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" HL1–5 behaves as a chelating bidentate neutral ligand.
" HL1–5 were characterized by analytical and spectral methods.
" Ligands are suitable for building a supramolecular structure.
" Jones and El-Sonbati equations were used to calculate the UAO bond distances.
" The effect of Hammet constant is also discussed.
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a b s t r a c t

A nov el method to synthesize some dioxouranium(VI) polymer comp lexes of the general formula [UO 2
(Ln)2(OAc)2] (whe re HLn = az o al ly l rh od an ine ). The st ru ctu re of th e nov el mo no nu cle ar dio xo ut ra ni um (VI)
polymer complexes was characterized using elemental analysis, spectral (electronic, infrared, 1H & 13C
NMR) studies, magnetic susceptibility measurements and thermal analysis. The molar conductivities 
show that all the polymer complexes are non-electrolytes. The IR showed that the ligand HL n act as 
bidentate neutra l through carbonyl group and imine group nitrogen atom forming thereby a six- mem- 
bered chelating ring and concomitant formation of an intramolecular hydrogen bond. The t3 frequency
of UO þ2

2 has been shown to be an excellent molecular probe for studying the coordinating power of 
the ligands. The values of t3 of the prepared complexes containing UO þ2

2 were successfully used to cal- 
culate the force constant, FUO (10�8 N/Å) and the bond length RUO (Å) of the UAO bond. A strategy based 
upon both theoretical and experimental investigations has been adopted. The theoretical aspec ts are 
described in terms of the well-known theory of 5d–4f transitions. Wilson’s, matrix method, Badger’s 
formula, and Jones and El-Sonbati equations were used to calculate the UAO bond distances from the 
values of the stretching and interaction force constants. The most probable correlation between UAO
force constant to UAO bond distance were satisfactorily discussed in term of Badger’s rule and the 
equations suggested by Jones and El-Sonbati. The effect of Hammet constant is also discussed.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction 

Substantial work has been done by El-Sonbati and coworkers 
[1–10] on heterocyclic azodyes derived from rhodanin e and/or 
quinoline with various aromatic amines. However, there is no pre- 
vious work on the complexes of allyl azo rhodanin e. Azodyes are an 
important class of organic colorants which consist of at least a con- 
jugated chromophore azo (AN@NA) group and the largest and 
most versatile class of dyes.

Heterocyclic azo dye attract considerabl e interest and play an 
important role in development of the chemistry of chelates system 
due to their application as potential ligands for a large number of 
metals ions. Literatur e survey reveals an excellent work devoted 
to synthesis and characteri zation of azo dyes as well as their metal 
complexes [1–10]. It is well known that azo dyes and their metal 
complexes have been widely used in different fields such as high 
technolo gy areas [11], biological studies [2].

The above mentioned work shows that the uranyl group is al- 
most surely linear and has three vibrational frequencies which 
vary considerably from one compound to another. There is a sym- 
metric stretching frequency, t1, appearing between 800 and 
900 cm �1; an asymmetric stretchin g frequency, t3, appearing 
between 850 and 1000 cm �1; and a bending frequency in the 
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neighborho od of 200 cm �1. We desire to have approximat e rela- 
tions from which the UAO bond force constant can be calculated 
for a given compound with reasonable accuracy. The UAO bond 
force constant should eventually serve as a fairly accurate measure 
of the UAO bond distance in a given compound. Zachariasen [11]
discuss the crystal structures of many uranyl compounds and 
points out that in all cases known the uranyl group is collinear.

El-Sonbati [12] has focused attention on the perfect normalized
differences between (t1) and (t3) OAUAO frequencies, which do
not depend on the masses of oxygen and/or uranium atoms instead
of the linear relation between t1 and t3 with the slope corresponding
to (1 + 2MO/MU)1/2, where MO and MU are the masses of oxygen and
uranium atoms, respectively according to McGlynn and Smith [13].

El-Sonbati [12,14–16] discuses the force constant of many ura- 
nyl complexes of a bond is related to the vibration al frequencies 
and to a first approximation is a measure of the strength of a bond.
Stronger equatorial bonding will lead to larger L–M charge transfer 
(in general) giving a higher negative contribution towards the 
effective charge on the uranium atom.

Diab et al. [17–21] found out that the stability of multiple hydro-
gen bonded ‘‘dimmers’’ depends not only on the number of hydrogen
bonds but also on the hydrogen bonding pattern. The importance of
clarifying the structure and stability of hydrogen-bonded complexes
has opened up an area of surface science that has attracted a consid-
erable attention in the environmental chemistry.

Of late, a large number of complexes of rhodanin e azodye have 
been prepared and characterized by magnetic and spectral studies 
[16–25]. In our laboratories the coordination behavior, chemical 
equilibria, nuclear and electron paramagneti c resonance and the 
solution chemistry of transition and inner transition metal of 
HL1–HL5 are prepared and studies.

Rhodanine azo allyl compound is a subject of current and grow- 
ing interest and that may have numerous applicati ons chemically 
azo rhodanine sulphadr ug containing moieties are of great interest 
because of their great versatility as ligands [15–25], due to pres- 
ence of several potential donor atoms, their flexibility and ability 
to coordinate in either neutral or deprotonated form [17]. They also 
contain C@NANH structure unit, which forms a strong chelate ring 
giving possible electron delocalization associated with extended 
conjugation that may affect the nature of the complex formed.

As part of our ongoing work [17–24] in the area of supramol ec- 
ular assembly of polymer complexes based on aromatic and/or ali- 
phatic amines, we report herein the synthesis, characterizati on and 
structure of 3-allyl-2-thiox o-1,3-thiazolidi ne-4,5-dione-5 -[(4-
derivatives phenyl) hydrazone](HL1–5) and the properties of 
the first hydrazone uranyl supramolecular polymer complexes 
[UO2(HL1–5)2(OAc)2]n were studied.

2. Experimen tal 

All reagents used for the preparation of the ligand and polymer 
complexes were of analytica l grade.

2.1. Reagents 

The standard chemical allyl rhodanine, aniline and 4-alkyl ani- 
lines (alkyl: OCH 3, CH 3, Cl and NO 2; Aldrich Chemical Co.) were 
used without any further purification. 2,2 0-Azobisisobuty ronitrile 
(AIBN) was purified by fraction crystallization from EtOH 
[26]. The experime ntal techniqu e has been described previousl y
[1–10].

2.2. Preparatio n of 3-allyl-2-thi oxo-1,3-thiazol idine-4,5-dione- 5-[(4-
derivatives phenyl) hydrazone](HL1–5)

In a typical preparation, 25 ml of distilled water containing 
hydrochlor ic acid (12 M, 2.68 ml, 32.19 mmol) were added to ani- 
line (0.979 ml, 10.73 mmol) or a 4-derivatives aniline (1). To the 
resulting mixture stirred and cooled to 0 �C, a solution of sodium 
nitrite (740 mg, 10.73 mmol, in 20 ml of water) was added drop- 
wise. The so formed diazoniu m chloride (2) was consecutively cou- 
pled with an alkaline solution of allyl rhodanine (10.73 mmol) (3)
in 20 ml of pyridine. The orange precipitated, which formed imme- 
diately was filtered through sintered glass crucible, washed several 
times with water and ether. The crude product was purified by 
recrystal lization from hot ethanol, yield 65% then dried in vacuum 
desiccato r over P2O5. The analytica l data confirmed by expected 
compositi on (Table 1). The ligands were also characterized by 1H
NMR and IR spectroscopy. The reaction is shown in Scheme 1.

Table 1
Analytical data UO 2þ2 complex es a of HL n (for molecular structure see Fig. 1)b.

Compoundsc KM
d Exp. (Calcd.) (%)

C H N S Metal 

HL 1 – 50.70 4.24 13.44 20.20 –
(50.82) (4.12) (13.68) (19.8)

[(UO2)2(HL1)2(OAc)2]n 9.90 36.10 3.3 8.66 12.93 24.15 
1 (35.93) (3.19) (8.38) (12.78) (23.75)
HL 2 – 53.54 4.37 14.12 22.33 –

(53.61) (4.47) (14.43) (21.99)
[(UO2)2(HL2)2(OAc)2]n 10.35 37.22 3.18 8.82 13.60 24.90 
2 (37.11) (3.30) (8.66) (13.20) (24.54)
HL 3 – 52.11 4.09 15.31 23.51 

(51.99) (3.97) (15.16) (23.11)
[(UO2)2(HL3)2(OAc)2]n 10.80 35.77 3.10 9.25 13.83 25.76 
3 (35.67) (2.97) (8.92) (13.59) (25.27)
HL 4 – 46.10 3.11 13.77 20.86 –

(46.23) (3.21) (13.48) (20.55)
[(UO2)2(HL4)2(OAc)2]n 11.48 34.26 2.82 8.90 13.40 24.77 
4 (34.41) (2.77) (8.60) (13.11) (24.37)
HL 5 – 44.60 3.00 17.66 20.12 –

(44.72) (3.11) (17.39) (19.88)
[(UO2)2(HL5)2(OAc)2]n 11.98 34.14 2.78 10.30 13.30 24.54 
5 (34.04) (2.74) (9.93) (12.97) (24.11)

a Microanalytical data as well as metal estimations are in good agreement with the stoichiometry of the proposed complexes.
b The excellent agreement between calculated and experimental data supports the assignment suggested in the present work.
c HL1–HL5 are the ligands as given in Fig. 1.
d Molar conductivity (X�1 cm2 mol�1) of 1.00 � 10�3 M DMF solutions at 25 ± �C.
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