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GHTEBH — 1 545.8:541 400
Original Scientific Paper
Glagnlk hem. | teh, BEH GHTBAB 19/20 (1) 1—8 (1871/73)

The Thermal Analysis of Formamide Complexes of some
Zine and Cadmium Salis
M. Glavos

Laboratory of Inorganie Chemistry, Institute of Chemistry Fa-
culty of Sclence, Universily of Sorajevo, Sarajevo, Bosaln and
Herzegovina, Yugoslavia

Several formamide complexes of zine and cadmium salts:
ZnCls - 3FA, ZnBrs « 3FA, ZnJy - 2FA, Zn(NOs)s - 4FA, ZnlAc)y -
« 2FA, ZnS0, + BFA, CdCly - 4FA, CdBry - 4FA, Cdly - 4FA,
CAd(NOy)s - 4FA and Cdi{Ac)y - 2FA (FA = HCONHg) were pre-
pared and their thermal decomposition was studied.

{1 table, 3 figure, § references, original in Cerman)

V. MILICEVIC

GHTBH — 2 547.260:545.3:548.57
Original Seclentific Paper

Glaanik hem. | teh, BiH GHTBARB 18/20 (1) 7—8 (1871/72)

Applieation of Silver Electrode in Dimethylsulphoxide IT
{Sn'flubillty Products of Silver Halides)
V. Milidevié and D, Vasiljevid

Laboratory of Physical Chemistry, Institute of Chemistry Fa-
culty of Science, University of Sarajevo, Sorajevo, Bosnla and
Herzegovina, Yugoslavia

The values of the solubility products in DMSO were determi-
ned potentlometrically, conductometrically and by the Ag-110 lso-
tope actlvity measurements. The following results have been ob-
talned:

Potentiom. Ag-110 Conductome-
method {gotope trie

measur, measurements
AgCl 8.2 8,1 0.2
AgBr 9.8 8,7 .8
Agl 10,8 — _

Al of the measurements have been done at 2500 0,02°C.

Furthermore, mobility of the Ag lon In DMS0O has been esti-
mated to be 13,8 0,2 ohm-1 e¢m? at 25°C,
(10 reference, original in English)
F KRLEZA
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GHTBH — 3 B45.B2:541.122
Original Scientific Paper
Glasnik bem. i teh. BiH GHTBAB 18/20 (1) 11—18 (1971/72)

Spectrophotometric Determination of Stability Constants
of Methoxyacetato Complexes of Cobalt, Nickel, and

Copper
D, Tuhtar, J. Savié¢ and M. Savié

Laboratory of Analytical Chemistry, Imstitute of Chemistry Fa-
culty of Science, University of Sarajeve, Sarajevo, Bomia and
Herzegovina, Yugoslavia

Stolchiometric stablility constants of Co(ll), Ni(II), and Cu(II)
methoxyvacetalo complexes were determined spectrophotometrically
at 25°C in 2M NaClQy, using Bjerrum's method of corresponding
golutions, Stability constants were evaluated graphically and then
refined using a non-linear least-sguare (»Gauss«) treatinent.

(3 figures, 6 tables, 10 references, original in English)

F. KRLEZA

GHTBH — 4 545.82:541.122
Original Sclentific Paper

Glasnlk hem, { teh. BIH GHTBAB 18/20 (1) 10—24 (1971/72)

Spectrophotometric Determination of Stability Constants
of Ethoxoacetato Complexes of Cobalt, Nickel, and Copper
D. Tuhtar, M. Savié and J. Savié

Laboratory of Analytical Chemistry, Institute of Chemistry Fa-
culty of Science, University of Sarajevo, Sarajevo, Bosmia and
Herzegoving, Yupgoslavia

Stolchiometric stability constants of Co(ll), NIi(II), and Cu{lI)
ethoxyacetato complexes were determined spectrophotometrically
at 25°C in 2M NaClOy, using Bjerrum'’s method of corresponding
solns, Grophically estimated values of stability constants were
refined using a non-linear least-square (sGausse) procedure.

0 tables, 3 figures, § references, original in English)

F. ERLEZA

GHTB — 5§ 545.82:546.021
Original Scientific Paper

Glasnlk hem. i teh., BIH GHTBAB 18/20 (1) 25—29 (1871/72)

Specirophotometric Determination of Aluminium in Steel
V. Durkin, F. Krlefa and V. Vatrenjok

Laboratory of Analytical Chemustry, Institute of Chemistry Fa-
culty of Science, University of Sarajevno, Sarajevo, Bomia and
Herzegovina, Yugoslavia

A gimple and rapld method for the spectrophotometric de-
termination of aluminium in steel, without preliminary separation
of iron and other elements, is deseribed.

The sample (0,.6—1 g is dissolved in cone, hydrochlorie acld,
iron and copper are reduced to Fe(ll) and Cu(l) by ascorbic acid
and NagSs0,, respectively. The pH of the solution is adjusted
to 4, 5 and the optical density of the red aluminlum- aluminon
complex is measured directly at 520 nm, 30 minutes after. The
amount of aluminium present in the steel s obtained from the
calibration curve,

{3 tables, 19 references, original in German)
M. SAVIC
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GHTEBH — @ 545 82:541.122
Original Scientific Paper

Glasnik hem. | teh. BiH GHTBAB 10/20 {1} 31—41 (1871/72)

Potentiometrie Determination of Stability Constants of
Lactato and [(-Hydroxypropionate Complexes of
Indium/(LIT)

J. Savié and M, Savié

Laboratory of Analytical Chemisiry, Institute of Chemistry Fa-
culty of Science, University of Sarajeve, Sarajevo, Bosnla and
Herzegoving, Yugoslavia

Stelchiometric stability constants of In(IIl) lactato and O-hy-
droxypropionato complexes were detd. potentiometrically at 25°C
In 2M NaClOy by Fronaeus titratlon technique. Graphically esti-
mated values of stability consts. were refined using a non-linear
least-square (sGauss«) procedure,

(5 tables, & references, original in Enpglish)

F. KRLEZA

GHTBH — 7 541.486:541.123:547.03
Original Scientific Paper

Glasnik hem, | teh. BiH GHTBAB 10/20 (1) 43—48 (1871/72)

The Influence of Glycerol and of Formamide on the Extra-
ction Equilibria of the Complexes of Alkali Metals and
Ammonium-ion with the Indieator Bromthymol Blue, in
systems water — chloroform
M. Savid and J. Savié |

Laboratory of Analytical Chemdstry, Institute of Che'mistry Fa-
culty of Science, Undversity of Sarajeve, Sarajevo, Bosnia and
Herzegoving, Yugoslovia

The pK values of the extraction equilibria of the complexes
of alkalli metals with univalent anion (HBTB-) of the indicator
bromthyimol blue, have been studied as a function of the diele-
ctric constant and of the logarithm of the atomic number of alkali
metals in systems water + glycerol — chloroform and water -+
formamide — chloroform.

{1 table, 2 figures, 2 references ,original in French)

V. DURKIN
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GHTBH — & 545.2:546.4:5468.7
Original Scientific Paper

Glasnik hem. | leh. BiH GHTBAB 18/20 (1) 40—B2 (1871/72)

Complexometric Determination of Divalent Cations of Se-
cond, Fourth and Fifth Analytic Groups in the Systems
with Aluminium which is previously Masking with
Glycerol
F. Krlefa and N. Vuletié

Laboratory of Analytical Chemistry, Imstitute of Chemistry Fa-
cultyy of Sclence, University of Sarajevo, Sarajeve, Bosnia and
Herzegoving, Yugoslavia

The Determination of Cu2t, Ph2+, Hg?t, Cd+, Sntd, Colt,
Wit+, Mne+, Znt+, Ca?+, Sr?+, and Baf+ (n the presence of
Altt was Investignted by means of complexometric titration. The
inflluence of Alt+ wag eliminated by masking with glycerol. pH-
-range and indicators applied are described for each particular de-
termination. The Investigations were carried out in the concentra-
tion range of Me2+ 6 « 10-4 10 2,7 - 10-3 M and for Al3+ 75 . 10-8
to 2.8 - 10-2 M. Relative standard errors and varfations koefficient
wig found. Relations of relative constanis of stability Mefs —
— KIII, Alt+ — KIII, Met+ — glycerol, and Al?+ — glyeerol Is

discussed.
{1 table, 6 references, original in German)
V. BURKIN
[
| GHTB — 9 §46.72:546.76:541.15
Original Scientific Paper
Glasnik hem. | teh. BIH GHTBARB 10/20 (1) 5b3—68 (1971/72)

Analytical Studies of the Iron(II}-Iron(Ill) and Chromium
{(LID)-Chromium(VI) Systems and the Investigation of
Two=-, Three-, and Four-component Combinations of the
Cation Using Radioactive Tracers
8, Kozomara and F. Krlefa

Institute for the Nuclear Science »Borls Kidrids, Vinfe — Beograd,
Serbia, Yugoslovia

Laboratory of Analytical Chemistry, Institute of Chemistry Fa-
| eulty of Science, University of Sarajevo, Sarajeve, Bosnia and
| Herzegoving, Yugoslavia

Uging the method of radioactive tracers the system of iron(II)-
=iron(l1l) and chromium(IIl)=chromlum(VI) were studied, and tho-
se methods on the two-, three-, and four-component systems of the
cetlons mentioned above were applied,
(11 tubles, 6 references, original in German)

V. MILICEVIC
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GHTBH — 10 545.8:541.480

Original Scientific Paper
1 Glosnik hem. | teh, BiH GHTBAB 10/20 (1) 60—77 (1971/72)

Adducts of some Alkali and Alkaline-earth Salts with
N, N-Dimethylacetamide
M, Glavad and T. Ribar

Laboratory of Inorganic Chemistry, Institute of Chemistry Fa-
culty of Sclence, University of Sarajevo, Sarajevo, Bosmia and

Herzegovina, Yugoslavia

A series of N, N-Dinethylacetamide adducts of some alkall
and alkaline-earth salts was prepared and characterized. Ther-
mogravimetrie and differential thermal analysis were used to in-
vestigate the thermal dissociation of these adducts,

{2 tables, 4 figures, 7 references, oripinal in Serbo-Croatian-Cro-
| ato-Serbian)

V. MILICEVIC

GHTBH — 11 B541.1268:541,122:547.260

] Original Sclentific Paper
Glasnik hem, | teh, BiH GHTEAB 18/20 (1) T9—88 (1871/72)

Base Catalysed Hydrolysis of o-Nitrophenylacetate in a
Mixed Dimethylsulfoxid — Water System
V. Siflov, D, Sutié, P, [lié
Laboratory of Physical Chemistry, Institute of Chemistry Fa-

| culty of Science, Unlversity of Sorajeva, Sarajevo, Bosnia and
| " Herzepovina, Yugoslavia

Change of the rates of bage catalysed o-nitrophenylacetate
hydrolysis has been investigated in a mixed DMSO-water solvent
system of 0,0 to 0,7 mole fraction of DMSO0O. Catalysts under the
investigation have been: NaOH (0,00M), imidazole (0,008 — 0,20
and glyeine anion (0,04 — 0,080),

Large increase in the rates of the reaction has been observed
under the catalytic action of OH- ijon or glveine anion, while
the rates of the reaction decrease under the catalytic Influence of

imidazale,

{5 tables, 3 flgures, 20 references, original in Serbo-Croatian-Croa-
| to-Serbian) V. MILICEVIC®
| GHTBH — 12 B45.A7:641.122
[ Original Scientific Paper

Glasnlk hem, [ teh. BIH GHTBAB 18/20 (1) 88—80 {1971/72)

Dissociation Constants of Acetic Acid in the Mixed Solventis
T. Ribar, B. Skundrié

Laboratory of Physical Chemistry, Institute of Chemistry Fa-

culty of Sclence, University of Sarajevo, Sarajevo, Bosnia and
Herzegovina, Yuposlavia

Dissociation constants of acetic acid In mixed solvents, di-

methylsulphoxide — water and dimethylformamide — water have

been determined by conductometric method.
(1 table, 4 references, original in Serbo-Croatian-Croato-Serblan)

V. MILICEVIC
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GHTBH — 13 546.021:545.2
Original Scientific Paper

Glasnik hem. | teh. BIH GHTBAB 10/20 (1) 91—83 (1971/72)

The Complexometric Determination of Aluminium in Pre-

sence of Iron(lll) Using Calcein as Indicator
V. Burkin

Laboratory of Analytical Chemistry, Institute of Chemistry Fa-
cully of Science, University of Sarajevo, Sarajeve, Bommia and

Herzegovina, Yugoslavia

The procedure for the complexometric determination of alu-
minium in presence of iron using calcein as fluorescent indicator,
was performed.

We found the ratio between Al and Fe that enables the de-
termination of Al in presence of Fe. This ratlo must not be smal-
llir thﬁ. 14, otherwise the error in determination of Al is greater

an ¢
(I table 4 references, original in Serbo-Croatian-Croato-Serbian)

F. KRLEZA

GHTBH — 14 §41.486:541.132.3
Original Seientific Paper

Cllasnik hem. | teh, BiH CHTBAB 19/20 {1) B5—87 (1871/72)

Influence of pH on the Complex Formation Between

Cr(III) and Glycerol
V. Burkin

Laboratery of Analytical Chemistry, Institute of Che'mistry Fa-
culty of Science, University of Sarajeve, Sarajevo, Bosnda and
Herzegovina, Yugoslavia

The influence of pH on the complex formation between
Cr(I1I) and glycerol was investigated spectrophotometrically, Mo-
lar ratio Cr — glycerol was 1:3500 and the pH of the systems
varied from pH 2 to 13, using different buffers. It was found that
the most optimal pH range for the Cr-glyeerol complex formation
was over pH 8,

(1 figure, 4 references, original in Serbo-Croatian-Croato-Serbian)

F. KRLEZA

GHTBH — 15 541.123,547.28

Note

Glasnik hem. | teh. BiH GHTBAB 18/20 (1) 88—101 (1871/72)
Decarbonilation of Ethyl Formate in H,SO, of High

Concentration
T. Ribar, M. Glavad, A. Papo

Laboratory of Physical Chemistry, Institute of Chemistry Fa-
culty of Science, University of Sarajeve, Sarajevo, Bosnia and

Herzegovina, Yugoslavia

The first order rate constants of decarbonllation of ethyl for-
mate in HeS0, {concentration range: 885 — 08,2 wt.%) have been
determined. The rate of the reaction reaches a maximum wvalue
al 9356 wi. % HgS50,.

(2 tables, 7 references, original in Serbo-Croatian-Croato-Serbian)

V. MILICEVIC
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GHTBH — 18 Note 541.124:547.27
Glasnik hem. | teh, BiH GHTBAB 19/20 (1) 108—105 (1871/72)

The Hydrolysis of Chlorodimethyl Ether and Related
Compounds 11
T. Ribar, M. Glavaf, B. Skundrié

Laboratory of Physical Chemistry, Institute of Chemistry Fa-
culty of Science, University of Sarajevo, Sarajevo, Bomia and

Herzegoving, Yugoszlavia

The energy and entropy of activation of the hydrolysis of
chlorodimethyl ether and [ts homologues have been determined.
The influence of the change of solvent composition of the rate
of these reactions has been examined., Our results suggest that
the two mechanism, Su1 and 5.2, operate simultancosly.

{2 tables, 6 references ,original in Serbo-Croatian-Croato-Serbian)
V. MILICEVIC
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DIE THERMOLYSE VON FORMAMID-KOMPLEXEN EINIGER ZINK-
UND KADMIUMSALZE

M. Glava¥

Institut filr Chemie, Natururissenschaftliche Falkultdt, Universitit Sarajeve, Sarajevo,
Bosnien und Herzegowinm, Juposlawien

Die folgenden Formamidkomplexe wurden synthetisch
dargestellt und deren Thermolyse untersucht: ZnCly - 3FA,
ZnBrg « 3FA, EZndy - 2FA, Zn(NOs)p « 4FA, ZnlAc)s - 2FA,
ZnS0y-6FA, CdClg-4FA, CdBry-4FA, Cdly-4FA, Cd(NOg)s-
« 4FA und Cd(Ac)y - 2FA (FA = HCONH;j).

Formamid hat sich als ein geeignetes Losungsmittel bei Erforschung
gewisser chemischer Reaktionen erwiesen, Der polare Charakter, die hohe
Dielektrizitiitskonstante und das gilinstig gelegene sArbeitsgebiet« dieses
Losungsmittels bewirken gute Auflisung vieler anorganischer Salze'®
Wenn Formamidsolvate wverschiedener Lewis-Siuren isoliert werden,! ®
kénnen die wohl ausgepriigten Donator-Eigenschaften des Formamids
erkannt werden.

In Fortsetzung unserer Untersuchungen iiber die thermische Dis-
soziation von Metallsalzkomplexen mit verschiedenen Amiden®-® haben wir
nun eine Reihe von Zink- und Kadmijumsolvaten dargestellt und diese
durch thermogravimetrische (TG) und differentielle thermale Analyse
(DTA) charakterisiert, Die hierbel verwendete experimentelle Technik
ist in einer friher veriffentlichten Arbeit" beschrieben worden.

In der Tabelle I sind analytische Daten lber die synthetisch berei-
teten Komplexe zusammengestellt,

Der Verlauf der thermischen Zersetzung wird durch die Kurven in
Abb. 1 und Abb. 2 veranschaulicht. Zum Unterschied von Zinkhalogenid-
-Komplexen, deren thermische Dissoziation kontinuierlich verlduft (Kur-
ven 1 bis 3, Abb, 1), werden die Kadmiumhalogenidsolvate stufenweise
desolvatisiert (Kurven 1 bis 3, Abb. 2). Es werden hierbei zuniichst Di-
solvate als Zwischenprodukte gebildet:

CdCl, - 4FA = CdCl, - 2FA + 2FA (60°—130°C)
CdBr, - 4FA = CdBr, - 2FA + 2FA (70°—130°C)
CdJ, - 4FA = CdJ, - 2FA + 2FA (90°—140°C)
CdCl, - 2FA = CdCl, - FA + FA (150°—170°C)

Bei der thermogravimetrischen Analyse von CdCl, - 4FA tritt aus-
sercem noch ein Monosolvat auf:

Diege Arbeit wurde mit finanzieller Beihilfe vom Fond fiir wissenschaftliche
Arbeit der Sozialistischen Republik Bosnien-Herzegowina durchgefiithrt.
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TABELLE 1I
Analysenergebnisse mit Formamid-Komplexen
Gehalt an Thermogravimetrische Analyse
Komplex Kation Anion = Furmanﬂ:{lm_mm Oxid e
theor, l:xp._. _th_nnr. exp. theor. exp. th-u::-r. e_m
ZnCly - 3FA 2408 244 28,00 2808 49,77 7o . (S
ZnBry -AFA 18,14 17,08 44,38 4432 3750 Y
ZnJy « 2FA 15,96 15,87 62,01 61,08 22,00 223
Zn(NOglg - 4TA 17,70 17,18 33,60 8900, avieas I 2202 21,5
ZnB0y - 6FA 15,15 15,19 2228 2187 68278 623
ZIniAc)s « 2FA 23,01 28,85 4315 4308 ..., i 20,78 30,6
CdACly - 4FA 40,93 31,21 19,51 1539 48988 404 .....
CdBry « 4FA 2485 2476 3533 3530 4008 8993 .....
CdJg « 4FA 2067 2040 4846 4832 3318 30 ...
Cd(NOg) - 4FA 28,09 2487 ° 07T AR ..... vess 30,88 31,5
Cd{Ac)p + 2FA 3508 2536 3682 23856 22804 202 40,07 40,8

Die iusserste Desolvatationsstufe ist bei 200° bzw. bei 230°C abge-
schlossen, anschliessend folgt ein relativ breites Gebiet, in welchem die
desolvatisierten Kadmiumhalogenide bestiindig sind. Bei den Thermolyse-
verliufen von Zinkhalogenidkomplexen sind die Temperaturintervalle mit
abgeflachten Kurvenverlauf nicht aufgezeichnet.

Die nitrat- und azetathiltigen Zink- und Kadmiumkomplexe und
das ZnS50, - 6FA zersetzen sich einstufig und die Desolvatation ist mei-
stens mit Zersetzung des Salzes verbunden (Kurven 4 bis 6, Abb. 1 und
Kurven 4,5 in Abb. 2). In letzterer Hinsicht bildet jedoch der Zinksulfat-
kompler eine Ausnahme, da dessen Thermolyseverlauf auf eine Bestiin-
digkelt des desolvatisierten Sulfats bis in den Bereich hoher Tempera-
turen hinweist.

Auf den DTA-Kurven der Komplexe (Abb. 3) kann man Aufzeich-
nungen endothermischer Effekte wahrnehmen, welche durch die Zerset-

zung unter gleichzeitigem Schmelzen, sowie durch die anschliessende Ver-
fliichtigung des Formamids aus der entstehenden Lésung verursacht sind.
Nur die Kadmiumchlorid- und Kadmiumbromidkomplexe zersetzen sich
ohne zu schmelzen. Der wiihrend der Zersetzung stattfindende Oxydation-

sprozoss bedingt exothermische Spitzen.
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Abb, 1 — Thermogravimetrische Analyse: Kurvenverliufe fiir ZnCly . 3FA (1),
ZnBry « 3FA (2), Znls - 2FA (3), Zn(NOg)g « 4FA (4), Zn(Ac)y - 2FA (5) und
ZnS0, « GFA (6)
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Abb, 2 — Thermogravimetrische Anolyse; Kurvenverliufe flir CdCly - 4FA (1),
2FA (4) und Cd (NOg) - 4FA (8)

CdBry - 4FA (2), CdJy - 4FA (3), Cdi{Ac), -
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Differential temp
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Abb. 3 — Differentielle Thermalanalyse: Kurvenverlliufe fiir CdCly - 4FA (1), CdBry -
“4FA (2), Cdlg.4FA (3, CdlAc)y - 2FA  (4), Cd{NOy)z - 4FA (5), ZnCly - 3FA (8),
ZnBry « 3FA (7), ZnJy - 2FA (8), Zn(NOy)g - 4FA (9) und Zn(Ac), - IFA (10)
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IZVOD

Termoliza formamid-kompleksa nekih soli cinka i kadmiuma
M. Glavad

Termitko razlaganje sintetiziranih formamid-kompleksa: ZnCly - 3FA, ZnBry -
. BFA, Znds « 2FA, Zn(NOgy - 4FA, Zn(Ac)y - 2FA, ZnS0, « 6FA, CdCly - 4FA,
CdBra « 4FA, CdJs + 4FA, Cd(NOg)y - 4FA | Cd(Ac)y - 2FA ispitanc je uz primjenu
termogravimetrijske i diferencijalno termifke analize.

o INSTITUT ZA KEMIJU,
PRIRODNO-MATEMATICKI FAKULTET,
UNIVERZITET SARAJEVO, SARAJEVO, Primljeno 13. oktobra 1972,
BOSNA 1 HERCEGOVINA, JUGOSLAVIJA
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APPLICATION OF SILVER ELECTRODE IN DIMETHYLSULPOXIDE IT
(SOLUBILITY PRODUCTS OF SILVER HALIDES)

V. Milidepié and D, Vasiljevid
Recelved December 20, 1872,

Institute of Chemistry, Faculty of Science, University of Sarajevo, Sarajeve,
Bosnia and Herzegovina, Yugoslavia

The values of the solubility products in DMSO were deter-
mined potentiometrically, conductometrically and by the
Ag-110 lsotope activity measurements,

We earlier reported (1), and as has been confirmed by other authors
(2), that the Ag/Ag' electrode is reversible in dimethylsulphoxide (DMSO)
solution. The same is true of the reference electrode Ag/AgCl, but this
system is troublesome to use because of the high solubility of AgCl in
excess chloride ion resulting in the formation of the complex ion AgCl,~
(1, 2, 3). It has also been found (1) that AgBr and AgJ are golubile in
excess anions, i. e. complex lons AgBr,~ and Ag,J,” are formed. After
we performed these estimations, a number of authors worked on problems
concerning electrochemistry in DMSO (4). Estimations of high energy
battery systems are of great importance (5). In order to examine such
system using the silver electrode in DMSO, a technique not described in
literature, the first step in our investigations was to determine the so-
lubility products of the silver halides in DMSO.

The solubility products were determined by means of potentio-
metric, isotopic and conductometric methods.

POTENTIOMETRIC MEASUREMENTS

For the determination of the solubility products the silver halides in DMSO
the apparatus which A. 8. Brown and D. A. Mac Innes (8) had applied in 1933 for
the determination of the solubility products in water was used, Lange and Swartz
(1) reported theoretical data and experimental data obtaled by applying this method of
determinaton. The estiomations are based upon measurements of EMF values of
ihe concentration cell using the silver electrode and AgECl, AgNOy and KNOy so-
lutions. One of the half-cells was the reference cell while in the other the concen-
tration of silver lons was varied by adding portions of potassium chloride.

The stoichiometric solubility products were calculated by the graphical met-
hod from the data which were oblalned by using such a galvanie cell.

The method we used In our measuremnts was first tested in aqueous solutions
of silver halides, and satisfactory results were obtained.

The measurements were carried out in 100 ml of 1 X 10-4 N AgNO, dissolved
In3 x 10-8 N KNOy solution in DMSO, Titratlons were performed ty adding
aliguots of 0,1 ml KCl, KBr or KJ golutions (that guantity containing 1,7 * 10-%
equivalents of the corresponding salt) to the above solution. We started by adding
aliquots to both of the half-cells, after which the aliquots were added, one by one,
to the measuring cell, After each addition the solution was stirred for half an hour
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for it was found ihat in ihis period of time a constant EMF was established In the
galvanic cell, All the measurements were carried out at a temperature of 26 *= 02°C,
The following solubility products, expressed as pL values, were obtalned:

AgCl AgBr Agd
8,2 g8 10,8

These results are In the good agreement with the potential breaks obtainde
by potentiometric titrations. The potential breaks for formations AgCl and AgBr
precipitates are of the same helght, and the solubility products are of the same
order of magnitude. The potentinl breale for Agl formation in DMSO ls much greater
than that of the chloride and bromide formation, and the solubility is lower. These,
vesulls are in agreement with the theory of potentlometric titrations.

Ag-110 ISOTOPE MEASUREMENTS

In these measurements the method suggested by L. Gerford and G. Kof (8)
was applied. Ag-110 in the form of silver nitrate solution was used as the radio-
active indicator. Precipitates of silver chloride and bromide were obtained by
mixing equimolar solutions of KCl and KBr with AgNOp In order to minimize
the ssall effecte the precipitate was rinsed several times. The silver halide
precipitates, which were heated during the precipitation In  order to
achieve faster formation of large cristals, were dissolved in DMSO and the activity
of the solution above the precipilate was measured. A solution which was 1 X 10-4
M and had an activity of 2000 dpm was prepared for comparison with the saturated
solutions in order to know the concentration of silver ions. The measurements
were perfonmed at the temperature of 26 £ 0,02°C. The solubility products (pL) were

found to be:
AgCl AgBr
0,1 0.7

We were not able to estimate the AgJ solubility produet because its solubility
is low, and the specifle activity of the silver ions we used was great enough to
obtain reliable results.

CONDUCTOMETRIC MEASUREMENTS

The specific conductance of saturated halide solutions was experimentally eva-
luated and compared to the value of the limiting conductivity wich was calculated
from the eguivalent lonic conductivity. From these two values, since the dilutions
are high, the equivalent conductivity at concentration C can be taken as the equl-
valent conductivity at infinite dilution, and this allows us to calculate the equivalent
concentration of electrolytes and also the solubility product (the solubility product
for the binary electrolytes being equal to CE),

DMSO used in these estimations was obtained trom the firm Rheinlsche Braun-
kohlen-Kraftstoff A. G. Wesseling as the commerclal reagent grade material, It
was purified by refluxing the material for several hours -with Ca0O, followed by
destillation. The DMS0O so obtained was redestilled In a rectification column in a
nitrogen atmosphere as described by Schiifer (9).

The melting point of DMSO thus purified was 184°C and the specific condu-
ctance was 08,23 x 10-7 ohm-1 em-1,

Using the Cl- and Br- equivalent conductivities at infinite dilution, reported
by P. G, Sears ae al. {10}, and calculating the equivalent conductvity for Ag- (which
was not measu red but obtained from the solubillty product experimental data) as
148 =+ 0,2 at 25°C, the equlvalent conductivity for silver chloride and bromide in
DMS0 were found to be:

AgCl 38,0 ohm-! cm?, AgBr 38,2 ohm-1 cm?®

und pL values for AgCl and AgBr in DMSO are §,2 and 8,8, respectively.
It is obvious that the results obtalned by means of these three methods are
in rather a good agreement.
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IZVOD

Primjena srebrne elektrode u dimetilsulfoksidu 11
(Produkti topivesti srebrnih halogenida)

V. Milidevié { D, Vasiljerié

Odredeni su produkti topivostl srebrnih halogenida potenciometrijskl, kondukto-
metrijski i primjendm izotopa Ag-110. Za pL vrijednost! u dimetilsulfoksidu dobije-
ni su rezultati kako slijedi:

Potenclometrijaki Izotopskli  Konduktometrijskl

AgCl 82 a1 8.2
AgBr 9.8 2,7 9.8
Agl 10,8 - —

Sva mierenja su vréena na 25,00 + 0,02°C.

Takoder je odredena jonska pokvetljivost Ag jona u DMSO koja iznosi 138 +
0,2 ochm-1 em? na 25'C.

INSTITUT ZA HEMLIU
PRIRODNO-MATEMATICKI FAKULTET,
UNIVEZITET SARAJEVO, SARAJEVO,
BOSNA I HERCEGOVINA, JUGOSLAVIJA

Primljeno 20, decembra 1872.
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SPECTROPHOTOMETRIC DETERMINATION OF STABILITY
CONSTANTS OF METHOXYACETATO COMPLEXES OF COBALT,
NICKEL AND COPPER

D, Tuhtar, J. Savié and M, Savié
Recelved January 21, 1873

Institute of Chemistry, Faculty of Science, University of Sarajevo, Sarajevo,
Bosnia and Herzegovine, Yugoslavia

The siability constants of the mononuclear complexes
formed by cobalt (II), nickel (I), and copper (II} fons In
water solutlons with methoxyacetate ions havo been deter-
mined by spectrophotometric method, applying the method
of corresponding solutions after J, Bjerrum. The investi-
gations have been carried out at 28.0°C, in a perchlorate
medium at ionic strength 1 = 2,0, The constants have been
evalunted by Fronacus' graphic method and then averaged
with a digital computer program, according to R. 8 Tobias
{Gauss Z program).

The complex formation between cobalt (I1), nickel (II) and copper (11}
jons and methoxyacetate ions does not seem to have been investigated, ex-
cept by A, Sandell (1). The investigations reported here have been carried
out by the spectrophotometric method in the visible spectral region in
Co(IT), Ni(II), and CP{II) perchlorate solutions.

The preliminary experiments indicated that the formed complexes
were relatively weak, so we thought that Bjerrum's method (2) of corre-
sponding solutions was the most convenient for their investigation.

EXPERIMENTAL

All chemicals were analytieally pure except methoxyacetic acid, Per-
chlorates of metals were prepared by adding excess perchloric  acld
ty respective salts; thus copper (i) = perchlorate was prepared from
basic copper carhonate, and the perchlorates of cobalt (II) and nicke!
(7T} from thelr nitrates. All nitric acld and most of the perchlorle acld were remover
by evaporation, and the resldual perchlorates were recrystallized twice, Metal con-
centrations in stock solutions were determined by electrolysis (3), while the concen-
tratlons of free perchloric acid were estimated potentiometrically; free perchlorle
acid concentrations had to be allowed for when caleulating total llgand concentrations
In experimental solutions.

The methoxvacetie acld was purrum {»Flukas), Purification was made by vacuum
distillation (1). The conceniration of the acld was determined by potentiometric ti-
tration with standard sodium hydroxide salution, Sodium methoxyacetale was prepa-
red from methoxyacetie acid and sodium hydroxide. In order to suppress the hydrol-
veiz of the investigated metal ions, the measurements were earried out in buffer
solutions of acld to salt ratio 1:1. Constant lonle strength I = 2.0 was kept with so-
dium perchlorate.
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The extinctiometric investigations were carried out with a UNICAM SP 500
spectrophotometer at a constant temperature of 250 = 0,1°C. All the investigated
systems had a constant pH = 3,20 & 0.1 with the exception of copper (1I) where
pH = 2.80 + 0.2, The reproducibility of the extinetlon measurement was == 0.001 for
the same solution, and + 0.003 for repeatedly prepared solutions of the same kind.

E | +20mM witn

E oAme o «POmH Wi+ B0 MmN Methorpacetule

I mM Co 00+ 20 mH Methouyacelale dm i mm
ds o mm

debabadaii bod T T .
- P L ] T #.M‘L Toe A
1) [T Bag e

e Fig 2 Light absorplion
curves of Niu) soluTions

Fig | Light absorplion
curves of Comn solulions

E | smm guid
| imad Gudid & S0 MM Mosyacaldle

Flg 3 Light absorplion
curves of Culn solufions
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From the recorded light absorption eurves in the visible speciral region (Figs,
1—3) the wavelengths were chosen so as to achleve the greatest possible geparation of
absorption curves with respect to the concentration change of ligand. The measure-
ments of extinetion were performed at the following wavelengths: for copper at 810
nm, for nickel at 665 nm, and for cobalt at 515 nm.

RESULTS

The applied method after J. Bjerrum requires, in addition to high
and constant ionic strength, negligibly small absorbance of free ligand
1., absence of any association and dissociation of system components, so
that the total absorbance of the solution (E) is the sum of the individual
absorbances of free metal ion and all complex species present in solution:

]
E=d(E, M + E, ML + E, ML,/ + ...+ Ex [MLy}) =d £ E, - ML),
where are: Brem

d — the length of the optical path,

FE — molar extinction of metal (E,) and complex species (Eu), respectively,
'M! and |[ML,| — concentration of free metal ion and individual complex
species, respectively.

Those solutions in which the total concentration of the metal ion
(Cu) and the ligand (C.) are different, but the free ligand concentrations
and consequently the value of the average ligand number fi are the same,
are termed corresponding solutions. Obviously, for two corresponding solu-
tions the following relationship stands:

= EIT.I_ :.—I.JJ_ e 9‘1..___1.1_.-!. or

Cwu' Cu"
po O =G "o
- CI.' — CL“ ] i C"l b C“ll

Accordingly, for one series of solutions, maintaining a constant con-
centration of the metal ion Cy' and a constant optical path d', extinctions
E were recorded at the determined wavelength, for different ligand con-
centrations C.. Therefore E = {'(C.) curve was obtained. Then at
another constant metal ion concentration Cy” and another thickness of the
cells d”, satisfying the condition that Cy-d'=Cy"-d", extinctions for diffe-
rent concentrations of ligand C. were recorded. Therefore the second
E = ' (C.) curve was obtained. Analogously, yet one or two curves
E={"(C)and E = {" (C.) were obtained.

From these curves the corresponding solutions were determined, i. e.
solutions having the same extinctions with different Cu', C'; Cu", G
and so on. A plot of C. against Cy should be a straight line of slope f
and intercept |L/, if there are no polynuclear complexes in the system.
The values of ii and |L| were determined numerically using the method of
least squares. Having obtained these values, the stability constants were
graphically determined by applying the method of 5. Fronaeus (4). The
graphical stability constants with Cu, log |L| and fi values were treated
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using the Gauss Z program devised by R. S. Tobias (5) for non-linear least
squares refinement of equilibrium constants. The ealeulations were perfor-
med by a Gamma 30 digital computing unit in the Electronic Data Proces-
sing Center of the firm Energoinvest, Sarajevo. The computer performed,
according to the program, 10 refinement eycles. Output data contained the
stability constants, their standard errors, and calculated formation fun-
ction,

Extinction curves E = f(C.) were recorded for four [Cu(Il)- and
Co(lI)-methoxyacetates] and for three [Ni(Il)-methoxyacetales] different
metal jon concentrations, with a constant product of the metal concentra-
tion and thickness of the cells in every series (6). (All ligand-free solutions
of metal ions obeyed Beer's law.) Takles |—1il contain results of these
measurements. From the curves obtained the corresponding solutions we-
re determined, having the same extinction for the different total metal
jon and total ligand concentration. Data for such solutions is given in
tables IV and V.

Syatem Cobalt (II)-methoxyacetate

TABLE 1
Cu mIM =816 nm
10 40 I 80 i 200
C. 1M C. E C E Cy E
mM d=40 mm mM d=10 mm mM d=56 mm mM d=2 mm
42 0.108 21 0187 [ 40 0180 5.5 0,194
§.2 0202 7.1 0181 140 D182 258 0202
19.2 0217 171 0.202 340 0207 4556 0210
482 0.242 n.1 oM §4.0 0222 655 0220
9.2 0.281 B7.1  0.240 740 0737 BES 0228
7.2 0.27@ ™1 " 3 84.0 0257 1355 0.260
g6.2 0.289 1.1 0272 1440 0279 1855 0270
1402 0.3%2 1471 001 1940 0,300 236.6 0201
189.2 0349 197.1 0323 2440 0,322 286.6 0.208
248.2 0368 2471 0.347 204.0 0.340 3355 0324
2082 0481 w11 0362 344.0 0358 ap5.5 0338
3402 0391 347.1 0378 894.0 0370 43656 0358
308.2 0400 3971 00| 4440 0.381
4498.2 0412 4471 0299 494.0 0392
4002 D421 497.1 0408
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TABLE II
System Nickel (II)-methoxryocetate
P = CumM A =665 nm N
' 20 ... L
Co E | C. E | Ce E
mM d=40mm| mM d=10mm| mM d=5mm
[ 40 0156 1.0 0181 | 1.2 0,150
0 0181 BO 0188 | 112 015
180 0174 140 0,161 312 0.las
8.0 0.107 | 380 0176 §1.2 0176
50.0 0218 l BB.0  0.100 712 0,185
7.0 0232 | 76.0 0203 g1.2 0,183
po.0 0245 | 86.0 0214 1412 0212
1480 0.273 146.0 0238 181.2 ° 0232
199.0 0206 1968.0 0.281 241.2  0.250
| 2400 0.308 2460 0278 2912  0.260
| 2900 0318 296.0 0,208 3412  0.279
3400 0328 3460 0307 a91.2 0.280
399.0 0334 260 0315 441.2 0.208
4400 0342 448.0 0322 491.2  0.304
4990 0348 486.0 0.328
TABLE III
System Copper (II}-methoxryecetate
e Cu mM ~ A =810 nm
R 10 1 » e T
G, E | G E Ce E Cu E
mM d=40 mm mM d=20 mm mM d=10 mm __mH___t:]=ﬁ__r_gt_r_l_
4.0 0.768 | 4.8 0.264 45 0.281 41 0.240
0.8 0298 | 8.8 0200 85 0284 g1 0.258
140 0321 148 0312 14.5 - 0.301 141 0274
198 0.344 19.8 0331 18.5 0.518 19.1 0287
24.0 0362 248 0340 24.5 0336 24.1 0300
209 0375 208 0.382 F 20.5 0351 8.1 0312
348 0388 34.8 0374 4.5 0362 841 D323
ame 0398 39.8  0.387 a5 0374 9.1 03N
409 0414 408  0.400 49.6 0393 49.1 0356
509 0.420 8.8 0421 585 0412 E8.1 0373
788 0.451 70.8 0446 79.5 0440 79.1 0401
8048 0461 808 0460 8.5  0.461 0.1 0425
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TABLE IV
System

Cobalt ([I)-methoxyacetata Nickel (II)-methoxyacetate

B CumM E Cu mh
e [T T w0 | 0 | e |M00WY] w0 | e | 180
C.mM CymM
] |
0,200 n.8 17.3 20.0 45.0
0.210 14.8 27.0 42.0 #2.0
0,220 22,1 i7.8 65.6 80.6 0.170 17.0 L6 48.2
0,250 30.0 4.4 a0.4 1019 0,180 25.0 45.4 a8.0
0.240 ang 80,0 B4O | 1245 0.180 33,5 800 | 912
0,250 48.5 714 a8.8 147.9 0,200 41.0 79.8 110.0
0.280 6.6 B83.2 116.0 172.0 0.210 51.0 ap.2 134.1
0.270 720 970 | 1330 | 1983 0.220 ga1 | 107.0 | 158.0 |
0.280 §5.1 | 113.0 | 152.0 | 224.0 0,230 76.0 | 1254 | 1885
0.280 9.1 | 1300 | 1720 | 2625 0,240 g12 | 1460 | 2150
0300 113.8 149.0 193.56 280.8 0.250 108.0 174.0 247.0
0,310 128.0 168.0 217.7 200.9 0,260 125.0 108.2 278.0
0.320 1451 | 1900 | 2420 | 338.0 0,270 1455 | 2200 | 3042
0,330 162.4 211.0 269.0 368.0 0. 280 168.0 240.0 343.0
0.340 181.2 | 2339 | 3000 | 3006 0,200 1935 | 282.0 | 2685
0.350 203.0 | 2589 | 32000 | 4310
0460 | 2280 | 2879 | 3616 l 462.2
TABLE V
System Copper (l1}-methoxyacetate
E Sre o CumM
h=810 nm 5 | 10 20 40
ComM

0.270 5.2 | 6.2 7.0 13.8

0.280 7.0 8.0 04 17.2

0,280 8.7 10.0 12.0 20.8

0,300 10.5 122 14.6 241

0.310 12.5 14.5 17.3 20,0

0,320 148 | 17.0 23.0 23.3

0.330 16.7 19.5 23.3 37.8

0.340 19.2 22.4 26.6 42.4

0,350 21.7 25.5 30,0 47.4

0,360 24.5 20.0 339 52.5

0.370 27.8 327 3g.0 8.5

0.280 212 36.8 42,8 84.7

0.380 455 413 476 718

0.400 41.0 46.8 53.0 794

0,410 47.0 525 50.0 BT.2

0,420 53.8 59.0 65.3 95.6

0,430 81.0 80.4 72.1 105.0

0.440 89.0 74.8 w9 | 116.0
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The measurements with copper(ll) ion solutions in the presence ol
methoxyacetate could not be performed at higher methoxyacetate con-
centrations beecause of the intersection of extinetions curves, Therefore, the
measurements in these systems could comprise only lower complex species
present in solutions. The stability constants obtained by both the graphical
and computational methods are shown in Table VI

DISCUSSION

The comparison of the obtained wvalues of stabilily constants for
the copper (II}-methoxyacetate system with potentiometric literature data
(1) shows quite a good agreement, although there are some differences in
the applied method, different lonie strength, and different temperature,
So A. Sandell reported for copper (II)-methoxyacetate i, = 68, while our
value is B, = 65,3,

From the values of the first stability constants, §,, it can be seen
(Table VI) that the stability of the monoligand complex increases for all
investigated systems in the series: Co << Ni << Cu, which is in agreement
with the natural order established by Irwing and Williams (7).

TABLE VI
Stability Constants (+ stendard errors)
AR Metal B | Bosae o1
| ion = =2 L= { | l_. .
|___wraph. | comp | graph. | comp.
| Cot | 14.4 14.3 £+ 0.2 403 422 = 0.8
Methoxyvaceiate Nz ‘ 187 18.0 & 0.8 118 1244 £ 3.7

Cug*

67.7 65.3 = 1.1 1034 1108 428

It would be interesting to compare the obtained values of stability
constants of methoxyacetate Co(II), Ni(ll), and Cu(II) with the correspon-
ding values of the metal complexes with acetale ion to see if methoxy
group has any specific influence on the complex stability, On the ba-
sis of basicity of ligand itself the corresponding acetate complexes are
expected to be more stable. Unfortunately, the published values of sta-
bility constants for the acetate complexes of these metals differ greatly
(8,9) so that it is even difficult to say which complexes are more stable.
In any case, judging from most of the literary data, acetate and metho-
xyacetate complexes of investigated metals have sufficiently similar sta-
bility, so that there i8 no question of any chelate effect of methoxy
group in methoxyacetate complexes. This is supported by the fact that
no shift of the absorption maximum occurs in the presence of methoxya-
cetate ions but only the increase of light absorption as in the case
of acetate complexes (10),

2 — Glasnik hemifara
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[ZVOD

Spektrofotometrijsko odredivanje konstanti stabilnosti metoksiacetalo
kompleksa kobalta, nikla i bakra

D, Tuhtar, J. Savié and M. Bavié

Odredene su konstante stabilnost! metoksincetato kompleksa  Colll), NiuIn &
Cu(ln), primjenom gpekirofotometrijske metode korespondentnih  rastvora prema
Bjerrum-u, Mietenja su vriena u vidljivorn podrudju spelktra, Odnos koncentracija
metokeiacetatne kiseline § metokslacetata u tamponskim rastvorima blo je 1:1. Jonakn
jokost rastvora bila le 2,0 NaClOy), + = 26 % 01'C, Honstante stabilnost! su naj-
prije odredene grafifkom metodom prema Fronaeus-u, a zatim su ovako grafitki
%uhisjar%nhwirijednmtl rafinigane kompiuterskl primjenom Gauss # programa proma

., 8, Toblas-u,

Dobljene su ove kumulativne konstante stabilnosti (+ standardna gredka).

Kobalt: By = 14,8 = 0.2; s = @22 =% 08
MNikl: py = 18,0 = 08 fe = 1244 = 37
Bakar: iy = 653 £ 1,1; fg = 1100 = 26
INSTITUT ZA HEMLI,
HIEDDNQ-HATMTIGKI FAKULTET, Primljeno 31, januara 1979

UNIVERZITET SARAJEVO, SARAJEVO,
BOSNA 1 HERCEGOVINA, JUGOSLAVIJA
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SPECTROPHOTOMETRIC DETERMINATION OF STABILITY
CONSTANTS OF ETHOXYACETATO COMPLEXES OF COBALT,
NICKEL, AND COPPER

. Tuhtar, M, Savié and J. Savld
Recelved March 31, 1872,

Institute of Chemistry, Faculty of Science, University of Sarajevo, Sarajevo,
Bosndn and Herzegovina, Yugoslasia

The complex formation between Co(ll), Ni (II}, and
Culll) iong and cthoxyacetate ions In agueous solutions was
studled by the spectrophotometric methed, applying the met-
hod of corresponding solutions after J. Bjerrum, Stability
constants of present complexes were determined both by
Fronacus' graphic method and a computer method, applying
the Gause 2 program after R. 5. Toblas,

Just as for the methoxyacetate ions, literature data about the spe-
ctrophotometric determination of stabilily constants of ethoxyacetato com-
plexes are very scarce (1),

In the previous paper (2), the complex formation between Co(Il),
Ni(II), and Cu(ll) ions and methoxyacetate ions in agueous solutions was
studied, and stability constants of corresponding mononuclear complexes
were determined,

In the present paper, the investigations were carried out by the sa-
me metallic jons [i. e. Co(Il), Ni(II}, and Cu(ll)], with ethoxyacetate ion
as ligand, J. Bjerrum's method (3) of corresponding solutions was ap-
plied, and it proved to be a suitable one for the investigated systems in the
visible spectral region (2).

EXPERIMENTAL

Ethoxyacetle acid was purrum (oFlukas«), Purification was carried out by
vacuum distillation (1). Concentration of the acid was determined polentiometrically
with standard sodium hydroxide solution. Buffer solution of the constant acid
to salt ratio (1:1) were prepared from the ethoxyacetlc acld and Its sodium salt.
The other chemicals were the same ag before (2). Optical densitles were recorded
o spectrophotometer UNICAM 5P 500, at 25.0:01°C. Ionic strength (I=2.0) was
kept constant In all investigated systems by adding sodium perchlorate.

From the recorded light abrorption curves (Flgs. [ —III), the following wave-
lengths were selected for subsequent measurements: for cobalt 515 nm, for nickel
fi66 nm, and for copper BO0 nm.

a-l
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RESULTS AND DISCUSSION

The corresponding solutions, the average number of ligands bound
to one central group, f, and the free ligand concentration |L|, were de-
termined by applying J. Bjerrum's method as before (2).

The experimental data needed for the absorbance vs. total ligand
concentration curves are given in table I—III. From these curves corre-
sponding solutions were determined (Table IV and V),

fi and |L values were evaluated numerically by the least squares
method. From these values stability constants were graphically determi-
ned by applying the method of S. Fronaeus (4). These graphical constants,
together with Cw, log |L|, and fi values, were treated by using the Gauss.
Z program devised by R, S. Tobias for non-linear least squares refine-
ments of equilibrium constants (5). Calculations were carried oul with a
Gamma 30 digital computer as before. The graphical and caleulated sta-
bility constants are given in Table VI. The obtained values of stability
constants of ethoxyacetate Co(IT), Ni(II), and Cu(Il) are very similar to
the values obtained for methoxvacetates of these metals. This could be
expected from the very similar basicity of both ligands (1). A slight
tendency of somewhat greater stability of methoxyacetate was visible.

TABLE 1
System Cobalt (Il)-ethoxyacefale

Cuy mM % = 515 nm
10 [ stlie | 40 [ 80 i
C. E Ci E G E Ce B
mM d=40mm mM d=20 mm mM =10 mm mM d=5imm
4.2 0188 21 (.88 4.0 0192 65 0.188
82 01986 7.1  0.1M 14.0  0.106 26,6 0,187
182 0.203 171 0.200 340 0.210 | 455 0.207
35.2 0.217 amni 0214 54.0 0.220 | 65.5 0.218
§9.2 0.231 v | 0.227 740 0.234 B55 0220
0.2 0.241 .l 0.237 P40 0245 1105  0.240
8.2 0.253 871  0.240 1180 0.286 135.6 0248
124.2  0.2d3 1221 0.260 144.0 D268 160.5 0.267
14802 0277 1471 0272 188.0 0278 185.0 0,264
174.2  0.284 172.1 0.281 1840 0.285 236.5 0,278
1862 0203 1971 0281 2440 0300 | 2B5.5 0.204
2402 0311 2471  0.305 204.0 0310 3865 03056
2002 0324 207.1 0318 3440 0322 3855 0414
402 0334 3471 0328 384.0 0333 43565 0,320
nh.2 0342 3871 0335 444.0 0,348
440.2  0.351 4471 0342
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TABLE 1I
System Nickel (I1)-elhoryacetate

Cu mM }. 665 nm
L a0 | a0 T | R
c B | B C. E ¢, B
I mM d=40 mm mM d=20 mm mM d=10mm mM d=3imm
40 0.1562 3.0 0148 1.0 0.148 1.2 0147
8.0 0.168 B0 0,153 6.0 D152 | 11.2 0148
180 D161 | 180 0187 160 0,156 | al2 0,158
3.0 0188 480 0,160 36.0 D166 512 0162
500 0182 [ 58.0 0,181 56.0 0176 | 712 0170
TR0 0.202 [ 78.0 0191 6.0 0,186 1.2 0173
ga.0 0214 8.0 0202 96,0 0.185 [ 1162 0188
1240 0.320 128.0 0,210 121.0  D.202 [ 1412 0.188
146.0 0,231 1480 0.220 146.0 0.212 [ 1662 0.201
174.0 0239 1780 0228 171.0  0.219 [ 1912 0.204
199.0 0,246 1080 0236 1080 0.228 241.2 0.219
249.0 0.258 | 2480 0247 2460 0.240 | 201.2 0.227
2688.0 0268 | 2880 D257 2080 0,261 1.2 0238
J48.0 0273 3480 D265 346.0 0262 2 0247
Ao 0.281 we0 0273 aea.0 0270
| 4480  0.289 446.0 0280
TABLE 1III
S;,rxlem Copper (11)- uthn.tu'u.m.l!atx
Cu mM A = B0OD nm
- | 1o | 20 - iy 40
Cy E | o E Ci E c B
m‘M d=40mm | mM d=20mm mh d 10 mm mM dn b mm
I
4.9 0269 4.8 0262 4.5 0255 41 0244
8.8 0205 9.8 0289 9.5 0273 | g1 0280
148 0.323 [ 148 0308 1456 0281 | 141 0273
188  0.340 [ 1.8 0327 185 0308 19.1  0.286
248 0.368 248 0342 245 02322 24.1 0205
208 0370 208 0.361 [ 205 0338 2681 0.306
4.0 0.388 [ 848 0375 346 D340 341 0318
390 02393 } ap8 0.383 an.5  0.350 391 0328
4.9 0400 [ 448 0.3M [ 44.5 0365 441 0338
408 0408 49.8  0.309 495 D378 [ 491 0.348
598 0417 508 0410 50.6 02382 591 0.a%8
| 609 D428 60.8 0424 605 0408 68.1 0374
9.8 0437 79.8 D427 0.6 0420 | 79.1 0391
B0 0445 808 0430 - BOS 0425 | 891 0401
9.9 0451 888 0448 [ 9.5 0431 881 0.402
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TABLE IV
Sustem
Cobalt {11)-ethoxpocetate Nickel (II)-ethoxjacetate
CwmM B CymM
T _ . =2 R
NeB1s | 10 | 20 | 40 | 8 | jmges | 20 | 40 | 60 | 160
m Ho nm - v T ki
= C. mM C mM
0,200 14.0 18.0 21.0 32.0 160 H'ﬂ iﬂ.l:ll l 24.0 47.0
0210 270 830 385 | 585 0170 ar0 | 440 | 780
0.220 415 480 5285  80.0 | 0180 uu 560 | 640 | 1080
(.23 aR.0 4.0 70,0 106.0 0190 A87.0 75.0 : 86.0 136.0
0,240 T76.0 a2.6 | 8.0 110.0 173.0

|
o
|
88.0 | 1310 | D200 78,0 |
0,250 g4.0 | 10L0 | 108.0 | 1587.0 | 0210 ‘ 0.0 | 1210 | 137.0 211.0
0,260 11458 | 1215 | 1280 | 1840 | 0220 120.0 | 1480 | 1880 | 250.0
0.270 136.0 | 143.5 162.0 | 212.0 i 0,230 1470 | 1780 [ 2000 302.0
0,280 159.0 | 1680 1780 | 2420 0240 | 177.0 | 2150 | 237.0 354.0 |
0.290 1845 | 1860 2110 | 2760 0,250 2120 | 265.0 | 2087.0 406.0

0,300 | 2126 | 2280 | 2500 | 3140

TABLE V
S;,r:tem Copper (Il}-ethoryncetate
; ey Oy mM il i
E= o0 5 ! 10 i 20 | 40
n i mM
; — ——

0.290 0.8 [ 10.6 | 13.8 21.2
0,300 10.5 i 129 16.8 a8.1
0.310 12.7 \ 154 20.0 30.2
0.320 - 14.9 | 18,0 23.6 35.0
0.330 1.2 [ 20.6 27.0 40.0 |
01,340 20.0 234 | 81.0 46.5
0.350 228 20.8 5.2 51.7
0.360 25.8 20.0 30.0 574
0,370 20.0 | 239 4.0 | 4.0
0,380 f 33.0 [ a0.0 | 52.0 71.0
0,390 38.0 ; 44.0 a0 | 8.5
0,400 44.0 [ §1.3 6.0 87.0
0.410 51.8 [ 58.0 3.0 Be.0
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TABLE VI
Stability Constants (£ standard errors)

‘ Metal | B _____| I T
- O | graph.|  comp. | graph. | comp._
CofII) 12.4 11.5+05 8.4 l ggf+ 2.0
Ethoxyacetate Ni(II} 15.2 149416 02 BlL2:+ 69
|

I Cu(Il) a7.5 B.6%20 1827 i 1604 41

Acknowledgement. The authors wish to express their gratitude to Energoin-
vegte' 8 Electronie Computer Center (especially to Mr, D. Bjelid) for their help al
computer caleulatlon of the stability constants,
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1ZvOD
Spektrolotometrijsko odredivanje konstanti stabilnosti etoksiacetato
kompleksa kobalia, nikla i hakra

D. Tuhltar, M. Savié and J. Savié

Primjenom spekirofotometrijake metode korespondentnih rastvora premas Bjer-
rum-u, odredene su konstanie stabllnosti etoksiacetato kompleksa Co(Il), Ni(ID) i
Culll). Mjerenja su vrdena u vidljivem podru¢ju spekira. Odnog koncentracija ki-
seling é soll u rastvorima bio je 1:1, jonska jakost rastvora 2,00 (NaClO,), t= 26 =
+ 0,1°C.

Konstante stabilnosti su najprije odredene Fronseus-ovom grafiélkom meto-
dom, a zatlm rafinisane kompjuterskl, primjenom Gauss Z programa prema R, 8.
Tobias-u.

Dobijene su slijedece kumulativone konstante stabilnosti (£ standardna gredka):

Kobali; B = 11,5 = 0.8; fa= 080 20
Nikl: By = 1490 & 16; fp = 812 69
Bukar: f; = 48 = 2,0; By = 1604 = 41

INSTITUT ZA HEMIU,

PRIRODNO-MATEMATICKI FAKULTET,

UNIVEZITET SARAJEVO, SARAJEVO, Primljeno 31. marta 1972,
BOSNA 1 HERCEGOVINA, JUGOSLAVLIA




GLASNIK HEMICARA I TEHNOLOGA BiH, Sarajevo, knj. 19/20 (1871-72)
BULL. SOC. CHEM, & TECNOLOG., Sarajevo (Yugoslavia) 18/20 (1971-72)

GHTBH b
545.52:6546.621
Original Selentific Paper

SPEKTROPHOTOMETRISCHE ALUMINIUMBESTIMMUNG IM STAHL

V. Durkin, F. Krlefa und V. Vatrenjak
Elngegangen am 10, November 1872,

Institut filr Chemie, Naoturudssenschaftlische Falultdt, Universitdt Sarajevo,
Serajevo, Bosnien und Herzegowina, Juposiatwien

Eine spektrophotometrische Schnellmethode fir die Alu-
miniumbestimmung in Stéhlen mit weniger als 1% Alumi-
nimgehalt wird beschrieben, Diese Methode erfordert nicht
die vorherlge Abtrennung von Eisen und hegleitenden Ele-
menten, Stahlproben werden in konz HCl aufgelist, Fe(li)
und Cu (IT) mit Askorbinsfiure, bzw. NayS:0y zu Fe(ll) und
Cu(l) reduziert, die Lisung mit Azetatpuffer auf pH 4.5
elngestellt und frisch bereitete 0,1%-1ge Aluminonlisung wird
sugesetzt, Aluminium verbindet sich in schwach saurer L=
sung mit Aluminon zu einem rotgefiirblen Lack, welcher 30
minuten nach der Aluminonzugabe maximale Lichtabsorp-
{ion bel 520 nm aulweist,

Sowohl hoch-, als auch niedriglegierte Stahlarten enthalten einen
hohen Prozentsatz an Eisen und anderen Elementen, die bei Aluminium-
bestimmungen stérend wirken, Diese Elemente muss man also vor der
Bestimmung entweder entfernen (wofiir am héuligsten die Elektrolyse
an einer Quecksilberkathode' 7), bzw. die Extraktion mit organischen
Lisungsmitteln® * verwendet wird), oder man muss sie maskieren.

Die Erfahrung lehrt, dass allen Methoden, die auf einer Abtren-
nung von Eisen und anderen Elementen vom Aluminium beruhen, sei es
ob durch Elektrolyse, oder durch Extraktion, gewisse Nachteile innewo-
hnen, indem solche Methoden zu vollstiindiger Abtrennung geraume Zeit
beanspruchen, oder mehrfache Extraktionen erfordern und dadurch zu
hiufigeren Fehlern Anlass geben.

Da bei der Durchfiihrung von Analysen, ausser Prézision und Se-
lektivitit, auch die benétigte Zeit einen wichtigen Faktor ausmacht, stel-
lten wir uns die Aufgabe, eine schnelle und einfache Methode fiir die
Aluminiumbestimmung in Stihlen obne vorherige Abtrennung von sti-
renden Elementen zu entwickeln,

EXPERIMENTALLER TEIL
Apparatur

Optische Messungen wurden mit einem Unicam SP 500 Spektrophotometer, un-
ter Verwendung von Glaszellen mit 1 em optischer Wegllinge, durchgelihrt.

Lisungen
Die Lisungen folgender Stoffe wurden aus analysenreinen Salzen hergestelll)
Al Fe(IID), Cufll), Cr(l1l), Mn (11}, Ni {II), V{v), Snill) und W. Pro Milliliter enthielten
diese Lbsungen je 10 wg Al 10 mg Fe, 320 mg Cu, 2080 mg Cr, 1263

Anmerkung: Dieser Artikel beschreibt einen Tell der Arbeit die mit finanzieller

RBeihllfe des Fonds fir wissenschaftliche Arbeit der sozialistischen Republil Bosnien-
~Herzegowina durchgelihrt wurde,
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mg Mn, 000 mg Ni, 2250 mg V, 2,20 pg Sn und 2.00 pg W, Azetaipuffer pH 4,50
wurde durch Aufltisen von 137 g CHyCOONa.3H:0 in 60 ml Eisesslg und auffillen mit
Wasser auf 1 Liter bereltet. Thglich Irisch wun:ie 2%a=ige Askorbinsdurelisung berei-
tet, withrend sich 0.1%-ige wissrige Aluminonlésung ein bis zwel Tage hilt. In den
Versuchen wurde auch I%-ige NagSp05 — Lisung verwendel

Prilfung des Verhaltens von Metallionen gegeniiber Aluminon

Die Heaktion von Aluminon mit einer grésseren Anzahl von Metalllonen,
die in verschiedenen Stahlarten als Leglerungszusatze vorkommen, wurden unter
jenen Bedingungen gepriift, die in Gegenwart von Aluminium zur Bildung des
gefiirbten Komplexes flihren. Die verwendeten Konzentrationen dieser lTonen ent-
sprachen ungellihy jenen im Stahl; diese Konzentrationen sind im vorherigen
Abschnitt angegeben worden, Durch diese Versuche wurde festgestellt, dass keines
der unlersuchten Ionen, mit Ausnahme von Fe(lll) und Cu(ll), mit Aluminon rea-
giert: die nichtreagierenden Tonen vermigen daher die Aluminiumbestimmung
nicht wu stbren,

Reduktion von Fe(lll) mit Askorbinsdure

Die 10 mg Fe/ml enthaltende Fe(lIl)-Lisung wurde mit frischer Askorbinsiu-
relésung zu Fe(ll) reduziert, indem letztere tropfenweise zur ersteren hinzugefilgt
veurde, bis die gelbe Farbe des Fe(lll)-Ions verschwand, Darauthin wurden weitere
05 ml Askorbinsiiurelbsung und 2 ml 0.1%-iger Aluminonlisung zugesetzt und
der Ansatz mit Azetatpuffer auf 60 ml aufgefiillt, Nach halbstindlgen Stehen
wurde die optlsche Dichte der Lbsung bel 520 nm gegen eine Blindprobe ohne
Fe gemessen.

TABELLE I
Reduletion von Fe(ITl) mit Askorbinsiure

ml il
F.h‘}‘fj""' mg Fe(Ill) Askorbin-  0.1% Alu- ‘“‘E‘,‘;‘r‘ | S
. shurelsg. minonlsg. p
1 10.0 1,80 00 auf 50 mi 0,000
2 10,0 1,50 200 i 0,001
3 10,0 1,50 2,00 :: 0,000
4

10,0 1,50 2.00 n 0,002

Reduktion von Cu(ll) mit Na.S5.8,

CufIl} ergibt mit Aluminon einen rolen Komplex, wihrend Cu(l} nichl rea-
giert. Dle Reduktion von Cu(Il) zu Cu(l) wird am leichtesten mit Na.S404 be-
wirkt, 17 18 wobel das entstandene Cu(l) zugleich mit S04 eine bestindige Kom-
plexverbindung bildet. Bin grossen Uberschuss von NagS:0y darf nicht anwesend
gein, well dan in siuren Medium zum Ausfiillung von elementaren Schwefel ko-
mmt. 1%-ige NagS:04-Ldsung wird allmihlich bis zur Entflirbung der Cu(II}-Li-
gung rugesetzt, Proben mit 4,87 pg CufIl}-Gehalt wurden mit verschiedenen Men-
fen NneSg0y behandelt, darvaufhin wurden je 2 mil 0.1%-ige Aluminonliisung zu-
gefiigt, das Gesamtvolumen mit Azetatpuffer auf 50 ml gebracht und die cptische
Dichte bei 520 nm gegen eine Blindprobe ohne Cu gemessen.

TABELLE II
Reduktion von Cu(ll) mit Na:S:0y

= i ml ml
Probe Cuill NagSsOy Aluminonlsg. D5 m
1 4,87 1,80 2,00 0,000
2 4.87 2.00 .00 0,000

3 4,87 2,00 2,00 0,000
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Aufstellung einer Kalibratlionskurve zur Aluminiumbestimmung

Je 1, 2, 3, 4 und § ml Aluminiumlisung (10 g Al'ml) wurden genau in 50-ml
Messlkolben hineinpipettiert, jede der Proben mit 1.00 il Fe(Ill)-Lisung (10 mg
Fa/ml), 2 ml 2%-iger Askorbinsiureliisung und 2 ml 0.1%-lger Aluminonlésung ver-
setzt und mit Azetatpuffer pH 4,5 zur Marke aufgefillt, Die Ansiitze wurden 30
Minuten stehengelassen, worauf deren optische Dichten bel 520 nm gegen elne
Blindprobe chne Aluminon gemessen wurden,

Aufltsen der Stahlproben

Stahlproben werden in konzentrierter Chlorwasserstoffsiiure aufgeliist, Die Ein-
wage soll sich nach dem wvermutlichen Aluminiumgehalt richten und kann von
05 bis 1 g betragen. Die abgewogene Probe wird in einem hohen Becherglas von
150 ml mit 2 ml koncentrierter Chlorwasserstoffsliure Ubergossen und bel miissiger
Temperatur kurz erwilirmt. Dann werden 20 ml destillierten Wassers hinzugefiigt
und anschliessend auf 2 ml eingedampit. Elne neue Portion HCl wird zugesetzt,
nach kurzem Erwiirmen wird mit Wasser verdinnt und durch abermaliges Eindam-
plen auf des urspringliche Velumen gebracht Dieses Verfahren wird so oft wile-
derholt, brw, dreimal bis slch der Stahl sufgelist hat. Schliesslich wird die Li-
sung in einen Messkolben filtriert, dessen Inhalt nach dem erwarteten Aluminium-
gehalt gewhbhit wird, und zwar (o) bel 0,8 bis 1% Al 200 ml, (&) bei 0,02 bis 0.8%
100 ml und (c) unter 0.02% Al 60 ml. Daes Filterpapier wird anschliessend bis zur
neutralen Reaktion mit destilliertern Wasser nachgewaschen und — falls eln unge-
lister Rickstand bemerkbar (st — im Platintiegel verascht. Auf die Asche lHssi
man einige Tropfen konz H.S50; und 40%-iger HF-Lbsung [liessen und erhitzt so
lange bis sich etwa vorhandenes SiO; als SiF; verfliichtigt. Der Abdampfriickstand
wird mit etwas KHSO; geschmolzen, In wenig konz, HCl aufgenommen und mit
dem Filtrat vereiniglt, Der pH-Wert dieser Stahllbsung sollte zwlischen 1 und 2 lie-

gen; llegt er unter 1, muss man die Lbsung entsprechen entsiuern. Schliesslich fiillt
man mit destilliertem Wasser zur Marke auf.

Gehaltbestimmung ven Aluminium in Stahl

1,5 big 3 ml Stahllésung werden in elnen BS0-ml Messkolben hinelngemessen,
so dass die zu bestimmende Aluminiummenge zwischen 10 und 40 pg Hegt Dazu
werden 1,5 ml 2%-ige Askorbinstiurelfsung, 2 ml 1%-ige NagS;0s-Lésung und 2 ml
0,1%-ige Aluminonlisung zugegeben und mit Azetatpuffer bis zur Marke aufgefillt.
Nach 30 Minuten wird die optische Dichte bel 520 nm gegen eine Blindprobe ab-
gelesen, die alle Bestandtelle der Probe ausser Aluminon enthiilt, Die Aluminlum-
konzentration wird mit Hilfe der Kalibrationskurve gefunden.

ERGEBNISSE DER SPEKTROPHOTOMETRISCHEN
GEHALTSBESTIMMUNG VON ALUMINIUM IN STAHL

Die untersuchten Stahlarten wiesen einen Aluminiumgehalt zwischen
0.008 und 1.07%s auf. Einzelergebnisse sind in Tabelle III wiedergegeben.

Ein Vergleich der gefundenen (Kolonne II) wit den Standardwerten
(Kolonne 1) zeigt sehr gute Ubereinstimmung, obwohl der Aluminium-
gehalt an sich sehr niedrig ist; das drelwertige Eisen musste jedoch bei
der Bestimmung zu zweiwertigem reduziert und Cu(ll) mit Na,8,0, ma-
gkiert sein.
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TABELLE 1II
Alumindumgehalt verschiedener Stahlarten

Al in %
Stahlprobe
Standardgehalt (1) Gefunden (11)

NES 100 B 1,07 1,12
1 Cr Al 1a 0,873 0,885
CKD 161 A 0,48 0,50
CKD Praha 00,26 0,267
Normal 0,0tk 0,066
Normal 0,041 0,033
Normal 0,028 0,080
Normaul 0,020 0,022
Normal 0,008 0,010
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1ZVOoD
Spektrofotometrijsko odredivanje aluminiuma u éeliku
V. Durkin, K. Krlefa { V. Vatrenjak

Oplsana je brza meloda za spektrolotometrijsko odredivanje aluminiuma u
teliclma pa sadriajem aluminiuma ispod 1%, bez predhodnog odvajanjn Fe | pra-
tetih elemenata akstrabocijom [l elekirolizom na Hg-katodl, Uzorak éelidka rastvoren
je u kone, HCl, Pe(IIl) | Cu(ll) redukovani su do Fe(ll) | Cu{l) sa sskorbinskom
kiselinom, odnosno. NogSg0y. Sistem je tamponiran acetatnim tamponom pH 4.5 a
zatim je dodana svjefe priredena otoplna 0,1% aluminona. Aluminium sa alumino-
nom gradl, u slabo kiseloj sredinl, erveno obojeni lak koji maksimalno apsorbuje
na 520 nm, 30 minuta naken dodatka aluminona,
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PRIRODNO-MATEMATICKOG  PAKULTETA, ;
UNIVERZITETA SARAJEVO, SARAJEVO Primljeno 10. novembra 1972,
BOSNA 1 HERCEGOVINA, JUGOSLAVIJA



GLASNIK HEMICARA I TEHNOLOGA BiH, Sarajevo, knj, 19/20 (1971-72)
BULL. SOC. CHEM. & TECNOLOG., Sarajevo (Yugoslavia) 19/20 (1871-72)

GIHTBH 6

845.82:641,122
Original Selentific Paper

POTENTIOMETRIC DETERMINATION OF STABILITY CONSTANTS OF
LACTATO AND (-HYDROXYPROPIONATO COMPLEXES OF
INDIUM(IN)

J. Savdd and M. Savid
Recelved Decamber 18, 1872,

Ingtitute of Chemistry, Faculty af Seience, University of Sarajevo, Sarajeva,
Bosnla dnd Herzegovinag, Yugoslavia

Stability constants for lactate and pB-hydroxypropionato
complexes of indium were obtalned potentiometrically, Mea-
surements were carried out at a constant lonle strength
2(NaClOy) and a constant temperature of 25+0.1°C, and the re-
sults plotted for evaluation of stability constants by Fro-
nagus' graphical method. These values were used for ave-
raging by least-sguare error caleulations with a digital
computer program, according to R, 8. Toblas («Gauss Za
program), The following wvalueg of cumulative constants
were obtained:

Lactates: log By = 3.28; log By = 8,06; log iy = T.44:
log By =e &5

B-Hydroxyproplonates: log By = 3,48;1og By = 6,08;
log fiy = 7,64; log By = 85

Indium(IlI) complexes have been the subject of many investigations,
but the literature data about its lactato and f-hydroxypropionato comple-
xes are very scarce. Only we could find some data about indium
lactato complexes (1,2), By liquid ion-exchanger method (1) it was found
that log B, = 3,0 and log B, = 5,6 The calculation of the stability con-
stants from the polarographic data (2) was not possible, since the half-wa-
ve potential of the free indium ion could not be obtained experimentally
because of irreversibility of the electrode process in the absence of the
lactate,

In the present paper, the stabllity constants were determined po-
tentiometrically using quinhidrone electrodes. The applicability of the
quinhidrone electrodes to measurements in solutions containing indium
ions was previously established (3).
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EXPERIMENTAL
Reagents

All chemlenls were of analytical grade, except sodium-f-hydroxypropionate
(o product from »Flukas«, Buchs, Switzerland), which had the grade spuriyme, This
salt was recrystullised from water. Its concentration was assertained by potentio-
metric titration with standard sodium hydroxide solution and checked with a
cation exchanger,

The laciate solution was prepared by the addition of a known excess of sodlum
livdroxide solution to the solutlon of lactic aeid. In this way the condensalion
products of the lactic acld were converted to the lactate.

Buffer solutions with a constant acid-to-salt ratio were prepared on the day of
use or every second day, adding a sufficlent and known amount of perchloric
acld to the solution of sodium lactate or sodium f-hydroxyproplonate,

Indlum perchlorate was prepared by dissolving pure indium (> 88,00%) in
nltele aeld, The solution was evaporated with an excess of perchloric acid until
the negative test for nitric acid, The salt obtained was recrystallised from water.
The concentration of indium in the stock solutlon was determined by gravimetric
unalysis as IngOy. The réemaining amount of perchlorie acld was determined titrime-
{rically in the presence of sodium chloride (3).

Sodium perchlorate, Fluka, puriss p. &8. was used just as obtained in adjusting
the jonic strength of varies solutions up to 2.

The guinhydrone was a product of »Merck« (Germany).

Equipment

The electrodes were pure gold wires [reshly ignlted in alcohol flame.

The salt bridges used had a very simple U construction, with a three-way
wtopeock between the two arms dipping into the two half-cells, Electirical contact
between the half-cells and the bridge solution (2 M NaClQy) was made by the
caplllary tips at the ends of the bridge The electrical reslstances of the bridges
were between 50,000 — 100,000 Ohma.

A sDynameos digital volimeter which was used, provided a measurement of
direct current voltages with n high degree of accuracy (£ 0,01 mV), Potentials were
meagured to 0,1 mV,

For delivery the titrant micropipetes sMetrohme« E 457 were used.

Procedure

In order {o determine stabilily constants, it Is necessary to know the average
number of ligands bound to a metal lon (R) in an equilibrium complexes mixture,
and the equilibrium concentration of the anionle lgand ([L]) over a sufficiently
large range of ligand concentration.

These wvalues are correlated with the stabilily constants by the expres-
slon for the formation funection:

= By L) 4 By (L2 4+ .4 n B (L
B= 1 4By (L) 4 B (L2 + ..o+ B LI

Therefore, If some palrs of i and [L] are known, it iz possible to evaluate
stability constants with a graphical or computation method.

In this woork, the values of [L] and fi were calculated from EMF measurements.
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The titrations were made using Fronaeus (4) titration technigue with 2 half-cell
campartments, and partly using Fronaeus-Chopin (4, ) arrangement with 3 half-cell
compartments in series,

A B c
Au — guinhydrone Au — gquilnhydrone Au — gulnhydrone
[H]s mM HCIO, C% mM In(ClOy)y NaClOy 2 M
Na ClOguptol = 2 C% mM HCIO,

NaClOy us to I = 2

Compartment A contalned a reference solution of & known and constant
perchlorie acld concentration. Compartment B contained indium perchlorate with
a known initial concentration of indium and perchloric acid, while compartment
C econtained 2 M NaClOy, Each compartment having 10 mils (vg) of initial solution
of a constant lonlc strength 2 (NaClQy), was thermostated at 25 + 0,1°C.

Compartments B and C were titrated with the same buffer solution, and the
resulting electromotive forces Ew and E.w were measured. Every titration series
was repeated at least three times and the potentials were reproducible within 0,2
mV, and only some times within 0,3 mV.

In the further ealculations the average values of Ew and E. were used. The
potentinls became stable almost immediately after addition of the ligand solution.

The buffer solutions used had constant ratioes of the stoichiometric concen-
irations of organic acid and its sodium salt (8 = C%./C"), and a constant lonic

strength 2 (NaClO,).

The difference In hydrogen ion concentration between the compartment B and
C during the titration, resulted from the complex formation in the compartment B.
Since the hydrogen concentration in the compartment A was known and constant,
different econcentrations of hydrogen lon In compartment B ([(H]s) and C ([H]:)
were easlly caleulated from eleciromotive forces. The total equilibrium concentra-
tion of anionic ligand and the average number of ligand bound per metal ion
were caleulated by a digital computer PDP &E, from the equations:

B = + [He« (8 4 Sn—[Hh
L] =Mk +_.. g __L.k. R __E.L__}
[H]-J e _ [H_]i_
I Cu |
and fl = G+ [Hlp — Cu — [L] .
Cu

RESULTS AND DISCUSSION

When examining complexes of indium with different monocarboxylato
ions, N, Sunden (3) found no hydrolysis of indium ion in buffer solutions
even with aeid to salt ratio of 1,31:1 in acetate and 1:1 in glycolate buffers.
Although both lactic and [(-hydroxypropionic acids are stronger than
acetic acid (6), we took special care to avoid the hydrolytic rea

8 — Glasnlk hemilara
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ctions of indium. The concentration of the organic acid in the buffer so-
lutions used has been varied widely. The titrations were made with two
different buffers of a high acid-to-salt ratioes of 4:1 and 5,5:1 for lactates,
and 5,5:1 and 10;1 for less acidic B-hydroxypropionates.

Furthermore, titrations were performed at two different indium ion
concentrations (0,01 M and 0,02 M) with both lactate and f-hydroxypro-
pionate solutions, in order to judge whether the polynuclear complexes
are formed. Some experimentally obtained values of Eun, Eac, [L] and
are collected in Tables 1—4.

Table I. Titration of In®+ with lactate
[Hlx = 20,18 mM; C'w = 10,121 mM; C% = 1,915 mM; C = 3014 mM; § = 55

vg = 10,00 ml
Volume Eun Euw (L] fi

(ml} {mV) (mV) mM

0,10 30,70 88,13 0412 0,558
0.20 i3,13 85,80 0,772 0,886
0,30 32,80 84,83 1,180 1,185
0,40 34,43 B4,30 1,604 1370
0,50 47,40 43,07 2,307 1,680
0,60 41,07 83,77 8,379 1,700
0,70 45,08 83,587 4,591 1,808
0,80 48,70 B340 5,958 1,881
0,80 51,08 83,30 7.567 1,065
1,00 54,70 83,20 9,267 2,008
1,20 59,00 83,10 12,875 2,178
140 62,09 82,93 16,807 2,200
1,60 64,37 82,80 20,742 2,387
1,80 66,20 82,77 24,819 2,470
2,00 67,60 82,70 28,441 2,587
2,60 70,27 82,57 37,0582 2,730
3,00 72,03 83,42 47,068 2,857
3,50 73,38 82,33 66,748 2,852
4,00 74,88 82,27 63,060 3,031
4,50 758,10 82,20 71,708 8,003
5,00 75,70 82,13 78,004 8,150

6,00 78,60 82,03 83,620 8,308
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Table I1. Titration of In?t with lactate
[Hlx = 20,18 mM; C'% = 2042 mM; C% = 3,830 mM; C = 3014 mM; & = §5;

35

vg = 10,00 ml

Volume Eun Eic L] fi
{ml) {mV) (mV) mM

0,20 10,38 85,80 0,420 0,566
0,30 17,28 84,83 0,801 0,751
0,40 16,28 84,28 0,787 0,918
0,50 16,12 83,02 0,900 1,063
0,60 16,68 83,70 1,239 1,208
0,70 17,58 83,50 1,508 1,320
0,80 10,08 83,38 1,804 1,419
0,00 20,85 83,25 2,181 1,518
1,00 23,00 83,18 2,643 1,605
1,20 28,28 83,00 3,871 1,755
1,40 33,08 82,88 5,505 1,883
1,60 39,20 82,480 7,744 2,001
1,80 43,82 82,12 10,285 2,104
2,00 47,58 82,70 13,034 2,904
2,60 i 42 82,62 20,535 2416
3,00 58,90 82,40 28,290 2,681
3,50 62,02 82,28 36,016 2,740
4,00 64,50 82,20 43,804 2,850
4,50 66,38 82,12 51,304 2,045
5,00 67,00 82,03 54,629 3,018
8,00 70,18 #1,93 73,310 3,203
7,00 71,77 81,87 84,520 3,238
8,00 72,97 81,77 05,803 3,200
0,00 73,60 81,70 106,210 3,340
10,00 74,80 ©1,60 115,604 3,380

a»
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Table IIT. Titration of Indt with A-hydrorypropionate
[H], = 20,19 mM; ' = 10,121 mM; C°% = 1815 mM; C° = 807,60 mM; § = 55;

vy = 10,00 ml
Volume B B L] i

{ml) {mV) (mV) mM

0,10 48,80 120,17 0,148 0,400
0,20 52,70 125,60 0,355 0,644
0,30 58,08 125,33 0881 0,870
0,40 84,30 126,17 1,125 1,081
0,50 70,53 128,07 1,784 1,280
0,80 76,43 124,87 2,678 1,462
0,70 81,77 124,03 3,813 1,624
0,80 06,33 124,90 5,168 1,767
0,90 90,27 124,83 6,714 1,668
1,00 83,53 124,77 B404 1,906
1,20 08,67 124,70 12,112 2,166
1,40 102,47 124,87 © 16,020 2,804
1,80 105,17 124,57 20,133 2,406
1,60 10727 124,47 24,236 2,403
2,00 108,97 124,43 28,314 2,568
2,50 111,90 124,23 38,178 2,728
3,00 114,87 12,23 47,703 2,835
3,60 115,27 124,10 50,842 2,808
4,00 114,20 124,08 65,006 2,897
4,50 117,00 123,93 78,108 3,035
5,00 117,53 123,87 00,420 3,123
6,00 118,43 123,70 84,275 3,170
7,00 119,08 123,60 106,338 3,263
8,00 118,53 123,50 117,458 3,278

8,00 119,83 123,40 127,125 3,342




Table IV, Titration of In?t with f-hpdrozyproplonate
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[Hlx = 20,18 mM: C% =10,121 mM; C% = 19615 mM; € = 181,82 mM; § = 'm-.-

vy = 10,00 ml
Volume Euw Eac 1] i

{ml) (mV) {mV) mM

01,20 43,556 111,20 0,263 0817
0,30 44,50 110,70 0,418 {0,805
0,40 47,05 110,40 0,606 0,760
0,50 40,76 110,16 0,842 0,923
0,60 52,95 110,06 1,129 1,041
0,70 56,85 108,95 1477 1,154
B0 59,06 109,85 1,801 1,261
0,80 a2,18 108,80 2,304 1,363
1,00 65,10 108,75 2,960 1,450
1,20 T0,45 108,45 4,341 1,630
1,40 76,08 108,55 5,021 1,781
1,60 78,80 108,45 7,746 1,004
1,80 #2,00 109,230 9,731 2,006
2,00 84,85 108,25 11,777 2,008
2,60 89,40 108,10 17,071 2,270
3,00 82,60 108,05 22,411 2,382
2,50 94,80 108,85 27,508 2,406
4,00 08,45 108,70 32,441 2,568
4,50 07,75 108,60 47,246 2,623
5,00 98,70 108,50 41,653 2,684
6,00 100,15 108,30 48,931 2,780
7.00 101,16 108,15 57,305 2.626
8,00 101,85 108,05 3,763 2,007
8,00 102,45 109,80 49,970 2013
10,00 102,90 107,80 15437 2,641
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The curves mpresanthuﬂ- as a function of [L] (Fig. 1 and 2) for diffe-

(L]
rent buffers and different indium ion concentrations, coincide within the
limits of accidental errors, and it may be allowed to neglect both the
hydrolitic reactions and formation of polynuclear complexes in the inve-

stigated systems.

i INDIM  LACTATES
v 200 0 M It* Butfer
- % 0 1 S 2
: o QOI0 M it Buffer 411

1000

500

T e maa - s e Y

Fig. 1. — as a function of [L] for the lactate system.

. -
(L)

The calculated values of i and [L] could be then utilized for graphi-
cal determination of stability constants by Fronaeus' (7) method. These
graphically determined constants with log [L], fi and Cy values were used
as input data for executing the Gauss Z program for non-linear least square
refinement calculation according to R. S, Tobias (8).
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Calculations were carried out with a Gamma 30 digital computer.
The program provided for ten refinement cycles of the stability constants.
Output data contained the stability constants, their standard errors, and
calculated formation function.

4000} 2 * 200t ' -

INDM  3-HYDROXYPROPIOHATES

® 0010 M i) Butfer 10:1
3000 : 200 o QM0 M " Butfer 551
z'iila' % 0020M Inf* — 1 —

2000

1000

=7 2 3 5 6
* - L] mm

fi
Fig: 2. i as a funtion of [L] for the f-hydroxypropionate system.

The values of stability constants obtained by both the graphical and
digital methods are presented in Table V.

Indium forms 4 complexes with both lactate and f-hydroxypropio-
nate, in the concentration range of ligand investigated, up to 200 mM.
The agreement between the stability constants calculated separately
for different Cy and & values confirmed the statement that the formation
of polynuclear complexes and the hydrolysis were negligible.

However, the authors prefer the values of stability constants obtai-
ned at the lower indium ion concentrations and buffer solutions with
high acid concentration (the values under a and d).

Judging by the value of the first stability constants, it seemed
that the complexes of indium with B-hydroxypropionic acid are some-
what more stable than the corresponding lactato complexes. This is in
agreement with the fact, that the stability of complexes of a metal with
different ligands depends on the ligand basicity.
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Table V. Indium solutions

log B log Pa log By h;: Ba
t |t 1ttt

Lactate o | 328 | 3,26=001 | 6,06 | 605001 | 741 | 7442001 | 852 ~u|
b | 323 | 3274002 | 6,06 | 608001 | 741 | 780£001 | 852 ~85

Ligand

graph.

f-hydroxy- | |

proplonatec | 3,57 | 340001 | 508 | 580001 | 7.68 | 7372001 819 ~8,2
d| 3,68 | 3482001 8,04 | 600+001 | 768 TH4£001 | B52 ~BS

|

g Cu—10mM, & — B8
b Cu— 20mM 86— 55
¢ Cw— 10 mM, & — 10

d Cu— 10mM & — B3

The same parallelism exists between the stability constants of in-
dium complexes with lactates and B-hydroxypropionates obtained in this
work, and the constants with propionates, acetates, glycolates and for-
miates, obtained under very similar experimental conditions (3), 1. e.

Form < Glyc < Lac < B-Hydroxyprop < Ac < Prop.

However, inspecting the higher stability constants of indium la-
ctato and B-hydroxypropionato complexes, it looks as if the complexity
of both ligands with indium is nearly the same. This could be, probably,
due to the presence of the hydroxyl group in the & — position in the
lactate ion.

The complexity of indium with both ligands is rather strong, but it
is not sufficient to mask the precipitation of indium hydroxide, although
the precipitation of hydroxide from lactate solutions is very slow.
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FPotenciometrijsko odredivanje konstanti stabilnosti laktato- i f-hidrok-
sipropionato-kompleksa indiuma(III)

J. Savié i M. Savié

Odredene su konstante stabilnost] laktatnih | f-hidroksipropionatnih kompleksa
In(I1I} potenclometrijskom metodom uz upotrebu hinhidronskih elektroda. Konstante
sabilnostl prisutnih kompleksa procijenjene su grafickom metodom prema S, Fro-
naeus-u, Ovako dobijene vrijednostli posluile su kao osnova zn izradunavanje kon-
stantl stabilnosti | odgovarajutih standardnih grefaka komodu digitalnog ratunara,
koristeéi Gauss Z program prema R. S. Tobias-u,

Dobijene su ove kumulativne konstante:

za laktate: log By = 3,28; log fs = 6,06;

log By = 7.44; log By = B85

za f-hidroksiproplonate: log f; = 848,

log By =0,00; log fs=T7.04; log fiy = 8.5
INSTITUT ZA HEMIJU,

PRIRODNO-MATEMATICKI FAKULTET, Primljeno 19, decembra 1872,

UNIVERZITET SARAJEVO, SARAJEVO,
BOSNA I HERCEGOVINA, JUGOSLAVIJA
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L'INFLUENCE DU GLYCEROL ET DU FORMAMIDE SUR LES EQUILI-

BRES D’EXTRACTION DES COMPLEXES DES METAUX ALCALINS

AVEC L'INDICATEUR BLEU DE BROMOTHYMOL, AUX SYSTEMES
L'EAU — CHLOROFORME

M. Savié¢ — J. Savid
Regu le 18, juny 1072,

Institut de chimie, Faculté des sciences, Universitd de Sarajevo, Sarajevo,
Bosnie et Herzegovinie, Yugoslavie

L'anion HBBT-, coloré en jaune, de l'indicateur bleu
de bromothymol (HyBBT), forme les complexes extracti-
bles, MHBBT, avec les métaux alcaling et l'ion d'ammonium,
NHy+. On a étudié I'influence du contenu crolssant du glycé-
rol ou du formamide dans la phase aqueuse sur les équilibres
d'extraction de ces complexes. On a déterminée la dépendance
du pK des équilibres d'éxtraction des complexes de la constante
diélectrique de la phase agueuse, et, aussi, des logarithmes
des nombres ordinaux (log N) des alcalins au systéme pério-
dique des éléments.

Au cours des études des équilibres acide-base de I'indicateur bleu
de bromothymol aux systémes l'eau-chloroforme, on a constaté que,
dans les milieux faiblement acides ou neutres, & coté de 'équilibre d'ex-
traction acide-base:

HBBT s + Htauw = H;,BBT CHCly (1)
jaune incolore

(avec pK'ugser = 5,68 = 0,08, t = 20°C, I = 0,001), est possible, aussi,
I'équilibre d'extraction des complexes:

m"'..“ + n HBBT " = M{HBBT}n ercly [2]
jaune jaune
ou: My + n H,BBT cuci; = M(HBBT)scuici; + n Htew (3)
incolore jaune

lei, M™ représente un uni- ou deux-valent cation métallique, ¥ compris
et les métaux alcalins et l'ion d’ammonium, NH,*,

La détermination des constantes des équilibres d’extraction:
M HEBT P
{MHBBT)x cuicig

pour les complexes des alcalins a montré qu'il s'agit ici des complexes
relativement peu stable. On a démontré, aussi, que les pK' des complexes

K=
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des alealins sont la fonction linéaire du logarithme du nombre ordinal
(log N) de I'élément dans le systéme périodique des éléments.(1)

Puisque il s'agit ici de l'extraction des complexes des métaux alca-
lins dans un solvant inerte, de type de chloroforme, nous avons congideré
comme intéressant d'étudier l'influence de la présence de certains sol-
vanis, autres que l'eau et chloroforme, sur la position des équilibres
d’extraction de ces complexes.

On a étudié seulement la direction de l'influence du contenu Crois-
sant du glycérol ou de formamide dans la phase agueuse, donc deux
solvants lesquels sont bien mixibles avee I'eau, mais insoluble au chloro-
forme. Glycérol a la constante diélectrique un peu inférieure (41,1), et
formamide un peu supérieure (109,5) de celle de I'eau pure (80,4).

Les valeurs des constantes diélectriques des mélanges glycérol-l'eau
on a prise de (2), et pour les mélanges de formamide-1'eau, les valeurs ap-
pliquées répresentent une éstimation faite sur la base de type de la
variation de la constante diélectrique pour les mélanges de certains
autres solvant et de l'eau.

PARTIE EXPERIMENTALE

Réactifs. — On a appliqué les réactifs de la pureté garantie (p. a). Le bleu
de bromothymol étalt un produit de MERCK.

Les solutions des chlorures des alcalins sont préparées par le pesage exact
des sels, préalablement séchés & la témperature de 500 @ 550°C. La concentration
de la solution de chlorure d'ammonium est vérifite par l'exchangeur des lons,

Liindicateur bleu de bromothymol a &té directement introdult au systéme en
forme de la solution chloroformique Incolore 2,0.10° iM de HyBBT, Cette solution, au
cours de la préparation, a été décolorée par le rincage avec une solution 1 M de
HClO,, et, ensulte, par l'eau redistillée jusqus une réaction neutre de la
rouche agqueuse. La concentration de H.BBT dans la solution chlorofor-
mique est vérifiee par sa réextraction dans l'eau en forme du BBET?- el
par la mesure de la densité optique de cet lon.

Appareils, — Les densités optiques sont mesurées par le spectrophotométre
UNICAM SP 600, avec les cuves de silice, et le pH par le pH-métre Radiometer
M 22 L'agitation des solutions pour l'extraction est effectute par I'agitateur hori-
wontal Labor.

Mode opératoire. — L'investigation des équilibres dlextraction des complexes
MHBBET est faite de sorte que 10,00 ml de la solution agueuse du eation métalllgue,
avee le contenu crolssant du glyeérol ou du formamide, est agitée, au cours de
40 minutes, dans les flacons de polyéthyléne, avec le volume égal de la solution
chloroformique incolore de HyBBT 2104,

Le contenu du glycérol dang la phase aqueuse a £&té varié de 0 & 80% (en
poids), et la teneur de formamide de 0 & BO% (en volumel,

Aprés la séparation des couches on a mésuré la densité optique de la phase
agueuse sur 435 et 620 nm, de la couche chloroformigue sur 420 nm, comme et le
pH de la couche agqueuse,

Les essais blancs ont eu la méme composition des solvants comme et les
cssals étudids.

Toutes les determinations sont éffectuées & la force lonique conatante et
¢gale & 04, ce qul a &étd assuré par la concentration du sel métalliqgue, Grace &
l'extraction faible du complexe MHBBET, cela a fait que la concentration du métal
goit constantie dans 'équilibre.
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La détermination des concentrations d'éguilibre du HBBET— et du BBT-2 dans
l'eau, et MHBBT dans chloroforme est faite comme précédemment (1)

Tous les esssals sont effectuds 4 la température ambiante (environ 20°C).

Les essals sont effectuds dans les milleux non-tamponnés, et les pH des solutions
ont étalés de pH 4 & 8

RESULTATS
Les résultats obtenus sont présentés dans le tableau suivant.

TABLEAU

LES VALEURS DES CONSTANTES D'EQUILIBRE D'EXTRACTION DES COM-
PLEXES MHBET EN FONCTION DE LA CONSTANTE DIELECTRIQUE (CD) DE LA
PHABE AQUEUSE

La composition de la phase agueuse Les pK' des complexes
0y (wriw) du e (v/v) du cD LiHBET NaHBBT KHBBT
glycérol  formamide
80 0 52,3 —0,80£0,01 — 0,800,02 — 0,86 £0,11
60 0 62,0 — 0,63 0,08 — 0,350,083 — 0,32 4+0,04
40 88,4 —0,51£0,01 —0,18:0,02 —0,07£0,07
20 (1] 4,7 — 0,50 £0,03 — 0,16+0,25 0,00 == 0,01
i 1] 804 — 0,28 40,06 + 0,08 20,03 + 0,24 40,05
0 20 85,3 — 0450,03 — 0,08 £ 0,02 —0,12+0,11
0 40 81,7 — 1,02 0,04 — 052014 & —048-0,12
(1] 0 1] — 1,180,083 — 0,78 10,02 —1,02+0,25
0 a0 1038 — 1,60=0,04 —1,15+0,14 — 1414012
NHHBBT HLHEBT CsHBBRT
80 0 523 — 0,70 0,08 — 0,700,02 — (0,81 0,07
B0 L] 62,0 — 0,410,008 — 0,30£0,02 — 0,20£0,18
40 0 48,8 —0,060,12 - 0,024£0,02 + 0,00+0,21
20 i 4,7 + 0,18::0,08 4+ 021+0,18 <+ 0,300,035
1] ] 804 + 0,38 0,08 + 0,40:£0,11 <4 0,66+0,04
0 20 85,3 + 0,08:£0,14 — 0,510,083 4+ 0,130,02
0 £ 1) 81,7 — 043020 — 0,76 0,08 — 0,500,114
0 B0 BH.3 — 0,85 40,04 — 1,100,086 — 1,06::0,08
] B0 103,98 — 1,17£0,07 — 1,66+0,04 — 1,48 20,03
DISCUSSION

Les résultats montrent que l'augmentation de la teneur soit du
glycérol, soit du formamide, dans la phase agueuse, mene & la diminution
des valeurs des pK’, comme c'est démontré sur la figure 1A pour le com-
plexe de cesium. Ca signifie que I'augmentation de la teneur de 'une ou
de l'autre de ces deux substances mene & la diminution de l'extractibilité
des complexes étudiés,

Puisque nous supposons que dans ces complexes il s'agit des paires
de ions, exprimé plus ou moins, c'est alors que l'effet de l'addition du
{ormamide, en ténant comptes de l'augmentation de la constante diéle-
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cirique de la phase agueuse, est en géneral logique. Cependant, 'influence
du glycérol est contraire, puisgque ici la diminution de la constante di-
électrique mene & la diminution de 'extractibilité des complexes.

Flg. 1
w.
Pk
L3

i TN P e

Fig. 1 — La dépendance du pK' de la constante diélectrique (CD) de la phase
agueuse

1A — La courbe pK'={(CD). La partle & gauche, le systéme: l'eau + glycérol, la
partie & droite, le systéme: l'eau + formamide

1B — Les courbes pK'= f{CD) pour la phase agueuse avec le glycérol pour les
complexes de tous métaux alealins et d'ammonium

Par conséquent, outre que la variation de la constante diélectrique,
on doit supposer l'influence et des autres facteurs, par exemple de la
solvatation des ions métalliques par le glycérol ou formamide, et que
tels solvats réagissent avec HBBT - et s'extrairent plus difficilement.

A savoir, comme c'est visible de la figure 1B et 2AB, les variations
de l'extractibilité des complexes des métaux individuels sous les condi-
tions étudiées ne sont pas égales pour tous les métaux, et qu'on peut
remarquer une différence distincte dans le comportement des complexes
de litium et de sodium et des complexes de potassium, ammonium, rubi-
dium et de cesium.

Puisque les ions de Li* et Na' sont hydratés les plus forts, c'est,
alors, logique, que ces deux ions soumettent les moins & l'influence du
contenu croissant du glyeérol ou du formamide.

De toute fagon qu'une certaine influence doit attribuer et a la dif-
férence individuelle dans les caractéres chimiques, comme on peut voir
dans l'influence inégale de l'addition du glycérol et du formamide sur
les complexes métalliques individuels.
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- /m
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Fig. 2 — La dépendance du pK' du logarithme du nombre ordinals du métal
alcalin (log N) dans le systéme périodique des éléments

1A — Les courbes pK' = {{log N) pour les phases aqueuses avec le contenu crolssant
du glycérol (Glye.)

IB — Lea courbes pK' = {(log N) pour les phases aqueuses avec le contenu crolssant
du formumide (FA)

Enfin, on ne peut pas exclure et les autres effets, par exemple la
variation des coefficients de la répartition des complexes étudiés entre
les phase agqueuses avec une teneur differente du glycérol ou du forma-
mide et le chloroforme.

BIBLIOGRAPHIE
1. M. Savié¢, Glamik hem. § tehn, BiH, 17 (1968) 13,

2 G Charlot et B. Trémillon, Les réactions chimiques dany les solvants
et les sels fondus, Gauthler-Villars Ed,, Paris, 1063, p. 304.

1ZVOD

Uticaj glicerina i formamida na ekstrakcione ravnoteie kompleksa
alkalnih metala sa indikatorom bromtimel-plavim, u sistemima
voda-hloroform

M. Savié — J, Savié

2uti anjon HBBT- indikatora bromtimol-plavo (HeBBT) u sistemima voda-hlo-
roform gradi ekstraktivne komplekse MHBBT sa alkalnim metalima { amonljum-jo-
nom. Ispitivan je uticaj rastuéeg sadriaja glicerina ili formamida u vodenoj fazi,
na poloinj ekstrakclonih ravnolela ovih kompleksa.
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Sadr#aj glicerina variran je od 0 do 80% (tekinski), a sadria) formamida od
0 do 80% (zapreminski). Dobijeni rezultati pokazuju da u oba slutaja povedtanje
sadréaja glicerina 1li formamida vodi smanjenju vrijednosti pK', odnoesno opadanju
ekstraktivnosti kompleksa. Dok se ova) efekat kod dodavanja formamida mode
dielimitno ohjainjavati sa povetanjem dielektriéne konstante vodene faze, kod
dodavania glicerina, trebalo bi otekivati suprotan efekat zbog smanjenja dielektriéne
konstante vodene faze. Zbog togam se pretpostavlja da znatan uticaj ima solvatacija
metalnih jona sa glicerinom, odnosno formamidom, #to bl mogle da oten ekstrakelju
kompleksa MHBBT.

INSTITUT ZA EIEMIJUK
PRIRODNO-MATEMATICKI FAKULTET,
UNIVERZITET SARAJEVO, SARAJEVO, Frimljeno 16, juna 19732.
BOSNA 1 HERCEGOVINA, JUGOSLAVIIA
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KOMPLEXOMETRISCHE BESTIMMUNGEN VON ZWEIWERTIGEN
KATIONEN DER ZWEITEN, VIERTEN, UND FUNFTEN ANALYTI-
SCHEN GRUPPE IN SYSTEMEN MIT ALUMINIUM, DAS VORHER
MIT GLYCEROL MASKIERT WURDE

F. Erle¥n und N. Vuletié
Eingegangen am 14, Decemnber 1072,

Institut filr Chemie, Noturislzsenschaftliche Falultdt, Universitit Sarajeve, Sarajeta,
Bognien und Herzegmoine, Jugoslowien

Die Mtglichkeit der komplexometrischen Bestimmungen
von Cuf+, Pbi+, Hgi+, Cdtt+, Sni+, Colt, Ni2+, Mni+, Ent+,
Caf+, Srf* und Baft |n Anwesenheit von AlY+ wurde un-
tersucht und entsprechende Verfahren wurden ausgearbeitet,
bel denen Aluminium mit Glycerol maskiert ist. Die zwel-
wertige Katlonen werden dann gegen geelgneten Metallindi-
katoren und pH-Werte komplexometrisch bestimmt. Die Kon-
zentrationen der zwelwertigen Kationen liegen zwischen
5101 und 27.10-% M. Die obers Konzentrationsgrenze des
Aluminiums, bel welcher die Methode fiir die Bestimmung
von Mef?+ noch anwendbar sind, Hegt zwischen 7.6.10-3 und
28102 M. Der Stondardfehler und der Varlatlonskoeffi-
zient wurden berechnet und sie zelgen die Brauchbarkeit
der vorgeschlagenen Verfahren, Ferner wurde das fiir die
Maskierung von Aluminium notwendige Molverhiiltnis Al3+;
Glycerol festgestellt. Die Verhiiltnisse zwilschen den relati-
ven Grissen der Stabilititskonstanten der Komplexe Aldt-
-Glycerol, Me?t-Glycerol sowle AP+-KIII und Me?+-KIII
werden diskutiert.

EINLEITUNG

Nachdem entsprechende Verfahren fiir komplexometrische Bestim-
mungen von zweiwertigen Kationen in Systemen mit Eisen bzw Chrom
vorgeschlagen worden sind,’ * % % &% bei denen das dreiwertige Kation mit
Glycerol maskiert ist, untersuchten wir die Miglichkeitd der komplexome-
trischen Bestimmungen von Kupfer, Blei, Quecksilber, Cadmium, Zinn,

Diese Arbeit wurde mit finanzieller Belhilfe vom Fonds fiir yi:sunachuﬂllnhrr
Arbeit der Sozlalistlschen Republik Bosnlen-Herzegowina durchgefithrt,

4 — Glasnik hemifara
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Kobalt, Nickel, Mangan, Zink, Calcium, Strontium und Barium in Syste-
men mit Aluminium bei denen Aluminium ebenfalls mit Glycerol maskiert
ist. Diese Bestimmungen wurden in Systemen mit Gesamtvolumen von
100 ml durchgefiihrt.

EXPERIMENTELLES

1. Komplexometrische Bestimmung des Kupfers, eca 10 mg Cuf+, All+ 10—30
mg, Glycerol 30—50 ml, pH-Wert 36 mit 1 bis 8 g NH,NOy, direkte Titratlon, Indi-
kator Murexid von Gelb aul Violett.

2, Komplexometrische Bestimmung des Bleis, cca 10 mg Pb®+, 10—30 mg, Al
Glyeerol 20—35 ml, pH-Wert 104—10,7 mit 4 N NHj direkte Titration, Indikator
Methylthymolblau: von Blau auf Rosa bzw Grau,

3, Komplexometriache Bestimmung des Quecksilbers, 20 mg Hgd+, 10—20 mg Alt+,
Ciyeerol 15—320 ml, pH-Wert 10,3—10,7 mit 8—10 4 N NHy, direkte Titration, Indi-
kator Thymolphthaleln-komplexon: von Blau auf Blassrosa, mehr Violett,

4. Komplexomelrische Bestimmung des Cadmiums cca 10 mg Cd2«, 10—40
mg All+, Glycerol 16—35 ml, pH-Wert 10,5 mit 5—15 ml NHy, direlite Titration,
Indikator Methyithymolblau: von Blau auf Grau oder schwach Rosa,

5., Komplexometrische Bestimmung des Zinns

Die starksauere Lisung, die etwa 6 mg Sn#+ und 10 bis 40 mg Ali+ enthiilt,
versetzt man mit 10—40 ml Glyeerol und dann mit Wasser bis 100 ml Nach kriiftl-
gen Durchmischen setzi man Methylthymolblau zu und dann unter stindigen Mi-
schen 20 ml 1 N NaOH, erwilrmt auf 50° bis 60°C bis zur Bildung einer violettblauen
Flirbung, pH-Wert 2,5, und titrlert dann warm mit KIIT auf Orange.

6. Komplexsametrische Bestimmung des Kobalts, cea 10 mg Coft, 10—T70 mg
Alf+, Glycerol 3—70 ml, pH-Wert 12,6 mit 20 ml 5 N KOH, Indikator Fluorexon,
Kilcktitention mit CaCls bie zu griinliche Floureszent,

7. Komplexometrische Bestimmung des Nickels, cca 10 mg Mg+, 10—=T0 mg
Al Glyeerol 30—70 mi, pH-Wert 10,5 mit conc NHy, Indikator Murexid. Bel 20 ml
cone NHy findert sich die Farbe des Systems von Gelb aul Weinrot. Direkle Ti-
tration von Welnrot auf Vielett. In der Nihe des Aquivalenzpunktes ist der Farben-
umschlag ausserordentlich schnell.

B, Komplexometrische Bestimumung des Mangans, cea 10 mg Mnf+, 10—30 mg
A1+, Glycerol 10—30 ml, etwas Askorbinsfiuere, pH-Wert 10,5 mit 3 N NHy di-
relete Titration, Indikator Methylthymolblau von Grilnlich auf Rosa.

7, Komplexometrische Bestimmung des Zinks, eca 10 mg Zn'', Al%+ von 1030
me, Glycersl 10—30 ml, pH-Wert 10,5 mit 10 ml § N NHy, es wird auf 30°C erwiirmt
und dann gegen Methylihymolblay von Blau auf Welnrol titrlert.

10, 11, 12, Komplexometrische Bestimmungen des Calelums, Strontiums und
Barlums, cea 10 mg Mef+, Alt+ 10—50 mg, Glyeerol 15—80 ml, pH-Wert 11, 122
mit 3—6 ml 5 N KOH und 5—7 ml 2 N NH,Cl. Direkte Titration, Indikator Thymuol=
phthaleinkomplexon: von Blau auf Blassgrau.

Die Standardabwelchungen der einzelnen Messungen, die Standardabwelchun-
gen des Mittlewertes und die Variatlonskeeffizlenten sind In der Tabelle 1 zu-
sammengefasst,

In der Tabelle sind die Resultate von 10 Parallelbestimmungen flr Jedes Kation
und das flir die Fille wo Al%+ In obere Konzentrationsmenge anwesend ist.
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TABELLE 1

 GENOMMEN IN 100 ml
Ver- Tt |
Mett | fg- T gﬂ

hren | prees | A4 ergl|
|

|
|
pH ‘ Indikator 1

a
3

i e - T T
Cut+ 1 10,043 30 | 50 2.6 MUREXID 0,038

Phet 2 10,34 a0 35 104—10.7 MTB 0,021

Hge+ 3 10,03 0 20 10,8—10,7 | THPHX 0,082

Cdt+ 4 8,m 40 A5 10,6 MTB 0,000

Snt+ 5 .14 40 40 1,5 | MTB 0,036

Cott | 6 | 1028 | 40 45 126 | FLUOREXON 0,042

Nigt | 7 968 | 3020 | 50 1056 | MUREXID 0,038
ikt rmbls bR D W

Mnpa+ | B 10,946 30,17 | 80 10,16 MTB 01,080

Znt 0 1085 | 30,17 30 10,30 MTB | 0,011

Catt | 10 | 1000 | 5200 | 40 | 110—122 | THPHX | o041

Cret [ 11 10,12 562,80 40 11,8122 | THPHX 0,065

Baf+ 12 10,80 653,80 40 | 118—122 THPHX | 0,054
| e, _t 1420 |

Legende; Abwelchungen:

Indileatoren: 1. STANDARDABWEICHUNG DER

MTB: METHYLTHYMOLBLAU EINZEINEN MESSUNGEN %
THPHX: THYMOLPHTHALEINKO- 2. STANDARDABWEICHUNG DES
MPLEXON MITTELWERTES %
3. VARIATIONSKOEFFIZIENT %

4.
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SCHLUSSFOLGERUNG UND DISKUSSION

Die Konzentrationsgrenzen zwischen der zweiwertigen Kationen lie-
gen zwischen 5,10~ und 2,7.10~" M. Die obere Konzentrationsgrenze des
Aluminiums, bei welcher die Methode filr die Bestimmung von zweiwer-
tigen Kationen noch anvendbar ist, betriigt 7,5.10-% bis 2,68,10 % M.

Um das Gleichgewicht der Reaktion zwischen Al'* und Glycerol im
Sinne des Komplexes Al'* — Glycerol zu verschieben, gibt man Glycerol
im Uberschuss zu, Das Milverhiiltnis Al'*: Glycerol ist 1:276 bis 1:608
und das Molverhiiltnis Glycerol: Wasser 1:1,75 bis 1:16; wir haben es
mithin mit Mischsystemen Wasser-Glycerol zu tun. Die angewendeten
pH-Werte erméglichen die Maskierung von Al'* mit Glycerol.

Aus der Bestimmungen geht hervor, dass:

5 5
K A+ — Glycerol > K ame — g
8 5
K Met+ — Kint » K petr — glyceral
und 5 5
K AP+ — Glyeeral » K Me'+ — Glyecerol

ist,

Eben diesc Verhiltnisse erméglichen die Bestimmung zweiwertiger
Kationen in Mischsystemen Wasser-Glycerol in Anwesenheit von Alumi-
nium.
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IZvoDn

Kompleksometrijsko odredivanje dvovaleninih kationa druge, detvrte i
pete analititke grupe u sistemima, koji sadrze aluminium, koji se maskira
glicerolom
F. Krlefa 1 N. Vuletié

lspitana je moguénost odredivanja Cu?t, Pba+, Hg2t, Cd#+, Sn2+ Cot+, Nitt,
Mné+, Zn®t, Cat+, Sre+ 1 Batt kompleksometrijskom titracijom u sistemima, kojl
sndrie aluminium, kojl se maskira glicerolom. Izradeni su odgovarajudl postupcel,
odredene prikladne pH-vrijednostl | indikatori za ova odredivanja, Koncentracije
dvovalentnth kationa lefe lzmedu 5.10-4 § 2,7,10-9 M, dok je granitna koncentracija
za Al3* uz koju su ova odredivanja mogute lzmedu 7,510 B oi 2,810 M.

Odredene su standardna odstupania pojedinih mjerenja, standardna odstupanja
od srednje vrijednosti 1 wvarijacioni koeficient!, Diskuiirani su odnosi relativ-
nih konstantl stabiliteta kompleksa: Me2*-KIII, Al3+-KIII, Me? F=Glicerol, Alt+-
~Gilicerol,
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EINE ANALYTISCHE UNTERSUCHUNG DER SYSTEME EISEN (1) —
EISEN (IIT) CHROM (I11) — CHROM (V1) UND DER ZWEI-, DREI- UND
VIERKOMPONENTIGEN KOMBINATIONEN DEREN IONEN MIT
RADIOAKTIVEN INDIKATOREN

8. Kozomora, F. Krleia
Eingegangen am 23. October 1872
Institut filr Nuklearwissenschaften B, Kidri¢, Vinta—Beograd, Serbien,
Jugoslawien und

Institut fiir Chemie, Naturwissenschaftliche Fakultit, Universitdt Sarajevo, Sarajevo,
Bosnien und Herzegowine, Jugoslawien

MNach Voruntersuchungen an radicalktiv markierten Re-
doxsystemen, Elsen(II)-Eigen(III} und Chrom(IIT)-Chrom(VI),
wurden analytische Verfshren nusgearbeitet, die zum Stu-
dium von zwei-, drel-, und vierkomponentigen Systemen de-
ren Jonen verwertet wurden.

Wenn ein Gemisch von Eisen-und Chromsalzen in einem Nuklear-
reaktor bestrahlt wird, entstehen infolge von Chalmers-Szillard-Reaktio-
nen beide Valenzstufen des Eisens und des Chroms. Um die Wechselwir-
kungen derselben zu verfolgen und die Einfliisse von Bestrahlungsdauer
und Retention studieren zu kinnen, muss die bestrahlte Probe aulgeliist
und deren Gehalt and Eisen (II) und (II1), sowie Chrom (III) und (VI) ra-
diometrisch bestimmt werden. Nun wird aber der durch Aufldsen bedingte
Zusammenbruch der Kristallgitter sowohl den Isotopenaustausch ver-
schiedenartigen Ionen desselben Elements, als auch die gegenseitige Re-
doxreaktion von Eisen (II) und Chrom (VI) begiinstigen. Vor den Bestim-
mungen sind daher die einzelnen Valenzstufen beider Elemente zu tren-
nen, und wenn der lsotopenaustausch sehr rasch verliuft, muss er vor
dem Trennungsversuch aufgehalten werden; es muss auch die Redoxreak-
tion zwischen Eisen (II) und Chrom (VI) verhindert werden,

Wir haben zuniéichsl das Verhalten der Systeme Eisen (IT) — Ei-
sen (I1I) und Chrom (III) — Chrom (VI) bei Zusatz von radioaktiven Indi-
katoren untersucht; die hierbei entwickelten Verfahren benltzten wir
dann bel der Erforschung von mehrkomponentigen Systemen dieser Ka-
lionen.

EXPERIMENTELLER TEIL

Lisungen
Die Standardlésung von 0FeCly wurde sus einem irdgerfreien, in 0.1 N Chlor-
wasserstoffstiure geltdsten MFeCly-Priparat (Herstellerfirma: Amersham) durch Trii-
gerzusaty bereltet, so dasg ein Elsengehalt von 200 pg pro ml erhalten wurde. Die
spezifische Allivitit dieser Liésung war 308 418 Imp/Min pro iml, MFeCly-Standard-
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lésung wurde jewells frisch, durch Redukiion von siFeCly mit Hydroxylamin in he-
jeser saurer Losung gewonnen, Der Elsengehalt dieser Lisung wurde durch Per-
manganattitration nach Zlmmermann und Reinhard bestimmt und duch Verdiinnen
auf 200 pg/ml gebracht, Die fertige Standardlisung besass elne spezifische Aktivitit
von 158400 Imp/Min pro ml

Die Standardisung von KeCrO; wurde chenfalls aus einer trigerfrein
KeMOrO -Lisung (hergestellt im Inutltu#. vBorls Kidrits, Vinta) durch Hinzufligen
von inaktivem Triger bereitet, so dass deren Gesamtchromgehalt 200 pgiml und
die spezifische Aktivithit 148.000 {mp/Min je ml betrug. MCrCly-Standardlisung wur-
de auf gleiche Art aus einem triigerlosen radioalktiven Priiparat desselben Ursprungs
hergestellt: Chromgehalt 200 pgiml, spezifische Aktivitit 178,052 Imp/Min pra ml

Glesiittigte KON und BaClg-Lisungen wurden aus entsprechenden analysenrei-
nen Salzen der F'a. Merck, Darmstadt mit dreifach destilliertem Wasser bereltet.

2um Einstellen der pH-Werte wurde eine Stiresensche Glykokoll-Pufferlisung,
pH 9, verwendet,

Apporatur

Radiometrische Messungen wurden mit einem Hohlkristall-Szintillationsziibler,
Modell DS § der Fu. Nuclear, Chicago, M-DS-8 durchgeflthrt. Dle zu chromato-
graphischen Trennungen verwendeten Kolonnen waren 10 o lang, bel einem Dur-
chmesser von 0.5 e¢m, und wurden mit einer Durchflussgeschwindigkeit von 4—5
Tropfen pro Minule betrieben.

Das System Eisen{ll)-Eisen(lll)

Enthiilt ein Redoxsystem Radiolsotope, dann findet ein Isolopenaustausch zwi-
schen den Oxydationsstufen statt und dieser muss vor Trennung der letzteren zum
Stillstand gebracht werden. Dodson? und anderen Autoren 5-% gelang die Unterbin-
dung des Isotopenaustausches durch Uberfilhren von Eisen(Il) in einen &, a'-Dipyri-
dylkomplex. Wir versuchten hingegen die andere Valenzstufe auszuschalten und
konnten in vorliegender Arbeit den Isotopenaustausch durch Uberfithren von Ei-
sondI1D) in einen Glyeerolkomplex aufhalten,

Dus jewellige System wurde durch Abmessen bestimmber Mengen der Stan-
dardllisungen rusammengestellt, mit Glykokollpulfer pH ¢ wversetzf, und diesem
Gemisch figle man Glycerol [im Molverhilltnis Fe : CyHg(OH)y = 1 : 600%] und KCN-
~Liéisung hinzu. Auf diese Weise wurde das Eisen(III) in den Glycerolkomplex, und
dos Eisen(ll) in Hexacyanoferrat(Il) tiberfihrt, Diese Komplexe wurden an einer
aus basischem Aluminiumoxyd bestehenden Kolonne chromatographisch getrennt
Das Hexacyanoferrat wird von der Kolonne nicht gurtickgehalten und lésst sich
unmittelbar im Ausfluss radiometrisch bestimimen. Der Eisen(I1I)-Glycerolkomplex

knm&m darauf mit 0.1 N Chlorwasserstoffsliure elulert und im Eluat bestimmit
werden,

Dieses Verfahren wurde zunlichst an Systemen gepriift, in welchen nur das
Ion der elnen oder der anderen Oxydationsstufe radioaktlv markiert war, dann
aber auch an solchen wo belde Ionenarten mit radicaktiven Indikatoren verschen
waren. Die bel diesen Priffungen erhaltenen Ergebnisse sind in Tabelle T dargestellt,

Das System Chrom(HT)-Chrom{VI)

Den in vorher beschriebener Welse berelteten, [mit Glykokollputfer pH 8 ver-
gefzten chromhaltigen Systemen wurden Glycerol [im Molverhiilinis Cr : CyHp(OH)y =
= 1:565] und BaCly-Liisung hinzugefiigt. Durch letztere Zugabe wird Chrom(VI)
nusgeflillt, so dass Chrom(IlIl), welches in der Form des Gyleerolkomplexes in Lii-
sung verbleibt, unmittelbar nach Abtrennung der Flissigkeit in fhr bestimmt werden
konnte. Auch diesmal wurden sowohl die mit einer, als auch die mit belden lone-
narten ;narklm‘tnn Systdme untersucht. Die jeweiligen Ergebnisse sind In Tabell:
11 angefiihrt.
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Mehrkomponentensyateme

Die in beiden vorhergehenden Abschniiten beschriebenen Verfahren wurden
anschliessend aufl solche Systeme angewendet, die Kembinationen von je zwel, drel,
oder vier der genannten Ionenarten enthielten. In, allen diesen Systemen (st Glyko-
kolpuffer zugefiigt,

Die einzelnen Valenzstufen des Eisens und des Chroms wurden auf folgende
Welse abgeschieden und bestimmt. Eisen{Il) wurde stets mit KCN in Hexacyano-
ferrat(ll) dberfihrt, von den (ibrigen Valenzstufen adsorptionschromatographisch an
einer Aluminjumoxydkolonne abgetrennt und im whssrigen Ausfluss radigdmetrisch
bestimmt. Da die Kolonne Elsen(IIT} und Chrom (III) rurllclehiilt, trennt man diese
lonenarien so voneinader, dass man zuerst das Chrom(IIT) mit o1 N Essigsiure, die
man mit Natriumazetat auf pH 4.3 bringt, und dann das Eisen(IIl) mil 01 N
Chlorwasserstoffséiure eluiert. Eisen(ITI) und Chrom(IIl) werden vor der Trennung
immer in Glyecerolkomplexe {iberfiihrt. Chrom(VI) wird zuerst abgetrennt, indem
man es mit BaCly ausfilll, der BaCrOy-Niederschlag wird dreimal mit dreifach

destilliertem Wasser ausgewaschen und zur radiometrichen Bestimmung in 0.1 N
Sulpetersiure aufgeldst.

Alle Versuchsansfitze wurden durch Almessen von Standardlsungen zusam-
mengestelll,. Als Belsplel mbge eln System dienen, das beide Valenzstufen sowohl
des Eisens, nls auch des Chroms enthiilt. Dieses wurde aus je 1 ml MFeCly-Lisung,
1 ml 8FeCly-Lésung (mit Glyceral), 1 ml BICrCly-Léisung (mit Glyeerol), 1 ml
EMCrO -Lésung, 1 ml BaCly-Liéfsung, 1 ml KCN-Lésung und 4 ml Sirensensche
Pufferlésung bereitet. Im weiteren Verfahren wurde das durch BaCly als BaCrO, qu-
antitativ ausgeflillle sechswertige Chrom abzentrifuglert und weitervararbeitet, In
Lisung verblieben Eisen(11I) und Chrem(IIl} in Form von Glyeerolkomplexen und Ei-
ser(ll) als Hexacyanoferrat(IT), Zur Trennung dieser Bestandteile wurde eine aug ha-
sischem Aluminiumoxyd bestehende Kolonne verwendet, Eisen(II) wurde im Ausfluss,

Chrom(I11) und Eisen(II1) nach der vorhin beschriebenen Elution in den entsprechen-
den Eluaten radiometrisch bestimmit,

BESPRECHUNG DER ERGEBNISSE

Vorerst wurden die Systeme Eisen(I1)-Eisen(IT1) und Chrom(II)-
~Chrom(VI) einzeln untersucht, wobei die radiometrischen Bestimmungen
der Bestandteile in alkalischer Lilsung durchgefithrt wurden. Hierfiir gab
es mehrere Griinde. Wir gingen niimlich vom Grundgedanken aus, den Iso-
topenaustausch zwischen Eisen(lI) und Eisen(IIl) dadurch zu verhindern,
dass wir letzteres in den Glycerolkomplex, ersteres in Hexacyanoferrat(II)
uberfithrten, Das alkalische Milieu erméglicht die Entstehung des Hexacya-
noferrats und liefert ¢ine Umgebung in der dieses bestiindig ist; iberdies
verhindert es eine etwaige Reaktion von Hexacyanoferrat(IT) mit Eisen(11I).
Durch Bindung von Eisen(Ill) als Glycerolkomplex und die Uberfiihrung
von Eisen(II) in Hexacyanoferrat(Il) wurde aber nicht bloss der Isotopenau-
stausch unterbunden, es wurde auch das Redoxpotential der Valenzstufe Ei-
sen(1l) herabgesetzt. In Betreff auf die Abtrennungsméglichkeit von Chrom
(II) und Chrom(VI) und deren radiometrische Bestimmung in alkalichem
Milieu konnte gezeigt wurden, dass Chrom(VI) — nach Uberfithrung von
Chrom(Ill) in den Glycerolkomplex — bei pH 9 durch Bariumehlorid
guantitativ gefdllt wird; Aufléisen des Niederschlags in 0.1 N Salpetersiure
gestattet eine unmittelbare radiometrische Bestimmung von Chrom(VI).
Eisen(II), Eisen(IIT) und Chrom(III), als Hexacyanoferrat(ll), bzw. als
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Glycerolkomplexe, lassen sich an basischem Aluminiumoxyd chromato-
graphisch voneinander trennen, wobei die Eisen(I11)- und Chrom(IIT}-Kom-
plexe auf der Kolonne festgehalten werden, Hexacyanoferrat(ll) hingegen
mit dem Lésungsmittel ausfliesst. Die in den Tabellen I und II zusammen-
gestellten Ergebnisse zeigen, dass die radiometrische Bestimmung wvon
Eisen(II) in Gegenwart von Eisen(IIl) in allen untersuchten Systemen, bel
allen Verhiiltnissen dieser Valenzstufen von 1:99 bis 98:1 und einem Ge-
samtgehalt von 200 ug Fe, auch in Gegenwart von 200 pg Cr, durchfithrbar
ist. Es sei an dieser Stelle noch hervorgehoben, dass unter den angege-
bene Bedingungen kein Chrom(IIT) mit BaCrO, koprizipitiert wurde.

Durch Kombinieren der beiden im experimentellen Teil beschriebe-
nene Verfahren wurden folgende Systeme untersucht:

Bleen(Il) ~Chromi(IIlY . + + & & o« .« ‘Tabelle III
Elen(I)=Chrem(¥VI} . & « & & & i w
Chrom(ILI)-Eisen(I11) Vo g .
Chrom{VI)=Eisen(III) . .+ v & o o " Vi
Eisen{l1)-Eisen(I1I)-Chromi{IIl} A e m VIl
Eisen(II-Eigenil1I}-Chrom(VI) o R e " VIIL
Bigen(IT)-ChromiII1)-Chrom(VI) . o ‘ IX
Chrom(IIl)-Chrom(VI)-Elsen(IIl} . . . . W X
Bisen(IT)=Elgen({I1T)-Chrom(I1I}-Chrom(VI) . O

Nachweislich unterblieb in Systemen, die Eisen(Il) und Chrom(VI)
enthielten, die 2zwischen diesen Komponenten zu erwartende Re-
doxreaktion: diese wurde einerseits durch Ausfiillen von Chrom(VI),
andererseits durch Uberfithren von Eisen(Il) in Hexacyanoferrat(Il) ver-
hindert. Die Trennung der dreiwertigen Kationenkomplexe Eisen(III)- und
Chrom (I11)-Glycerol wurde dadurch erreicht, dass zuerst der Chromkom-
plex 0.1 N Essigsiure-Natriumazetatgemisch pH 4.3 eluiert wurde, wonach
der Eisenkomplex mit 0.1 N Chlorwasserstolfsiure eluiert werden konnte.
Die in den Tabellen angegebenen Daten zeigen, dass simtliche Fehler
der radiometrischen Bestimmungen innerhalb der Standardabweichung
des Zihlwerks liegen.

Schliesslich kann gefolgert werden, dass es nach den in dieser Arbeit
beschriebenen Verfahren maoglich ist, Systeme von zwei- und dreiwerti-
gem Eisen und drei- und sechswertigem Chrom, wie sie infolge von Bestra-
hlung eisen- und chromhaltiger Salze in Kernreaktoren entstehen, in deren
Bestandteile aufzutrennen und diese einzeln radiometrisch zu bestimmen.
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Fe (11)

TABELLE 1

Fe (I11)
genommen  gefunden Fehler genommen gefunden
(g fug) (/) (ig) (1g)
1,98 — 0,80 197,40
2 184
2,00 —_— 107,80
u’!“ — ﬂrﬁﬂ laﬂ'lm
10 180
b.98 — 0,10 190,20
25,00 — 175,18
25 175
4,8 — 0,38 176,08
48,80 — 0,22 148,96
60 150
49,82 — 0,38 150,00
T4,85 — 0,20 124,85
-] 100
74,83 — 0,22 124,90
100,00 —_ 09,08
1040 125
100,08 + 0,08 100,10
125,00 — 75,00
125 Th
125,18 + 0,18 74,99
149,00 — 0,668 48,82
150 11
148,70 — 0,20 40,89
173,18 + 0,48 24,83
175 25
175,00 - 24,92
189,90 — 0,08 0,95
164 10
188,70 — (0,68 0,99
168,30 + 0,15 1,88
168 2
108,73 4+ 0,37 1,58

a7

Fehler
(%)

— 0,30
— (0,05

— 0,10

+ 0,10

+ 0,10
+ 0,04

— 0,02

— 0,11
— 0,08

— 0,02

+ 0,10

— 0,01

— 0,22

— 0,88
—0,32

— 0,50
= 0,10

— 0,50
— 0,60
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TABELLE I1
Cr (111} Cr (V)
genommen  gefunden Fehler genommen  gefunden Fehler
(i@ (14 ("0} () () {"u)

20,13 + 0,63 180,35 + 0,18

20 180
20,06 + 0,26 180,00 -
“rﬂ _'E|1a 1“.1? + n|1=

G0 140
58,00 — 0,02 140,07 + 0,05
a0,00 —_ 120,23 + 0,18

80 120
80,18 0,16 120,02 + 0,01
100,12 + 0,12 99,82 — 0,18

100 100
100,08 + 0,09 100,00 —
120,868 + 0,68 0,28 4 0,35

120 /o
120,00 - A0,32 + 0,40
140,17 + 0,12 60,12 + 0,20

140 0
140,00 -_ 59,88 - (0,20
160,00 - 40,08 + 0,20

160 40
160,00 -_ 30,82 — 045
17841 — 0,80 20,04 < 0,02

a0 20
178,05 —0,52 20,10 + 0,50
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TABELLE Il

e (11) Cr (111)
genommen gefunden Fehler Eenommen gefunden Fehler
() (g (%s) () (gl {%s)

1,99 — 0,80 108,00 -—

2 168
24,83 — (68 174,80 — 11

26 175
24,86 — 0,50 174,00 — 0,08
50,08 + 0,10 150,00 —

L] 150
40,89 — 0,22 150,11 + 0,06
100,21 + 0,21 80,09 — 0,01

100 100
100,13 + 0,13 101,00 -
175,18 + 0,10 24,90 — 1,40

175 28
175,21 + 0,12 26,00 —
150,00 — 48,82 —0,16

150 )
146,95 — 0,03 50,00 -
174,80 — {11 24,80 — 040

]
174,90 — 0,0 25,98 + 0,32
168,40 + 0,20 1,00 — 0,50

1048 2
198,10 + 0,00 1,68 — 1,00
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TABELLE IV

Fe (11} Cr (V1)

HEnommen gefunden Fehler genommen  gefunden Fehler
({73] 110:4] ("u} (1) (g ("u}

1,92 — 040 180,00 —
50,00 - s 150,32 + 0,21
48,98 — 0,02 150,16 + 0,10
10,20 4+ 0,28 130,00 —_—

T 130
70,08 <+ 0,10 120,08 —0,m

100 100
06,93 — 0,17 100,38 + 0,38
130,00 — 70,00 —

130 0
130,08 + 004 08,43 — 081
150,23 + 0,15 49,92 — 0,18

150 50
160,08 + 0,06 0,08 + 0,18
179,24 — 042 20,00 —

180 20
180,05 + 002 20,00 —
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TABELLE V

Cr(VI) Fe {IIT)
genommen  gefunden Fehler genommen  gelunden Fehler
(e (1LE) (*e) (1) (g ]
1,006 — (1,80 188,19 <+ 0,18
2 188
3,015 + 0,75 188,40 + 0,20
24,83 — 0,68 174,80 —0,11
25 175
24,87 — 0,52 175,18 + 0,48
B0,01 + 0,02 150,11 + 0,06
50 150
5,00 — 148,95 — 0,01
T4.93 — 0,08 125,00 —
75 125
75,02 + 0,02 125,60 + 0,48
100,23 + 0,23 100,04 —
10K 100
100,06 4 0,08 80,08 — 0,02
124,18 — 0,84 74,53 — 0,08
125 75
124,89 — 0,08 74,98 — 0,0
150,23 + 0,25 48,80 — (1,40
150 50
160,15 + 0,10 49,89 —0,22
176,00 — 25,00 —
176 25
176,17 + 0,08 24,08 — 0,08
168,00 — 1,600 — 0,10
168 2

168,00 - 1,064 — 0,80
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Cr (VI}

TABELLE VI

Fe {111}
Eenommen gefunden Fehler Benominen gefunden Fehler
() 1T4] */a) (g [{i4] (e}

20,13 4+ 0,66 180,55 + 0,18

20 180
20,05 + 0,25 180,00 -
58,80 — 0,18 140,17 + 0,12

1] 140
50,60 — 0,02 140,07 + 0,06
80,00 — 120,23 + 0,18

B0 120
80,16 0,14 120,02 <+ 0,01
100,12 + (,12 09,82 — 0,18

100 100
100,09 + 0,08 100,00 —_
120,68 + 0,58 80,28 + 0,358

120 an
120,00 —_ 80,32 + 0,40
140,17 + 012 80,12 <+ 0,20

140 &0
140,00 — 50,68 — 0,20
160,00 — 40,08 + 0,20

160 Al
160,00 — 3p.82 — 0,456
178,01 — 0,80 20,04 + 0,02

180 20
178,05 <+ 0,560

20,10
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Analititka studija sistema ferum(II)-ferum(IIT) i krom(I11)-krom(VI) kao i
dvokomponentnih, trokomponentnih i Zetverokomponentnih kombinacija
navedenih kationa uz primjenu radioaktivnih obiljeZivaéa

5. Kozomora, F. Kriefa

U radu su studiran! primjenom metode radiaktivnog obiljefivata sistemi fe-
rumdIN=ferum(iiD) | krom(IIT)-krom(VI), pa su nadeni postupei primjenjeni na dve-
komponentne, trokomponentne i tetverokomponentne sisteme navedenih kationa.
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ADUKTI NEKIH ALKALNIH I ZEMNOALKALNIH SOLI SA
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Fripremljenl su 1 ckarakterisani adult! sa N, N-dimeti-
lacetamidom (DMA): LiCl . 16DMA, LiBr.15DMA, LiT -
- ADMA, LINO; - DMA, NaJ - SDMA, KJ . 3DMA, KCNS -
. 8DMA, MgCly + 4DMA, MgBry - 4DMA, Mgl, - 4DMA,
Mg(NOyls + 2DMA, CaClg+ ADMA, CaBry: 6DMA, Calp -
. 5DMA, Ca(NOjy) - 2DMA, CalAc) - SDMA, SrCly - dDMA,
SrBry - 4DMA, SrJs -6DMA, Sr(NOg)g - 4DMA i BaBrg -
. ADMA., Termogravimetrija | diferencijalno termitka ana-
liza su bile primjenjene za ispitivanje termitke disocljncije
{zoliranih adukata,

uvoD

1spitivanja u oblasti nevodenih rastvarata pokazala su da je N, N-di-
metilacetamid {DMA) odli¢an jonizirajuéi rastvara¢ sa jako izraZenim do-
norskim osobinama. Mnogobrojni kompleksi sa DMA kao ligandom'~®
dobro ilustruju koordinirajuéu sposobnost ovog amida. Medutim, od di-
metilacetamidnih adukata alkalnih soli dosada je, koliko nam je poznato,
izoliran samo LiClO, « DMA - 2H,0', a o sintezi DMA-adukata elemenata
Ila grupe nema podataka.

U ovem radu je opisano pripremanje veéeg broja adukata alkalnih
i zemnoalkalnih soli sa DMA, Izolirani adukti su okarakterisani kemijskim
analizama, metodom termogravimetrije i diferencijalno termitke analize.

Napomena; Oval rad je lazraden uz materijalnu pomoé Fonda za nauéni rad
SRBIH u Sarajevu.
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EKSPERIMENTALNI DIO

Kemikalije. Sve upotrebljene anorganske soll bile su p.a. Hidratizivanl magne-
vium bromid, te jodidld magneziuma, kaleluma | stronciuma bill su pripremlje-
nl reakecljomn odgovarajuéeg karbonata sa kone, jodovodidnom kiselinom | upara-
vanjem dobijenog rastvora uz smanjen pritisak do kristalizacije, Za sintezu adu-
kata je koriten N, N-dimetilacetamid firme Fluka, bez daljeg Ziitenja.

Pripremanje adulkata, Hidratizirana ili anhidrovana metalna sol bila je rastvo-
rena u vifku DMA uz zagrijavanie u evakulsanom sudu na vedenom kupatilu, Do-
bijenl rastvor je zatim destiliran uz smanjeni pritlsak da bi se uklonila hidratna
voda | visak rastvarata. Kristalizacija adukata iz ovako dobljenog zasiéenog rastvo-
ra ponekad je nastupala veé kod sobne temperature, ali je u vefini slutajeva bilo
potrebno hladenje sa smjesom leda | soli i u kricstatu do jof nife temperature.
Izluteni adulcti su otfiltriran! uz evakuisanje i ¢uvanl u vakuumu iznad silikagela.

Analitithi postupak. Identifikacija sintetiziranih adukata je izvrdena komplek-
sometrijskim, argentometrijskim | acidometrijskim titracijama nakon propudtanja vo-
ﬁgw rastvora adukta kroz jako bazni odnosno jako kisell jonskl lzmjenjivaé firme

relk,

Termogravimetrijska ispitivanja, Ova ispitivanja su izvriena sa Chevenard-
-ovom termovagom {S.A.D, A.M E L), tip TBM, uz atmosferski pritisak | brzinu
grijanja od 5°C/min, Velitina uzorka je bila skoro kostantna i iznosila je oko 100 mg.
Termoliza je vrienn u olvorenom kvarcnom lonéiéu,

Diferencijalno termifka analiza je provedena u atmosferi vazduha uz istu
brzinu grijanja kao | termogravimetrijska anallza, uz primjenu aparata firme Linseis,
U cilindritne platinske sudove stavljano je 300 mg uzorka izmedu dva jednaka slojn
{od 200 mg) izZarenog a-aluminium oksida.

REZULTATI

Sastav pripremljenih adulkata vidl se iz tabele 1, Adukte ostalih halogenida
natriuma, kalluma | barluma nije bilo moguée sintetizirati zbog slabe rastvorljivost!
ovih soll u DMA. Svi izolirani DMA adukti su bijele kristalne supstance. U vodi se
lako rastvaraju uz otcjepljenje DMA,

Ako se uporede fzollrani DMA adukt sa dimetilformamidnim kompleksima od-
govarajuéih alkalnth | zemnoalkalnih soli,7 onda se ynode konstatovati da jodidi li-
tluma, natriuma | kaliuma, Htium nitrat, magnezium klorid | magnezium nitrat gra-
de sa oba ova amida adukte istog sastava.

TG | DT A-ispitivanja.

Rezultat] dobljeni termogravimetrijakom analizom datl su u tabeli 2. TG krive
ovih adukata (81, 1 { 81. 2) pokazuju da se termoliza u vetini slufajeva odvija uz
oslobadanje DMA u stupnjevima, Kod LiCl - 1,5DMA, LiBr - 1,5DMA, NaJ - 8DMA
(krive 1,2 1 5 na Sl 1), CaCly - 4DMA, CaBrg - 5DMA, 5rCly - 4DMA, SrBry - 4DMA
i Sr(NOg)p - ADMA (krive 5, 6, 10, 11 | 13 na 81 2) stupnjevit karakier desolvatacije
je najbolje lzrafen, Termifko razlaganje ovih adukata dovodi do stvaranja dobro
definisanih meduprodukata, #to se na krivama termolize manifestira obitno sa posve
ravnim, relativno #irokim platoima. Kod veéine ovih adukata interfnedijarno se stva-
raju dosta stabllni di- odnosno mono-aduktl, koje je obifno bilo moguée izolirati,
Tako termoliza LiCl . 15DMA dovodi do stvaranja monoadukta, sa podrufjem egzi-
stencije od 120° do 170°C. TG kriva od LiBr - 1,5DMA pokazuje da se desolvatacija i
ovog adultta odvija u dva stupnja, Meduprodulkt, kojl nastaje nakon eliminisanja po-
lovine sadrfanog DMA, razlafe se iznad 280°C. NaJ . 8DMA se termollzira uz pri-
marno stvaranje diadukia:

NoJ - 3DMA = NaJ - 2DMA 4 DMA { 50°—110"C)

NaJ - 2DMA = NAJ 4 2ZDMA (180°—210°C)
Desolvatacija CaCly + 4DMA odvija se u trl stupnja:

CaCly + 4DMA = CaCly - 2DMA + 2ZDMA { 50°—100°C)

CaClg «+ 2DMA = CaClg + DMA + DMA {120°—140°C)

CaCly -+ DMA = CaCly; + DMA {230°—280"C)
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Temp. °C

8L 1. TG krive DMA-adukata alkalnih soli

1) LiCl - 1,58DMA, 2) LiBr - 1,5DMA, 3) LLT - 4DMA, 4) LiNOy - DMA, 6) NaJ - 3DMA,
6) KJ . 3DMA, 7) KCNS - S8DMA
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Temp.°c

EL 2. TG krive DMA-adukata zemnoalkelnth soli
1) MgCly - 4DMA, ) MgBry - 4DMA, 3) Mgly - 4DMA, 4) Mg(NOyy - 2DMA, 5)
CaClg - 4DMA, 6) CaBry « SDMA, TCaJs - SDMA, 8) CafAc) - ADMA, 8) Ca(NOg)s
- 2DMA; 10) 51Cly < 4DMA, 11) SrBry + 4DMA, 12) 57y - SDMA, 13) SriNOyls + 4DMA,
14} BaBry « 4DMA
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TABELA 1
DMA-adulkti alkalnih 1 zemnoalkalnih soll

Adukst T. topljenja, "C  Higroskopan
Licl « 1,6DMA 118—118 da
LiBr « 15DMA 7113 da
LiJ « 4DMA 56—58 da
LINOy - DMA Ba—a0 da
NaJ - 3DMA 55—08 da
KJ « 3DMA 82—pa ne
KONS - 3DMA 75—18 da
MgCls - 4DMA 110—113 ne
MgBry « 4DMA 105—108 ne
Mgty - 4DMA AB—E9 dn
Mg(NOy)y + 2DMA 87—10 slabo
CaCly + ADMA razl.") dn
CaBrs + 5DMA 153—187*"} da
CaJs - SDMA 108103 glabo
CalNOa)y + 2DMA 46—48 slnbo
CaolAc) + SDMA razl.*) da
SrCly + 4DMA razl.") da
SrBry - 4DMA 141—145"") da
Srdg ¢ SDMA 111113 slabo
SriNOy) + 4DMA 87—480 da
PaBrs « 4DMA na—a2*") da

gyvaka od ovih faza termolize reglstrirana je { na DTA-krivoe] oveg adulkta sa za-
cobnim plkovima (sl 4, kriva ).

Monogdulkt, koji se stvara u toku termolize CaBrg ¢ pDMA moke se uporeditl po
{emperaturnom intervalu stabilnostl sa CaCly - DMA. Razlaganje SrCly - 4DMA 1
SrBry - ADMA je dvostepen proces, U toku prvog gtepena se eliminie SDMA mole-
pule, Intermedijarno glvaranje monoadukia u toku termolize ovib adukata pokazuju
{ nithove DT A-krive, Endotermni pik sa temperaturom minimuama Kkod 215°C odnosno
280°C. na krivama 10 1 11 (81, 4) prouzrokavan le posljednjom fazom desolvatactje.
Kada su SeCly - DMA | SrBry + DMA, koji au bili {zolivani u toku TGA, podvrgnuti
DTA onda je samo pvai endotermni pile bio registriran, U toku prvog gtupnja termo=
lize Sr{ND?}z . 4DMA eliminife se 1 SDMA molekule | od 180°C potinje plato desolva-
tizirane soli,

*) Razlafe ge bez topljenja.
«+y Omekiava o girem Intervalu.
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U tabell 2, sumirani su rezultat! analiza sintetiziranih adukata.

TABELA 2
Analiza DMA-adukata alkalnih i zemnoalkalnih soli

Anallza Termogravimetrijska analiza
Adukt kation anlon DMA Ostatuk eksp. za
teor. eksp. teor. eksp. teor, eksp. teor.  oksid
IiCl « 1,6DMA 4,01 388 2040 508 7560 THE 0 ....
LiBr : 1,53DMA 3,18 311 36,04 46,19 60,17 60,6 Frai b
LiJ + 4DMA 144 14 2633 2841 28 TLT ...
LiNOy -DMA 445 442 3072 3970 5581  BEE ..., ...
NaJ « 3DMA 550 558 3088 3102 6355 2634 ...
KJ - IDMA 815 408 2080 2084 G006 622 ...
KCNS . 3DMA 10,87 10,94 16200 1608 7288 724
MgCly + 4DMA 548 580 1802 1004 TBE0 TRZ 902 8,6
MgBrs - 4DMA 454 446 2083 4 8,54 2.0
MglJs « 4DMA a.88 3,78 40,62 e L 6,41 a7
MgNOyy - 2DMA 784 747 3843 3838  ..... G 1348 134
CaCly + 4DMA a2 8,56 15,43 15,53 75,81 75,8
CaBry .« GDMA 650 642 2518 2522 8851 6T ... ...
CaJy + SDMA G40 535 34,81 MM L 700 7.68
Ca{NOgs - 2DMA 11,84 11,65 0688 3658 5180 520 .... ....
CafAc)y - BDMA 4,60 4,63 13.82 1377 8140 81,1
SrCly - 4DMA 1ma7 1722 14,03 1404 8870 680
SrBry - 4DMA 14680 1471 2688 2003 5B42 674
SrJy « 4DMA 11,27 1085 3268 32,33 cees 18,83 13,0

SEr(NOgle - 4DMA 1584 1538 2213 22,06 6223 622
BaBry + 4DMA 21,27 21,26 2475 2451 5398 G458

Wa krivama termolize spomenutih adukata prikazan je samo proces desolvata-
cije. Oksidacija desolvatiziranih soll odvija se kod vifih temperatura. Iz tabele 2. se
vidi da se smanjenje mase, prouzrokovano eliminisanjem DMA u toku termolize,
dobro slafe sa teorijskim vrednostima sadriaja DMA u ovim aduktima, Desolvataciia
| oksidacija metalne soli odvijaju se zasebno | kod adukata litlwm nitrata, jodida i
tiocijanata kalluma, nitrata | acetata kolecluma te barium bromida.

Termitka disocijacija | nekih druglh adukata ima stupnjevit karakter, all se
intermedijarno stvoreni ni#l aduktl obiéno ne edlikuju velom termitkom stabilnodéu,
Tako se u toku termolize LiJ - 4DMA (kriva 3, 81, 1), MgBry - 4DMA | MgJ - 4DMA
fkrive 2 1 8, 8L 2) primarno stvara diadukt, MgCly - 4DMA (kriva 1, Sl 2) lzgubl u
prvom stupnju desolvatacije, koji se zavrdi do 230°C, 3,25 DMA molekule. Adulti
jodida kaleiuma istronciuma (krive 7 1 12 na 8L 2) takoder se razlaZu diskontinui-
rano uz Intermedijarno nastupanje adulkta sa 4,5, 3, 1 0,5 DMA molekule. Kod ovih
adukata razlaganje metalne soli slijedi odmah nakon desolvatacionog procesa, ili se
odvija paralelno sa oslobadanjem posljednjih molekula DMA. Zato u tim slufajevi-
ma nije bilo mogufe odrediti sadriaj DMA na csnovu kriva termolize.

DTA krive (51 3 | 4) pokazuju da razlaganje ovih adukata rezultira u endo-
tepmnim plkovima, Sa {zuzetkom CaCly - 4DMA, Ca{Ac)y - 8DMA | SrCls - 4DMA,
ostall adukt! se u toku termolize tope prouzrokujuél na DTA krivama prvi endo-
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Temp.°C

Sl 8. DTA krive DMA-adukata alkalnih soli
1) LiCl - 1,5DMA, 2) LiBr - 1,5DMA, 3) LLT - 4DMA, 4) LINOy + DMA, 3) NaJ - 8DMA,
6) KJ . 3DMA, ) KCNS - 3DMA
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—= Temp. °C

Sl 4, DTA krive DMA-sdukata zemnoalkalnih soll
1) MgCly - 4DMA, 2) MgBry + 4DMA, 3) MgJs - 4DMA, 4) Mg(NOg)y - 2DMA, 5)
CaCly - 4DMA, 8) CaBry - SDMA, 7) Caly - SDMA, 8) Ca(NOy)s - 2DMA, #) CalAc)s
 BIMA, 10) SrCly - 4DMA, 11) SrBry - 4DMA, 12) SriNOg)y - 4DMA, 13) Srdy - SDMA,
14) BaBry - 4DMA
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termni efekt. Volatilizacijn DMA u toku procesa kljufenja registrirana je sa pi-
kom, &lja elkstremna tatka se nalazi kod 170" do 225°C. Na DTA krivama nekih adu-
kata, kojl se termoliziraju uz stvaranje stabilnth intermedijata, manifestiraju se po-
jedine faze termolize sa zasebnim plkovima, &to je ved spomenuto kod interpretacije
TG kriva, Egzotermnl plkovi na DTA krivama ovih jedinjenja prouzrokovani su
cksidacljom oslobodenog DMA odnosno desolvatizirane metalne soli kod vigih tem-
peratura.
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ZUSAMMENFASSUNG

Addukte von einigen Alkalimetall- und Erdalkalimetall-Salzen mit
N, N-Dimethylacetamid
von M, Glovad und T. Ribar

Die folgenden Addukte mit N, N-dimethylacetamid (DMA) wurden synthetisiert
und charakterisiert: LIC1 - 1,6DMA, LiBr « 1,ADMA, LiJ - 4DMA, LINOg - DMA,
NaJ - 3DMA, KJ . 3DMA, KCNS : 3DMA, MgCly - 4DMA, MgBry - 4DMA,
Mg(NOyly - 2DMA, CaCly - 4DMA, CaBry - 6DMA, CaJs - 5DMA, (Ca(Ac)y - 8DMA,
Ca(NOy)s + 2DMA, SrCly - 4DMA, SrBry - 4DMA, SrJy - SDMA, Spr(NOy)s - 4DMA
und BaBry - 4DMA. Die thermische Dissoziation dieser Addukte wurde thermogra-
vimetrisch und differentialthermoanalytiach untersucht.
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Promjena specifidne brzine hidrolize o-nitrofenilacetata
u mjefovitom rastvaratu DMSO-voda je pradena uz katall-
titko djelovanje OH= fona, glicin aniona { imidazola, Efekat
ubrzanja reakecije katalizirane OH- lonima je veoma vellk i
bitno ovisi od aktiviteta vode u rastvaratkom sistemu. Glicin
je aktivoljl kao katalizator u mjebovitom rastvaratu nego u
tistoj vodi, lako ova) efekat dolazi do izraZaja tek kod kon-
centracije DMSO vede od 80 vol % Imidazol smanjuje svoju
katalititkn efikasnost sa porastom koncentracije DMSO sve do
Xeowso = 0,3, Do tog sastava rastvarata log k., pratl sma-
njenje pK imidazola, a kod velih koncentracija DMSO, pro-
rrLjet;n sastava rastvarada prakti®no ne utite na brzinu re-
akelje,

Porast specifitne brzine bazno katalizirane hidrolize estera u mje-
Sovitom rastvaratu DMSO -— woda, je pratena u nekoliko navra-
ta, W58 4687 Ubrzanje ove reakcije tumaédi se na dva nadina: s jedne
strane desolvatacijom hidroksilnog iona u rastvaradu koji sadrai dipolarno
aprotonsku komponentu,' dok su veéina autora skloni da ovom efektu
dodaju i efekat dipolarno aprotonskih rastvarata da solvatizacijom sta-
biliziraju aktivirani kompleks delokaliziranog naboja. ' * %7 8 Ukeliko su
ova dva efekta uzrofnici porasta brzine hidrolize estera, moglo bi se
olekivati da specifina brzina reakcije kafalizirane hidroksilnim ionima
prati promjenu baziénosti sistema izrazenu preko H-funkcije. Medutim,
promjena bazitnosti 0,011 M (CH,), NOH od vode do oko 1 M H,O u DMSO,
iznosi oko 10" puta ", dok porast specifitne brzine najreaktivnijih nitro-
fenilacetata u ovom istom podrudju promjene sastava rastvarada, ide od
10" do 10" puta”. Kvantitativno pra¢enje promjene brzine hidrolize estera
sa postepenim porastom dipolarno aprotonske komponente u rastvaracu,
je praceno za alkil estere benzoeve kiseline'? odnosno, supstituirane ben-
zoeve kiseline,® te etilacetata.' Rezultati ukazuju da steri¢ki faktor alkil
ili acil grupe mofe da promjeni osjetljivost ove reakeije na dodatak dipo-
larno aprotonske komponnete,!: % ?

Detaljnija ispitivanja sa stanovista uloge vode u mjefovitom rastva-
rafu i njenog uticaja na promjenu brzine hidrolize estera do sada nisu

Nopomena: Ovaj rad je izraden uz materijalnu pamoé Republitkog fondn za
naudni rad SRBIH.
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radena, Posebno malo literaturnih podataka ima o generalno baznoj
hidrolizi estera u mjefovitom rastvaracu DMSO-voda.’

Eksperimenti obuhvaceni ovim radom usmjereni su stoga u dva
pravca:

1. Ispitivanje promjene brzine hidrolize jednog supstirata (o-nitro-
fenilacetata), katalizirane OH~ ionima u podruéju sastava rastvaraca od
tiste vode do 80 vol % DMSO (Xomse = 0,7).

2. Ispitivanje promjene brzine hidrolize istog supstrata katalizirane
aminskom bazom, od kojih je jedna neutralna baza (imidazol), a druga
negativno naelektrisana (glicin anion).

Brzina reakcije katalizirane ovim bazama pracena je u istom inter-
valu sastava rastvarada kao i kod katalize OH™ ionima.

EKSPERIMENTALNI DIO
Aparati

Brzina hidrolize o-nitrofenilacetata pracena je spektrofotometrijski, na apa-
ratima sinicame, SP=500 | »Durrume Stopped — flow spektrofotometru.

pK vrijednost imidazola odredena je takode spektrofotometrijskl. Mjerena je
promjena ravnotede
HA + B = BH+ + A— (n

u ovisnost! od sastava rastvaras. Kao Indikator koridten je o-nitrofencl, eiji se
pK uslovno ne mjenja sa promjenom sastava rastvarata, pa je iz polofaja ravnotede 1,
ratunata pK vrijednost puferskog sistema BH*/B,

e i ; (BHY o (HA)
pEKmtin = pK - + log (B) — log A
Konstante su odredene sa tadnoféu od 3 do 4%,

Svan pH mijerenja u vodi napravijena su na pH metru flrme sRadlometers
model 22 na 20°C,

2

Hemikalije

Matin pripravijanja i &#éenja o-nitrofenilacetata je opisan u literaturf!®. Pu-
ferskl slstem Im/ImH+ je napravljen rastvaranjem fvrstog imidazola p. a. flrme
sMercks, (kojl je prethodno sufien), uz dodatak prerafunate kolitine HCI

Glicin/glieln anion sistem je prireden takode iz fvrstog glicina p.a, firme
#Mereks uz dodatal prerafunate kolitine NaOH.

DMSO (purris B, D). H) je &idéen vakuum destilacljom pod dudikom. Kontrola
#istote je vriena odredivanjem tatke topljenja. Tatka toplienja je bila u granica-
ma od 18,30 do 1840°C,

Redestilisana prokuhana voda je bila upotrebljena za pravijenje svih rastvora.

Kinetitka mijerenja

Kinetitki eksperiment! su vrenl na 20 & 0,05°C u gvim kinetitkim mjere-
njima, U eksperimentima sa imidazolom kao katalizatorom ukupna lonska sila je
bila 0,2, a postizana je dodtkom prerafunate kolitine KNOy pK mjerenja su ta-
kode radenn uz konstantnu lonsku sllu od 0,2, Brzina hidrolize estera pratena je
spektrofotometrijskl, mjerenjem brzin~ stvaranja o-nitrofencla na 3725 nm, to
jest na izozbetifko] tatcl za ravnoteiu o-nitrofenola — o-nitrofenolata.

Reakelja je pradena od 1 do 3 poluvremena reakeije.
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REZULTATI I DISKUSIJA

Kineti¢ka mjerenja reakcije hidrolize o-nitrofenilacetata katalizi-
rane OH- jonima, sumirana su u tabeli 1. Brzine ove reakcije su pra-
¢ene uz uslove za reakeiju pseudo prvog reda (kesp), a katalitka konstan-
ta (ku) je dobivena iz odnosa ke (OH ). Reakcija katalizirana moleku-
lama rastvarafa kod eksperimentalnih uslova navedenih u tabeli 1. je
manja od prosjedne eksperimentalne gredke koja iznosi = 3%, Speci-
fitna brzina ove reakcije u vodi uz jonsku silu I = 1,00, i na 30°C mje-
rena je ranije i iznost ky = 25,0 1 mol~! ¥, Rezultati mjerenja na 30°C
i bez prisustva stranog elektrolita daju vrijednost kn = 12,1 mol-! sec'.

TABELA 1

Promjena specifitne brzine hidrolize o-nitrofenilacetate sa promjenom sastava
rastvarads DMSO — voda

Katalizator: NaOH (0,01 — 0,005 M); t = 20,00 %= 0,06°C

vol % X NaOH Kuisp kit

DMSO Lo mal/l gec=! mol=1sec-1 log ky
0,00 0,00 0,01 0,072 7.2 0,857
20 0,061 0,01 0,082 g2 0,914
410 0,15 0,01 0,100 10,9 1,087
i) 0,27 0,01 0,260 26,0 1,415
70 0,37 0,01 0,870 67,0 1,828
80 0,50 0,01 2,50 268 2.408
85 0,69 0,006 2,78 556 2,740
a0 0,70 0,006 0,00 1800 3,250

Smatramo da se radi o sistematskoj grefci jednog od autora koja za
pracenje relativne promjene brzine reakcije sa promjenom sastava ra-
stvaraca nije od velike vaZnosti.

Kineti®ka mijerenja hidrolize o-nitrofenilacetata katalizirane imi-
dazolom sumirana su u tabeli 2. Vrijednostl ky su dobivene iz nagiba
pravea funkcionalne ovisnosti ke, od koncentracije imidazola [Im]. Odnos
ImH*/Im je variran od 3:1, 1:3 do 1:4. Vrijednosti ku kod bilo kojeg
od ovih odnosa se slafu unutar == 6%. Kako se apsolutna vrijednost
koncentracije katalizatora kreée od 0,008 do oko 0,2 M, smatramo da
su slaganja u ky zadovoljavajuca, Kataliticki efekat imidazola u mjeso-
vitom rastvaratu DMSO-voda, praden je kod konstantne ionske sile I = 0,2
(uz dodatak KNO, kao neutralne soli).

Rezultati mjerenja Brucie-a 1 saradnika' daju vrijednost spe-
cifitne brzine u vodi za katalizator imidazol kn = 1,07 1 mol-!
sec-! na 30°C i uz ionsku silu I = 1,0, Rezultati mjerenja brzi-
ne hidrolize o-nitrofenilacetata kod eksperimentalnih uslova nave-
denih u tabeli 2. i na 30°C daju ky = 0,93 1 mol~' sec™!, Razlika u vri-
jednosti ki od 149 je nedto ve¢a od eksperimentalne greike, 8to moZe da se
pripise razlici u ionskoj sili, koja nije zanemarujuca.

8 — Glasnik hemifara
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Rezultati mjerenja brzine hidrolize o-nitrofenilacetata u mjesovitom
rastvaracu DMSO-voda uz katalizator glicin anion, sumirani su u tabeli
3. lonska sila je odredena koncentracijom glicin aniona i kretala se u
intervalu od 0,02 M do o,04.

TABELA 2

Promjena specifiéne brzine hidrolize p-nitrofenilocetata sa prosnjenom sastava
rostvarata DMSO — voda

Katalizator: Imidazol (0,008 do 0,2 M)
Odnos ImH+ prema Im = (3:1); (1:3); (1:14) L= 20,0 £ 0,1°C

(Imidagols) ImH* :Im Koip + 107 kn
Kowso ol 1-1)-100 gec—? 1 mol -1 sec-! 3+log ku

0,00 3,0 3 2,13

0,00} 5,0 a1 3,01

0,00 7.0 a:1 4,21

0,00 8,0 3:1 6,20 (63 2,800
0,028 a0 a:1 1,54

0,028 5,0 a1 267

0,028 8,0 a:1 2,63

0,028 7,0 a:1 2,07

0,028 8,0 a:1 3,38 0,37 2,568
0,080 a0 an 0,84

0,060 6,0 a 1,48

0,060 7,0 a: 1,80

0,060 0,0 3:1 2,48 0,25 2,368
0,10 3.0 31 0,586

0,10 5,0 a1 0,86

0,10 7.0 3:1 1,17

0,10 a0 3:1 1,33 0,13 2,114
0,14 5.0 3: 0,418

014 8,0 i1 0,726

014 a0 8:1 0,863

0,14 11,0 31 1,06 0,085 1.980
0,27 A0 a:1 0,330

027 16,0 211 0,580

0,27 24.0 L H | 0,820

0.AT 32.0 3:1 1,10 0,032 1,501
0.50 8.0 3:1 0.147

0,50 12,0 a3l 0,218

0,50 16,0 a: 0,268

0,60 20,0 a:1 0,388 0,018 1,256
0,60 60,0 1:3 0.87

0.50 0,0 13 147

0.50 120,0 1:3 1,62

0.50 150,0 13 246 0,018 1,204
0 60 4.0 1:4 1,20

0,50 128.0 14 2,18

0.50 160,0 1:4 2,73

n.50 182.0 14 3,18 0,017 1,230
071 84,0 14 1,07

0.71 g3z 1:4 1,48

nTl 06.0 1:4 1,58

0,1 1280 1:4 2,18 0,0171 1,232
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TABELA 3
Promjena specifitne brzine hidrolize o-nitrofenilacetata sa promjenom sastova
rostvarades DMS0 — voda
Katalizator: NHyCH,COO— (0,02 do 0,04 M); Odnos HA:A~=1:4 | 1:8; t=20.0+0,05"C

vol %  (NHyCH;co0—) Fuferskl e log ku
DMSO (mol-1-Y SO0 (sec™y)  1.mol-t sec—

20 0,04 1:4 0,048 1,20 0,080

40 0,04 14 0,044 1,10 0,042

60 0,04 14 0,054 1.35 0,130

0 0,02 18 0,150 7,80 0,892

85 0,02 18 0,360 18,0 1,266

90 0,02 1:8 1,34 7,0 1,828

U intervalu sastava rastvarata od 20 do 60 vol ®» DMSO vriena je
kontrola doprinosa OH- iona ukupnoj brzini reakcije', Ekstrapolacija
na konecentraciju katalizatora O, daje odsje¢ak éija je wvelidina unutar
eksperimentalne grefke (£3%). Kod veéih koncentracija dipolarno apro-
tonske komponente, ekstrapolacija na nultu koncentraciju katalizatora
nije vriena, te se vrijednosti ky dobivene iz odnosa kep/(gl°) mogu primiti
sa lzvjesnom rezervom.

-

a0
B G 6% 04 08 op Gy KOMSO

Elika br. 1 — Efekat molskog razlomka DMSO na brzinu reakelje hidrolize o-nitro-

renilacetata katalizirane: (A) — OH- lonovima (0,01 M), (B) — Glieln anlonom
0,02 — 0,04 M), (C) — Imidazolom (0,008 — 0,2 M)

Promjene brzine hidrolize o-nitrofenilacetata sa molskim razlom-
kom DMSO grafi¢ki je prikazana na slici br. 1.

Ovisnost specifitne brzine reakcije hidrolize estera sa promjenom
bazi¢nosti vodenih rastvora koncentrovanih baza teoretski su obradili G.
Yagil i M. Anbar', uvodeéi parametdar koncentracije slobodne vode u izraze
za brzinu. U tom smislu, brzina hidrolize estera treba da prati funkeiju
H. 4+ log C, ili H. + 2 log C,, gdje je C, koncentracija slobodne vode.
Ova dva tipa funkeionalne ovisnosti bi ukazivala na to da 1i se tetraedarski
meduproizvod spontano raspada na produkte, ili njegov raspad ide uz
sudjelovanje vode kao reaktanta.

a*
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Promjena bazi¢nosti 0,011 M (CH,), NOH u rastvaratu DMSO-voda
je takode obradena sa stanovista postojanja slobodne vode u mjedovitom
rastvaratu.! Ovo je, medutim, moguée samo do one granice sastava ra-
stvaraéa dok slobodne vode jo& ima. Za sastav rastvaraéa Xowso=>0,5,
rafun pokazuje da je ova veli¢ina zanemarljivo mala. Eksperiment s druge
strane pokazuju veliki porast bazifnosti rastvaratkog sistema sa smanje-
njem ukupne koncentracije vode u rastvaradu.’ Isto tako se i hemijske
reakeije odvijaju i preko molskog razlomka Xpwso = 0,5, veoma testo
znatno brie nego kod manjih molskih razlomaka DMSO. Te &i-
njenice govore u prilog predpostavke da je energija hidratizira-
nog OH- iona u koncentrovanim rastvorima DMSO bitno po-
vecana, 1 da je wvoda u kompleksu sa DMSO hemijski aktivna,
Kao doprinos ovoj tvrdnji, Bruice i gsaradnici daju mjerenja pro-
vodljivosti OH- fona u 1 M H,0 u DMSO, koja je dale'so bliZa pro-
vodljivesti velikih aniona nego provodljivosti npr. CI™ iona.!® U principu
se moe obekivati da promjena specifiéne brzine hidrolize estera prati
promjenu baziénosti sistema, a da su obje ove veli¢ine u uskoj ovisnosti ne
od koliine slobodne vode (tj. vode koja nije vezana niti za rastvarad
niti kao hidratacijska voda), nego od aktiviteta ukupne vode u sistemu.
Koeficijente aktiviteta vode u mjefovitom rastvaratu DMSO-voda na
25°C izratunali su B. G. Cox i P. T. Me Tique.'” H_ funkcija za 0,011 M
(CH,),HON ne odgovara u potpunosti nasim eksperimentalnim uslovima,
gdie je kao baza koriften 0,01 M NaOH, ipak se polu'tvantitativna po-
redenja mogu vriiti. Promjene ove dvije velitine sa aktivitelom vode u
rastvaratu date su u slici br. 2.

SLIKA W ;

A
+log L

§lika br. 2 — (A) — Zavisnost H-funkecije od log (aktiviteta vode) u mjefovitom
rastvaralu DMSO — voda

{B) — Owisnost log (kataliti¢ke konstante hidrolize OH= ionima) od log (aktiviteta
vode) u mjelovitom rastvaradu
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Ako je H_ funkeija odredena poloZajem ravnoteZe realkeije'!
OH— (H,0); + BH = B~ +4 4H,0 @3

njena vrijednost bi trebala da raste sa reciprotnom vrijednoiéu fetvrtog
stepena aktiviteta vode u sistemu, tj. H. = f(a,)"% Slika br, 2 pokazuje
da do molskog razlomka Xopuso = 0,7, postoje dva nagiba: prvi ima vrije-
dnost — 15, a drugi — 6,1. Tek poslije molskog razlomka DMSO od 0,7
nagib pravea postaje —4,0. Nagib veéi (u apsolutnoj vrijednusti]t od 4
mogli bi biti u vezi sa vetom solvatacijom Cestica lijeve strane jedna-
¢ine 3, a najvierovatnije dodatnom solvatacijom osnovne specije
OH-(H,0), od strane slobodne vode.

Ostaje problem, kako objasniti nagib pravea od — 15 u podruéju
od &iste vode do sastava rastvarata Xomso 0,2. Vrlo je vjerojatno da
nagib pravea funkcionalne ovisnosti H- od log a, predstavlja stvarnu
razliku solvatacijskih brojeva destica udesnika u ravnotezi (3) tek tada,
kad koncentracija slobodne vode postaje dovoljno malena, da se ra-
zlika molskih volumena vode i DMSO mofe zanemariti' (kad
Homse = 0,2 Cugo = 28 mol/l, a Comso = T mol/l, Ako svaka
molekula DMSO vefe 2 molekule vode, stehiometrijski slobodna voda
bi bila 28 — 14 = 14 mol/1, dok kod Xpwso = 0,3 Cuye = 21 mol/l,
Covso = 9 mol/l; stehiometrijeki, koncentracija slobodne vode je 21 —
— 18 = 3 mola/l1). Drugim rije¢ima, tek poslije molskog razlomka
Komso = 0,7 reakeljom neutralizacije OH~ iona, oslobadaju se samo Setird
molekule vode. Ova ¢injenica ide u prilog tvrdnji da 1 u visckim kon-
centracijama DMSO, OH™ ion ostaje kao trihidrat, a da je energija ove
specije jako povedana, zbog kompeticije molekula DMSO | OH- iona za
hidratnu vodu,!% 17

Ako umjesto Yagil-ovog predlofenog parametra slobodne vode, uve-
demo u izraze za brzinu reakcije tipa hidrolize estera, aktivitet vode,
nagib pravea log. kn u funkeiji log. a,, trebao bi da bude ili za jednu
ili za dvije jedinice manji po apsolutnoj vrijednosti od nagiba H_ funkei-
je u zavisnosti od log a,. Slika 2. pokazuje da barem &to se tide hidrolize
o-nitrofenilacetata nagib nije niti —5 niti — 4, Vrlo je vjerovatno da
stvarni nagib funkecije log kn u ovisnosti od log a, predstavlja broj mo-
lekula vode koji se oslobada na putu od reaktanata ka aktiviranom kom-
pleksu, Razlika od eksperimentalnog i teoretskog nagiba u tom sludaju
bi bio broj molekula vode, koja je ili zaostala kao hidratacijska voda
OH™ ijona, ili solvatacijska voda aktiviranog kompleksa.

Drugi dio rada odnosi se na ispitivanje promjene katalitifke efi-
kasnosti nekih generalnih baza u sistemu DMSO-voda. Kao predstavnike
odabrali smo imidazol i glicin anion. Oba su aminske baze, veoma dobrl
katalizatori u reakeiji hidrolize nitrofenilacetata,'™ % 1" y yodenoj sredini.
Kineti¢ka mjerenja hidrolize o-nitrofenilacetata uz kataliti¢ko djelovanje
imidazola istitu dvije éinjenice:

1. Brzina hidrolize opada sa dodatkom DMSO, do molskog razlomka
HKomso = 0,33.
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2. Poslije ovog molskog razlomka brzina reakeije se praktitno ne
mijenja sa promjenom sastava rastvarada. Molski razlomak Xopuso = 0,33
je veoma interesantan utoliko 35to Je kod tog sastava stehlometrijski
odnos vode § DMSO takav da je mogude kompletno ostvariti kompleks
2H,0 « DMSO, Ukoliko bi voda i mogla da bude aktivna komponenta u re-
alzelji hidrolize, ona to u ovom sludaju i jeste samo dotle dok ima potpuno
slobodne vode u rastvaratu. Kako je efikasnost katalizatora u uskoj
vezi sa njegovom pK vrijednoiéu, objainjenje smanjenja brzine reakcije
pokulali smo naéi u promjeni pK wrijednosti kiseline (protoniranog imi-
dazola). Vrijednosti pK za IMH* mjerene spektrofotometrijski uz indi-
kator o-nitrofencl, date su u tabelama 4. i 5, a graficki su prikazane na
glici br. 3, zajedno sa log ky u ovisnosti od aktiviteta vode u mjefovitom
rastvaracu,

TABELA 4

I'ndikatorski odnos e-nitrofennol — o-nitrofenolat w zavisnostl od sastave rastvarade
DMS0 — voda

Koncentraclja: 1,7-10— M; Odnos HA'A-=1:11 1:2

i HA/A- 1-log HA/A—

420 o 1,21 1,0838
420 10 1,26 1,1087
420 20 1,19 1,0758
420 30 1,16 1,06456
430 40 1,12 1,04856
430 B0 1,008 1,0282
430 B0 1,16 1,0645

sr, vril. 1,18 ar, vril. 1,0868
420 1] 0,65 0,8153
420 10 0,81 0, 7840
420 20 0,67 0,8250
420 a0 0,64 0, 5000
430 40 0,57 07678
430 50 0,56 0,7518

sr. vri}. 0,62 sr. vri], 0,7808

Praktiéno paralelno smanjenje pK vrijednosti i log kn sa log a,
moZe da objasni promjenu kataliticke efikasnosti imidazola, barem u po-
tetnom intervalu ove funkcionalne ovisnosti.

Veoma vaZna razlika izmedu imidazola i glicina je u tome, &to je
glicin anion negativno naelektrisana éestica, koja bi kao takva, mogla
da se ponafa sasvim razlidito od imidazola u datom rastvaradleom si-
stemu.®

Kinetidk:a mjerenja pokazuju veoma malu promjenu specifitne brzi-
ne reakcije kod malih molskih razlomaka DMSO. Praktiéno, do znatnog
ubrzanja reakcije dolazi tek kod Xpwso vedeg od 0,3, Znatna koli¢ina
slobodne vode kod manjeg molskog razlomka od 0,3, ukazuje na mo-
guénost da energija glicin aniona ostaje prakti¢no ista kao i u vedi, a
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TABELA &

Indikatorski odnos o-nitrofenol — o-nitrofenolat & pKrw* im vrijednost u zavisnostl
od sastava rastvarata DMSO — voda, ﬂu_r' ;EmJImH puferski sistem, koncentracije
1

Koncentraclja: HA = 3,8.10—U0M; Odnos 1:2 1 1:1

val %

B/BH+ DMSO HAMA- log HA/A— PE watiim
420 1,00 0 1,10 0,0420 7,08
420 1,00 10 1,13 0,2388 6.88
420 1,00 20 2,40 0,3066 6,72
420 1,00 an a.84 06844 @54
430 1,00 40 0,88 0,9948 g.13
430 1,00 50 18,60 1,2745 6,86
430 1.00 a0 25,13 1, 4005 542
420 0,60 0 0,56 0,7448—1 T.08
420 0,50 10 0,80 0,8043—1 8,92
420 0,60 20 1,18 0,0720 6,76
420 0,50 a0 2.08 08192 @,50
430 0,50 40 4,32 0,6351 a,18
430 0,50 50 10,07 1,0032 5,82

SLIKA Wl

Hﬂg I:.. (a)

15

10

W ® B W v B 17 9w P

Slika br, 3 — (A) — Zavisnost log (katalititke konstante) reakclje hidrolize
katalizirane imidazolom; (B) — pl, protonirancd imidazola, od log (aktiviteta vode)
u mjefovitom rastvaradu DMSO — voda
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kod veéih koncentracija DMSO, moZe se bitno poveéati uslijed sma-

njene solvatacije. Veoma bi interesantno bilo ispitati promjenu pK wvri-

Lt;:dnmtl glicina i uporediti je sa promjenom specifiéne brzine ove re-
cije.
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SUMMARY

Base Catalysed Hydrolysis of o-Nitrophenylacetate in a Mixed
Dimethylsulphoxid — Water Solvent System

V. Siflov, D. Sutié, P. Hié

Change of the rates of base catalysed o-nitrophenylacetate hydrolysis has
been investigated in a mixed DMSO — water solvent system of 0,0 to 0,7 mole
fraction of DMSO.

Catalysts under the investigation, have been: NaOH (0,01 M), Imidazole (0,008 —
0,2 M) and glycin anlon (0,04 — 0,08 M). Large Incrense in the rates of the reaction
has been observed under the catalytic action of OH— fon (5 - 10%) or glycine anlon
(60); the difference in the change of their eficlency being noticable In a solvent
with Xrwse less than 0,3,

Decrease of the rates of hydrolysis under the eatalytic influence of imidazole
practically parallels the decrease of pK wvalues of the protonated imidazole. When
Xues In a solvent system incremses the wvalue of 0,3, specific rates of the re-
mmh:l::llIl rei'nalrf: conatant.

role of the water activity in a mixed solvent on t =
APl By ¥ he OH— catalysed reaction,
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