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SYNTH. REACT. INORG. MET.-ORG. CHEM., 28(6), 1029-1052 (1998) 

DIOXOURANIUM(V1) MIXED LIGAND COMPLEXES 

CONTAINING 8-HYDROXYQUINOLINE AND SOME AMINO 

ACIDS 

Wafaa M. Hosny 

Department of Chemistry, Faculty of Science, University of Cairo, Giza, 

Egypt 

ABSTRACT 

The formation equilibria of binary and ternary complexes of UO,(VI) 

with 8-hydroxyquinoline (HL) and some amino acids (HL') in 40% 

EtOH-H,O solution have been investigated by a potentiometric 

technique. The stepwise formation constants of the complexes formed in 

solution were calculated using the non-linear, least-squares computer 

program MINIQUAD. The concentration distribution of the complex 

species was resolved. Mixed ligand complexes of the general formula 

[UO,LL'-(H,O),](NO,),, where HL = 8-hydroxyquinoline; HL' = 

glycine, alanine, L-valine, proline, leucine, j3-phenylalanine and H2L' = 

histidine or histamine, n = 0 or 2 and m = 0 or 1, have been synthesised 

and characterized by elemental analyses, electrolytic conductance, 

electronic spectra, IR, 'H NMR spectra and thermogravemetric studies. 

The uranium atom in these complexes is 6- or 8-coordinate. Both HL 

1029 

www .dekkrr .cam Copyright 0 1998 by Marcel Dekker, Inc. 

D
ow

nl
oa

de
d 

by
 [

M
cM

as
te

r 
U

ni
ve

rs
ity

] 
at

 0
7:

43
 1

1 
D

ec
em

be
r 

20
14

 



1030 HOSNY 

and HL’ are bidentate, bonding through N or 0 atoms (phenolate or 

ionized COO- groups). 

INTRODUCTION 

An inlportant aspect of  the chemistry of the transuranic elements 

is the way in which they interact with environmentally important 

molecules, such as amino acids. The stability constants of a variety of  

amino acid complexes with dioxouranium(V1) have been measured’ and 

the uranyl complexes of certain amino acids have been prepared and 

characterized2. Complexes of amino acids with the dioxouranium(V1) 

ion are, therefore, potentially model systems for the study of U0,- 

protein interaction. Also, 8-hydroxyquinoline has found numerous 

applications in analytical chemistry as chromophoric and metalochromic 

indicator s3 ,4. 

In the present work we report the determination of the stability 

constants of binary and teruary complexes o f  U02(VI) with 8- 

hydroxyquinoline (HL) as primary ligand and amino acids (HL’) as 

secondary ligands using potentiometric techniques. The structure of the 

synthesised metal chelates was established by physico-chemical studies, 

including spectral, conductance and thermogravemetric determination. 

EXPERIMENTAL 

Materials  and  Reagents 

8-Hydroxyquinoline (8-HQ) was supplied by Sigma Chem. Co., 

and was used as obtained. The amino acids investigated were glycine 

(gly), alanine (ala), L-valine (Val), yroline (prol), leucine (leuc), 0- 
phenylalanine (phenala), histidine (histi) and histamine (hista) and were 
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DIOXOURANIUM MIXED-LIGAND COMPLEXES 1031 

provided by Fluka Chemical Company, the latter two as HCl salts. 

Uranyl nitrate, U02(N0,),.6H20, was obtained from BDH. The solution 

of uranyl ion was standardized by conventional methods5. The 

8-hydroxyquinoline solution (0.02 M) was prepared immediately before 

use by exact weighing of the substance and then dissolving in an 

equivalent amount of 0.02M HNO,. All solutions were prepared in 

deionized water. Carbonate-free NaOH (titrant) was prepared and 

standardized against potassium hydrogen phthalate solution. 

Svnthesis of the UO4VIl Mixed-Lieand Comolexes 

Dioxouranium(V1) mixed-ligand complexes of the general formula 

[UO,LL’(H,O),](NO,),, where HL = 8-hydroxyquinoline; HL’ = amino 

acids, n = 0 or 2 and m = 0 or 1, were prepared by mixing 0.005 mole 

(2 .51 g) of uranyl nitrat dissolved in 5 mL H,O with 0.005 mol (0.73 g) 

of 8-hydroxyquinoline dissolved in 10 mL ethanol. An equivalent amount 

of amino acid (0.005 mole), dissolved in 10 mL water, was added to  this 

mixture to  obtain the 1: l : l  mixed - ligand complex. The pH of the 

mixture was raised to 5-7 by dilute sodium hydroxide solution. The 

mixture was refluxed for 2 h. The complex precipitated after cooling and 

was filtered, washed thoroughly with ethanol-water (1: 1) and finally 

with ether. The analytical results are given in Table I. 

Measurements 

Potentiometric measurements were made using a Metrohm 686 

titroprocessor (Switzerland) equipped with a 665 Dosimat. The 

electrode and titroprocessor were calibrated with standard buffer 

solutions prepared according to NBS specifications6. The pH meter 
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1034 HOSNY 

readings (B) recorded in EtOH-H20 solution were converted for 

hydrogen concentration [H'] by means of the following widely used 
I relation . 

where lOgUH is the correction factor for the solvent composition and 

ionic strength p for which B is read. The value of logUH at ionic 

strength 0.1 M at 25f0.1"C was found to  be -0.20. The electrolytic 

conductance was measured by means of a WTW conductivity bridge, 

model LBR. IR spectra were recorded (KBr) on a Perkin-Elmer 1430 

spectrophotometer, electronic spectra were taken on a Shimadzu UV- 

160 A spectrophotometer. The NMR spectra were obtained using a 

Varian Gemini 200 spectrometer (200 MHz). Deuterated dimethyl 

sulphoxide (DMSO-d6) was used as solvent. The water content of the 

complexes was determined by thermogravimetric analysis by using a 

Perkin-Elmer TGA7 computerized system, with a scanning rate of 20°C 

min' in nitrogen atmosphere. 

Procedure and Techniaue 

The following mixtures (A-E) were prepared for the equilibrium 

constant determination: 

(A) 0.01 M amino acid (10 mL) + 0.26 M KNO, ( 2 0 m L ) + 2 0 m L  

ethanol. 

(B)  0.01 M (8-HQ) (10 mL) + 0.26 M KNO, (20 mL) + 20 mL ethanol. 

(C) 0.005 M UO2(NO3)2 (10 mL) + 0.01 M amino acid (10 mL) + 0.52 

M KNO, (10 mL) + 20 mL ethanol. 

D
ow

nl
oa

de
d 

by
 [

M
cM

as
te

r 
U

ni
ve

rs
ity

] 
at

 0
7:

43
 1

1 
D

ec
em

be
r 

20
14

 



DIOXOURANIUM MIXED-LIGAND COMPLEXES 1035 

(D) 0.005 M UO2(NO3)2 (10 mL) + 0.01 M (8-HQ) (10 mL) + 0.52 M 

KNO, (10 mL) + 20 mL ethanol. 

(E) 0.02 M UO2(NO3)2 (5  mL) + 0.01 M (8-HQ) (10 mL) + 0.01 M 

amino acid (10 mL) + 0.52 M KNO, ( 5  mL) + 20 mL ethanol 

(F) 0.01 M UO2(NO3)2 (10 mL) + 0.01 M amino acid (10 mL) + 0.01 

M (8-HQ) (10 mL) + 20 mL ethanol. 

The mixture (F) was titrated conductometrically against 0.10 M NaOH. 

The 8-hydroxyquinoline (8-HQ) solution for the equilibrium constants 

determinations was prepared in one equivalent of HNO, solution. The 

acid dissociation constants of the amino acids were determined by 

titrating mixture (A). The acid dissociation constant of 8-HQ was 

determined by titrating mixture (B). The stability constants of the binary 

complexes of UO,(VI) ion with amino acid and 8-HQ, respectively, were 

determined by titrating mixtures C and D, respectively. The stability 

constants qozLL, of the ternary complexes were determined by titrating 

mixture (D). All titrations were performed in a purified N, atmosphere, 

using 0.10 M NaOH as titrant. 

UOZL 

The equilibrium constants were evaluated from titration data. 

These are defined by eqs. (1) and (2) 

[Ml(Q)p(A)q(H)rI 
(2) - - 

P l p q r  

[Ml'[QIPIAlq[Hl' 

Where 1, p, q and r are the stoichiometric coefficients corresponding to 

UOz(VI), 8-HQ, amino acid and H', respectively, and M, Q, A and H 

stand for UOz(VI), 8-hydroxyquinoline, amino acid and proton, 
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1036 HOSNY 

respectively. To calculate stability constants of binary complexes, 

UOz(V1) with 8-HQ or UOz(V1) with amino acid, set q(A) = 0 or 

p(Q) = 0 in eq. ( l ) ,  respectively, and the stability constant in eq. (2) 

is modified to  become (3) or (4), respectively. 

The values of these constants are found in fable 11. For 8-HQ they 

equal 10.05, 8.77 E18.82-10.051 ( with 1, p, q and r being 1 1 0 0 or 1 

2 0 0). Thus, UOz(V1) forms with 8-HQ a binary complex in the mole 

ratio 1 : 1 and 1 : 2, respectively, while UOz(V1) and amino acid, 

e.g. glycine ( with 1, p, q and r being 1 0 1 0 or 1 0 1 -1) 

form [UO~(gly)] and [U02(gly)OH] complexes, and their values equal 

8.21, 3.79, respectively. It is  clear that the binary complex between 

U02(VI), 8-HQ is more stable than the U02(VI), amino acid 

complexes. Calculations were made with the aid of the computer 

program' MINIQUAD-75 on an IBM-486 computer. The model selected 

was that which gave the best statistical fit and proved consistent 

chemically with the titration data without giving any systematic bias in 

residuals. 

The calculations were restricted to  data obtained at pH values below 9 

or that before precipitation in order to  avoid complications due to  the 
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DIOXOURANIUM MIXED-LIGAND COMPLEXES 1037 

hydrolysis of complex species at higher pH. The results obtained are 

presented in Table 11. 

RESULTS AND DISCUSSION 

The acid dissociation constants of the amino acids in aqueous 

solutions have been reported previously'. We redetermined them under 

the experimental condition of a 40% EtOH-H,O mixture (T = 25"C, p = 

0.1 M KNO,). I-Hydroxyquinoline in acid medium behaves as a diprotic 

acid [H,L+], and the differential log protonation constants were found 

to  be 9.42 and 13.95. In the potentiometric titration, the addition of 

base produces, as a first step, the deprotonation of the protonated 

ternary nitrogen atom, pKa, = 9.42, and yielding the neutral species 

[HL]; when the pH is increased further, the deprotonation of the OH 

group, pKa2= 13.95, occurs as shown in eq. ( 5 ) .  

A representative set of pH titration curves for the U02(VI)-8-HQ 

system is shown in Fig. 1. The U02(VI)-8-HQ (1 : l )  mixture titration 

curve starts at pH = 2.8 and has a long low pH buffer region followed 

by a sharp inflection at a = 2, (a = number of moles of base added per 

mole of UO,(VI)) corresponding to  complete formation of the 1: l  

complex. Beyond a = 2 at pH > 4 the titration curve shows an inflection 

at a = 3 due to  the formation of the [U02(8-Q)OH] complex. 
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1038 HOSNY 

T a b l e  11. F o r m a t i o n  C o n s t a n t s  of the  B i n a r y  and  T e r n a r y  
C o m p l e x e s  of  UOz(V1). 

8 - H Q  0 1 0 1 9 42(0.01) 1.5E-8 

1 1 0 0 10.05(0.02) 1.6E-9 
0 1 0 2 13.95(0.02) 

1 2 0 0 18.82(0.03) 

uoZ(vI)(glY)(s-Q) 0 0 1 1 9.75(0.01) 1.4E-9 
1 0 1 0 8.21(0.01) 1.lE-8 
1 0 1 - 1  3.79(0.02) 
1 1 1 0 6.65(0.01) 1.4E-7 - 1  56 

1 0  1 - 1  
1 1 1 0  

1 0 - 1  - 1  
1 1 1 0  

1 0 - 1  - 1  
1 1  1 0  

U02(VI)(leuc)(8-Q) 0 0 1 1  
1 0 1 0  
1 0 - 1  - 1  
1 1 1 0  

U 0 (VI) ( p b en y I 8  I a )  - 0 0 1 1  
1 0 1 0  

( 8 - Q )  1 0 1 - 1  
1 1  1 0  

UOZ(VI)(bisti)(8-Q) 0 0 1 1 
0 0 1 2  
1 0 1 - 1  
1 0 1 0  
1 1 1 0  
1 1 1 1 

9.79(0.01) 
7.2 l(O.02) 
3.20(0.01) 
6.60(0.03) 

9.61(0.01) 
8.3 l(0.02) 
3.92(0.01) 
6.91(0.02) 

10.79( 0.02) 
8.60(0.01) 
4.93 (0.02) 
7.09(0.03) 

9.82(0.01) 
7.92(0.02) 
5.33(0.01) 
7.01(0.03) 

9.35(0.01) 
8.93c0.02) 
3.56(0.03) 
6.6 1( 0.03) 

9.35(0.01) 
15.35(0.02) 
8.86(0.01) 
3.27(0.03) 
7.1 l(O.02) 
13.45(0.03) 

2.5E-6 
1.4E-8 

2.4E-7 -0.61 

2.4E-8 
6.68-9, 

-1.40 
1.4E-6 

2.5E-8 
3.1E-7 

1.8E-7 -1.51 

2.4E-9 
2.5E-8 

1.8E-7 -0.91 

2.6E-8 
6.5E-7 

1.5E-6 -2.32 

2.5E-9 

2.4E-8 

5.9E-7 3.84 
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DIOXOURANIUM MIXED-LIGAND COMPLEXES 1039 

Table 11. Continued 

[ U O , ( V I ) ( h i s t a ) ( S -  0 0 1  1 9 . 9 4 ( 0 . 0 1 )  3.5E-8 

Q ) l N o 3  I 0 1 - 1  9 . 8 8 ( 0 . 0 1 )  5.7E-7 
0 0 1 2 1 6 . 7 9 ( 0 . 0 2 )  

1 0 1 0 3 . 2 5 ( 0 . 0 3 )  
1 1 1 0 7 . 0 1 ( 0 . 0 2 )  3 . 2 E - 6  3 . 7 5  

a I .  p .q a n d  r are t h e  s to i ch iometr ic  c o e f f i c i e n t  corresponding  to U 0 2 ( V I ) ,  8- 

H Q ,  amino  a c i d  a n d  H+ respec t ive ly ,  Standard d e v i a t i o n s  are g i v e n  in 

parentheses  Sum o f  square  o f  res idua l s  

11 0 

10.0 

9 .c 

8 .0  

7 0  

PH 
6 ,O 

5.c 

L .c 

3 .c 

2 .( 

1 (  I I I I 
0.0 1 .0 2.0 3 .O 

Moles of base added per mole of UO,(VI) 

Fig. 1. Potentiometrlc Titration Curves of the UO2(VI)-8-HQ-A\anine 
Systemj (1) alanine, 12) U 0 2 1 V I )  : 8-HQ=1:1 ; 13) U O ~ V I )  -8-HQ- 

Alanine and 1 L )  Composite Curve. 
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1040 HOSNY 

The ternary complex formation could be considered in terms of stepwise 

equilibria, as shown in eqs. ( 6 )  and (7). 

uo2z+ + HL - U02Lt + H+ (6) 

U 0 2 L +  + HL’ - U0,LL’ + H+ (7) 

The formation of a ternary complex is ascertained by comparison of the 

mixed-ligand titration curve with the composite curve obtained by 

graphical addition of the amino acid (HL’) titration curve and the 

U02(8-Q) titration curve. It is clear that the former curve deviates 

considerably from the latter, indicating the formation of a stable ternary 

complex species. The results show the formation of 1:l: l  complexes 

with all of the ligands studied. In the case of the histidine (H2L’) 

system, MINIQUAD refined a model consisting of the species U0,L and 

U0,LL’. 

The protonated complex U0,LL‘H has a dissociable proton. The 

dissociation may be represented by eq. (8) 

U02LL’H+ U0,LL’ + H+ (8) 

The acid dissociation constant of the protonated complex is given 

by eq. ( 9 ) .  

The values of pK, is 6 . 3 4  (13.45-7.11) [ for 1, p, q and r being 1 1 1 0 

or 1 1 1 11 for the histidine ternary complex in Table 11. This value 
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DIOXOURANIUM MIXED-LIGAND COMPLEXES 1041 

compares favourably with respect to  the acid dissociation constant of 

the protonated imidazole residue, amounting to  6.0 (15.35-9.35) [ for 1, 

p, q and r being 0 0 1 1, 0 0 1 21 in Table 11, if the acidification 

of the (N-imidazole) H+ site caused by the bound UOzL complex is 

considered. This indicates that histidine coordinates through the amino 

group of the amino acid moiety. The relative stabilities of the ternary 

and corresponding binary complexes can be expressed quantitatively in 

different ways. A review of the available methods" argues that the most 

suitable comparison is expressed in terms of AlogK values designated by 

the relation of eq. (10). 

The conductometric titration curve of the ternary complex 

containing alanine, Fig. 2, shows an initial decrease and an inflection 

at a = 2. This probably corresponds to  the neutralization of H+ 

resulting from the formation of the U0,L complex. In the 3>a>2 range, 

the conductance increases slightly due to  the formation of a ternary 

complex associated with the release of a proton from the alanine. 

Beyond a = 3, the conductance increases appreciably due to  the presence 

of an excess of NaOH. 

Based on the above finding and the fact that the U0,-8- 

hydroxyquinoline complex is more stable than that of the amino acid, the 

8-hydroxyquinoline ligand is preferentially ligated first to  the UO,(VI) 

ion, then followed by ligation of the amino group of the amino acid to  

form the mixed-ligand complex. 
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1042 HOSNY 

0.0 1 .o 2.0 3.0 I. .o 

Moles of base added per mole of U0,CVl) 

F i g . 2 .  Conductornettic Titrat ion of the U021VI)-8-HO-AlanIne 

Sy s tern. 

The concentration distribution of the various complex species 

formed in solution (formation %) is a function of pH. This provides a 

useful picture of metal ion binding towards the ligands. The distribution 

curves of the U02-8-HQ-alanine system, taken a s  a representative, are 

shown in Fig. 3. 

Characterization of Metal Comdexes 

The analytical data for the mixed- ligand complexes are listed in Table I. 

The molar conductance values of l ~ l O - ~  M solutions of the isolated 

complexes in DMF in Table I show that the complexes (1)-(7) are non- 
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H 

'0 

Fig. A .  Proposed General structural Formulas for the Dioxwranium(VI) 

Complexcs;(l) R = H (glycine) ; (2) R = M e  (alaninc) 

(3)  R = CHMe2 (L-volinc) ; 

( 5 )  R = CH2CHM2 (L-leucine);  (6) R =  CH2Ph (p-phcryblaninc) 

( A )  (p ro l ine )  ; 

electrolytes and conductivity values are in the range 

12-28 ohm-l.cm .mol-'. However, these values are higher than 

expected, probably due to  partial replacement of coordinate water by 

DMF The molar conductance of the histamine mixed 

2 

ligand complex is 120 ohm-l.cm 2 .mol' 1 . The histamine mixed-ligand 

complex is the only one which may be ionic due to unligated nitrate ion. 

Structural formulas for the complexes (1)-(8) are proposed in Fig 4. 
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DIOXOURANIUM MIXED-LIGAND COMPLEXES 1045 

IR SDectra 

The fundamental IR vibrational bands of the complexes are 

included in Table 111. The sharp, medium intensity band in the 

3460-3250 cm-' region is attributed to  v(R-NH3+). Corresponding 

bands of the free amino acids occur at 3200-3180 cm-'; and the shift 

upon complexation is indicative of coordination via the amino group 

nitrogen13. The OH band of 8-HQ (very sharp a t  3680 cm-') disappears 

in the complex spectra, indicating hydroxyl coordination. The presence 

of coordinated water molecules in the complexes (l) ,  (3) and ( 5 )  is 

indicated by the presence of a stronge broad in the region 

3460-3330 cm-', which is absent in the complexes (2), (4), (6), (7) and 

(8), in agreement with their elemental analysis and TGresults. The 

proline band at 3 100 cm-', due to  the NH-stretching vibration, is shifted 

upon complexation to  3080 cm-'. The vasy,,(COO-) modes of the amino 

acids coordinated to  uranyl are likewise shifted to  lower frequencies 

compared to  the spectra of this free amino acid14. The IR spectrum of 

the histamine complex reveals a sharp band at 810 cm-', indicating the 

bidentate chelating character of the nitro group". The vaSym,(UO2) 

bands are shifted to  lower frequencies in the complexes compared to  the 

vasym,(0=U=O) mode of uranyl nitrate at 965 cm-'. Hence, we deduce 

that the ligands form strong bonds with uranium, lowering the U=O 

bond order and, consequently, lowering the vasy,,(O=U=O) frequency. 

Weak bands a t  270-260 cm-' (far IR) and 450-440 cm-' are assigned to  

v(U-N)" and V(U-O) '~ ,  indicating that the coordination number eight is 

attained by uranium in the complexes ( l ) ,  (3), and ( 5 )  and six2' in the 

complexes (2), (4), (6), (7)  and (8). 
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DIOXOURANIUM MIXED-LIGAND COMPLEXES 1047 

Electronic Saectra 

The electronic absorption spectra of lom3 M DMF solutions of the 

complexes in Table IV are very similar. Assignments were made by 

comparison with related species21. These complexes exhibit a new band 

at 540 nm and successive shoulders in the 410-475 nm range due to L- 

UO, charge transfer and to  internal transitions in the UO, group. 

1~ NMR SDectra 

The 'H NMR spectra of 8-HQ and its mixed ligand complexes in 

DMSO are shown in Table V. The 8-HQ spectrum exhibits a singlet 

signal a t  10.8 ppm due to  the hydroxyl proton. In the 'H NMR spectra 

of the U02(VI)-mixed-ligand complexes the latter signal disappeared 

which is taken as evidence for its participation in coordination. The 'H 

NMR spectra of the amino acids revealed,, a broad signal due the amino 

group protons occurring at 2 .3  ppm. In the spectra of the complexes the 

latter signal displays a downfield shift of 0.2-0.5 ppm . This shift may 

be due to a shielding effect23 of the central UO, ion on the NH, 

protons. All complexes give a broad multiplet in the region 6.8-7.2 ppm 

which is assigned to  the aromatic ring protons24. The presence of water 

molecules in the complexes is confirmed by the appearance of a new 

signal around 3 .8  ppm, attributed to  coordinated H,O protons25326. 

TG Analvsis 

The thermograms showed the presence of two coordinated water 

molecules in the complexes ( l ) ,  (3)  and ( 5 ) ,  which are lost in two 

initially at 162°C with a weight loss of 3% (theor., 3.4,  3.7, 

3 .1  for complexes ( l ) ,  (3) and ( 5 ) ,  respectively), followed by the second 
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DIOXOURANIUM MIXED-LIGAND COMPLEXES 1049 

T a b l e  V. 'H N M R  C h e m i c a l  S h i f t s  o f  t h e  8 - H Q  a n d  U 0 2 ( V I ) -  
M i x e d - L i g a n d  C o m p l e x e s .  

Chemica l  Shifts ,  ( 6  ppm)  
a S y s t e m  ( A s s i g n m e n t )  

8-HQ 10.7 (s, lH ,  OH), 6.5-7.0 (m, 6H, ArH) 

(1) 6.8-7.3 (m, 6H, ArH), 5.55 (s,2H, CHZ), 3.8 (s,4H, HzO), 
2 .7  (S, 2H, NHI) 

(2) 6.7-7.1 (m, 6H, ArH), 4.1 (m, lH,  CH), 2.6 (8, 2H, N H d ,  
2 .4  (d, 3H, CH,, J E 8 . 1  Hz) 

(3) 6.7-7.4 (m, 6H, ArH), 4 .1  (d. 1H. CH, J =  9 .1  Hz), 3 .7  (s, 
4H, HzO), 2.5 ( 6 ,  2H, NH2), 2.4-2.6 (m, 7H, CHMed  

(4) 6.5-7.5 (m, 6H, ArH), 7.2 (m. lH,  NH), 4.2 (m, lH,  CH) 

(5) 6.6-7.4 (m, 6H, ArH), 4.1 (m, lH,  CH), 3.7 (s, 4H, HzO). 
2.8 (s, 4H, HzO), 2.2-2.7 (m, 9H, CHZCHMez) 

(6) 6.6-7.3 (m, 6H, ArH), 4.0 (t, 2H, CH), 2.7 (s, 2H. NHz), 
2.5 (d, 2H, CH2, J = 7.5 Hz) 

(7)  6.7-7.2 (m, 6H. ArH), 4 .1  (s, 2H, CHZ), 3.5 (d, ZH, CH, 
J = 7.5 Hz), 2.6 (s, 2H, NH2) 

( 8 )  6.7-7.4 (m, 6H, ArH), 7 .2  (s, lH,  NH), 3 .0  (d ,  2H, CH, 
J = 8.1 Hz), 2 .8  (s, 2H, NH2), 2.4-2.6 (m,4H,CH2) 

a; s = singlet, d = doublet, m = multiplet, Ar = aromatic ring. Me = methyl group 
and J = coupling constant. 
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stage at 195°C with the weight loss data 6%, 7%, 6%, respectively 

(theor., 6.8, 7.4, 6.2 for complexes ( l ) ,  (3) and (5), respectively). All 

complexes finally gave the oxide U,O, as a stable end product up to  

750°C in agreement with the experimentally found uranium content. 

Conclusion 

The results of this study support the conclusion that formation of 

1: 1 U02(VI):  8-HQ complexes preceeds secondary complexation by the 

amino acids through the anticipated primary donor function of the 

lig and. 
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