0 24,1 24,2
10 50 50 15,0 17,3 19,2 20,1 21,1 21,8 22,2 22,4

Sistemele, notate cu 1 si 6—10 in tabelele 1 si 2, s-au supus tratamentului termic, in curent de
aer la temperaturi cuprinse intre 300 si 800°C, de la 4 pinid la 18 ore, in timp ce sistemele 25
ale ambelor serii au fost tratate la 460°C timp de 4 ore.

2. Mdsurarea aciditdfii superficiale. Aciditatea sistemelor din tabelele 1 §i 2 s-a determinat astfel:

a) Aciditatea totald, prin titrare cu metoxid de potasiu (KOCH,) in mediu de dimetilformamida
dupi Munzing si colaboratorii {18 sau cu n-butilamind (Bu-NH,) in mediu de benzen [19--22)
folosind ca indicator ortonitroanilina, in ambele cazuri.

b) Aciditatea protonicd, prin titrare cu n-butilamind in mediu de benzen, dupd Hirschler
[23], in prezentd de trifenilcarbinol.



ALUMINE PROMOTATE CU DIOXIZ] METALICI (1)

109

Misuritorile ficute prin metoda schimbului ionic cu acetat de amoniu [24], cit §i prin tehnica
indicatd la punctul 5, au dovedit ci sistemele studiate nu au aciditate protonici.

Rezultd cd aciditdtile determinate dupi metodele indicate la punctul g, sint numai de naturi
neprotonica.

Rezultatele determindrilor experimentale sint prezentate in tabelele 3—86.

Tabel 3
Aeciditatea in mval/y
Temperatura 300°C Temperatura 400°C
i\rz Seria A Seria B Seria A Seria B
KOCH, | Bu-NH, | KOCH, | Bu-NH, KOCH, ! Bu-NH, KOCH, Bu-NH,
1 1,167 0,781 1,095 0,696 1,194 0,911 1,225 1,099
6 1,119 0,716 1,073 0,683 1,124 0,878 1,205 0,974
7 1,112 0,673 0,995 0,616 1,048 0,817 1,156 0,919
8 1,097 0,611 0,955 0,553 0,978 0,743 1,126 0,873
9 1,087 0,595 0,904 0,517 0,954 0,719 1,068 0,894
10 1,025 0,584 0,806 0,513 0,819 0,693 0,998 0,861
Tabel 4
Aciditatea in mvalifg la 460°C
NT. Seria A Seria B
crt. KOCH, Bu-NH, KOCH, Bu-NH,
1 1,027 0,879 1,336 1,178
2 1,154 0,991 1,432 1,211
3 1,171 1,102 1,507 1,309
4 1,334 1,237 1,631 1,463
5 1,177 1,073 1,385 1,257
6 1,033 0,865 1,335 1,171
7 0,956 0,813 1,276 1,108
8 0,878 0,766 1,259 0,977
9 0,810 0,759 1,201 0,951
10 0,741 0,741 1,1175 0,927
Tabel 5
Aciditatea in mval/g
Temperatura 500°C Temperatura 600°C
g,; Seria A Seria B Seria A Seria B
KOCH, | Bu-NH, | KOCH, | Bu-NH, | KOCH, Bu-NH, KOCH, Bu-NH,
1 0,853 0,603 1,272 0,997 0,843 0,534 1,176 0,808
6 0,817 0,571 1,257 0,946 0,804 0,507 1,148 0,761
7 0,776 0,511 1,203 0,913 0,763 0,483 1,113 0,683
8 0,722 0,482 1,146 0,877 0,711 0,436 1,037 0,618
-9 0,695 0,471 1,097 0,833 0,687 0,419 0,982 0,577
10 0,684 0,453 1,013 0,794 0,676 0,398 0,914 0,570
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1
Tabel &
Aciditatea in mvaljg
Temperatura 700-C Temperatura 800°C
i\rl‘; Seria A Seria B Seria A \ Seria B
KOCH, l Bu-NH, | KOCH,; | Bu-NH, KOCH, Bu-NH, \ KOCH, Bu-NI{,
i i - oS
1 0,677 ’ 1,499 1.033 0,769 0.351 ! 0,173 ] 0,711 0,354
& 0,641 0,452 0,947 0,718 0,308 ‘ 0,113 i 0,663 0,301
7 0,593 0,375 1,911 0,697 0,271 0,116 | 0,613 0,253
8 6,533 0,372 0,887 0,631 0,239 i 0,101 | 0,581 0,196
9 0,516 0,334 0,836 0,611 0,201 i 0,074 i 0,573 0,184
10 0,501 | 0,282 0,819 € 588 0,201 ! 0,061 \ 0,554 0,118

Discutarea rezultatelor. Pierderea de apd a sistemelor AlLO;—CeQ,, obtinute
in conditii diferite, s-a urmdrit la temperaturle la care s-a facut tratamentul termic.
Din tabelele 1 51 2 se constatd pierderea continuéd a apei pind la 900°C. Aproape
959, din apa retinutd se indepatrteazd cu destuld usuringd pina la 460°C. In
intervalul de temperaturd cuprins intre 460 —900°C, apa refinutd se indepirteaza
mai greu, aflindu-se sub forma de grupe OH, localizate la atomii de ceriu $i aluminiu,
pind la 630°C. Peste aceastd temperaturd, probabil ¢d grupele OH terminale sint
localizate la atomul de aluminiu, avind in vedere faptul ¢ CeO, nu mai retine apd
[251.

Cantitatea de apad retinutid scade cu cresterea continutului in dioxid de ceriu.
De asemenea sistemele seriel B retin mai putind apd decit cele ale seriei A, pro-
babil datoritd altor forme de gel, rezultate prin modificari in timp.

Cresterea duratei tratamentului termic, in conditii izoterme, provoacd o anu-
mitd crestere a aciditatii, asa cum se vede din fig. 1.

Analizind datele din tabelele 3—6, se observid ¢d la aceeasi comporzitie chinuca,
aciditatea seriel B este mal mare decit a seriei A,

La compozitic chimicd constantd, aciditatea ambelor serii creste cu cresterea
temperaturii de tratament termic, ajungind la o valoare maxima la 400°C in seria
A st orespectiv Ja 460°C in seria B

Aciditatile inscrise in tabelele 3, 5 51 6 scud treptat o datd cu cresterea conti-
nutului fin dioxid de cerin. Cel doi oxizi par a se comporta independent in ceea ce
priveste contributia la aciditatea sistemelor

In domeniul comporitiilor 0— 109, CeO, (tabelul 4) se constatd o interactiune
a cclor doi oxizi, care se concretizeazd prin cresterea acidititii sistemelor.

Avind In vedere {aptul cd proprietitile acide cele mai pronuntate ale siste-
melor studiate apar in urma tratamentului termic efectuat la te mperaturi de 400—
460°C, sistemele ALO,;—CeO, cu 0109, CeO, (1—5 din tabelul 1) s-au studiat
numai la temperaturd de 460°C.

Variatia aciditatii este reprezentatd in fig. 2, de unde se vede cd aciditatea masu-
ratd ajunge la o valoare maximi pentru o concentratie de 69, greutate dioxid de
ceriu.

Concluzii. Sistemele studiate de autori sint acizi neprotonici de tdrie mode-
ratd, cu aciditdti cuprinse intre 1,33—1,65 mval/g. Aciditatea unor astfel de sis-
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Fig. 1. Aciditatea sistemului nr. 6 din Fig 2. Aciditatea sistemelor 1—35 din
seria BB, determinatd cu Bu-N1H,, in func- seriile A si B in functie de compozitic
tie de durata tratamentului termic la la 460°C.

400 5i 300°C.

teme este mai mare decit a aluminei (0,79 mval/g) [26], dar mai mica decit a alu-
mosilicel (circa 2 mval/g) {3, 12].

Asemenea sisteme vor putea fi utilizate in procese catalitice de transformare

a hidrocarburilor, similare cu cele in care s-a aplicat alumina si alumosilicea, pro-
blemi ce va face obiectul unei lucrari viitoare.
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WCC/IENOBAHUE ®H3MKO-XMMHUUYECKHUX CBOWICTB IVIMHO3EMOB, AKTUBHMPOBAHHBIX
META/IVIMUECKHUMH IBYOKHCSHMH (I)

IToayuenue u uccaedosanue Kucaomuocrmu cuctnem Al0,—CeO,
(Peziowve)
IMytéwm coocaxpenna nonyvatorcs asa psaja cucteM Al,Og—CeO, v H3y4aloTCT HX KHCJIOTHBIE CBOJC-
TBa B 3aBHCHMOCTH OT COCTaBa, YCJOBHil NOJTydYeHHsS] H TepMH4ecKOH o6paGoTki. Msydenmunie aBTOpamu

CHCTEMBI SIBJSHOTCST HENPOTOHOBBIMH KHC/JOTAMH YMEPEHHOH KPenocTH ¢ KHCJAOTHOCTRIO 1,33—1,63 MUAIH3KB.[r
s cofepxanus 69 CeO,.

KTUDE DES PROPRIETES PHYSICO-CHIMIQUES DES ALUMINES ACTIVEES PAR DES
DIOXYDES METALLIQUES (I)
Pyéparvation et étude de Uacidité des systémes Al,O,—CeO,

(Résumé

On prépare par coprécipitation deux séries de systémes Al,0,-CeQ, et l'on étudie leurs propriétés
acides en fonction de la composition, et leurs conditions de préparation et de traitement thermique.
Les systémes étudiés par les auteurs sont des acides non-protoniques de force modérée, avec des acidités
comprises entre 1,33—1,63 mval/g pour un contenu de 69, CeO,.



KINETICS AND MECHANISM OF SUBSTITUTION REACTIONS OF
COMPLEXES (XXXVII)

Thermal Decomposition of Bis-a-dioximato-diamino-cobalt-(I11)-complexes
‘ I0AN ZSAKO

In our previous papers the thermal decomposition of [Co{DioxH),(amine),]X
type complexes has been studied, where DioxH, stands for a molecule of an «-~dio-
xime, as dimethyl-glyoxime {1—2, 8, 9], 1,2-cyclohexanediondioxime (nioxime)
(4,-53], or diphenylglyoxime [6, 7], “‘amine’’ stands for a molecule of aromatic or
heterocyclic amine and “X” for a monovalent anion. The thermal decomposition
of these complexes was studied in the conditions of thermogravimetric analysis,
by performing a constant heating rate of q = 10°C/min. Our experiments showed
the first step of the pyrolysis to be a ligand exchanwe reaction if X is Cl, Br, 1
or NCS. In this reaction a molecule of amine is e\chfmged for the outer sphere
anign and the liberated amine is volatilized :

{Co(DioxH),(amine), | X == [Co(DioxH),(amine)X ] - amine (1)

~An attempt was made to derive kinetic parameters of this substitution reaction.
In this purpose Horowitz and Mctzger's method [107 has been used in our first
papers [1—57. Later, we showed this method not to be correct [12] and we proposed
a new procedure of deriving kinetic parameters from thermogravimetric data [121,
based on Doyle’s integral method [11]. This procedure uses a trial-and- error method,
which can be gasﬂy programmcd for electronic computers. Experimental data
for the diphenyl-glyoxime derivatives [6, 7] have been worked up already by means
of this method, by using a computer DACICC—1. The samc method has been
used 1n our papers (8, 9] in order to study the influence of heating rate upon the
apparent kinetic parameters of reaction (1) in the case of dimethylglyoxime deri-
vatives.

In the present paper the carlier published experimental data, concerning the
thermal decomposition of nioxime derivatives [4, 5] have been worked up by
means of our procedure. Description of this procedure, together with the appro-.
priate integral tables has been published earlier {127 and sowme illustrative examples
of its application have been given, too [6-—97]. Calculations were carried out by
means of an electronic computer DACICC—1. Since these calculations have been
programmed only for activation energies between £, = 16 and 66 kcal/mole, we
were obliged in several cases, when E, < 16 ckal/mole, to carry out these calcula-
tions without the aid of the computer. The following apparent reaction orders
have been tried: n =0, 1/3, 1/2, 2/3, 1 and 2. The obtained results viz. the apparent

8 - Chemia 2/1970
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reaction order #u, activation energy E,, logarithm of the pre-exponential factor Z
of Arrhenius’ equation and the standard deviation 8§, characterizing the consistency
of the experimental data with the derived n and E, values are given in table 1.
The obtained E, values are very scattered and generally very few conclusions can
be drawn from them,

T able 1
Kinetie parameters of reaction (1) in the case of nioxime derivatives
Amine X 7 ¥, kcal/mole gz

aniline Br 0 23.3 7.2 0.0757

1 0 248 9.0 0.0363

NCS 0 47.2 21.3 0.1762

o-toluidine Br 1 25.3 10.7 0.1719
NCS 1/3 33.8 12.3 0.1787

m-toluidine -1 2/3 20.4 6.1 0.0929
NCS 1/3 27.3 9.9 0.0436

p-toluidine I 1 18.0 6.5 0.0492
o-ethylaniline Br 1 16.5 5.8 0.0140
1 1 20.6 8.0 0.0811

p-ethylaniline Br 0 12.0 2.8 0.0306
I 0 11.0 2.5 0.0415

m-xylidine Cl 1 15.6 5.6 01113
Br 1 20.3 7.6 0.0901

I 1 17.9 6.5 0.0466

o-anisidine Cl 1 48.9 22.6 0.0448
1 1 19.6 6.9 0.1360

NCS 1 23.4 10.1 0.0346

p-anisidine Br 1 9.5 1.4 0.0803
I 0 10.1 1.8 0.0625

NCS 0 11.6 3.0 0.0488

o-phenetidine Br 2/3 23.0 7.4 0.0510
1 1 22.6 9.1 0.0424

p-phenetidine 1 1 15.6 4.8 0.0993
NCS 0 16.2 5.0 0.2400

p-Cl-aniline I 0 20.0 7.1 0.1196
NC» 0 21.5 7.6 0.0632

p-Br-aniline 1 0 17.0 +.9 0.0540
nm-toluilenediamine Br 1 7.5 1.0 0.0380
a-naphtylamine Br 0 31.0 11.8 0.1515
1 0 229 7.8 0.0320

g-naphtylamine I 1 14.8 4.2 0.0914
pyridine I 1 33.6 14.6 0.0152

One can observe, that in all cases the apparent activation energies of the thio-
cyanates are larger, than those of the corresponding halogeno derivatives. In the
case of the diphenylglyoximatocomplexes exactly the opposite has been reported [7].

We must newly emphasize the large influence of working conditions upon
the apparent kinetic parameters which can be derived from thermogravimetric
data. Thus, these kinetic parameters can characterize, to some extent, the chemical
process itself, i.e. reaction (1), only if working conditions are perfectly identical.
Our theoretical study concerning the shape of thermogravimetric curves [13] shows
clearly, that if the volatilization of the product is hindered at the beginning of the
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pyrolysis, this leads to the increase of the apparent activation energy and to the
decrease of the apparent reaction order derived from the thermogravimetric curve.
On the other hand, if the volatilization is hindered in the second part of the thermal
decomposition, the derived activation energy values will be lower and the reaction
order higher. That is why in our investigations, even by using the same thermo-
balance, furnace, crucible, heating rate and weight of the sample of 100 4+ 0,3 mg,
which ensures a quite good reproductibility of the E values, with an accuracy of
-+ 1 kcal/mole, no trustful conclusions could have been drawn concerning the
influence of the nature of the amine upon the activation energy.

In the present paper we have tried to find some connections between the kinetic
parameters of reaction (1) and the nature of the coordinated dioxime. In table 2

Table 2

Influence of the coordinated dioxime upon the [, of reaction (1) in the case of the jodides

IZ4, keal/mole
Amine
DI, Diph H, | NioxH,

aniline 40.8 30.1 24.8

o-toluidine 46.2 24.0 —
m-toluidine 43.7 36.5 20.4
p-toluidine 327 47.0 18.0
m-xylidine 31.6 27.1 17.9
o-cthyvlaniline 25.3 13.0 20.6
p-ethylaniline 25.2 60.0 11.0
o-anisidine 26.7 50.0 19.6
p-anisidine 41.6 10.4 10.1
o-phenetidine 33.4 226
p-phenetidine 20.4 - 15.6
p-Cl-aniline 23.6 20.0
p-Br-aniline 26.0 27.5 17.0
a-naphtylamine 45.6 o 22.9
prridine 40.8 12.4 33.6

5 -picoline 42,6 18.4 —

are given the activation energies of reaction (1) for the studied iodides. Data for
the dimethylglyoxime (DH,) and diphenylglyoxime (Diph.H,) derivatives were
taken from our earlier papers [6—9) and for the cyclohexanediondioxime (NioxH,)
derivatives from table 1.

As scen, the activation euergies of the NioxH,-derivarives are always smaller
than those of the corresponding DH,-derivatives.In the case of the diphenylglyoxi-
mates the general picture is not so clear. For 6 complexes the E, value is smaller
than for DH, derivatives and larger than for NioxH, ones. For 4 complexes it is
even larger, than for DH, derivatives and for 2 complexes smaller than for the
NioxH, derivatives.

The same data are presented for the thiocvanates in table 3. One can see, that
the activation energies of the NioxH, derivatives generally are also smaller than
for the corresponding DH, derivatives, but the E, values for Diph.H, derivatives
are always smaller than either for the DH,, or NioxH, ones.
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Table 3

Influence of the eoordinated dioxime upon I7, of reaction (1) in the case of the thioeyanates

. I, kcal/mole
Amine
DH, Diph. H, ' Niox.H,

aniline 53.0 11,4 47.2
o-toluidine 24.1 7.5 33.8
m-toluidine 32.9 e 27.3
p-toluidine 32.0 12.0 -
m-xylidine 19.1 1410 —
o-ethylaniline 235 3,0 —
p-ethylaniline 25.8 10,6 -
o-anisidine 24.4 11,0 23.4
p-anisidine 32.0 10,4 11.6
o-phenetidine 28.2 15,2 -
p-phenetidine 16.4 - 16.2
p-Cl-aniline 23.8 - 21.5

pyridine 42.2 25.8 -
§-picoline 53.2 12.0 -
v-picoline 34.2 14.5 -

We can presume the abnormally low activation energy of the [Co(Diph.H,)
(amine), ] NCS complexes to be conditioned by the possibility of =x-bond formation
in the activated intermediate between the cobalt ion and the entering NCS ion.
In the co-ordinated Diph-group there is a delocalized w-bond system, for which
we obtained a clear IR evidence [7]. Due to the = delocalization, the energy of
the bonding = orbitals decreases and the energy of the antibonding ones increases.
Between the Co ion and the coordinated N atoms of the dioxime = bonds can be
formed. In the formation of these = bonds the Co ion participates with its occupied
B,, and B,, orbitals (the molecule belonging to the point group D,,) and the co-
ordinated dioxime with the empty antibonding = orbitales of the C=N double
bond. The delocalization of this = bond and the increase of the energy of the corres-
ponding antibonding orbitals hinders perhaps the formation of the Co-dioxime =
bonds. Thus, in the case of the Diph.H, derivatives the B,, and B,, orbitales of
the cobalt ion become available for = bond formation between the Co and NCS in
the activated complex, which could explain the obtained low activation energy
values. Since this effect has been observed only in the case of the thiocyanates,
which are able to give, in opposition to the halide ions, very stable @ bonds with
the cobalt [14], the above given explanation seems to be likely.

In conclusion, the simple thermal decomposition reactions which occur in the
conditions of the TG analysis, can be characterized with apparent kinetic para-
meters as reaction order, activation energy and pre-exponential factor. Though
these parameters can be derived quite reproducibly, their physical significanceis
rather obscure, and they are comparable only if the working conditions are well
standardized.

In our working conditions there was a possibility to obtain some pieces of
mformation concerning the kinetics of the thermal decomposition of the studied
compounds, but a better standardization of working conditions could offer more.
In order to find the most adequate working conditions, it is necessary to carry
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out a thorough analysis of the influence of miscellaneous factors as heating rate,
weight of the sample, particle size, shape of the crucible, etc.

The author thanks to Mrs. Carmen Darie for the programming and effectua—
tion of the calculations, by means of the electronic computer DACICC—1 in the
Calculation Institute of the Academy of the Socialist Republic Rumania, Cluj.

( Recetved March 28, 1970)
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CINETICA $I MECANISMUL REACTIILOR DE SUBSTITUTIE A COMPLIECSILOR (XXXVII,
Descompunerea termicd a complecsiloy bis-a-dioximato-diamino-cobaltici

(Rezumat)

Datele termogravimetrice publicate anterior, rderitoare la descompunerea termici a complecsilor
de tipul [Co(DioxH),(amind),] X cu DioxH, == 1,2-ciclohexandiondioximé(nioxima) ¢i X = Cl, Br, J,
NCS au fost prelucrate dupd procedeul autorului [12], folosind un calculator electronic $i s-au deter-
minat ordinul aparent de reactie, energia aparentd de activare g¢i factorul pre-exponential din ecuatia
lui Arrhenius. S-au comparat energiile de activare obtinute cu acest procedeu la iodurile §i tiocianatii
de tipul de mai sus, continind dioximele: dimetilglioximd (DH,), difenilglioximi (Diph. H,) $i nioximi.
Se observd anomalii la tiocianatii derivatilor de difenilglioximi, ceea ce consti in valori foarte joase
ale energiei de activare.

S-a faecut o incercare de a interpreta fenomenul pe baza sistemului de legdturi = delocalizate in
gruparea Liph.H coordinatd, pus in evidentd anterior pe baza spectrelor TR.

KMHETHMKA M MEXAHHM3M PEAKUMHM 3AMEULIEHHS KOMIVIEKCOB (XXXVII)

Tepsuueckoe pasnoxcexue Ouc-a-OUOKCUMAMO-OUAMUHO-KOOQABMOBHX KOMNACKCOG
(Peziome)
Panee ony6ankobaHHbe Tepworpaaamerpnqecme JAHHLIE, Kacaoluecd TEePMHUYECKOro Das/ioXeHHS

KOMILIeKcoB THIA [Co(DioxH), (amun),)X ¢ DioxH, = 1,2-uuk/oreKcas 1HORAHOKCHM (HHOKCHM) H X = CI,
Br, J, NCS, 6butu oépacoraﬂu MeTOZAOM aBTopa [12], HCMONb3ys 3MEKTPOHHYIO BRUHCAMTENBHYIO MalHHY
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4 Ouan olipefesieHbl KaXYUHACA TIOPANIOK pPeaKUHH, KaXYyLAasacs JHePrHs aKTHBAUNH H PedIKCIOHeHIIH-
ajbHbii QaKTOp H3 ypaBHeHHA AppeHuyca. ABTOp CPaBHHJ 3HEPrHH AKTHBALMH, [OTYHEHHBIE 3THM METO-
A0M y HOAMI0B H THOHHAHATOB BbILIEYKA3aHHONO THMA, KOTODble COAEPKAT AHOKCHMBI IHMETHJITHOKEHM
(DH,), andenuaranokcuy (Diph. H,) # nHokcuM. Habmogaorca aHOMATHY y THOUMAHATOB [IPOM3BOAHBLIX
JH(PEeHHATTHOKCHMA, BHIPAXKAIOWHECS OUeHb HH3KHMH 3HAYEHHAMH 3HEPrHM AKTHBALHH.

Clenana nomelTKa HHTEPNPETHPOBATH SIBJeHHe Ha OCHOBE CHCTEMbI Je/OKAJIH3APOBAHHBIX = CBA3EH,
B KOOpIHHHPOBaHHOH rpynnuposKe Diph.H cucreme:, paHee BoisniBlenHo# Ha ocHose MK crnekrpos.



COMPORTAREA POLAROGRAFICA A OXAZOIILOR
2,5-DISUBSTITUITI (II)

Influenta temperaturii asupra potentialului de semiunda,
respectiv asupra coeficientului de transfer

de
FRANCISC MAKKAY, CLARA MAKKAY si MARJIA IONESCU

In lucrarea antericara [1] am prezentat polarogramele objinute la reducerea
oxazolilor 2 5-disubstituiti I—1IV

H—-C——N R=1I :CHNO, o

[l It IT : CgHNO, m

CH;—C C—-R III: C,H,NO, p
\O/ IV : CgH4(NO,), o,p

respectiv influenta temperaturii asupra curentului de difuziune. In lucrarea de
fatd s-a urmdirit influenfa temperaturii asupra potentialului de semiundi, Ey, si
a coeficientului de transfer, «.

Este cunoscut ca functiunea NO,, care se giseste in molecula oxazolilor I—-IV,
se reduce la NHOH prin participare a 4 electroni. Daca acest proces de electrod
ar fi reversibil diferenta intre E., si E,, pe baza relatiei (la 40°C):

0,0621

Ex/‘ — Eu/‘ = 10g 9 (1)
ar trebui si fie numai de 14,8 mV. Determinind aceasta diferenti la oxazolul II,
la care procesul de electrod pérea mai mult reversibil decit la restul oxazolilor,
la 40°C s-a gasit cd aceasta este egald cu 60,5 mV, adicd de patru ori mai mare
decit cea teoreticid. Din aceastd valoare reiese ci procesul de electrod la reducerea
polarografici a oxazolilor I—IV este un proces ireversibil.

Este cunoscut cid ecuatia undelor catodice ireversibile are expresia (la 20°C):

E, — Ey — 0,0581 log — @

TNg id — 1

unde o este coeficientul de transfer al procesului de electrod §i 7, este numdérul
de electroni participanti in etapa determinatoare de vitezi.

Pe baza acestei relajii, reprezentind E, in functie de termenul logaritmic,

se obtine o dreaptd, din panta cdreia se poate calcula valoarea #,a, iar ordonata
la origine este chiar E,.
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oy =5 0 +05 term.loc.
TFig. 1. E, in funciie de termenul logaritmic din ecuatia (2), la: 1. oxa-
zolul I; 2. oxazolul II; 3. oxazolul III; 4. oxazolul IV, treapta a I-a;

5. oxazolul IV, treapta a II-a.

Executind reprezentarea de mai sus in cazul polarogramelor obtinute pentru
oxazoli I—1V la diferite temperaturi intre 20 si 70°C s-a obtinut in fiecare caz
cite o dreaptd, dintre care in fig. 1 sint redate dreptele corespunzitoare oxazolilor

I—1IV la 50°C.
Din fig. 1 se poate observa ci punctele se asazi destul de bine pe drepte

indicind ci procesele respective sint lente. Din panta dreptelor obtinute din polaro-
gramele inregistrate la diferite temperaturi pentru oxazolit I—IV s-au calculat
valorile n,a, iar din ordonata la origine s-a determinat pentru fiecare polarograma
valoarea E., Datele astfel obtinute sint trecute in tabelul 1.

Tabel 1

Valorile 7,2 si Ey, obfinute la diferite temperaturi pentru oxazolii I—-IV

Tempe- 2(o.nitrofenil)- 2(m.nitrofenil)- | 2(p.nitrofenil)-5 | . B YU
ratupra 5-feniloxazol I | 5-feniloxazol II| -femiloxazol III; 2(0.p.dinitrofenil)-5-feniloxazol IV.
¢ fgx I Ey,, V | nga | Iy, V Ngu [ Ey,V | na I By, V I N a2y, V
20 0,447 | —0,808 | 0,985 | —0,773 0,385 | —0,671 | 0,742 —0,350 0,636 —0,775
30 0,480 | —0,780 {0,938 | —0,757 0,344 | —0,672 | 0,733 | —0,346 0,633 —0,774
40 0,487 | —0,780 {0,900 | —0,755 10,342 | —0,643 10,731 | —0,332 0,627 —0,773
50 0,493 | —0,779 10,667 | —-0,751 | 0,341 | —0,633 | 0,729 | —0,329 0,622 —0,764
60 0,504 | —0,778 10,548 | —0,717 | 0,340 | —0,633 | 0,728 | —0,320 0,614 —0,759
70 0,504 | —0,777 0,610 | --0,710 | 0,305 | —0,633 | 0,726 | —0,306 0,602 —0,754
Valorile E;/. in fiecare caz sint raportate fati de un electrod de calomel saturat.
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Din datele tabelului 1 reiese cid valorile lui #,0, respectiv E;, variazi cu
variatia temperaturii, variatie maximi obfinindu-se in cazul 2(m.nitrofenil)-5-
feniloxazolului (II).

Prin cresterea temperaturii valorile potentialelor de semiundid in fiecare caz
se deplaseazd spre potenfiale mai pufin negative, dar in timp ce la oxazolul I
se observa o crestere de 31 mV, iar la oxazolul III de 38 mV, in cazul 2(m.nitro-
fenil)-5-feniloxazolului (II) potentialul de semiundd creste cu 63 mV. La acest
din urma oxazol cresterea valorii E 12 are loc brusc in intervalul de 20—30°C, intre
30 si 50°C raminind aproape constanta, iar de la 50°C creste din nou brusc. Creg-
terea accentuatd a potentialului de semiunda in cazul 2(o-nitrofenil)-5-feniloxazolului
are loc Intre 20—30°C, iar la 2(p.nitrofenil)-5-feniloxazolul in intervalul de 20—50°C,
la temperaturi mai ridicate valorile rdminind aproape constante. La 2(o,p.dinitro-
fenil)-5-feniloxazol potentialul de semiundi creste mai accentuat la treapta intlia
(44 mV), decit la treapta a doua (21 mV).

In timp ce valorile potentialelor de semiundi a oxazolilor I—IV cresc cu creg-
terea temperaturii, valorile coeficientului de transfer (n,«) cresc doar in cazul oxa-
zolului I, in restul cazurilor descresc. Din valorile obtinute pentru #,« se poate
constata ci acestea sint relativ mici, stiind ca la reducerea functiunii NO, are loe
un schimb de 4 electroni. Acest fapt dovedeste ci procesul de electrod la reducerea
functiunii NO, din oxazolii I—IV este foarte ireversibil. Totodatd se poate constata
¢d nu este indiferent in ce pozitie se giseste functiunea NO,. Procesul de reducere
a functiunii NO, este cel mai ireversibil in cazul 2(p.nitrofenil)-5-feniloxazolului
(ITI). La 2(m.nitrofenil)-5-feniloxazolul procesul de electrod este mult mai pufin
ireversibil la 20—40°C, decit la alte temperaturi.

Comparind valorile E,;, obtinute pentru 2(o.p.dinitrofenil)-5-feniloxazol (IV)
cu cele obtinute pentru 2(o.nitrofenil)-5-feniloxazol, respectiv 2(p.nitrofenil)-5-fenil-
oxazol, se poate constata ci dintre cele doud functiuni NO, ale oxazolului 1V,
mai intli se reduce functiunea aflati in pozitia para. Aceasta reducere are loc

la un potential cu cca. 300 mV mai pozitiv decit in cazul oxazolului III, deoare‘ce
substituentul NO, din pozitia orto inlesneste reducerea celeilalte funcfiuni. Valorile

obtinute pentru E,;, la treapta a doua coincid cu valorile E1/2 ale oxazolului I,
dovedind cd a doua treaptid corespunde reducerii functiunii NO, din pozifia orto.

Coneluzii. Cu ajutorul polarografiei s-a scos in evidentd influenta temperaturii
asupra valorilor Eys st n,a In cazul unor oxazoli 2,5-disubstituiti. Pentru fiecare
oxazol studiat s-a gisit ci procesul de electrod este un proces ireversibil, fapt care
este mai accentuat la 2(p.nitrofenil)-5-feniloxazol (IV).

(Intrat in redactie la 23 aprilie 1970)
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MOJISIPOrPA@HYECKOE TMOBEAEHHE 2,5-ABYX3AMELIEHHBIX OKCA30JIOB (1D

Bausrue memnepamypbt H@ n01YG0AHOBOH NOMEHYLAA, COOMBEMCMBEHNO HA KOdpuyuenm nepenocd
(Pesome)

JlorapudMudecKuil aHAIH3 KATOAMBIX NONIAPOrPAMM, MOJNYUYEHHHX A 2(0-,M-,ILHHTPOdeHNA)-5-de-
HUJOKCA30JIOB, COOTBETCTBEHHO AJst 2(0,I1. - AMHHTPODEHHI)-5-HeHUAOKCA30/1a, C TOMOULBIO PTYTHOIO 3AEKTpPO-
21a, BbISIBHJ HEOOPAaTHMOCTh 3JeKTpoAHOro npouecca. KoadduuneHT nepesoca a, COOTBETCTBEHHO 3HAYEHHS
NOJYBOJIHOBOTG NOTeHIMaMa E,;,, H3MEHFIOTCA C TeMIeparypoil. 3HaueHHS, NMOJyUeHHbe IIf N, ITOKa-
3LIBAIOT, YTO BOCCTAHOBJeHHe (GyHKUMH NO, B HOJOMEHHH napa sBJjsercs HaHGOJee HeoGPATHMBIM MpoO-
LECCOM B C/lydae MOHOHHTPHDOBAHHBIX OKCa30/0B, OAHAKO ¢yHKUHA NO, B 10JOXEHHH OPTO B Cliyudae
OKCA30J1a JHHHTPO ofJieryaer BOCCTAaHOBJeHHe (QYHKUMH NO, B II0JOKEHHH f1apa, NpHBeIs K TOMY, 4TO
9TOT NPOLECC CTAHOBHTCS Goslee 0GpaTHMbIM.

COMPORTEMENT POLAROGRAPHIQUE DES OXAZOLS 2,5-DISUBSTITUES (II)
Inflhence de la températuve respectivement sur le potentiel de semi-onde et sur le coefficient de transfert

(Résumé)

I analyse logarithmique des polarogrammes cathodiques obtenus respectivement pour 2(o-,m-,p.
nitrophényle)-5-phényloxazols et 2(o-,p. dinitrophényle}-5-phényloxazols et avec un électrode a égoutte-
ment de mercure a mis en évidence lirréversibilité du processus d’électrode. Le coefficient de transfert
o et les valeurs du potentiel de semi-onde E,;, varient respectivement avec la température. Les valeurs
obtenues pour nge indiquent le fait que la réduction de la fonction NO, de la position para est le pro-
cessus le plus irréversible dans le cas des oxazols mononitrates, mais la fonction NO, de la position
ortho facilite, dans le cas de 'oxazol dinitro, la réduction de la fonction NO, de la position para en ren-
dant ce processus beaucoup plus réversible.



PREPARAREA $I PROPRIETATILE UNOR 2-AMINO SI
2-ACILAMINO-4-METTL-5-(2-HALOACETIL) TIAZOLI

de
DAN SUCIUC

Bromurarea cetonelor aromatice sau heterociclice avind in moleculd o grupare
amino liberd nu duce la formarea a-bromcetonelor, ci are loc in pozitiile cu densi-
tate electronici mare ale nucleului aromatic sau heterociclic. In seria tiazolilor
s-a descris bromurarea 2-amino-4-acetiltiazolului, cu formarea 2-amino-4-acetil-
S-bromtiazotului {1]. Avind in vedere acest fapt, am considerat util si studiem
comportarea la bromurare a unor acetiltiazoli in molecula cirora toate pozitiile
nucleului de bazd sint substituite, excluzindu-se astfel posibilitatea halogenirii
in nucleu. In cazul 2-amino-4-metil-3-acetiltiazolului (I) prin bromurare s-a obtinut
2-amino-4-metil-3-(a-bromacetiljtiazolul (I1), atunci cind s-a lucrat cu clorhidratul
aminei 1, in acid acetic la fierbere. Incercarea de a bromura baza liberd I in acid
acetic sau cloroform, a dus la produsi de degradare neidentificati. Protejarea
functiei amino la compusul I, in vederea bromurarii, s-a mai facut prin acilare cu
anhidrida acetica [2], clorurd de benzoil, clorura acidului monocloracetic siclorura
acidului dicloracetic, obtinindu-se compusii III—VI. Derivatul cu iod XI s-a
preparat din V, sub actiunea KI. Prin bromurarea acilamino-derivatilor IIT—VI
cu brom, in acid acetic la fierbere, s-au obtinut «-bromcetonele corespunzitoare
sub formd de saruri ale acidului bromhidric, care suspendate in apid si neutralizate
cu CO4HNa au permis separarea bazelor libere. Neutralizarea derivatului diclorace-
tilaminic X cu bicarbonat de sodiu, s-a facut insid cu hidroliza gruparni acil, obti-
nindu-se II.

H,C Il R=—H; R, = —Br
\”———-N VII R = —CO—CH,; R, = —DBr
R,H,C—CO— | NHR VIII R = —CO—C¢H;; R, = —Br
S IX R = —CO—-CH,(Cl; R, = —Br
I R =R, = —H [2] . X R = —CO—CHCl,-HBr; R, = — DB
III R = —CO—CH,; R, = —H [2]
IVR = —CO-—C.H;; R, = —H XII R = —H; Ry =—I
V R=—CO-CH,(l;R, = —H - —  CO—CH.- -
VI R = —»CO—«CHElz; RI1 = —H XL R o 5 Ry
NI R = —CO—CH,L; R, = —H XIV R = —CO—CH,I; R, = —I
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Prin tratarea 5-x-bromcetonelor II si VII cu KT in etanol la fierbere, s-au
obtinut 5-a-iodcetonele XII si XIII, iar in cazul 2-cloracetilamino-4-metil-§(a-
bromacetil)tiazolului I1X, diiodderivatul XIV. In aceleasi conditii insi derivatul
VIII suferd o dehalogenare cu formarea cetonei IV.

Proprietatile alchilante, potential citostatice, a gruparilor haloacetilamino sint
semnalate in literaturd [3, 4], justificind interesul pe care l-am acordat sintezei
unor derivafi cu aceastd structurd. Mai putin cunoscutd este activitatea antitumo-
rald a compusilor «-halocetonici, care avind proprietafi alchilante, este posibil
si prezinte si proprietdfi citostatice.

In continuare am cautat si valorificim din punct de vedere sintetic haloacetil-
tiazolii obfinuti, pentru a ajunge la serii de substante care sd facd posibil un
studiu sistematic privind corelatia dintre proprietdtile chimice sau biologice.

In acest scop 3-z-bromcetonele II, VII si VIII s-au tratat cu tiouree, obti-
nindu-se 2’-aminobitiazolii corespunzitori XV, XVI i XVIII, care prin acetilare
au dat acetilamino-derivatii XVII si XIX. In aceleasi conditii de lucru insi, sub-
stantele IX si X pierd grupdrile haloacetil, obtinindu-se XV.

T

RIHN\ XV R=R, = —-H
H,C T P
PN XVI R= - CO-CHy; R, = —H
S N *‘—“H N XVII R = R, = —CO—CH,
LL,_\ /i!, NHR XVII R = —CO-CH,: R, = —H ,
S XIX R =  CO—CH, R, = —~CO—CH,

Tratarea 5-a-bromcetonelor II, VII si VIII in ester acetic cu 2 moli de mor-
folind, piperidina, dimetilamind sau dietilamind a dus la formarea «-amino ceto-
nelor XX—XXIX. In cazul benzoil-derivatului VIIT reactia cu dimetilamind
sau dietilamini a dat produsi heterogeni, din care nu s-au putut separa «-amino-
cetonele, Prin tratarea IX $i X.HBr cu morfolind s-a obtinut derivatul neacilat XX.

H,C
N\ N
RI—CHQMCO—-“ | NHR
S/
XX R=—H; R, =A XXIV R = —-CO—CH,; R, = A
XXI R=—H; R, =B XXV R = —CO—CH,; R, = B
XXII R=—H; R, =C XXVI R = —CO—CH,; R, =C
XXINI R= —H; Ry =D XXVII R = —CO—CH;; R, =D
XXVIII R = —CO—CH,; R, = A
XXIX R = —CO—C,H,: R, =B
/ N / \
A= —N O; B=~—N ; €= —N(CHy)y; D = —N(CH‘A"CHa)z
N / N /
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Pentru caracterizarea a-aminocetonelor s-au preparat fenilhidrazonele deri-
vatilor morfolinici XX, XIV si XXVIII, alaturi de fenilhidrazonele cetonelor I,

I i IV.

H,C
N
RlCHz—C-H l_NHR
i S
H.C,—HN-N
XXX R = R, = —H XXXIII R = —H: R, = A

XXXI R -~ —CO—CH,: R, = —H XXXIV R = —CO—CH,; R, = A
XXXIT R = —~CO—CH,;: R, = —H XXXV R = —CO—CgH,; R, = A

s \
A= N 0O
N ,

Prin reactia S5-a-bromcetonelor IT si VII cu clorhidrat de hidroxilamind in
etanol si in prezenta acetatului de sodiu, s-a produs substitutia bromului cu for-
marea derivatilor hidroxilaminici XXXVI si XXXVII.

H,C
NN XXXVI R = R, = —H
. . H I . XXX\/TII R = —*CO—“CHS, Rl == —H
R,0--NH-CH,—-CO—| ;-~NHR XXXVIIT R == R; = —CO —-CH,

‘Incercarea de a prepara derivatul hidroxilaminic al bromcetonei VIII nu a
reusit, obtinindu-se substanta de pornire. Prin acilarea XXXVI si XXXVII cu
anhidridd aceticd s-a obfinut XXXVIII. In aceleasi conditii de reactie cetonele
IIT si 1V au dat oximele XXXIX si XI,. Prepararea oximei cetonei I nu a reusit,
izolindu-se substanta nereactionatd, iar in cazul cetonelor V si VI, s-a obfinut
de asemenea I prin hidroliza grupérilor mono- si dicloracetil.

H,C
\r_N XXXIX R = —CO—CH,
|
HC—C—! I NHR XL R = -CO—C,H,
I Ny
HON

TLa toate substanfele sintetizate s-au ridicat spectrele in IR (KBr si CHCI,
— pentru compusii solubili), precum si spectrele in UV (etanol si cloroform),
care confirmi structura propusa. Anumite particularitdfi spectrale credem ca sint
importante in vederea intelegerii relafiei dintre structurd si reactivitatea substan-
telor descrise, necesitind insd un studiu separat.

Partea experimentald. Punctele de topire sint necorectate. Analiza elementard a azotului s-a efec-
tuat in Laboratorul de Sinteze — Imstitutul Oncologic Cluj, prin bunivointa Dr. Gagin Florian.

2-Acilamino-4-metil-5-acetiltiazolii 1V, V' si V1. 0,1 moli 2-amino-4-metil-5-acetiltiazol (1) 2" s-au
suspendat in 50 ml xilen si s-au adiugat sub agitare 0,2 moli din clorura de acid corespunzitoare,
proaspit distilati. Dupi o refluxare de 15" si ricire, amestecul s-a turnat peste 200 1l api cu gheati.
iar dupd o sederc de 2 ore precipitatul s-a filtrat, uscat la temperatura camerei 5i recristalizat.
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< by - O/
t . . ;0 Cale. Gisit
v CyH N0, 78 Ac. acctic 203 10.76 10.59
(260,3)
v CyHCIN, 0,8 91 Metil-etil cetoni 185 12.04 12.18
(232,7)
VI C HCILN0,8 87 Ttanol 171 10.48 10.23
(267,1)

2-Acilamino-f-metil-5-(a-bromacetiljtiazolii 11, VII—X. 0,01 moli din cetonele I. HCL, ITL [2]si
IV — VI s-au tratat in 20 ml acid acetic glacial cu 0,01 moli Br,. Amestecul s-a incalzit la fierbere pina
la decolorarea solutiei (1--57), dupd care s-a ricit la gheati gi s-a filtrat a-bDromcetona, spilind preci-
pitatul cu ecter. Prin suspendarea in apd si neutralizare cu CO;HNa s-au obtinut bazele libere, care
s-au filtrat, uscat la temperatura camerei si recristalizat.

< - - g0
Sub-- ¥ (mzxula bruti Randa- | ¢ 1ot de recrist. | Ptoc N%
stantd {(Gr. mol.) ment Y cale. ahsit
151 ¢ H,BrN,08 - Etanol 1835 11,01 11,82
(235.1)
IT.HC1 89 Ac. acetic 199 - —
VII CeH BrN,0,584 — Etanol 161 -2 10,10 10,31
(277,1)
VII.HPBr 76 Ttanol 169 —70 — —
VIII C3H BN, O, 8B — Iitanol 1902 8,55 8,63
(339,2)
VIII.HEBr 96 Ac. acetic 238--9 =
X CoHBrCIN, 0,5 - Iitanol 155 8,99 9,07
(311,6)
IX HBr 63 Metil-etil cetoni 177 -8 - -
X.HBr CH,BrCLN,0,8 78 | Ac. acetic 138--9 6,58 683
(427,

A-cale. C 34,63 H 3,27 gisit  C 34,92 H 354
B-cal.e C 46,03 H 3,27 gisit C 46,33 H 3,24

2-lodacctilamino-4-metil-5-acetiltiazolul 1N, 2-Amino si 2-acctilamino-4-metil-5-(a-1odacetil) tiazolti
XIT. 51 X171, 0,01 moli din cetonele II, V si VII s-au tratat in 20 ml etanol cu 0,01 moli KI, dizol-
vati in 2 ml api. Dupld o refluxare de 30’ solutia s-a tratat cu C activ si s-a filtrat. Prin ricire la
gheatd au depus a-iodcetonele, care s-au filtrat, spilat cu api, s-au uscat la temperatura camerei si
recristalizat. a-Todcetona XTII s-a obtinut prin tratarea cu 10 vol. de api a solutiei etanolice, filtrare
s1 uscare la temperatura camerei.

B : A p - N

Substanti 1<»m‘mld br}lt“ Rand% Solvent de recrist. PteC : -

(Gr. mol.) ment Y, cale. gasit

bN | CH,IN,0,8 16 Ktanol 169 8,64 8,82
(324.1)

XI1I* HHIN, O 63 tanol 154--5 9,93 9,97
(282,1)

XIIT* CyHLIN,O,5 67 Ester acetic 1689 8,64 8,44
(324,1)

»

-+ culoare galbena;


BrN2O2.SA
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2-lodacetilamino-4-metil-5-(a-1odacetil)tiazolul X1V. 0,01 moli din cetona IX in 20 ml etanol s-au
tratat cu 0,02 moli KI dizolvati in 3 ml api. In continunare s-a procedat ca si la prepararea IX si
X1I. Recristalizarea s-a ficut din etanol (Pt == 162° desc.) Randament 529.

XIV CHI,N,0,5 (450,0) Cale. N 6,22 Giasit N 6,48

2-Amino si 2-acilamino-4-metil-(5,4’)-2 -aminobitiazolit XV, XVI s¢ XV1III. 0,01 moli din «-brom-
cetonele 11, VII si VIIT. HBr s-au tratat in 20 ml ctanol sau acid acetic glacial cu 0,01 moli tiouree.
Amestecul s-a refluxat 10”7 §i s-a ricit la gheatd. Bitiazolii sub formi de bromhidrati au fost filtrati
si apoi tratati cu o solutie apoasi de COzHNa, obtinindu-se bazele libere.

NP Formula bruti Randa- | ., i r s N %
Substanti (Gr. mol.) ment Solvent de recrist. Pt e, e
XV CHNS, 89 Etanol 207--9 26,27 25,93
(213,3)
XVI CoH,eN,08, 82 Ftanol 2587 20,03 20,13
(254,3)
XVIII €,,H,,N,08, 47 Ttanol 110 17,70 17,94
(316,4)

2-Acetilamino §1 2-benzoilamino-4-metil(5,4')-2 -acctilaminobitiazolic XVII si NI1X. Prin acilarea
cu anhidridi aceticd, la fierbere timp de 107, a bitiazolilor XV, XVI si XVIII, filtrarea si spilarea cu
eter a precipitatelor, s-au obtinut compugii XVIT si XIX, cu randamente de 68 i respectiv 749%,.
XVIT este insolubil in solventi organici sau aposi, Pt > 300°, XIX recristalizat din ctanol (Pt == 243°).

XVIT C,H,N,0,8, (2964) Cale. N 1890 gasit N 18,75
NIX O H,N,0,8  (3584)  Cale. N 15,62  gisit N 15,21

2-Amino i 2-acilamino-4-metil-5-(a-tert-aminoyacetiltiazolii. YN - XXX, 0,01 moli din a-brom-
cetonele 11, VII i VIIT s-au suspendat in 20 ml ester acetic i s-au tratat cu 0,02 moli morfolind, pipe-
riding, dimetilamind (sol. apoasd 339,) sau dictilamini. Dupd o refluxare de 5 amestecul s-a ricit,
s-au addugat 20 ml etanol si 100 ml api (solutia in ester acetic a derivatilor dimetilaminici gi dietil-
aminici a fost in prealabil tratatd en C activ si filtratd). Dupa citeva ore precipitatul s-a filtrat si
uscat la temperatura camerei.

Substanti Fom\mlu bruti Randzp Solvent de recrist. PC N %

(Gr. mol.) ment 9, cale. glsit
XX €1ty N,0,8 86 Iitanol 211 2 17,41 17,43
XXI Clll(l}j;f;{;(?)S 77 Etanol 208 - 10 17,55 17,38
XXIT cau(:n‘;%g)ﬁ 60 Ttanol 225 6 21,08 20,83
NXIII CIOI(II;::?\if())S 48 Acetond 152 4 18,48 18,31
XXIV C,QI({:,f;;;());,S 72 Ester acetic 260 14,83 14,66
XXV cl;,;l}fi:fg)zs 41| Ester acetic 152 14,96 14,85
NXVI (‘1(,1(1:2;":())25 46 | Ester acetic 249 8 17,41 17.48
XNXVII C,21<I:,ii"j())23 38 Ester acetic 227 15,60 13,43
NXVII c,,l(f,:i":())as 87 Etanol 169 - 70 12,16 12,13
XXIX C,al(:.:;\’:;?)z\% 54 Izo-propanol 160 1 12,23 11,89

(344,4)
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Fenilhidrazonele (XXX —XXXII) cetonelor I, III 5i IV st fenilhidvazonele (XXXIII XXX
a=morfolinocetonelor XX, XXIV st XXVIII. La 0,5 gr cetond sau «-morfolinocetoni in 10 ml etanol
s-au addugat | ml fenilhidrazind ¢i 1 ml acid acetic glacial. Amestecul s-a refluxat 10’ si apoi §-a ricit
la gheatd. Precipitatul s-a filtrat, spilat cu NaOH 1 N apii, s-a uscat si recristalizat.

. Formula bruti Randa- | . - g 0 N %
Substantd (Gr. mol,) ment 9, Solvent de recrist. Pt°C cale. I g:isjit
XXX C.H NS 83 Fter 180 22,74 2271
(246,3)
XXXI C H 4N,05.H,0 45 Fster acetic 232 18,29 18,36
(306,4)
XXXIT* € H; H 08, H,0 68 Ttanol 168 15.21 15,32
(368.,4) ’
XXXIIT*|  C, H,N,08 59 Ister acetic 196 17,63 17,50
(817,4) desc. '
XXXIV* CigHea N, O, 5 28 Ftanol 208 15,59 15,82
(359,5) o
XXXVs CosH,y N0, 37 Itanol 162 13,29 12,88
(421,5)
* - culvare galbena.

2-Amino st 2-acetilamino-d-metil-5-(a-hidvoxilamino)-acetil tiazolii XXXT1" si XXXVII. Oximcle
XXXIX si XL ale 2-acilamino-4-metil-5-acetiltiazoliloy I1 si 1V. La 0,01 moli «-bromcetonid IT si VII
sau la 0,01 moli cetond TIT sau IV in 20 ml etanol si 10 ml api, s-au addugat 0,02 moli clorhidrat
de hidroxilamind si 0,02 moli acetat de sodiu. Amestecul s-a refluxat 30, dupd care s-a ricit si s-a
tratat cu 100 ml apid. Precipitatele s-au filtrat §i s-au uscat la temperatura camerei.

" 8 S O
Substanti Formula brutd Rand:(x: Solvent de recrist. PteC A‘ o
; (Gr. mol) ment 9% cale. | aisit
XXXVI* HHNO.5 85 Iitanol 184 —6 22,44 22,07
(187,2)
XXXVII* CeH N3OS 66 Fatnol 245--7 18,33 18,40
(229,3)
XXXIX CeH, N OL5 83 Iitanol 227 19,70 19,93
(213.3;
NI C,H,,N,0,5 75 Ttanol 205 -7 15,27 15,06
(275,31 desc. :
hd culoare galbend.

2-Acetilamino-4-metil-5- " n-{0-acetilyhidroxilamino Jacetiltiazolul XXX VI Prin fierbere cu anhidridi
aceticd timp de 10’ a derivatilor hidroxilaminici XXXVI gi XXXVII, s-a obtinut dupd ricire, filtrare
si uscare, compusul O-acetilat XXXVIII, cu un randament aproape cantitativ. Dupa recristalizare din
etanol Pt - 227 —8° [(culovare galbend).

XXXVIIL CoH N,0,5 (271,3) Cale. N 15,49 gasit N 15,31,

(Intrat in redactie la 23 mai (970)
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NOJIYYEHHWE M CBOVCTBA HEKOTOPBIX 2-AMHHO W 2-ALIHJIAMMHO-
-4-METHJT-5-(«-TAJIOTEHOALUETHJT) THA30JIOB

(Pesiome)

BpomupoBannem 2-aMuno0-4-MeTH/I-5-alleTHATHA30/2 M IIPOH3BOAHLIX 2-aNETHAAMHHO, 2-GeH30MIaMK-
HO, 2-MOHOXJOPAUETHAAMHHO H 2-JAHXJA0PALETHAAMHHO-4-METH/-5-aUeTHATAA30/1a aBTOP NOJAYIHA S-a-
-6pomKeTonn. [lin XapakTepHCTHKH 3THX IOAYNPOAYKTOB NPOH3BENEHO 3aMelleHne GpoMa IyTeM peakuny
¢ KI, a TakKe cHHTe3 HEKOTOPBIX GHTIAZ0JI0B, a-AMHHOKETOHOB H a-THAPOKCHJAAMHHOKETOHOB. PeaKTHBHOCTD
H YCTOHUYHBOCTb «-OPOMKETOHOB 3aBHCHT OT 2-aleTHIAMHHHOTO 3amecTATens. [anorenoaueTHJIaMHHHbBE
OYHKUHH THAPOJHIYIOTCH B NPHCYTCTBHH OCHOBHMWX peareHToB. MHTepec K CHHTE3y ranoreHoaueTHIaMHH-
HBIX HPONMSBONHLIX ONPaBALIBAETCS TEM, UTO 3Ta I'PYNIHPOBKa 00413]aeT aNKHANHDPYIOULHMH, NTOTEHLHAIBHO
LHTOCTATHYECKHMH  CBOJICTBAMH.

THE PRIEPARATION AND PROPERTIES OF SOME
2-AMINO AND 2-ACYLAMINO-4 METHYL-5-(a-HALOACETYL) THIAZOLES

(Summary)

By bromination of 2-amino-4-methyl-5-acetylthiazole and of the 2-acetamido-, 2 benzamido-,
2-chloroacetamido- and 2-dichloroacetamido-4-methyl-5-acetylthiazole derivates, the correspondent
5-(a-bromojketones were obtained. The bromine substitution to a-iodoketones, a-aminoketones, «-hydroxyl-
aminoketones as well as the synthesis of some bithiazoles was carried out in order to characterize these
intermediates. The 2-acylamino substituent directs the reactivity and stability of a-bromoketones.
The haloacetamido groups are rather unstable in bazic media: the interest in the haloacetamido deri-
vates synthesis is justified because of their known potential citostatic activity.

9 — Chemia 2/1970






DESCOMPUNEREA HIDROPEROXIDULUI DE CUMEN PE SCHIMBATORI
DE IONI (V)

Mecanismul reactiei

de
I. VODNAR si ED. TOTH

In primele patru articole din aceastd serie [1—4], precum si in citeva brevete
[5—7] au fost publicate o serie de rezultate obtinute la descompunerea hidropero-
xidului de cumen, in catalizd acidd, pe cationifi puternic acizi fabricati intara
noastrd. Pe baza acestor rezultate s-au calculat diferite mirimi cinetice si s-au
formulat o serie de concluzii importante, referitoare la mecanismul reactiei de
descompunere.

In afard de cele aritate mai sus, s-a efectuat analiza in IR si prin RMN a
materiilor prime folosite, a catalizatorului si a produsilor de descompunere. Pe
baza acestor analize s-au verificat unele ipoteze ale diferitilor autori, referitoare
la descompunerea hidroperoxidului de cumen in catalizd acidi. Toate aceste date
impreund cu discutarea mecanismului de reactie conceput de noi, formeazi
obiectul acestui articol.

Primul mecanism de descompunere a hidroperoxizilor organici in catalizi acidi a fost dat de
cdtre Kharash [8] care a studiat descompunerea hidroperoxidului de etilbenzen (vezi fig. 1) :

CH—CH
6* P+ HO ®

I

+
4 | C'H—CH3 H
N OOH H,0

+

CH—CHy, __ . 0—CH—CH, ®

+

o
+

0—CH~Ch CH—CH o —CH—CH
Gi=Chy | T R L Lo
00K CHO e

Fig. 1. Mecanismul reactiei de descompunere a hidroperoxizilor
organici, descris de Kharash,

\

«©—
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Referitor la acest mecanism de reacfie o serie de autori aduc argumente care partial confirma,
iar partial infirmi schema dati. Astfel, Seubold si Vaughan [9] sint de pirere ci carbocatio-
nul format in reacfia 2 suferd o disociere hidrolitici prin care se formeazi fenol, aldehidd acetici si
se regenereazd Ht (vezi fig. 2):

Fig. 2. Disocierea hidroliticA a carbocationului
dupd Seubold si Vaughan.

Krujalov gi Golovanenko [10] constatd o analogie intre mecanismul descris de Kharash
§i transpozifia Beckmann a oximelor. Plecind de la aceasti constatare ei presupun formarea cai
intermediar a unui semiacetal care apoi se descompune in fenol §i acetoni (in cazul hidroperoxidulu
de cumen; vezi fig. 3):

[ |cuﬂ Chy
—c* —C—0—0—H
| + | -
‘ CH, | CH,
i oy { Ch
—~c—0" 0—EC—0H
| CH, | CH,
OH CH—CO—CH,

¥ig 3. Descompunerea semiacetalului dupi
Krujalov gi Golovanenko.

S®guunovsgicolaboratorii {11}, pe baza unui numdir mare de date cinetice, propun un mecanism
de propagare in lan}{ cu carbocationi. Mai tirziu, acelagi Sugunov publici o laucrare [12] in care se
aratd cf mecanismul cu carbocationi, inclusiv cel propus de Kharash [8] se sprijind numai pe faptul
cunoscut dupid care cifiva peresteri suferd foarte usor transpozitii intramoleculare [13—18], asemidni-
toare cu cele din mecanismul de descompunere a hidroperoxizilor. Susunov §i colaboratorii [12] au
demonstrat cd un adaus de 509, peracetat de cumen la proba destinati descompunerii nu are nici
o influentd asupra vitezei de descompunere a hidroperoxidului de cumen in mediu acid. Ca urmare,
s-a putut conchide cid reactia de descompunere a hidroperoxizilor in catalizi acidi nu se desfigoard
dupid un mecanism In lant carbocationic.
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In 1967, Susunov [17], sprijinindu-se pe datele existente in literaturi, di un mecanism simplifi-
cat, valabil pentru toti hldroperomz11 cu carbon tertiar. Astfel, el presupune cd in prima etapi a des-
compunerii are loc formarea unui complex al h1droperox1du1ul cu una sau mai multe molecule de
acid tare (fig. 4), dupd care complexul format se regrupeazd, dind un semiacetal:

i ;
|
R~ % 0-0-H+nHX ~ Ry c'-o 0-HHy  (©)
RJ RS
iy i
R ‘c 0-0-H/HX/ — R—0~ z: ~OH @
R, p5

Fig. 4. Mecanismul de descompunere a
hidroperoxizilor organici, desctis de Sugunov.

Ry, R, si Ry sint radicali de hidrocarburi 1IX cste un acid tare iar = 3= 1.

Semiacetalul format in reactia (7) este instabil si se descompune in fenol si acetond (in cazul hidro-
peroxidului de cumen).

Dintre produsii de descompunere, mai ales acetona, in anumite conditii de lucru, are un efect
favorabil asupra vitezei de descompunere a hidroperoxidului. Plecind de la aceastd constatare, Maslen-
nikov gi Susunov [18] presupun formarca produsului intermediar, instabil cu urmitoarea formuli:

CeHy— C(CH),00H -+ CH,COCH, —» C H,— C(CH,),00C/CH,/,01 8)

Hidroxi-izopropil-cumilperoxid

care se descompunc apoi, dind fenol si acctoni.

Schemele de mecanisme de reactie, precum si toate presupunerile care au fost descrise mai sus, se
refua la dcscompunueq hidroperoxizilor organiei in

atah/ i amdx drept catalizatori {iind utmza‘u
acizi Ttari,” ‘ca: HCL H,,S()d, HXNO,, HSO,H, HCIO, ete.”

Cu totul altfel se prezintd situafia in cazul cind descompunerea hidropetroxizi-
lor are loc pe cationifi puternic acizi, care sint prezenti in amestec in stare solidé‘
In astfel de conditii, in care am lucrat si noi, este greu de imaginat ca ar putea
s4 aibd loc formarea apei, asa dupd cum ne sugereazi Kharash in mecanismul

dat de el (vezi ecuatia 1). In defavorarea acestei reactii pledeazi si constatarea
facuti de noi dupa care mici adausuri de apd la amestecul de reactie reduc extrem
de mult viteza de’ “descompunere, sau alteori fac ca descompunerea si numai
aibd loc. S-a constatat cd, sub actiunea apei, cationitul utilizat drept catalizator
se dezactiveazd. Prin urmare, descompunerea hidroperoxidului de cumen pe catio-
111‘;1 putermc acizi, nu poatc ‘avea loc prin formarea’ : apei ca produs mtermedlar

Dupd un numdr mare de experiente de descompunere, efectuate prin f01051rea
diferifilor cationifi puternic acizi am putut constata ci descompunerea are loc Cu
vitezd mai mare in prezenta adausurilor de acetond. Aceastd constatare la prima
vedere pare si intdreascd presupunerea lui Maslennikov si Sugunov in privinta
formdrii produsului intermediar din ecuatia (8).
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In scopul de a se verifica aceastd presupunere, in conditiile noastre de lucru,
am efectuat mai multe experiente in care proba destinati descompunerii a fost
compusd din hidroperoxid de cumen si acetonda in diferite proportii. S-a lucrat
la 90°C, folosind drept catalizator diferii cationifi puternic acizi, fabricaji in
tara noastri. Am constatat cd descompunerea acestor probe se produce cu viteza
mare. In schimb, in urma analizei produsilor de reacjie am putut constata cu
destuld certitudine ¢ fenolul se formeazi in cantita$i foarte mici (cca 19).
De aici am tras concluzia ci in conditiile de lucru aplicate de noi descompunerea
hidroperoxidului de cumen nu poate avea loc prin intermediul hidroxi-izopropil-
cumilperoxidului (din ecuatia 8).

In fig. 5 se prezinti spectrul RMN al hidroperoxidului de cumen pur, preparat de noi si utili-
zat in aceste experiente speciale. Acest spectrn, dupd cunostinta noastrd, incd nu a fost semmnalat
in literatura de specialitate.

Se observid cd In acest spectru dispare dubletul caracteristic pentru cele dousd grupiri metil din
molecula de cumen (vezi fig. 6) deoarece dispare cuplajul spin-spin dintre protonii grupelor metil si
al hidrogenului care s-a indepirtat de atomul de carbon prin formarea functiunii hidroperoxidice.
Din aceleagi motive dispare multiplicitatea de 7 a hidrogenubui singular, alifatic al cumenului (¢ =
= 7,3). De asemenea, se observd o interactiune slabd spin-spin intre protonul din functiunea hidro-
peroxidicd si protonii din ciclul benzenic, ceea ce face ca singletul caracteristic protonilor aromatici

cii orientarea legiturilor de valentd din functiunea hidroperoxidicd este angulard si nu lineard, Aceasta
are o importantd mare in privinta mecanismului de reactie care urmeaza si fie descris de noi.

In fig. 7 se prezintd spectrul RMN al amestecului compus din hidroperoxid de cumen pur si
acetond purd, care a fost supus descompunerii pe cationiti putermic acizi.

Din aspectrul din fig. 7 reiese cd maximele caracteristice celor doud grupe metil ale hidroperoxi-
dului din amestec sint identice cu cele ale grupelor metil din hidroperoxidul pur (la v = 8,6). De ase-
menea, maximele caracteristice grupelor metil ale acetonei pure, sint identice cu cele ale acetonei

din amestec (la T = §,2).

o ot

T
Fig 5. Spectrul RMN al hidroperoxi- Fig. 6. spectrul RMN al cumenului.
dului de cumen pur.

In figura 8 este redat spectrul RMN al amestecului compus din fenol si acetonid. Acest spectru
s-a inregistrat cu scopul de a se putea compara cu spectrul produsului obfinut in urma descompunerii

amestecului de hidroperoxid de cumen pur §i acetoni purd.
Din figura 8 reiese ci protonii aromatici ai fenolului prezinti un quintet caracteristic, spre

deosebire de protonii cumenului care prezinti un singlet. Aceasta are o importantd deosebit de mare
in privinia identificdrii produsgilor obtinuti in urma descompunerii amestecului de hidroperoxid de
cumen $i acetond, printre care este de asteptat ca in afard de cumen si apard si fenolul.
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Fig 7. Spectrul RMN al amestecului Fig 8. Spectrul RMN al amestecului
de hidroperoxid de cumen si acetona. de fenol si acetond.

{n continuare s-a procedat la inregistrarea spectrului RMN al produsului obtinut in urma descom-
punerii amestecului de hidroperoxid de cumen pur §i acetonid pe cationiti puternic acizi (Vionit CS—1;
Vionit CS~-2; Vionit C8—3A, etc), la temperaturi cuprinse intre 80 si 90°C (vezi fig 9).

Se observd ci fenolul apare in produsul de descompunere in cantititi foarte mici. La aceeasi
constatare se ajunge si prin analize chimice obisnuite. In continuare produsul de descompunere u fost
tratat cu o solutie apoasi de NaOH in vederea elimindrii din amestec a fenolului, dupd care s-a
trecut din nmou la analiza prin RMN a produsului defenolat (vezi fig. 10).

e

o 4+ 2 3 & 5 6 7 6 9 w© L "/\‘]u

T Y 4 2 3 4 s 3 7 8 9 - Ll
Fig 9. Spectrul RMN al produsului Fig 10. Spectrul RMN al produsului
de descompunere. de descompunere tratat fcu o solutie

apoasd de NaOH.

La eliminarea fenolului s-a utilizat o solutie apoasi de hidroxid de sodiu 309;. Inainte de a fi analizat,
produsul defenolat s-a uscat pe sulfat de sodiu anhidru, dupi ce in prealabil a fost spidlat de mai
multe ori cu apa.

Spectrul din figura 10 este foarte asemdnétor cu cel al produsului de descompunere netratat
cu NaOH, ceea ce constituite incd o dovadid ci, in urma descompunerii amestecului de hidroperoxid
de cumen si acetond pe cationiti puternic acizi, fenolul se formeazi in cantitdti foarte reduse. Prin
urmare, se pare cii descompunerea hidroperoxidului de cumen nu are loc prin intermediul hidroxi-izo-
propil-cumilperoxidului (din ecuatia 8), asa dupd cum au presupus Maslennikov $i Susunov {181, deoa-
rece in conditiile de lucru aplicate de noi acest produs este prezent in cantitdti apreciabile, in schimb
prin descompunere acidd, asa dupd cum s-a constatat, acesta nu di fenol.

Tnainte de a trece la schitarea mecanismului reactiei de descompunere, am considerat necesard
analizarea cationitului proaspit, incd neutilizat si al celui utilizat drept catalizator in 30 de experiente
de descompunere. Analiza s-a efectuat atit prin RMN cit si in IR, fiind inregistrate spectrele celor doui
calitdfi de cationit (fig. 11-—-14):

,w/ X
AWV —

¢ 5 8 O 2 % 6B B W R X 6 A N R % ¥ B w0

Fig 11. Spectrul IR al cationitului neutilizat.
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Din spectrele RMN si IR prezentate in fig. 11— 14 reiese cii, utilizat in calitate de catalizator
la descompunerea in catalizd acidd a hidroperoxidului de cumen, cationitul nu suferd modificdri struc-
turale care ar putea si fie puse in eviden{d prin metodele de analizi aplicate de noi.

AN

AL M |~

“ s L3 L ] €8 20 2 u & X xR X % XN o«

Fig. 12. Spectrul IR al cationitului utilizat la 30 de experienfe de descompunere.

In urma datelor cinetice §i a amnalizelor efectuate asupra materiilor prime,
catalizatorului folosit si nefolosit, precum gi asupra produsilor de descompunere,
pentru reactia de descompunere a hidroperoxidului de cumen in catalizd acida pe
cationiti puternic acizi se propune mecanismul de reacfie descris mai jos.

n prima etapd a reactiel are loc chemosorbfia hidroperoxidalui de cumen
pe centrele active, acide ale cationitului, dupd care are loc formarea complexului
protonat al hidroperoxidului de cumen. Dupd presupunecrea noastrd acest complex
este de formi ciclicd, asa dupd cum ne indicd fig. 15,

In favoarea formirii complexului protonat ciclic pledeazd oarecum si faptul
ca hidroperoxidul de cumen se descompune in fenol si acetona si in prezentfa cata-
lizatorilor cum sint: AICl;, BF, etc, care nu posedd protoni (flind acizi Lewis),
dar care se pot adifiona la perechea de electroni a oxigenului din functiunea hidro-
peroxidicd, descompunerea hidroperoxidului putind si aiba loc deci fird formarea
apei ca produs intermediar, De asemenca, energia de activare a reacfiei de des-
compunere a hidroperoxidului de cumen pe cationiti puternic acizi, este mica
(1416 kcal/mol].

Fig 13. Spectrul RMN al Fig. 14. Spectrul RMN al ca-
cationitului neutilizat. tiopitului utilizat la 30 de
experiente de descompunere.
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Structura si orientarea sterici a moleculei de hidroperoxid de cumen fac
posibila formarea complexului protonat ciclic. Carbonul terfiar din molecula de
hidroperoxid de cumen are legdturile chimice orientate analog cu cele ale molecu-
lei de metan. Din cauza substituentilor voluminosi va exista totusi o micid abatere
de la modelul tetraedric. Legidtura C--0 formeaza cu legdtura 0—0 un unghi de

/ 0—350,— Cationit
i
\c ............ 0——H
HC \C o
yd
HC

Fig. 15. Complexul protonat ciclic al hi-
droperoxidului de cumen.

95°, iar legdtura 0—0 inchide cu legdtura O—H un unghi tot de 95° [19]. Planul
atomilor O—O—H este perpendicular pe planul nucleului benzenic, fiind planul
de simetrie al moleculei de hidroperoxid de cumen. Hidrogenul din funcfiunea
hidroperoxidicd prin rotatia liberd a legdturii O—O poate ocupa multe pozifii
care si permiti formarea complexului protonat ciclic.

In a doua etapi a reactiei are loc descompunerea complexului protonat ciclic
prin ruperea concomitentd a legiturilor C—C si O—O0, cu formarea imediatd a
acetonei §i fenolului (vezi fig. 16):

’502 —Cahonit
4]

7 OH
! H CH
A : 7 | ’ Cationit
C------------(—D——H — Hl=0 + ]
SO.H
N\ CH, 3

O
e

Fig. 16, Descompunerea complexului protonat ciclic al hidroperoxidului de
cumen, in fenol si acetoni.
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Coneluzii. In urma rezultatelor experimentale obtinute la descompunerea hidro-
peroxidului de cumen pe cationifi puternic acizi {177, precum si in urma calcu-
lelor cinetice, a analizelor efectuate in IR si prin RMN asupra materiilor prime,
cationitului folosit si nefolosit si asupra produsilor de reactie, se propune un
mecanism pentru reacfia de descompunere a hidroperoxidului de cumen, care presu-
pune formarea pe suprafata cationitului a unui complex protonat ciclic al hidro-
peroxidului de cumen care apoi se descompune, dind fenol si acetoni.

(Intrat in redactic la 2] mai 1970)
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PA3JIOXKEHHE THIIPONEPEKHCH KYMOJA HA MOHOOBMEHHWKAX V)
Mexanusm peaxuyuu

(Peziwonme)

Beaencrsue pesyapTaToB, NOJMYYeHHbIX IPH PA3JIOKeHHH THAPONEPEKHCH KYMOJA HA CHIBHO KHCJIBIX
KaTHOHHTOB [l —7], a TakaKe BC/IeJCTBHE KHHETHUECKHX BhIUHCaenHi u anaauszo UK u AMP cuipes, ue-
[IOTB30BAHHOTO M HEUCIIOVB3OBAHHOIO KATHOHHTA H IHPOAYKTOB pedaKUHIl rpeilaraercst MexawHsMm JJs
PeaKUHy PAa3IoKeHHS THIPONePeKHCH KyMoJa.

Cor1acHo npPe;UIoXeHHOMY MeXaHH3My, Ha NOBepXHOCTH KaTHOHHTA 00pasyeTcsl HPOTOHHPOBAHHBIN
UHKJIHUECKHHA KOMINIEKC THIDONEPeKHCH KYMOJga, KOTODBIL 34TeM pasJjaraercsl M nojyuaercss (eHos
AUETOH.

DECOMPOSITION OF CUMENE HYDROPEROXIDE ON ION EXCHANGERS (V)
Reaction Mechanism

(Summary)

On the basis of the results obtained in the decomposition of the cumene hydroperoxide on stron-
gly acidic cationites [1—7] and using the results of kinetic calculations and infrared and NMR analy-
sis of starting materials, cationite and reaction products, a mecahanism is suggested for the decomposi-
tion reaction of cumene hydroperoxide.

According to the suggested mechanism a protonated cyclic complex of the cumene hydroperoxide
is formed on the cationite surface. This complex is further decomposed to give phenol and acetone.
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UBER «-DIOXIMINKOMPLEXE DER UBERGANGSMETALLE (XXIX)

Potentiometrische Untersuchung iber die Bildung der Kupfer (II)-chelate mit
1,2-Cyclopentandiondioxim

FRANCISC MANOK, CSABA VARHELYI und ILONA MIKULAS

Die a-Dioxime bilden im allgemeinen mit Kupfer (II)-salzen in Wasser leicht
18sliche, braune Chelatverbindungen. Im Falle des Dimethylglyoxims entstehen
braungetbe Chelate mit einem Molarverhdltnis Cu:DH, = 1:1, bzw. 1:2 [1]. Die
Stabilitdtskonstanten der Cu(DH)* und Cu(DH), wurden aus potentiometrichen
Messungen, im Vergleich zu den analogen Komplexen anderer Ubergangsmetalle,
wie Co(I1), Ni(II) und Cd(II) durch Burger und Mitarbeiter [2—41, und Dyrssen
(51, als auch aus Ldslichkeitcversuchen [6] berechnet. Von den Kupfer (11)-
Chelaten der anderen Dioxime wurden die Derivate des o-Chinondioxims [7]
des Acetylacetondioxims [8] und TFuryldioxims [9] untersucht.

Die analogen Chelate des Kupfers mit vicinalen alycyclischen Dioximen wurden
sehr wenig untersucht. Peshkova und Bochkova [10] haben einige poten-
tiometrische Messungen im Falle der 1,2-Cyclohexandiondioximato-kupfer (II)-
derivate in 509, iger wissriger Dioxanlosung durchgefiithrt.

In unseren fritheren Arbeiten [11, 127 haben wir das Kupfer (1I)-Cyclohexan-
diondioxim-System im Wasser durch kolorimetrische, potentiometrische und polaro-
graphische Messungen untersucht.

Das niedrige Homolog der alycyclischen Dioxime, des 1,2-Cyvclopentandion-
dioxim (Cpdox-H, = C;HN,0,) wurde von koordinationschemischen, bzw. analy-
tischen Standpunkt aus sehr wenig untersucht.

Iis wurde beobachtet, dass das Cyclopentandiondioxim, im (Gegensatz zu den
hoheren Homologen (Cyclohexandiondioxim, Cycloheptandiondioxim), das Nickel
aus wilssrigen I,6sungen nur in einem engen pH-Bereiche zwischen 8—9 ausschei-
det [13]. Ihre Xobalt (III)-Verbindungen des Typs [Co(CpdoxH),(Amin),]X
haben eine kleinere thermische Stabilitdt, als die entsprechenden Derivate des
Cyclohexandiondioxims. Die Bestindigkeit gegen Hydrolyse fallt in der Reihe
{Co(DH),X,]” > [Co(NioxH),X,] > [Co(CpdoxH),X,]~

Die Wechselwirkung des Cyclopentandiondioxims mit Kupfer (II)-salzen
wurde nicht untersucht.



140 FR. MANOK, CS. VARHELYI, I. MIKULAS

Man kann annehmen, dass auch in Kupfer (1I)-Cyclopentandiondioxim-Wasser-
Systemen, analogerweise mit den anderen a-Dioximen sich folgende Gleichgewichte
einstellen :

Cu?** + Cpdox - H, & Cu(Cpdox - H)* 4+ H* (N
Cu?* 4 2Cpdox - H, 2 Cu(Cpdox - H), + 2H* 2)

Beim Behandeln der Kupfer (II)-salzlésungen mit Cyclopentandiondioxim
in acetatgepufferten Losungen entsteht nur eine braune Firbung, und in Gegen-
satz zu dem Cycloheptandiondioxim, fallt kein kristalliner Niederschlag aus méssig
konzentrierten ILosungen aus.

In vorliegender Arbeit wurde eine potentiometrische Untersuchung fiir die
Bestimmung der Gleichgewichtskonstanten der Reaktionen (1) und (2): K, und
K, durchgefiihrt.
™ Es wurde auch die Siuredissoziationskonstante des 1,2-Cyclopentandiondioxims
bestimmt und mit Hilfe dieses K, -Wertes die Bildungskonstanten @£, uad 8,
der Kupfer (II)-cyclopentandion-dioxim-Chelate berechnet. Die Bestimmungen wur-
den bei 20° in thermostatierten Bedingungen durchgefithrt. Die Ionenstirke der
Losungen wurde mit Hilfe von NaNO,; auf p = 0,2 eingestellt.

Bestimmung der Gleichgewichiskonstante K, der Reaktion (1.) Es wurde die
Anderung der Wasserstoffionenkonzentration in verschiedenen Cu(NQ,), — Cyclo-
pentandiondioxim-Mischungen im Verhiltnissen Cu?*/Cpdox - H, = 8 verfolgt.

Die pH-Werte der Losungen wurden mit einem pH-Meter LPU (UdRSS) unter Verwendung von
einer Glaselektrode, als Indikatorelektrode, gemessen. Die Wasserstoffionenkonzentration wurde mit
Hilfe einer Eichkurve ermittelt.

Man kann annehmen, dass die Reaktion (2) im Falle eines genug grossen
Uberschusses von Kupfer (II), im Vergleich mit dem Chelatbildner, praktisch
nicht stattfindet, und auch die Hydrolyse des Kupfers (II) in dem untersuchten
pH-Bereiche vernachldssigt werden kann. In diesem Falle sind folgende Gleichun-
gen giiltig:

(Cu(CpdoxH)*] = [H*] 3)
Coustt — [H*] = [Cu??] (4)
Cdeox'H, - [H+:] = [deOX : H2] (5)

wo Cepr+ und Cepgox.nm, ist die Gesamtkonzentration des Cu(NO,),, bzw. des
1,2-Cyclopentandiondioxims.

Fir K, haben wir die folgende Gleichung:

[H+]

K, =
' {Cout+ — [Hﬂ}‘{Cdec’x.m_ (H*]} (6)
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Die Messergebnisse und die mit Hilfe der Gleichung (6) berechneten X;-
Werte sind in Tabelle 1 zusammengestelit,

Tabelle 1
Gleichgéwichtskonstanté (K;) der Reaktion (1)
X Cdeox 1, [Ht] [Cpdox - H,) [Cuzt]
o. K,

104 104 104 104
1 2,64 1,95 0,69 99,75 5,52.10~¢
2 5,28 3,36 1,93 98,35 5,91.10—¢
3 7,92 4,35 3,67 97,35 5,44.10—1
4 10,56 5,40 5,16 96,30 5,87.10—*
5 13,20 6,30 6,90 95,40 6,02.10~¢
Mittelwert : 5,8 .10

Wie ersichtlich schwanken die berechneten Werte der Konstante um einem
Mittelwert, was darauf hinweist, dass die Reaktion (2) in unseren Experimentier-
bedingungen ohne weiteres vernachlissigt werden kann.

Bestimmung der Gleichgewichtskonstante K, der Reaktion (2). In einer ande-
ren Reihe von Messungen wurde das Cu® — Cpdox - H, — Verhiltnis zwischen
3 und 0,4 verdndert. In solchen Bedingungen kann man die Reaktion (2) nicht
vernachldssigen.

Zur Berechnung der Gleichgewichtskonstante K, wurden folgende Gleichun-
gen angewendet:

(7)

CC:.(2+ = [Cl12+] {1 e X, [Cpdox. H,] 4 K,;{Cpdox - szz}

(H+] (H+ ]2

Cdeox = [Cpdox - H,] + [deOX H- ]+ Cu”{K’ . [Cpdox - H,] 2K, - [Cpdox - H:]n}

(H+] (H+ ]
(8)

Das Cyclopentandiondioxim ist eine sehr schwache Siure und deshalb kann
man die Konzentration der Cyclopentandiondioxim-Ionen ([Cpdox - H™]) bei den
Rechnungen vernachlissigen,

Mit Beriicksichtigung dieser Erscheinung geht hervor:
Cdeox SH, T [deOX . HZ] = [H+} (9)

Durch Kombination der Gleichungen (7), (8) und (9) gelangt man zur Endglei-
chung :

K, = [H+]® 4 [H*] - K, - [Cpdox - H,J{[H*] — Ccur+} (10)
[Cpdox. H,J* {2Ccu+ — [H+]}

Die Messergebnisse und die auf Grund der Gleichung (10) berechneten K,-
Werte sind in Tabelle 2 zusammengestellt.
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Tabells 2
Glaiehgéwichtskonstanté (K,) der Reaktion (2)
CepdoxH [(H+] [Cpdox « H,] [Cust)

No. 100 10¢ 104 104 K.
1 26,4 14,5 11,9 20,3 0,809
2 39,6 19,3 20,3 20,3 0,816
3 52,8 23,2 29,6 20,3 0,820
4 13,2 9,5 3,7 40,6 0,808
5 26,4 17,0 9,40 40,6 0,827
6 39,6 23,5 16,1 40,6 0,482

Mittelwert : 0,82

Zur Berechnung der Bildungskonstanten {; und B, der Kupfer (II)-cyclopentandiondioximin-
Chelaten wurde auch die erste Séuredissoziationskonstante des Cyclopentandiondioxims in 0,2 m NaNQ;
bestimmt.

Es wurde die Wasserstoffionenkonzentration der teilweise mit 0,01 n Natriumhydroxyd neutralisier-
ten Cyclopentandion-dioximlosungen in 0,2 m NaNO, gemessen. Die storende Wirkung der Kohlensdure
wurde vorher durch 10—12 Min. Sieden entfernt. Die genaue pH-Werte wurden mit Hilfe einer
Tichkurve ermittelt. Die Messergebnisse und die berechneten Sauredissoziationskonstanten (Ka)
befinden sich in Tabelle 3.

Tabelle 3
Bestimmung der ersten Sinredisoziationskonstante des 1,2-Cyclopentandiondioxims
[Nat] [H+] [Cpdox - H™] [Cepdox « H, | K,
8,25.10—4 2,50.10—10 7,91.10™* 25,09.10—# 7,88.10—1
16,50.104 8,60.10—-11 15,50.10# 17,50.10—* 7,62-1071
24,75.10—* 3,75.10—11 22,46.10—4 10,54.1074 7,99-10—1
Mittelwert : 7.8 -10—u

Cepdoxir, = 33,0 - 1074

Die erste Siuredissoziationskonstante dieses alycyclischen Dioxims hat eine
den K -Werten anderer a-Dioximen entsprechende Grissenordnung,
Fir die Bildungskonstantend §, und B, der Kupfer (I1I)-cyclopentandiondio-
ximin- Chelaten wurden folgende Werte erhalten :
K, . X,

B, == =74.10"; pB,= = 1,4 - 102

K, (Ka)*

Aus dem Vergleich dieser Bildungskonstanten mit denjenigen der analogen
Kupfer (II)-cyclohexandiondioximin-Chelaten, geht hervor, dass der 8, fiir Cu(Cpdox
‘H)* kleiner als B, fiir Cu(Niox-H)* ist. Der 8,-Wert ist fiir Cu{Cpdox-H), gros-
ser, als derjenige fiir (Cu(NioxH),.

Der Bildungsgrad der Kupfer (II)-cyclopentandiondioximin-Chelaten ist bei
gleichwertigen Oximkonzentrationen kleiner, als derjenige, der analogen Cyclohexan-
diondioximin-Chelaten, was durch den schwicheren sauren Figenschaften des

Cyclopentandiondioxims im Vergleich mit seinem héheren Homolog erklirt wer-
den kann.

(Eingegangen am 1. Juni 1970)
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DESPRIY «-DIONIMATII METALELOR DE TRANZITIE (XXIX)

Studiu polentiometvic asupra formdrii chelatilov de cupru (I1) cu 1,2-ciclopentandiondioxima
(Rezumat)

S-a studiat formarea chelatilor de cupru cu 1,2-ciclopentandiondioximi (CpdoxH, = C HgN,0,)
in solutii apoase, urmarind variatia concentratiei ionilor de hidrogen la amestecarea solutiilor de Cu{NOy),
si Cpdox-H, in diferite proportii.

Formarea chelatilor are loc in doud trepte: (1) si (2).

Folosind un exces mare de Cu?+{Cu®+/Cpdox.H, 2> 8), s-a calculat constanta de echilibru a reac-
tiei (1) (K, == 5,8.1072). Prin amestecarea solutiilor de Cu®*t si Cpdox.H, in concentratii apropiate,
s-a calculat valoarea constantei de echilibru pentru reactia (2) (K, ==0,82). Tdaria ionici constantii a
solutiilor a fost asigurati cu NaNO, 0,2 m.

S-au comparat constantele de formare £, si 4, cu valorile corespunzitoare referitoare la chelatii
de cupru (II} cu 1,2-cyclohexandiondioximi. S-a determninat si constanta de aciditate a CpdoxH, in
NaNO, 0,2 n prin metoda potentiometricd.

Ob «-IMOKCHMMATAX IIEPEXOIHBIX METAJIVIOB (XXIX)

[Tomenyuomempuueckoe wceaedosanue obpazosanus xeaamos medu (11) ¢
1, 2-yuraonermanduoROUOKCLUMOM

(Peswowme)

ABTODHl H3yuaaH o0Gpas’oBanHe xegatoB MelH ¢ 1,2-mnkaonentanpuonanokenmom (Cpdoxt, ==
= C;H N,Op) B BOAHBIX pacTBOpax, IPOC/AeKHBAs H3MeHeHHe KOHLUEHTPAUMH BOJLOPOJAHBIX HOHOB IIPH
CcMelIHBaH UM pactopoB Cu(NQy), H Cpdox-H, B pasjHuHBIX NPOMNOPLUHSX.

Ofpa3zoBaHHe XenaToB HMeeT MecTo B ABYX cryvnensix: (1) 1 (2).

Henonbays 6ostioft n36utok Cu?t (Cu?t/Cpdox-H, 2= 8), aBTOPH BBIUHCAKIH KOHCTAHTY DaBHO-
secust peakunu (1) (K, == 5,8.107%). Tlytem cmewnBanus pactsopoB Cu*t y Cpdox-H, B GH3KHX KOHILEH-
TpauHAX BHUHCAHJIOCH 3HaUeHHe KOHCTAHTH paBHOBecHA st peakliu (2) (K, = 0,82). HocTosunas noxnas
CHJIa pacTBOpOB Oblia ofectiedeHa NaNO, 0,2 H.

ABTOpPEI CPaBHMJIH KOHCTaHTH 06pasoBaHusi ; U B; ¢ COOTBETCTBYIOL(MMH 3HAUEHHSMH XeJaToB
medH (II) ¢ 1,2-unksorekcaHJHOHAHOKCHMOM. Dbiiia onpejlenienia B KoHCTanTa KHce/aoTHOCTH CpdoxH, B
NaNO,; 0,2 4 [I0TeHLUHOMETPHUECKHM METOA0M.






O NOUA METODA DE PREPARARE A 2-[5-NITROFURIL (2')]-
BENZTIAZOLULUI

Notd de laborator
VALER FARCASAN si FLORICA PATU

Incercdrile pentru obfinerea 2—[5"-nitrofuril (2')]-benztiazolului (I) incep
prin studiul comportirii la nitrare a 2-furil (2')-benztiazolului (IT) [1]. In stare
purd substanfa a fost preparati de H. Ber ger si colab. [2] sl apoi de noi [3]
pe alte cai.

I: R = NO,; IT: R==H; I11: R = Br

Cs ocazia cercetarilor pe care le efectudm in legdturd cu sinteza i compor-
tarile furil-benztiazolilor, am constatat ¢d 2-[5'-bromfuril(2’)]-benztiazolul (I11),
care se obfine cu randamente foarte bune prin bromurarea lui II [1], reactioneazi
cu nitritul de sodiu in acid acetic glacial pentru a da 2-[8-nitrofuril(2")]-benztiazo-
lul (I). O comportare asemanitoare a fost semmnalatd i in clasa furil-benzimi-
dazolilor [47.

Avind in vedere ci I este o substantd biologic activd [2] si cd reacfia de mai
sus reprezintd o metodd de praparare din multe puncte de vedere mai avantajoasi
decit cele cunoscute, am considerat utild publicarea et.

Metoda de tuern. 0,5 g TIT se dizolvd in 8 ml acid acetic glacial la cald. Se riceste la tempera-
tura ambiantd si se adaugd treptat, sub agitare, 0,37 g nitrit de sodiu mojarat fin. Se incilzeste pe
baia de api timp de o ord. Dupa ricire se filtreazi, iar precipitatul se spald cu api, obtinindu-se asticl
0,43 ¢ produs cu p.t. 231°C. Dupid recristalizare din 15 ml acid acetic glacial s¢ ajunge la 0,28 g
(63,59) substantd purd cu p.t. 234--235°C.

Proba amestecului cu I obtinut pe altd cale [3] nu di depresiune.

CHgN,O,8 (246,2) caleulat N 11,38
giisit N 11,19

(Intrat in redacfic la 9 iunie 1970)
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HOBbII METOI MOJYYEHHY 2[5’ ~HUTPO®YPUJI (2)] — BEH3THA30JIA

(Peszwowme)
ITyrém o6pabotku 2— [5' —6pombypua (2°)] — Gensrtrasona (II1) nutpuToM HaTPHS B AelSHONH yKcyc-

HOIl KHCJIOTE NTOJYHAeTCs C XOPOWHM BHIXOJ0M 2--[5 —nutpodypua (2°)]—Geustnazon (I).

NOUVELLE METHODE DE PREPARATION DU 2-{5-NITROFURYLI (2)]-BENZTHIAZOL
(Résumé)

Par le traitement du 2-[5" bromfuryle (2’)]-benzthiazol (III) au nitrite de sodium dans de l'acide
acétique placial, on obtient avec de bons rendements le 2-{3-nitrofuryle (2’);-benzthiazol (I).



G. Charlot, Les réactions chimiques en
solutions. L’analyse qualitative minérale (Reactii
chimice in solutii. Analiza calitativi anorganic).
VI-e édition, Masson, Paris, 1969, 468 p.

Cunoscut autor a numeroase lucrdri funda-
mentale din domeniul chimiei analitice (Les #éac-
tions électrochimiques, Cours de Chimie analytique
génévale, ete.), in lucrarea de fats trateazi aspecte-
le de bazid ale analizei chimice calitative anor-
ganice.

Lucrarea cuprinde trei pirti. In prima
parte — generalitdti, sint tratate bazele teoretice
ale reactiilor in fazd omogeni (oxidanti si reduci-
tori, acizi i baze, complecsi, complecsi si aciditate,
complecsi si oxido-reducere, oxido-reducere si
aciditate), reactiile cind sint mai multe faze (reactii
de precipitare, reactii in prezemta unui al doilea
dizolvant, schimbdtori de iomi, etc.), precum si
echilibrele nerealizate (reactii lente, indicatori
gi reactivi, relatii intre proprietdti si structuri),

Partea a doua se ocupid de proprietitile
chimice gi de caracteristicile jonilor (grupa meta-
lelor alcaline, alcalino-pimintoase, metalele pre-
ticase, compusi ai oxigenului, compusi cu sulf,
compusi ai halogenilor, ai fosforului, ai carbo-
nului, ete.).

Partea a treia se ocupid de tehnica si mersul
analizei calitative.

Doud aspecte de bazi se desprind din lucrare :

1. Fundamentarea

riguroasd a
analitice ;

reactiilor
2. Folosirea celor mai noi §i mai sensibili
reactivi de identificare.

Cu alte cuvinte, lucrarea trateazii analiza
calitativd prin. prisma celor mai moderne cuceriri
ale chimiei. Insisi clasificarea materialului re-
flectd acest punct de vedere al autorului.

Indicarea valorilor constantelor de echilibru,
a valorii potentialelor redox, precum si folosirea
a pumeroase grafice care descriu sugestiv echi-
librele folosite, confera lucrdrii nu numai un
inalt nivel de expunere, dar §i o ugoard accesi-
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bilitate, facind-o wunicd printre toate lucririle
similare apidrute pind acum.

Adaugind la nivelul stiintific ridicat si con-
ditiile grafice ireprosabile, lucrarea se recomandi
atit studentilor si cadrelor didactice din inviti-
mintul superior si din institutele de cercetiri,
cit si chimistilor analigti din laboratoarele uzinale.

C. LITEANU

Chemical energeties and the curriculum
(Energetica chimicd si programa scolard), Editat
de Prof. D. J. Millen, PhD., DSc., FRIC.
Editura Collins, 1969, London-Glasgow, 190 pg.

Cartea cuprinde materialul unor cursuri de
perfectionare a cadrelor didactice din inviata-
mintul liceal, avind ca temd introducerea unor
notiuni de energeticd chimicd la nivelul elevilor
de liceu. Cele 11 capitole care alcdtuiesc cartea
au fost scrise de autorititi recunoscute in diferite
domenii ale chimiei.

Scopul declarat al lucrdrii este acela de a
atrage atentia corpului didactic asupra princi-
palelor probleme energetice, care trebuie introduse
in invitdmintul liceal pentru o mai bund intele-
gere a fenomenelor chimice. Acest scop a fost
fari indoiali atins. Mai mult decit atit, unii
dintre autori sugcreazdl ciile cele mai accesibile
de predare a cunostintelor de energeticd chimica
si in toate capitolele se dau exemple utile gi inte-
resante de aplicare.

In primul capitol Sir Ronald Nyholm aratd
importanta energeticii ca bazil a intelegerii chimiei,
chiar la nivel de liceu, dind exemple cum se pot
distinge legiturile covalente de cele ionice. Liner-
giile de legdturd si de disociere sint tratate foarte
sistematic si clar, in capitolul al 2-leca, de R. A.
Ross. Capitolul al 3-lea, de R. B. Helsop, este
dedicat explicirii reactiilor endoterme. Ni  se
pare foarte inspiratd paralela dintre conducerea
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curentului electric sub o diferenti de potential
si cea a ,,caldurii” sub o diferentd de temperaturi.
De fapt ceea ce se transportd este in cel de-al
doilea caz dezordinea, in timp ce in primul caz este
sarcina electrici. Capitolele 4, de P. G. Ashmore
si 11, de C. A. Coulson sint dedicate relatiei dintre
energeticd si echilibru.

Energetica cristalelor ionice si a solutiilor
este tratatd de M. I,. Tobe in capitolul 5, folosind
cicturi Haber-Born si potentiale de electrod
standard. Din pidcate termenul de potential de
electrod este folosit in sensul de potential de oxi-
dare gi nu in sensul de potential de reducere,
agsa cum se recomandi de citre TUPAC, si cum
de altfel, il foloseste, in capitolul 11, C. A. Coulson.
Se dau Insi exemple excelente de aplicare a
energeticii la aprecierea stabilititii unor compusi
$i a posibilitéitii de realizare spontand a reactiilor.

Implicatiile energeticii in cineticd prin inter-
mediul  complecsilor critici sint bine expuse
si exemplificate de Peter Sykes in capitolul 6.
S, H. Walmsley, in capitolul 7, intitulat , Ener-
getica si radiatia’”, trateazl cuantificarea nivelelor
de energie din atomi si molecule cu multd compe-
tentd, dar nu ni se pare potrivitd exprimarea
cnergiei fotonilor in numér de unde (cm™?), intru-
cit duce la confuzii in legituri cu dimensiunile
fizice. D. J. Millen, in capitolul 8, face o excelenti
prezentare calitativi a legilor statistice, totusi
tratarea cantitativd este putin prea pretentioasi
pentru a putea gisi acces la intelegerea elevilor.
Acelasi lucrn se poate spune si despre capitolul 9,
al lui Allain Maccoll, dedicat volatilitdtii, mult
prea abstract si clasic, pentru a oferi vre-o idee
noua profesorilor de liceu.

In sfirsit, J. G. Raitt, in capitolul 10, di
sugestii de aplicare a conceptelor energetice in
prezentarea structuri atomului. Este deosebit
de bine tratatd legitura de hidrogen si sint foarte
bine alese experientele pentru demonstrarea nive-
lelor de encrgie din atom, si pentru punerea in
evidentd a legiturilor de hidrogen. Toate expe-
rientele propuse se pot efectua fiard alte adaptar
de elevi,

In ansamblu, cartea conmstituie un ajutor
pretios pentru profesorii de chimie gi de fizicd,
dar poate fi utild unui larg cerc de cititori, de la
studenti pind la specialisti in diferitele domenii
ale chimiei, de aceea o recomandim cu calduri

G. NIAC

In editura Bordas (1970), ,,Collection Ftudes
Supérieures”, J. C. Damiano publici volumul
Probl émes de chimie générale,

Cartea are 171 pagini si urmareste si puni
la indemina cititorului o serie de probleme (exer-
citii) din domeniul chimiei, in care se opereazi
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cu notiunile fundamentale de chimie generals
(chimie fizicd).

In cinci capitole sint trecute in revistd:
cinetica chimicd, echilibrele in solutii diluate,
electrochimia, termodinamica §i echilibrele chi-
mice, cel de al saselea fiind consacrat diagramelor,
Pentru fiecare capitol in parte sint definite foarte
clar notinile de bazid si se dau relatiile mate-
matice care sintetizeazd fenomenul san procesul
pus in discutie. Cele 75 probleme (exercitii) cu-
prinse in volum sint judicios alese si instructive,

Solutiile problemelor, discutate in detaliu,
formeazd obiectul pirtii a doua (85 pagini).

Lucrarea se adreseazi studentilor care au
cunogtintele fundamentale de chimie fizicd si
este de un deosebit folos pentru cel interesat si
revadi in timp scurt acest domeniu al chimiei.

V. PARCASAN

Das Fiseher Lexikon — Chimie (Lexiconul
Fischer — Chimie), redactat de dr. Hans Kel-
ker, prof. dr. Friedrich Klages, prof.
dr. Robert Schwartzsi prof. dr. Ulrich
Wannagat; editia nou#, Fischer Bficherei
G.mbH, Frankfurt amn Mein, 1970.

Lexiconul cuprinde capitolele de bazi ale
chimiei, aranjate in ordinea alfabetici a cuvin-
telor principale de titluri. Se trateazd succint
si la un nivel stiintific adecvat cele mai esentiale
probleme teoretice, cit §i aplicatiile practice ale
combinatiilor anorganice §i organice, ale proceselor
si reactiilor chimice. Se dan o serie de grafice,
tabele si date privind constantele fizice si alte
proprietdti ale elementelor s§i combinatiilor or-
ganice. Problemele cvidentiate prin cuvinte-ti-
tluri sint tratate pe baza celor mai moderne teorii
si interpretdri.

Cartea se adreseazdi pe de o parte specialis-
tilor in vederea reinnoirii, respectiv completérii
unor cunostinte din diversele domenii ale chimiei.
Totodatd, acest lexicon se adreseazi si acclor
nespecialisti care doresc sii-si insuseascad teoriile
si notiunile de bazi ale chimiei contemporane.
Pentru acestia din urmi redactia a intocmit un
indrumaitor, cu privire la ordinea ce se recomandi
a fi urmiritd in realizarea acestor studii.

Numirnl exemplarelor editate de la prima

aparitie (anul 1961) pind in 1970 atinge 175 000,
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fapt care ilustreazd interesul fati de acest lexicon.
In noua editfie (1968) au fost complet reficute
si modernizate temele tratate sub cuvintele-
titluri: atomi, legdturi chimice, nomenclaturd,
combinatii complexe, metale, nemetale, sistemul
periodic, seriile radioactive, acizi — baze — siruri,
etc. S-au adus completdri potrivit progreselor
cercetdrilor stiiniifice si la celelalte cuvinte-titluri.

Consideram foarte utild lista de bibliografie
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de la sfirgitul lexiconului, care cuprinde, sistema-
tizate pe teme, cele mai reprezentative manuale
si tratate de chimie editatin ultimii 15 ani.
In prima parte sint ingirate tratate generale (in-
troductiv), urmate de manuale ale domeniilor
speciale, corespunzitoare diferitelor ramuri ale
chimiei.

E. VARGHA
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Tn cel de al XV-lea an de aparitie (1970) Studia Universitatis Babe}—Bolyai cuprinde seriile:

matematica—mecanica (2 fascicule) ;
fizica (2 fascicule) ;

chimie (2 fascicule) ;
geologie—mineralogie (2 fascicule) ;
geografie (2 fascicule) ;

biologie (2 fascicule) ;

filozofie ;

sociologie ;

stiinte economice (2 fascicule) ;
psihologie—pedagogie ;

stiinte juridice;

istorie (2 fascicule) ;
lingvistica—literatura (2 fascicule).

Ha XV rogy wusgaHus (1970) Studia Universitatis Babe} —Bolyai BbIxognT cneaytowpyMm cepusamm:

MaTeMaTUKa—MeXaHuKa (2 BbINycka);
(msmka (2 BbiNycka);

Xumus (2 Bbinycka);
reosiorusi—mmHepanorus (2 BbiMycKa);
reorpagusi (2 Bbinycka);

6uonorns (2 BbIMycka);

thmnocous;

couvonorus;

9KOHOMUYECKME HayKM (2 BbIMycka);
MCUXO0/MOrNsi—edaroruka;
IOPUANYECKME HAYKU;

nctopusi (2 BbINycKa);
A3bIKO3HAHNe—/IMTePaTypoBefeHNEe (2 BbIMyCKa).

Dans leur XV-me année de publication (1970) les Studia Universitatis Babe} —Bolyai comportent
les seiies suivantes:

mathématiques—mécanique (2 fascicules) ;
physique (2 fascicules) ;

chimie (2 fascicules) ;
géologie—minéralogie (2 fascicules) ;
géographie (2 fascicules) ;

biologie (2 fascicules) ;

philosophie ;

sociologie ;

sciences économiques (2 fascicules) ;
psvchologie—pédagogie ;

sciences juridiques;

histoire (2 fascicules) ;
linguistique—littérature (2 fascicules).
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