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METODA RAPIDA DE CALCUL AI, VOLUMULUI DE ECHIVALENTA IN
TITRAREA POTENTIOMETRICA ACIDO-BAZICA (II)

de
D. C. CORMOS si 1. MARUSCIAC

intr-o lucrare anterioard [1], am indicat o metoda rapidd de calcul a volumului
de echivalentd in titrarea potentiometricd acido-bazicd a acizilor tari si slabi mo-
novalenti, precum si a bazelor tari i slabe monovalente, utilizind ca agenii de ti-
trare acid si bazd tare monovalenta.

In lucrarea de fatd extindem metoda de calcul prin prezentarea unei metode
generale §i rapide de calcul a volumului de echivalentd corespunzitor treptelor
succesive de neutralizare, aplicabild titrarilor potenjiometrice ale acizilor poliva-
lenti cu o bazd tare monovalentd (hidroxid de sodiu) i a bazelor polivalente cu un
acid tare monovalent {acidul clorhidric).

Pind in prezent nu existd in literaturd indicatii referitoare la vreo metodd de
calcul ¢ volumului de echivalentd in titrarea potentiometricd acido-bazicd care si
tind scama de concentratia principalelor specii ionice ale treptelor succesive de
disociere.

Metoda de calcul pe care o propunem In prezenta lucrare tine seama de con-
stantele de disociere side concentratia principalelor specii ionice care hotirisc va-
lorile pH-urilor corespunzitoare diferitelor stadii ale titrdrii. Metoda de calcul are
totusi caracter aproximativ In special in cazurile in care se folosesc in calcul pere-
chi de valori V — pH din imediata veciniatate a punctului de echivalentd, intrucit
nu fine seama de concentratiile tuturor speciilor ionice existente in solutie la pH-ul
determinat {2?. Concentratia unor specii ionice prezente si nefolosite in calcul
poate fi insd neglijatd dacd ne situdm cu calculul la o distantd adecvatd de volumul
de echivalentid care se determind, asa cum se vede din datele tabelului 2.

Calculul independent al volumelor succesive de echivalentd din datele titririi
potentiometrice este util in toate cazurile in care volumele succesive de echivalentd
nu pot fi deduse din valoarea primului volum. Astfel de situaiii apar, de exemplu,
in cazul titrdrii amestecurilor de NaH,PO, 4 HyPO, sau Ca(H,PO,), + H,PO,,
precum si in cazul titrdrii potentiometrice a heteropoliacizilor cind numairul de
protoni disociati la prima echivalentd poate diferi mult de cei disocia}i in treptele
urmitoare, Mentiondm totodati cd ¢i In cazul acizilor si bazelor polivalente aflate
singure intr-un sistem de titrare, valorile volumelor succesive de echivalenti pot
diferi intr-o oarecare mdésurid din cauza hidrolizei sirii rezultate la treapta respec-
tivi de neutralizare.
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In cele ce urmeazd se prezintd consideratiile teoretice care stau la baza calcu-
lului relatiilor utilizate pentru determinarea volumului de echivalentd in diferitele
trepte de neutralizare, precum si exemple de caleul privind modul lor de aplicare.
In acest scop se folosesc datele titririi potentiometrice ale acidului fosforic cu hi-
droxid de sodiu din tabelul 1.

I. TITRAREA ACIZILOR POLIVALENYI CU O BAZA TARE MONOVALENTA

a) Inainte de echivalenti, Deoarece acizii polivalenti se comportd ca acizi
slabi, valoarea pH-ului in diferitele stadii ale titririi se calculeazi cu ajutorul re-
latiei :

C
pH = pK, , + log == (1)
acid

in care Cyy. este concentratia sirii rezultatd in urma neutralizarii si C,.q este concen-
tratia acidului rimas incd neneutralizat i care se substituie in relatia (1) in mod
adecvat in functie de stadiul titrarii, iar pK, este logaritmul zecimal cu semn schim-
bat al constantei de disociere a treptei de neutralizare pentru care se calculeazd
volumul de echivalentd (V).

In cazul titrdrii acidului polivalent cu o bazd tare monovalentd se pot face
urmitoarele consideratiuni : dacd se titreazd V', ml acid polivalent de concentrafia
initala Cy 4 cu o bazd tare monovalentd de concentrafie Cp, atunci concentratia
acidului polivalent rdmas netitrat la a #-a treaptd de neutralizare va fi datd de
relatia :

. [ 3¢
A1 [
Crtyy A" 1= Oy —e = Oy @)
0 i 0 i

iar concentratia sirii formate la a wn-a treaptd de neutralizare va fi datd de re-

latia :

oy I/'
e Oy (1) 3
A B Vot V (ﬂ )( A Vo £ ( )

Introducind in relatia (1) valorile lui Cpy, A"70 §1 C4*7 din relatiile (2) si
(3), obfinem :

CBV e (?l——-l)CAVo (4)
nCyqVy — CpV

pH = pK, , --log

Intrucit are loc relatia
nCyVy=CgV, .,

inlocuind in (4) C,V, ¢ aranjind convenabil termenii, obtinem :

1
H = pK,, log| — 1 L — 5
p P e + OC( + n(Ve,n_V)) (b)
de unde
—————V”" 1 10pH~pK 6
wV,—V) T 4,8 ©)
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Dind acum lui V si pH succesiv doud valori, avem:

en = 1 -4~ 10#H~»pK
) ~ a,n (7)

B
e

en s .
s = ] + log lopH,—pI\u,n 8
w(V,,— Vs ° ’ ®)

de unde fmpartind membru cu membru si notind V, — V; = AV, obtinem:

AV

Ve,n = Vl ']L 1

)
Pa,n
in care

1 loplI,— -pKan

S vl (10)

b) Dupéa echivalenta. Pentru calculul valorii pH-ului de dupi al n-lea punct
de echivalentd, se utilizeazd relatia:

CBV — ’ilCAVo
(1 -+ 1)CqVy— CpV

pH = Pl{a,(n»»H) + lOg (11)
Inlocuind aici nC,V, = C4zV,,, obfinem:

V-V

PH = pKopniny + 10g;‘—+]—1/”——* . (12)

Din relatia (12) dupa o aranjare convenabild a termenilor, se obtine in mod analog

v )
:Wﬂ—— = 14 10P% (= ?H (13)
g ™ Ven
Dind si acum lui V si pH din (13) doud valori V,,pH, si V,, pH, si impirtind apoi
membru cu membru, obtinem :

V,—V
T = (14)
V,— vV
in care
1 -+ 10PKq,(n -+ 1)"PHs

Sam = 15
YO 106K a,(n - 1)"PH, (15)

de unde rezultd imediat
Ve = V:; + ’_AK— (16)

unde
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II. TTTRAREA BAZELOR POLIVALENTE CU ACIZI TARI
MONOVALENTI
a) Inainte de echivalenti. Tn cazul bazelor polivalente valoarca pH-ului in

diferitele stadii ale titririi dinaintea treptelor de neutralizare se calculeazd cu
ajutorul relatiei:

Csare
POH = pRiyy + log == (17)
baza
sau deoarece pH + pOH = pH,0, avem:
C
pH = pH,0 — pOH = pH,0 — pK,, — log—= (18)
“baza

in care Cgre $1 Chaza sint concentrafia sdrii rezultatd in urma neutralizarii si concen-
tratia bazei rimasd netitratd intr-un anumit stadin al titrarii §i care se substituie
in mod adecvat:

in cazul titririi bazei polivalente se pot face de asemenea urmitoarele consi-
deratiuni: dacd se titreazd V, ml bazd polivalentd de concentrafie iniiala Cpon) ,
cu un acid monobazic de concentratic Cyx, atunci concentratia bazei polivalente
rdmasi netitratd in treapta a n-a de neutralizare este datd de relafia:

vV |2

Criom" (,11) !1, = n(y —oh — Cyy —— (19)
‘,0 4+ 1 Lu :
iar concentrafia sdrii rezultatd, de relatia:
Crt = Cpy —— — (1~ 1) Cp —2— . (20)
Ve 4+ V Vo4 V
Din (17) folosind expresiile din (19) si (20) obtinem:
. CuyxV — (v — [)CrV
pH = pH,O — pK,, — log xl = Dtals (21)
nCpVy — Chyk
Punind i aici nCuVy = Cy, V.., avem:
. nV o— (- Hv,
pH = pH,0 — pK,, —log ————————,
w(V,, — V)
sau
nV - - 1V
{n Wen 1QPHO - pH - By, (L2)

w(V, — V)

e

Insd din (22) dupid o aranjare convenabild a termenilor, rezultd:

v
W | | 10PHO- PH PRy
n(V. . — V)

en
Dind acum doud valori lui V si pH si impartind membru cu membru relatiile rezul-
tate obtinem ca si In cazul precedent

AV
Ven =V, + 7= Po,n (21)
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in care
1 4 1028, PH,
o = o s 34
unde
pB, = pH,O0— pK,,. (25)

b) Dupéd echivalentii. Pentru calculul valorii pH-ului corespunzator diferitelor
trepte de neutralizare, se foloseste relatia:

Vo

Vv
Cux - —uCy .
Vo -+ ¥ Ty
PH = pH0 — pKy i1y — log— - - (26)
(n 4 1)Cp

, -~ Chyx = .
Vo 1 Vo - ¥

si deoarece avem nCpVy = Cy, V. dupd inlocuire in ecuafia (26) se obtine:

pH = pH,O — pKy (1) — log(_.L”;_[:_)_{ (27)
de unde | o
(n 4 OV, —nl - +
Wt Dlem 20 1 4 10788, ol 28
wV —V, r ( )

in care pH,O — pKypiy = pB, ..
Relatia {28) se mai poate scrie insd si sub forma
:
Ve,n
(V. — Vo)

Dind apoi in (29) Iui V si pH din nou doud valori Vy,pHy i V,, pH, si impartind
apoi membru cu membru relatiile obtinute, avem:

= 1 + 10PH~15,,, | ‘ (29)

Vi Ven _ 30
V:} - Ve-n pb’" ( )

in care
1 4 10PHaPB

Pon = 1t 1P b8y
de unde
AV
Vo= Vs + (31)
1 — Pbn

Exemplu Acid polivalent — baza tare monovalentd.

Pentru ilustrare se folosesc datele titrarii potenfiometrice din tabelul 1.

A) Primul punct de echivalenid.

a) Inainte de echivalenti. Pentru calcul se utilizeazi relatia (9), pentru # = 1.
Tuind ‘
V,= 4,50 ml pH, = 3,15 pH, — pK,, = 1,026
V, =475 ml pH, = 3,34 pH, — pK,; = 1,216
PK,.. = 2,124

fl
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Tabelul 1

Titrarea a 100 ml H,P0, 0,01, M, cu solutie de NaOH 0,2 N. Titrarea a lost condusit in atmosferit liberi

de €CO,, la temperatura de 24°C. Ca electrod indicator s-a folosit un eleetrod de sticli, iar ca electrod-
comparatie, electrodul saturat de calomel. Valorile pH au fost citite Ia un pH-metru M.V. 11 S cu o exie-

titate de 0,01 unititi de pH

NaOH NaOH NaOH NaOH

ml pH ml PH ml pH ml pi

0,00 2,17 6,50 6,56 4,75 3,34 10,25 8,32
0,25 2,19 6,75 6,67 5,00 3,70 10,50 9,06
0,50 2,22 7,00 6,76 5,10 3,83 10,75 10,03
1,00 2,27 7,50 6,92 5,20 4,42 11,00 10,38
1,50 2,34 8,00 7,10 5,30 5,17 11,25 10,56
2,00 2,42 8,50 7,27 5,40 5,55 11,50 10,68
2,50 2,50 9,00 7,44 5,50 5,76 12,00 10,83
3,00 2,61 9,25 7,55 5,60 5,95 12,50 10,92
3,50 2,73 9,50 7,69 5,75 6,11 13,00 10,98
4,00 2,89 9,75 7,83 6,00 6,30 14,00 11,07
4,50 3,15 10,00 8,05 6,25 6,45 — —

Se obtine
11,617 -
ol = = 0,6659
17,4437
si rezulta
V,.= 4504 0,748 = 5,248 ml
b) Dupit echivalenti. Pentru calcul se foloseste relatia (16) pentru » = 1.

Luind
Vy = 5,40 ml
Vs = 5,60 ml
Se obtine
de unde

V,, =540 — 0,14 = 5260 ml

pH, =555
~ 5,95

PH,

PK,, = 7,2055.

46,24

=—"" =2 4324
pa,l 19.01 ;4 3

i

B) Al doilea punct de echivalentd.

PKa,z - pHa -
PKa,z - PH4 ==

1,6555
1,2555

a) Inainte de echivalentii. Pentru calcul se utilizeazi relatia (9), pentru n = 2.

Luind
Vi ==10,10 ml
V, = 10,30 ml
Se obtine
de unde

pH, =815

pH, = 8,40

pK, , = 7,2055.

e =220 _ 058864
6,650

V,, = 10,10 + 0,486 = 10,586 ml

pH, — pK,, = 0,9445
pH, — pK,, = 1,1945
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b) Dupit echivalentid. Pentru calcul se utilizeazd relatia (16), pentru n = 2.
Luind

V3 = 10,70 ml pPH; = 9,90 pPK.3 — pHy = 1,986
Vs = 10,90 ml pH, = 10,26 pK.3 — pH, = 1,626
pPE.3 = 11,886.
Se obtine
97,84
Pap = ”—‘43’27 = 2,2612

de unde
Veo == 10,70 — 0,1586 = 10,54 ml.

Deoarece relatiile deduse si utilizate pentru calculul pH-ului in diferitele stadii
de neutralizare nu sint tocmai riguroase intrucit nu {in seama de concentratiile
relative existente ale tuturor speciilor ionice din sistemul de titrare in diferitele
stadii ale titririi, in continuare se evalueazd misura in care influenfeazi asupra
valorilor pH-urilor, omiterea din sistem a speciilor ionice considerate secundare.
In acest scop s-au calculat concentratiile molare relative ale speciilor ionice existen-
te in sistem pentru diferite valori ale pH-ului, in special din jurul echivalenfelor
[27. Calculele s-au efectuat pentru [H,PO,] == 0,01 M. Concentratiile molare rela-
tive gisite sint redate in coloanele 2,3,4 si 5 ale tabelulut 2, iar valorile pH — ului
recalculate pe baza speciilor ionice utilizate in relatiile I, IT si III sint trecute in
coloanele 6, 7 si 8.

Tabel 2

Concentratiile relative ale speciilor ionice ale acidului fosforie la diferite pH-uri, calculate pe baza valorilor

din jurul punctelor de echivalentii a titririi redatdi in tabelul 2. Constantele de disociere utilizate in

calecule au fost urmitoarele: K, = 7,25.107%; K, = 6, 23. 1078; K; = 1,3. 10722

. —_ 2 5 —3
ol [1,P0,] [11,P0; ] [nPQ .l [P0 pH, pH, pH,
o % %o %

1 2 3 4 5 6 7 8
3,83 1,93 98,03 0,043 — 3,836 3,846 —_
4,42 0,50 99,33 0,169 — 4,420 4,437 —
3,17 0,09 98,96 0,947 — 5,170 5,186 —
5,585 0,04 97,80 2,162 — 5,523 5,540 —
8,05 —_ 12,556 87,431 — 8,048 —
8,32 — 7,144 92,843 0,025 - 8,319 8,321
9,06 - 1,390 98,464 0,145 — 9,056 9,056

10,03 —_ 0,147 98,481 1,372 - 10,030 10,030
10,38 — 0,065 96,913 3,022 — 10,380 10,380
Valorile pH din coloanele 6, 7 si 8 au fost calculate cu relatile (I), (11}, (111},
(1) pH = pK; + log ALPoJ
[ PO, ] [HPO:;"\

(IIT) pH = pR, | log

[szoz]

[ro2]

(1) pH = pK, ' log [Poi_j
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Din valorile pH-urilor cuprinse in coloanele 6,7 si 8 se observd ci abaterea
difcritelor ApH nu depdseste cu mai mult de 0,01 unitafi valoarea ApH calculatd
pe baza datelor din coloana 2, adicd pe baza carora s-au calculat concentratiile re-
lative ale speciilor ionice. Astfel considerind, de exemplu, diferenta ApH = 4,42—
—3,83 = 0,59 si diferenfele A pH = 4,42—3,836 = 0,584, respectiv ApH = 4,437 —
-3, 846 = 0,591, se observd cd abaterea de 0,006 respectiv 0,001 unititi de la
valoarea ApH = 0,59 este sub limita de sensibilitate cu care s-au stabilit valorile
ApH, deci aceste valori situate in imediata apropiere a punctului de echivalentd,
unde [H,PO7] = 99,33%, pot fi luate in calculul valorii volumului de echivalen{a
fard ca eroarea survenitd datoritd prezentei altor specii ionice si depdseascd
limitele de sensibilitate ale aparatului (0,01 unitd}i de pH), respectiv si influenge-
ze sensibil valoarea volumului de echivalenta V .

in cazul utilizarii [H PO, ] = 98,969, (dupa prima echivalen{d) avem ApH =
»»»»» = 5,55—5, 17 = 0,38, iar valorile pH obtinute pe baza speciilor ionice din coloanele
G si 7 ne dau A pH = 5,523—5,170 = 0,353 si ApH = 5,540—5, 186 = 0,354. In
acest caz se observi o abatere Sensibilé fapt pentru care se recomandi sa se utili-
zeze in calcul perechi de valori V' — j)H de la o departare mai mare de punctul de
echivalenta.

Pe baza datelor diu tabelele 2 si 3 se poate afirma cd in cazul acidului fosforic
1 a altor acizi $i baze polivalente cu constante de disociere egald sau mai mari decit
cele ale acidului fosforic se pot utiliza la calculul volumului de echivalenti valori
V s1 pH de la o depéartare mai mare de 1,5%, de la valoarea punctului de echivalenti.

Pentru a aprecia influenta pozifiei valorilor V' si pH alese pentru calculul
lui V,, fatd de pozitia punctului de echivalentd, in tabelul 3 sint redate valorile
volumelor de echivalentd calculate cu perechi V — pH luate de la distante diferite
de V,, precum si dispersia lor in jurul valorii medii [3].

Din datele tabelului 3 reiese o buna concordanta a valorilor V, caracterizate
printr-o dispersie micd in jurul valorilor medii. '

Pentru aprecierea metodei se comparé totodatd valorile volumelor de echi-
valentd calculate prin metoda propusd in lucrarea de fatd cu valorile obtinute prin
alte metode de calcul cunoscute in literaturi. In acest scop volumele de echiva-
lentd ale titrdrii acidului fosforic ale cirei date sint trecute in tabelul 1 au fost cal-
culate prin metoda F. I.. Hahn [4], metoda ¥. I,, Hahn — G. Weiler [5], metoda
J. M. H. Fortuin [6], metoda Y. Yan [7], metoda G. Gran [8], metoda Fl. Fenwick
197 si metoda C. Liteanu-D. C. Cormos [10]. Valorile volumelor de echivalentd
sint redate in tabelul 4.

Din datele tabelului 4 se observd o bunid concordantd a valorilor V,; si- V,_z
calculate prin metoda propusd, cu metoda statisticd [10] care este cea mai riguroasi
metodd de calcul a valorii volumului de echivalentd in titrarea poten'glometnc
cunoscutd pind in prezent.

Metoda de calcul propusd utilizeazid in calcule valori V si pH din acele stadn
ale titrdrii potenfiometrice unde mdrimile pH sint suficient de stabile, iar valorile
ApH suficient de mari si neafectate sensibil de concentratiile speciilor jonice neglija-
te in relatiile utilizate pentru calculul valorilor pH in diferitele stadii ale neutra-
Hizdrii.

Utilizarea in calcul a valorilor ApH survenite la adaosul reactivului §i nu a
valorilor particulare ale pH-urilor, pentru cazul cind tiria ionald a solutiei nu se
modifica sensibil in decursul titrdrii prezintd un avantaj intrucit se elimini erori-
le sistematice. Froarea cu care se determind valorile particulare ale pH-ului da-
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Tabel 3

\alorile velumelor de echivalentii calculate cu perechi de valori luate de la diferite distante de pozitia
punetului de echivalenti, utilizind datele titririi din tabelul 1

vV, ¥, pH, pH, V. Observatii

4,50 5,00 3,15 3,70 3,215 frninte de V,,

4,50 4,75 3,15 3,34 5,230 T . 5,213 = 0,019 ml

4,75 5,00 3,34 370 5,215 (= 0,95

4.75 5,10 3.34 3.83 5.201 = 0.9)

v, v, pH, pH, V.

6,25 6,75 6,45 6,67 5,271 -

6,00 6,50 6,30 6,56 5,252 Dupd V.,

5,40 5,60 5,55 5,95 5,260 Vi 5,257 -+ 0,022 ml

5,30 5‘,50 §,1'Z 5,76 ?,228 (o = 0,95)

5,50 6,00 5,76 6,30 5,272

v, v, pH, pH, Vo

10,10 10,30 8,15 8,40 10,586 R

10,20 10,40 8,26 8,62 10,569 L nainte de V.

10,30 10,50 8,40 9,06 10,580 v, 10,565 + 0,032 ml

10,00 10,40 8,05 8,64 10,521 « — 0,95)

10,10 10,40 8,15 8,62 10,671

v, Vs PH, pH, Vo

10,70 11,1 9,90 10,46 10,542 Dund

10,60 10,80 9,60 10,10 10,506 — P Voo )

10,50 10,70 9,06 9,90 10,466 Voo = 10,514 & 0,039 ml

10,70 10,90 9,90 10,26 10,541 (x = 0,95)

10,60 11,00 9,60 10,38 10,518

Tabel 4
. V v
h .r Metoda de calcul &l £:2
ert ml ml
P 2 3 4 5 6
1. Metoda F. 1. Hahn [4] 5,17 —- 10,50
2. Metoda F. I, Hahn—G. Weiler 5: 5,214 — 10,510 -—
3. Metoda J. M. H. Fortuin [6] 5,22 e 10,516
4. Metoda Y. Yan 5,638 = 10,512 -
5. Metoda . Gran [8] 5,207 - 10,386
d 5,213 16,690 —
3. .| Metoda Fl. Fenwick (9] 5,14 10,478 —
8. Metoda C. Liteanu — D. C. Cormos : 10} 5,21 10,574 —
7. Metoda propusii B 5,213 1 0,019 10,565 -+ 0,032
d 5,257 +4- 0,022 10,514 ¢ 0,039

8. Metoda grafici 5,23 10,52

Obscreatii. § — Reprezintd volumele de echivalentd calculate cu perechi de valori dinainte de Ve'
0 — Reprezintd volumele de echivalenta calculate cu perechi de valori de dupa V
Deoarece o serie de metode de calcul cunoscute in literatura {41, {5], (6], [9], necesita pentru calculul lui V valori AV VeV

identice in jurul echivalentel, acestea au fost luate de pe grafice pe care s-a reprezentat in prealabil, la o <car 4 mai mare, datele
tabelului 1 in jurul echivalentelor.

In coloanele 4 si 6 ale tahelului sint redate intervalele dt precizie qlc volumelor de echivalentd, calculate cu o probabilitate de
de 95% {a = 0,95 [lll
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toritd variaiei tariei ionale a solutiei in decursul titrérii poate fi eliminatd prin rea-
lizarea unwi fond salin adecvat.

Pentru calculul volumului de echivalentd cu ajutorul valorilor V si pH de dupd
a n-a treaptda de neutralizare, in cazul cind nu se cunoaste cea de a #-+1 constantd
de disociere, se foloseste pentru calcul relatia (13) din lucrarea [1], intruclt in acest
stadiu al titrdrii intreaga capacitate de tamponare este consumata.

Exactitatea cu care este calculat volumul de echivalentd este afectatd de exac-
titatea valorilor V si pH utilizate in calcule. In acest scop nu se vor folosi valori
din imediata apropiere a volumului de echivalenta, Intrucit in aceastd zond reaciiile
nefiind cantitative, relatia de baza nC, V= CgV,, utilizati in calcule nu este va-
labild, Mai mult, in imediata apropiere a echivalentei concentratia unor specii
ionice este foarte micd, din care cauzd reacfia se petrece cu vitezid micd, iar echi-
librul clectrod-solutie se stabileste si el incet, fapt care se concretizeazd in citiri
eronate ale valorilor pH si implicit a valorilor ApH.

Metoda de calcul generald propusd in prezenta lucrare este usor de aplicat
¢l este exactd In limitele exactitdtii valorilor V si pH utilizate in calcul.

(Intrat in redactic la 16 aprilic 1969)

BIBLIOGRAFILE

LD C Cormos si 1. Marugceiac, Stud. Univ. Babes-Bolyai, Chem. 14(1), 143, 1969,
2. H. A, Laitinen, Chemical 4nalysis, McGraw-Hill Book Company. Inc. New York 1960, Trad. 1.
rusi, pag. 51.
3. C Liteanu, Chimie analiticd cantitativd, Volumetria, Ed. 4-a, Editura didacticd si pedagogici,
Bucuresti, 1964, pag. 16.
I'. I.. Hahn, Z. Analyt. Chem., 87, 263 (1931).
F. 1. Hahn ¢i G. Weiler, Z. Analyt. Chem., 69, 417 (1926).
J. M. H. Fortuin, Analyt. Chim. Acta, 24, 175 (1961).
.Y an, Analyt. Chem., 37, 1588 (1965).
G. Gran, Acta. Chem. Scand., 4, 5§59 (1950).
. 'L Fenwick, Ind. Eng. Chem. Analyt. Ed. 4, 144 (1932)
10. C¢. Liteanu i D. C. Cormaos, Talanta, 7, 38 (1960).
11, W. I. Yonden, Statistical Methods for chemists, New-York, 1955, pag. 119.

S
-<
el

Y;IOBHBIF METOZ BBIUMCJ/IEHWMA OBbEMA 3KBHUBAJIEHTHOCTH TPH KHC-
JOTHOOCHOBHOM TIOTEHIITMOMETPHYECKOM THTPOBAHHH (1)

(Peswome)

B paGOTe YCTaHOBJIEHD! o0l He COOTHOWEHHS!, C MOMOLLBID KOTOPBIX MOXHO y,ﬂOﬁHO BRIYHCAATL 3Ha-
yenisi 00bEMOB 3KBHBAJIEBHTHOCTH H3 JAaHHBIX NOTEHUHOMEeTPHUYECKH X THTpOBaHHf{ Ha PAasHblX CTYNEHsX
}l(‘}l‘(TpﬂJlHSHIIHH JHNONNBAJIEHTHBIX KHCAOT KPENnKHMH OJAHOBAJIEHTHHIMH OCHOBAHHAMH H TNOJHBANCHTHHIX
OCHOBaHHIT KpPenkKHMH OJHOBAJEHTHBIMH KHCJOTAMH.

Jasi BbluHCIeHHS OGBEMOB 3KBHBAJEHTHOCTH HCHOAB3YIOTCH COOTHOLIEHHH :
Hoausasenmnas Kucioma ¢ Kpenkum OOHOBAACHMHBIM OCHOBAHUEM

a) Jlo 3KBHBaJEHTHOCTH HCMOMb3yeTcsi cooTHowenune (9).

6) Ilocse 3KBHBA/EHTHOCTH Hcrnosb3yercst cooTHowernHe (16).
[loausarenmuoe ocHoBanue ¢ kpenkod 00HOBANEHMHOL KUCAOMOU

a) o sKkBHBAJEHTHOCTH HCNOJNb3YeTCSl COOTHOMWeHHe (23).

6) TMocne 3KBHBAJEHTHOCTH HCnoOJb3yeTcs cootdowende (31).
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B cayuae, ecsi HeoOXOAMMO BHIUHCAHTD V, , Ha OCHOBE AAHHBIX, NOYUYEHHBIX N10C.Te 3KBHBAJICHTHOCTH,
Ads1 noce e KOHCTaHThl AUCCOUHAUHH B 3naueHnsa Ky (,4q) wian Ky 4 HeH3BecTHbl, TO Gy €T HCIOAb30-
BaTpCst cooTHowenue (13) n3 padorer [1].

MITHODE RAPIDE DE CALCUL DU VOLUME D’EQUIVALENCE DANS LE TITRAGE POTENTIO-
METRIQUE ACIDO-BASIQUE (IT)

(Résumé)

On ¢établit dans ce travail les relations a laide desquelles on peut calculer rapidement
les valeurs des volumes d’équivalence incluses dans les résultats des titrages potentiométriques pour
les différents degrés de neutralisation des acides polyvalents & bases fortes monovalentes et des bases
polyvalentes 4 acides forts monovalents.

Pour le calcul des volumes d’équivalence, on emploie les relations:

Acide polyvalent a base forte monovalente :

a) Avant l'équivalence, on utilise la relation (9).

b) Apres I'équivalence, on utilise la relation (16).

Base polyvalente a acide fort monovalent :

a) Avant 'équivalence, on emploie la relation (23).

b) Aprés l'équivalence, on emploie la relation (31).

Au cas ofl il est nécessaire de calculer V, , avec les données obtenues aprés I'équivalence, pour la der-
nitre constante de dissociation et si on ne connait pasla valeur K, (,.q) ou Kp (y4,), o0 emploiera la
relation (13) du travail (1).






COMBINAISONS COMPLEXES AVEC DES HYDROXYACIDES (X)

Complexes de Zr*" et Th** avec les acides gluconique et saccharique
CONST. GH. MACAROVICI, EMILIA MOTIU et EUGENIA PERTE

Dans les notes précédentes [1,2] on a étudié les combinaisons complexes des
éléments tétravalents (zirconium et thorium) avec les acides gluconique (HGH,)
et saccharique (H,ZH,) en milieu acide. Des données concernant la composition
et la stabilité de ces combinaisons en milieu alcalin n’existent pas.

Nous nous sommes proposé d’étudier le comportement des mémes complexes
en milieu alcalin. En général les difficultés qui surgissent au cours de U'étude de la
stabilité des complexes métalliques avec les hydroxyacides en milieu alcalin ont
fait que les données expérimentales sur ce sujet sont peu nombreuses. D’autre part
le choix de la méthode pour 1'étude des complexes des éléments mentionnés ci-
dessus est assez difficile en milieu alcalin & cause des phénomeénes d’olation et d’oxo-
lation qui ont lieu.

Ces considérations nous ont fait choisir la méthode d’extraction en partant
des oxyquinolinates des métaux respectifs afin d’obtenir des données concernant
la composition et la différence de stabilité des combinaisons de méme métal avec
les deux hydroxyacides mentionnés.

A Taide de cette méthode on a étudié I'équilibre qui s’établit entre la solution
chloroformique de l'oxyquinolinate métallique et la solution aqueuse de gluconate
ou saccharate complexe de Me*+ & pH > 10 [3]. On peut représenter cet équilibre
par l'équation (1):

MeOx, = Mett 4- 40x~ (1)

d’olt on peut déduire la constante de distribution :

{Mef+][0x—
[MeOx,]

KD — eau (2)

choloroforme

La réaction qui a lieu dans la phase aqueuse entre les ions métalliques (Zr'"
respectivement Th**) et les ions de 'acide (GH, respectivement ZH2™) peut étre
représentée schématiquement comme suit:

Me't 4- n A¥" = Me At-ny (3)
I,a constante d’équilibre de cette réaction est:

_ [Met+][Ay- ]S
B Me ATY] (4)
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N

Sil'on fait les déterminations & un pH qui favorise la dissociation compléte de
Toxyquinoline en phase aqueuse, la concentration de ses ions dans cette phase sera
équivalente 4 la concentration des ions complexes métalliques.

4[Me Af-v] = [Ox~] 5

Si Uon introduit dans U'équation (2) la valeur [Me'" ] de U'équation (4) et la va-
leur [Ox7 ] de léquation (5) on obtient en mettant sous forme logarithmique et
en différentiant, 1"équation :

[Me ALY

Jeau
[Me OX‘*]ChIoroforme s
== (6)

= 3
5 log [Av—]

3 log

Ia valeur de n qui représente le rapport de combinaison des ions métalliques
avee Taddent peut étre calculée a partir des données expérimentales,

La miéthede de travail est pareille 4 celle que nous avons indiquée dans une note précédente [47

On a utilisé chlorure de zirconyl (ZrOCl,-8H,0) p.a. (Loba Chemic) et azotate de thorium
(T{NOy)xH,0) (Merck Darmstadt). Les acides gluconique et saccharique ont ¢té obtenu par échange
cationique respectivement a partir du gluconate et du saccharate de calcium. Le titre des acides a été
établi par les méthodes connues.

On a utilis¢ des solutions des oxyquinolinates métalliques dans l'acide chlorhydrique 0,5 M, a
concentration de 2.107% moles/1 pour le zirconium et 1.1072 moles/l pour le thorium. Pour réaliser le pll
nécessaire (pH = 10) la concentration finale de I'hydroxyde d’ammonium a été de 0,05 3. On a varié
la concentration de l'acide gluconique de 0,1 4 0,01 M pour le zirconium, et de 0,07 & 0,01 M pour le
thorium. Tn ce qui concerne l'acide saccharique la concentration a vari¢ de 0,1 4 0,03 M pour le
zirconium, et de 0,05 a 0,003 M pour le thoriun:.

Les oxyquinolinates de zirconium et de thorium on été synthétisés selon les données trouvées dans
la littérature [5, 6.

Les tableaux mo 1, 2, 8 et 4 coutiennent les données expérimentales.

Tableau 1

Coeflicients de distribution et rendement d’extraction dans le systéme Zri+ —HGH,
: I
(HIGIL,] |{Zr]- 107 [Zr}- 107 fPe . . LTI
mole/l | CHCL, | 1,0 b S ! TRy | IR B $ log G
{ I .
0,1 1,666 8,334 0,2000 5,01 0,74429 16,66 11,82 —1,00000
0,08 1,930 8,070 0,2336 4,28 0,66531 18,98 11,75 —1,09691
0,05 2,162 7,838 0,3626 3,626 0,41714 20,24 11,87 —1,30103
0,01 4,543 5,457 0,8326 1,203 —0,24185 45,44 12,98 —2,00000
Tableaw 2
Coefiicients de distribution et rendement d’extraction dans le systéme Thé+ —IHGH,
THGH,] {[Th]. 1074 [Th]. 1074 D, . . o
mole/1 | CHC, H,0 D 1/D log > 1 oL E —log B | —logiHGH,]
0,07 2,998 7,002 0,4184 2,390 0,32366 29,51 | 15,40 —1,15490
0,05 3,274 6,640 0,4868 2,054 0,22298 32,74 15,55 -1,30103
0,03 3,705 6,295 0,5886 1,699 0,08243 37,04 15,77 —1,52289
0,01 4,567 5,433 0,8405 1,190 ~0,26201 45,66 16,25 —2,00000
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Tableaw 3
Coetiicients de distribution et rendement d’extraction dans le systéme Zrt+ —H,ZH,

[H,ZH,) | [Zr]- 1074} [Z1). 10* D, . .
mote/1 CHCL, H,0 D 1/D log ~ 1 %E — log B | —log[H,2H,]
0,1 1,089 8,991 0,1122 8,915 0,68842 10,01 11,24 — 1,00000
0,08 1,162 8,838 0,1315 7,606 0,60423 11,62 11,34 -—1,09691
0,05 1,535 8,465 0,1813 5,516 0,42160 15,35 11,55 —1,30103
0,03 1,754 8,246 0,2127 4,601 0,33165 17,54 11,67 —1,52289
0,01 3,508 6,492 0,5403 1,850 —0,65170 35,09 12,49 --2,00000

Tablean 4

Coeflicients de distribution et rendement d’extraction dans le systéme Th*t —H,ZH,

IH,72 j+ 1074 |[Th]. 10— D, . .
»mfjglﬂ rT}L‘JHI& '—“;izéo D 1D | log (-5 — 1) UE | —log B | —log[H,ZH,
0,05 1654 | 8346 | 0,198 | 5,046 0,60703 | 165 14,60 —1,30103
0,03 1,982 | 8018 | 0245 | 4045 048539 | 19.6 14,88 —1,52289
0.01 2920 | 7.071 | 0412 | 2,414 0,15045 | 29,1 15,38 — 200000
0,005 | 3877 | 6123 | 0633 | 1579 | —022732 | 387 15,87 —2,30103
0,003 | 4308 | 5602 | 0756 | 1321 | —0.49349 | 43.0 1611 — 252089

Le rapport de combinaison calculé d’aprés ces données est toujours 1:1, c¢est-
a-dire 1Zr:1HGH,, respectivement 1Zr:1H,ZH, et de méme pour le thorium.
Si on représente -log B en fonction de — log [HA] (fig. 1.) ou
Me (A )05
B — [Me (Ap)* 7Py 7)

[Me OX4]chlorofurme

la tangente de I'angle d'inclinaison de la courbe obtenue nous donne le rapport de
combinaison 1:1, le méme pour les quatre systémes envisagés.

On arrive a la méme conclusion en examinant la tangente de I'angle d’inclinai-
son des courbes de coefficients de distribution D en fonction de la concentration de
l'acide {HA] (fig. no. 2.)

Les coefficients de distribution ont été calculés a partir des données expérimen-
tales, selon la relation:

— hase chloroformique
D= é;lep roformique (8)
en phase aqueuse
On constate que les coefficients de distribution ont des valeurs assez rappro-
chées pour tous les complexes. Cependant, aux concentrations des hydroxyacides
qui dépassent 0,02 M, les valeurs de ces coefficients pour les complexes de zirco-
nium sont un peu plus petites que celles de thorium. Cela nous permet de conclure
que les complexes de zirconium sont plus stables que ceux de thorium. Dans des
solutions plus diluées des hydroxyacides, on constate une inversion. Les valeurs
des coefficients de distribution sont plus petites pour les complexes de zirconium
(notamment dans le cas de 'acide saccharique). C’est-a-dire que dans ces conditions
ceux-ci sont moins stables que ceux de thorium.

2 — Chemia 1/1970
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Fig. 1 a Variation de — log B en fonction Fig. 1 b. Variation de - log B en fonction
de - log de la concentration de 'hydroxyacide de — log de la concentration de I'hydroxyacide.
1. Zirconium avec acide gluconique 1. Zirconium avec acide saccharique.
2, Thorium avec acide gluconique, 2. Thorium avec acide saccharique.

Ia représentation graphique de 1/D en fonction de [HA], étant linéaire pour
n == 1, est une preuve de plus a 'appui de nos conclusions (fig. 3).

Sioon représente log (%ﬂm 1) (o D, est le coefficient de distribution cn
Tabsence de liant) par rapport a la coucentration des hydroxvacides on déduit la
méme valeur pour n (fig. 4).

On a essayé d’établir la stabilité relative de chaque métal a V'égard des hydro-
xyacides.

Nous avons utilisé selon Piatnitski {7] la valeur du degré de liaison, a, ¢'cst-
a-dire le rapport des concentrations des ions métalliques liés et des ions métalliques
libres dans les conditions données de pH et de concentration de 'hydroxyacide :

{complexe | ¢
Olypa =5 —— 9
HA Mt | “)

Si Pon introduit daus cette équation la valeur de la concentration du métal
étant donnée la relation (2) nous aurons:

[complexel,, ., [Ox7}

(10)

Aga — ;
K, [MeOx,]

-chloroforme
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Fig 2. Varfation des coefficients de distribu - Fig 3 a. Variation de 1/D en fonction de o con-
tion avee la concentration de 'hydroxyacide centration de I'hydroxyacide.
1. Zirconium avee acide gluconique. 1. Zirconium avec acide gluconique.
2. Zirconinm avec acide saccharique. 2. Thorfum avec acide gluconique,
3. Thorium avee acide gluconique.
4. Thorium avee acide saccharigue.

F
~
-

Le rapport des degrés de Haison des complexes avec les deux hydroxyvacides
est !
complexejyy o [OUx7 {MeOx oy
21, 8

a(1],’/414 o schioroforme

-complexe! Ox (1 1)

1 LOXT A (MeOx, 1
2HG, HGH, SNy HoZHsenloroforme
"8i Pon sait qu'aux valeurs élevées du pH Voxyquinoline est complétement  dis-
sociée en phase aquese et que la concentration de I'anion oxyquinolinique selon 'équa-

tion (3) est équivalente a la concentration de métal 1ié au complexe, il résulte :

‘complexei® o (MeOx, 1,
M, P T2, - HGH, hioroforme (l:))
[complexe 18 o | MeOx, 1, =
*HGH, - I e, HHZH, oroforme
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I'ig. 3 b, Variation de 1/D en fonction Iig 4. Variation de log (Dg/D — ljen) fonction du
de la concentration de I'hydroxyacide. log de la concentration de I'hydroxyacide.
1. Zirconinm avec acide saccharique. 1. Zirconium avec acide gluconique.
2. Thorinm avec acide saccharique. 2. Zirconium avec acide saccharique.
3. Thorium avec acide gluconique.
4. Thorium avec acide sacchariquec.

Lescalculs ont montré qu'aussi bien pour le zirconium que pour le thorium
les complexes sacchariques ont une stabilité accrue par comparaison aux complexes
gluconiques (tab. 5, 6). Ies résultats que nous avons obtenus sont en concor-

dance

Tableau 5

Stahilité relative des complexes de zirconium avee Pacide saceharique et gluconique

I
I1,ZH, et HGH, | Zr.10™* CHCl, | Zr-107% CHCY, | Zr-107 H,0 Zr-107% H,0 | oH,ZI /e HGH,
mole/l. avec H,ZH, avee HGH, avec H,ZH, aveec HGH, Vas
E
0,1 1,089 1,666 8,991 8,334 | 2,415
0,08 1,162 1,930 8,838 8,070 ; 2,556
0,05 1,535 2,162 8,465 7,838 2,070
0,01 1,754 4,543 8,246 5,457 3,086
! 2,525
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Tablean 6
Stabilité relative des complexes de thorium avee Pacide saccharique et gluconique

H,ZH, et HGH,| Th. 107 CHCl; | Th.10™% CHCl, | Th.10™* H,O Th-107* H,0 |aH,ZH,/aHGH"
mole/lit avec H,ZH, avec HGH, avec H,ZH, avec HGH, Th
0,05 1,654 3,274 8,346 6,640 7,224
0,03 1,982 3,705 8,018 6,295 7,983
0,01 2,929 4,567 7,071 5,433 5,010
6,739

avec ceux indiqués dans la note antérieure[8] pour les éléments trivalents, aussi que
pour d’autres métaux bi- et trivalents [1,9].

( Manuscrit sequ le 15 mai 1909)
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CBNDUE W

COMBINATII COMPLEXE CU HIDROXIACIZI (X)
Complecsi de zivcomiu si toriu cu acizii gluconic st zaharic

(Rezumat)

S-a studiat formarea complecsilor de Zr(IV) si Th(IV) cu acizii gluconic gi zaharic prin metoda
extractici in mediu alcalin. S-a stabilit cd raportul de combinare este 1 Me: 1 acid, in toate patru
cazurile. Din determindrile experimentale §i calculele efectuate se constatd cdl, complecsii de zirconiu si
toriu cu acid zaharic sint mai stabili decit cei cu acid gluconic, asa cum s-a dedus si pentru alte
elemente Livalente si trivalente.

KOMIWIEKCHBIE COEOHMHEHHMS C TMAPOKCHKHCJIOTAMM (X)

Komnaexcol YUPKOHUS U MOPUS € 2UOKOKOB0U U CAXAPMOL KUCAOMAMU
(Peswome)

Astopn u3ydaai obpaszobanne xomngaexcos Zr(1V) m Th (IV) ¢ rmoxoHoBol H caxapHOi KHCIO-
TAMH METOJ0M 3KCTPAKUHM B weno4roil cpeie. OHH YCTAHOBHJIM, YTO COOTHOWIEHHE COeNHHEHHS eCThb
1Me: 1 KucsioTa, BO BCeX YeTHPEX cayyasx. KCIepHMEHTalbHble OnpejiesieHUst H NpoBeEHHbIe BHIYHCASHHUS
NOKA3bIBAIOT, YTO KOMIVIEKCH UMPKOHHS ¥ TOpHA € CaxapHoll KHCaoTOM OoJiee YCTOHUYHBH, YeM KOM-

TJIEKCH ¢ IVIIOKOHOBOH KHCJIOTOH, Tak, KaK 3T0 Obl1O YCTAHOBJEHO H AAfA JABYXBAJICHTHHIX H Tpéxsa-
JIEHTHBIX 3J€MEHTOB.
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Fitude potentiométrique et conductométrique du systéme Ind+ — acide
gluconique et gluconate de potassium

EUGENIA PERTE et CONST. GIL. MACAROVICI

Dans les travaux préceédents [1,2] on a étudié la formation des complexes
d’'indium et de gallium avec V'acide gluconique et saccharique, par la méthode de
Vextraction et de Véquilibre hétérogéne a pH > 10.

Le présent travail contient quelques résultats obtenus par 'étude de linterac-
tion de Uion d’indium avec Vacide gluconique [HGH,] ou son sel de potassium, a
l'aide du titrage potentiométrique et conductométrique. On s’est attaché a élucider
le phénomene de la formation du complexe, le rapport de combinaison en fonction
du pH de la solution, les constantes de formation, etc.

A. Titration potentiométrique

Paytie expérvimentale. Vu quen titrant directement avec hydroxyde de potassinm a U'équivalence
le pI s'établit trés lentement, exigeant méme 2 a 3 heures, on a procédé dans tous les cas au titrage in-
direct par l'acide chlorhydrique d’'un excés connu d’hydroxyde de potassium additionné préalablement.
De la sorte, le pH s'établit en quelques minutes et les résultats sont reproductibles. La méme observa-
tion a été faite par Pecsok et Sander [3], pour le cas du gluconate complexe de fer.

On s’est servi d’'un potentiométre I, P 5 a électrode de verre et de calomel saturé.

IL.e mode de préparation de l'acide gluconique a été indiqué dans un travail précédent f{1].

Le volume total des solutions mélangées a été maintenn a4 40 ml dans tous les titrages. La puissan-
ce ionique a été établie entre 0,0275 et 0,0175. La concentration des solutions de Yacide gluconique et
de l'aizotate d’indium était de 2,5 - 107 M et les solutions d’hydroxyde de potassium et d’acide
chlorhydrique étaient 0,1 M.

On a effectué deux modes de titrage, a savoir:

1. Solutions aqueuses de nitrate d’'indium et d’acide gluconique a différents rapports (1:0,5,
1:1, 1:2, 1:3), plus un excés connu d'hydroxyde de potassium, titrées par Vacide chlorhydrique
{fig. 1).

v Solutions aqueuses de nitrate d’indium et de gluconate de potassium & différents rapports (1 :0,5
1:1, 1:2, 1:3), titrées par l'acide chlorhydrique (fig. 2).

Dans les figures (no. 1 et 2) sont représentés en abscisse le nombre des équivalents de base
additionnés pour 1 g d’'ion métallique et en ordonnée la valeur du pH. A des fins comparatives, on
a tracé sur la méme figure les courbes de titrage de 'acide gluconique seul (fig. 1 7) et du nitrate d’in-
dium (fig. 1 2).

Résultats et conclusions. Au titrage indirect de l'acide gluconique il se con-
somme un équivalent de base correspondant a la fonction carboxylique.

Au titrage du nitrate d’indium il se consomme trois équivalents de base.

Dans le dernier cas, a I'addition de 2,5 équivalents de base, il apparait une opa-
lescence et il se forme au fur et 4 mesure un précipité d'hydroxyde d’indium, qui
persiste jusqu’a la fin du titrage.
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Fig. 1. Courbe du titrage potentiométrique du syst- F ig. 2. Courbe du. titrage potentiomé
éme In(III)-acide gluconique. 1. acide gluconi- trique du systéme In(III)-gluconate de
que; 2. nitrate d’indium; 3—6. In(III) — acide potassium. 1. gluconate de potassiume
gluconique 1:0,5, 1: 1, 1:2, 1:3. 2. nitrate d’indium; 3—6. In (III)—glu-

conate de potasstum 1:05,1:1,1:2,1:3-

Les courbes de titrage des mélanges de nitrate d’indium et d’acide gluconique
aux rapports molaires de 1: 0,5, 1: 1, 1: 2 et 1:3 sont placées au-dessous des courbes
de titrage des composants seuls, ce qui prouve qu’il y a une interaction entre 1'ion
d’indium et T'acide gluconique. En réalité, 'ion d’indium réagit avec I"anion gluco-
nique déja en milieu acide (pH o= 4) avec séparation en fonction du rapport de mé-
lange, de trois, quatre ou cing ions d’hydrogéne.

Au titrage du mélange de nitrate d’indium et d’acide gluconique en rapport
équimolaire (1:1), on constate une consommation de quatre équivalents de base
correspondant a la somme des équivalents nécessaires au titrage des composants
pris séparément (fig. 1 4).

Lorsqu’on titre les mélanges au rapport molaire de 1:2 et 1:3, la consomma-
tion de base est égale a celle du rapport précédent, plus la quantité correspondante
a Pacide gluconique en exces (fig. 1 5, 1 6).

Au titrage du mélange de 1: 0,5, la consommation de base correspond a 3,5
équivalents (fig. 1 3).

Quand on utilise dans le mélange le gluconate de potassium, pour le rapport
de 1:1, le nombre des équivalents de base consommés est égal a trois, ce qui confirme
la supposition que, en milieu alcalin, le métal est 1ié aux fonctions hydroxyliques
(fig. 2 3). Dans le cas des mélanges au rapport molaire entre composantsde 1: 2 et
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1: 3, la consommation de base est aussi égale a trois. Il se forme donc un seul comple-
xe au rapport molaire de 1:1 et le métal est lié aux fonctions oliques (fig. 2 4, 2 5).

Ainsi qu’on peut I'observer sur les figures 1 et 2, les courbes de titrage présen-
tent une région tampon relativement étendue et un seul point d’inflexion autour du
pH 7, qui correspond a I'hydrogéne carboxylique et a trois ions d’hydrogéne pro-
venant de la réaction. De 1'allure des courbes on peut déduire avec certitude si les
trois protons proviennent tous des groupes oliques de l'acide gluconique ou s'ils
proviennent en partie aussi de I’hydrolyse. Nous supposons que les deux phénomenes
ont lieu simultanément dans la solution. En ce sens, nous mentionnons qu’apreés
la consommation de 3, 5, 4 ou 4,5 équivalents de base, au titrage des mélanges au
rapport de 1:1, 1:2 et 1:3, il apparait une opalescence qui ne disparait plus, ce qui
signifie que la séquestration de l'ion d’indium n’est pas compleéte.

En guise de conclusion, on peut déduire qu’a ces titrages il se forme un seul
complexe au rapport de 1:1 de la fagon suivante:

In(NO,); + HGH, + KOH S [InGH,](NO,), + KNO, + H,0 (1)
[InGH,](NO,), -+ KOH 2 [InGH,] (NO,) + KNO, + H,0 2)
[InGH,] (NO,) + KOH 2 [InGH,]° + KNO, + H,0 (3)
[InGH,]° + KOH 2 K [InGH] + H,0 (4)

Calcul des constantes d’équilibre. A T'aide des données obtenues, on a essayé
de calculer les constantes d’équilibre de toutes les combinaisons formées, en inter-
prétant la courbe de titrage du mélange de 1:1 (fig. 1 4).

Comme point de départ pour le calcul des constantes d’équilibre, on considére
que, dés le début, la solution contient toutes les formes de combinaisons comple-
xes, conformément aux équations 1, 2, 3 et 4, c'est-a-dire InGH%+, InGH},
InGHY et InGH—, des ions d’indium non 1liés dans le complexe et des ions hydro-
lysés (InOH2+, In(OH);}).

ILa méthode de calcul est similaire & celle de Pecsok et Sander [3],
Kostromina [4] et S. Zviaghintsev [5], 4 quelques modifications prés.
Pecsok et Sander, travaillant avec du gluconate complexe de fer, négligent les ca-

tions complexes qui se forment et ne considérent que le complexe neutre et 1'anion
complexe.

Kostromina et Zviaghintsev n’admettent qu'un seul complexe avec
une certaine charge entre deux limites, de pH, sans tenir compte des autres formes
de la combinaison en équilibre. Ils négligent aussi complétement 'hydrolyse des
éléments hydrolysables, et I'intervalle pour lequel ils calculent les constantes d’équi-
libre est extrémement réduit.

Nous avons considéré qu’'on ne peut pas négliger certaines formes de combinai-
sons complexes, qui se trouvent en équilibre, pas plus que I'hydrolyse, qui exerce
une influence des plus importantes sur le phénomene de formation du complexe.
Nous avons cherché aussi 2 obtenir des données sur ces constantes jusqu’a proxinité
du point d’équivalence et non seulement dans des zones oit prédomine une des com-
binaisons complexes.

On n'ignore pas qu’au titrage d’un tel systéme, on commence par titrer la
fonction acide de I'hydroxyacide, puis les hydrogénes des fonctions oliques mis
en liberté par la réaction. Dans le cas de notre systéme, jusqu'a pH = 3,3 on
titre la fonction carboxylique.
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Les constantes de formation correspondant aux réactions 1, 2, 3 et 4 peuvent
étre représentées par les relations:

[InGHI™ (5)

In*+ 4+ GH; & InGH ™ avec K = —— 2
{In*’f 1 [V(yH;' i

[In(‘,H;‘ ] [_H t

|

In*" + GH, 2 InGH; + H+avec K, = = (6)
[ [, | N
. . . . [nGHy)H! 2 .
In®" + GH; 2 InGHY + 2H+avec K;;; = W}H; : {7)
In*+ 4 GH; 2 InGH- + 3H' avec K, — S0 H (8)

Un‘* ] LGH; ]

La concentration totale de l'indium, C,,, dans le systéme est égale a:
Crp = [In®¥*] + [InOH*"] + [In(OH)J;] 4+ {InGH3" | + [InGHj | +

)

+ [InGHY | + [InGH"™ |
La concentration totale de complexant, C, est égale a

C. = [HGH,! + [GH; ] + [InGH}"] + [InGH; ] 4 [InGH}! + [InGH"] (10
La condition d’électro-neutralité du systéme est:

[K+*] -+ [HT] + 3[In%*] + 2[InOH2+] + [In(OH); ] + 2[InGH3*] +

11
+ [InGHy | = [NO7 ] +[OH~ ] + [GH[] + [InGH" ] )

Ces trois derniéres équations (9, 10, 11) représentent la base pour le calcul des
constantes K;, Ky, Ky et K.

En exprimant la concentration des ions d’indium, {In®*t], de I'équation (9) et
en substituant dans I'équation (11), aprés les simplifications nécessaires, on obtient:

[K*] + [H'] — [InOH2"] — 2[In(OH); ] — [InGH%*] — 2[InGH} | —

12
3[InGHY] — 4[InGH~] = [GH[ ] + [OH~] (12)

On sait qu’en solution l'ion d'indium hydrolyse, en passant par deux étapes:

In** 4+ H,0 2 InOH*' + H* avec K, = iﬁ‘of_‘if]—jfﬂi (13)
nd+
In(OH)+ J[H
InOH*" -+ H,0 2 In(OH)} + H* avec K, — Loy JHT] (14)
2 [InOH+]
L’acide gluconique est aussi dissocié:
H+GH-
HGH, 2 GH; + H+ avec K, — Lodlo8] (15)

[(HGH,]
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Par conséquent, entre les combinaisons complexes qui se trouvent dans la
solution, il v a les équilibres suivants:

[InGHﬂ%‘ ] [I{ i j

InGH$* 2 InGHF + H' et K, = — (16)
’ [InGH2H |
IGH, 2 InGHY + H' et K, = 22 (17)
' - [In(}H: }
InGH! 2 InGH~ + H' et K, — [OITIHT (18)
. i_InGHg]
Des équations (16), (17) et (18) on obtient:
InGHy | = —= [InGH}" | (19)
[H*]
o . ¥ e o Bk P2 ¢
(InGHS: = e (InGH, ] — —== (InGH} ) (20)
MnGH-] = ~——[I};? (InGHY] = K: 51 (InGHE (21)
(T

En substituant (19), (20), (21) dans I'équation (10), on obtient aprés des sim-
plifications :

- Ce — B [InGHIT]
[CHy] = S Bl (22)
o
ol :
K, KK, | KKK, [H+ ]
B: 1 —*- _L~¢+ ) " "‘,L‘ e et oo = 1 —{-—_v—-—‘
H-1 [+ [(HT] Ka

De la relation (9), on obtient:
[InOH2+|= Cp,— [In3*] — [In(OH)," | — [InGH;"] — [InGH{] —

(23)
[InGHY] — [InGHT |
[In(OH); ] = Cp, — [In®"] — [InOH2*] — [InGH3'] — [InGHy | — (24)
[InGHY] — [InGH™]
De Téquation (13) on obtient:
[In®+] — %11 (InOH2* ] (25)

En substituant dans I'équation (25) les valeurs de I’équation (23), il en résulte
finalement :
[In*] = ¢ Cy, — cB [InGHE*] (26)
ol :
e
K [HT] + [H+]P + KK,
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Si Von remplace toutes les valeurs dans 1'équation (12) et que 'on note K+ =
= C.a, ot a représente les équivalents de base consommés, et considérant que, dans
notre cas, C;, = C, = C, on obtient:

Cla— 1/o) + [H¥*] — weC= [InGH}"] (v — wef — Bla) (27)
ol @ =1 | K o
(] [HYp
2K, 3K, K 4K ;KK
v =1 5 5% ]
f + (HH) i (H+ ]2 (HtP

1 équation (27) est valable seulement jusqu'a 1 ou 1,5 équivalents de base
consommés, oit le complexe InGH} a le domaine d’existence le plus favorable
et oll sa concentration atteint la maximum.

Entre 1 et 2 équivalents de base consommés, les équations de calcul obtenues
d’aprés le méme procédé sont:
P

Cla—1a) 4 [H*] — we C = [InGHF ] (¥ — @ ' — 8'/2) (28)
Mno+] = C — ¢ § [ InGH; ] (29)
C — B {InGH+
(GHf) = o= ° (InGH]] (30)
-4
ol

. [Ht] K KK,

gl K, + [H+J+[H+]”

, [H+] 3K, 4K K,

V=24 K, + [H+3+ [H+]

Entre 2 et 3 équivalents de base, les formules pour le calcul des constantes de
ormation sont semblables, mais les valeurs de B” et ¢ sont égales a:

< + +32
(5”=1+h’+[H]+[H]
[H+] K, KK,
, 4K 2{H+] | [H+]
— 3 7 (T
i + (H+] + K, - KK,
Entre 3 et 4 équivalents, les formules contiennent B’’’ et v’ égales a:
res H+ H* Ht]
K7 K6K7 K5K6K7
, 3[H+] |, 2[H*] H+ ]
v =44 [, ] + l ,] E ]
K, KK, KKK,

Par conséquent, afin de pouvoir calculer les constantes d’équilibre K;, Ky, Ky
et K, il faut connaitre X;, Kget K, qui ont été déterminées par la méthode suivante.

Afin de trouver K, nous avons négligé les cations complexes, considérant que,
dans le domaine maximum d’existence de notre complexe neutre et de 'anion com-
plexe, les cations complexes se trouvent en petite quantité et n’exercent qu'une
influence réduite sur 1'équilibre des premiers.
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Les équations 9, 117et 21 deviennent:

¢ [In*+] + [InGHY] + [InGH-] — C = 0 (31)
o [In®*] 4+ (3—1/a) (InGHY] + (4—1/o) (InGHT] + Cla— b =0 (32)
K, [InGHY] — [H¥][InGH~] = 0 (33)
oll
P K, KK, =1
Ce gt T
b=C.a+ [H"]
En résolvant ces équations, on aboutit a:
1 1
e — (3 [H*] — ¢'[HY]Jee — o [HT] — ———(¢'b — ¢'C/a — () +
L (8 HY] — e 0 (HY] — (e ERCCE

+ (4 —&fa—w) =0

De 13, en procédant selon la méthode de Schwartzenbach [6] on obtient
finalement :

1 1 B' N 1’ — &fa — o
Lo L P g 3s)ouA= HoflEme o
K, [InGH™] A e¢b — 'Cla — ol

B — 4 — o — © 2
3g'[H+] — ' [Ht]ja— oHT] 19

1/k, est fonction de 1/InGH~ et on l'obtient en #
représentant graphiquement les valeurs de B en ordon- &
née et celles de A en abscisse. On procéde de la sorte  «
pour différentes valeurs de a et on obtient une série |
de lignes qui s’interesectent en un point ou dans une
région étroite. Les valeurs en ordonnée représentent
/K, et celles en abscisse 1/InGHT. o

Dans notre cas, pour calculer X, on a utilisé des N

valeurs de a comprises entre 1 et 3,5 et on a trouvé *
K, = 4,17-1071 (fig. 3). o

#

Pour déterminer K, on a considéré aussi le cation 7
complexe InGH+* et on a négligé seulement InGH?+. ¢
I1/équation finale est: i

1 1 B’ QY ¢
= . .2~ B’ (37) oi1:

K, [InGHS] A’ 5

[ 1 ’ ’ ~

A’ K./ [H" 14" — &'fo — ) -+ (32" —- gl — o) .

b — &Cla — ol R

B — K. /{H"(4e' — &’Joo — @) + (8" — /[a — o)
2 THY] — &' [HY o — o[H™]

On a travaillé sur des valeurs de a comprises
entre 1,3 et 2,3 et 'on a obtenu K; = 3,13.107%

T'ig. 3. Détermination graphi-
que du K.
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Pour déterminer K, on a tenu compte de toutes les combinaisons complexes,
le procéde de calcul étant le méme. On a obtenu:
1 1 B .
R _ .2 B (35) on
K, [InGH; ] A~
A" - (2" — &’fo — @) + Kyf[H* (3" — 'Ja — ) KK /[HT 124" — &'Ja — o)

e ¢’Cla -

(2e — &'fa — o) + Kg[HT (3" ~ &'fo — @) -+ K/ THT 24" — 2'fa — )
— [H"ifa — olH I

B

La valeur trouvée pour K; = 2,78.107% pour des valeurs de a de 0,5 4 1. Dans
le cas de Ky et K; les courbes sont semblables a celles de la fig. 3. Des valeurs de
concentration molaire de [InGHj}"], [InGHF ], [InGHY], [InGH™ ], [In3t] et
({GH{ ] on a obtenu K, Ky, Ky et Ky Les données respectives sont repor-
tées dans le tableau 1.

Tableau 7

Valear procentuelle de F'indium complexé, libre, hydrolysé et constantes de formation des complexes

e o | esm | LD C o = ,
a 1 oo lme = 2wz | et as! = % Ky Ky | Ky | Kyy
‘ I oT e jgTieT ) o, |0 2 total | 10¢ | 1071 | 1075 | 1073
SRS ES | B B B s
0,3 1 309 | 1655 | 565 2,17 | 1,11 70,80 3,24 | 0,50 | 100,02 | 4,963 | 1.378 | 4,308 | 1,795

0.5 3,15 | 19,98 8,03 | 3,54 2,09 |62,17] 3,27 0,58 | 99,667,118 | 1,977 | 6,179 { 2,575
0.8 3,24 | 22,81 | 11,03 ] 599 | 434 {51,52| 3,34 0,73 ] 99,769,791 | 2,720 | 8,697 | 3,541
1,0 3,30 1 2242 [ 1243 7,75 | 6,44 | 47,52 | 3,52 0.88 | 100,96 | 10,19 | 2,831 | 8,847 | 3,686
3,42 1 17,01 | 12,44 | 10,24 | 11,21 | 43,40 | 4,25 1,40 ;1 99,95 7,614 | 2,115 6,609 | 2,951
3,47 | 15,80 | 12,95 11,93 | 14,67 | 38,80 | 4,26 1,581 99,997,725 | 2,145 | 6,704 | 2,793
3,54 | 13,59 | 13,12 | 14,22 | 20,58 | 32,52 | 4,20 1,84 { 100,07 | 8,886 | 2,468 | 6,401 | 3,214
3.59 | 11,78 112,73 |1 15,48 | 25,09 | 28,72 | 4,16 1,99 1 99,959,088 | 2,525 | 7,890 | 3,286
3,68 8,28 | 11,00 | 16,46 | 32,80 | 24,48 | 4,36 2,63 | 100,00 | 7,575 | 2,104 | 6,575 | 2,176
3,75 6,00 9,37 | 16,44 | 38,49 | 21,89 | 4,57 3,24 1 100,00 1 6,088 | 1,691 | 5,285 | 2,202
Kmitieux| 8,222 {2,275 | 7,020 | 2,957
3,00 | 4,05 1,03 3,27 | 11,46 | 53,53 | 15,30 | 6,34 9,041 99,97
3,25 | 4,42 0,08 0,61 49915466 7,59 7,43 24,65 100,00
3,50 | 4,80 0,007 0,11, 2,28 160,22 | 1,69| 3,98 | 31,74 | 100,03

—
T WU

Pour les constantes d’hydrolyse on a pris pK, = 4,43 et pK, =39; on a
pris pK, = 3,56 pour la constante de dissociation de 'acide gluconique [7].

Tes calculs ont été effectués jusqu'a 3,5 équivalents de base, donc jusqu’ a
pH = 4,8, Les valeurs des constantes d’équilibre restent relativement inchangées
jusqu'a pH = 3,8 a partir duquel, en raison de l'intervention de phénomeénes sup-
plémentaires, le systéme est dérangé.

II faut dire que, en dépit des perfectionnements apportés a la méthode de cal-
cul, les constantes respectives ne représentent pas la vraie stabilité du gluconate
complexe d’'indium, parce que, au numérateur, est impliquée la concentration des
ions d’hydrogene, jusqu’a la troisiéme puissance. Ces constantes ne sont qu'appa-
rentes, parce que la stabilité réelle requiert la connaissance des constantes de dis-
sociation (Ka,, Kay et Ka,) du deuxiéme, troisitme et quatriéme proton de l'acide
gluconique ; or ces constantes ne sont pas encore connues dans la littérature.
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PH

1 ig. 4. Concentrations rdatl\ es des différentes espéces d'indinm

lié, llbre et hydrolysé présent en solution, en fonction du pH

1. InGH™, 2. InGH}, 3. InGHj, 4. InGHI*, 5. In* 6.
InOHZ", 7. In(OH)}.

A Taide des données obtenues oun a calculé le pourcentage de chaque forme de
I'indinm complexé, libre et hydrolysé et on I'a représenté graphiquement en fonc-
tion du pH (fig. 4).

Le graphique nous permet de nous rendre compte du phénomeéne de la forma-
tion du complexe, du domaine d’existence et de la variation des formes des combi-
naisons complexes, du processus d’hydrolyse, tous en fonction du pH.

On remarque que, au fur et & mesure que le pH croit, la concentration des ions
d'indium libres baisse ; une partie se lie dans des complexes et une autre partie

shydrolyse. La concentration des ions d’indium hvdrolyscs dans la premiére étape
augmeute un peu avec le pH, de 3,24 9, a 7,43°, aprés quoi elle baisse, tandis que
la concentration des ions d’indium hydrolisés dans la deuxiéme étape croit avec
le pH de 0,5 %, a 31, 74 %,.

Les cations complexes se forment en quantités qppréciable%, La concentration
du premier complexe & son maximum a pH == 3,25 apres quoi, avec l'augmenta-
tion du pH elle tombe ]u<qu a zéro. Le deuxiéme complexe catloﬂiquo a un domai-
ne plus large de pH, olt sa concentration est Ia plus grande (entre 3,3 et 3,6), avee
le maximum a pH = 3,54, d'oit elle baisse vers zéro.

La concentration du complexe neutre augmente avec l'accroissement du pH
et atteint son domaine de concentration maximum entre pH == 3,6 et 3,4 d’oit elle
commence a décroitre lentement.
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I/anion complexe InGH—, qui est la forme prédominante, existe dans la so-
lution dés le début du titrage, augmentant progressivement avec le pH.

En faisant la somme de toutes les formes d’'indium existant a un pH donné,
on obtient des valeurs comprises entre 99,7 et 100 9, ce qui est une preuve que
les présomptions d’olt nous sommes partis sont vraisemblables et que l'interpré-
tation donnée est la bonmne.

B. Titrage conductométrique

Etant donné que 'on a constaté que, lors de l'interaction de l'ion d’indium
avec l'anion de I'acide gluconique, a lieu un processus générateur d’ions d’hydrogéne,
on a aussi étudié le systéme par la méthode conductométrique.

Les mesures de conductibilité ont été faites avec un conductoscope LP, utilisant
une cellule aux électrodes de platine-platiné. On a travaillé avec un volume total
de 40 ml,

— La courbe de titrage de I'acide gluconique 0,01 M par 'hydroxyde de potas-
sium 0,1 M a tout le temps une allure ascendante avec une inflexion pour la consom-
mation de 1 équivalent de base correspondant a la substitution de I'hydrogéne
de la fonction carboxylique. Aprés le point d’équivalence, la pente de la courbe est
plus grande, en raison de l'excés d’hydroxyde de potassium (fig. 5 7).

— Au titrage d’une solution d’azotate d’indium 2,5.10-3 M avec hydroxyde
de potassium 0,1 M, la conductibilité commence par baisser jusqu’a une consom-
mation d’'un équivalent de base, puis elle augmente assez rapidement et, a partir
de trois équivalents de base, de fagon plus accentuée (fig. § 2).

— En titrant l'azotate d’indium 2.10-3 M par une solution d’acide gluconique
2.10-2 M, on remarque une augmentation de la conductibilité jusqu’au rapport
molaire de 1:1, aprés quoi elle reste constante, parallele a l'axe des abscisses,
(fig. 6 7).

I’augmentation de la conductibilité sur la premieére partie de la courbe est
sans doute due aux ious d’hydrogéne libérés par la réaction.

— En cas de titrage de l'azotate d’indium 2.10-3 M par du gluconate de po-
tassium 2.10—2 M, la conductibilité jusqu’au rapport molaire de 1:1, s’accroit len-
tement au dela, la pente de la courbe est plus abrupte, en raison des ions d’hydro-
gene libérés aussi bien que de l'augumentation du nombre de autres ions par unité
de volume (fig. 6 2).

— On a utilisé aussi la méthode des séries isomolaires avec des solutions d’azo-
tate d’indium et de gluconate de potassium. Les deux solutions avaient une con-
centration de 2.107% M, pour un volume total de 20 ml. Sur la courbe obtenue (fig.7),
on observe un maximum au rapport molaire de 1:1 entre les composants.

— En titrant l'azotate d’indium 2,5.10-3 M l'acide gluconique 2,5-107% M
au rapport molaire de 1:1, 1:2 et 1:3 par I'hydroxyde de potassium 0,1 M, on
observe que la conductibilité baisse dans tous les cas jusqu’a la consommation de
1 équivalent de base; ensuite la conductibilité croit sans interruption (fig. 8).

Les mesures de conductibilité ménent a des résultats identiques a
ceux donnant les titrages potentiométriques. Il se forme un complexe avec un
rapport molaire entre composants de 1:1.

En conclusion, par l'interaction de l'azotate d'indium avec I'acide gluconique
¢t son sel de potassium, il se forme différents types de complexes de méme rapport
molaire 1:1, ce que est en concordance avec les résultats antérieurs [1].
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3. Ecart de l'additivité de la conductibilité 3.1:3

relative du systéme.
4. Courbe du pH.

3 — Chemia /1970
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Ces espéces de combinaisons complexes se trouvent simultanément dans la
solution ; elles sont en équilibre et, en fonction du pH, Yune d’elles prédomine. A
cdté des combinaisons complexes respectives, au commencement du titrage il se
trouve aussi des ions d’indium libres en proportion relativement grande (o719%,);
a laugmentation du pH leur concentration diminue avec la formation du complexe
et une p’lrtle d’entre eux s’hydrolyse. Une petite partie des ions d’'indium sont hy-
drolysés des le début, 'hydrolyse avangant avec l'accroissement du pH. Nous ex-
pliquons V'apparition de lopalescence, qui ne disparait plus mais s’intensifie au
cours du titrage, par lexistence de ces ions d'indium hydrolysés.

Avec la neutralisation du systéme par une base, I'équilibre des réactions se
déplace vers la formation des complexes et I'on peut supposer le mécanisme de réac-
tion suivant:

U o) < , OH~ o, OH” w... OH" .
GH; + In** — > InGH}" —> InGH; —> HInGH®* —> InGH™
Pour un pH autour de 4,00 le complexe existe sous forme acide, fait que nous
avons observé aussi lors de sa séparation & 1’état solide, quand on a isolé l'acide

indo-gluconique avec 3H,0. Ce n’est qu'aprés l'apparition de ce pH que se forme
le sel respectif.

(Manuscrit regu le 15 mai 1969)
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COMBINATII COMPLEXE CU HIDROXNTIACIZI (XT)

Studiul potentiometric si conductometric al sistewudul 0™ — acid gluconic si glhuconat de potasiu
H B al g o

(Rezumat)

S-an studiat sistemele I3 acid gluconic si Tn*™ @ gluconat de potasin prin metoda potentio-
metricd si conductometricd.

S-au caleulat constantele de formare intr-un interval mai larg de pH pentru fiecare formi de coubi-
natie complexd existentd in solutie, folosind un procedeu de caleul modificat fatd de cele cunoscute
in literaturd.

Raportul de combinare este 1 In:1 acid gluconic, iar indiul existd in solutie sub forma de
diferite specii complexe : InGH}*, InGH, , InGH} si InGH™. Dintre acestea predomini in solutic
InGHT, dar intr-o lucrare anterioard [1] s-a izolat in stare solidd complexul HInGH.
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KOMILIEKCHbBIE COEAMHEHHNA C TUIPOKCHUKHC/IOTAMNM (XI)

B 3.
florne’uquo,wmpuwecxoe i K()H()yl(lllOM@fnplt‘(€L~KO€ ucecaedosanue cucmesst 1, — QHOKOH081Q
KUCA0MQ (L SUHOROHAM KA. HA

(Peswae)

HeeaeaoBasiich HOTEHUHOMETPHUECKHM H KOHIYKTOMETPHUSCKHAM MeTOAAMI CHCTeMB! In °  I0KO-
HOBasl KUCJOTA H In®7" @ TJIOKOHAT Kajus.

ABTOpBI BLIYHCIHAH KOHCTaHTB! 00pa30BaHis B (ogee UIHPOKOM NPOMEXYTKe PH L1si Kam0ro Bila
KOMILIEKCHOIO COeJHHEHH, CYIUECTBYIOUIEr0 B PACTBOPE, HCIOAb3Y S Cr1OCOG BRIYHCIEHHS, U3MEHEHILI 110
OTHOIIEHHIO K HM3BeCTHBIM B JHTepaType crnocodaM BblUHCJAeHH.

Coornowenneyr coeinerus spasercs | In:l rmoKoHOBas KHCIOTA, 8 HHAHI CYILECTBYET B pacTsope
B BILe DA3AUUHLIX KOMIVIEKCHBIX BHA0B : InGH3 ™, InGHF InGH; u InGH™. M3 nux 8 pactsope npeot-
aajaer InGH™, oanako B oanofl ¥3 npeinlaviuny pador [1] Obl1 U30/HpOBAaH B TBEPIOM COCTOAMHH
KoMmmaexke HInGH.






STUDIUI, UNOR PROPRIETATI ELECTRICE SI STRUCTURALE ALE
SISTEMULUI SEMICONDUCTOR V,0,— Bi,0,

de
L. STANESCU, 8. GOCAN, L. ARDELEAN si 8T. MAN

Lucrarea este continuarea umor cercetdri privind sticle semiconductoare pe
baza de V,0, '1,2]. Pentru studiul unor sisteme ternare continind V,05 si Bi,O,
era firesc sd se studieze mai Intii sistemul binar V,0O4 — Bi,O,, mai ales cid in li-
teraturd s-au intreprins incercdri de a se obtine sticle in sistemul binar de mai
sus {31 51,

Sistemul V,0;— Bi,0, a fost studiat din punct de vedere structural si electric,
folosind spectre IR, analiza termogravimetricd ¢i mdsurdtori de rezistentda clec-
tricd functie de temperaturad.

Partea experimentala
1. Preparavea probelov. Probele au fost preparate prin topirea componentilor de puritate p.a

in creuzete de cuart.
- 8-au studiat probe cu urmitoarele concentratii exprimate in procente molare (tabelul 1):

Tabel 1
Nr. probei 1 2 3 4 5 6 7 8
V,0,mol. % 99 98 95 90 80 70 60 30
Bi,0y mol. 19, 1 2 5 10 20 30 40 50

2. Studiul spectrelor de TR, Spectrele an fost studiate cu un spectrograf UR — 10 folosind teh-
nica pastei in nujol.

In fig. 1 sint redate spectrele IR ale V,0; si Bi,0, Pentoxidul de vanadiu prezintd trei benzi
caracteristice, dintre care banda de la 1030 cma™? corespunde vibratiilor de valentd a legdturii V .-
=03, cea de la 810 em™!, vibratiilor legdturilor -V -0~V -, iar banda largd de la 600 cm™, vibra-
tiilor de retea {47

Spectrul Bi,0, prezintd doud maxime slab exprimate la 430 cm™ gi 505 em™?, apartinind unei
benzi largi cuprinsd intre sub 400 cm™ i 550 cm™. Absorbtia are un minim la 700 ecm™! si apoi creste
pinit 1a 1400 cm™1, de unde incepe o bandi larga.

Din studiul spectrelor IR la adaosuri mici de Bi,0, (fig. 2) se constatd ci in
jurul frecvengei de 700 ecm™! spectrele prezintd absorbtie maximi, cu toate ci spec-
trele componentilor prezintd un minim la aceastd frecventd (fig. 1). Din cele de
mai sus rezultd cid combinatia BiVO, se formeazi deja la concentratii mici de Bi,0,.
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Datele din literaturd [57 nu amintesc de formarea solufiei solide de Bi, O in V,0;.
Din analiza spectrelor de IR, rezultd cid domeniul solutiei solide este foarte ingust
(sub 19 molar Bi,O3).
Pe misura adaosului de Bi,O; la V,0;5 (fig. 3) benzile de la 1030 cm™! si
810 cm~t ale V,0 tind sa dispara. Astfel deJa la 309, molar Bi, 203, banda de la
810 cm ™! nu mai apare. Banda de la 1030 cm—? dlSp’er practic la 509, molar Bi,0;,
unde, conform datelor din literaturd [5], se formeaza combma‘;la BiVO,. Acest
compus are un sputru IR caracterizat printr-o banda largd cuprinsi qpro*mnatlv
intre 450 si 800 cm™?! si un minim de absorbtie net la 980 cm™?, de unde absorbiia
fncepe si creascd cu o pantd relativ mare. Din examinarea fli{ 3 se constatd ca
panta este cu atit mai mare cu cit concentratia de Bi,O,; este mai mare.
3. §mdml termogravimetyic. Ana-
liza termogravimetricd s-a efectuat cu

w5 o e K0 o un derivatograf de tip OD — 101
¢ ’k\ 39973 - 148,04 (PPE 676).
X ) 4 98% %0, - 276y 0 Conside{rind, asa cum se il}dic.é'in
SN0 5 95748 - 5% 8,0 lucrarea [6], ca la topire principiul
N,,' \ \\ /\ 6 WL 0% E,0, Valen}ei %nd}m;@ Inceteazi (}e a mgxi i
- i — valabil si tinind seama ca in siste-
‘y/ a\S \ “ s mul VZO§ — B1203 ar putea exista faze
T T - nestoechiometrice din punct de vedere
¥ \\ BV /'1*1 / al confinutului in oxigen (si anume cu
}\/ | \J{\ f," deficit de oxigen), am intreprins o
A / ‘f\ L i ,,v; analizd termogravimetricd inregistrind
] \d’, \\,r\s/ Pt absorbtia de oxlgen la topire.
< \ ! P . In fig. 4 este redatd absorbtia de
g N s .+~ oxigen pe gram de substanti la topire,
T AT | functie de concentratia in Bi,Oj.
el Pri liza termogravimetrica
i rin analiza termog ne
g si termodiferentiala am pus in evi-
JoT dentd mai multe puncte de transfor-
Tig, 2 mare. Curba din fig. 4 se referd la
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punctul corespunzitor topirii V,0s, sau, mai exact, solutiei solide de Bi, Oz in V,0;,
Se constatd un minim al nestoechiometriei situat la circa 359, molare Bi,O;. Com-
pusul BiVO, nu prezintd nestoechiometrie in raport cu oxigenul.

Modul in care apare deficitul de oxigen, in domeniul amestecurilor mecanice
de V,0; si BiVO,, nu ne este inca clar.

4. Studiul vezistenfer electrice. Probele folosite pentru mdsurarea rezistenfei
electrice au fost obtinute din topituri, sub formd de perle de dimensiuni aproxi-
mativ egale. Ca electrozi s-au folosit doud fire de platind. Aparatura a fost des-
crisd Intr-o lucrare anterioard [1].

In fig. 5 reddm dependenta log R = f 1%3 unde R este rezistenta probelor.

Numerele de ordine ale probelor din tabelul 1 corespund cu numerotarea curbelor

(fig. 5). o
3
7t /
o /
mglz’g /
0t 5k
g5
Jal
H
a3
) 4
os
a1 ¢
v © Y K7 o Sl % 3,0, 0 . ; Fo—
w ) & % & 50 mol % ¥y 05 / 2 3 4 L
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" . Din fig. 5 se remarci curba 8, cores-
e punzdtoare compusului BiVO,, cu o va-
o / loare a lui R si a pantei mult mai mare
o 1 decit a celorlalte. In general curbele
’ respectd dependenta de forma R = R,
i AE
exp (—— .
a3 kT
e In fig. 6 este redati dependenta
a2 o 3 “ . . o1 eqs ..
energiei de activare a conductibilititii
&t : :
o oo electrice, funciie de concentratia com-
o - o P 7 5w as  ponentilor calculatd cu formula:
[23) 9P 30 0 &0 0 madhbG

- E = 1981074262 oy
Fig. 6. 1
7
Din fig. 6 se constatd cd adaosul de Bi,O, duce inifial la scdderea energiei
de activare, cu un ninim la circa 35 —409, molare Bi,0,, de unde urci brusc pentru
componentul BiVO,. Cresterea rezistenjei electrice si a energiei de activare cste

caracteristicd compozifiilor corespunzitoare compusilor [7].

Coneluzii, In lucrare s-a prezentat si caracterizat spectrul IR al compusului
BiVO,, aratind si faptul cd domeniul solutiilor solide de Bi,O4 in V,0; trebuie si
fie foarte ingust.

S-a pus in evidentd pe cale termogravimetricd nestoechiometria in raport cu
oxigenul a probelor, cu excepfia compusului BiVO,.

Energia de activare si rezistenta electrici au cea mai mare valoare pentru
proba cu compozifia corespunzitoare compusului BiVO,.

Din compararea fig. 5 si 6 rezultd ci energia de activare minimi corespunde
unui maxim al nestoechiometriei. Compusul BiVO,, pentru care nu s-a pus in evi-
den{d pe cale termogravimetricid vreun deficit de oxigen, are valoarea cea mai mare
a energiei de activare a conductibilitdtii si a rezistentei electrice.

(Intrat in redactic la 19 martie 1069}
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HCCAELOBAHME HEKOTOPDBIX 3JIEKTPHUYECKHUX M CTPYKTYPHbIX CBOMCTB
CUCTEMBI NOJIYTTIPOBOOAHHMKOB V,0, — Bi,0,

(Pestone)

ABTOpH HCCIEIOBAIN CHEKTPHI NOPIOIMEHHS B MK 00A4CTH, TepMOrpaMybl i H3MeHeHHe ¢ TeMmnepa-
TYPOil 3MEKTPHYECKOTO CONPOTHBJAGHHS A5l PSila COCTABOB cHCTeMbl V,0,— Bi0,.

YeTaHoBI€HO, YTO TIPH SKBUMOJAPHOM COOTHOUIEHHH KOMIOHEHTOB 00pa3yercs coeliHenue BivO,,
YTIOMAHYTOE M B JHTepaType, ¢ XapakTepHbIM creKTpoMm norvoliednst 8 UK o6aacTh u ¢ siekTpHuecKum
H TEPMOTPABHMETPHYECKHM TOBEJIEHHEM, Pa3/IHUHBIM OT OCTaNbHBIX cocTaBoB. [Tpomexyrounbie cocrTasnt
XapaKTepH3YIOTCs HEAOCTATKOM KHCIOPOAa, BbISIBIEHHBIM TEPMOIPABHMETPHYECKHM NYTCM, I M COOTBETCT-
BYIOT SHEPrHH AKTHBALMH TPOBOJHMOCTH, KOTOpble GOIbIE, YeM Y COeJHHEHHSI.

ETUDE DE CERTAINES PROPRIETES ELECTRIQUES ET STRUCTURALES DU SYSTOME
DES SEMI-CONDUCTEURS V,0, — Bi,0,

(Résumé)

Les auteurs de ce travail ont étudié les spectres d’absorption dans l'infrarouge, les thermogram-
mes et la variation de la résistance électrique suivant la température pour une série de compositions du
systeme V,0; — Bi,0,.

On a constaté que, pour le rapport équimolaire des composants, il se forme la combinaison BiVO,
mentionnée aussi dans la littérature, avec spectre d’absorption dans Vinfrarouge caractéristique et un
comportement électrique et thermogravimétrique différent du reste des compositions. Les composi-
tions intermédiaires sont caractérisées par un déficit en oxygéne mis en évidence par la voie thermo-
gravimétrique ; en outre il leur correspond des énergies d’activation de la conductibilité plus élevées
que celles du composé.






UNELE DATE STRUCTURALE SI ELECTRICE ALE SISTEMULUI V,0,—PbO

7

de
S. GOCAN, L. STANESCU, I. ARDELEAN si ST, MAXN

Intr-o lucrare anterioari s-a studiat sistemul ternar V,0,—B,0,—PbO [17, punin-
du-se In evidenta atit prin studiul spectrelor IR, cit si al rezistentei electrice, influ-
enta oxidului de plumb care, spre deosebire de B,0O; ce actioneazd mai mult ca un
diluant [2], influenteazd sensibil atit spectrele IR cit si comportarea electrica.
S-a ivit de aceea necesitatea de a studia separat sistemul binar V,0;,—PbO, pentru
a putea trage concluzii cu privire la actiunea atit a PbO c¢it si a B,0O; In sisteml
ternar V,05 — B,0,—PbO. Sistemul V,0,—PbO a mai fost studiat. Astfel in
lucrarea [3] se dau diagrama de stare, izotermele de rezistivitate si energiile de
activare a conductibilitdtii electrice a sistemului. De asemenea sistemul este stu-
diat din punct de vedere structural si in lucrarea [4].

In studiul de fatd se redau spectrele IR ale sistemului, analiza termogravi-
metricd si termodiferentiald si date privind variatia rezistentei electrice cu tempe-
ratura.

Partea experimentala

1. Prepararea probelor. Substantele folosite au fost de puritate p. a. S-au
preparat urméitoarele compozifii exprimate in procente molare (tabelul 1). Probele
au fost obtinute prin topirea compozitiilor respective in creuzete de cuart.

Tabel 1
Nr. probelor 1 2 3 4 5 6 7 8 9
V,0; mol. ?, 98 95 90 80 70 60 50 10 30
PbO mol. 2] 2 5 10 20 30 40 50 60 70

2. Studiul specirelor IR. Spectrele de absorbtie in infrarogu au fost obfinute
cu un spectrograf UR-10. S-a folosit tehnica pastei in nujol.
In fig. 1 sint redate spectrele componentilor puri.

Spectrul pentoxidului de vanadiu este analizat in lucrarea [5]. Spectrul PbO
dupd cum se vede din fig. 1, are doud maxime, unul situat la 470 cm™%, iar celdlalt
situat a 900 cm™L

In fig. 2 si 3 sint redate spectrele de absorbtie in infrarosu pe masura adaosu-
lui de PbO la V,0,.
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Conform datelor din literaturda [3,4] sistemul V,0,—PbO formeaza trei com-
binatii: 2PbOV,0;, 3PbOV,0; si 8PbOV,0;. Dintre aceste combinatii, 3POV,0;
(ortovanadatul de plumb) este o substantd antisegnetoelectrica [6,7]. La aproxi-
mativ 509 PbO este situat un eutectic format intre V,0; si PbOV,0,. Examinind
spectrele din fig. 2 si 3 se constatd cd intensitatea benlllor de absorbtie ale V,04
se micgoreazd pe masura adaosului de PbO. La 609, molare PbO se pune in evi-
denta sputrul 2PbOV,0; caracterizat prin cinci maxime de absorbtie situate res-
pectiv la: 575 ecm™1, 690 cm™1, 770 em™1, 830 cm™?! si 875 cm ! Acelasi spectru
se constatd si la 709, molare PbO.

Comparind spectrele IR din lucrarea de fatd cu cele din lucrarea {1], se consta-
td ca adaosul de B,O, nu are in sistemul ternar V,0;,—PbO— B,O; un rol de diluant.
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Astfel spectrul IR corespunzdtor compozitiei V,05 509, — PbO 409, —B,0; 10%,
din lucrarea [1] se deosebeste net de spectrul IR din fig. 3 din lucrarea de faji;
corespunzitor compozitiei V,0; 509% — PbO 509%,. Tot asa existi deosebiri sen-
sibile §i in comparatie cu spectrul din fig. 2, care corespunde compozifiei V,05 60—
—PbO 409,. Se constatd cid prezenta B,0O, impiedicd aparifia benzilor corespunzi-
toare combinatiei 2 PbOV,0;.

3. Studiul termogravimetric si termodiferential. Termogramele au fost obtinute
cu un derivatograf de tip OD—101 (PPE—676).

Se confirmi datele din literaturd cu privire la diagrama de stare a sistemului
V;,05—PbO [3], conform cdrora nu se formeaza solutii solide de PbO in V,0;.

Studiul termogravimetric nu a pus in evidenta existenta unui deficit de oxigen.

Proba corespunzitoare la 709 PbO, a fost supusi unei analize termodiferentiale
ingrijite (la sensibilitate mare), cu scopul de a pune in evidentd existenta combi-
natiei 3PbOV,0; care are un punct de transformare antisegnetoelectric la 100°C
[6], insd nu s-a pus in evidentd un efect termic datoritd transformirii. Pare asa-
dar cd gi la aceastd concentrafie avem de-a face tot cu combinatia 2 PbOV,0,, dupi
cum rezultd si din spectrele IR.

4. Studiul variatiei rezistenier electrice cu temperatura. Prin topirea pulberilor
in creuzete de cuar} s-au obtinut probe sub forma unor perle, avind ca electrozi
sirmd de platind de 0,2 mm.

Variafia rezistentei electrice in functie de temperaturd s-a determinat cu aju-
torul instalatiei descrise in lucrarea [2].

In fig. 4 sint redate graficele ce reprezinti dependenta dintre logaritmul re-
zistenfei electrice si inversul temperaturii absolute. Cifrele indicate pe figurd co-
respund cu numérul probei din tabelul 1.

Se constata cd dreptele semilogaritmice prezintd cite o schimbare de panti.
Proba nr. 9 corespunzind compozitiei de 709, PbO si 30%, V,0,, prezinti trei do-
menii distincte, dintre care cel mediu corespunde unei energii de activare a conduc-
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tibilitdtii electrice de 3,96 eV pen-
tru domeniul cuprins intre 352 sl
392°C.Rezistenta perlei variazd in
acest interval cu doud ordine de
marime.

Pentru domeniul corespunzé-
tor temperaturilor joase (pind Ia
200°C), s-a calculat energia de ac-
tivare a conductibilitatii electrice
cu relatia :

E = 1,98.107 51_1‘

T

In fig. 5 este redati emnergia
de activare a conductibilitdtii clec-
trice functie de ccmpozitie.

Fnergia de activare este practic
independenta de adaosulde PbO pina
in apropiere de compozitia cores-
punzitoare combinatiei 2PbOV,0;
unde se constatd un salt brusc al
acesteia.

Aceastd comportare este in
acord cu rezultatele obtinute in lu-
crarea [3].

Coneluzii. Din studiul spectre-
lor IR si analiza termogravimetricd
s-a confirmat diagrama de stare a
sistemului V,0,—PbO pina la con-
centratia PbO corespunzatoare com-
binatiei 2 PhOV,0;.

S-a caracterizat spectrul IR
al combinatiei 2 PbOV,0; care po-
sedd 5 benzi situate intre 8§75 si
485 cm™! In regiunea corespunza-
toare vibratiel legdturilor metal-
oxigen.

S-a coustatat cd adaosul de
B,0O, in sistemul V,0,—Pb0O,(1]
nu functioneazd ca un simplu di-
luant, cum este cazul in sistemul
V,0;,—B,0;4 [3].
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3-a constatat o comportare electricd deosebitd a probei corespunzitoare
aproximativ combinatiei 2 PbOV,O;, pentru care existd un domeniu cu energia
de activare de 3,96 eV,

Pentru probele cu continut mai mic de PbO energia de activare este practic

independentd de concentratie, confirmind datele din literaturd.
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HEKOTOPBIE CTPYKTYPHBIE M OJE KTPHUECKHE JAHHBIE CUCTEM V,0; — PbO
(Pezwone)

CTpykTypubte 11 3JICKTPHYCCKHe  RaHnble, IOJAy4eHHBle B padoTe, COMIACYIOTCSE ¢ AAHHLIMI
CHTEPATYPhL.
Apropnt xapastepusonpaan MK cnekrp coeaunenns 2 PHOV,0,.

Ocodoe »1eKTpIYecKoe IOBeleHHe HMeeT npoda ¢ cocTasod, GIH3KHM K coelutennio 2 PhOV,0;,
OGELAONeMY  TeMIEePATYPHOiT 0014CThio, A9 KOTOPOIl sueprus akrusanuy pasea 3,96 sB.
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DONNEES STRUCTURALES ET BLECTRIQUES RELATIVES AU SYSTEME V,0; — PbO

(Résumé)

Les données obtenues, tant structurales qu’électriques, et exposées dans le présent travail sont
en accord avec les données de la littérature.

On a caractérisé le spectre IR de la combinaison 2 PbOV,0;.

On reléve un comportement électrique distinct pour 'essai ayant une composition approchée de
elle du composé 2 PhOV,0;, qui posséde un domaine de température pour lequel I'énergie d’activation
est de 3,96 eV,



CALCULUL CONCENTRATIEI DE ECHIVALENTA IN REACTIILE CU
PARTENERI PRECIPITATI

de
I0AN AL. CRISAN si SABIN SASU

Lucrave comunicatdé la Sesiunea stiintificd festivd organizatd cu prilejul sdrbdtorivii a 150 de ani de
ta infiintarca primelor cursuri de ingineri in limba romdind in Bucuvesti, din T—3 noiembric 1968

Intr-o lucrare anterioard [1], s-au dedus formulele de calcul unitar al concen-
tratiei de echivalentd in cazul reactiilor de titrare cu parteneri solubili gi parfial
disociati si s-a ardtat ci aceste formule se aplicd la toate cazurile obignuite ale ti-
trimetriei respective. Dar aceste formule nu se pot incid aplica in titrimetria de
precipitare, deoarece in majoritatea cazurilor nu se cunosc constantele de stabi-
litate ale precipitatelor respective, ci numai constantele lor de solubilitate K, (pro-
dusii de solubilitate). Din aceasti cauzd, se impune deducerea unor formule cu
care calculul concentratiei de echivalen{i si se facd si in functie de produsii de
solubilitate ai partenerilor precipitati ai reactiilor de titrare.

Pentru o reacfie oarecare cu parteneri precipitaii s-a ardtat [2] ci este vala-
bild urmatoarea expresie:

K gy . ”l; Hprp (l)
g T T e
cp H’L Lpp

unde K, este constanta globald (clasicd) de echilibru a reactiei de titrare respec-
tive, Il si 1., sint produsii concentratiilor molare ale pirtii solvite a precipitalelor
din membrul drept, respectiv din membrul sting al reactiei, ridicate fiecare la pu-
terea factorilor stoechiometrici proprii, IIp si 1T, sint produsii constantelor de sta-
bilitate ale partenerilor solvifi $i partial disociati din membrul drept, respectiv din
membrul sting al reactiei, ridicate fiecare la puterea factorului stoechiometric pro-
priu, iar I, si I, sint produsii constantelor de solubilitate (produsilor de solubili-
tate) ale precipitatelor din membrul drept, respectiv din membrul sting al reactiei,
ridicate fiecare la puterea factorului stoechiometric propriu. Pe de alti parte, se
poate demonstra cd in cazul unei reactii de titrare cu parteneri precipitati, este

valabild urmétoarea expresie:
- I ey
]‘0 —£L = “(:‘I‘ (2)
Hep Mgy
unde llg, si Il¢, sint produsii concentratiilor de echilibru ale partenerilor solubil
din membrul drept, respectiv din membrul sting al reactiei, ridicate fiecare la pu-
terea factorului stoechiometric propriu.

4 — Chemia /1970
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Daca se noteazd cu ¢, concentratia de echilibru a unui reactant principal so-
lubil si cu ¢, concentratia de echilibru a unui produs principal de reactie solubil,
se pot exprimma toate concentratiile de echilibru ale tuturor celorlal{i reactanti si
produsi de reactie (considerafi parteneri secundari) in functie de ¢, si ¢;, potrivit
relatiilor :

reactant secundar solubill = 2. ¢, (3)
Sy
- . S ~
Cprodus de veactie secundar solubil] = - . ¢, (4
\'
p

unde v i » sint factori stoechiometrici, S, este coeficientul stoechiometric al reac-
tantului principal solubil, iar S, este coeficientul stoechiometric al produsului prin-
cipal solubil al reactiei de titrare. Exprimind acum toate concentratiile de echili-
bru ale reactantilor si produsilor secundari ai reactiei de titrare cu ajutorul egali-
tatilor (3) si (4) st introducind aceste valori in expresia (2) (explicitatd pentru cazul
concret studiat), dupid efectuarea tuturor operatiilor si ordonarea termenilor, re-
cultd formula generald:

v

-7 i [ Sﬁ :,E')
R ‘\'1 - S PR _
Ky—= -t ? (5)
11 s ay
CL 51 . g5D, S, 48
S S, g

unde Sj, $i S sint produsii coeficientilor stoechiometrici ai partenerilor secundari
solubili din membrul drept, respectiv din membrul sting al reactiei, iar X si X7
sint sumele coeficientilor stoechiometrici ai partenerilor secundari solubili din mem-
brul drept, respectiv din membrul sting al reactiei.

FEgalind expresia (1) cu (5), se obtine:

~, LB S,rEp
HD ;.5 5‘1-5, -Lpf’ N
fj  — == m——-——*——', /‘“ (6)
1, Tpp o . S‘ED~ C.\";}:L
TLOTp R
Dacd se noteaza prescurtat:
S SEI
§ = (7)
- ¥
5]1 . Sy D
IS
T e 12 i (8)
I, Iipy
formula (6) mai poate fi scrisa:
I et = — S - c3p %0 = 0 )

Se vede, ca aceastd expresie este in fond ecuafia generald a concentratici de echilibru
a wnui reactant principal solubil saw a unwui produs principal solubil intr-o reactie
oarecare cu parteneri precipitati. Ca atare, ea se poate aplica tuturor reactiilor cu
parteneri precipitati si este evident ci in fiecare caz concret se obtine o ecuafie
simplificatd, specificd cazului dat. Se vede ca specificul fiecdrei reactil concrete
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este reflectat de concentratiile de echilibru, de stoechiometria globala S a reactiei,
de stabilitatea partenerilor solubili ai reactiei si de produsii de solubilitate ai par-
tenerilor precipitati ai reactiei comnsiderate.

Deocarece in titrimeria de precipitare se urmdreste variatia concentratiei unui
partener solubil al reactiei de titrare, se poate exprima concentratia de echilibru
a acestui partener, deci concentratia sa la punctul de echivalenti, din egalitatea (6) :

‘\kjf ‘\‘:}) R B B
A y b
S . S=D L Sr s X Up e Mgy
I R
(‘I) - f’ \"\ s (1())
.\‘[[ . S‘;“]‘ M- Hpp
sau
R 4
A . < v
YS! SptEp
'sz/' 'SV L ‘11‘[7 SRV “])/7 11
g = (11)

v GED T - 1
S5 ‘Sp n n o

Aceste formule se pot aplica cu succes la toate tipurile de reactii chimice cu
parteneri precipitati, cu conditia sd se tind cont de fiecare datd de cazul coucret
studiat. Cunoscind in fiecare caz concentratiile de echivalentd ale partenerilor
urmdriti (de obicel concentratiile ionilor metalici titrafi sau titranti), se poate alege
imediat indicatorul cel mai potrivit, astfel incit titrarea si fie exactd, precisd si
corecta.

In cazul in care unul dintre partenerii reactiei este solventul folosit, acesta se
va trata similar cu precipitatele, iar in locul produsului de solubilitate se va folosi
produsul sdu ionic.

Formulele generale deduse mai sus sint aplicate in cele ce urmeazi la unele
cazuri concrete din practica analitica.

Cele mai multe reactii de titrare din titrimetria de precipitare au la bazd o
reactie de aditie de tipul [37]:

PP+ rR=ulR, (12)
sau de tipul {4

pPO, + rR = uPQ,R, (13)

(aici compusii din membrul drept sint precipitate). In aceste cazuri, formula (11)
devine :

(14

pir b Kpo K
attt PO R =
[R] = \/ T (15)

O titrare de tipul (12) este de exemplu [5]:
Cl- + Ag+ = AgCl (16)
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sau:
Agt 4 SCN-— = AgSCN (17)
pentru care expresia (14) are forma concretd:
[Ag+] =K, (18)
si
+1 =+[K.
[Ag*] =K., (19)

Se vede ci se obin drept cazuri particulare tocmai formulele obignuite gi cunoscute
din toate tratatele clasice i moderne de chimie analitica [6].
Pentru reactia de tipul (13):

[Ag(CN); |~ + Ag* = Ag[Ag(CN),] (20)
care std la baza determinirii cianurilor dupd Volhard (7], formula (15) devine:
[Agt] = \/K::Ag(ma:" g O (21)

Se vede ca in acest caz trebuie si se tind cont atit de solubilitatea precipitatului,
¢it si de stabilitatea complexului dicianoargentic.
Exemplu de calcul. Pentru reactia de titrare [8] de tipul (12):

SO~ -+ Pb*+ = PbSO, (22)
formula (14) devine [9]:

LPbQ“}‘« _ Vll . Kspr(h — .\/I\’ = \/10" 620 — 1)~ 310 (23)

1t SPbS()‘

deci, la echivalenta reactiei (22): pPb = 3,10.

Observatie. La aplicarea in practici a formulelor generale trebuie avut griji
sii se respecte concordanfa dintre aparatul matematic §i situatia reald a fiecdrui
caz concret. In caz contrar, se poate ajunge la calcule eronate si la rezultate absurde.
Astfel, in cazul in care in solutie nu existd unii parteneri de reactie prevdzuti de
cazul general, acestia se vor considera ca ,element neutru’” in sens matematic $i
vor avea valoarea zero fatd de adunare si sciddere si vor fi egali cu unitatea fata de
inmultire si impdrgire. De exemplu la aplicarea formulei (11) la reactia (12), se vede
¢d nu existd nici un produs de reactie solubil si in acest caz S; = 1, ¢p = 1, T =)
= 0,S,=1,1} = 1. In acelasi timp se vede cd in membrul sting al acestei reac-
111 nu existd nici un precipitat, deci 11, = 1. Aceastd precaufie matematicd este
justificata de fap tul real, dupd care absenta unui partener de reactie nu poate anula
actiunea partenerilor de reactie prezenti, asa cum ar rezulta, dacd de exemplu in
cazul reacfiei (12) s-ar scrie ¢p =0 si [1,, =0, deoarece compusii respectivi nu exista.

Apoi, produsii de solubilitate se refera la intreaga conexiune de echilibre
clementare la care participa precipitatele respective. De exemplu in cazul
Ag[Ag(CN), se va lua Ky, 4oy, = [Ag *[CN 1% In concordanta cu conexiunea
celor doud echilibre elementare reale:

Ag[Ag(CN),| = Ag -+ [Ag(CN), = 2Ag + 2CN- (24)

(Intrat in redaciie la |12 aprilic 1969)
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NAPTHEPAMH

(Peswnme)

B paGore BuiBoasitcst ofuine GopMysabi ANS BHYMCJAEHHS KOHUEHTPALUMH OAHOrO napTHEpa peak-
UHH THTDOBAHHS B TOYKE 3KBHBANEHTHOCTH. [TOKa3bIBA€TCH, YTO HEKOTOpHE KJaccHyecKHe (GOPMYJbl THT-
PHMETDHH OCAaXKJEHHS ABJSIOTCS YACTHBIMH CJYYasMH HOBBIX GOPMYyJI.

CALCUL DE LA CONCENTRATION D'EQUIVALENCE DANS LES REACTIONS
A PARTENAIRES PRECIPITES

(Résumé)

Les auteurs du présent travail déduisent les formules générales pour le calcul de la concentra-
tion d'un partenaire dans une réaction de titrage au point d’équivalence. Ils montrent en outre que
certaines formules classiques de la titrimétrie de précipitation sont les cas particuliers des nouvelles
formules.
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HIDROPEROXIDAREA CUMENULUI IN CONDITII STATICE

de

I. VODNAR i b, COSTIN

In ultimii doudzeci de ani hidroperoxizii de diferite tipuri si-au gasit aplicatii industriale tot mai
Yargi ca initiatori in reactiile de polimerizare, ca produsi intermediari in productia fenolilor si a ceto-
nelor, respectiv aldehidelor, sau la vulecanizarea cauciucurilor. Peroxizii se folosesc mult si in laborator
pentru initierea unor reactii in lant.

Dintre hidroperoxizii alchilbenzenilor, cel mai important pentru productia in-
dustriald este cel al cumenulul intrucit std la baza obtinerii fenolului si acetonei,
materii prime In productia maselor plastice si a firelor si fibrelor sintetice. Ca ur-
mare, in literatura de specialitate au apdrut numeroase lucriri care oglindesc efor-
turile depuse de cercetdtori pentru gésirea conditiilor celor mai favorabile 1n care
sd se realizeeze procesul de hidroperoxidare a cumenului si ulterior de descompu-
nere a hidroperoxidului de cumen. Aceste lucrdri privesc reactia din punct de
vedere cinetic, relevind totodata si aspectele economice pe care le prezintd [1 — 17].

Mecanismul reactiei de hidroperoxidare a cumenului este analog mecanismului
de hidroperoxidare al altor hidrocarburi, fiind vorba de o reactie in lant. Etapele
ei sint:

— aparifia radicalilor liberi R;

— oxidarea radicalilor R la radicali ROO;

— interactiunea radicalilor ROO cu hidrocarbura inifiald RH, care duce la
formarea hidroperoxidului ROOH si regenerarea radicalului R [18,191. Mecanismul
reactiei poate fi prezentat in felul urmator :

RH 4 O, » R + HO,
R + 0, - ROO
ROO + RH —» ROOH -~ R

Datoritd importantei pe care o prezintd hidroperoxidul de cumen in industria
chimica a tarii noastre, am considerat utild studierea sistematicd a hidroperoxidarii
izopropilbenzenului in functie de diferifi parametri aplicind metoda clasicd. Aceste
experienfe au fost efectuate si cu scopul realizdrii unei comparatii cu o noud metoda
de hidroperoxidare, elaboratad la Catedra de tehnologie chimica si denumitd hidro-
peroxidare in peliculd de lichid [20].
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PARTEA EXPERIMENTALA

Metoda de lueru. in prezenta lucrare sint aritate rezultatele experimentale obtinute la hidroperoxi-
darea cumenului intr-o instalatie de laborator care a permis §i urmirirea cineticii de reactie.

Hidroperoxidarea s-a ficut cu oxigen tehnic, urmirind efectul pe care il au asupra procesului urmé-
torii parametri: temperatura, debitul de oxigen, durata hidroperoxidarii, concentratia cumenului, concen-
tratia initi~torului, calitatea initiatorului si adausurile de adipat de sodiu.

Cumennl utilizat in cadrul experientelor a fost furnizat de Combinatul de cauciuc sintetic gi
produse petrochimice din Orasul Gheorghe Gheorghiu-Dej. A fost purificat prin tratare cu H,50, conc.
si NaOH, dupid o metoda descrisd in literaturd [21]. Volumul total al probelor luate in lucru a fost de
24 ml.

Hidroperoxidarea s-a realizat prin trecerea unui curent de oxigen tehnic. dupi o prealabild purifi-
care, prin proba supusid reactiei. Pentru urmdrirea procesului s-au scos din timp in timp probe de cca
80 mg in care s-a dozat hidroperoxidul de cumen format printr-o metodd iodometricd {221,

Deserierea si functionarea instalatiei. Hidroperoxidarea s-a efectuat in instalatia prezentati in
fig. 1, constituitd din urmitoarele piese : butelia de oxigen tehnic 1, siguranta de presiune 2, confectio-
natd din sticld, care serveste la metinerea presiunii necesare trecerii oxigenului prin instalatie, turnu-
rile pentru purificarea oxigenului 3, umplute cu calce sodats, clorurd de calciu anhidri si cirbune activ,
reometrul 4 pentru misurarea debitului de gaz, vasul de oxidare 5§ previazut cu placa poroasi 6, care
are rolul de a dispersa fin oxigenul in masa de hidrocarburd supusid hidroperoxidirii, dispozitivul de
luare a probelor 7, pentru urmirirea cineticii de reactie, refrigerentul cu slif 8, in care are loc condensa-
rea vaporilor de hidrocarburd antrenati de curentul de oxigen, cuptorul electric 9, confectionat din
aluminiu, cu care se face incilzirea vasului de reactie. Reglarea temperaturii cuptorului se realizeazi cu
un sistem automat in circuit inchis, compus dintr-un releu electric si un termometrn de contact fixat
in locasul 10 al cuptorului.

Oxigenul tehnic luat din butelia 1 trece prin siguranta de presiune 2 si prin turnurile de purifi-
care unde se retin pe rind bioxidul de carbon, vaporii de apd si urmele de combinatii cu sulf, apoi
prin reometrul 4 in vederea determindrii debitului, ajungind in aparatul de hidroperoxidare 5, unde
trece prin placa poroasd 6 si barboteazd prin stratul de hidrocarburd. Oxigenul nereactionat iese in
atmosferd prin refrigerentul 8. Mentinerea temperaturii dorite in aparat se face cu ajutorul cuptorului
electric 9.

Rezultatele experimentale. Primul parametru studiat a fost temperatura. S-a lucrat cu un
debit de oxigen de 10 l/h. In fig. 2 sint redate curbele cinetice pentru trei valori de temperaturi.

Din figurd rezultd, cd pe misuri ce creste tempe-
0z ratura, hidroperoxidarea are loc cu vitezd mai mare,
in schimb concentratia maximi de hidroperoxid ce
poate fi obtinutd scade. Coborind temperatura de
reactie de 1a 125,5 la 120°C se constatd scdderea
pronuntati a vitezei de hidroperoxidare astfel incit
concentratia maximi de hidroperoxid nu se atinge
nici dupi 13 ore. Aceastd constatare are importanti
practici reali deoarece ne delimiteazi domeniul de
temperaturd (120-—126°C) in care poate fi efectuatd
hidroperoxidarea cumenului cu viteze convenabile
din punct de vedere preparativ, indicind totodata
sl temperatura la care concentratia maximi de
hidroperoxid ce poate fi realizatii scade mult datoritd
descompunerii terinice pronumtate a hidroperoxidu-
lui (126°C).

In continuare s-a urmirit influenta pe care
o are asupra procesului debitul de oxigen, lucrind
la temperatura constanti de 125,5°C. Rezultatele
acestor experiente sint ilustrate in fig. 3.

Se observd cii viteza de hidroperoxidare depin-
I'ig. 1. Instalatie de laborator pentru hidro- de de debitul de oxigen. Anume, o dati cu creste-
peroxidarea cumenulni: 1 — butelie de oxigen; rea debitului cregte si viteza de hidroperoxidare. T.a un
2 — siguranti de presiune; 3 — vase pentru pu-  debit de 7,7 l/h O,, vitezaeste de 0,033 moli. 171
rificarea oxigenului; 4 — reometrn 5;— vasde -h™%, iar la 13 I/h O, creste pini la 0,75 moli. 171
oxidare; 6 — placd poroasd; 7 - dispozitiv de h™1 Se constatd in acelasgi timp cd, prin mirirea
luare a probelor; 8 — refrigerent; 9— cuptor; debitului de oxigen concentratia maximad de hi-

10 — locasul pentru termometru; droperoxid ce poate fi atins#, creste. Aceasta se da-

<
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Fig. 2. Variatia concentratiei hidrope- Fig. 3. Variatia concentratiei de hidro-

roxidului de cumen in functie de timp,

la diferite temperaturi si un debit de

oxigende 101/h: 1—-130°C;2—125,5 °C;
3 — 120°C.

peroxid de cumen in functie de timp, la

diferite debite de oxigen §i temperatura

de 125,5°C:1 — 13 lh; 2 — 10 Wh;
3—-77 1h.

toreste probabil faptului cid, pe lngd un debit mai mare de oxigen, produsii de descompunere ce
apar, dintre care unii provoacd la rindul lor descompunerea hidroperoxidului de cumen format, sint vola-
tili si se elimini din sistem cu mai multi usurinti atunci cind debitul de oxigen este mai mare.

In cele ce urmeazd s-a studiat influenta temperaturii asupra hidroperoxidarii initiate cu hidroper-
oxid de cumen si, dupd cum se vede din fig. 4. rezultid cd, la o temperaturi mai coboriti (109°C)
viteza reactiei este foarte micé, chiar si in prezenta initiatorului. Viteze convenabile pot fi realizate la
125 —126°C.

Valoarea maximai a concentratiei de hidroperoxid este comparabiliin cazul temperaturii de 125,5°C
si 120°C, fiind mai mare la 1157C, dar aceasta este atinsi numai dupd cca 15 ore. $i de data aceasta
se constatd ci temperatura de 125,5°C asigurd viteza gi concentratia maximi de hidroperoxid de cumen
suficient de mari.

in urmaiatoarea serie de experiente s-a studiat efectul pe care il are asupra procesului de hidro-
peroxidare concentratia initiatorului (hidroperoxidul de cumen). Au fost realizate studii paralele prin cele
doui metode de hidroperoxidare, clasicdi si in peliculd de lichid, obtinindu-se rezultate a cdror comparatie
ne indicd superioritatea pe care o are noua metodd. Astfel, in fig. 5 sint reprezentate grafic rezultatele
obtinute folosind aparatul clasic, lucrind cu concentratii de initiator variabile (0,285 molifl. 0,356 molifl
si 0,570 moli/l.

Se observii ¢d, concentratia maximi de hidroperoxid gi viteza maximi de formare a acestuia se pro-
duce in cazul in care concentratia hidroperoxidului ca initiator este de 0,570 molifl. In acest caz
coneentratin maximi de hidroperoxid de cumen este de 2,625 moli/l {cca 489) si aceasta se atinge dupi
3,75 ore.

Deoarece in practica industriali hidroperoxidarea se conduce numai pind la concentratii de cca
20— 259, factorul determinant nu este concentratia maximi realizabild, care se situeazd in toate cazu-
rile peste aceastd valoare, ci viteza de hidroperoxidare. Din grafic rejese c¢i ea este suficient de mare
si in cazul folositii unei concentratii initiale de hidroperoxid de cumen de 0,356 moli/l. La viteze mai mari
sistemul este greu controlabil si pot apare dificultiti serioase in dirijarea procesului de fabricatie.

in fig. 6 sint reprezentate rezultatele obtinute luerindu-se in aparatul de hidroperoxidare in peli-
culd de lchid.

Din grafic reiese cii, in toate cazurile vitezele de obtinere a concentratiilor maxime, precum
valorile acestora sint mult mai ridicate decit in cazul anterior, ceea ce denotd avantajul pe care
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I' i g 4. Variatia concentratiei hidroperoxidului de Fig. 3. Variatia concentratiei hidroperoxi-
cumen in functie de timp, la diferite temperaturi, in dului de cumen in functie de timp, la di-
prezenta de 0,285 mwolijl hidroperoxid de cumen ca ferite concentratii de hidroperoxid de cu-
initiator, debitul de oxigen fiind 101/h:1 — 125,5°C; men ca initiator, in aparatul clasic (vezi
2 —120°C; 3 115°C; 4 — 1097C. fig. 1) , la 1255°C 51 un debit de 10 I/h
Op: 1 — 0,285 moli/l; 2 - 0,356 moli/l;
3 — 0,570 moli/l.
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¥ig. 6. Variatia concentratiei hidroperoxidului de 1'ig. 7. Variatia concentratiei de hidroperoxid
cumen in functie de timp, la diferite concentratii de cumen in functie de timp, in prezentd de
de hidroperoxid de cumen ca inifiator, in aparatul diferiti initiatori, la 125, 5°C, debitul de oxigen
nou [20], la 125,5°C si un debit de 10 1/h Oy: 1 — fiind de 10 1/b; la o concentratie a initiatori-
— 0,425 molijl; 2 — 0,356 moli/l; 3 — 0,285 muolijl. lor de 0,285 moli/l; 1 — hidroperoxid de tert-

butil; 2 — hidroperoxid de cumen.
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prezintd aplicarea acestei metode noi. Luind in considerare doud experiente efectuate cu acceasi concen-
tratie initiald de hidroperoxid de cumen, de exemplu 0,356 moli/l, se observa ci la folosirea aparatu-
lui clasic concentratia maximi de hidroperoxid de cumen se atinge abia dupd 5 ore, in timp ce iu aceleasi
conditii, in aparatul cu peliculd de lichid se realizeazd dupd numai 2,75 ore.

In calitatea de initiator a mai fost utilizat si hidroperoxidul de ter{-butil. Rezultatele obtinute sint
in fig. 7 unde apar curbele variatiei concentratiei hidroperoxidului de cumen in functie de timp, folo-
sind ca initiator hidroperoxidul de tert-butil $1 de cumen, luati in aceeagi concentratie initiald de
(4,285 moli/l.

Se observd cii, desi viteza de reactie in cazul utilizdrii hidroperoxidului de tert-bhutil este mai
mare, se obtine totugi o concentratie maximi de hidroperoxid de cumen mai micit decit in cazul folo-
sirli hidroperoxidului de cumen ca initiator. Aceasta se datoreste probabil faptului cd hidroperoxidul
de tert-butil este mali instabil din punct de vedere termic, descompunindu-se rapid si dind nagtere la
produsi ce favorizeazit descompunerea.

In afari de initiatorii amintiti, s-a lucrat si cu adaus de adipat de sodin in proportie de 19
fatd e cantitatea probei, atit in absenta cit si in prezenta hidroperoxidului de cumen ca initiator. In
fig. 8 sint reprezentate rezultatele obtinute in acest caz.

Din forma curbelor refese cil, in cazul folosirii doar a adipatului de sodiu ca adaus, viteza de
reactie este mai micd, insit concentratia maximi la care se ajunge este mai mare decit in cazul folo-
sirii initiatorului pe lingd adipat, desi in acest din urmi caz viteza de initiere este ceva mai mare.
Se observd de asemenea cd, maximul de concentratie la care se ajunge cind se foloseste adipatul de
sodiu este mai mare decit atunci cind acesta nu este utilizat. Cauza acestui fenomen este probabil faptul
e, adipatul de sodiu fiind o sare a unni acid relativ slab, neutralizeazi unii produsi secundari acizi ai
reactiel care pot provoca descompunerea hidroperoxidului format.

Ultimul parametru studiat a fost concentratia de cumen. S-a folosit ca solvent bhrombenzenul cu
ajutorul cdruia au fost diluate probele. Rezultatele care au fost obtinute in aceste experiente sint ilus-
trate in fig. 9.
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1'ig. 8. Variatia concentratiei hi- Fig. 9. Variatia concentratiei hidroperoxidului de cumen
droperoxidului de cumen in func- in functie de timp, la diferite concentratii de cunen, tem-
tie de timp, in prezenta de adipat peratura fiind de 125,5°C, debitul de oxigen de 10 I/h, drept
de sodiu in proportie de 19, la solvent utilizind brombenzenul: 1 — 6,88 moli/l; 2 —5,84
125,5°C gi un debit de oxigen de molifl; 3 — 4,79 moli/l.
10 Yh: 1 — in absentd de initi-

ator; 2 — in prezenta initiatorului.
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functie de timp, pentru experientele ini- functie de log C, : V — viteza
tiate cu 0,285 moli/l hidroperoxid de maximi de hidroperoxidare!
cumen, la diferite temperaturi: 1-—-125,5° C, — concentratia initiald de cumen.

C;2 - 120°C; 3 — 115°C; 4 — 109°C.
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Se observd din fig. 9 cd, viteze maxime de reactie se obtin in cazul utilizdrii concentratiilor
mari de cumen. In schimb, daci se raporteazi cantitatea de hidroperoxid de cumen obtinuti, la canti-
tatea de cumen supusi hidroperoxidirii, se constatdi cfi, conversia cumenunlui in hidroperoxid de cumen
este cu atit mai mare cu cit concentratia de cumen a probei este mai micit. Aceasta se datoreste fap-
tului edi, prin diluare descompunerea hidroperoxidului deja format nu se produce decit la concentratii
mai mari de cea 259, hidroperoxid de cumen in proba lunatd in lucru. O asemenea hidroperoxidare
este recomandabili in cazul in care se urmdireste izolarea hidroperoxidului de cumen pur in scopuri
de cercetare.

Pe baza rezultatelor experimentale care au fost obtinute, s-a trecut la calcularea unor marimi
legate de cinetica reactiei. In primul rind s-a incercat calcularea ordinului de reactie prin metoda line-
arizdirii curbelor cinetice gi s-a constatat cil reactia poate fi descrisi cu ajutorul ecuatiei cinetice care
caracterizeazi reactiile de ordinul 2. Rezultatele sint reprezentate in fig. 10, unde apar dreptele depen-
dentei valorii 1/a — ain functie de timp, pentru experientele de hidroperoxidare a cumenului in prezenti
de initiator, la diferite temperaturi.

Acelagi ordin de 2 al reactiei in raport cu cumenul a fost confirmat si prin aplicarea metodei
vitezelor maxime. n fig. 11 sint reprezentate rezultatele prin care s-a calculat pe cale grafici ordinul
de reactic.

Pentru  stabilirea encrgiei de activare a reactici s-au reprezentat grafic in fig 12, logaritimii
constantelor de vitezd ale reactiilor initiale cu hidroperoxid de cumen, la diferite temperaturi,in functie
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de 1fT. Valoarea calculati pentru energia de activare este de 9,95 Kcal/mol. Aceastii valoare este in
bund concordanti cu regula lui M. Polanyi, dupi care energia de activare a proceselor in care partici-

pit radicali liberi ce reactioneazid cu molecule aseminitoare lor, poate fi calculati cu urmitoarea for-
muli empiricd :

IF=115 - 025.4 g — cildura de reactie

Coneluzii. In urma experienfelor de hidroperoxidare a cumenului se pot trage
urméitoarele concluzii:

— hidroperoxidarea la temperaturi sub 110°C decurge lent, si este mai rapidd
la temperaturi crescinde, obtfinindu-se o vitezd de reactie convenabilda din punct de
vedere practic la 125,5°C. La temperaturi mai mari, desi viteza reactiei creste
incd, are loc o descompunere pronuntatd a hidroperoxidului de cumen format si de
aceea nu este recomandabild depidsirea acestei temperaturi;

— debitul de oxigen influenteazid mult hidroperoxidarea ; pe misurd ce acesta
creste, are loc si cresterea vitezei de reactie ;

— hidroperoxidarea poate fi inifiatd de diferiti inifiatori. Dintre acestia cel mai
potrivit este hidroperoxidul de cumen a cirui concentratie optimi este 0,356 moli/1;

— lucrind cu aceastd cantitate de hidroperoxid de cumen ca initiator, tempe-
ratura optimi de lucru este 125—126°C, intrucit viteza de reactie este destul de
mare si se ajunge la concentratii de hidroperoxid de cumen suficient de mari
(2,25 moli/1; cca 309,);

— dacd pe lingd hidroperoxidul de cumen ca initiator, se foloseste i un adaus
de adipat de sodiu in proportie de 19, are loc o crestere pronuntati a concentratiei
maxime de hidroperoxid de cumen ce poate fi realizatd. Este important de amintit
faptul cd, hidroperoxidarea decurge cu viteze aproape tot atit de mari si in cazul
in care se foloseste doar adipat de sodiu;

— prin diluarea probelor de cumen cu brombenzen conversia cumenului in
hidroperoxid de cumen creste pe misurd ce concentratia de cumen scade;

— efectuarea hidroperoxidarii prin noua metoda, in peliculi de lichid, este
mult mai avantajoasd decit cea clasici, intrucit permite obiinerea unor concentra-
tii mari de hidroperoxid de cumen intr-un timp cu cca 80— 1009, mai redus. Prin
aceastd metodd se suprimd aplicarea dispozitivului de agitare, precum si consumul

de energie necesar agitdrii, aceasta fiind realizatd de catre curentul ascendent de
oxigelt.

(Inirat in redactie la 15 tunic 1969)
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THAPONEPOKCHAMPOBAHHME KYMOJIA B CTATHYECKHX YC/IOBIHSIX
(Peziowve)

B padore npHBOASTCH SKCMEPHMEHTATbHBIE PE3YJBTATH, NOJYUCHHBE 1TPH IHAPONEPOKCIINPOBAHIH
KyMOJa B ¢TATHYeCKHX ycaoBHsix. Ha ocHoBe 3KcHepHMEHTAAbHBIX JAHHBIX 4BTOPBI BBIUHCIHIN: NOPSIOK
peaKkmHi ;1151 MAKPOCKOIYECKOro 3Tana Npouecca, KOHCTAHTEl CKOPOCTH [IPH DA3JIHYHBIX TeMieparypax
11 3HEPTHIO AKTHBALMH. JTa NOCAeLHsTs 0Ka3aaach B XOPOLLIEA COIIAcHH ¢ cooTHOoweHHeM, daunubiyv M. TTosa-
un (E = 11,5—0,25¢) A5 BbIYHCAEHUS SHEPIHH aKTHBALMI PeaKIH, B KOTOPBIX YHaCTBYIOT CBOOOJHLIE
PAIHKAAL H CXOIHble ¢ HHMII MOJKY/Ibl.

HYDROPEROXYVDATION DU CUMENE DANS DES CONDITIONS STATIQUES

(Résumé)

Cette ¢tude présente les résultats expérimentaux obtenus avec I'hydroperoxydation du cuméne
dans des conditions statiques. A partir des données expérimentales on a pu calculer : Vordre de réaction,
pour U'étape macroscopique du processus, les constantes de vitesse aux différentes températures et
I'énergie d’activation. La preuve est faite que cette derniére se trouve en pleine concordance avec la rela-
tion donnée par M. Polanyi (E == 11,5 — a. q) pour le calcul de lénergie d’activation des téac-
tions auxquelles participent des radicaux libres et des molécules qui leur sont analogues.
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BENZOFURO-BENZOTHIAZOLLES (I)
Application de la réaction de Jacobson pour 'obtention des

benzofuro-benzothiazoles

par

VALER FARCASAN, STELIAN FLOREA et RODICA BEJU

Etant donné que le groupe des benzofuro-benzothiazoles est représenté dans la
ittérature exclusivement par le méthyl—2 (I) [1] et I’ amino-2 benzofuro (2.3—1)
benzothiazole (II) [2], nous avons considéré opportun d’effectuer des recherches
pour enrichir les connaissances dans ce domaine.

Swo oS

CHy
NH,

: R
R

|

Le premier probléme & résoudre est de trouver des méthodes convenables pour
I'obtention des benzofuro-benzothiazoles, pour arriver a un nombre suffisant de
dérivés nécessaires aux études systhématiques que nous avons en vue, concernant
la réactivité, les propriétés physiques et biologiques de ce noyau hétérocyclique.

Yarmi les méthodes utilisées avec suceés pour préparer les benzothiazoles, la
réaction de Jacobson [3] présente quelques avantages. L’essai de 'appliquer
dauns la classe du benzofuro-benzothiazole (IIT) fait I'objet de la présente note.

Dans ce but nous avons préparé par l'action de 'hydrate d’hydrazine sur le
nitro-3 dibenzofuranne (IV), 'amino-3 dibenzo-furanne (V) puis le benzoyle dérivé
(VI) {4]. VI a été transformé en thiobenzovlamino-3 dibenzofuranne (VII), qui par
oxydation avec le ferricyanure en solution basique a fourni le dérivé benzofuro-
benzothiazolique (VIII).

La fermeture du cycle thiazolique est confirmée aussi par les spectres UV des
composés VII et VIII, comparés avec ceux du thiobenzanilide (IX) (5] et phényl-2
benzothiazole (X) [6]. En effet si on observela bande qui apparait a la Jongueur d’onde
la plus élevée (tableau I), on constate pour chaque cas que le passage du thioanilide
(VII resp. IX) au dérivé thiazolique (VIII resp. X) détermine un déplacement
hypsochrome ¢t une augmentation presque identique de lextinction moléculaire
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Tableauw 1

Bande de la longueur d'onde la plus élevée et extinetion moléculaire pour les composés VIE, VIIL, IX et X

Substance ’omp Cmax’ 1
‘Thiobenzovlamino-3 dibenzofuranne (VII) 342 16,3
Phényl-2 benzofuro benzothiazole (VIII) 323 33,2
Thiobenzanilide (IX) 320 9,1
Phényl-2 benzothiazole (X) 298 20,2

de cette bande. Une analyse détaillée des spectres électroniques des substances
VII et VIII fera l'objet d’un futur travail.

1L ’oxyvdation de VII peut fournir deux substances, VIIIa et VIIIb.

o
NOwO LR
4
° H
V‘:R‘-‘C‘Hs
O O Ve
s 0
O O \c_.g__, Vita:R=CcHs
0 'l +
H
yi: R=C¢Hg O O

XVi: R=zCHg S\/z‘

vimb:R=CHs o

Le composé que nous avons isolé est une substance homogéne (point de fusion net,
une seule tache a la chromatographie en couche mince) et par conséquent il faut lui
attribuer 'une des structures VIIIa ou VIIIb. Nous supposons gue le composé
obtenu est le phényl-2 benzofuro/2.3-f/benzothiazole (VIIIa)pour les motifs suivants.

11 est bien connu que la fermeture du cycle thiazolique dans les conditions
de la réaction Jacobson est le résultat d'une attaque électrophile du , sulfocation”
formé par Voxydation du thioanilide [7] et par conséquent sera préférée la position
avec la densité électronique la plus élévée. Les données de la littérature concernant
les réactions de substitution électrophile sur le dibenzofuranne(XI) démontrent
une densité électronique plus élevée pour la position 2 que pour la position 4. Ainsi
I'étude détaillée de la nitration du dibenzofuranne (XI)effectuée par Yamashiro
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[8] a constaté que dans le mélange réactionnel on trouve 109, de nitro-2 dibenzo-
furanne (XII) et seulement 19 de nitro-4 dibenzofuranne (XIII). Par ailleurs la ré-
action entre le brome et Pacétylamino-3 dibenzofuranne (XIV) engendre le bromo-2

acétylamino-3 dibenzofuranne (XV), c’est-a-dire que la substitution a lieu sur le
carbone 2 [9].

I essai de mettre a profit les données infrarouges (bandes v CH) obtenues pour
les substances VII et VIIT dans le but de confirmer la structure linéaire de VIII

S

(VIIIa), n’est pas arrivé a ses fins.

Afin de voir si le remplacement du groupement phényl du thioanilide VII par
le méthyle a une influence remarquable sur le développement de la réaction
d’oxydation nous avons préparé le thioacétylamino-3 dibenzofuranne (XVI)
qu'on a soumis & 'action du ferricyanure en solution basique. De la masse réacti-
onnelle nous n’avons pu isoler un produit pur.

Les réactions décrites ci-dessus a partir des thioanilides VII et XVI, démon-
trent que les possibilités de mettre 4 profit la réaction de Jacobsonpour I'obtention des
benzofuro-benzothiazoles sont limitées. Une étude systématique que nous avons en

vue, annoncée par cette note préliminaire, a pour but de déterminer les facteurs qui
imposent cette délimitation.

Partie expérimentale*

Amino-3 dibensofuranne (V). On porte a U'ebullition pendant 1 h un mélange de 1 ¢ nitro-3 diben-
zofuranne (IV), un peu de nickel (obtenu a partir du formiate) et 0,5 ml d’hydrate d’hydrazine dans 20 ml
d’é¢thanol. On ajoute 0,5 ml d’hydrate d’hydrazine et on chauffe 4 ébullition encore 1 h. Le catalyseur est
sépard & chand et on ajoute an filtrat de 'ean (chaude) jusqu’'a ce qu’il commence & se troubler. I/amino-3
dibenzofuranne (V) pur précipite apreés refroidissement (0,73 g). F = 94°C (litt. 94°C [4}).

Benzoylamino-3 dibensofuranne (VI). On dissout 0,3 ¢ V dans 5 ml de pyridine. On ajoute lentement
en agitant 0,5 ml de chiorure de benzoyle. On laisse reposer 1/2 h. On verse dans une solution de FICl.
On recueille le  préeipité (0,34 g) et on le lave abondamment & l'eau. On recristallise dans 'acide
acétique. I = 201°C (litt. 201°C C [4]).

Thiobenzoylaminu-3 dibensofuranne (VII), On porte a P'ébullition une solution de 2 g VI dans 16 ml
de pyridine séche et on ajoute pen a peu 2 g de pentasulfure de phosphore.

On chanffe a reflux 1 h. On verse dans 'ean & 60°C. On recueille le précipité (1, 8 g), on le dissout
dans 100 ml KOH a 4°) légérement chaud et on filtre ¢'il reste des traces de solide. On acidified
froid avee HCL a 59, On recristallise dans Véthanol. ¥ = 179—-180°C.

CHNOS (303,4) cale. C 7524 H 4,32 N 4,62

tr. ¢ 75,71 H 420 N 4,82

Phényl-2 benzofuro (2.3-fybensothiazole (VIII a). On dissout 0,26 g VII dans 20 ml d’éthanol.
On ajoute une solution de 1 g K,;[Fe(CN)]; et 0,5 ¢ KOH dans 5 ml d’eau. On chauffe au bain-marie
1 h. Aprés refroidissement on recueille le préeipité (0,16 g) et on le lave abondamment a l'eau. On
recristallise dans l'acide acétique. Cristaux jaunatres. F = 181—182°C.

¢ H,,NOS (301,4) cale. C 75,74 H 3,67 N 465 S 10,64
tr. ¢ 7561 H 3,71 N 4,71 & 10,99

Thioacétylamino-3 dibenzofuranne (XVI). On porte & U'ébullition une solution de 2 g acétylamino-3
dibenzofuranne (XIV)[10] dans 16 ml de pyridine sc¢che et on ajoute pen & peu 2g de pentasulfure
de phosphore. On chauffe 1/2 h. On verse dans 'eau 4 60°C. On filtre aprés refroidissement (1,2 g).
On recristallise deux fois dans I'éthanol. Cristaux briques. F = 191-192°C.

€ H,,NOS (241,3) cale. N 580 S 13728
tr. N 555 S 13,49

* Les points de fusion ne sont pas corrigés. Les spectres UV ont été enregistrés avec un spectro-
photométre Beckmann modéle DK—2A, en solution chloroformique.

§ — Chemia 11970
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L’oxydation du thicacétylamino-3 dibenzofuranne (XVI). Le mode opératoire est identique a celui
utilisé précédemment pour oxyder VII. Nous n’avons pu isoler un produit pur.

(Manuscrit vecu le 24 jullet 1909)
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BENZOFURO-BENZTIAZOLI (I).
Aplicavea reactiei Jacobson pentru obtinerea bemzofuro-benstiazolilor

(Rezumat)

In aceast# lucrare, pornind de la 3-benzoilamino-dibenzofuran (VI), se prepard 3-tiobenzoilamino-
dibenzofuranul (VII), care prin oxidare cu fericianur3 de potasiu in mediu alcalin (metoda Jacobson)
se transformii in benzofuro-benztiazolul corespunzitor (VIII). Inchiderea ciclului tiazolic este confir-
mati folosind spectrele electronice. Pe baza datelor din literaturd se atribuie lui (VIII} structura
(VIII a). 3-Tioacetilamino-dibenzofuranul, oxidat in aceleasi conditii, duce la un amestec din care nu s-a
putut izola un produs pur.

BEH300YPO—BEH3THA3OJIBI (1)
Hpumenenue peaxyuu SkobGcona 021 noayuequs  BeH30ypo-GeH3muasnaos

(Pesome)

Hcxoas uz 3-Genzomnamuuno-jubensodypana (VI), aBTopel nosyqaiorT 3-THOGEH30HAAMHHO-IHOCH30-
¢dypan (VII), kotopulii myTéM OKHC/IeHHs ¢ QeppHUMAHHAOM KaJHs B l1eJ0uHOH cpele (MeTod HKoOGcoua)
NPeBpaUIaeTcsi B COOTBETCTBYIOWMH Gensodypo-Genstiazon (VIII). 3ambixkanue THA30J40BOrO LHKAA MO
TBEPK/EHO HCIIONb30BAHHEM 3JEKTPOHHBIX CrekTpoB. Ha ocHoBe JHMTepaTypHBIX NaHHBIX COEJHHEHH:O
VHI npunuciBaercs ctpyxrypa VIII a. Okucnenve 3-THoaueTHIaMHHO-AHOeH30(ypaHa B OAHHAKOBbLIX
YCAOBHAX MPHBOAHT K CMECH, H3 KOTOPOH aBTOPbI HE MOIIH OTAEAMThH YHCTOTO NPOAYKTA.



ON THE CONDENSATION OF o-PHENYLENEDIAMINE WITH
m-NITROBENZYI, CHLLORIDE

by
ILEANA GANEA and RUXANDRA TARANU

We have shown in a previous paper [1] that by the action of o-nitrobenzyl
chloride on o-phenylenediamine a mixture of products can be obtained from which
we have separated N,N-di(o’-nitrobenzyl)-o-phenylenediamine (I) and N-(o'-nitro-
benzyl)-o-phenylenediamine (II).

CH, R
I\_no " 7\ _NH—CH,R
| g
I R= 0-CH,-NO, R,—H IIR = 0—CH,~NO, R,= NH,
III R = m—CH,~NO, R, —H IV R = m—CgH;—~NO, R, = NH,

VR =m—-(CH,—NO, R,=COCH, XIIIR = m—CH;—NO, R, = NO,
VIR =m~CH,—NO, R, = COCH,
VIIR == m—CH,—~NH, R,=H

In the literature [2,3] a single compound IT is mentioned as the ouly product
of the recaction.

To perform a detailed study of this reaction we have substituted the o-nitroben-
zyl chloride with m-nitrobenzyl chloride which was more easily available. By wor-
king with larger quantities (20 g m-nitrobenzyl chloride) we succedeed in isolating,
by very laborious operations, the following reaction products: N,N—di(m’-nitro-
benzyl)-o-phenylenediamine (III), 1-(m-nitrobenzyl}-2-(m-nitrophenyl)-benzimida-
zole (XI), the last registred in the literature [4], a substance of an intensive red
colour, which hasnot beenyet identified and N-(m’-nitrobenzyl)-o-phenylenediamine
(Iv).*

To be sure that in the reaction well defined and distinct compounds are formed,
a TLC (on sillicagel G, system benzen was carried out for the first three products
separated, after a suitable purification.

* This is mentioned in literature due to an error [5].
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The three RF values are different, namely :

0,29 for substance III

0,37 ,, . XI

0,54 ,, ) unidentified

N,N-Di(m’-nitrobenzyl)-o-phenylenediamine (III) has a clear basic character,
gives a stable hydrochloride, a mono acety! (V) and a mono benzoyl derivative (VI).
The isonitril test was also positive with compound III.

By reduction with hydrazine hydrate and Ni catalyst, compound IIT gave
rise to N,N-di(m’-aminobenzyl)-o-phenylenediamine (VII).

In the infrared spectrum of compound III, two sharp bauds located at 3400
and 3300 cm~ ! were observed, corresponding to the asymmetrical and symmetrical
stretching vibrations of a primary amino group.

NMR analysis of the substauce III has shown the following:
In CDCl; solution two kinds of aromatical multiplets appear:
a) a degenerated multiplet for

02N~< \> Ay = 12 ppm (in 1)
™~
b) a high field multiplet for
7 NN Ay = 3 in <
~ i NR, Av = 3—4 ppm (in <)
\\
NH,

At v = 5,57 a singlet representing 4 protous of the 2 CH, groups: these are
degenerated bhecause of the coupling with O,N—

At v = 6,15 a large hand representing 2 protons (the ratio to the singlet -CH, =
= 1/2 of the integral) for the NH, group.

The deuterated substance (with D,O) presents an unchanged singlet band of
the —CH,—while the large signal of the NH, group becomes a sharp signal at z==5,6.

The above mentioned data confirm the asymmetrical structure of compound III.

We could not give synthetic proofs for this structure, because our attempt
to obtain it by other metheds, failed. So, the condensation of o-nitraniline and
m-nitrobenzyl chloride leads to the mono nitrobenzyl derivative (XIII). By the
Ullmann synthesis, starting from o-chloronitrobenzene and di-m-nitrobenzyl-amine,
no condensation occurs. N-(m’-nitrobenzyl)-o-phenilenediamine (IV) has also a
basic character, forming a stable hydrochloride.

Formilation of N-(m’-nitrobenzyl)-o-phenylenediamine (VI), by refluxing with
formic acid, resulted in the benzimidazole ring closure leading to 1-(m-nitrobenzyl)-
benzimidazole (VIII). By acetylation IV provided a diacetyl derivative IX which,
by refluxing with HCl, underwent a cyclization leading to 1-(in-nitrobenzyl)-
2-methyl-benzimidazole (X)

g

——N-CH,—CH,—NO,(m)

\\/\
VIII R=H
XR:CH3

XI R = m—CgH, —NO,.
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By diazotisation substance IV provided 1-(m-nitrobenzyl) -benzotriazole (XII)

—CH, —CH,—NO,
O

NN
X11

Treatment of N-(m'-nitrobenzyl)-o-phenylenediamine (IV) with m-nitrobenzal-
dehyde afforded 1-(m-nitrobenzyl)-2-(m-nitrophenyl)-benzimidazole (XI), a subs-
tance which was also separated from the products of the initial reaction studied
by us.

Compound IV exhibited an infrared spectrum containing — besides the two
characteristic stretching vibrations of the NH, group, located at 3350 and 3400
cm~! — an additional band at about 3240 cm~?! pointing to the presence of a se-
condary amino group.

Experimental

N, N-Di(m/-nitrobenzyl)-o-phenylenediamine (I11). A solution of 7 g of m-nitrobenzy! chloride and
4,4 ¢ of o-phenylenediamine in 30 ml of ethanol was refluxed for 2 hours. The yellow crystalline
precipitate formed after cooling was filtered — about 5 g — suspended in aqueous ethanol, neutrali-
zed and recrystallized from ethanol. Crystals melting at 130—133°, were obtained their colour varying
from yellow to red.

If by recrystallisation substance III is not obtained in a pure state, it must be transformed in
its hydrochloride (in ethanolic suspension, with conc. HCl and stirring) then filtered, washed with
cold ethanol, alcalified and recrystallised again from ethanol.

CpoH, 5N, 0, (378,2) Caled. ¢ 63,47 H 480 N 14,82
M.w.: 361 (Rast, in camphor) TFound ¢ 63,82 H 5,05 N 15,18

N,N-Di(m’-nitrobenzyl)-N'-acetyl-o-phenylenediamine (V). Acetyl chloride (3 ml) was added gra-
dually to a cooled solution of 0,5 g of 111 in 10 ml of dry pyridine. It was allowed to stand overnight
at room temperature, then poured in ice-water, acidulated with H,SO,, filtered, washed with water and
recristallized from ethanol. Iight yellow crystals from ethanol. M.p, 148°.

CyoH,oN,0,(420,2) Caled. N 13,34 Found N 13,67

N, N-Di(m’-nitrobenzyl)-N'-bensoyl-o-phenylendiamine (VI). Benzoyl chloride (5 ml) was added
gradually to a cold solution of 1 g III in 10 ml of dry pyridine. It was allowed to stand 24 hours at
room temperature, then it was poured in ice-water, acidulated with H,SO,. The separated oil was
washed with sodium hydroxide solution, and compound VI isolated by ether extraction. From etherical
solution were obtained colourless crystals melting at 140°.

CoH,oN, 05 (482,2) Caled. N 11,62 Found N 11,50

N, N-Di(m’-aminobenzyl)-o-phenylenediamine (VII). To a suspension of 1 g of compound III in
10 ml of ethanol were added 1 ml of hydrazine hydrate and some milligrams of nickel prepared from nickel
formiate. It was allowed to react at the room temperature; a gentle heating at the beginning in order
to start the reduction was sometimes necessary. The reaction was completed by heating on a water
bath. The whole process lasted 3—4 hours. The solution was filtered, reduced to dryness and recrys-
tallized from ethanol. Y = 0,8 g. M.P. 115°,

CyoHyeN, (318,2) Caled. N 17,91 Found N 17,61

1 The elemental analyses were performed in the Analytical Laboratories of Babes-Bolyai University and Institute of Chemistry
of the Academy of the Socialist Republic of Romania, Cluj. The infrared measurements were carried out in the spectral laboratory
of the Academy, with a double beam Spectrophotometer U. R. Zeiss Jena, in KBr pellets (1 mg substance / 300 mg BKr). The NMR
measurements were carried in the Institute of Macromoleculare Chemistry “P. Poni” of the Academy of Socialist Republic of
Romania Department from Iagi.
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1-(n-Nitrobenzyl)-2-(m-nitrophenyl)-benzimidazole (X1I). a) 0,3 g of N-(m’-nitrobenzyl)-o-phenylene-
diamine (IV) and 0,2 ¢ of m-nitrobenzaldehyde was heated for 2 hours at 100°. After cooling the mix-
ture was extracted with ether and purified from dimethylformamide. M.p. 188—190". It is identical
with the compound reported in [4]. (No depression when mixed with a sample prepared as above)

b) A small quantity of compound XI appears by the condensation of o-phenylenediamine with
m-nitrobenzylchloride. By the recrystallization of IIT from ethanol, compound XI remains insoluble

vellow crystalls.

N-(m'Nitrobenzyl)-o-phenylenediamine (IV). The ethanolic mother liquor, which remained after
the isolation of the rough product of the reaction between o-phenylenediamine and m-nitrobenzyl
chloride was allowed to stand some hours at room temperature. The precipitate was filtered in the
rate of its sedimentation and every fraction purified as following : washed witlh ethanol or ether, alca-
nized its aqueous ethanolic suspension, filtered and recrystallized from ethanol. We obtained com-
pound 1V in pure state beside mixtures difficult to be separated. Vield 12 g, dark red pearllike
cryvstalls, m.p. 130"

CisHy N0, (248,1) Caled. C 64,16 H 539 N 17,28
M.w.: 244 (Rast, in camphor) Found ¢ 64,25 H 591 N 17,24

1-(m-Nitrobenzyl)-benzimidazole (VIII). 0,5 g Of compound IV was refluxed for I hourin§ ml
of formic acid. The solution was reduced to a small volume on a water bath. Compound VIIT was ob-
tained by alkalinifying with Na,CO, and recrystallization from benzen. Yellow crystalls melting at 1257,

¢, H N0, (253,3) Caled. N 16,60 Tound N 1643

N-(m’-Nitrobenzyl)-N N'-diacetyl)-o-phenylenediamine (IX). 0,5 g Of compound IV was refluxed in
5 ml of acetic anhydride for 20’. The solution was poured in water, neutralized and the precipitate recry-

stallized from ethanol. Colourless crystals melting at 224",
C,H;N;0, (327,1) Caled. N 12,84 Found N 13,20

1-(m-Nitrobenzyl)-2-methyl-benzimidazole (X). 1 g Of compound IX was treated with 20 ml of HCI
1:1 and refluxed for 1/2 hour. The solvent was reduced to drynes and then neutralized with NaHCO,.
The product was filtered and recrystallized from agueous ethanol. Colourless crystalls, m.p. 115-125".

€ HN,0, (267,3) Caled. N 15,72 Tound N 16,50

1-(m-Nitrobenzyl)-benzotviazole (XIT). A solution of 1 g of compound IV in 14 ml of concentrated sul-
phuric acid was added gradually and stirring to a cooled (15—20°) solution of 1 g NaNO, in 7 ml con-
centrated sulphuric acid. During the reaction the temperature is maintained between 0° and §%. After
about 30’ the solution was poured in ice-water and allowed to stand some hours at room temperature.
The precipitate was filtered, washed with water and recrystallized from ethanol. M.p. 1321347

CHoN,0, (252,1) Caled. N 22,23 Found X 22,61
N-(m'-Nitrobenzyl)-o-nitraniline (XIIT). A mixture of 2,7 g of m-nitraniline, 3,43 g of m-nitroben-
zylchloride, 1,7 g of anhydrous sodium acetate and some crystalls of iodine are warmed in a sealted tube
at 1007 for 12 hours. The rough product was treated with ethanol, filtered, washed with water and ace-
tone. Yellow crystals from acetone, melting at 163—164°. Yield 4,2 g.

C,H, N0, (273.1) Caled. N 15,39 Found N 15,74

Acknowledgement. The authors wish to thank Professor Dr. 1. Zugravescu,
Dr. I. Gabe and I. Bezdadea for the recording and interpretation of NMR spectra.
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REACTIA DE CONDENSARE DINTRE o-FENILENDIAMINA
ST CLORURA DE m-NITROBENZIL

(Rezumat)

Prin condensarea o-fenilendiaminei cu clorura de m-nitrobenzil se obtin ca produsi principali:
N,N-di(m’-nitrobenzil)-o-fenilendiamina (III), N-(m’-nitrobenzil)-o-fenilendiamina (IV), 1-(m-nitrobenzil)-
-2-(m-nitrofenil)-benzimidazolul (XI). Structura asimetricd a substantei IIT a fost stabilitd prin formare
de derivati, analize spectrale IR si NMR, a substantei IV prin formare de derivati si spectru IR, a
substantei XI prin sintezi.

PEAKUHSA KOHAEHCALIHH MEXIY O-@EHWIEHAMAMHHOM U M-HUTPOBEH3H-
JOBbIM XJIOPUIOM

(PesziomMme)

Flyrém xonedcanuy o-GeHHIeHIHAMBHA ¢ M-HHTPOGEH3HJIOBBIM XJOPHI0M [O1Y4al0TCsl B KadyecTse
OCHOBHBIX NIPOAYKTOB: N,N - (M’ -HHTPOGeH3UN)-0-DeHiaen AnamuH (111), N-(M’-HHTpOGeH3H)-0-heHHAeH AH -
amuy (1V), 1-(m-uutpoGensnn)-2-(M-uurpodenun)-6ensumuiazon (XI). HecHmmerpuunast CTPYKTypa Be-
mectpa I11 Gbna yeraHoBieHa nyTtém o6pa3oBaHHs TPOH3BOAHLIX, crieKTpanabhbix MK aHa/H30B H aHaIH30B

SIMP, semectra IV nytém ofpasoBanus npoussoiusix H anasnsa s MK oGaactd, a Bemectsa X1 mocpen-
CTBOM CHHTE3a.






ON THE ACTION OF HYDROCHLORIC ACID UPON
N,N-DINITROBENZYL-N'-FORMYL-o-PHENVLENEDIAMINES

by
ILEANA GANEA and RUXANDRA TARANU

In previous papers [1,2] we have shown that the condensation of m- or o-nitro-
benzylchloride with o-phenylenediamine afforded, together with other products,
N,N-di(m'-nitrobenzyl)-o- phenylenediamine (I) and N,N-di(o’-nitrobenzyl)-o-pheny-
lenediamine (II) respectively.

o . CHR
e

\/ —NH;
I R = m—C,H,—NO,
II R = o—CgH,—NO,

Formylation of amine I by refluxing with formic acid 80 per cent gives rise to
N,N-di (m'-nitrobenzyl)-N'-formyl-o-phenylenediamine (III). This, under the action
of hydrochloric acid is converted into a hydrochloride (C,H,,N,0,)+Cl—(IV). The
reaction occurs either by refluxing the ethanolic solution of compound III with
concentrated hydrochloric acid or by bubbling hydrochloric acid through its benzenic
solution. On the other hand, the compound IV can be prepared by condensation
of 1-(m-nitrobenzyl)-benzimidazole (V}[1] with m-nitrobenzylchloride (in sealted
tube) or from benzimidazole and m-nitrobenzylchloride in the same conditions.

By reacting with NaOH the salt IV undergoes a cleavage leading to the formyl
derivative III.

Z\ _NH
\
CH,—R “ >
/\_N/ HCl1
| H NCH,—R —> {C21H17N4O4]+Cl~<— CH,—
\/—N—CHO OH - ZON <
I N
N7
1 VI IV ;VII N/
V: VIII
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We mention that if the condensation of benzimidazole or I-(m-nitrobenzyl)-
benzimidazole (V) with m-nitrobenzylchloride occurs in presence of small amounts
of water, the formyl derivative I1I, results directly without isolation of the salt IV,

In the infrared spectrum of N,N-di (m’-nitrobenzyl)-N’'—formyl-o-phenylene-
diamine (III) a sharp band was observed in the region 3400 —3100 em~ ¢, at 3350 cm—1,
corresponding to the stretching vibration of an NH group. The sharp band located
at 1670 cm~! corresponds to the stretching vibration vye, (band “amide 1”). In the
infrared spectrum of the salt IV the characteristic bands of the amide group have
not heen observed.

The same reactions were carried out with o-nitrobenzylated derivatives. N,N-di
(o'-nitrobenzyl)-N'-formyl-o-phenylenediamine (VI) in the above mentioned con-
ditions leads to a hydrochloride VII with the same brute formula like thesaltIV.
The reaction is also reversible; by alkalifying the salt VII is converted into the
amide VI. By condensation of benzimidazole or of 1— (o-nitrobenzyl)—benzimidazole
(VIII) with o-nitrobenzylchloride (in a sealted tube) the salt VII could be obtained.

The formyl derivative VI is directly obtained in the same counditions described
above for meta isomers, after the condensation of benzimidazole or 1-(o-nitroben-
zyl)-benzimidazole (VIII) and o-nitrobenzylchloride, in presence of water.

Discussion. In the actual stage of our investigations we can not surely attri-
bute a constitution formula of the salts IV and VII, because, of the asym-
metrical structures of the formyl derivatives IIT and VI.

Starting from acyl derivatives of the symmetrical disubstituted o-phenylene-
diamines, the reaction, which leads to the formation and cleavage of 1,3-disubsti-
tuted benzimidazolium salts, is well known [3,4,5].

R B R 1 H
ZN | I
—N\H e RX /\MN\
| o e | Do | x| | e
NN AVl AV
_ R _

Concerning the coustitution of the salts IV and VII, prepared by us a structure
of a N N-disubstituted benzimidazolium salts could be discussed.

Experimentalt

N, N-Di(w’-nitrobensyl)-N’-formyl-o-phenylenediamine (I11). a) Compound 1 (2 g) was refluxed for
0.5 hours in 20 m! of formic acid 80 per cent. The solution was reduced to dryness on the water bath,
neutralised with NaHCO;. The product was filtered and recrystallized from water. Colourless crys-
tals, m.p. 123°,

b) By alkalifying an aqueous solution of chloride IV.

1 The clemental analysis were performed in the Analitica I Labotatories of Babes-Bolyai University and Institute of Chemis
iry of the Academy of the Socialist Republic of Romania, Cluj. The infrared measurements were carried out in the spectral labora-
tory of the Academy, with a Spectrophotometer U. R. Zeiss Jena with duble beam and automatical registry in KBr pellets (conc,
1 mg substance [ 300 mg KBr).
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¢) Equimolecular amounts of benzimidazole or 1-(m-nitrobenzyl)-benzimidazole (V) and m-nitro-
benzylehloride were heated for 5 hours on the water bath, in presence of small amounts of water.

CHN,O, (406.2) Caled. C 62.04 H 447 N 13.79
Tound C 6244 H 443 N 14.04

Chloride I'V. a) A homogeneous mixture of 0.4 g of benzimidazole and 0.6 g of m-uitrobenzyl-
chloride was heated in a sealted tube for 12 hours at 140". The crude product was treated with anhy-
drous benzene and the insoluble crystals of the salt IV were removed by filtration. The compound
IV was recrystallized from absolute ethanol. Colourless crystals, m.p. 235 —237°.

b} From compound V (0.4 g} by condensation with 0.25 g m-nitrobenzylchloride under the condi-
tions given above.

¢) By boiling of an ethanolic solution of formyl derivative III with some drops of concentrated

HCH for several minutes or by bubbling hydrochloric acid through the cooled solution of compound
11,

C, H N, CIO, (424.6) Caled. C 59.53 H 4.04 N 1320 Cl 833
Tound € 5969 H 4.08 X 13.17 Cl 845
N,N-Di(o"-nitrobensyl)-N'-formyl-o-phenylenediamine (VI). From compound II, VII and VIII respec-

tively under the same conditions a), b), ¢) given for substance III, the compound V1 was purified by rec-
ristallization from ethanol. Light yellow crystals, m.p. 139—140".

Co H,,N,05 (406.2) Caled. N 1379 Found N 14.13

Chlovide VII. From o-nitrobenzylchloride, compound VIII and VI respectively under the condi-
tions a), b), ¢) described in the case of compund IV. Colourless crystalls, m.p. about 210° (descomp.).

CyH,N,CIO, (424.6) Caled. N 13.20 Found N 13.22

{ Received Sepiember 30, 1969)

REFERENCLS

I.Ganea and R. Tiaranu, Stud. Univ. Babeg-Bolyai, Chem., 15 (1), (1870); Preced. paper.
I. Ganea and R. Tdranu, Stud. Univ. Babes-Bolyai, Chent, (1(2Z) 69 (1966).

K. Hoffmann, Imidazole and its Derivatives, Interscinence Publichers, London, 1953, p. 279 —283.
A. M. Simonovand N D. Vitkevici, Zhur obshehei Khim., 29. 2404 (1959); [lbidem, 30,
3684 (1960).

A D Garnovski, AL M. Simonov and V. I. Minkin, Zhur. obshchei Khim., 34, 272
(1964).

0o

1]

DESPRE ACTIUNEA ACIDULUI CLORHIDRIC
ASUPRA UNOR N,N-DINITROBENZIL-N’-FORMIL-o-FENILENDIAMINE

(Rezumat)

N,N-Di(m’-nitrobenzil)-o-fenilendiamina (I} se transformd in N,N-di(m’-nitrobenzil)-N’-formil-o-feni-
lendiamina (III), care prin tratare cu FHCI formeazi sarea: (Cy,H,,N,0,)"Cl™ (IV). Aceeasi clorurd IV
se obtine de la benzimidazol, respectiv l-(m-nitrobenzil)-benzimidazol (V) cu cloruri de m-nitrobenzil
in mediu anhidru. In prezenta apei, reactia de condensare decurge cu formarea formilderivatului ITI.
Tratati cu hidroxizi alcalini clorura IV se scindeazi in N,N-di(m’-nitrobenzil)-N’-formil-o-fenilendiami-
na {I11).

AZI fost efectuate aceleagi reactii pe N,N-di(o’-nitrobenzil)-o-fenilendiamini (IT).
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O IOEWUCTBHUM COJIJHOM KHCJIOTBHI HA N,N-JIH-
HUTPOBEH3W/I-N'-0OPMWI-0-bEHUJIEHANAMHWH

(Pesome)

N,N-au(M’-HHTpOGeH3HN)-0-pennnenanamun  (I)  npespawaercs B NN-au(M’-HHTpoGeH3HJ)-N)
-popmua-o-pennnen inamud (111), Koropsiit 06paboTKoil co/siHOM KHCIAOTOH o6pasyer coabs (CyH, N0,
+CI~(1V). Tor xe xnopua 1V nosnyuaercs or GeH3uMHAa30Ma, COOTBETCTBEHHO OT 1-(M-HUTpoGeH3m) -GeHan-
mMHAa3ona (V) ¢ M-HUTPOOGEH3HJIOBHIM XJOPHAOM B 6e3BOAHOM cpejle. B npHCYTCTBHH BOJBI peakisi KOH/ieH-
CallHH HMeeT MecTo ¢ o6pasosanueM dopmui-npouspoaoro I11. O6paGoraHublil 11eOUHBIMH PHAPOOKHCMH,
xaopua IV pacwenasiercs Ha N, N-au(M'-HHTpoGeH3nT)-N’-dopmin-o-pennien iamun (111).

ABTOpbl NpOBesH Te Ke peakiuu Ha N,N-1u(o’-uutpobensnn)-o-denunennamune (I1).



DESPRE ACRIDONE (XXXVII)
Obtinerea 6-nitro-1,4-dimetoxiacridonei prin reactia Tanasescu

de
MARIA IONESCU si IONEL HOPARTEAN

Metoxiacridonele stau la baza unor importanti produsi naturali—alcaloizii acri-
donici—care prezintd multiple actiuni fiziologice [17.

Am considerat utild cunoasterea mai indeaproape a obtfinerii sintetice a poli-
metoxiacridonelor asimetric substituite si studiul insusirilor fizice si chimice a aces-
tora, Intrucit, in tara noastrd, nu au fost izolati din plante alealoizi cu schelet acri-
donic,

Reactia Tédnasescu este una din metodele importante de obtinere a C-fenilan-
tranililor, N-hidroxiacridonelor si a acridonelor, plecind de la o-nitro-benzaldehide
si benzen sau benzeni substituifi [1-—-3].

Reactia are loc in mediu acid, fiind catalizatd de acidul azotos si decurge in
circa 24 pind la 95 ore.

Datoritd faptului cd, in cursul reactiei de condensare a 2,4-dinitrobenzaldehi-
dei cu benzeni substituiti, unii substituenti sint susceptibili la actiunea unui acid
atit de tare ca acidul sulfuric concentrat si tinind cont de usurinia de sulfonare a
unor substante de plecare {4], am lucrat cu cantitati stoechiometrice de acid sul-
furic In prezentd de acid acetic glacial.

Ca produs principal al reactiei de condensare dintre 2,4-dinitro-benzaldehida
si dimetileterul-hidrochinonet, s-a obtinut 6-nitro-2’, 5’-dimetoxi-C-fenilantranilul (I).

In literatura de specialitate este semualat faptul ¢d izomerizarca C-fenilantra-
nililor in acridone sub acfiunea acidului azotos este influentatd de natura substitu-
entilor grefati pe nucleul fenilic.

Astfel, este ardtat cd substituentii care au un efect 4+ M puternic, impiedicd
aceastd transformare [5—6].

Davis si Pizzini au preparat 5-clor-4’-metoxiantranilul, care nu a pu-
tut fi izomerizat la acridona corespunzitoare cu ajutorul acidului azotos [5].

Recent, in anul 1968, K w o k i colaboratorii au reusit izomerizarea C-fenilan-
tranililor metoxilati, cu ajutorul temperaturii [7].

Antranilul (I), in conformitate cu datele din literaturd [5—67, nu a putut fi
izomerizat la acridona corespunzitoare cu vapori nitrosi, dar aplicind metoda pro-
pusi de Kwok [7] s-a obtinut 6-nitro-1, 4-dimetoxiacridona (II). 6-Nitro-1,
4-dimet oxiacridona (II) obtinutd prin izomerizarea termicd a antrantlului (I), se
compor td identic (p.t., p. t. al amestecului, Ry-ul, spectrul IR si UV) cu acridona
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obtinutad prin sinteza Jourdan-Ulimann, prin ciclizarea acidulai 5-nitro-2’,
5'-dimetoxidifenilamino-2-carboxilic (III) cu acid polifosforic [8] sau cu oxiclorura
de fosfor la 9-cloracridina (IV), care prin incélzire cu acid clorhidric 1IN, timp de
6 ore, se¢ hidrolizeazd in acridona (IT)

0CHy
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Partea experimentali

6-Nitro-2',5"-disnetoxiantranilul (1), Intr-un flacon cu dop rodat se introduc 1 g 2, 4-dinitro-hen-
zaldehidd, 0,5 ml acid sulfuric conc. (d = 1,84), 5 ml acid acetic glacial, 0,7 g dimetileterul-hidrochi-
nonei. Se observa o inchidere a culorii amestecului de reactie, care se mentine la temperatura camerei
si la intuneric timp de 24 ore, agitind cit mai des posibil. Apoi amestecul de reactie se toarni in api,
apare un lichid uleios galben-murdar, din care dupd decantarea apei 5i macerare cu eter se separi o substan-
td galbend, ce se recristalizeazii din acid acetic glacial, p.t. 2183 —2147. Substanta este usor solubili in
dioxan, acid acetic glacial la cald si greu solubild in alcool, cloroform, eter.

CHyNL05 (300,3) calculat C 5999 H 4,02 N 9,33
gdsit C 59,78 H 4,01 N 9,08

Lzomerizarea 6-nitro-2’, §'-dimeloxiantranilului (1) la 6-nitro-1,4-dimetoxiacridona (I1I). Se introduc
intr-un tub greu fuzibil 0,2 g antranil (I), care se mentine intr-o baie de ulei la temperatura de 260°
timp de 10 minute. Se observid o schimbare de culoare de la galben spre brun. Substanta obtinuti se
recristalizeazd din dimetilformamida (DMFA) apoasd, p.t. 265-—-266".

Acidud S-nitro-2', 8'-dimetoxidifentlamino-2-carboxilic (III). Se jau 4 g acid 2-clor-4-nitrobenzoic,
6,225 duuctouamlma 5,2 g carbonat de potasiu anhidru, 0,2 g Naturcupfer, 40 ml alcool amilic. Ameste—
cul de reactie se refluxeazd pe baie de ulei la temperatura de 130—140" timp de 7 ore. Se distils prin an-
trenare cu vapori de api excesul de alcool amilic si amina nereactionati. Solutia fierbinte se filtreazi pcstc
cirbune animal §i se precipitd acidul (IIT) cu acid clorhidric dil. Precipitatul obtinut, de culoare rosie,
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se filtreazi §i se fierhe de 3—4 ori cu api, pentru indepirtarea acidului 2-clor-4-nitrobenzoic nereactionat.
Acidul (ITI) este usor solubil in alcool, cloroform, benzen si se recristalizeazd din etanol apos sub formi
de cristale aciculare de culoare rosie, p.t. 222-223 , randament 47,61°;.

CsHy, N0, (318,3) calculat ¢ 56,59 H 4,43 N 880
gisit C 56,55 H 4,47 N 8,96

6-Nitro-1,4-dimetoxiacridona (I1). Intr-un balon cu fund plat si dop rodat se introduc 0,2 g acid
(111), se adaugi acid polifosforic proaspit preparat (8 ml HyPO, 859, -+ 12 g P,0O,). Amestecul de reac-
tie se incilzeste timp de 3 ore in etuvi la temperatura de 100—110°, Dupd ricire se adaugid 250 ml
api, apare un precipitat de culoare bruni, care se spald cu o solutie de amoniac de 12~139,. Dupi
filtrare si uscare acridona (I1I) obtinutd, foarte greu solubild in solventii organici uzuali, se recristalizeazi
din DMFA apoasd, p.t. 265—266°, randament 94—95%,.

CsH, . NL0; (300,3) calculat € §9,99 H 4,02 N 9,33
gasit ¢ 5991 H 437 N 9,60

6-Nitvo-1,4-dimetoxi-9-clovacridina (IV). 0,2 ¢ Acid (III) se refluxeazi cu 12 ml oxiclorura de
fosfor, timp de 3 ore. Amestecul de reactie se toarni, sub agitare continui, intr-un amestec de amoniac
si gheatd (140 ml amoniac 4- 187 g gheatd). Dupd filtrare si uscare, 9-cloracridina (IV) se recristali-
zeazd din dioxan apos. Substanta aciculard, de culoare rogie, topeste la 192-193°, randament 969, .

€., H,,CIN,0, (318,7) caleulat C 56,52 H 3,47 N 8,78
gisit C 56,33 H 375 N 9,00

6-Nitro-1,4-dimetoxiacvidona (II) prin hidrvoliza 9-clovacridinei (IV). 0,1 g 9-cloracridind ({IV) se
refluxeazil cu acid clorhidric 1 N (raport 1:10), timp de 6 ore. Se filtreazii substanta obtinutd, de culoare
bruni, se spali cu o solutie de amoniac si se recristalizeazid din DMIFA apoasi, p.t. 265—-266°, randa-
ment cantitativ. Acridona obtinutd se comportid asemindtor cu acridona obtinutd prin ciclizarea aci-
dutui (III), p.t., punctul de topire al amestecului, Ry -ul, spectrul IR si UV.

C,H,,N,0, (300,3) caleulat ¢ 59,99 H 4,02 N 9,33
giisit ¢ 60,25 H 4,28 N 9,01

6-Nitro-1,4-dimctoxi-Q-cloracridina (I'V) din acridona (II). 0,12 g Acridonid (II) se refluxeazi cu
7 ml oxiclorurd de fosfor timp de 3 ore, dupd care amestecul de reactie se introduce intr-un amestec
de amoniac §i gheatd (75 ml amoniac 4 122 g gheatil). Precipitatul de culoare rogie obtinut, se filtreazi
si se recristalizeazi din dioxan apos. Substanta are p.t. 192—1937 si se comporti identic cu 9-cloracridina
(IV) obtinutd prin ciclizarea acidului difenilaminic {ITI} cu oxiclorurd de fosfor.

CH,CINLO, (318.7) caleulat € 36,52 H 3,47 N 878
glisit ¢ 56,30 H 3,70 X 9,07

(Intral in redactie la 13 scptembrie 1909)
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OB AKPUAOHAX (XXXVII)
Hoayuenue 6-numpo-1, 4-dusemorxcuakpudona nocpedcmeom  peaxyut. Tan3tecky
(Pezwowme)

ABTOpHL CTAThH TOJIYYHJIH METOKCHAKDHIOHBI IIOCPEACTBOM peakUuH T3HICeCKy, TakHe COeLHHEHHS
MOI'YT NIPeCTABJSITh HHTEPEC KAK aHAJOMH BaXKHBIX IIPHPOAHBIX NPOLYKTOB — aKPHJOHOBBIX &J1KAJOHL08,
KOTOpble 06/1aJa10T MHOIOUHCJIEHHBIMH (DH3HOJIOTHYECKHMH  JeHCTBHAMU.

ITytés xoniencauus 2,.4-1uHHTPO-GeH3aMbAerHia ¢ AUMeTHAIOHPOM THAPOXHHOHA I10Ay4yHacs 6-
-nuTpo-2’,5°- nuserokeH-C-dennnantpanna (1), KOTopsii TOCPeICTBOM TePMHUECKON H30MEpPH3ALUHH PUBEI
K nogyuenno akpugona (11). Axpugon (I1) Gui moayyen u nyTéM UHKAH3AUHH 5-HUTPO-2', 5~ AMMETOKCH [l -
dennnaMuro-2-kap6oroBoil kucsotel (II1) B npucyterBun  noandochopHOIl KHCAOTH, a TYTEM UHKIH3AMUH
okcnxaopHioM dochopa noayuuacs 9-xaopaxkpuiun (IV).

SUR LES ACRIDONES (XXXVII)
I obtention de la G-Nitro-1,4-dimétoxyacridone par la véaction Tdandsescu

(Résumé)

Les auteurs du présent travail se sont proposé de préparer des métoxyacridones par la réac-
tion Tindsescu, considérant que celles-ci sont & la base d’importants produits naturels (les alcaloides acri-
doniques) qui présentent de multiples actions physiologiques.

Par la condensation de 2,4-dinitro-benzaldéhyde & Paide de la diméthyléther-hydroquinone, on
a obtenu le 6-nitro-27, 5'-dimétoxy-C-phénylanthranyle (I) qui, par isomérisation thermique a conduit
4 V'obtention de 'acridone (II). L’ acridone (II) a été obtenue aussi par la cyclisation de l'acide 5-nitro-
-27,5’-dimétoxydiphénylamino-2-carboxylique (III) a laide d’acide polyphosphorique: par la cyclisa-
tion i l'oxychlorure de phosphore on a obtenu la 9-chloracridine (IVj).



KINETICS AND MECHANISM OF SUBSTITUTION REACTIONS
OF COMPLEXES (XXIV)

The Hydrogen-Bis-1,2-Cyclopentanedion-Dioximato-Di-Selenocyanato-Cobalt (ITI)
Acid and the Aquation Kinetics of the [Co(CpdoxH),(NCSe), !~ Ion

CSABA VARHELYI, 10AN ZSAKO and ZOLTAN FINTA

The selenocyanate ion forms with transition metals and metal-(II), (III)-
amines a series of well crystallizing salts. As compared to the thiocyanate comple-
xes, the number of the selenocyanato coordination compounds, reported in the
chemical literature, is rather small. Several compounds of [Me (II) (Urtrop), (H,0),]
(NCSe¢), and [\IL(II)(pV)4» (NCSe), types have been reported by Spacu and
Ripan [1]. A great number of metal (II),(II1)— amine salts have been prepared
and characterized by Spacuand Macarovici [2]. Complexacids of the type
H,[Hg(SeCN); T and H[Hg(SeCN),] have been synthesized by Spacu and
Armeanu 3. Analytical methods for the volumetric[4], potentlometrlc 3
and conductometric [6] determination of the NCSe ion in simple and complex
compounds have been worked out by Ripan.

In our earlier papers {7,81, the svnthesis of several selenocyanato derivatives
of cobalt(Ill)—a-dioximino chelates has been reported. R[Co(DH),(NCSe),]
and  R[Co(NioxH),(NCSe),] type complex salts have been obtatined and
characterized. In the above formulae R stands for a cation, DH, for dimethyl-
glyoxime, NioxH, for 1,2-cyclohexanediondioxime.

The first chelate compounds of cobalt (ITI) with 1,2-cyclopentanediondioxinic
(CpdoxH,) have been obtainded by us, by treating Na,[Co(NO,),] with this alycy-
clic dioxime [971.

’(,o(de()\H) Am,] X type complexes have been synthezized by oxydizing
cobalt(II)-salts in the presence of CpdoxH, and of aromatic amines (Am) [10.

By bubbling air through a mixture of aqueous solutions of cobalt(II)acetate,
KCNRe and CpdoxH,, a new monovalent complex anion is obtained, accordingly
to the following (\quation:

2Co*" + 4 CpdoxH, + 4 NCSe™ i~ 1/20,=2 [Co(CpdoxH), (NCSe),]™+

+ 2H* 4 H,O (1

By adding hydrochloric acid to the resulting solution, the H[Co(CpdoxH),
(NCSe),] acid can be made free.

The diselenocyanato complex acid is lightly soluble in dimethylformamide

and forms a series of well crystallizing salts with mono- and bivalent metal ions,

6 -- Chemia 1/1970
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with complex cations of metal(II),(I1I) —amine type and with the chlorhvdrates of some
organic N-bases. Similarily to the H[Co(DH),(NCSe),] and H [Co(Nxo‘;H)) HNCSe),]
complex acids, also the H[Co(CpdoxH),(NCSe),] acid gives binary salts with the
[Co(DH),Am, " and [Co(NioxH), Am,]* type cations. These salts can be obtained
as beautiful crystalline precipitates, by adding a H|[Co(CpdoxH),(NCSe),] solution
in dimethylformamide to the aqueous alcoholic solution of [Co(DH),Am,]Br aud
[Co(NioxH), Am,] Br, respectively.

The synthesis and characterization of 11 new complex salts, containing the
above mentioned complex anion, will be given in the experimental part.

In aqueous solutions the {Co(Cpdox H),(NCSe), 1 - ion shows a similar behaviour.
as the analogous dimthylglvoxime and cyvclohexanediondioxime derivatives, i.¢
an aquation reaction occurs:

[Co(CpdoxH),(NCSe), ]~ +H.O == [Co(CpdoxH),(NCSe¢) (H,0) | - NCSe—  (2)

In acid solutions the liberated selenocyvanat ion decomposes instantancously.
Cvanide ion and elementary selenium are formed.

The aquation kinetics of the analogous [Co(DH),(NCSe), ]~ and [Co{NioxH),-
(NCSe), i ions has been studied in our earlier papers[7,8].

As shown there, the aquation reaction does not lead to an equilibrium, con-
trarilv to the analogous thiocyanato complex: [Co(DH),(NCS),|- {111, since the
liberated NCSe ion is very instable. The aquation implies the exchange of a single
NCSe ligand, contrarily to the [Co(DH),X,] type complexes with X == Cl, Br, J,
where the second halogen 1s exchanged, too ;1" 141, This difference of behaviour
was explained with the =-bonds, which are formed between the central cobalt ion
and the coordinated NCS and NCSe ligands. These = — bonds must be responsi-
ble for the higher activation energies, as compared with the halogeno derivatives.
Due to these large activation energies, the aquation of the NCS and NCSe contai-
ning derivatives can be followed only at higher temperatures.

The kinetics of reaction (2) has been studied between 75 and 90°C, in aqucous

solutions, in the presence of 3.10-% m ni-
g & tric acid. This concentration of the mineral
ool / acid is enough to hinder the basic hydro-
lysis of the studied complex. The kinetics
of the process has been followed by means
of gravimetric determination of the non-
transformed complex ions. As precipita-
ting agent [Co(DH), (pyridine),] NO, has
been used. This method enabled us to per-

03

form a plot of /g —" versus ¢ (cq and ¢ stand
for the initial and for the actual concen-
tration of the studied complex ion).

As seen from Fig. 1, the plot is per-
fectly linear, i. e. reaction (2) does not lcad

7 oo to an equilibrium, and from the slope of

0 & &0 i the obtained straight lines first order rate

. N . constants can be derived for this reaction.
Fig. 1. Determination of first order rate ) ) :
constants for reaction (2). The mean values of these rate constants

a — 75°C, b — 80°C, ¢ — 85°C, d — 90°C. are presented in Table 1.
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Table 1

First order rate constants ol reaction (2)

t 75 80 85 90
k-102, 57t 2.84 5.60 10.5 19.3

A plot of lg &, versus /T gives a straight line, too, as seen from Fig. 2. The
parametres of the Arrhenius’ equation have been derived from experimental rate
constants by means of the least square method. Errors have been calculated ac-
cordingly to Student’s {—criterion, by using tabulated t,qo; -values. The obtained
results are persented in Table 2. In the same table are presented the kinetic para-
meters of the aquation process, obtained earlier for the other two bis-e~dioximato-
disclenocyanto complexes [7,87.

Table 2
Kinetie parameters of the aquation reaetion
. s L, L S+
complex fon kcal/mole le 7 e.u.
[Co{CpdoxTT),(NC Se), ™ 319 + 0.6 }g; + ',2 12.0
Co(NioxH),(NC8e), 1™ 325 4+ 09 16'} - ‘:.l 12.0
Co(DH)Y,INCSe), 33.0 -+ 1.0 o 14.7

rpe

Fhe activation energy dccreascs in the series
DH, = NioxH, > CpdoxH,

This is perhaps due to the systematic variation of the crystal field strength
in the above series. The activation entropy seems to decrease in the same order,
though for the NioxH, and CpdoxH, derivatives the same value has been obtained.

Concerning the mechanism of the reaction, one can presume it to be Sy1. The
considerably  pozitive activation entropy
value pleads for this prcsvmption, since o
the dissociation of the ccmplex ion leads to
the formation of anintermediate without elec-
trical charge, 1. ¢. to the dccrease of the

hvdratation. “he

v el N < D .
Experimental Part 40
Potassium  sclenocyanale : KCNSe has been obta-

ined by melting a mixture of KCN and selenium (molar

ratio 1:1) [15. 40
Synthesis  of H{Co(CpdoxH),(NCSe)yi: 126 ¢ of

I.2-cyclopentanedionedioxime {(CpdoxH,) (100 m-moles)

and 14.0 ¢ of potassivm-selenocvanate (100 m-moles)

are solved in 300 ml of water-ethanol mixture (1:3), %y /

12,5 g of cobalt acctate (50 m-moles) are solved in 100 ml

water and it is added to the former solution. The mix- 7‘«“0’
ture is oxydized by bubbling air during 6—7 hours. 0 2% 360 D84 *

After the completion of the oxydation the mixture is
filtered in order to remove the oxydation by-products 1ig. 2. Determination of the activation
and some sclenium. To the obtained dark brown liquid energy and lg Z for reaction (2).
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100 ml of conc. hydrochloric acid is added in small amounts. After a short time the complex acid is
separated as a dark brown brilliant crystalline mass. Refinement of the row product. The crystalline mass
is filtered, solved in 20 ml dimethylformamide and added drop by drop, to 100 ml of 10 per cent hy-
drochloric acid. The diselenocyanato-acid crystallizes in form of brilliant, red-brown square plates.

Yield: 70 per cent

Analysis: Found: Co 11,30, N 16,15, Se 29.86
From H[Co{C,H,N,0,),(NCSe),] (Mol. weight caled. 524.15)
Caled. Co 11.24, N 16.03 Se 30.13

Synihesis of some complex salts of the [Co(DH)y(amine)y]{Co(CpdoxvH),1(NCSe),) and [Co(NioxH)g(amine),]
[Co(CpdoxH),(NCSe),Jtypes. For the double exchange reaction 5 m-moles of [Co(DH), (amine),]-Br or
[Co(NioxH),(amine},] Br in 100—150 ml ethanol and 3 m-moles of [Co(CpdoxH),(NCSe),]H in 5 ml
dimethylformamide are used. After a standing of 30—60 minutes, the obtained crystalline precipitate is
filtered, washed with water and dryed on air. (See Table 3.)

Table 3
Some new binary complex salts of the type:
[Co(dioxime), (amine),] [Co(CpdoxH), (NCSe),]
Mol i Analysis
No. Formula weight S(Zif;‘l)d Appearance " l -
caled. e Caled. | Found
1. | [Co{DH),(pvridine),] -A 970.5 95 Sparkling Co 12.14 12.25
brown prims N 17.32 17.44
2 [Co(DH),(p-toluidine),]. A 1026.6 75 Brown Co 11.48 11‘.60
needles N 16.37 16.50
3. | fCo(DH),(aniline), 1. A 998.5 65 | Brown Co 11.80 1170
prisms
4. {Co(DH),(p-anisidine),]- A 1058.6 60 Brown rombohedral Co 11.13 10.96
plates N 15.88 15.74
5. 1 [Co(DH),(o-phenetidine),’-A | 1086.6 | 70 | Brilliant, thin,
brown hexagonal Co 10.84 10,70
plates N 15.47 15,30
6. [Co(DH),(p-Cl-aniline), 1. A 1067 .4 75 Yellow-brown Co 11.04 11.16
needles
7. | [Co(NioxH),(p-Cl-aniline),JA.| 11195 65 Brown, rombo- Co 10.53 10.41
hedral prisms
3. [Co(NioxH),(p-anisidine),]. 1110.7 60 Brown dendrites Co 10.61 10.68
-A N 15.13 15.24
Y. | [Co{NioxH},(o-phenetidine),]| 1133.5 50 Brown romb. Co 10.40 10.31
-A prisms N 14.83 15.06
10. 1 rCo(NioxH),(aniline), . A 1050-6 | 60 | Irregular brown Co 11.22 11.33
dendrites N 16.00 15.91
Il 1 [Co(NioxH),(p-toluidine),]. 1078.7 70 | Irregular brown Co 10.93 10.77
‘A plates N 15.58 15.47

LA = TCo(CpdoxI),(NCSe),]

g 24
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The initial compounds, [Co(DH),(amine), Br
and [Co(NioxH), (amine),]Br were synthesized
by means of the usual method, consisting in the air
oxydation of a mixture of cobalt (II) acetate, dime- mg
thylglyoxime (or 1,2-cyclohexane dione dioxime) and
organic amines (molar ration 1:2:3) in 70 per cent
ethanol. The bromides were obtained by adding conc.
NaBr solution to the oxydized solution.

Analysis. The cobalt content of the sample
was determined complexometrically in the presence -
of murexid, after destroying the organic components, JOmg
by boyling the sample with conc. sulfuric acid and ]
some crystals of KNQ,. Nitrogen was determined by
Dumas method.

Kinctic measurvements. The non transformed - _ A ﬁL.
complex ion [Co(CpdoxH),(NCSe), ™ was determined 240 o 60 oL Lo
gravimetrically in  form  of [Co(DH),(pyridine),’ -

(Co(CpdoxH),{NCSe),1. During the kinetic runs sam-
ples of 10—25 ml were taken and treated with 10 ml
of a 2 per cent solution of [Co{DH),(pyridine), ] NO,.
After a standing of 10 —15 min, the brown, crysta-
lline precipitate was filtered on a Goochfilter (1 G,)
it was washed with 3 x 10 ml water, dryed 2 hours at 105° C and weighed.

Thermal stability  of [Co(DH),(pyridine},1[ColCpdoxH),(NCSe),1. The thermogravimetric curve
of  [Co(DH),(pyridine), ] [Co(CpdoxH),-(NCSe), ], given in Fig. 3., shows this salt to be stable under
170°C. Up to this tem perature no weight loss was observed. At higher temperature the pyrolysis of
the salt occurs, without the formation of any stable intermediates. The decomposition temperature
is about 210°C. Final product of the pyrolysis it Co,0; at 900°C.

The relatively high decomposition temperature of the complex salt enables us to determine
gravimetrically the [Co{CpdoxH),(NCSe), ™ ion in the above mentioned form, by dryving it at
105—110°C,

¥ ig 3. Thermogravimetric curve of
[Co(DH),(pyridine), 1[Co(CpdoxH),(NCSe), .
(Heating rate: 10°C/min.)

{Received November 9, 1000)
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CINETICA SI MECANISMUL REACTIILOR DE SUBSTITUTIE LA
COMBINATIILE COMPLEXE (XXIV)

Acidul hidrogen-bis-12-ciclopentandiondioxim-diselenocianato-cobaltiat si cinetica de acvolizare a ionului
[Co(CpdoxH),(NCSe), 1™

(Rezumat)

S-a sintetizat un nou acid complex monobazic H[Co(CpdoxH),(NCSe),] (CpdoxH,) == 1,2-ciclopen-
tandiondioximi: C;HgN,O,), precum i 11 sdruri binare ale acestuia de tipul [Co(DH),(amind),] [Co(CpdoxH),
(NC8e),], respectiv [Co(NioxH),{amini),] [Co(CpdoxH),(NCSe),].

S-a urmadrit cinetica reactiei de acvotizare a anionului acidului complex, in mediu acid, la di-
ferite temperaturi. La reactie este substituit cu apd un singur ion NCSe™, cu o energie de activare
de I, == 31,9 kcal/mol, entropia de activare fiind de S+ = 12,0 cal/grad. Rezultatele sint comparate
cu cele obtinute anterior la acvotizarea ionilor [Co(DH),(NCSe),|™ i [Co(NioxII),(NCSe),]” (DH, =
= dimetilglioximi, NioxH, == 1,2-ciclohexandiondioximi).

KHHETHKA ¥ MEXAHH3M PEAKLMI 3AMELLEHNST KOMILIE KCHbI X COEIHHEHMII
(XXIV)

Bodopod-6uc-1,2-4uKaone HIMAHOUOHOUOKCUM-QUCEAE HOYUAHAMO-KOBUL 6MO8A  KUCAOMA U
runemuka asxsayuu uoxa [Co(CpdoxH),(NCHe), 1™

(Pestonme)

ABTOpBl CHHTE3IPOBANH HOBYIO OJHOOCHOBHYIO KOMiAeKCHVIO KHeaoTy H{Co{CpdoxH),(NCSe),]
(CpdoxH, = 1,2-unkaonentadiHoH AHOKCHM:  CHgN,Q,), a Taxe 11 OHHApHBIX cogleli 3TO KHCJIOTHI
THia [Co(DH},(amuh),[Co(CpdoxH),(NCSe), 1, coorserctBeHHO [Co(NioxH),(aMun),1[Co(CpdoxH),(NCSe),].

HceceneaoBasach KHHETHKA peaklMH aKBaLMH aHHOHA -KOMIIEKCHOI KHCJAOTH B KHCJIOH cpele,
IPH Pa3NHuHLIX Temnepatypax. Ilpu peaknuu savemaercs Boioli jamwb odHH #HoH NCSe™, ¢ 3sHepruei
akripaunH E, = 31,9 kxadi/moab, npudém suTporus axrtusauun S:i= 12,0 kan/rpagyc. Pesyabrathl
CPABHUBAIOTCA C PAaHBlLe MOJYYeHHBIMH IpH akBalHH HOHOB {Co(DH),(NCSe), ™ 1 [Co(NioxH),(NCSe), |~
(DH, = auMmeTHarauokcus, NioxH, =: [,2-uHKJOreKcanIHoH HOKCHM).



A COMPUTER PROGRAM FOR THYE CALCULATION OF MOLECULAR
COORDINATES

by
JAMES M. HOWELL (Cornell University Ithaca. M. Y.}

Inpul to Program. In this article a Fortran IV computer program is described
which will calculate the coordinates of the atoms in a molecule. The input data
consists of a) the number of bonds in the bond path, b) some assigned coordinates
for a particular atom (the starting or origin atom), and ¢) for each bond in the bond
path the bond length, bond angle, 7, relative to the preceeding bond, and a "'swing
angle”, %, based on the Newman type projection diagrams familiar to organic
chemists,

To calculate the coordinates of an atom, say i, we must know the relative
orientations of the three bonds leading to i, involving atoms i, j, k, 1, (fig. 1).

In Fig. 2the Newman projection is shown and the "’swing angle”’, =, is indicated.
It is defined as the counter clockwise angle (looking from j to k) between the pro-
jections of bonds (1L,k}' and (j,i) on a plane for which bond (k,j) is a perpendicular.

The atoms must be numbered and a unique ’bond path” chosen so that each
atom may be specified in terms of a particular set of three bonds preceeding it
in the bond path (see Fig. 3).

The coordinates of the starting atom are specified as part of the input, and,
therefore, its coordinates are not calculated.

Fig. 1. Fig 2 Fig. 3. Bond path for
toluene.

1Bonds sbould be thought of as vectors (a,b) signifes a bond originating at atom a and going to
atom b. If the angle between (Lh) and (k,j) is 1807 it will be necessary to refer further back in
the bond path to define the swing angle.
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Fig 4.

Details of the program. The input of angles and bond length is expressed in terms
of a local coordinate system, A, B, C, centered on atom j (fig. 4).
Axis Cis an extension of bond (k,j) and axis A is the projection of bond (Lk) onto
the plane perpendicular to bond (k,j) (axis C). The third axis, B, in the local coor-
dinate system is simply defined by the cross product.
N N N

If we represent the bond (j,i) as a vector r; ; we may write
A A ~
1j;,=aA4+bB+cC
where,
a==|1;,;]- cos ({— w/2) cos 7
b=]1;;| - cos ({—=/2) +sin 7

¢ = —[7;] - cos ¢

The unit vectors of the local system are then expressed in terms of the external

a
(x,v,z) system. The unit vector C may be expressed directly by kunowing the directi-
onal cosines, 9,, 6,, 0., of the (k,j) bond since this bond defines the direction of
aS
unit vector C.

AN N
The unit vector A’ parallel to A may be obtained from the directional consines
of bonds (Lk) and (k,j) and the angle £, another bond angle (Fig. 5). For instance

N
the x component of A is given by
— 0, [cos (§ — =/2) -+ 0,, - tan (& — =/2)
where 0,, refers to the x directional consine of bond (1,k) and 0,, the x directional

N
cosine of bond (k,j). The unit vector B may be expressed in terms of x, v, and z
through Eq. 1 since we have already expressed the unit vectors for A and B.



CALCULATION OF MOLECULAR COORDINATES 89

ig. 5.

A topological map is produced of the molecule within the memory of the com-
puter, so that when the coordinates of a particular atom are to be found the direc-
tional cosines of the two preceeding bonds in the bond path may be obtained. To
do this the array NBAK is arranged so that if we request the value of NBAXK (J),
where J is the inital atom in bond (j,i) , the specified element will hold the reference
number of the bond for which j is final atom, i. e., bond (k,j). In this way we may
trace our way back through to the bond path starting at any given atom and thus
may add atoms on at any point on the bond path.

Having calculated the coordinates of atom i the directional cosines of bond
{j, 1) are calculated and stored for {uture use.

Initializing parameters. The overall orientation of the molecule with regard to
the coordinate system is specified as follows. The initial atom of the first bond
(the atom need not be numbered 1) is assigned arbirary coordinates as part of the
input. In order to have the required two bonds preceding the initial atom the pro-
gram supplies the two auxiliary bonds, il and i2, as shown in Fig. 6.

The real atoms and bond are in black while the open circles represent auxiliary
atoms and the light lines represent auxiliary bonds which are supplied by the pro-
gram. Bond il runs parallel to the z axis and bond i2 is antiparallel to the x axis.
These two auxiliary bonds are required to specify the first bond and all bouds ori-
ginating from either of the atoms in the first bond.

U1

12

Tig. 6.
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Listing of Program. The following listing is for the program as run on the IBM

360/65 computer using Fortran IV. The input file is referenced as 5 and the output
file is referenced as 6.

e N N e RN N e

Sonererer

e

nenenannnn

PROGRAM TO CALCULATE THE COORDINATES OF A MOLECULL

ALL BONDS SHOULD BE THOUGHT OF AS VECTORS HAVING A

DIRECTION.

FIRST NUMBER THE ATOMS (UP TO 100) IN ANY ORDER.

ONE ATOM IS CHOSEN AS THE ORIGIN ATOM AND

IS ASSIGNED SPECIFIC COORDINATES BRANCHED PATHS

ORIGINATE FROM THIS ATOM AND GO BY MEANS OF

THE BONDS TO ALL ATOMS OF THE MOLECULE.

TO ORIENT THE MOLECULE WITH RESPECT TO THE

EXTERNAL COORDINATES (X, ¥, 7) 1T WILL BE NECESSARY

TO IMAGINE TWO AUXILIARY BONDS PRIOR TO THE

ORIGIN ATOM. THE FIRST AUXILIARY BOND IS

PARALLEL TO THE Z AXIS AND THE NEXT FURTHER

REMOVED AUXILIARY BOND IS ANTI PARALLEL TO THE

X AXIS.

*#% [NPUT***

CARD 1, NUMBER OF BONDS NEEDED TO SPECIFY EACH

ATOM WITHOUT REDUNDANCY (ILE. RINGS NEED NOT BE

CLOSED), (I2)

CARD 2 TITLI CARD, (8A8)

CARD 3, COORDINATES OF ORIGIN ATOM, (3F10.5)

CARDS 4 TO N + 3, (ONE CARD PER BOND), NUMBER OF

ATOM AT TATL END OF BOND, NUMBER OF ATOM AT

HEAD END OF BOND, BOND LENGTH, BOND ANGLE

(DEGREES), COUNTER CLOCKWISE ANGLE OF SWING

BETWEEN BOND AND THE BOND WHICH PRECLEEDS 1T

BY TWO IN THE BOND PATH, WHEN VIEWED FROM

THE HEAD END OF THE BOND BEING CALCULATED,

(212, 6X, 3I'10.5), THI LATTER BOND IS USED AS

THE ORIGIN OF ANGULAR MEASUREMENT.

ONE BATCH OF DATA MAY BE PLACED AFTER ANOTHER

APTER ALL DATA PLACE A BLANK CARD
J. M. HOWELL, CORNELL UNIVERSITY
ITHACA, NY., U.SA.

IMPLICIT REAL *8 (A—H, O—Z)

DIMENSION DC(3,100), ETA(100), DEL(3),C0(3),0(3,100),

*R(100),ZETA (100}, NT(101), NF(100), NBACK(101),AB(8)

DATA DC(1,1),DC(3,2),DC(2,1),DC(3,1),DC(1,2), DC(2,2),

*ETA(2), ZETA(2),NI(2),NBACK(101)/—1.D0,1.D0,5*0.D0,90.DO, 101, 1/

FAC = 3.14159265358979/180.000000000000

1000 READ(95,1) N

1 FORMAT (I2)
IP(N.EQ.0) STOP
READ(533) AB
33 FORMAT(8AS)
WRITE(6,34) AB
34 FORMAT('l’, 8A8)
M=N 42
READ (5,2) CO(1),C0(2),C0(3)
2 FORMAT(3F10.5)
READ(5,21)(NI(I),NF(I),R(I),ZETA (L), ETA(I),I = 3,M)
21 TORMAT(2I2,6X,3F10.5)
NIT = NI(3)
NBACK(NIT) = 2
DO 22 1=13
22 C(INIT) = CO(I)
WRITE (6,30)
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30 FORMAT{OBONDTS ATOMS, 121 'BOND’ T33,/ BONDY,
*T44, 'SWING’, T55, ‘COORDINATES OF 1/, T91,’COORDINATES OF T,
*T125 /CHECK ON’/T2,/NO.",T9,TJ", T19,LENCGTH’,T32,
*ANGLE’, T44,’ANGLE’, T60,’X’,172,'Y’, T84,°2/, T96, X’ T108,
Y7 T120,°2, 1127 '"LENGTH/)

DO 10 NBOND = 3 M

NPT = NF(NBOND)

NIT = NI(NBOND)

NBACK(NIT) = NBOND

TEST = DABS(ZETA(NBOND) — 180.D0)
IR(TEST.GT..000001) GOTO35
NBAKI - NBACK(NIT)

DEL(1) = R(NBOND)*DC(1,NBAK1)
DEL(2) = R(NBOND)*DC(2, NBAKL)
DEL(3) = R(NBOND)*DC(3, NBAK1)
GO TO 36

35 RS = R(NBOND*DSIN(ZETA(NBOND)*FAC)
ALOC = RS*DCOS(ETA(NBOND)*FAC)
BLOC = R$*DSIN(ETA(NBOND)*FAC)
CLOC = —R(NBOND)*DCOS(ZETA(NBOND}*FAC)
NBAKI - NBACK(NIT)

37 NNIT = NI(NBAK]I)

NBAK2 - NBACK(NNTT)

ZETAL - ZETA(NBAKI)

TEST = DABS(ZETAL — 180.DO)
IF(TEST. GT. .000001) GOTO38
NBAK1 - NBAK?2

GO TO 37

38 ZETAL = ZETAI*FPAC

SINZ = DSIN(ZETA1)

TANZ = DTAN(ZETA1 — 1.57079632679489)

DEL(]) = (PANZ*DC(1,NBAKI) — (DC(1,NBAK2)/SINZ))*ALOC

* 4 (DC(3B.NBAKD*DC(2,NBAKZ) —DC(2,NBAK)*DC(3,NBAKY)) *BLOC/SINZ
* . DC(1,NBAKI)*CLOC

DEL(2) = (TANZ*DC(2 NBAK1) — (DC(2,NBAKZ)/SINZ))*ALOC

* 4 (DC(L,NBAKD*DC(3,NBAK?) —DC(3,NBAKD*DC(1, NBAK2))*BLOC/SINZ
* .+ DC(2,NBAKI)*CLOC

DEL(3) = (TANZ*DC(3,NBAK ) — (DC(3,NBAK2)/SINZ))*ALOC

* 4+ (DCE2,NBAK1)*DC(1,NBAKZ) —DC(1,NBAKI}*DC(2 NBAK2))*BLOC/SINZ
* 4+ DC(3,NBAK)*CLOC

36 DO 6I=13

DC(INBOND) = DEL(I)/R(NBOND)
6 C(LNFT) = DEL(I) + C(I,NIT)
CK = 0.
DO 205 I == 1,3
205 CK=CK -+ DEL(T)**2
CK = DSQRT(CK)
N2 = NBOND -2

10 WRITE(6, 7) N2,NIT,NFT,R(NBOND),ZETA(NBOND),

*ETA(NBOND),(C(J,NIT),J = 1,3),(C(J,.NEFT),J = 1,3),CK
7 FORMAT(I3,3X,213,10F12.4)

WRITE(S,31)
31 FORMAT(///T4,’ATOM, T19,/X’,T31,7Y", T43,'2")

NA =N +'1

WRITE(6,32)(J,(C(I,J),I = 1,3),] = 1,NA)
32 FORMAT(17,3112.8)

GO TO 1000

END

Sample Input. Below is input for toluene numbered as in Fig. 7.

The origin atom is H,, which is located at x = —2.0, y = 0.0, z = 0.0. The
mirror plane of the molecule contains the x axis.
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col. 1
13
TOLULNE
col. 5 col. 15  col. 25
1% ‘
13 5 2.0 0.0 0.0
\ col. 1 eol. 3 col 15  col. 25  col, 35

(2 i 8 10 05 1.09 90 0.
05 04 1.4 120, 270,
X 04 03 1.4 120. 180.
03 02 1.4 120, 0
02 07 1.4 120, 0
07 06 1.4 120. 0.
06 11 1.09 120. 180,
04 09 1.09 120, 0.
9 y 03 08 1.09 120, 180.
# 02 01 1.40 120, 180,
07 12 1.09 120. 180.
I8 o1 15 1.09 109. 30,
01 13 1.09 109. 150.
Fig 7. 01 14 1.09 109 270

Aknowledgment. The author wishes to thank Prof. Roald Hoffmann of Cornell
for making the computer time available.
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TN PROGRAM PENTRU CALCULAREA COORDONATELOR MOLTLCULARE

(Rezumat)

In lucrarea de fatd se descrie un program in limbajul Fortran IV care permite calcularen coor-
donatelor atomilor dintr-o moleculd.

Datele initiale necesare calculului sint :

a) Numdirul de legituri din molecula considerata.

b) Coordonatele unui atom oarecare din moleculd plasat in originca axelor de coordonate.

¢) Pentru fiecare legituri din moleculd este necesar si se cunoasci unghiul € format de legi-
tura consideratd cun legiitura precedentd, precum si unghiul de rotatie 5 care se evalueazd pe baza dia-
gramei de proicetie de tip Newman utilizatd in chimia organica.

ITPOTPAMMA  JIJTs1 BBIYMCJIEHHMSA MOJIEKYAGPHBIX KOOPIHMHAT

(Peswome)

ABTOp cTaTBH OnHcLIBaeT nporpaMay B sianike Poprpan IV, KoTopas no3poaser BLIMICAEHHE KOOD,L-
HAT 4TOMOB B MOJEKVJIe.

Hauvanbuble JanHBle, HeoOXOAHMMBlE /sl BHIYHCJEHHT, CJelyloUiHe:

a) UYucho cesizefi B paccMmarpuBaeMoil MoJekyJe.

6) KoopannaTtel onpeieeHHOr0 aToMa MOJeEKYJbl, HAXOASLIErocst B Hayajle KOOPAMHAT.

B} g xaxaoll ¢BA3H B MOJEKyJde HeoOXONHMO 3HATB yrod [, o0pa3oBaHHBII paccMaTpHBAEMOMH
CBSI3BIO C COCeAHell CBA3BIO, @ TaKl)kKe yroJ BpauleHHs v, KOTOPLLI OUeHIBAETCSI HA OCHOBE ITPOCKUHOHON
JAmnarpayivet Tina Helomana, HCIIONb30BAHHON B OprasHueckoll XHMHH.



KINETICS AND MECHANISM OF SUBSTITUTION REACTIONS
OF COMPLEXES (XXV)

Solvation of  [Cr(NCS),(p-toluidine),]” and [Cr(NCS8),(p-phenetidine), |~ Complex
Ions in Ethanol-Water Mixtures

10AN ZSAKO

The first kinetic study on solvation of Reinecke salt like compounds has been
made by Ada m son [1]. This author studied the solvation of the Reinecke salt
NH, [Cr(NCS),(NHg),Jand reported a ligand exchange reaction, consisting in the
replaument of NCS— ions by solvent molecules. A constant ratio of about 2 has
been observed between the concentration of the liberated NCS— ions and the con-
centration of the transformed complex ion. Ammonia is not liberated during the
solvation process.

In our previous papers [2--4] the solvation of Reinecke salt like compounds
[Cr(NCS)(Am),]X has been studied in ethanol-water mixtures. Am means ani-
line, ]5~t01uidine and p-phenectidine, respectively. Our experiments have shown
two parallel ligand exchange reactions to occur, the replacement of an NCS— ion,
followed instantaneously by the exchange of a second NCS— ion, and the replace-
ment of an amine molecule, perhaps with an alcohol molecule, since the reaction
is of first order with regard to ethanol. The rate of the NCS— replacement is less
in acid solutions, the basic hydrolysis being hindered by hydrogen ion concentra-
tions above 103 m. Contrarily, the amine replacement is accelerated by hyvdrogen
1011,

In our earlier papers, as well as in Adamson’s paper, the presence of free NCB™ ions has
been reported in the fresh solutions. In spite of this, the experimentally found NC8™ concentration
has been considered to be identical with the concentration of the NCS8™ liberated during the solvation
process. Corectly, calculations must be carried out with corrected concentrations, taking in account
the zero time free NCS™ jon concentration. This is why, in the present paper, the rate constants of
the two parallel processes were recalculated. The apparent rate constants, determined colorimetrically
by measuring the concentration of the non-transformed complex ion, are not affected by the above
mentioned error. Thus, these constants have the values, reported ecarlier {3, 4].

The concentration of the free NCS™ ions has been determined colorimetrically as FeNCS!™. By
using our earlier experimental data [3, 47 a plot of extinction versus time has been performed. By extra-
polatmn of the obtained colorimetric curves, the zero time extinction has been determined and all
colorimetric data have been corrected with this value. The such obtained concentrations of NCS™ ions
can be considered to be the concentration of the NCS™ -~ ions liberated by the solvation process. These
concentrations have been used for further caleulations.

Tirst the ratio » == [free NCS™]/[transformed complex] was recalculated. The concentration of the
transformed complex hds been calculated on the basis of the apparent rate constants, calculated by
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means of the Arrhenius equation, by using the activation energy and activation entropy values reported
in our earlier papers [3, 4. A plot of the obtained » values versus the transformation degree a of the
initial complex, gave similar curves as before, namely a single curve was obtained irrespectively to
the working temperature (Fig. 1).

The ratio # had a practically constant value at the beginning of the solvation
process and later showed an increase, dependent upon the composition of the sol-
vent. High water content of the solvent ensures higher 7 values aud the increase
of 7 begins earlier and it is more important (Fig. 2).

As it was shown earlier [2—4], our experimental results plead for the fol-
lowing two parallel solvation reactions:

[Cr(NCS),(Am), = + 2ZH,0 = [Cr(NCS),(H,0),(Am), |+ - 2NCS— (1)
[Cr(NCS),;(Am),]— + Et = [Cr(NCS),(Am)(Et) ]~ -~ Am (2)

where Et stands for ethanol.

The first stage of solvation can be followed by other successive reactions,
leading to the increase of the free NCS— ion concentration. Reaction (1) can be
followed by reactions

[Cr(NCS)(H0)5(Am), |+ + H,O = [Cr(NCS)(H,0),(Am), 2+ 4 NCS— (3)
[Cr(NCS)(H,0)3(Am), >+ 4+ H,O0 = [Cr(H,0),(Am), >+ 4 NCS— 4)

Reaction (2) by
ICr(NCS),(Am)(Et) | + H,O = [Cr(NCS)3(H,0)(Am)(Et)] + NCS— )
(Cr(NCS),(HL,0)(Am)(Et) ] -+ H,0 = [Cr(NCS),(H,0),(Am)(Et) |+ + NCS—  (6)
[Cr(NCS),(H,0),(Am)(Et) 1+ 4 H,0 = [Cr(NCS) (H,0)3(Am) (Et) 2+ + NCS—  (7)
(

(Cr(NCS)(H,0)(Am)(Et) 2+ + H,0 = [Cr(H,0)(Am)(Et) P+ 4 NCS—  (8)
P
r 2
08 ‘w0 1 a
© - 45.0°C
& - 3047
06 + - 53.0% W
© { 1
Do +
a8
x 2
-
“ ’A
00 e ,
v On g0y % axsdy 0,0, w207 oxdP | y/
Q? o6 06 s 17 02 [ 06 a8 [y
Fig. 1. Ratio » == [NCS7}/(c, — ¢) versus Fig. 2. Ratio » versus transformation de-
transformation degree of the intial complex ion gree of the initial complex ion [Cr(NCS),

[Cr(NCS),(p-phenetidine), |~
per cent.

in ethanol

72.7

(p-toluidine),]™ in various solvents. Ethanol
content: 1 — 162 pec.; 2 — 242 pe.;
3 — 485 pc.; 4 —727pc.; 5970 pe.
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Besides the above reactions 11 other reactions involving also the replacement
of amine molecules can be imaginated.

Since experimentally only the concentration of two species have been followed, namely of the
[Cr(NCS)(Am), |~ and NCS™ ions, it is obvious, that from our experimental data can not be deri-
ved all the 19 rate constants. On the basis of the variation of the {Cr(NCS),(Am),|” ion concentra-
tion overall rate constants & can be derived, representing the sum of the rate constants of reaction (1}
and (2). By using the initial values of ratio », obtained from the first part of the kinetic curves, it
is possible to decompose the overall rate constant % in the individual rate constants of reaction (I)
and (2}, by means of the formulae

¥ ¥
— and k, = k|1 — — (9
2 - 2 oo

The initial values of the ratio » have been determined graphically, by using the plots of »
versus «, and they correspond to the constant value observed at the beginning of the solvation process.
These values are given in Table 1.

by o k

Tuble 1
Initial values of the ratio » in various solvents
Ethanol content, per cent volume
16.2 242 85 | 727 97.0
[Cr(NCS),(p-toluidine), |~ 0.390 0.200 0.120 0.085 0.040
Cr(NCS)(p-phenctidin }~ -— 0.270 0.200 | 0,130 .090

They are less, than the values given carlier [3, 4°. This means, that in reality the rate constunts
of reaction (1) are less, than reported in our previous papers. More corect data are presented in Ta-
ble 2.

Table 2
Rate constants of reaction (1) (4,- 105, 571
Eithanol content, per cent volume
16.2 242 48.5 72.7 97.0

¢ | og SESE P S G I A IO I te | g
[CrNCS)f p-toluidiner, ™ 420 | 1.08 | 401 | 075 | 405 | 0.85 | 40.1 | 0.79 | 40.1 | 0.65
47.0 | 232 | 45.0 | 1534 | 450 | 1.55 | 43.0 | 147 | 45.0 | 119
52.0 | 4.84 | 50.1 | 3.19 | 50.1 | 2,99 | 50.1 | 274 | 50.1 | 216
- o 530 1 478 | 55.0 | 552 | 53.0 | 3.87 | 55.0 | 3.80

- - 60.5 |10.7 - —

[CriNCS8),(p-phenctidine), ™ — - 40.1 ] 0.63 | 40.1 | 064 } 40.2 | 066 | 402 | 0.72
- - 45.1 1.26 | 45.0 1.25 | 45.0 1.20 | 45.0 1.26

- 50.1 | 2,46 1 501 | 2.37 | 50.1 | 2.23 | 50.1 | 2.25

535 | 3.85 | 348 | 427 | 55.0 | 395 | 55.0 | 3.85

As seen from Table 2, the rate constants &, arc very little influenced by the composition of the
solvent. This pleads for a dissociation mechanism Sx1. The activated complex in the transition state
must have a co-ordination number of 5 or 4. If it is 5, the replacement of the first NCS is fol-
lowed instantancously by the replacement of the second NCS, If it is 4, the two NCS ions are exchan-
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ged simultaneously. The exchanged NCS ions are replaced by water molecules, but their replacement
by ethanol molecules cannot be excluded either. The mnature of the amine molecules has no signi-
ficant influence upon the rate constants.

TIror reaction (2) the relation (9) gives the rate constants presented in Table 3.

Table 3
Apparent rate constants of reaction (2) (k,-10%, s—1)
Ethanol content, per cent volume
16.2 24.2 48.5 72.7 97.0
G°C | ke | 0 | ke | tC | kg | t°C ] R | £C | Ry
TCrINCS),(p-toluidine), 1~
42.0 | 045 | 40.1 | 0.67 | 405 1.32 1 40.1 2.35 | 40.1 3.19
47.0 1 096 | 450 | 1.39 | 45.0 } 242 450 ] 436 45.0 | §5.8I
52.0 | 2.00 | 50.1 | 294 | 50.1 4.68 | 50.1 8.16 | 50.1 | 10.6
- — 33.0 | 430 | 55.0 | 865} 53.0 | 11.5 55.0 {18.6
- — — 60.5 | 16.8 — — — —
[Cr{NCS),{p-phenetidine), ]~
40.1 | 0.40 | 40.1 0.58 | 40.2 0.95] 40.2 1.54
— 45.1 0.80 | 45.0 1.13 ] 45.0 1.73 | 45.0 2.69
- - 50.1 1.57 | 50.1 2.13 | 50.1 3.21 | 50.1 4.79
- 535 | 247 | 548 | 385 55.0 568 | 55.0 | 8.19

Their values are highly influenced by the composition of the solvent, increasing sensibly with
increasing ethanol concentration. These apparent rate constants, divided with molar concentration of
the ethanol, give mnearly the same values for a given temperature.

Thus, reaction (2) can be considered to be a second order reaction. Tts mechanism is probably
Sy 2 and the activated complex, of co-ordination number 7 contains a molecule of ethanol. The ob-

tained second order rate comstants of reaction (2) are given in Table 4.

Table 1
Second order rate constants of reaction (2) (k). 105 s—! mole—1)
¥thanol content, per cent volume
16.2 24.2 48.5 72.7 97.0
oC |k J ot ] Ry | tC ] ok, ] R | tC ] Ry
Cr{NCS) (p-toluidine),”™
42.0 | 1.54 | 40.1 | 1.54 | 405 1.52 1 40.1 | 1.80 | 40.1 1.83
47.0 | 3.30 | 45.0 | 3.18 | 45.0 2781 450 | 3.34 | 450 3.33
52.0 | 6.87 | 50.1 | 6.75 | 50.1 5.37 | 50.1 | 6.24 | 50.1 6.07
e - 53.0 | 9.87 | 55.0 {10.00 | 53.0 | 8.81 55.0 | 10.7
- -- - 60.5 | 19.3 e — — —
[Cr{NCY),{p-phenetidine), ™
- 40.1 0.92 1 40.1 0.66 | 402 | 073 | 40.2 0.88
E 45.1 1.84 | 45.0 1.30 | 45.0 1.32 | 45.0 1.54
- 50.1 | 3.60 | 50.1 2.44 | 50.1 | 246 | 50.1 | 2.74
— 535 | 566 | 54.8 | 4.42| 55.0 | 434 | 350 | 4.69

As seen, the influence of the nature of the amine is sensible.
case of the p-phenetidine derivative, than for the corresponding p-toluidine derivative.

The rate constants

are less in the
The influence
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of mineral acids has been studied in 24.2 per cent ethanol solutions, by adding perchloric acid to the
samples. This influence has been also re-evaluated on the basis of corrected colorimetric data. The
general picture remained the same, but the obtained r wvalues are less than given before {3, 47,

Table 5
Iniluenee of perchlorie acid upon the ratio v in ethanol 24.2, per cent
. Cone, of HCIO,, mole/l
Complex ion
3107 | 107 | 3107 | 10 | saw= | qom
[Cr(NCS),(p-toluidine), T~ 0.185 0.160 0.125 ! 0.105 | 0.090 0.075
[Cr{NCS),(p-phenetidine), 0,234 0.176 0.146 0.132 0.123 0.118

Rate constants of reaction (1) have been found to be less, too, than reported
earlier. These constants showed a systematic decrease with increasing hydrogen
ion concentration and had a practically coustant value if the hydrogen ion con-
centration exceeded about 10-3 m. The nature of the amine has no significant in-
tluence upon the rate constants %, although theyv are a little less in the case of

the p-phenctidine derivative.

Table 6

Influence of perchlorie acid upon the rate constant of reaction (1) in ethanol 24.2 per cent (%,-105, 51

Cone. of HCIO, [Cr(NC8),(p-tolnidine), '~ [Cr(NCS),(p-phenetidine), |~

mole/l | d0C | 45 50°C | 85°C $0°¢ | 4sCc | osoC | ossC
3.1074 0.62 i 1.37 291 | 6.06 0.60 1.17 ! 2.21 4.12
107 058 | 1.27 2,71 5.66 0.49 0.93 174 3.18
3.1073 0.47 ! 1.02 2.15 4.42 0.44 0.82 | 1.52 2.76
1072 0.47 1.00 2.11 4.33 0.43 0.80 i 1.46 2.60
3.1072 0.49 1.03 2.10 4.15 0.43 0.79 1.45 2.58
1671 0.54 1.08 2.12 4.01 0.44 0.81 1.46 2.59

Contrarily, reaction (2) is sensibly accelerated by the presence of hydrogen
ions, rate constants k, increase with increasing hydrogen ion concentration in all
the studied region. The corresponding rate constants are less for the p-phenetidine

than for the p-toluidine derivative.

Table 7

Influence of perchlorie acid upon the apparent rate constant of reaction (2) in ethanel 2%. 2 per cent

(ke 104, s71)

Cone. of HCIO, [Cr{NCS),{p-toluidine), i~ [Cr(NCS),{p-phenetidine), ]~
mole/l 10°¢ | 45°C | 50°C | s5°C 40°C { 45°C | 50°C | s5°C
3.10—4 0.61 1.34 2.86 5.94 0.45 0.88 1.67 3.11
10~ 0.67 1.48 3.12 6.51 0.51 0.97 1.81 3.29
3.10™° 0.71 1.53 3.23 6.63 0.56 1.05 1.93 3.50
10—2 0.84 1.81 3.81 7.81 0.61 1.14 2.06 3.68
3.10~¢ 1.06 2.20 4.45 8.81 0.65 1.19 2.18 3.87
10— 1.41 2.79 5.44 10.3 0.69 1.28 2.30 4.10

7 — Chemia 1/1870
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Fig. 3. Influence of the temperature upon ¥Fig. 4. Influence of the ethanol content upon
the concentration of the liberated NCS&™, the concentration of the liberated NCS™; ¢,
¢y — allover concentration of free NCS5™ minus allover concentration of free NCS™ minus the
the concentration of NCS™ liberated during re- concentration of NCS liberated during seac-
action (1), Am — p-toluidine. Ethanol content tion (1); Am — p-toluidine, t = 50.1°C.

242 p.c.

Councerning the activation energy of reactions (1) and (2) we have no accurate data. A syste-
matic decrease of the apparent activation energy has been observed both with increasing ethanol
content and increasing acidity of the solution. Since the above mentioned factors promote teaction
(2), it is obvious to presume reaction (1) to have a larger activation energy, than reaction (2). However,
we could not derive quantitative data, since our » data were too scattered to enable us to determine
the temperature dependence of the ratio » in a given solvent.

On the hasis of our experimental data [3, 4] one can presume reaction (1) to have positive acti-
vation entropy, in accordance with the above presumed Syl mechanism, and reaction (2} to have nega-
tive activation entropy, which also pleads for the mechanism Sy2, presumed for reaction (2).

Tn order to obtain some pieces of information concerning the second stage of the solvation, namely
reaction {3-8), the concentration of free NCS™ jons, due to reaction (1) has Deen calculated by using
the obtained rate constants. It can be easily shown, that this concentration can be calculated from
the overall ratc constant and the initial values of the ratio », by using the formula

O = ¥ o Cy - ok (10}

ic. by multiplving the concentration of the transformed complex ion. ealeulated above for deriving
7 values, with initial » values given in tables I and 5.

Dy substracting the calculated ¢, values from the experimentally determived overall coneentration
of free NCS™ ions, the concentration of NCS™ was obtained, which was liberated during the further

stages of the solvation. A plot of this exceeding concentration, ¢y, versus time, gave us a gerera’

picture concerning the influence of temperature, of the ethanol content and of perchloric ucid concen-
tration upou reactions (3-8, These influences are illustrated by ¥Fig. 3--5, which contuin these cur-
ves for several rums. The general picture iz the same for both the p-toluidine and p-phenciiline

derivatives.
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The increasing cthanol content, as well as  the
increasing acidity, diminishes the rate of liberation of CQ,-loa 307
NCS™ dons. In order to find an explanation for these
results, several hypothetical NCS™ ion concentrations
were calenlated, by presuming reactions (3) and (4),
further (5) and (6), and finally all these reaction (3),
(4), (8) and (6) to be instantaneous. Some of these 10
data are presented in Tables 8 and 9.

171 g 5. Influence of the acidity (concentration of HCIO,
in mole/lit.) upon the concentration of the Iliberated
NCS™.; ¢, — allover concentration of free NCS™ minus
the concentration of NC8™ liberated during the reaction ,
(1) ; Am— p-toluidine, Ithanol content 24.2 p.c.t.; t=:50.0 N & mn
“Cy ey = 5,55.107% moleflit. o o e “wo 500

Table 8

Hypothetical concentrations of free NCS™, due to reactions (3) — (6), by presuming thent to be instantaneous,
as eompared with experimenial data (overall [NCS™] minus the concentration due {o reaction (1))

) [NCS™ | due tothe presu- Exceeding (NCS™1 (exp),
f‘otiltzﬁﬁl fo | Yime, a-108 | mingly instantaneous reactions overall [NCS] minus
vol p.c | min mole/lit ¢+ 103, mole/lit [NCS™ ] due to reaction (1)
p-c | - —— —— e,y 103 mole/lit.
1 @GL | BLE) | 3)..6)
Cr(NCS),(p-toluidine), ™
16.2 J 52.0 i 280 | 4.12 1.58 { 6.53 8.11 12,42
242 3.0 290 5.35 L 9.91 11.01 13.70
485 ¢ 348 i‘ 290 416 0.50 | 7.82 8.32 9.65
727 0 830 290 ] 355 | 036 | 1074 11.10 6.90
97.00 1 534 280 | 549 ‘ 0.22 1 10.76 10.98 3.16
[Cr(NCS){p-phenetidine), 1™
242 | 335 ’ 200 | 5.18 1.38 8.90 10.29 13.21
48.5 t 54.8 290 5.18 1.04 9.32 10.36 12.50
72.7 | 55.0 280 5.18 0.67 9.69 | 10.36 10.63
97.0 | 55.0 280 | 518 0.46 990 | 10.36 318

As seen from Table 8, at higher water concentrations the experimental NCS™ ion concentrations
become, after 5 hours, higher than the values corresponding to the completion of reactions (3, (4),
(5) and (6}, i.e. we have a clear evidence, that the third and the fourth NCS™ groups leave the complex
ion, too, irrespectively of the first stage of solvation. Thus, in such conditions reactions (3}, (4), (7} and
(8) must be real
smaller than the concentration, corresponding to rcactions (5) and (6), i.e. these reactions do not
occur instantancously and the rate of reactions (3), {4), (7) and (8) must be very small. Since reactions
(5) and (6) are perfectly analogous with reaction (1}, it wmust have a rate, comparable with the rate of
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Table 9

influence of perchlorie acid upon the hypothetical concentration ol iree NCS, due to reactions (3) - (6),
by presuming them to he instantanecus, as eompared with experimental data (overall NCS minus the ¢on-
eentration due to reaction (1))

Ethanol content of the solvent: 24.2 volume p.e., t = 55° (

[NCS™] due to the presu-

HIC1O. Pime mingly instgntaneous Tixceeding ([NCS™) (exp), overall
szole"fit min rc;actmns . [NCST) minus [NCS7] due to
101¢€] ¢+ 103, mole/lit reaction {1); ¢+ 103, mole/lit

@, (4] 5). Twy.. .

CriNCH) (p-toluidine), 7, @ == §.55 > 1073 mole/lit
10 320 0.42 10.68 11.10 2.26
3.1072 320 0.50 10.60 11.10 2.78
1072 330 0.58 16.52 11.10 4.22
3.1073 330 0.69 10.41 11.10 12.71
1073 280 0.89 10.21 11.10 13.71
3. 1074 290 1.03 10.07 11.10 13.67
TCr(NCS),(p-phenetidine), '™, a = 5.18 1073 mole/lit
10— 300 0.61 9.75 10.36 2.46
3.1072 300 0.65 9.71 10.36 2.49
102 300 0.68 9.68 10.36 3.67
3.1078 300 0.76 9.60 10.36 13.19
1073 300 0.91 9.44 10.35 14.19
5.1074 300 1.21 9.14 10.35 13.99

(4), {7) and (8) must be considered to be highly dependent upon the water concentration and one
can presume even these reactions to be of first order with regard to water, i.e. to be of a mecha-
nism Sy2.

As for the influence of perchloric acid, it is considerable. If the concentration of HCIO, is larger
than the initial concentration of the complex, the free NCS™ concentration is very low. On the Dasis
of the results presented in Table 9 we can presume reactions (3), (4), (7) and (8) to be hindered in acid
solutions, perhaps entirely. If [HCIO,] is less than 1072 the liberated amine (accordingly to reaction
(2)) can neutralize the added HClO, and the reactions (3), (4), (7) and (8) are promoted. That is why
in these solutions the free NCS8™ concentration is sensibly higher than the value corresponding to
the completion of reactions (1), (5) and (6).

Since the exchange of the third and fourth NCS™ fons can be presumed to be hindered in acid
solutions, from our experimental results we can try to derive guantitative data coucerning reactions
(5) and (6).

By using the notation A = [Cr(NCS}(Am),]”, B = [Cr(NCS),{H,0),(Am), ", € = [Cr(NCS),
EtAn) ™ and D = [Cr(NCS),H,0 Ft Aml, we can give the following reaction scheme:

the later, and perhaps also independent of the water concentration. Thus, the rate of reaction (3},

B

iy
Y
\c__’(i—.n

where ky, k, and kg stands for the rate constants of reaction (1), (2) and (5), respectively.
If ¢4, ¢c and cp are the actual concentrations of A, C and D respectively, by presuming reaction
(5) to be of first order, the following differential equations are valid:

de J i oy, i 192y 11
— == — }, C — Ryl g, T = C 4 = RgC and — == [ ;
at 1 CA 204 at 204 s¢C dat 50C (

The successive integration of equation (11), with the initial conditions for t = 0:

(ca)o = a; (c¢lo = 0; (eplo =0 12y
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gives the following relations

cq = ae ket ko)t (13)
ke SRy e (hy- g}l \
e @ ——— (7 70 e g VT R (14)
Ry - ky = Ry
k g k, "
n a —2 (1 — (Fy l\a)(‘) - a — (6’ kel 2 (ki kﬁ)l} (15)
Ry A Ry ky ke — Ry

I in acid solutions, with [HCIO,] = 1072 mole/lit, reactions (3), (4), (7) and (8) are hindered indeed,
it is possible to derive kj graphically, by constructing theoretical ¢p -~ time curves, by means of relation
(15), with varions hypothetical %; values and by comparing them with the above obtained ¢p — time
curves.

All our ecarlier experiments show the simultaneous exchange of two NCS groups in reaction (1).
Reaction (5) is a perfectly analogous one and it is possible, that reactions (5) and (6) are also simul-
taneous, or the exchange of the first NCSis followed by the instantaneous exchange of the second NCN,
i.e. in the above given scheme reactions (§) and (6) must be substituted by reaction

Cr(NCS),AmEt -+ 2H,0 = [Cr(NCS),(H,0),AmEt]* - 2NCS™ (5
This is why the ¢,y — time curves have been compared with two kinds of theoretical ¢p — time

curves, by presuming the exchange of a single and of two NCS groups, respectively. In both cases the
first part of cp — time curves can be fitted to the ¢,y — time curve, by varying the presumed 7y
value, but later ¢,, values become less than both ¢p values. Thus, our experimental data do not enable
us to choose between reactions (5) and (57), but it is clear, that the reaction leads to an equilibriun.
On the analogy of reaction (1), reaction (5") was presumed to be real, and all the rate constants have
been derived for this reaction (5°). It is worth to mention, that rate constants derived for reaction (35}
are twice larger.

The above described curve-fitting method is illustrated by IFig. 6. which gives also a clear cvi-
dence of the equilibrinum, mentioned above. The rate constants kj, derived by means of this curve fitting
method are presented in Table 10.

These rate constants are rather close to the analogous %, values, presented
in Table 6, larger for the p-phenetidine derivative, than for the p-toluidine onc. A

k . . ‘. — .. . .
plot of «lg- versus 1/T gave a good lnearity (sce Fig. 7) and deriving of acti-
S :

Cp 0° e g
5 /45 15 T /
s
16%10 /]
24 14210 ° 76 -
1.2x40 s /
- -Ce .
8 T roxi0” T
i 7
G5 70
/!
t, min ;x{ 7
& 70 g %0 300 356 YY) [ 3 B
1'ig. 6. Determination of &y by a curve fitting Iig. 7. Deriving of activation energy of
method. Am-- p-toluidine, t = 50-C; HCIQ,=10"1 reaction (5) in acid solutions. Am—p-phen-
moleflit. Dotted line — ¢,y values, derived from etidine, Fthanol content 24.2 p.c.

experimental data. Full lines—several theoretical
cp curves, calculated with (15), by presumig the
%, values, indicated by the side of each curve.
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Table 10

Rate constants of reaction (5) in acid solutions.
Ethanol eontent 242 p.c.

- k;+10%, s71, in the presence of HCIO,
Am teC
1071 3.1072 102
p-toluidine 40 0.32 0.30 0.33
45 0.56 0.67 0.64
50 1.4 1.3 1.3
55 2.5 2.6 2.6
F-phenetidine 40 0.65 0.58 0.60
¥
45 1.1 1.2 1.1
50 2.1 2.1 2.2
55 4.0 3.9 4.2

vation energy and activation entropy values was possible. By means of the least
square method, the following data were obtained for reaction (5')

[Cr(NCS),(p-toluidine), |-  AH* = 27.9 4 0.8 kcal/mole,
ASF =54 -~ 1.4 e

Cr(NCS)(p-phenetidine), | AH# == 25.1 -+ 0.6 kcal/mole,
ASF we 23 4+ 1.0 e

On the basis of our results the following general picture of the studied sol-
vation processes can be given:

The first stage of the solvation cousists in two parallel reactions (1) and (2).
Reaction (1) is perhaps of an Sy 1 mechanism. Rate constants of this reaction are
little influenced by the acidity. With increasing acidity rate constants are decrea-
sing to a limit, due to the hindering of basic hydrolysis. This reaction can be fol-
lowed Dboth in neutral and acid solutions by further ligand exchange reactions,
implving the substitution of the co-ordinated amine.The third and fourth NC$S
groups can be exchanged in neutral solutions, by water molecules, perhaps
due to an Sy2 type reaction. These reactions are hindered in acid solutions.

Reaction (2) has sensibly higher rate than reaction (1). It is of first order
with regard to the ethanol and is presumed to be of S¢2 mechanism. This reaction
is sensibly promoted by the presence of hydrogen ions. Reaction (2) is followed
by further stages, implying the substitution of NCS groups. The first two NCS
groups are substituted perhaps simultaneously by a reaction of Syl mechanism,.
The rate of this reaction (§') is influenced by the acidity of solution in the same
way as the rate of reaction (1), but in acid solutions it leads to an equilibrium,
dependent upon the hydrogen ion concentration. In neutral solutions the other
two NCS groups are substituted, too, but these reactions are hindered in acid
solutions,

( Reveived October 25, 1964;
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CINETICA SI MECANISMUL REACTIILOR DE SUBSTITUTIE LA COMPLECSIT (XXV)
Salcaticarea ioniloy complecsi [Cr(NCS),(p-toluidind), |7 si [Cr(NCS)(p-fenetidind), "™ in amestecuri de
etanol-apd

(Rezumat)

Pe baza datelor experimentale publicate anterior se recalculeazi concentratia ionilor NCS™ eli-
berati in urma reactiilor de solvatizare a fonilor [Cr(NCS8),(p-toluidind),]™ i [Cr(NCS),(p-fenetidini),|™
prin extrapolarea curbelor colorimetrice la timpul zero si ficind corectiile corespunzitoare. Pe baza
acestor valori corectate se recalculeazii constantele de vitezd ale reactiei de ordinul intii (1) si ale reac-
tiei de ordinul doi (2). Calculind concentratia NCS™ excedentard fatd de cantitatea rezultati din reac-
tia (1) se studiazii fazele comsecutive ale solvatizirii.

Se constatii cd reactia (1) este urmatd de reactii care implicd substituirea aminei, precum i a
cclorfalti doi ioni NCS™. Aceastd reactie este impiedicati de prezenta ionmilor de hidrogen.

Reactfia (2) este urmati de asemenea de alte reactii prin care sint substitniti pe rind ionii NCS™
cu molecule de apd. Pentru aceasti reactie in mediu acid s-au putut calcula si constantele de viteza,
cnergia si entropia de activare.

KHHETHKA U MEXAHHW3M PEAKUMY BAMELIEHU S KOMITIEKCOB (XXV)
Corbsayus romnaexcrolx uonos [Cr(NCS), (n-moayudum)} u [Cr(NCS), (n-thenemudun),) -
& CMecax IMarnon-800a

(Pesionme)

Ha ocuope paubile onyOAHKOBANHBIX SKCHEPHMEHTANBHBIX JAHHBIX ABTOP HePECUATHIBACT KOHUEH
Tpaumio HoHoB NCS™, ocBoGOXKIEHHBIX BCJeJACTBHE peakuHilt coapBaunu nowon [Cr(NCS), (m-roay-
aun)yl- 1 [Cr(NCS), (n-deHeTHIHH),| ~nyTEM  SKCTPATIONSIUHE  KOJOPHMETPHUECKHX KPHBBIX 10 HYJe-
BOrO BpeMeun H 1DOH3BEIs COOTBETCTBYIOUHEe nonpasBkd. Ha ocHoBe 3THX Henpasienini X 3HadeHHH nepec-
UHTBIBAIOTCH KOHCTAHTH CKOPOCTH peakiuit nepsoro nopsiika (1) 1 peakuws sroporo nopsika (2). Beiuncaun
RonnenTpanuio NCS™, H36BITOYHYIO N0 OTHOUIEHHIO K KOJHYECTBY, NOJAVYeHHOMY NpH peakuuu(l), atop
HOC010BAT T10C/1e10BaTe bHble a3kl COIbBAIHIL

YcTanosgeno, 4to 3a peakuueit (1) creiylor peakiui, TpeGyolile 3aMelleHHs aMHHA, a Takke H
GUTAABNBIX ABYX HOHOB NCS™. 3Tojt peakuuH npensiTcTBYeT MPHCYTCTBHE BOJAOPOAHBIX HOHOB.

3a peakumell (2) coedAyiOT H ApyrHe peakiHH, MOCPEICTBOM KOTOPHIX 3aMELLEHbl 110 OYepeii HOHbL
NUS™ wvodekyaami Boasl. Jl1s 3Tof peaklHH B KICJIOTHOH cpele aBTOp BHLIMHCAHI Tak:Ke H KOHCTAHTHE
CKOPOCTH, 3HEPIIO W SHTPONHIO AKTHBAIIMH.
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Una dintre problemele dificile ale analizei chimice este determinarea compo-
nenfilor unui amestec de diferite specii chimice. Asemenea situatii apar la analiza
unor acizi sau baze polivalente, a unor siruri cu hidrolizd partiald, la titrarea ameste-
curilor de cationi sau anioni etc.

In toate aceste cazuri, se pune problema ciutarii conditiilor chimice in care
s¢ pot efectua titrdrile, astfel incit si se obfind rezultate corecte. Dar, a obtine
rezultate corecte inseamna a lucra in conditii de exactitate gi precizie impuse de
nevoile practice. Intr-o nota anterioara 1] s-au dedus realatiile care trebuie respec-
tate intr-o titrare oarecare, pentru ca rezultatele titririi si fie corecte. In cele ce
irmeazd se vor dezvolta aceste consideratii la cazul in care in proba de analizat
existd mai mulfi compusi chimici, care urmeazad a fi determinati printr-o titrare
succesivi.

Problema care se pune chimistului analist In acest caz este de a stabili dacd —
in condifiile de exactitate si precizie impuse de nevoile practice — este sau nu
posibild o determinare prin titrare succesivd ¢i, In caz afirmativ, de a afla conditiile
chimice I care aceastd titrare se poate efectua. Pentru a putea avea o privire de an-
samblu asupra tuturor acestor cazuri, este convenabil a considera o titrare oarecare, a
unei probe de analizat cu mai mul§i componenti (n > 2). Practic, o asemenea titrare
succesivd se poate efectua, daca reactivul titrant reactioneazd, pe rind, cu fiecare
component, astfcl incit, in timpul titrdarii unui component oarecare, ceilalti nu reac-
tioneazd in misura de a produce erori in analizi. In asemenea imprejuriri, daci se
reprezintd grafic proprietatea P urmiritd in timpul titraril in functie de volumul
V' de solutie titrantd, rezultd bine cunoscutele curbe de titrare cu mai multe salturi
de proprietate AP,, AP,, ..., AP, AP"”, ..., AP, Tiecare salt de proprietate
confine cite un punct de inflexiune sau un punct de intersectie, care marcheazi
punctul final al titrdrii componentului titrat pind la punctul final respectiv si care
aproximeazd punctul de echivalentd al etapel respective (fig. 1.) Counsiderind doud
momente consecutive ale titrdrii si anume titrarea succesivd a componentilor #’
sin'’, coordonatele celor doud puncte de echivalenid se vor nota P, —V.siP 17,
ale celor doud puncte finale se vor nota P; — V) si Py — V;, cele doud salturi
de proprietate se vor nota AP’ si AP”, intervalele de viraj (respectiv intervalele
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minime de proprietate la punctul final) se vor nota AP, si AP, iar volumul
de solutie titrantd ce corespunde erorii maxime e, ,, de titrare admise se va nota
cu AV. Pentru a afla parametn chimicii care decid corectitudinea titrarilor succe-
sive, este necesar si se aibd in vedere relatiile generale care decid corectitudinea
unei titrari oarecare [17 si sd se admitd urmatoarele relatii de definitie (vezi si fig. 1):

, P, Py
A]))/nin - [)tl¢£ = 1 (1)V AP”“” = +(,p -~ 1 (2>
Py Piﬁf
NG Py 3 AP L 4
ar) . =Pe1 ), arny el (4
5 € Emgy P; VT Cgr P

AV = (VoA V)—(V, — N'V)  (3), AV = (V. 4+ A'V) — (V. — A"V) (8)

{aici K’ si K sint constantele globale de echilibru ale reactiei de titrare in trep-
tele respective, ¢ si ¢ sint concentratiile componentilor 7" si #”, 1t €50, $1 €as Sint
erorile maxime admise la titrare fu cele doud etape).

Exactitatea. Tinind cont de exactitatea unei titriri oarecare, se poate demon-
stra ¢ o titrave succesivd oavecare este exactd dacd st numai dacd sint satisfdcute con-
ditiile

ViV leavo @, VSV AT @) st AN AT =00 ()

In practicd, aceste conditii se pot realiza numai prin:

a) Eliminarea surselor de erori sistematice de executie, datorite mai ales perso-
nalului, aparaturii, reactivilor si
componentilor neprevazutiaipro-
bei de analizat, si prin:

b) Eliminarea surselor de

) erori sistematice de conceptie,
) a metodelor titrimetrice, datori-

te mai ales alegerii gresite a re-
actiel de titrare (respectiv a con-
ditiilor chimice in care se petrece
reactia aleasd) si datorite alegerii
gresite a indicatorilor (respectiv
a conditiilor chimice in care
are loc \1rf13ul lor).

In ipoteza ci erorile siste-
matice de executie sint elimina-
te, este necesar si se studieze
mai atent posibilitatea elimina-
rii surselor de erori sistematice
de conceptie, adicd cele datorite
reactiei de titrare si indicatori-
lor.

In ce priveste reactia de ti-
trare, in titrarile succesive este
necesar si se aleagd asemenea
reactii si conditii chimice in care,

2,00

o .
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in ficcare etapd a titrdrii, concentratia ¢, a parfii nereactionate a componentului
respectiv (aicl #') ¢4 fle mai micd decit concentratia ¢, a aceluiasi component,
ce corespunde erorii maxime :
[ |
Cmax =™ (1(}>
o
admise la titrare (¢, este concentrafia componentului respectiv ce corespunde
volumului AV de solutie titranta, iar ¢, este concentratia analitici a componentu-
lui titrat). Dacd se noteazd cu B gradul de transformare [2] al unui component
oarceare, pentru componentul 7’ se poate scrie o prima conditie:

t ’ 14 7 ’

e = (1 — 8"~ ¢ <7 .= Cuar * Co (11)
Pe de altd parte, alegerea reactiilor si a conditiilor trebuie astfel ficuta, ifncit in
fiecare etapa a titrdrii concentraia ¢y a pdrtii reactionate a componentilor ce
urmeazd a fi titrati in etapele urmitoare sd fie mai mici decit ¢,. Pentru compo-

’

nentul #'" se poate deci serie:

t? tt 144 17 1t

CB - B/, Py L Ce == Gy * Lo (12)

in sfirsi t, pentiu cencentiatia reactionatd de component #', se poate scrie :

’ ’ ¢
g = B ey =0 (13)

Dar, gradul de formare § depinde de constanta globald K a reactiei de titrare, de
stoechiometria S si de concentratia partenerilor de reactie, potrivit ecuatiei (27 :

See? g g -y L (14)
unde :
Se=— 5% (15), K="2, (e
Sy seb TL e

Hp s I, sint produsii tuturor constantelor de stabilitate din membrul drept si din
membrul sting al reactiei, ridicate fiecare la puterea factorului stoechiometric pro-
priv, X, ¢ X; sint sumele coeficientilor stoechiometrici din membrul drept si din
membrul sting al reactiei (cu excepiia celui al partenerului principal), S, si S sint
produsii coeficientilor stoechiometrici din membrul drept i sting al reactiei, ridicat
ficcare la puterca sa, iar S, este coeficientul stoechiometric al partenerului princi-
pal. Din (14) se pot exprima valorile (1 — ) si peutru cazul general considerat al
titriirii succesive a componentilor 2’ si #” si se poate admite ci pentru reactii practic
totale (B > 0,99):

B =~1 (17
iar pentru reactil care nu au loc practic (p << 0,01):

(1 g ~1 (18)

Inlocuind valorile respective in (11) si (12), se ob{in relatiile care permit alegerea
reactiilor de titrare succesivi necesare. Se vede ¢ o reactie de ‘titrave succesivd oare-
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care premite sa se obtind rezultate exacte dacd si numai dacd sint satisfacute simultan
tnegalitdtile :

’ “/ E
‘\O =~ F, N -fl D “I
T o S L o ’ (]())
- L Cax t Cp *
v «!
«]) —1 ’
’ N4
S] S“ “1)
!
;o y” R \.N Lo
Sy e =0 XL S0 R
RV © G -y
] g e N 2()
| . " . Cpar t Co ( )
| .
] Sp e HL
¢
s
AP (VAP = O (21

Counditia (19) se refera la componentul titrat in etapa respectivd, iar condifia (20)
se referd la componentul ce se va titra in etapa urmétoare. Dacd in etapa urma-
toare pot reactiona simultan mai mulfi componenti, se va verifica conditia (20)
separat pentru fiecare dintre ei. Asemenea cazuri pot apare in analizd numai daci
valearea membrulul sting al expresiei (20) este aproputa pentru mai mulfi compo-
nenti (datoritd constantelor raspu‘twe de stabilitate si datorita mmeutm‘;nlol ¢y
ale acelor compusi). In cazul special in care in proba de analizat existd componenti
pentru care atit valorile membrului sting din (19), cit si cele ale membrului sting
din (20) sint practic identice (ca de e\emplu la titrarea unui amestec de acizi
slabi de aceeasi tirie), titrarea succesivd se reduce la o titrare simpld intr-o singura
treaptd (1], cind se obtine suma componentilor respectivi. In sfirsit, in cazul in
care nu se pot gisi reactii de titrare care sd satisfacd conditiile (19) s1 (20) si
nici nu se incadreazd i cazul special de mai sus, proba respectivd nu poate fi

analizati printr-o titrare succesivd in cadrul exactitatii $1 preciziel cerute.
Pentru climinarea celei de a doua surse de erori sistematice de conceptie este
necesar s se aleagd indicatorii potrivifi si conditii chimice in care acestia pot
functiona exact. Din analiza graficului din fig. 1 si tinind cont de conditia de viraj
exact 1], se poate deduce cd indicatoriv folosifi intr-o titrave succesivd oarccave
vireazd exact la punctele finale vespective dacd si numai dacd sint satisfdcule simullan

condititle :

AP C (AP, o (22)

3 0 Eppy

APy C (AP, o o (23)

o R
K7, cory Cpay

AZ):ni;z n Ap;n’m - (;j (24)

Tn acest caz sc regisesc conditiile cunoscute :

])}' = I)min A Al)mm C; 2 (API)K’ Fo ';mu > I)f = ( j)l)l"( s Cmax (25>
1), mm A APmrn e (AI)")I&” ll"’mat = ])j'” = (AI)”)K’" l“;, e;l;ax (26)
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Dacid se elimind toate sursele de erori sistematice, deci sint satisficute toate
conditiile de mai sus, mdsura exactitdatic titrdrii flecdrui component wva fi datd de ra-
poartele

2y | B
f ~— : f oQ
— =1 (27 S P 28
| P; = ( ) $1 PZ = 1 ( k)

care prin definitie sint supraunitare si sint egale cu unitatea nuwmai cind titrarea este
cea mai exactd. Se vede ca va fi titrat cel mai exact componentul al cirui raport
(£27) sau (28) va fi cel mai apropiat de unitate.

Precizia. Avind in vedere conditiile preciziel uneit titrdri oarecarc, se poate
demonstra ¢ o litrare succesivd oarvecare este precisd dacd si numai dacd sint salis-
deute st multan  condifitle :

11_7} — V’,( == Av A g-Av <T/—'} (29)
s
V7 =V = AvAg-Ade <75 (30)

- P N . . . . )

unde V' g1V, sint valori medii, Av este volumul de solujie titrantd ce corespunde
diferentei dintre doua diviziuni consecutive ale biuretei, iar g este o constanta care
depinde de eroarea maximd admisa la titrare ¢i se ia astfel incit:

2 AT (31)

V/
Conditiile (29) s (30) se pot realiza in primul rind prin eliminarea surselor de
imprecizit de executie, iar in al doilea tind prin eliminarea surselor de imprecizii
de conceptie (datorite reactiilor de titrare si indicatorilor respectivi).

1 ce priveste reactiile de titrare, se poate demonstra i o reactie de tilrare oare-
care permite sd se obtind rezultate precise intr-o titrave succesivd oarecare dacd § numnai
dacd simt satisfdcule simultan inegalitdtile :

Al)flnm < (AI),)K', (32\

’

o
Yor Cmax

AP:nll'n, < (AP”)K" (33)

5 €4 e:nax
Deoarece valoarea saltului AP depinde de constanta globald de echilibru a reactiei
de titrare, se vede cd este necesar sd se aleagd reactil in care in fiecare treaptd a
reactiel aceastd constantd si aibd valori c¢it mai mari posibil.

Pentru inliturarea surselor de imprecizii datorite indicatorilor, se impune
ca acegtia sd functioneze reproductibil in conditii de lucru bine precizate. Se poate
afirma, deci, c& utr-o titrare succesivd oavecare indicatorit vireazd precis dacd si nu-
mai dacd sint satisfdcute simultan conditiile :

Pf

7

=< Ap;m'n (34) §1 < AP;n,in (35)

(aici P} si Pf sint valori medii). Aceste conditii aratd c# este necesar si se asigure
reproductibilitatea virajului (cantitd$i constante de indicatori, temperaturda cons-
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tantd, aceeasi constantd dielectrica a mediului de reactie, pH coustant pentru indi-
catorii de pA, dilutie constantd etc.).

Dacd se elimind toate sursele de imprecizii, deci sint satisfacute conditiile de
mai sus, mdsura preciziet litrdrii fiecdrui component va fi datd de rapoartele:

(AP’)K'. e
—————AP'/ C I ] (36)
min
s
AP
AP: o’ ‘max > 1 (37)

min

care prin definitie sint supraunitare si numai cind precizia este minimd sint egale
cu unitatea. Se vede c& acel component va fi titrat cu precizie mai mare pentru
care raportul (36) sau (37) va fi mai mare.

Coreetitudinea. Pe baza celor de mai sus, se pot demonstra urmaitoarele te oreme
ale titrarii succesive:

1. O titrave succesivd oarecare este corectd dacd st numal dacd este exactd si precisd,
deci dacd se realizeazd simultan conditiile (7), (8), (9), (29) si (80). Dar, pentru
realizarea acestor conditii este necesard inliturarea tuturor surselor de inexactitifi
si imprecizii de executie gl inldturarea tuturor surselor de inexactitati si imprecizii
de conceptie a metodelor de titrare succesivd. Pentru Inliturarea ultimelor, este
necesar ca titrarile succesive sd se bazeze pe reactii de titrare care permit obtine-
rea unor rezultate corecte si sd se aleagd indicatori cu viraj corect.

2. O veactie de titrare succesivd permite sd se obtind rezultate corecte dacd st nu-
mai dacd in fiecare etapd a titrdrii vexultatele sint exacte $i precise, deci dacd sint satis-
fdcute simultan conditiile (19), (20), (21), (32) si (33).

3. Indicatoriv folositi intr-o titrare succesivd oarecare functioneazd corect dacd si
mnai dacd in fiecare elapd a titrarii virajele lor sint exacte si precise, deci daca sint
satisficute simultan conditiile (22), (23), (24), (34) si (35).

Din cuprinsul lucrdrii rezultd cé cel mai important parametra al unei titrdri
succesive oarecare este exactitatea si numai In al doilea rind precizia, decarcce o
determninare inexactd, dar precisi nn are nicl un sens, pe cind in anumite cazuri,
o determinare exactd, dar mai pufin precisi poate fi inca folositd. In cazul in care
toate condifiile unei titrdri succesive corecte sint satisfacute, intre misura ¢xacti-
tdtii s mdsura preciziel titrédrii succesive a unor compounenti oarecare existi rela-
tiile :

—, (AP

{z e K, ¢, ";)lax (‘58)
P AP ’
¢ min
si

— AP L

.jif. - ( )K”’ s emaz (4;('))

P/‘ e "‘““_ﬂ—_T——"ﬁ Ll
¢ APM in

Aceste relatil sint In fond o mésurd a corectitudinii determindrii unor componengi
oarecare intr-o titrare succesiva datd, deci sint o misurd a calitifii metodei de ti-
trare succesive respective,
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Observatia I. In lucrare s-a notat prin P o proprietate oarecare care depinde
de evolufia reactiei de titrare succesiva (de exemplu conductivitatea, potentialul
electric, extincfia etc.). dar poate fi si o concentratie oarecare a unui partener de
reactie. La particularizarea relatiilor generale din lucrare se va proceda in felul
urmdtor :

— concentratiile si proprietdtile care depind linear de concentrafii se vor
introduce direct, de exemplu P == [H", P =) etc,

— proprietdtile care depind logaritmic de concentratii se vor introduce inlo-
cuind P, AP etc. prin 107, 103" ete. De exemplu, pentru P = E (volti), relatia
(39) va fi:
| B e
< (40

: s
* ALyin

10°° 10

Observatia II. In cazul curbelor de titrare cu punct de intersectie (linearc
etc.), valorile saltului AP se vor calcula prin insumare [1].

Observatia IIL. In cazul titrdrii unei probe cu mai mulfi componenti, relatiile
din lucrare se vor aplica pe rind, pentru cite doi componenti care urmeaza a fi
determinati succesiv,

(Intrat in redactic la 27 octombrie 1944
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NOCJ/IENOBATEJ/IBHBIE THTPOBAHMSI

(Peszwae)

B crarve AAKTCd GCHOBHBIE T1apaMeTphl, TTO3BOIMIOUIHE NPOBeleHHe HPAaBUWIBLHOIO, I10¢1e10BdTe/b-
HOrO TUHTROBAHIIS (I €. TOYIIOTO, 1TOCHAe10nBaTe]bHOoro TIITDOBHHHSI). Ecnn YCTPAHHTL HeNPaBHJIbHOCTH
(!IBTO‘IHOCTH) BEITTOJIHEHH S, nodJaelopare]abHoe THTPOBAHIEC ABJASIeTCH [MPaBHJIbHBIM, €CJAH OCHOBBLIBACTCSH Ha
peaxkuMi THTPOBAHII, KOoTopast NMO3BoJAseT IOJy4YeHHe NPABIJIbLHBIX Pe3YJAbTATOB I eCJAH NPHMEeHAeT s
HHIAHKATOD C NPABIIILHLIAL BHpAZeM Ha Kaw ol CTYIICHH THTPOBaHHI. Ha]mcﬂ NapaMeTprl, MO3BOIAIOULHE
OUEeHKY CTenelil TOYHOCTH ITOCJeA0BATEe/TbHOrO THTPOBAHHS, & TAKXKe COOTHOHIeHHe OLECHKH NPaBHIbLHOCTH
Karoro-nufo 1oceae10BaTe 1LIoro THTPOBAHHST.

SUCCESIVIE TITRATIONS

(Summary)

The main parameters permitting a correct successive titration (namely exact and precise} are
discused in the paper. Experimental errors (inexactitudes and imprecisions) being eliminated, a succe-
sive titration is correct if based on a titration reaction able to give correct results and if an indica-
tor giving a correct colour turn at each step of the titration is used. Parameters are discussed, which
afford an estimation of the precision degrees of the correctness of a given successive titration.






UBER «-DIOXIMINKOMPLEXE DER UBERGANGSMETALLE (XXVIII)*

Polarographische Untersuchung f{ber die Nyoximato-kupfer-(II)
-Chelatverbindungen

FRANCISC MANOK, CSABA VARHELYI und ILONA MIKULAS

Die polarographische Methode wurde nur in einigen Fillen zur Untersuchung
der Bildung und Stabilitdt der a-Dioximinkomplexe der Ubergangsmetalle ver-
wendet. BurgerundMitarbeiter [1, 2] haben die polarographische Reduk-
tion des Dimcthylglyoxims und seiner Kupfer(II) und Kobalt(II)-Derivate unter-
sucht. Wenn der pH-Wert der Losung grosser als 3 ist, erscheint die polarographi-
sche Stufe des obenerwdahnten Kupfer(II)-komplexes. Es wurde festgestellt, dass
in Anwesenheit von Kobalt(II)-dimethylglyoxim-Chelat die polarographische Stufe
von der katalytischen Reduktion der Wasserstoffionen herrithrt [3].

Wenger und Mitarbeiter [4] haben die Loslichkeitsprodukte des
Nickel( IT)-nyoximinchelates auf polarographischem Wege bestimmt.

Bossaund Mitarbeiter [5] untersuchten mit Hilfe dieser elektrochemi-
schen Methode die Bildungsbedingungen der Dimethylglyoximin-Komplexe des
Kupfers. Es wurde beobachtet, dass zwischen den pH-Werten : 2-5 drei polarogra-
phische Stufen erscheinen. Uber den pH-Wert = 5 tritt nur eine einzige, irreversi-
ble Stufe auf. Mit dem Steigen des pH-Wertes verschiebt sich der Halbstufenpoten-
tialwert dieser letzten Stufe nach negativeren Potentialwerten (um 65 mV per
pH-Einheiten).

In einer fritheren Arbeit [6] wurde die Bildung der Nyoximino-Chelate des
Kupfers(II) durch potentiometrische Messungen beschrieben. Es wurden fiir die
Bildungskonstanten K, und K, in 0,2 Mol. NaNO, folgende Werte erhalten: K, =
=99 -10° bzw. K, =25.10%

Vorliegende Arbeit befasst sich mit der Bildung der Nyoximino-Chelate des
Kupfers auf polarographischem Wege und der Bestimmung der globalen Bildungs-
konstante B, = K, K, des Cu(NioxH),-Chelates.

Das 1,2-Cyclohexandiondioxim (Nyoxim: Niox H, = C,H,,N,0,) reagiert
mit Kupfer(IIl)-salzen nach den folgenden Gleichungen:

Cuz+ +- Niox-H, = Cu(NioxH)" 4 H* (1)
Cu(NioxH)* -+ Niox-H, = Cu(NioxH), + H" (@)

* XXVIL Mitt. J. Zsakd, 7. Finta und Cs. Varhelyi, Studia Univ. Babes-Bolyai,
Chem., 14 (2) (1969).

8 — Chemia 1/1970
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Die auf polarographischem Wege erhaltenen FErgebnisse wurden mit den frii-
heren, mit Hilfe anderer Untersuchungsmethoden erhaltenen Daten vergli-
chen.

Experimenteller Teil.

Die polarographischen Messungen wurden mit einem Polarograph Typ OH - 102
(Radelkis) durchgefithrt. Es wurde eine thermostatierte polarographische Zelle
mit drei Elektroden: eine Quecksilber-Tropfelektrode, eine Quecksilberelektrcde
mit grosser Oberfliche und eine gesittigte Kalomelelektrcde verwendet. Dic Mes-
sungen wurden bei 20°C durchgefithrt. f

Es wurde beobachtet, dass bei der Untersuchung des Cu®** . Nyoxim-Systems,
gut ausgebildete polarographische Stufen in Anwesenheit von 0,2 n NaNQ,; Stamm-
Iosung und Borax-Pufferlgsung entstehen. Wihrend der Messungen wurde die
Konzentration des Cu(NOs),, bzw. des Nyoxims in den Konzentratiousbereichen
2.107% — 1:10-3 M, bzw. 2.1073 - 8-1073M gedndert.

Zur Beseitigung der Maxima wurde 0,019 Gelatinlosung verwendet. Der
Sauerstoff wurde aus den Losungen mit Hilfe eines kriftigen Methanstromes entfernt
(etwa 10 Minuten). Der pH-Wert der Losungen wurde mit Borax auf 9,00 eingestelit
({Borax] = 0,014 M).

Dewtung dev Eygebnisse. 1. Beim Molarverhiltuiss : Nyoxim/Cu(Il) > 2 tritt nur eine einzige
polarographische Stufe auf. Die Hohe der Stufe entspricht einer zweielektronischen polarographischien
Reduktion. Der Reversibilitatsgrad der polarographischen Stufen steht mit der Gesamtkonzentration
des Kupfers in Beziehung. Bei einer Cu(II) Konzentration gleich 2.107* M, sind die polarographischen Stu-
fen irreversibel, wobei unabhiingig von der Nyoximkonzentration ein Durchtrittsfaktor o = 0,5 — 0,6
beobachtet wurde (s. Abb. I).

2. Wie aus Abb. 2. hervorgeht, sind bei ciner Cu(lI) Konzentration gleich 1.107% M, die pola-
rographischen Stufen vollig reversibel.

Dieses Polarogramm  zeigt also, dass die Reduktion des Cu(ll)-nyoximin-Komplexes in einer
einzigen Stufe zu metallischem Kupfer fithrt. Wie zu erwarten ist, verschieben sich die Halbstufen-
potentialwerte der reversiblen Stufen bei Frhohung der Nyoximkonzentration nach negativeren Wer-
ten.,

In Tabelle 1 sind die gegen eine gesiittigte Kalomelelektrode gemessenen Halbstufenpotentialwerte
bei verschiedenen Nyoximkonzentrationen zusammengestellt.

1A ((4
3 6
Ey-Ey =0055Y £y -£ =000/
T N A y-ty=0
2F 4
3
tr 2
1}
e . ]
0 05 05V 0 02 03 0y
Abb. 1. Irreversible polarographische Stufe ADbb. 2. Reversible polarographische Stufe
von Cu(NioxH), von Cu(NioxH},.
Cey == 2- 10740 ; CNioxH, =6+ 1074 M ; NaNOQ, == Coy == 11073 M ; Cxioxp,=23,2- 1073 NaNoO,
0,2 M, Borax = 0,014 M; Gelatin == 0,019, 0,2 M, Borax == 0,014 M; Gelatin = 0,019
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Tabelle 7 Wenn durch Verminderung der Nyoximkotizen-
tration, das Verhiiltnis Nyoxim/Kupfer kleiner als 2
. Cu(NOy, | NioxH,i B, complex  wird, crsche.inen zw'ci ausgepriigte  Stufen auf den
= a. 108 | a-103 Volt polarographischen Kurven (siche Abb. 3).
i

Durch weitere Verminderung der Nyoximkon-

1 1,035 ! 2,352 0,350 zentration, bzw., des Nyoxim/Kupfer Verhiltnisses,
2 1,035 3,136 (1,365 cntsteht ein brauner Niederschlag. Das Verhiiltnis,
3 1,035 : 3,920 0,375 bei welcher die Féllung stattfindet ist auch wmit der.
4 1,035 ’ 7,840 l 0,390 Gesamtkonzentration des Kupfers i Zusammenhang
Zum  Beispiel, bei ciner Gesamtkonzentration von

Kupfer Ceu 1,035, 1073 erscheint der Niederschlag beim Verhiltnis: Nyoxim/Kupfer - 1,55,

Bei einer Kupfergesamtkonzentration von 1,035. 107 AL und bei einer Nyoximkouzentration von
1,96 107 AL ist das Verhiiltnis der Hohen der zweiten und der ersten Stufen ungeliihr 10,

Die Gesamthohe ist annihernd gleich mit dieser cinzigen Stufenhohe, die bei cinem Uberschuss
von  Nyoxint erhalten  wird, (Verhaltnis von Nvoxim (Cu(II) = 2.)

Bei der polarographischen Untersuchung der Kupfer-nvoximin Komplexverbindungen wurde cin
sehir interessantes Phinomen beobachtet. Diese Chelatverbindungen diben einen erheblichen Einfluss
auf die Reduktion des gelosten Sauerstoffs aus. Das Reduktionspotential des Sauerstoffes wird in Anwe-
senheit der obenerwihnten Komplexverbindungen des Kupfers nach viel negativeren Werten verschoben.
Bel einer Kupferkonzentration von 1.107% M, hzw. von Nyoximkonzentration gleich 2,5.1073 M, Lann
dic Sanerstoffstuic von der  entsprechenden  Kupfer{Il)-nyoximin-Stufe nicht mehr  unterschicden
werden.

Zur Friklirung dieser Erscheinung sind weitere Forschungen nétig. FEs ist
wahrschanlich, dass die bedeutende Verschiebung des Reduktionspotentials des
Sauerstoffs von der starken Adsorption des Kupfernvoximin-Komplexes an der
Oberfliche der Quecksilbertropfen verursacht ist.

Zur Berechnung der Bildungskonstante des Cu(NioxH),-Komplexes miuss
in Betracht genommen werden, dass dic Konzentration des Liganden an der Obertla-
che der Quecksilbertropfelektrode, bzw. in dem Inneren der Losung verschicdenc
Werte haben.

}LA

e
7
6 b—
5%
41
M
3
2r Q- /
4t / /
0 0f 072 03 0& 05V 0 G 092 03 0+ 05 U5V
A bbb 3 Polarographische Stufen der Cun AbLb. 4. a Polarographische Stufe von O,
(NioxHI™ und  Cu(NioxH}, Komplexe. : in Stammlosung : CxioxH, == 2,5.107% M;NaNO,
Cey # L035-1073 MC mioxi, =~ 1,96.1073 M ; - 0,2 M; Borax 0,014 M, Gelatin = 0,019,
NaNO, 0,2 M, Borax = 0,014 3 ; Gelatin b Polarographische Stufe von 0O, und von
0,019/, ’ Cu(NioxH), : Coy = L1077 CNijoxil,=2,5. 1073

NaON,; = 0,2 M; Borax == 0,014 M; Gelatin
0,019,
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Bei den Rechnungen wurden folgende Symbole beniitzt :

Cxiosn, — die Gesamtkonzentration des Liganden

Ceu — die Gesamtkonzentration des Kupfers(Il) in der Losung

Ceu = lD'”i + G, — die Gesamt-Konzentration des Kupfers(II) an der Elektro-
p

denoberfliache

[Cu(II}°] — Die Konzentration der freien Kupfer(II)-ionen an der Elektroden-

oberflache

[NioxH~™] — die Konzentration des freien NioxH— an der Elektrodenoberfliche.
Fiir das untersuchte System sind folgende Gleichungen giiltig:

CCu
— AEy, = 0,029 g gt 3)
WO AE[/Q = EI/Z Kowmplex — E

1/2 ca?t hydratisiert

1

Cew = —2~CCu = [Cu(ID)°](1 + B, [NioxH™] + 8, [NioxH™ }3) 4)
Wo {51 _ [Cu(IﬁIioxH+] und @2 _ [Cu(NioxH),] ’
[Cu(IT)°}{NioxH™! [Cu(IT) °} [NioxH ™ ?
Die Gleichung (4) ist giiltig, wenn i:%’w

Aus unserer vorigen Mitteilung [6] geht hervor, dass das hydratisierte Kupfer
(I1)-ion hochstens zwei Molekiille Nyoxim binden kann, und B; =~ 10" und g, =
= 1019,

In Gleichung (4), welche die obenerwihnten Werte enthilt, kann 148, - [NioxH~ |
auch in Gegenwart eines geringen Uberschusses von NioxH— \er11adllas<1gt
werden.

Auf diese Weise erhidlt man:

= Co = B - (NioxH ] - [Cu(ID)] (5)

Durch Kombination der Gleichungen (3) und (5) folgt:

—AE,;, = 0,029 1g B,[NioxH— 2 (6)
Fiir die Gesamtkonzentration des ILiganden haben wir
[H+]. [NioxH™ |

” + [NioxH™] 4 28,[Cu(IT)°] - [NioxH 2 @)

CNiOx H, =

" +7 .« [NioxH™]

wo K = = 252 1071

LN’mx H,

Aus Gleichungen (5) (6) und (7) erhidlt man folgende Endgleichung:

K, Cxioxr, — Ceu) ]2

— AEp = 0,029 1gB, 4 0,029 1g (-2t
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Fiir die Berechnung der B,-Werte wurden die bei einem Wasserstoffionen-
konzentration: [H]" = 10-° erhaltenen experimentellen Daten verwendet.
Fiir den Halbstufenpotentialwert des hydratisierten Kupfer(II)-ions wurde

ot = -+ 0,016 Volt verwendet. Dieser Wert wurde von I,aitinen
J2(Cu{H,0))

und Mitarbeiter [7] angegeben.
Die experimentellen Daten sind in Tabelle 2 zusammengestellt.

Tabelle 2
M40’
E,/;-Werte und die log (3,-Werte der Cain}
Bildungskonstanten des Cu(NioxH) S {cu Wox k3 |
- Komplexes bei C¢, = == 1.035, 10~3 08 ’ >
£
o/
20‘ [NioxH, ] Eyre lg B, 06 fcutmizenr |
A
a.10% volt ]
04
1 2,352 0,366 19,8
2 3.136 0,381 19.9
3 3,920 0,391 19,9 02 '
4 7,840 0,406 19,7 // \\
Mittelwert von log B,: 19,8 0 05 [ 15 ¢ <0l
8, = 6,3.101 e

A bb. 5. Konzentrationsindernug von

Cut Cu(NioxH)* und Cu(NioxH), in

Funktion der Gesamtkonzentration von
NioxH,

Wie aus Tabelle 2 hervorgeht, hat der auf polarographischem Wege erhaltene
Bo-Wert ungefihr die gleiche Grosse, wie derjenige, der durch pH -metrischen
Messungen erhalten wurde.

Die erste polarographische Stufe, welche beim Molarverhiltnis NioxH,/Cu2+ <
< 2 hervorgeht, stammt vielleicht von der Reduktion der Cu(NioxH)+ -Komplexes
ab. Zur Bestiatigung dieser Annahme wurden die [Cu(NioxH]+ und [Cu(NioxH),]-
-Konzentrationen bei verschiedenen Cwjozm,-Konzentrationen und konstantem
Coq == 1,035:107% M — Werte, berechnet bei einer Wasserstoffionenkonzentration
von 107% unter Verwendung der bestimmten £, -und B,-Werte berechnet.

Diese Ergebnisse sind in der Abb. 5 wiedergegeben.

Mit Hilfe dieses Diagrammes kann das [Cu(NioxH),] und [Cu(NioxH)1*
Verhaltnis Dbei ciner Ligandkonzentration Cxioxn, = 1,96-1073% berechnet werden,
Dieses Verhaltnis ist gleich 10, d.h. gleich mit dem Verhiltnis der polarographischen
Stufenhshen bei einer Konzentration Cg, = 1,035:-107% und Cyjoxn, = 1,96- 1073

Aus diesen Ergebnissen geht hervor, dass die erste polarographische Stufe
des NioxH, — Cu(1ll) -Systems der Reduktion des Cu(NioxH)*-Komplexes
entspricht.

Man kann annehmen, dass der braune Niederschlag, der bel Cuioxnr, [Coumris Ver-
hiltnissen entsteht, folgende Zusammensetzung hat: Cu(NioxH)(OH).

(Eingegangen am 29, Oktobey 1909)
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DESPRYE o-DIOXIMATII METALELOR TRANZITIONALE (XXVIII)
Studiu polarografic asupra wioximalo-chelatilor de cupru (I1)

(Rezumat)

S-a studiat sistemul Cu(II)-nioxima (l,2-ciclohexandiondioxima) la pl = 9 prin metoda polaro-
vrafici,

NioxH, )
In cazul ——— <2 2 apar douil unde polarografice distincte corespunzitoare reducerii Cu{NioxH)™
Cu(Il)
. - “ NioxH, “ : . . - -
respeetiv Cu(Niox),. Cind raportul -‘——*-)* >» 2 se observit o singurdi undi corespunzitoare reducerii
Cu(IT '

Cu{NioxH), care la o concentratie de Cu(II) == 1073 este reversibild si permite calcularea constantei
de formare a complexului amintit. Valoarea obtinutd prin metoda polarografici pentru 2, == 6,3-10t
este in concordantd multumitoare cu valoarea determinatd prin metoda pH-metricd (8, — 2,5-101%. S-a
constatat cd in prezenta complexului Cu(NioxH), potentialul de reducere al oxigenului dizolvat se
Jdeplaseazd mmuit spre valori mai negative.

O «-JMOKCUMMATAX TEPEXOJIHBIX METAJTOB (XXVII)
TToaspoepaguuceckoe uccaedosanue Huorcusmamo-xeaamog medu (11)

(Peswwme)

Apropel H3yuanu nogaaporpaduueckint Meto oM cucteMy Cu (II) — nuoxeum (1,2 — LiKAOreKcaH-
JUI0NJHOKCHM), npn pH = 9.

NioxH, .
B cayugae —L_ (II)~ <2 2 NOABASIOTCS ABe OTYCTANBLEIE NOJASporpadiiueckie BOJHLL, COOTBETCTRYIOUIHE
11
s , s NioxH,
pocetanopaennto  Cu(NioxH)*, coorsercteno Cu(NioxH),. Koria coorHowenune »-4,—7 > 2, TO
Cu(IT

namojaeTcsl AHUIb OAHA BOJIHA, COOTBETCTBYIOIAsT BoccTaHoBJenuo Cu(NioxH),, koTopast NpH KOH-
nearpanuy  Cu(Il) == 1072 ofpaTHMa # T1O3BOJASIET BLIYHCACHHE KOHCTAHTHL  00PA30BAHHS  yOMS-
HYTOTO KOMILIeKca. 3HayeHHe, NOJYUEHHOE IOJASPOrpa(MuecKHM MeTojoM Aast B, == 6,3.10 wnaxoawut-
¢s1 B YIOBJETBODHUTENBHOM COIVIACHMH €O 3HaueHHeM, ornpeileéHHbiM pH-MeTpHYeCKHM MeTOAOM (B, ==
== 2,5.10%9). YcTaHOBJIEHO, Y4TO B NPHCYTCTBHH Komiuiekca Cu(NioxH), BOCCTAHOBHTENBHBIH NHOTEHIMAT
PACTBOPEHHOrO KHC/IOPOJA 3HAYHTENILHO HepeMeilaeTcs K Gojee OTPHUATEIbHbIM 3HAYCHHSIM.



CONTRIBUTII LA DETERMINAREA PUNCTULUI DE ECHIVALENTA (XI)
Conditia de calcul analitic a punctului de intersectie in titrarea liniara, prin metoda

celor mai mici patrate

de

C. LITEAXU s D. € CORMOS

Intr-o lucrare anterioari [1] s-a descris metoda de caleul a punctului de echi-
valentd in titrarea liniard, folosind procedeul celor mai mici patrate.

Metoda constd in calculul coeficientilor ecuatiilor celor doud drepte v = A4, +
i+ A4;x (inainte de echivalentd) g¢i v = Aj 4+ Ajx (dupd echivalentd) cu ajutorul
relatiilor [27;

Tvt¥y — ZayZx
Ay(dg) = < (1)
wxx? — Lw Dy

- )

si gdsirea analiticd a punctului de echivalentd prin punerea conditiei do intersectie :

Ay Ayx = A, + Aix (3)
de unde
Ay — A
i ilmind If T ————————0 0 4
* £ 4] - 4, *)

In relatiile (1) si (2) # reprezinti numirul de perechi de valori %, y utilizate
in calcul si neafectate statistic de erori grosolane [3].

In lucrarea de fati se precizeazi conditia in care se poate calcula analitic punc-
tul de echivalentd, folosind procedeul celor mai mici patrate, pentru ca acesta sa
aibid semnificatie din punct de vedere statistic.

In acest sens, in cazurile in care curba de titrare este formati din drepte care
se intersecteazd sub un unghi apropiat de 180°, este necesar a se constata de la
inceput daci acestea sint intr-adevdr doui drepte distincte si numai dupid aceea
se va pune conditia de intersecfie, pentru calculul punctului de echivalenta.

In acest scop este necesari folosirea unui criteriu statistic care se bazeazi pe
compararea pantelor celor doud drepte considerate pentru inceput distincte, si
anume criteriul ¢ sau criteriul Student [4].
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Dupid acest criteriu, din suma abaterilor patratice a valorilor v in jurul celor
doua drepte,

By, =y =351 st B —2)? =S, (4)
e calculeazd dispersia totala a celor doud drepte,

Sy + S
ny - g — 4

2
S =

(5)

Cu ajutorul dispersiei s; se calculeazd apoi abaterea standard admisa E, folosind
relatia :

2 1 1 3
s = E 6
t(x%—:?lExl T x%—ﬂ?gxxz) (6)
Final se calculeaza valoarea variabilei aleatoare ¢ folosind relatia :
4, — A1l
beale. = _____1;/_;:__1_ (7)

n care A, si A; sint pantele celor doud drepte calculate prin metoda celor mai
mici patrate, adicd folosind formula (2).
Daca

teate. == ttabelar(a = 0:95) (8)

atunci intre pantele celor doud drepte existd o deosebire semnificativd si se poate
pune condifia analiticA de intersecfie pentru calculul punctului de echivalenti.
Valoarea variabilei aleatoare fyqms, pentru & =#; -+ 1, — 4 grade de libertate este
datd in tabele [5, 6].

Dacd

tcalc. < ttabclar (9)

atunci iutre pantele dreptelor nu existd nici o deosebire semnificativa, deci nu se
poate pune conditia de intersectie, deoarece datele titrdrii nu hotidrdsc un punct
de echivalenta.

In cele ce urmeazi se exemplificd modul de calcul cu ajutorul datelor a doui
titriri liniare in care dreptele se intersecteazd sub un unghi foarte mare.

MODUL DE CALCUL

Exemplul 1. In tabelul 1 sint trecute datele unei titriri [7] in care curba de titrarc cste
alcituitd din drepte care se intersecteazd sub un unghi foarte mare, atit pentru primul cit i pentru
al doilea punct de echivalents, aga cum se vede in fig. 1. Pentru a calcula ecuafia cea mai probabild
a primei drepte — dreapta de pind la primul punct de echivalenti — este necesar a afla perechile de
valori care determini aceastd dreapti. In acest scop se reprezinti grafic la o scari suficient de mare
prituele 8 perechi de valori ale tabelului 1. Din grafic rezultd ci incepind cu perechea de valori (2,44 —
— 664.107%) existd o abatere sensibild de la linia dreaptd. Perechile de valori care se abat de la dreap-
ti se considerd dubioase si dupd verificare cu ajutorul criteriului ¢ se elimind statistic. Coeficientii
Ay si A, ai ecuatiei dreptei se calenleazd utilizind primele 5 perechi de valori », ¥ nedubioase. S-au
giisit astfel urméitoarele valori; 4, = 808,09.107%; A4, = 266,49.1078,
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Tabel 1

V, -« nu se poate determina grafic

Nr ord. NaOH ml I/R- 108 Nr. ord. NaOH ml 1/R.10%

x y ¥ y

1 2 3 1 2 3
| 0,40 114 i4 5,64 1613
2 0,78 216 15 6,00 1721
3 1,20 330 16 6,42 1848
4 1,62 438 17 6,80 1965
5 2,04 552 18 7,21 2096
6 2,44 664 19 7,63 2237
7 2,80 763 20 8,00 2364
8 3,18 873 21 8,41 2500
9 3,58 988 22 8,83 2635
10 4,00 1111 23 9,20 2755
i1 4,42 1244 24 9,62 2884
12 4,80 1359 25 10,00 3003

13 5,21 1486 - — -

Cu ajutorul ecuatiei dreptei y == 808,09.1078 & 266,49.1078x, stabilitd prin metoda celor mai
mici patrate, se calculeazd apoi valorile y, corespunzitoare diferitelor valori experimentale x (tabelul
la, coloana 4). Apoi se calculeazi abaterile &; == |y, — y;] (tabelul la, coloana 5). Din tabelul la se
vede cd valoarea : este mai puternic abdtuti de la restul sirului de valori z;, fapt pentru care este
supusd criteriului statistic ¢ de verificare [81.

Deoarece

l2—2q] = 5,69.107% — 1.1076 = 4,69.107¢ = 2,8.107% == | Z — 25 |admis
perechea de valori corespunzitoare Iui z; nu face parte din sirul de valori ce determini prima dreapti.

Prin urmare nici perechile de valori corespunzitoare Iui z, si z; nu apartin primei drepte ele fiind si
mai puternic abitute.

el Tt /

# m NalH
™
o H 2 3 & s 3 7 8 Y [
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Tabel 1 a

NTr. NaOH mi 1jR. 108 vy - 108 {ve =y 101 Rezultate
ord x v - v .
1 2 3 4 5 6 7
1 0,40 114 114,68 0,68 0,4624 1y =5
2 0,78 216 215,94 0,06 0,0036 o . gog 10
3 1,20 330 327,87 2,13 14,5369 IR
4 1,62 438 439,79 1,79 3,2041 Saf = 8.9944
5 2,04 552 551,72 0,28 0,0784 g, = 6,04
6 2, 44% 664* 658,3 5,69 - #, == 1,208
7 2,80* 763* 754,25 8,75 e
8 3,18* 873* 855,51 17.49 g

Cu valorile corespunzitoare dreptei a doua si a treia s-a procedat in mod analog.

In tabelul 10 sint trecute valorile care se consideri ci apartin dreptei a doua (dupid prinwul punct
de echivalentd, respectiv inaintea celui de al doilea punct de echivalentdt), iar in tabelul le, valorile
care se cousiderd cd apartin dreptei a treia (dupil al doilea punct de echivalentd) adicil valorile fird

asterisc).

Tabel 70

N T - 113, 6 s N N
Séi_ MO}} ml (1 1} 10 100 ,13,3)'2_ Lo | e — 1o Rezultate
1 2 3 4 5 6 7
8 3,18% 873%* 866,19 6,81 — By == 9
9 3,58 988 987,59 0,41 0,17 Sy == 37,15.10712
10 1,00 1111 1115,07 4,07 16,56 Sat - 253 8029
11 4,42 1244 1242,55 1,45 2,00 -
12 4,80 1359 1357,89 1,11 1,22 Y, = 46,87
13 5,21 1486 1482,34 3,66 13,40
14 5,64 1613 1612,85 0,15 0,02 %y == 5,2078
15 6,00 1721 1722,10 1,10 1,22 7= 1,52.107°
16 6,42 1848 1849,60 1,60 2,56
17 6,80 1965 1964,94 0,06 0,00
18 7,21% 2096* 2089,39 6,61 —_
Feuatia celei de a doua drepte este de forma: y = —990,203.1077 - 303,524.107° x,

Supunind criterinlui ¢ de verificare perechea de valori dubioasi cu cea mai mici abatere de la dreap-
corespunziitoare lui 74 == 6,61.107%, se constati ci este afectatd de o eroare

td (7,21 — 2096.107%)

grosolani, deoarece

|z — 2] = 6,61.107% — 1,52.107% = 5,09.107¢ > 3,49.107% = | z — 24 |admis

si deci nu face parte din sirul perechilor de valori care determini cea de a doua dreapti. Fvident
cd se vor elimina gi perechile de valori dubicase mai puternic abiitute de la dreapti, adicd zy,.

Pe baza datelor obtinute se dovedeste c¢d ecuatia celei de a doua drepte a fost, din punct de

vedere statistic, corect calculati.
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Tabel 1T ¢

Nr. | NaOIl ml /R 108 %) i
[ |

108 e 2. 1012 Lezultate
ordd. A ¥ yer 10 (Ve yiy- 108! (. KOREL Rezultate
1 2 3 4 5 6 7
18 7.21% 2096* 210187 5,87 g
19 7.63 2237 294012 3,12 9,73
20 8.00 2364 2361,92 2,08 4,33
21 8,41 2500 2496,90 3,10 9,61
22 8.83 2635 2635,13 0,13 0,02
23 9,20 2755 2756,93 1,93 3,72 Xy o= 8414
24 9,62% | 2884 . 289518 11,18 | - & 42,07
25 10,00% 3003% 1 300327 17,27 \ I 2,07.1078
* puncte dubibase
Feuatia drepted a treia caleulata cu perechile de valori nedubloase are valoarea : y = —277,496. 1078 |-

- BU9,177.007°0 v,

Siin acest caz se stabilese cu ajutorul eriteriului / perechile de valori care nu apartin dreptel a treia.
Asticl se constatd cd perechea de valori (7,21 - 2096 107%  dubioasi, cel mai putin abitutd de la dreapta
a4 treia, se elimind, intrueit

[T — gl e 3,87.107% 207,107 L 36.1076 . 37,107

Jgoadnis

Dieci si restul perechilor de valori v, ¥ dubicase mai puternic abidtute de la dreaptd, se vor climina
Eeunatia cclei de a treia drepte a fost deci coreet caleulatd.

O bservatie De mentionat este faptul cd dacd perechea de valori dubioasi
supusd verificdrii se dovedeste a fi nedubioasd, aceasta trebuie inclusit Tn caleulul
noilor cocficienti 4, s A, ai dreptei respective.

Totodatd amintim cd toate valorile |z — 2;l,qm. au fost calculate pentru o
probabilitate « = 0,95.

In coloana 7 a tabelelor la, 10 si 1e sint trecute sumele abaterilor patratice a valorilor ¥ iu jurnl
drepted medii caleulate cu perechile de valori nedubioase (fard asterisc).

Valoarca * este media valorilor z; (coloana 5) nedubioase. Astfel, pentru caleulul primulii punct
de cchivalenta, avem:

. S + S, 82810712 - 37,15.10712
s - — 4,543,107

ny 4+ oy, — 4 549 —4
] ' 1
8,99 — 1,208.6,04 . 258,8 — 5,21.46,87

I = 4,543-10“12( )g: 3,14-10712

VE :1,77.1070

| Ay~ A1 308,524.1076 — 266,490.10~6 ,
o 20,93
\E 1,77-107¢ :

Dreci
tcaleulat == 20,93 > 2,228 == fydmis (@ = 0,95).

Prin urmare intre pantele celor doud drepte care determind primul punct de echivalentd existd o diferen-
td semnificativid. Pentru calculul punctului de echivalentd se poate pune deci conditia de intersectie :

808,09-107% + 266,49-107 %y = — 990,203.107 - 303,524.10 ¢z,

De unde
x =V, =289 ml
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intervalul de precizie [9] este:

%y — ¥y = 3,081 — 2,702 = 0,379 ml ~ 0,38 ml.

T'inal, rezultatul se poate deci scrie:

Autorii

Deci

C.

v,

LITEANU, D. C. CORMOS

= 2,89 -+ 0,19 ml.

datelor tabelului 1, gidsesc pentru primul punct de echivalentd, pe cale graficd, valoarea
V, = 3,15 ml; deci o diferentd de 499, valoare care se giseste in afara intervalului de precizie cu o
probabilitate de 959%.

Pentru calculul celui de al doilea punct de echivalentd avem :

E = 6,456. 10‘12(

2

N

S, + S 37,15.10712  27,41.10712
= LA = 6,456.10™12
Wy + g — 4 94+5-—-4
2 3
1 1
e i = 4,81, 10612
253,8 — 5,21.46,87 355,55 — 8,141.42,07

| A — A7

VE = 2,19.10—¢
329,177 - 107 — 303,524 . 10~

t = _\/E

- 2,19 107 -

Yeatcutar == 11,71 > 2,228 = 1545(x = 0,95).

Prin urmare intre pantele dreptelor care determini al doilea punct de echivalentd existi o deosebire

semnificativi,

Asadar:

de unde

fapt care permite calculul analitic al punctului de intersectie.

—990,203.1077 - 303,524. 1078y == —271,496.107¢ 4+ 329,177.10 %

ntervalul de pre cizie este:

X

=V, = 6,723 ml

Xy — %, = 7,039 — 6,408 = 0,631 ml.

Tabel 2
a
Nr. KO ml
ord. X 1000 — a
y
1 2 3
8 0.8 1,801
9 1,0 2,497
10 1,2 3,184
11 1,4 3,854
12 1,6 4,525
13 2.0 5,849
14 2.1 6,194
15 2,2 6,519
16 2,3 6,874
17 2,4 7,130

Final, rezultatul se scrie:
Vyi= 6,723 4 0,315 ml.

Autorii datelor din tabelul 1, nu au putut determina pe cale
grafici al doilea punct de echivalentd. Fi au dedus insd c4,
teoretic trebuie sd aibd valoarea V), = 6,75 ml. Comparind va-
loarea calculatd prin metoda celor mai mici pitrate, cu cea
stabilitd teoretic, reiese o bund concordanti.

Exemplul 2. In tabelul 2 sint trecute acele date ale
unei titrari [10], reprezentate in fig. 2, care ar forma o curbi
de titrare alc#ituitd din doud drepte care se intersecteazi la
V,=18 ml
Datele acestei titriiri au fost supuse criterinlui statistic # de
comparare a pantelor. Scopul comparirii pantelor este de a
stabili dacd curba de titrare este formatd statistic, in aceastd
portiune din dou# drepte. Pentru aceasta datele titrarii au fost
prelucrate statistic ca in exemplul 1.

Astfel, in tabelul 2a, sint trecute perechile de valori care
ar apartine dreptei de dinainte de punctul de echivalenti.
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Ycuatia dreptei y = —0,9108 4 3,4025x a fost calculatd
utilizind toate perechile de valori.

Perechile de valori care ar determina dreapta de
dupi echivalentd sint trecute in tabelul 2b. Ecuatia dreptei
celei mai probabile y = —0,951 4+ 3,4x s-a calculat utilizind
perechile de valori nedubioase (fird asterisc). Verificind apoi
statistic perechea de valori dubioasid (2,14 — 7,130), cores-
punzitoare lui z;, = 1,030, se constatii cit aceasta este
afectatd de o eroare grosoland, intrucit

|z — zg| = 1,030.1072 — 0,005.1072 == 102,5.107% >
> 145107 = |7 — Zglaamis

Asadar, ecuatia dreptei a fost calculatid corect.
Comparind acum pantele celor doud drepte cu ajutorul
datelor din coloana 7 a tabelului 2a si 2 b se obtine

s Si+ S 8510744 15107 5.107

§; == = = e - = 1.10™1
w1, —4 544—4 3
1 1
I: =1. 10— - = 225.10™
76 — 1,2.6,0 18,54 — 2,15.8,6
VE = 4,74. 1072
iar
|A,— 4] 3,4025 — 3,4000
t = et LI - 0,053
\E 4,74.1072
mi NalH
Intrueit
tcalculat = 0,083 < 2,571 = latlmis (o« == 0,95)
Tabel 2 a
N KOH ml a
Nr. DII m e %
ord. . 10()?' - a Ve (v, Lé; 102 | (Ve — w2 100 Rezultate
1 2 3 4 5 6 7
8 0,8 1,801 1,8112 1,02 1,04 #Hy = 5
9 1,0 2,497 2,4917 0,53 0,28 S; = 3,5.107¢
10 1,2 3,184 3,1722 1,18 1,39 Zat e 7,6
11 1,4 3,854 3,8527 0,13 0,02 Sx, = 6,0
12 1,6 4,525 4,5332 0,82 0,67 - 1,2
Tabel 2 b
N KOH ml “
T I m vy e z; ,
ord. ¥ 100(;,* a Ve (yc_l,;,J),loz (¥e - w7104 Rezultate
1 2 3 T4 5 6 7
13 2,0 5,849 5,849 0,000 0,00 Ny == 4
14 2,1 6,194 6,189 0,005 2,50 S, — 1,56.107%
15 2,2 6,519 6,529 0,010 10,00 Yx = 18,54
16 2,3 6,874 6,869 0,005 2,50 T, = 8,6
17 2,4* 7,130* 8,160 1,030 - Xy == 2,15
z = 0,005,102
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intre pantele celor doudl drepte nu existd nici o deosebire semnificativii, cu o probabilitate de 950/,
In cousecinti, intre ecuatiile celor doult drepte nu se poate pune conditia de intersectie.

Presupunind cit perechea de valori eliminatid din caleulul ecuatiei dreptei a modificat panta dreptei
in asa misurd incit diferenta dintre pante a devenit statistic nesemmnificativd, s-au recaleulat coeficientii
Ay st utilizind gi perechea de valori (2,4 - 7,130} eliminatd anterior, aga cum rezultia din datele tahe-
jului Ze.

Noua dreaptldt are ccuatia: v - L6192 1 32488 .
LTab-l 2 ¢
N KOTI 1 ? | | 5
Nr. SO m BTV R , Lot F 2,100 e ate -
ord ) 1()(}(’)\1 a Ve (Vo= yg)+ 102 (v — y;2 10 X\;/,U]t.ltﬁ
1 2 3 4 5 6 7
13 2.0 5,849 5,8784 2,94 8,64 Ty == 3 .
14 201 6,194 6,2033 0,93 0,86 Se == 37,7.107
15 2.2 6,519 6,5282 0,92 0,85 Yad e 24,30
16 2.3 6,874 6,8530 2,10 4,41 Y, = 11,0
17 24 7,130 7,1779 4,79 22,94 Ay == 2,2
Comparind din nou pantele dreptelor y = —0,9108 - 3,4025 si v —~ —0,6192 .- 3,2488 v, avem:
N 3,510 .- 37,7 . 1074
5 - - 68,67. 103
5 -5 4
1 1 i
[ 68,67.1073 -1 - 85,84. 1071
6 — 1,2.6,0 24,3 — 22.11,0
VE = 9.2.10™2
iar
14y — A4 3,4025 — 3,2488
[ — : - 1,676
\E 0,092
Tutrucit
fcnlculut = 1,676 < 2,447 = lmimis (o o 0’95)

pantele celor doui drepte nu se deosebese semmificativ nici de data aceasta si prin urmare condltm
de intersectic a ecunatiilor celor doud drepte nu se poate pune cu o probqblhtdte de 959

(Intrat in redaclic 1o 19 martie 1960}

BIBLIOGRAFKIE

L0 Liteanu i D Cérmds, Talanta, 7, 18 (1960).

. Dupa ¥. C. Acton, Analysis of Straight Line Data, New-York, 1959, p. 11.

. P. L. ILark, Anal. Chem., 26, 1712 (1954).

- W. J. Youden, Stalistical Methods for Chemists, New-York, 1955, p. 47

. Idem, thidem, p. 119. ]

AL L Dlin, Statisticeskaia malcmalika ¢ tehnike, Moskva, 1951, p. 270. .

-G Ch Macarovici si C Toma, Studia Univ. Babes-Bolyai, Chem., 3, 43 (1958).

. W, W, XNalimovw, Pmmenenu matemaliceskoi statistiki pri analize vescestva, ’\Iosk\a 1960 p- 17".
LG Liteanusi DD Cormdés, Rev. Roum. Chem., 10, 361 (1965) ;

10. R. Ripan si A. Duca, Bul. St Sect. St lehn. si Chim., 4, 390 (1952).

LN N WD —~



DETERMINAREA PUNCTULUL DE ECHIVALENTA (X)) 127

K BOIMPOCY Ob ONPEHEJEHHI TOUKHM 2KBHBAJEHTHOCTH (XI)
Vea06ue aHQIUMIHECKO20 BbLHUCACHUS NOUKIL NOPCCEICHUA NP JUHETROM  MUMPOSAn Mermnodost
HOUMEH bLIIUX  K6uopamos

(Pezwae)

B cratbe cpasuuBaloTCHd CTATHCTHYECKH VIVIBL HAKJIOHA HPSMLIX, HEPECEKAUHNCsH 104 YITIOM, 6110~
Kum K 180° ¢ 1eIBI0 YCTAHOBHTD ABISIOTCH JIH ONH JABYMS CTATHCTHHECKIT PASIHUHBIMI IDAMBIME. JL19 vr0ii
HeJH HCTIOADL3YeTCS MeTO/ HaHMeHBIUHX KBAJAPATOB H CTATHCTHUECKHIT KpHTepHil f.

B pa6ore nadTes c11ocos nPHMEHEHNs K JJAHHBIM IBYX KOH IYKTOMETPHUECKHX THTPOBAHUIL, B KOTOPHIX
BPOBOAHMOCTL HC 13MEHASTC 10CTATOYHO DE3KO J0 H 1OC/Ie 3KBHBAJENTHOCTH. B iaipueiiuier noxasm-
BAETCA HEOOXOAHMOCTD HPHMEHCHHA CTATHCTHUECKOrO METOAa LTt NPABHALION HHTepupeTamnin 1annn X
STHX JTHHelINbI X THTpOBaHuil.

CONTRIBUTIONS TO THE BOUIVALENCE POINT DETERMINATION (XI)
Lie Condition of Apalytic Calewlus of the Tutersection Point in Lineay Tirvation by the Least Squares
Method

(Summary)

The slopes of the line intersected under an angle approaching 1807 are statistically compared
in order to establish whetlhier we have two statistically different straight lines. The least squares method
and the statistic criterion ¢ are used for this purpose.

The paper presents an application example, hased on the data of the two conductimetric titra-
tions, in  which the conductivity is modified only to a very Hmited extent, before and after the
cquivalence. The need to apply the statistic method for correctly estimating the data of such linear
titrations is cmphasized in the paper.






IMPROVEMENT OF BIAMPEROMETRIC TITRATION CURVES BY
PRETREATMENT OF THE PLATINUM INDICATOR ELECTRODES

by
L. KEKEDY and F. MAKKAY

Intvoduction. It is well known that the electrochemical properties of platinum
depend to a very great extent on its surface state, the pretreatment effect being
well recognized in many electroanalytical techinques [1]. The pretreatment affects
the rate of electrochemical reactions, which in turn determines the values of currents
andfor potentials observed. Therefore the shape of voltammetric titration curves
as well as the precision and accuracy of the respective determinations will depend
to a very great extent on the surface state of the indicator electrodes used, and
significant improvements can be expected by the use of suitable pretreatment pro-
cedures, Such considerations allowed us to elaborate a principally new indication
techique, called zero-current bipotentiometry [2], based on differences in the rates
with which two differently pretreated platinum electrodes approach equilibrium
and to obtain improved constant current bipotentiometric titration curves as
well [3].

Similar improvement can also be expected in biamperometry. The slope of th
biamperometric titration curve of an irreversible sistem is given [4] by the relation :

(—’—) = Ol k(1 — f)] T (ke ) "

dE =y Rr

where C, is the total concentration of the redox couple, f is the fraction of the
reduced form, %, and k%, are the heterogeneous rate constants of the oxidation and
reduction electrode processes respectively.

The same relation for a reversible process is:

_ﬂ)rev — Col . FoxRyeaf (1 — f) (2)
{dE

=0 RT kox (1 — f) -t hyeaf

Ry and k,,; being the respective Hmiting current constants. It is easy to show

that
(ﬂ—)f’f & ,—d_,j_)re‘a (3)
dE Ji—o VAE Ji=0

Consequently the pretreatment affecting the reversibility of the systems involved,
will influence the shape of the biamperometric titration carves too. It is the

O — Chemia 171970
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) purpose of this paper to contribute to
4 the study of the influence of the pre-

treatment of platinum indicator elec-

304 trodes on biamperometric titration curves

Experimental. 2-107° N ammonium metava-
432 nadate in 7,5 N H,SO, has been titrated with102
N ferrous ammonium sulphate in 2 N H,SO,.
Conventional biamperometric assembly was used

360 4 with two identical rectangular smooth platinum
electrodes having an apparent geometric arca of
28] 0,93 cm? each. 350 mV constant voltage has been
applied across the electrodes and after each incre-
ment of titrant added the value of the current
218 was determined. The solution was stirred elec-

tromagnetically. The pretreatment procedures used
as well as the denomination of the surfaces oh-
tained are the same as in our previous work [11.
Throughout analytical reagent grade chemicals
and doubly distilled water were used. No special
provision was taken for temperature control.

144

22_

Results and Discussion.

Both electrodes being pretreated
’ . identically using different pretreatment

P H o H iteati cog 54 R R .

1"ig. 1. Biamperometric titration curves of \ procedures, vielded the titration curves

with Ite?t, ted Fi 1
Both electrodes pretreated identically, namely: represented on rig. 1.

¢

1. reduced (chemically or electrochemically); Considering the general principles of
2. heavily oxidized (with chromic acid or elec- interpretation of bianlperonletric titrati-
trochemically) ; on curves |57, the shape of the titration

3. bare electrodes;

4 ignited clectrodes, curves obtained before the e.p. is deter-

mined by the reversibility of the V5+/v+f
couple on the respective electrode surface,
the value of the net current observed at f = 0,5 increasing with increasing reversi-
bility. The same is true for the shape of the titration curve after the e.p. with res-
pect to the reversibility of the Fe3+/Fe?+ couple present.

On the other hand, the net current being determined by the slower electrode
process, conclusions can be drawn concerning the influence of the pretreatment
on the rate of anodic and/or cathodic processes respectively. It is evident from the
curves of Fig. 1 that the reversibility of the V?+/Vi+ system (before the e.p.) on
reduced or bare surfaces is poor (curves 1 and 3 respectively), oxidation of the clec-
trode having no significant effect (curve 2). Contrarily, on the very active ignited
electrodes (mixed surfaces) the redox couple behaves apparently reversible. The
Fed+/Fet+ system (after the e.p.) is inhibited by the adsorbed iodide ions (bare
surface, curve 3), the presence of oxide on the surface enhancing considerably its
reversibility (curves 2 and 4). Both systems appear reversible on ignited electrodes.

It has been stated earlier, that some pretreatments have a long standing
effect [1] mainly the heating of the electrode. Therefore in some instances the che-
mical and catalytic properties of the surfaces are determined not only by the last
treatment applied, but also by the last but one. In order to investigate this memory
effect of the platinum, titration curves have been taken with ignited electrodes,
which, after heating, were subjected to a second pretreatment too (Fig. 2).

Comparing the curves of Fig. 2 with curve 4 Fig. 1; (only heated electrode)
one can state that oxidation or reduction of the electrode after heating has dimi-
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(pA

576

50+

I fAA

432 432

%0 XU

285 288

26 216

144 44

72 72

g 0s 1 f 0 a5 0 f
Iig. 2. Biamperometric titration curves of 1"ig. 3. Biamperometric titration curves of
V5t with Fert. V5*  with Fett.
Both electrodes pretreated identically. Pre- Differently pretreated electrodes.
treatments applied after ignition: Cathode : ignited.
1. oxidation at -+ 1500 mV; Anode: 1. oxidized at - 1500 mV;
2. reduction at — 300 mV; 2. reduced at -~ 300 mV;
3. soaking in KL 3. bare.

nished its electrochemical activity as far as the reversibility of the V3+/Vi+ sys-
tem is concerned. Soaking with KI had no significant effect. In the same time
the reversibility of the fast FeS+/Fe*+ system apparently was unaffected.

On the other side comparing alternately curves 1, 2, 3 on Fig. 2 with curves
2, 1, 3 of Fig. 1 (second treatment identical with the pretreatment applied in
the first case) one can see the considerable enhancing effect of ignation applied
as last but one pretreatment. Thus e.g. on a surface soaked with KI (bare, curve
3, Fig. 1) the V3+/Vi+ behaved apparently irreversibly, whereas on electrodes which
were ignited before being soaked with KI, the reVU‘blblllty of the same system
appeared considerably improved (curve 3, Fig. 2).

In order to specify which of the anodic or cathodic processes are enhanced or
hindered by a given pretreatment, biamperometric titration curves were taken
using two, dissimilarly pretreated electrodes. Knowing already that both redox
systems involved in our titration reaction exhibit the greatest reversibilty on igni-
ted surfaces, in all cases one of the electrodes was pretreated by heating. In this
way conclusions could be drawn on the effect of pretreatment applied to the other
electrode.

Fig. 3 represents some titration curves taken with an electrode pair, when
the cathode was ignited and the anode was pretreated on different other ways.
Comparing these curves with curve 4, Fig. 1 (both electrodes ignited) one can state
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that the diminishing of the reversibility

[y ji‘o of the V5+/V4+ system in this case is
' due to the hindrance of the anodic pro-
648f 3 cess (V4+ — V5+) by oxidized or reduced
surfaces. This process is faster on bare
57 surfaces (curve 3, Fig. 3) and even more
faster on ignited omnes (curve 4, Fig. 1).
504 » Fig. 4 represents titration curves
. -3 taken as above, but with ignited anode,
" the cathode being pretreated in other
43 way. On can see, that the cathodic pro-
cess apparently is fast enough on
360 all of the surfaces investigated, thus the
whole redox system exhibits considerable
. 1 reversibility in all cases. The cathodic
process (V3+— Vi+) is more favored by
reduced surfaces (curve 2, Fig. 4) than
oo by oxidized ones (curves 1, Tig. 4). The
break observed on this curve at f = 0,5
044 is most likely due to this effect. The
titrant being a reducing agent, at f>0,5
— the titration system becomeb reducing
0 oE 07 enough to reduce the oxide film initially
Pie s Bi ometric titeation curves of 3+ present on the electrode surface. The ca-
it wePEROME rie tiration cutves o thodic process being enhanced on this
Differently pretreated electrodes. freshly reduced surface, the net current
Anode : ignited. raises determining the appearence of the
Cathode: 1. oxidized at -+ 1500 mV; unique break observed on the titration
g' reduced at — 300 mV; curve, This is the reason why in this ca-

. bare. . . . M .
se (Fig. 4) all titration curves are dis-
torted, the maxima occuring at f > 0,5. These phenomena could not be obser-

ved in other cases (Fig. 3) when the anode was not ignited. In these cases the slow
anodic process has determined a small net current, which did not allow the possible
improvment of the cathode process to be discerned. One can conclude further, that
the reduction of V3+ to Vi+ occurs faster on a bare surface (curve 3, Fig. 4) than
on an ignited one (curve 4, Fig. 1) emphasizing newly that this process is not favou-
red even by traces of oxide film. Consequently the most suitable electrode pair for
biamperometric titration in this case consists of an ignited anode and a bare cathode.

Conclusions. Significant influence of the electrode pretreatment on the shape

of biamperometric titration curves of V3+ with Fe*+ has been observed. All systems
involved behaved reversibly on ignited electrodes, this pretreatment having a long
standing effect. One could state that the reversibility of the V3+/Vi+ system is
poor on reduced or bare surfaces, oxidation of the electrode having no significant
effect. The Fed+/Fe2+ system is inhibited by the adsorbed iodide ions. The ignition
has a long standing effect, the behaviour of differently pretreated electrodes chan-
ged when they were formerly heated. Using two differently pretreated electrodes
one could state that the reduction of V?+ is favoured by reduced surfaces,
inhibited even by traces of oxide film.

being
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It was stated, that the most suitable electrode pair for biamperometric titra-
tion of V5" with Fe2+ consists of an ignited anode and a bare cathode.

(Received November 8. 1969)
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IMBUNATATIREA FORMEI CURBELOR DE TITRARE BIAMPEROMETRICA PRIN
PRETRATAMENTUL ELECTROZILOR INDICATORI DE PLATINA

(Rezumat)

Pornind din considerente teoretice s-a investigat efectul pretratamentului electrozilor, asupra for-
mei curbelor de titrare biamperometricd a V5% cu Fe?t. Ambele sisteme redox sint reversibile pe elec-
trozi calcinati. Reversibilitatea sistemului V5+/Vi+ este mici pe suprafete goale sau reduse. Oxidarea
electrodului nu miregte simtitor reversibilitatea. Reversibilitatea sistemului Fe3+/Fe™ este foarte redusi
de ioni I™ adsorbiti pe suprafata electrodului. S-a observat din non efectul de durati a calcinirii.
Utilizind doi electrozi pretratati diferit, s-a putut stabili ci reducerea ionului V5+ este favorizatd
de suprafete reduse, fiind inhibati chiar si de urme de oxid (electrod calcinat).

S-a stabilit ¢d in cazul sistemului studiat perechea de electrozi cea mai potriviti constd dintr-un
anod calcinat ¢i un catod avind suprafatii goaldr (denumirile vezi in [1)).

YJIAYUIIEHHE $OPMbI KPUBBIX BHUAMIIEPOMETPUUECKOIO TUTPOBAHHSA
NOCPEJCTBOM TIPEABAPUTEJIBHOM OBPABOTKU TWIATUHOBBLIX
MHIWMKATOPHLIX 2JIEKTPOIOB

(Pezwowme)

Hexoas ns reopeTHueCKHX COOGpaeHHT, aBTOPLl HCCACAOBAIH 3(derT peRBapuTeabHOIl 00padoTKH
3NMEKTPOAOD Ha QOpMY KPHBBIX CHAMIEDOMETPUYECKOrD THTpoBanus V3+e nomomsio Fe*+. Obe pejoxcunie
CHCTeMBI OGPATHMEL HA KaJlbUHHHPOBAHHBIX ajektpojax. O6partumocts cucreMsr V3+/V4+ mana Ba nyCThix
HJIH BOCCTAHOBJGHULIX noBepxHocTy. OkHCTeHlie 37eKTPOJA He YBennyusaetr o0paTHMOCTh B UYBCTBH-
Teabnoil creneny. OGpaTHMOCTL cHereMbl Fed+ Fel+anauntesnnio yMensiena HonamMu I ~acop6HpoBaHEIMIL
Ha nopepxHocty a1exTpoia. Crosa rabmojancst aanTenbuslii s¢dext kaavimuannu. Henonesys apa snex-
TPOAA, NPEABAPHTEILHO 06PaGOTALHBIX NO-PAHOMY, 3BTOPLI YCTAHOBUJIN, UTO BOCCTAHOBJEHHMIO Homa V3 +
Croco6CTBYIOT BOCCT4HOBAEHHBIE TCBEPXHCCTH, NPHUUN 310 ECCCTAHCRACHHE TOPMO3HTCS JaXe W CaelaMi
OKHCH (KaJbUHHHPOBAHHBIN 3JeKTpo1).

YCTaHOBIEHO, UTO B CJYyyae HCCJAeA0BAHHO cHeTenbl nanbosee NOAXOAAMAN Napa 3.JeKTPOAOB COC~
TONT H3 KaJTBLHHIPOBAHUOTO al10Ja H H3 KaToda, HAMEIOero NycTyio oBepxHoctb (eM. Hassasus B [1]).







METODA GAZCROMATOGRAFICA PENTRU DETERMINAREA
CANTITATILOR MICI DE CARBONATI ALCALINI

de

E. SCHONBERGER si S. BAHMULLER

Determinarea cantitafilor mici de carbonati alcalini a constituit o preocupare
mai veche a colectivului nostru. In acest sens am propus douid metode electrochi-
mice de determinare [1, 2]. In nota de fati propunem o metodd de dozare gazcro-
matograficd pentru determinarea cantitatilor mici de carbonati alcalini.

Jefferysi Kipping utilizeazd metoda cromatograficid pentru determina-
rea cantitatilor mici de carbonati din roci [3]. Ei elibereazd CO, din probi cu acid
fosforic gi antreneazd gazul rezultat cu hidrogen peste o coloand de sislicagel si
apoi un detector termic. Carpenter [4] elibereazd CO, din probi cu acid clorhi-
dric in sistem inchis si antreneazad o parte din gazul rezultat cu hidrogen peste o
coloand de separare si un detector termic. Stenger [5] descompune proba in-
jectind solutia pe o coloand cu acid fosforic si determind CO, fird a o mai trece peste
o coloani de separare cu un analizor de gaze In infrarosu.

Noi am preconizat descompunerea probei de carbonat prin injectarea solutiei
peste o coloand de cuarf acidulatd cu acid sulfuric si determinarea gazului rezul-
tat prin antrenarea lui peste o coloand de cirbune activ granulat si un detector
termic.

Coloana de descompunere constd dintr-un tub de sticld Duran cu diametrul interior de 9 mm gi
jungimea de 16 cm, umplut cu cuart granulat, coloana fiind incilzitd la 180°. Gazele degajate sint antre-
nate peste o coloand de carbune activ granulat de 38 cm si diametrul interior 3 mm. Gazul pur-
tator utilizat este metanul purificat si detectorul utilizat este un catarometru cu fire de wolfram dubla
spiralat avind o rezistenti totali de 8 ohmi. Injectarea probelor s-a ficut in coloana de descompunere
eu ajutorul unei siringi printr-o membrani de cauciuc rezistenti la temperaturi ridicate. In procesul
de descompunere al probei lichidul se volatilizeazi, de aceea intre coloana de descompunerea si cea cro-
matograficd se interpune un refrigerent cu aer pentru condensarea vaporilor de apd, care se eva-
cueazd din timp in timp, prin intermediul unui robinet.

Etalonarea instalatiei de misurd previzutdi cu un inregistrator potentiometric de 2 mV s-a ficut
cu solutii de carbonat de sodiu 0,1 si 0,05 n. debitele gazului purtitor fiind 38,2, respectiv 62,8 ml/mi-
nut. In toate cazurile s-an obtinut peakuri simetrice avind iniltimile proportionale cu cantitatea de car-
bonat addugatd. Fig. 1 si 2 reprezinti curbele de etalonare cu solutii 0,05 m, prima cu debitul de 38,2,
a doua cu 62,8 mlfminut. Precum se observi, punctele care reprezinti media a cite 10 determiniri se si-
tueazi foarte bine pe o dreaptd, cu observatia ci la debit mai mare si iniltimea peakului este mai mare.
In fig. 3 sint rezultatele obtinute cu solutii avind concentratii mai mari la debitul de 62,8 ml/minut.

S-au calculat abaterile standard ale valorilor experimentale gi acestea nu depigsesc 19.
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Fig. 2. Curha de etalonare pentru
solutii de Na,CO, 0,05 n, debitul
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Fig 1. Curba de etalonare pentru
solutii de Na,CO; 0,05 n, debit 38,2
ml/minut.
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.

Notind cu y indl{imea peakurilor in mm si v cantitatea de carbonat in mg, ecuatiile dreptelor
de ctalonare caleulate prin metoda celor mai mici patrate sint:

Iy 566y - 1,2

2.y 37.8ir - 229

3.y — 58,65x - 2,005
far cantitotea de carbomat este caleulabili prin expresiile

1. » = 0,018y - 0,02

2. % -+ 0,017y -~ 0,039

3. & = 0,017y — 0,034

S-au analizat amestecuri de diverse proportii de carbonat si hidroxid de sodiu.
Rezultatele sint trecute In tabelul 1.

Dupi cum reiese din acest tabel re- Tabel 1
zultatele sint foarte bune pentru un con-
tinut de carbonat de peste 0,4 mg, sub Inaltimea Na,CO,
aceastd limitd eroarea relativd depiseste Raportul | Pekului
109,, fard insi ca croarea absolutd si ~ Nr. | NaOH: | T ™M&
depaseasci 0,04 mg. Sursa acestei erori NaCOs | Getermi- | luat mg | gasit
rezidd in volumul mort apreciabil al néri
refrigerentului interpus intre coloana de
descompunere $i cea de separarc. Fa 1 11 802 1,325 1,329
poate fi fnldturatd si ca atare metoda 2 3:1 40,6 0,662 0,656
poate fi simtitor imbundtititd mentinind 3 5:1 26,2 gégi 3;(1)1)
coloana de separare la 1007, cind apa 'é Z)i igg 0265 0221

degajatda nu se mai condenseazd pe co-
loana.

Durata unci determindri este de circa 2 minute, coloana de cuart acidifiatd
fiind utilizabild la aproximativ 200 determindri, dacd volumul unei probe injectate
nu depaseste 1 ml,

(Inirat in redactic la 3 notembric 1969)
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TABOXPOMATOIPACHMYECKHMH METO/1 OMNPEAEJEHWS MAJIBIX KOJJWYECTB
MEJOUHLIX KAPBOHATOB

(Peswne)

ABTOPb 1PeLTAr@0T Ta30XpOoMaTOrpadHueckiii MeTol AAA ONPeALdeHist MAABIX KOTHUECTB He10-
HbIX KapOouaTop. ITpoGur kaplonata pazaaraiorest NyTEM BODPBICKHBAHNA B KBAPUEBYIO KOJOHHY, OKHCJIEH-
HYI0 KOHUEHTPHPOBAHHON CepHO KHCJIOTOH B TerOM COCTOSHHH. Bpilesentnie raspl aHaJH3HPYIOTCH Ha
KOJOHIE 3EPHUCTOrO YEAST M C TepMHUeCKHM jerextopomM. CHIHAJ, 33PEerHCTpHPOBAHHBI HA MHJJIHBOIBT -
METPE, NPONOPLUHOHAJACH KOJAHYeCTBY KapOoHaTd, B3ATOMY B npole.
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METHODE GAZCHROMATOGRAPHIQUE POUR LA DETERMINATION DES PETITES
QUANTITES DE CARBONATES ALCALINS

(Résumé)

En premier lieu, les essais de carbonate sont décomposés par l'injection des solutions au-dessus
d’une colonne de quartz acidifiée par de I'acide sulfurique concentré a chaud. Les gaz dégagés somt

analysés ensuite sur une colonne de charbon granulé, 4 l'aide d'un détecteur thermique. Le signal
enregistré au millivoltmétre est proportionnel a la quantité de carbonate mise & I'épreuve.



ECUATIILE GRADULUI DE TRANSFORMARE SI GRADULUI
DE*FORMARE IN REACTII ANALITICE CU ECHILIBRE DEPLASATE

de
10AN AL. CRISAN si MIHAELA NOVEANU

Lucrare comunicald la Conferinfa Republicand de Chimie analitiod, Constanta — Mamaia 24 — 28
septembrie 1969

in lucririle anterioare s-a ariitat ci pentru o reactie generald:

Q’%R; —*—;Pjpj (1)

constanta globald a echilibrului normal este [1]:

” pj
II KP o
j=0 7 D
Ky =it 3)
n k' L
1=0 R,‘

iar constanta globala a echilibrului deplasat are forma [2]:

n KT G
P
ko tn B ok, @
H K’,i I'i‘ P] HL Hd [
=0 Ry j=0 F;

Intre cele doui constante existi relatia:

Ky=K -® 4)

In formulele de mai sus, simbolurile reprezintd : R un reactant oarecare,P un pro-
dus de reactie oarecare, 7 si p sint coeficienti stoechiometrici, m si # numdirul reac-
tantilor ¢i al produsilor de reactie, K este constantd de stabilitate, X este sumg,
IT reprezintd un produs matematic, D si 4 reprezint termeni din membrul drept al
reactiei (dextro), L si ! reprezinti termeni din membrul sting al reactiei (levo),
® este constantd de exces, ¢ este coeficientul de exces. Prin definitie, se considerd
cd un reactant sau produs de reactie neparticipant la alte echilibre (de exemplu
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H+, NH;, Cl~ ete.) are constanta de stabilitate K = 1, iar toti partenerii partial
disociafi ai reactiei au constante de stabilitate diferite de unitate.

In practica analitici este necesar si se cunoasci gradul de transformare B al
unui reactant oarecare (considerat drept reactant principal si a cdrui concentratie
analiticd este ¢¢) si gradul de formare B; al unui produs oarecare de reactie (consi-
derat drept produs principal de reactie ¢i a cdrui concentratie analitici se noteazd
cu ¢, in ipoteza cd reactia ar avea loc total). In functie de ¢, si de ¢ se pot exprima,
cu ajutorul lui B si By toate concentratiile de echilibru ale celorlalfi parteneri de
reactie [1]. In cazul in care se considerd o reactie generald de tipul (1) ai cirei par-
teneri se pot afla in orice exces [2], se poate scrie:

¥

[R}deplasnt = ‘;1 : (1 — B) *Cp (PRi ’ (5)
[P]deplasat = % * B *Cy (PP‘i (6)
respectiv: .
[R:ldeplasat - 1;1 * (1 - pf) cC (PRi (7>
[P Jaeplasar == % Brec-op, (8)

(aici p si 7 sint coeficientii stoechiometrici ai partenerilor principali ai reactiei).
Este evident ci valoarea coeficientului de exces a partenerului principal al reactiei
este egald cu unitatea, deoarece, prin definifie, excesul de concentratie al celorlalti
parteneri de reactie se calculeazd in functie de concentratia acestuia [2]. Daci se
exprimi toate concentratiile partenerilor de reactie cu ajutorul relatiilor (5)—(8)
si se Inlocuiesc in formula clasicd a legii actiunii maselor scrisi pentru reactia (1),
rezulta :

N e N .
=p - DT I 8Ep LI,

Ky = 9)
g a7 - Sp— 2. 1 — g)r—i— > - 1, (
s
rm e =P Ep L st E
[{0 . “fD L‘ fD ‘ fI. ajf 'fD | I[d (1())
L PR (1 — B S,
Aici:
i I”I V:’
o= I P (11) Ty = (12)
J=0 7
1’} pj,] m
=0
Tfp= J 7 (13) Ty == LI»IO 711 (14)
Zp —;Uz% (15) L= (ZO r,) — 7 (16)
Sp= (S al-p 07) S oF s,
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Dacit se noteazd ® = IIJII, si:
S=—"0__ 19), Sp=—d0 20
=, . oD EL ( ) ! Tept ;/72/’1)~ Zfr ( )

cgalitifile (9) w1 (10) mai pot fi scrise:

S Er S gt — Ko (1— 85 @1
. S-S o - S,
Sy - =T {3,” 0 — Ko+ (1 — B) =0 (22)
Ridicind termenul (1 — la puterea » + X, rezulta:
1 L.
S.d. c;‘:‘D"7~3L . an (- 1)'121, . (:z“IL K, - Bré—l.[, + -
.8 - 2 - 9 - - -
S, Ky By K-8 Cy Ky B Ky =0 (23)
aici Cfy s, reprezintid combiniri de » +4- X, elemente, luate cite x, iar v ==1, 2,
+x, T€p L

3, L%

Expresia (23) este ecuatia genevald a gradului de transformare al unui reactant
varecare, inlyr-o reactre cu echilibrul deplasat sub actiunea concentratiilor in exces ale
ey parteneri ai veactiei vespective.

Dacd se ridicd termenul (1—8y) la puterea X, se obtine:

Spe =TT EL L g S ( SN S K, - g 4
| / oy 2 ‘

Ky BiA-Cx, - Ky - By — K, == 0 (24)

O
i (/Lj H =/,

- 3 2
TR (”E//,

Expresia (24) este ecuatia generald a gradului de formare al unui produs de reactie
oarecare, intr-o veactie cu echilibrul deplasat sub actiunea concentrativior in exces ale
unor parteneri ai veactier rvespective.

In practica analitici este necesar si se poati calcula concentratiile unor par-
teneri de reactie oarecare, aflati in cantitdti stoechiometrice fatd de partenerul prin-
cipal de reactie, in functie de 8, ¢, s1 @ saun in functie de By, ¢ s1 ®, adicd s3 se cal-
culeze concentratia unor parteneri aflati in cantitdti stoechiometrice, in functie de
excesul altor parteneri de reactie. Dacd se urmeaza o deductie analogd cu cea de

sus, dar in expresia clasicd a legii actiunii maselor se mentine concentraia parte-
nerului de reactie a cdrui concentratie trebuile calculata, se obtin expresiile :

’
L (o ELe pED

K, = D : (25
=p- 57 r+ Sy
7 D (1-8 S0 (R

N7 L .

‘ Y/ 2R} SR 5] rpd

N T ¢ -8 Ag - [P
K,— , (26)

3
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DOPERTRTEN po T
. mpp C..‘fD!I? I . B’{’,Z_fD ST _
Ky=— - - (27)
- ) g -
L e . e

= Tipth-ZrL , S j
. ip - o P fLog P =, opy
I\ g == V, i2f 7 (28)
Zfp— X T,
Tyt P R R a1
Aici :
=y == TL (29) =2 (30)
7 ji
mpL = Ll (31) = D (32)
7 ji
=Xy (33) Sh = S, g (34)
W= (35) p = Sy — (36)

Din formulele (25)—(28) se poate exprima concentratia oricdrui partener la
echilibrul deplasat al oricdrei reactil cu parteneri solubili si partial disociati. Pe
aceastd bazii, se pot ciuta astfel de condifii concrete in care sd se efectueze uncle
analize chimice, incit sd se evite erorile de analizd provenite din nerespectarea con-
ditiilor chimice de lucru. In plus, formulele permit calculul excesului necesar de
reactivi pentru a se realiza un anumit grad de transformare sau un anumit grad de
formarc al unui partener oarecare de reactie. Pentru ilustrarea aplicabilitatii for-
mulelor generale de mai sus, se considerd reactia de titrare complexonometricd :

Fes+ 4 HY* = FeY~ L 2 HY (37)

(aici Y*~ este anionul acidului etilendiamintetraacetic). In legdturd cu reactia
(37) se pot pune multe probleme in ceea ce priveste posibilitafile de realizare prac-
tica. De exemplu in cazul titrdrii complexonometrice a fierului(I1I) in prezenta
altor cationi (AI¥*, Mn2t, Zn2*, Cu?" etc.) este necesar sd se lucreze in mediu acid,
pentru a impiedica formarea complexonatilor celorlalfi cationi. Fste deci necesar
sd se calculeze excesul maxim de ioni de hidrogen la care reactia (37) mai poate
decurge practic total. In acest caz se poate folosi expresia (10) a cirei formd con-
cretda va fi:

¢ 3 2
22, ¢ Sj c Qg
T 6"
Considerind ca se titreazd 1072 ioni-gram Fe*’ cu o solutie de H,Y?*~ de ace-

casi concentraie 5i presupunind ci FeV™ se formeazd in proportic de 99,9% (By =
= 0,999 =~ 1), rezulta [1,3,4]:

K, — (38)

]

Ko 0 =g, Koppy— 0 =B / o 10204 (39
Pu b T V 1c - K, 4. W‘\ 1018,42 | 100,81 . - (x \)'

H,yt Loz
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In cazul in care reactia (37) ar avea loc total, concentrafia ionilor de hidrogen re-
zultati din reactie este de 2.1072 joni-gram = 1077 joni-gram. Din formula de
definitie a coeficientului de exces [2]:

H Dwees + Y g conitibrut deprasat TV Doyees '
o = ~ (40)
[H ! }lu echilibrul deplasat 1075
rezultd ;
[H+ ]exccs ~ 10717 | 10201 —= 1003 = 219 (41)

Se vede deci cd titrarea Fe?+ cu H,Y2— se poate efectua chiar in prezenfa unui exces
de 2,19 ioni-gram de hidrogen (HCl 2,19 M). Acest exces este suficient pentru ca
marea parte a etilendiamintetraacetatilor metalici sd nu se formeze si deci si se
poata titra fierul(II1) cu complexon III in prezenta unui mare numar de ioni me-
talici. Acest calcul este in buni concordantd si cu calculele efectuate pe alte cai [5]
si justificd In acelasi timp o serie de metode de determinare ale fierului(ITI) atit in
solutie pure, cit si in amestecuri [6]. In mod obisnuit, titrarea se face numai la
pH = 1, deoarece in mediu puternic acid majoritatea indicatorilor metalocromici
nu mai pot functiona, datorita descompunerii acide a complecsilor lor cu ionii me-
talici. De exemplu in cazul folosirii acidului sulfosalicilic (C,H;045~) drept indicator,
in mediu acid poate avea loc reactia:

FeCH,0,8 1+ 2H+ = Fed+ o CHL0,8 (42)

care impiedicd funcfionarea corectd a indicatorului. Dacd se acceptd constantele
din literaturd {5,7,8,9] si se efectucazd aceleasi calcule, pentru B == 0,01, deci (1—8)
= 1, si pentru o concentratie de indicator de 10~ 3 moli, in cazul reactiei (42) rezulti
cd excesul de ioni de hidrogen poate fi cel mult de 10-2%° joni-gram. Pentru { ==
0,99 se obtine un exces de cel mult 10~ % joni-gram de hidrogen. Aceste calcule
au fost verificate experimental, prin misurdtori fotocolorimetrice (aparat FEK-M
sovietic, filtru albastru). Intr-un balon cotat de 100 cm?® s-au luat 5 cm? solutie

G

Absorbon

o

i L

o ! 2 3 em* HCl conc.

I'ig. 1. Descompunerea sulfosalicilatului de fier(1IT) sub acti-
unea acidului clorhidric concentrat,
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0,02 M de FeCly, 5 cm?® solutie 0,02 M de acid sulfosalicilic si cite 0—11 cm? acid
clorhidric concentrat (359%,). Dupad aducerea la semn, s-a misurat absorbanfa
probelor luate din solutiile rezultate (cuvid de 2 cm). In fig. 1 se dau rezultatele
obtinute, din care se vede cd intre calcule si rezultatele experimentale existd o buna
concordanta.

(Intrat in redactie la 5 noiembrie 1969)
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YPABHEHUS CTEINEHM NPEOBPA3ZOBAHUS M CTEIIEHH OBPA3OBAHMSI
INPY AHAJIMTUYECKHMX PEAKLUWAX CO CMEILEHHBIMY PABHOBECHSIMU

(Peswone)

B paGote BbIBOAATCS 00IiHe GOPMYJIBI CTenleHH 06pas3oBanisl Br U CTeneHH OPeoOPA3OBAHUT  HEKO-
TOPbIX MAPTHEPOB B AHAMUTHUYECKHX DEAKLHAX NPHCOeJHHEHHS M 3aMelleHHs, B 3a8BHCHMOCTH OT KOHILe-
Tpauui HEKOTOPHIX NapTHEPOB peaKUHH, HAXOIAMUXCS B H3GHTKe. Ha 9T0ii OCHOBE MOMKHO BBIUHCAHTD HITH
HeOGXOANMBIT H3OBITOK PEAKTHBA, HIH KOHHEHTPALHIO HEKOTOPBIX NAPTHEPOB NPH CMEMCHHOM PABHOBECHH
COOTBETCTBYIOMEH peakun. QopmyJsel OBITH NPHMEHEHB K PeaKIMH KOMIVIEKCOHOMETPHYECKOrO ONpeje/ie-
nns xeaesa (I1I) ¢ nomomsio EDTA M GbLTH NTpOBEPEHH IKCIEPHMEHTANBIO M H KHCAOTHOM PA3T0NKOHUH
cvanpocanuuuaopokucaoro xkeaesa (I11).

FOUATIONS DU DEGRE DE TRANSFORMATION ET DU DEGRE DY FORMATION DANS
LES REACTIONS ANALVTIQUES A EQUILIBRES DEPLACLS
(Résumé)!

Iies auteurs déduisent les formules générales du degré de formation By et du degré de tramsfor-
mation @ de certains partenaires dans des réactions analytiques d’addition et de substitution, en fonc-
tion des concentrations de partenaires de réaction se trouvant en excés. On peut calculer sur cette
hase soit l'excés nécessaire de réactif, soit la concentration de partenaires dans I'équilibre déplacé
de la réaction respective. Les formules ont été appliquées & la réaction de détermination complexotio-

métrique du fer(IIT) avec EDTA et P'on a vérifié expérimentalement lors de la décomposition  acide
du sulfosalicylate de fer(ITI).



THIOCYANATO-CHROM(ITT)-KOMPLEXE, IN DER CHEMISCHEN
ANALVSE (VL)

Bestimmung des Kadmiums mit rhodanilatdhnlichen Verbindungen

10N GANESCU, CSABA VARHELYI und ALEXANDRU POPESCU

Die hdufigsten gravimetrischen Bestimmungsformen des Kadmiums als ein-
fache Salze sind die folgenden: CdsO, (1], CdS [2], Cd(NH,)PO,, bzw. Cd,P,0,
(31, Von den anderen schwerléslichen einfachen und klassischen Komplexsalzen
kommen auch die [Cd(NH,)s] (BF,), [4% und CdSe [5] in Betracht. Die elektrolyti-
sche Kadmiumbestimmung aus \ahunu_Vamd}mltlger Losung kann man auch leicht
durchfithren [61.

Das Kadmiumion bildet im Wasser sehr schwer l0sliche Verbindungen mit
einer Reihe von Chelatbilduern. Fiir die quantitative Ausscheidung dieses Metalls
fiir gravimetrische Zwecke sind die folgenden Bcstnnnmnﬂsfmmcn sehr geeignet :
fodmmnm\nmt Cd(C,H,ON), (7, I\ddmmmclnnaldmat Cd(CmHGOQl\)._ 87,
Kadmiuvmanthranilat CA(C,H,O.N), 91, Kadminmmercaptobenzthiazolat
CA(NH,),(C,H,;NS,), [10] und auch die entsprechenden Derivate der Chinolinphos-
phoniumsiure 11, des Guanvyilthiokarbamids [12], der Didthyl-dithiophosphorsiu-
re (131 und des 1,2-di-2-Pyridyliathylens [14]. Wichtige gravimetrische oder volu-
metrische Bestimmungsformen stellen auch die Thiocyanato-komplexsalze des
Kadmiums dar. Spacu und Dick [I5] bestimmen das obenerwdhnte Metall
als LCd(Px ridin), . -(NCS),, Grecu und Mitarbeiter [16] als [Cd(Pyrami-
don), (NCS),, brw. Pirtea (177 als [CA{Dipyridyvl), (NCS),.

Das schwerlisliche Reineckeat des Kadmiums Cd[Cl(WH)( NCS), 1. 187 ist
auch fiir gravimetrische Zwecke verwendet [19]. Liteanu und Mitarbei-
ter [20—23] untersuchen die thermische Stabilitit, die Loslichkeit und die analy-
tische Anwendungsméglichkeiten dieser V mhm(hmg.

Bemerkenswert ist, dass die Idslichkeit des Reineckeates sich vermindert,
wenn die hydratisierten Kadmiumionen mit Pyridin, o-Phenanthrolin [23] oder
mit Pyridin-2-aldoxym |24 komplexiert sind. Diese Erscheinung fithrte zur Ausar-
beitung einiger neuen gravimetrischen und volumetrischen Bestimmungsmethoden
fur das Kadmium,

In fritheren Arbeiten haben wir {iber die Darstellung von reineckesalzihnlichen
Verbindungen @ Amin. H[Cr(NCS),(Amin), | durch Wechselwirkung von entwiisser-
tem K;|Cr(NC8)s] und aromatischen und heterocyclischen Aminen berichtet
25, 26].

Diese Verbindungen bilden schwer lésliche Salze vom Typ Cd[Cr(NCS),(Amin}, Js.

10 — Chemia 1/1970
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Wir haben heobachtet, dass die Loslichkeit der Kadmiumderivate sich
nach k()1111)10\1clu11g der Kadmium-ionen mit thhfmschen und heterocyclischen
Diaminen, wie Athylendiamin, Propylendiamin, =,o’-Dipyridyl, o- Phenanthrolin
vermindert.

Die entstehenden rotviolette, mikrokristalline Niederschlige: [Cd(en),]
[Cr(NCS)(Amin), },, [Cd(pn),][Cr(NC b) (Amin), ,, [Cd(Dyp), ! [Cr(NCS),(Amin), J,,
[Cd(o -Phen), ] [Cr(NCS), (Amm)oj und | Cd(Pvpem/m) IICr(NCS),(Amin), », wo ,, Ami-
n’’ = Anilin, p-Toluidin, p-Anisidin usw., sind unléslich im Wasser und in Alkohol-
-Wasser-Mischungen (1:3—5). Sie 16sen sich leicht in Dimethylformamid, Aceton,
Methyl-dthylketon und auch in Pyridin. Die obenerwdhnten Eigenschaften ermégli-
chen die gravimetrische und kolorimetrische Bestimmung des Cadmiums in Form
von reinecke-bzw. rhodanilatihnlichen Verbindungen., Die thermogravimetrische
Analyse dieser Komplessalze zeigt, dass sie sich iiber 130—160°C zersetzen. Das
Endprodukt der Pyrolyse um 600—650°C ist ein stoéchiometrisches Gemisch von
CdO -+ Cr,0, (Heizungsgeschwindigkeit: 10°/Min). Daraus geht hervor, dass die
Trocknung der Niederschlige gegen 100—110°C ist.

Die Ausfillung der Niederschldge ist in neutralem oder schwach alkalischem
Medium quantitativ. Im Vergleich mit den anderen gravimetrischen Methoden

fiir die Bestimmung des Kadmiums besitzen die rhodanilatahnlichen Kadmium-
. . . . < Cd
salze sehr giinstige gravimetrische Faktoren: f., = —
[Cd(am), [[Cr(NCS)  (Amm), ],
== (0,08 — 0,095.

l)mse Bestlmmungsme‘chode ist aber nicht spezifisch fir Kadmium. Die zweiwer-
tigen Ubergangsmet'ﬂle wie Zn(II), Cd4(I1), Cu(II), Ni(II), bilden auch schwerlosli-
che Verbindungen mit analoger Zu%ammensct/ung in neutralen oder schwach alka-
lischen Losungen. Einige einwertige Metalle, wie Ag(I), Hg(I), Cu(I), TI(I) und
Au(l) storen desgleichen die Bestimmung. Die letzten Metallionen aber kann man
aus saveren Losungen entfernen. Die Bestimmung des obenerwihnten Metalls kann
man dagegen in Anwesenheit von Alkali-, und Erdalkali-Tonen, als auch neben
drei- und vierwertigen Metallen, wie Al(III), La(III) Zr (IV) und Th(IV) mit guter
Genaunigkeit ausfithren.

In dieser Arbeit wurden einige gravimetrische, kolorimetrische und kondukto-
metrische Methoden fiir die Bestimmung des Kadmiums als [Cd(en), [Cr(NCS),
(Anilin)y &, [Cd(Pyperazin) }{Cr(NCS),(Anilin), ,, CA(Dypyridyl),] [Cr(NCS),(Ani-
1in)y Jo, bzw. [Cd(o-Phenanthrolin), | - [Cr(NCS),(Anilin), |, experimentiert. Die Genaui-
keit dieser Methoden entspricht derselben der wichtigsten bekannten gravimeétri-
schen Bestimmungsformen des Kadmiams.

Experimenteller Teil. Das Ammoniwm-rhodanilat: NH,[Cr(NCS), (Anilin).] F,0 wurde
nach der Methode von G inescu [25] aus entwiissertem I, [Cr(NCS) 1 und Anilin erhalten. Fiir die
analytischen Messungen wurde eine 39%-e Losung in Athanol-Wasser-Mischung verwendet.

Gravimetrische Bestimmung des Kadmiums als [Cd{en),  [Cr(NCS),(Anilin),l,, brw. als [Cd(Pypera-

i) V[ Cr(NCSY (A nilin)y],

1,0—50,0 mg Kadmium in 25 ml Wasser werden bei Wasserbadtemperatur mit einem Uberschuss
von Komplexbildnern (Athylendiamin, Pyperazin, bzw. «-2'-Dipyridy, o-Phenanthrolin) behandelt. Nach
etwa 30 AMinuten Stehenlassen wird die Losung abgekiihlt, auf 25-30 ml Volumen verdiinnt und mit
einem Uberschuss von 39,-iger NH,[Cr(NCS8), (Anilin),} - Losung versetzt. Nach 10—15 Minuten wird
die ausgeschiedene rotviolette, mxkrokrlstallme Masse auf einem Goochtiegel 1 G abgesaugt, mit verdiinn-
tem Atlnnol (1:5) und dann mit Ather gewaschen und bei 80 -90° eine btundc Iang getrocknet.

Die Ergebnisse bei Anwendung von Athylendiamin und Pyperazin als Komplexbildnern sind in
Tabelle 1 zusammengestellt.
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Tabelle 1

Gravimetrische Bestimmung des Kadmiums als [Cd(en),](Cr (\L S)s(Anilin}, [, (A) bzw. als
[Cd{Pyperazin)} Cr(NCS),(Anilin), |,

Cd A Cd Acd ACd B Cd ACd ACd
mg mg mg mg () mg mg mg (%)
ber vef. vef. vef. gef.
1,124 12,40 1,138 0,014 1,24 11,60 1,143 0,019 -=1,53
2,248 24,60 2,259 0,011 10,48 23,00 2,267 0,019 0,84
1,496 49,10 4,508 0,012 0,26 45,70 4,506 0,010 +0,22
6,744 73.60 6,758 0,014 0,20 68,60 6,763 0,019 £0,28
8,992 98,10 9,008 0,016 10,17 91,50 9,021 0,029 0,32
11,240 122,60 11,258 0,018 10,16 113,50 11,191 0,049 0,43
13,488 147,00 13,499 0,011 20,08 137,00 13,508 0,020 40,14
17,984 196,10 18,007 0,023 0,12 182,10 17,955 0,029 —0,16
26,976 294,0 26,998 0,022 = 0,08 273,30 26,947 0,029 -~ 0,10
31,472 343,00 31,497 0,025 10,07 319,50 31,502 0,030 20,09
14,960 490,00 44,996 0,036 0,08 456,20 44,981 0,021 --0,04

L, - 6,7475 (Aus 8 Bst. Ly, — 6,7505 (Aus 8 Best.

S, - 0,0032 von 6,744 mg Cd) Sy == 0,00325  von je 6,744 mg Cd)

6,74106 = Q -7 6,75394 6,744 < Q < 6,737

Gravim. Faktor: 009183 Gravimi, Faktor 0,0986

Kolorimetvische Bestimmung des Kadmivms als [Cd(en), ) [Cr{(NCS) (Anilin)yty, bzw. [ Cd(Pyperaziny]
[CHNCS) (Aniliny, iy .

1,0-250 mg Kadmium in 25 ml Wasser werden bei 80--90°C auf dem Wasserbade mit einem
Uberschuss von Athylendiamin, bzw. Pyperazin behandelt und dann mit einem Uberschuss von 3%-igem
NH,[Cr(NCS),(Anilin), | ausgefallt, abgesaugt, mit verdiinntem Athanol gewaschen, in Aceton gelost
und in einem Messkolben von 25 ml mit dem letzten Losungsmittel aufgefiillt. Die Extinktion der rot-
violetten Lisungen wird mit einem ,,Specol” Kolorimeter unter Verwendung von einem griinen
Filter gemessen. Die Eichkurve fiir die Messungen wurde mit den entsprechenden Kadmium-rhodani-

laten in Aceton aufgenommen. Die Experimentelldaten sind in Tabelle 2 wiedergegeben.

Tabelle 2

Kolorimetrische Bestimmung des Kadmiums als [Cd(en), [Cr(NC8),(Anilin},,, bzw. als
[Cd(Pyperazin)] [Cr(NCS),(Anilin), }, (B)

Cd Cd ACd ACd Cd cd ACd ACd
mg mg mg (%) mg mg mg (%)
ber. vef. ber, gef.
1,124 1,121 0,003 - 0,26 1,124 1,120 0,004 —0,35
2,248 2,244 0,004 0,17 2,248 2,243 0,005 -0,22
6,744 6,740 0,004 -0,05 6,744 6,738 0,006 -0,08
11,240 11,222 0,018 0,16 11,240 11,263 0,023 =0,20
15,736 15,777 0,041 : (),26 15,736 15,714 0,022 VVO,H
20,232 20,322 0,090 L), 44 20,232 20,343 0,110 0,54
22,480 22 580 0,100 f (),44 22,480 22,614 0,134 0,59
Loy 671418 (Aus 8 Best. von je I, 6,7435 (Aus 8 Best. von
6,744 mg Cd) je 6,744 my Cd)
S 0,00162 Sy 0,00212

6,7385 < () -~ 6,7450 6,7393 <= Q < 86,7477
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Konduktometrische Bestinmung des Kadmiums als CdiCr{NCS)(Anilin)y,, bz, als "CA{(Dipyridyl),]
[Cr{NCS)(Anilin)yly und [Cd{o- Phenanthvolin),?. [Cr(NCS) (Anilin), ],

1,0—50,0 mg Kadmium in 50 ml Wasser werden in An- und Abwesenheit von Komplexbildnern
{2, «’-Dipyridyl und o-Phenantlirolin) mit 0,025 m NH, [Cr(NCS),(Anilin),] in Athanol konduktometrisch
titriert. Im Laufe der Bestimmung wurden in 23 Min. Zeitweile unter stitigem Umirithren aliquote
I'eile der Rhodanilatlosung zugefiigt. Es wurde ein gewdhulicher konduktometrischer Apparat mit einer
YVIWK-Briicke und mit einem ,,Multiflex”’-Galvanometer als Nullinstrument verwendet.

Die konduktometrischen Kurven haben verschiedene Formen je nach der verwendeten Bestimmungs-
methode. Die schiirfsten Knickpunkte beim Aquivalenzpunkt wurden bei der Titrierung des Cd*t
erhalten.

Die Genaunigkeit der verwendeten neuen Methoden wurde mit dem Vergleichen von je 8 parallel
ausgeftihrten Gewichtsanalysen, kolorimetrischien, bzw. konduktometrischen Messungen bestimmt. Die
Standardabweichung des Mittelwertes (L ) gibt die kleinsten Werte (5 ) im Falle der konduktometri-
schen Messungen. Diese Methode ist aber nur bei reinen Kadmiumlosungen verwendbar, Beim Vergleichen
der Bestimmungsmethoden in Form von [Cd(en),][Cr(NCS8)(Anilin),], und [Cd(Pyperazin)]{Cr(NCS),
(Amin), ), geht hervor, dass die erste Verbindung genauere Ergebnisse auf gravimetrischem, als auf kolo-
rimetrischem Wege gibt.

Tabelle 3

Konduktometrisehe Bestimmung des Kadmiums als CAd{Cr{CNS) (Anilin), i, (4), [Cd(Dipyridyl),]
[Cr{NCS),(Anilin),],. (B), bzw. [Cd(o-Phen), " [Cr(NCS),(Anilin), |, (C).

Bestimmungsform :

A B ¢
ca C | aca | cd Acd | acd e acd | ca
= o / & . o o /
el e me | | e | ome | g | me )
1,124 1,114 0,010 -0,88 1,114 0,010 -0,88 1,112 0,012 —1,06
2,248 2,258 0,010 40,44 2,260 0,012 --0,53 2,234 0,014 —0,62
6,744 6,726 0,018 —0,26 6,764 0,020 +-0,29 6,757 0,023 —0,34
11,240 11,215 0,025 —0,22 11,257 0,027 +0,24 11,271 0,031 --0,27
17,984 17,947 0,037 —0,20 17,957 0,027 —0,15 17,953 0,031 —0,17
26,776 26,746 0,030 —0,11 26,745 0,031 —0,11 26,741 0,035 —0,13
44,960 44,923 0,037 +0,08 44,911 0,049 —0,10 44,921 0,039 —0,08
Ly = 67478 Ly -~ 6,7481 Ly - 6,7463
(aus 8 Bestimmungen von je 6,744 mg Cd)
S, = 0,00331 Sy = 0,00413 8, = 0,00489
6,7412 < ) < 6,7544 6,7398 < ) << 6,756+ 6,7367 <2 () <7 6,7563

(Eingegangen am 29. September 1069
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COMPLECSIT TIOCIANATO-CROMICI TN ANALIZA CHIMICA (VL
Determinaiea cadminlis sub formd de combinatii analoage sdvii lui Renecke
(Rezumat)

S-av elaborat metode noi gravimetrice, colorimetrice $i conductometrice pentru determinarea

cadmiuini sub formi de complecsi analogi sirii lui Reinecke: Cd{(Cr(NCS8),(anilini),l,, H_(‘(en\ HCr

(NCS) fanilind)y |y, »Ld(pipunuum)“’Lr(\LS) (anilind),],, [Cd(dipiridil),][Cr(NCS), (amlmd

respectiv

{Cd(o-fenantrolind), ] ICr(NCS )(amhnd) Jo- Din prelucrarea statistici a rezultatelor expunmntalp Se
constatii ¢iil valoarea lui 8, este mai favorabild in cazul determinarilor sub forma de [Cd{en),  [Cr(NCS),

{anilini),

caline,

i, fatd de ,&d[plpgmlmd)“fLr(\L\) ((uulm(\)o g
Metodele gravimetrice si colorimetrice descrise in Tucrare se pot aplica in prezenta metalelor al-
alealino-pamintoase, precum si in prezenta unor metale tri- ¢i tetravalente. Unele metale bi-

valente ca Zn, Cu, Ni jencazi determinirile pe aceastd cale.

THOHHMAHATOXPOMOBBIE KOMILIEKCBI B XMMHUYECKOM AHAJIH3E (V1)
Onpedenenue gadaua ¢ eude coedunenuit anarozos coau Pelinese

(Peswe)

AB';’OPb! Bblpa(‘)()'!‘élv'l)l HOBbIE TpaBHMETDHUYECKHE, KOJOpHMeTPpHYeCKHe I KOHAYKTOMETDHUECKHE Are-

TO Bl O1IpeleeHUST KaIMIlS B BHJe KOMILIEKCOB anaaoros coan Peitnexe: Cd{Cr{NCS), (auuaun),., Cdl(en),]
{Cr{NCY), (aguaunn),}, [Cd(unnepasun)] [Cr(NCS), (anuann)o],, [Cd(aunmupnann),] [Cr(NCS), (anuauu)ls,

cooretcTendo  [Cd(o-denanrtponnn),] [Cr(NCS), (ammnu)} Crarierinyeckas o6paboTka sKCTEpHUMeH -
TaIbHBX Pe3y/JAbTATOB HOKA3bIBAeT, 4UTO 3HaueHHe S, OCadrolpHsATHee B CJydae onpefeeHHil B Blle
[Cd{en), |[Cr(NCS), (annmnnn),], o cpaBrenmio c[Cd(nunepasnn)] [Cr(NCS), (aHuauH),),.

rpmmmerpuqecxne H KOJOPHMeTPHUYECKHEe MeTOdbl, OIIHCAHHbLIE B paﬁoTe. MOXHO [IPpHMEHATL B NpH-

CYTCTBIN  DIGJIOMHBIX 1 LIEJIOYHO-3€MEIbNbIX MeTaNTOB, a TAKXKe B HPHCYTCTBHH HEKOTOPLIX TpCxBadei-
THBIX 1 4eTRIPEXBadeHTHRIX MeTaaqoB. Hekoropbie AByxBagentnele aserasabl, kaw, nanp., Zu, Cu, Ni
BATPATHNIOT OUpeIeTeHHs, NPOBedSHHbIe ITHM CMOCOBOM.
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