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The Precipitation and Hydrolysis of Zinc, Lead and Bismuth 
in Aqueous Solutions 

B. Pokric 

Laboratory for Electrophoresis, Institute »Ruaer Boskovic«, Zagreb, 
Croatia, Yugoslavia 

The pptn. of metal hydroxides, hydrolysis of metal ions, and influence 
of complexing agents on the formation of ppts. have been investigated in 
the systems: ZnCh-NaOH(HCl)-NaCl-H20; Pb(NOa)2-HAcac-NaOH(HClQ4) 
-NaCl04-H20; PbCb-NaOH(HCl)-NaCl-H20; Bi(Cl04)3-NaOH(HCl04)-
-NaCI04-H20. 

The investigations were done in the pH range from 0.5 to 13.5 and 
concns. range of metal ions from 1.0 X 10-0 M to 3.0 X 10-2 M. The com­
bination of tyndallometry, high voltage electrophoresis and adsorption 
chromatography on filter paper permits the detn. of regions of pH values 
and concns. of metal ions in which exist zn2+ and Pb'+ ionic species, 
cationic and anionic hydrolytic species of zinc and lead, uncharged lead 
acetylacetonate Pb(Acac)g , cationic, uncharged and anionic hydroxo­
acetylacetonato-complexes of lead, cationic chloro-hydroxo-complexes of 
lead, and cationic perchlorate- and hydroxo-perchlorato-complexes of 
bismuth. 

Uncharged ionic pairs of the form [Na;+ Zn(OH)!- l' were found to 

exist in the region of high pH values instead of the anionic hydroxo­

complex Zn(OH)l- . The same was found for lead, indicating that the free 

anionic hydroxo-complex of the form Pb(OH) !- does not exist in aq. 

solns. 
At 200 c the following soly. consts. were found: for zinc hydroxide: 

log Kso = - 20.2 and log Ks< = - 0.2; for lead hydroxide: log K so - 19.3. 
The new phenomenon of electrophoretic quasi mobilities characteristic 

for hydrolytic species in aq. solns. is described as a result of the formation 
of hydrogen bonds between the hydroxyl groups of metal hydrolytic 
species and the =CHOH groups of the amorphous part of the filter paper 
cellulose. 

The thesis was partly published in J. Inorg. Nuci. Chem. 33 (1971) 445. 
Examiners: Dr. Z . Pucar, Prof. H. Ivekovic, Prof. M. Mirnik 
Oral examination: December 15, 1970. 
Dissertation deposited at the University Library, Zagreb, and Institute 

>>Ruder BoSkoviC<..-, Zagreb. 

(85 pages, 34 figures, 100 references, original in Croatian) 
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BIBLIOGRAPHIA CHEMICA CROATICA B3 

DCC-31 (Univ. Zagreb) 

Croat. Chem. Acta 43 (1971) 

Electrochemical Study of Uranium(VI) Peroxo Complexes 

v. Zutic 
»Ruder Boskovic« Institute, Zagreb, Croatia, Yugoslavia 

Redox processes of uranium(VI) peroxo complexes in aq. alkali 
carbonate and hydroxide solns. were studied using polarographic techni­
ques, cyclic voltammetry, and coulometry at mercury electrodes. 

In the system U(VI)-H20,--Me2COa uranyl peroxodicarbonate has 
been identified as the electroactive species. with the following parameters 
of the redn. process: (E1;2 q;, = 0 = - 0.92 V/S. C. E., n = 3, o. n «" = 0.56, 

no. = 1, k {) = 2.5 X 10-• cm. sec.-1 and the charge of the electroactive species 
z = - 2. The redn. product, uranium (VJ tricarbon ato complex, reduces th e 
peroxo group of uranyl peroxodicarbonato complex; the homogenous rate 
const. has been detd . as k = 60 and 4 X 10• 1. mo1-1 a t 10 and 40• C, 
respectively. 

Depending on the H202/U r atio in the system U(VI)-H20,--MeOH 
uranium(VI) h ydroxo, monoperoxo and triperoxo complexes have been 
characterized as electroactive species. Electrochemical redn. of uranium (VI) 
hydroxo complex is a simple process with E" = 0,88 V, a nu = 0.49, 
k 0 = 3.5 X 10-2 cm. sec.-1 and z = - 1. Redn. of the u ranium(VI) mono­
peroxo complex gives two waves - quasi-reversible wave at - 1.05 V and 
an irreversible one around -1.5 v. On the other hand, uranium(VI) tri­
peroxo complex is reduced through a single seven-electron irreversible 
process with E1;2 = -1.45 v . In all cases the same uranium(V) hydroxo 
complex has b een identified as the stable redn. product. The behavior is 
still complicated by the bulk recombination reaction between uranium(VI) 
triperoxo and hydroxo complex, and redox reactions between uranium(V) 
hydroxo complex and any species containing the peroxo group. 

It has been concluded that the first step of the overall redn. process 
of the peroxo complexes studied is the one electron redn. of the uranyl 
group, the potential of which is detd. by the stability of uranyl-ligand 
bond. The following step shows the usual characteristics presented by 
the noncomplexed peroxo group. 

The thesis was partly published in: J . Poiarog. Soc. 13 (1967) 9; J. 
Eiectroanal. Chem. 19 (1968) 259 ; ibid. 28 (1970) 187, and Inorg. Nucr. Chem. 
Letters 5 (1969) 271. 

Examiners: Prof. I. Filipovic, Prof. B. Tefak, and dr. M. Branica. 
orar examination: November 19, 1970. 
Dissertation deposited at the University Library, Zagreb. 

(150 pages, 15 tabies, 58 figures, 193 references, originar in Croatian). 

V. ZUTIC 
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BIBLIOGRAPHIA CHEMICA CROATICA 

DCC-32 (Univ. Zagreb) 

Croat. Chem. Acta 43 (1971) 

Analysis and Separation of Polarographic Waves 

I. Ruzic 
Laboratory for Physico-ChemicaL Separations, Center for Mm·ine Research, 

»RuC!er Boskovic« Institute, Zagreb, Croatia, YugosLavia 

Equations of current-potential curves for Kalousek commutator polaro­
graphy, square-wave polarography, Fournier's technique, and radio-fre­
quency polarography have been derived fo r reversible electrode reactions. 
The analysis of exptl. current-potential curves for the mentioned techni­
ques has been proposed, and the results were compared with those 
obtained by usual logarithmic analysis of. d. c. polarograms. The ·general 
equation for such analysis has the form: A (i - i•) x' + (A + 1) (i - I) x + 
+ i - I* = 0, where A = exp (- nF b. E/RT), x = exp [- nF (E - E f1ol/RT], I* 
is the residual current, I is a function of the peak current, i* is the 
limiting current, and b. E is the amplitude of the polarizing voltage. E , i, 
n , F, R , T and Ef;, have their usual meaning. The procedure for the 
analysis of Kalousek's curves and square-w ave polarograms has been 
applied for the analysis of normal pulse and derivative pulse (as well as 
a. c. and d. c. differential) polarograms respectively. 

A new method for the analysis of quasireversible d. c. polarographic 
waves has been proposed, giving more accurate results than that of Koryta 
and Matsuda-Ayabe. 

The methods for the analysis and separation of two (or more) over­
lapping d . c. waves as well as derivative curves have been proposed. In 
the first case the method can be applied for the analysis and separation 
of anodic-cathodic quasireversible d. c. waves, d. c. polarograms of a 
multistage polyelectronic electrode reaction, Kalousek's curves type I and 
II and their combinations. 

Part of the work was published in: J. Electroanal. Chem. 22 (1969) 
243, 422; ibid 25 (1970) 144; ibid. 29 (1971) 411, 440. 

Examiners: Dr. M. Branica, prof. I. Filipovic and prof. R. Wolf. 
Oral examination: January 6, 1971. 
D egree conferred: February 26, 1971. 

(250 pages, 15 tables, 108 figures, 300 references, original in Croatian) 

I. RU.ZIC 

BS 
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BIBLIOGRAPHIA CHEMICA CROATICA 

MCC-38 (Univ. Zagreb) 
Master of Science Thesis 

Croat. Chem. Acta 43 (1971) 

Preparation and Chelating Properties of Optically Active 
1,2-diaminocyclopentane-N,N,N'N' -tetraacetic Acids 

N. Paulic 
Laboratory of Analytical and Physical Chemistry, Institute for Medical 

Research, Yugoslav Academy of Sciences and Arts, Zagreb, Croatia, 
Yugoslavia 

Starting from diethyladipate, 1,2-cliaminocyclopentan e-N,N,N'N'-tetra­
acetic acid was prepd. through five reaction steps. The racemic acid was 
resolved with brucine and the obtained optically active acids showed spe­
cific rotations: [a] 0 = + 58° and [a] 0 = -53°, resp. In this way it was proved 
that the trans isomer of the acid is the main product of the synthesis. 

Both optically active a cids were used for the prepn. of resp. cobalt(II) 
complexes. The ORD-spectra of Co(II)-(+ )-CPDTA and Co(II)-(-)-CPDTA 
systems are related as mirror images (within the limits of exptl. err or). 
These spectra are a nomalous and irregular so that the abs. configuration 
of these complexes could not be ascertained on the ground of analogy 
with similar EDTA or CDTA chelates. From UV and visible absorption 
spectra of these complexes it could be considered that a Jahn-Teller effect 
is involved, giving rise to a broad max. at 450-520 nm. 

Stability consts. of all the complexes investigated, detd. by a poten­
tiometric method using a mercury pool electrode, are not significantly 
different. 

Examiners: Dr. D. Fies, Dr. VI. Simeon and Prof. K. Balenovic. 
Oral examination: January 20, 1970. 
Degree conferred: February 28, 1970. 
Thesis deposited at the Institute for Medical Research, Zagreb and 

at the Institute of Organic Chemistry and Biochemistry, University of Za­
greb. 

(73 pages, 7 tables, 4 figures, 61 references, original in Croatian) 
N. PAULIC 
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BIBLIOGRAPHIA CHEMICA CROATICA B9 
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MCC-39 (Univ. Zagreb) 
Master of Science Thesis 

Croat. Chem. Acta 43 (1971) 

Potentiometric Determination of Stability Constants of Formato, 
Glycolato and Chloroacetato Complexes of Nickel, Cadmium 

and Lead 

T. Matusinovic 

Laboratory of Inorganic Chemistry, Facutty of Technotogy, 
University of Zagreb, Zagreb, Croatia, Yugosiavia 

Stability consts. of formato, glycolato and chloroacetato complexes of 
nickel, cadmium and lead have been detd. by the potentiometric method. i 
The change of concn. of the hydrogen ions in the monocarboxylate buffer !:::

1111 

•. 
has been measured. Stability const. have been obtained graphically using 
Fronaeus' method and by means of a digital computer applying the Gauss 
Z programme devised by R. S . Tobias. 

All measurements were performed at the temp. of 25 ± 0.1° c except 
those in chloroacetate buffers where it was 18 ± 0.1° C in order to avoid the 
hydrolysis of the chloroacetate. The ionic strength of investigated solutions 
was ]fept const. at 2 M. 

From the values of the first stability const. it can be seen that the 
stability of the monoligand complexes increases for all investigated systems 
in the series: 

Formato complexes: Ni'+ < Cd2+ <Pb'+ 
Gly colato complexes: Cd'+ < Ni2+ <Pb" 
Chloroacetato complexes: Ni"< Cd'+< Pb2+ 
The stability of monocarboxylato complexes of nickel , cadmium and 

lead, increasing in the order: Ni< Cd <Pb (with exception of glycolato 
complexes) , is in agreement with their tendency to polarization (i. e. with 
the mobility of electrons), because it increases in the same order (o. X 
X 10" : 0.7 .... 0.96 and 4.34 cm•). 

With regard to the ligand component, for all investigated metal ions, 
except lead ion, the observed orders of complex stability are in agreement 
with the order of ligand basicity, with the exception of glycolato comple­
x es. The highest stability of gly colato complexes, except those of lead, is 
due to the presence of the OH group in the glycolate ion which is bonded 
to the metal ion as well. In the lead glycolato complexes such a bond does 
not probably exist because the position of glycolato complexes in the above 
stability order corresponds to the basicity of the glycolate ion with regard 
to the other monocarboxylate ions. A markedly higher stability of the lead 
chloroacetato complexes is in contradiction with the basic properties of 
this ligand and the explanation of this phenomenon cannot be given as yet. 

Examiners: Prof. I. Filipovic, Prof. B. Lovrecek and Prof. M. Herak. 
Oral examination: November 25, 1969. 
Thesis d eposited at the U niversity Library, Zagreb and Faculty of 

Pharmacy and Biochemistr y, University of Zagreb. 

(138 pages, 36 tables, 37 figures, 61 references, original in Croatian). 

T . MATUSINOVIC 
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BIBLIOGRAPHIA CHEMICA CROATICA 

MCC-40 (Univ. Zagreb) 
Master of Science Thesis 

Croat. Chem. Acta 43 (1971) 

Spectrophotometric Determination of Stability Constants 
of Formato, Acetato, Propionato, Butyrato, Glycolato 

and Chloroacetato Complexes of Cobalt, Nickel and Copper 

B . Grabaric 

L aboratory of I norganic Chemistry, Faculty of Technology, 
U niversity of Zagreb, Zagreb, Croati a, Yugos lavia 

Bll 

Stability cons ts. of Co(II) , N i (II) and Cu(II) complexes w ith ligands: 
formate, acetate, propionate, butyrate, glycolate and chloroacetate were 
detd . spectrophotometrically, u sing Bjerrum's method of coresp ondin g 
solns. Investigations were p erformed in th e visible spectral region and the 
absorba n ce was measured a t f ollowing wavelength s 520, 670 a nd 760 nm 
for cobalt, nickel and copper resp. All investigated system s h a d a constant 
ionic stren gth of 2 (NaC104 ) and a following constan t ratio carboxylic 
acid/salt = 1 : 2 for formate and glycola te, 1 : 8 for ch loroacetate, 5 : 1 for 
acetate and 6 : 1 for propionate and butyrate solns. The absorbance was 
recorded at room temp. (20-25° CJ, except for chloroacetate w hich was 
recorded at 10' C (because of the h ydrolysis of chloroacetate at higher 
temps.). 

Stability consts. of the complexes were evaluated using Fronaeus' 
graphical method and these values were then refined a ccordin g to R. S . 
Tobias ' computer programme (Inor g . Chem 2 (1963) 1307) for weighted non­
-linear l east squares procedure. 

From the values of the first stability consts. it can b e s een that the 
stability of the m onoligand complexes increases fo r a ll investigated systems 
in t h e series: 

Co< Ni < Cu 
ClAc < F orm < Ac ~ But < Prop < Glyc 

T he first series is in agreement with the order established b y H. I rving 
and R. J . P. Williams (J. Chem. Soc. 1953, 3192). The second series, with the 
exception of g lycolate, is in agreement w i th the order of ligand basicities 
(measured by pKA value). The g reater stability of glycolato complexes 
probably is due to th e interaction metal ion-OH grou p . Chloroaceta to com­
plexes of nick el are so weak that their presence, under our exptl. condi­
tions, could not b e detected. 

Examiners: Prof. I. Filipovic, Prof. K. Weber and Prof. M. H erak 
Oral examination: November 25, 1969. 
Thesis d eposited at the University Library, Zagreb and Faculty of 

Pharmacy and Biochemistry, University of Zagreb. 

(133 pages 56 tables, 54 figures, 49 references, original in Croatian) 

B. GRABARIC 
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BIBLIOGRAPHIA CHEMICA CROATICA 

MCC-41 (Univ . Zagreb) 
Master of Science Thesis 

Croat. Chem. Acta 43 (1971) 

Thermochemistry of Rare-Earth Complexonates 

N. Ivicic 

B13 

Laboratory of Analytical and Physical Chemistry, Institute for Medical 
Research, Yugoslav Academy of Sciences and Arts, Zagreb, Croatia, 

Yugoslavia 

An isoperibolic reaction calorimeter was t ested with regard to its 
accuracy and pre"ision. This instrument has bee n found to have a sati­
sfactory precision (about 0.7°/o) and a small systematic error (about 1.40/o) 
so that it was fo und suitable fo r s tudying t h e complex formation in soln. 

Co-ordination enthalpies of tripositive lanth anide ions (except Pm•+) 
with ligand trans-1,2-diaminocyclo p entane-N,N,N,'N' -tetraacetic acid (CPDTA) 
were detd. using above-mentioned calorimeter. From the experimental t.H 0 

data and the literature t.G0 values the co-ordination entropies were calcd. 

Besides the irregular dependence of either .:iH0 or .:iS 0 on r : 1
, very signi­

fica nt correlations of t.S0 w ith S0 (Ln' +) and .:iH0 were observed and discus­
sed. 

Part of this thesis is publish ed in: Thermochim. Acta 2 (1971) 345 . 
ExamJ:ners: D r. Vl. Simeon, Prof. B . Tezak, and Prof. M. H erak 
Oral examination: October 5, 1970. 
Degree conferred: Octob er 31, 1970. 
Thesis d eposited at the Central Chemical Library, Zagreb and Institute 

of Medical Research, Zagreb. 

(75 pages, 9 tables, 10 figures , 58 references, original in Croatian) 

N. IVICIC 
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BIBLIOGRAPHIA CHEMICA CROATICA 

MCC-42 (Univ. Zagreb) 
Master of Science Thesis 

Croat. Chem. Acta 43 (1971) 

Jt-Participation and Secondary Deuterium Isotope Effects. 
Cholesteryl System 

M. Tarle 

B15 

Institute »Ruder Boskovic«, Zagreb, Croatia, Yugoslavia 

Solvolysis of cholesteryl derivs. is assisted by homoallylic partici­
pation which results in a 100 fold increase in reactivity with respect to the 
cholestanyl system. 

a-Deuterium isotope effect of the cholesteryl-3a-d1 tosylate (kH/k 0 = 
= 1.130) was of normal magnitude and equal to the effect measured on 
the satd. compd. This shows that a-effects are not a sensitive probe for the 
participation of neighboring double bond. 

In the opposite sense the ~-deuterium effect in the solvolysis of cho· 
lesteryl-4~-d 1 tosylate was inverse (kH/k 0 = 0.989). This can be explained by 
a drastically reduced possibility for hyperconjugation in the transition state 
due to the formation of the mesomeric cation (and possibly by induction). 
The satd. analogue gave a normal ~-isotope effect (1.20). 

The 6-effect in the solvolysis of cholesteryl-6d tosylate was inverse, 
(k,./k 0 = 0.937), indicating a change of the covalency at the carbon atom 
6 in the transition state. 

The a-effects of cholesteryl-3a-d1 tosylate (1.13) and epicholesteryl-3~­
-d, tosylate (kH/k 0 = 1.104) were compared. The solvolysis of the latter is 
presumably assisted by C-H bond participation. From the above compari­
son it can be concluded t hat the distance between the internal nucleophile 
and the reaction center, which dets. the degree of bridging in the tran­
sition state, influences the magnitude of a-effect regardless of the rate 
acceleration produced by the electrons of the participating group. The 
significance of these results has to be tested on the similar systems. 

On the basis of these results it can be concluded that in heterolytic 
reactions secondary /l-isotope effects are very sensitive towards participa­
tion, while 6-effects in such systems are significant for rehybridization 
which occurs on the top of the potent ial energy barrier. 

Examiners: Prof. D. E. sunko, Prof. s . Asperger, and Prof. D. Fles . 
Oral examination: July 15, 1971. 
Thesis deposited at the University Library. 

(89 pages, 16 tables, 49 figures, 104 references, original in Croatian). 

M. TARLE 
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BIBLIOGRAPHIA CHEMICA CROATICA B17 

MCC-43 (Massachusetts Institute of Technology) 
Master of Science Thesis 

Croat. Chem. Acta 43 (1971) 

Sorption of Some Volatile Organic Compounds on Cellulose 

M. Boskovic 

Dept. of Nutrition and Food Science, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, U .S.A . 

A system for temp. control of sat urators and column thermostat 
baths was designed, assembled and incorporated into an existing exptl. app. 
for measurement of vapor-solid sorption at low sorbate concns. 

Surface areas of microcrystalline Whatman CC 31 cellulos·e were 
measured by phys. adsorption of nitrogen at liquid nitrogen temps. 
(»B-point method«). Nitrogen-specific B.E.T. surface areas for 0.4, 1.35, and 
5.75 g. columns w er e 2.15, 4.83 and 2.30 m'/g. Incongruency of sorption 
isother ms measured with these columns was ascribed to differences in 
available surface areas, caused by packing procedures. Isotherms were 
measured for h exane, acetone and etha nol on microcrystalline cellulose 
at 23° c. At a const. activity of 10-• the ratio of amts. of three vapors adsor­
bed were 1 : 6 : 7.8 , indicating more interaction of acetone and ethanol with 
the sorbent surface. 

Room temp. (23' C) sorption isotherms of ethanol vapors on the same 
sorbent were measured, in the partial pressure range 10 to 1500 mtorr and 
1 to 1200 mtorr for 5.8 and 0.4 g columns, respectivelly. The corresponding 
activity range was 2 X 10-s to 3 X 10- 2. Isotherm curves were concave to the 
pressure axis, their curvature decreasing with activity increase. Isotherm 
shape is consistent with both type II and type IV isotherms (after classifi­
cation introduced by Brunauer et al ., 1940.), and suggests sorbate-sorbent 
interaction, possibly with surface hydroxyl groups of the sorbent. Amounts 
adsorbed were in the range of y sorbate per g . sorbent. The frontal cur­
ves measured for ethanol at 0° and for hexanol at 23° and 0° C exhibited 
steps. A discussion of alcohol sorption on cellulose is included stressing 
the possibility of stepwise adsorption (type IV isotherm) as an operative 
mechanism. 

Thesis Supervisor: Phillip Issenberg, Assoc. Prof. of Food Science, 
Dept. of Nutrition and Food Science, Massachusetts Institute of Technology 

Degree conferred : Sept. 25, 1968. 
Thesis deposited at: M.I.T. Library, Dept. of Nutrition and Food 

Science a t M.I.T., and at Faculty of Technology, Univ. of Zagreb 

(ix + 187 pages, 9 tables, 13 figures, 102 references, original in English) 

M. BOSKOVIC 

Present addres : Fruit and Vegetable Laboratory, Dept. of Biotechno­
logy, Faculty of Technology, Univ. of Zagreb, Zagreb Yugoslavia 
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BIBLIOGRAPHIA CHEMICA CROATICA 

BCC-852 
K. Adamic 
Zagreb (Yugosla v ia) 

1968 

ESR Study of Free Radical Transformation in Gamma-Irradiated 
Starch 
Stark e 20 (1968) 3. 

1969 
BCC-853 
K. Ad am i c, J. A. Howard, and K. U. Ing o 1 d 
Division of Applied Chemistry, National R esearch Council of Canada, 
Ottawa, Canada 
Absolute Rate Constants for Hydrocarbon Autoxidation. XVI. 
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