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Abstract: New peroxo complexes of molybdenum (VI) and uranium (IV) have been prepared. The complexes were
characterized on the basis of elemental analyses, conductivity measurements, magnetic measurements, infrared spectral studies
and by reactions with allyl alcohol, triphenylphosphine and triphenylarsine. The complexes of U (VI) showed strong activity
against both the gram positive and gram negative bacteria than the other complexes indicating the higher zone of inhibition. The
present findings of MIC experiment showed that the complex 3 of U (VI) was more potent against all the bacteria tested than the
other complex. Results showed that the complex 2 of Mo (VI) exhibits more toxic to brine shrimp compared to other complexes
of Mo (VI) and U (VI) indicating the lower values of LC50 and LC99 for both the exposure 16h and 36h.
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1. Introduction
Peroxo complexes of transition metals have received
special importance due to their role in a variety of industrial,
pharmaceutical and biological processes [1]. They are widely
used for catalytic oxidation in organic and biochemistry
reaction [2], e.g. in the oxidation of thioanisole [3], methyl
benzene [4], tertiary amines, alkenes, alcohols [5], bromide [6]
and also in olefin epoxidation [7]. They also act as
isomerization cataysis for some allylic alcohols [8] and have
been applied in the bleaching processes [9]. Peorxo complexes
of molybdenum (VI) and Uranium (VI) have been known for a
long time [10]. A variety of peroxo molybdates coordinated
with nitrogen and oxygen donors have been characterized
structurally [11] and studied in solution and solid state [12].
Polynuclear molybdenum (VI) peroxo complexes containing
amino acids have been synthesized and spectroscopically
characterized [13]. Metal complexes of aroylhydrazones have
broad application in biological processes such as in the
treatment of tumors, tuberculosis, leprosy [14] and metal
disorders. These are also known to act as herbicides,
insecticides and acaricides [15]. The biological activity has
been attributed [16] to the complex forming abilities of the
ligands with metal ions present in the cells and involvement of
molybdenum in molybdenum oxo-transferase enzymes [17].

Peroxo complexes of uranium (VI) have been attracting
interest as oxidants in organic synthesis [18]. As uranium
somewhat resembles the group VIB elements, it was of
interest to discover whether it would form analogous peroxo
complexes which contain organic moieties.
It has been reported that the cytotoxicity of the metal
complex could be used as potential prodrugs in conjunction
with the known anti cancer compounds [19]. More specifically,
by binding a known anti tumor agent as the dissociating
ligands, it has capability of using a transition metal as a
delivery system for anti tumor agents. Another incentive for
the development of these types of systems is that upon
cleavage of the pharmacologically active ligand, delivery of a
cytotoxic metal species also occurs [20, 21].
In view of the importance of peroxo complexes, this report
deals a comparative study on the peroxo complexes of
molybdenum (VI) and uranium (VI) with particular references
to their effect on the antimicrobial and toxicological activity.

2. Materials and Methods
General methods for the preparation of the complexes of the
type [M(O)(O2)2.amH.L2] and [U(O)(O2)2.amH.L2] where,
M=Mo(VI), amH= amino acids, such as leucine; L2= ligands
such as pyradine.
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The molybdic acid (1.5 gm, 0.01 mol) in H2O2 (30%, 30-50
ml) was heated and filtered to obtain a clear solution. Solution
of the ligand such as pyradine was dissolved in ethanol (30-50
ml). The solution of other ligands of amino acids such leucine;
phenylalanine dissolved in water with slowly constant stirring.
These above three solutions were mixed carefully with slowly
constant stirring and reduced the volume to 20 ml. The yellow
precipitate of the complex was observed immediately. The
product was isolated and washed with water and ethanol. The
complex was dried in vacuo over P2O5 in vacuum desiccators.
A solution of amH phenylalanine (0.330g, 0.002mol) or
leucine (0.2623g, 0.002mol) in water (20 ml) was added with
stirring to a solution of Uranyl nitrate (1.005g, 0.002 mol) in
water (20 ml). A solution of ‘L’ (0.01 mol) in ethanol was then
added with continuous stirring to the above mixture followed
by the addition of 30% H2O2 (2 ml). The precipitate appeared,
which was filtered, washed several times successively with
ethanol. It was then dried and stored in Vacuo over P4O10.
2.1. Catalytic Reaction of the Compound 3 with Allyl
Alcohol
Allyl alcohol (0.30 mol) was dissolved in dioxane (25 ml)
and 0.5 g of compound 8 or 11 was added followed by 30%
H2O2 solution (25 ml). The mixture was kept under reflux at
90°C for 24 hours. The reaction mixture was then filtered and
the filtrate was distilled at 19 mm Hg pressure. The product
collected at 175-180°C was glycerol (50% yield). The
glycerol was identified as its tribenzoyl ester derivative, m.p.
70°C (, m.p. 69°C).
2.2. Reaction of the Compound 4 with Triphenylarsine
Triphenylarsine (0.90g, 0.005 mol) in THF (50ml) added to
a suspension of above compounds in the same solvents (50ml).
The mixture was refluxed for 60 hours. The progress of the
reaction was monitored using TLC, indicates that
triphenylarsine was converted completely into triphenylarsine
oxide. The reaction mixture was filtered and the residue was
stored. Evaporation of the filtrate yielded the product,
m.p.( m.p. 190-192°C).
The present complexes were characterized by IR, UV,
magnetic moment, melting point, conductivity measurement.
2.3. Antimicrobial Assay
The disc diffusion method for in vitro antimicrobial assay
was used for screening primary selection of the compounds as
therapeutic agent [22, 23]. Disc diffusion method is highly
effective for rapidly growing microorganisms and the
activities of the test compounds are expressed by measuring
the diameter of the zone on inhibition. Generally the more
susceptible the organism the bigger is the zone of inhibition.
The method is essentially a qualitative or semi quantitative
test indicating sensitivity or resistance of microorganisms to
the test materials as well as bacterostatic or bactericidal
activity of a compound [24]. The standard test
microorganisms were collected from the Molecular Genetics
Laboratory, Department of Pharmacy, Rajshahi University.
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All the complexes were tested against the pathogenic fungi viz.
Aspergillus niger, A. fumigatus, and A. flarus as a
concentration of 200 µg/disc for each. The antimicrobial
activity was determined after 72 h of incubation at room
temperature (30ºC). The media used in these respects were
nutrient agar (DIFCO) for antibacterial assay and potato
dextrose agar for antifungal assay. The experiment was
performed in duplicate to minimize errors.
2.4. Cytotoxicity Bioassy
The bioactive compounds could be used against brine
shrimp as lethality bioassay [25], which determines
cytotoxicity as well as a wide range of pharmacological
activities e.g. anticancer, antiviral, pesticidal etc. of the
compounds. In the present investigation, in vivo lethality test
was carried out against the brine shrimp nauplii eggs (Ariemia
salina L.). Eggs were placed on one side of a small tank
divided by a net containing 3.8% NaCl solution for hatching.
In other side of the tank, a light source was placed in order to
attract the nauplii. After two days of hatching period the
nauplii were ready for the experiment as described previously.
Three mg of the complexes were accurately measured and
dissolved in 0.6 ml of DMSO to get a concentration of 5mg/ml.
From the stock solutions, 10, 20, 40, 80 and 160 µl were
placed in 5 different vials making the volume up to 5 ml.
The brine shrimp nauplii 10 in number were then placed in
each vial. For the control test of each vial, one vial containing
the same volume of DMSO plus water up to 5 ml was used.
After 24h of incubation, the vials were observed using a
magnifying glass and the number of survivors in each vial
were counted and noted. From this data, the percentage of
mortality of the nauplii was calculated for each concentration
and LC50 and LC99 values were determined using probit
analysis.

3. Results and Discussion
The formation of the complexes can be shown by the
following reaction of molybdic acid:
MoO3 + H2O2 + amH + L → [MoO (O2) (amH)2 ] +H2O
Where, M = Mo(VI); amH= phenylalanine and leucine, L =
pyridine.
The complexes were prepared from the reaction of the
Uranylnitrate and it may be represented as follows:
UO2(NO)2 + amH + 2L + H2O2 → [UO(O2) (amH)2 L] + H2O
+ HNO3
Where, M=U(VI) amH= phenylalanine and leucine; L=
pyridine.
The analytical data and their physical properties of the
complexes for both the metals are given in Figure 1. The
analytical data are in good agreement with the proposed
emperical formulae of the present complexes for both Mo(VI)
and U(VI). Their structures have been proposed on the basis of
conductivity and magnetic measurements and electronic
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The in-plane and out-of-plane ring deformation modes of
heterocyclic amines undergo positive shifts in mixed ligand
complexes confirming their coordination through nitrogen.
The presence of metal nitrogen bonding in the complexes is
evident from the appearance of v(M-N) modes in the spectra
of the complexes [26, 27].
The observed values of effective magnetic moment (µeff) of
the complexes of room temperature are given in Table 1. The
magnetic moment values of dioxomolybdenum (VI) complexes
(-0.261 to 0.450 B.M.) and dioxouranium (VI) ( 0.410 to 0.644
B.M.) indicated that these complexes were dimagnetic in nature
suggesting that there were no changes in the oxidation states of
the metal ions upon complexation. The electronic spectral data
of the complexes A and B showed bands at 266-376 nm region
due to the charge transfers (Table 3).

Percentages

spectral data (Tables 1 and 2).
The molar conductance of 10-3 M solutions of the
complexes in DMSO was measured at 30°C. The molar
conductance values (Table 1) indicate all the complexes are
non-electrolytes in DMF revealing that the anions are
covalently bonded in all the cases.
Salient features of the IR spectra of the complexes for both
Mo(VI) and U(VI) are summarized in Table 3. The complexes
1, 2, 3, and 4 display band 1652, 1619, 1617 and 1653 cm-1
respectively due to v(C = O) and they showed significantly
lower than that of free ligand, indicating the coordination of
amino acid through its carboxylate anions. The disappearance
of the v(O-H) mode observed in the free amino acid molecule
clearly indicate the loss of protons from O-H group upon
coordination, revealing that acids are dinegative bidentate
ligand coordinating through the carboxylate anion.
All complexes showed v(N-H) bands from 3104 to 3390
cm-1, which are significantly lower than the free ligand (amino
base) bands. It clearly suggests the coordination of amino
groups through nitrogen atoms of amino base. Further more,
the metal peroxo grouping gives rise to three IR active
vibrational modes. These are mainly O-O stretching (v1), the
symmetric M-O stretch (v2) and the anti-symmetric M-O
stretch (v3). The characteristic v1(O-O) mode of the complexes
appeared at 832-915 cm-1, indicating that the dioxygen
moieties are bonded on “side–on” fashion with the Mo(VI)
and U(VI). In the complex No. 1, the v3 and v2 modes appeared
at 624 to 516 cm-1 respectively. The v(M=O) bands in the all
complexes appeared at 976, 978, 905 and 977 cm-1
respectively.
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Fig. 1. Analytical data and physical properties of Mo(VI) and U (VI)
complexes (1) [MoO(O2)(pha)2(py)], (2) [MoO(O2)(leu)2(py)], (3)
[UO(O2)(pha)2(py)], (4) [UO(O2)(leu)2(py)].

Table 1. Physical properties of Mo(VI) and U(VI) complexes.
Complex No.

Complexes

Colour

Melting point (±0.5ºC)

1
2
3
4

[MoO(O2)(pha)2(py)]
[MoO(O2)(leu)2(py)]
[UO(O2)(pha)2(py)]
[UO(O2)(leu)2(py)]

Light yellow
Yellow
Yellow
Light yellow

180
172
165
197

Molar conductance
Ω-1cm2Mole-1
6.4
5.6
7.9
6.2

Magnetic moment
µeff (B.M.)
0.450
-0.261
0.410
0.644

Table 2. IR spectral data of Mo(VI) and U(VI) complexes.
Complex No.
1
2
3
4

υ (N-H)
cm-1
3390 br
3390 br
3105 br
3200 br

υ (C=O)
cm-1
1652 w
1619 w
1617 m
1653 w

υ (C-O)
cm-1
1594 vs
1573 s
1559 w
1659 s

υ (M=O)
cm-1
976 s
978 s
905 s
927 vs

Related band intensities are denoted by vs, s, m, w and br
representing very strong, strong, medium, weak and broad
band respectively.
Table 3. Electronic spectral data of Mo(VI) and U(VI) complexes.
Complex No.

Complexes

λmax (nm)

1

[MoO(O2)(pha)2(py)]

375

2

[MoO(O2)(leu)2(py)]

320

3

[UO(O2)(pha)2(py)]

266, 370

4

[UO(O2)(leu)2(py)]

275

υ (M-N)
cm-1
421 w
457 w
464 m
423 w

Υ1 (O-O)
cm-1
915 vs
845 s
832 m
882 s

O
(M

O
)

-1
O cm
υ3
624 vs
600 w

(M

)

-1
O cm
υ2
516 vs
536 m

3.1. Antimirobial Activity
Antimicrobial activities of the test samples are expressed by
measuring the zone of inhibition observed around the area.
The results revealed that the complexes are more microbial
toxic than the free metal ions or ligands. All the complexes of
metals under investigations for molybdenum (VI) and
uranium (VI) showed more or less activities against the four
pathogenic bacteria tested. From the zone of inhibition, it is
observed that all the complexes of molybdenum (VI) and
uranium (VI) exhibited greater susceptibilities towards all the
bacteria used (Table 4). The results also revealed that the
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complex 3 and 4 of uranium (VI) showed strong activity
against both the Gram positive and Gram negative bacteria
than the complexes of molybdenum (VI) indicating the higher
zone of inhibition (Fig 2 and 3) (Table 4).
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recorded in Tables 5. From the zone of inhibition, it is
observed that all the complexes of molybdenum (VI) and
uranium (VI) showed significant activity towards all the fungi
used. The highest antifungal activity was shown in the
complex 1 and 2 against A. fumigatus and complex 4 against A.
niger (13mm) while the complex 3 of U(VI) showed lowest
activity against A. fumigatus (10mm).

Fig. 2. Photographic representation of zone of inhibition of Mo(VI) complexes
against E. coli.

The results of the antifungal activity of the complexes are

Fig. 3. Photographic representation of zone of inhibition of U(VI) complexes
against S. shiga.

Table 4. The MIC values of the complexes of Mo(VI) and U(VI) against bacteria P. auriginosa, S.-β-haemolyticus, E. coli, B. subtilis.
Complex No.

Complexes

1
2
3
4

[MoO(O2)(pha)2(py)]
[MoO(O2)(leu)2(py)]
[UO(O2)(pha)2(py)]
[UO(O2)(leu)2(py)]

Minimum inhibition concentrations (µg/ml)
P. auriginosa (-ve)
S.-β -haemolyticus (+ ve)
32
32
32
32
64
64
32
64

E. coli (-ve)
32
16
64
32

B. subtilis (- ve)
32
32
64
32

Table 5. Antifungal activity of the complexes of Mo(VI) and U(VI) against Aspergillus niger, Aspergillus fumigatus, Aspergillus flarus.
Complex No.

Complexes

1
2
3
4

[MoO(O2)(pha)2(py)]
[MoO(O2)(leu)2(py)]
[UO(O2)(pha)2(py)]
[UO(O2)(leu)2(py)]

Diameter of zone inhibition (mm) 200 µg/disc
A. niger
A. fumigatus
11
13
12
13
11
10
12
11

3.2. Cytotoxicity Activity
The mortality rate of brine shrimp nauplii was found to be
increased with the increase of concentration for all the
complexes (Table 6). The results showed that the
concentration160 µL/mL caused 100 % mortality in brine

A. flarus
12
12
11
13

shrimp for all the complexes of Mo (VI) and U (VI) at the
exposures of 16 and 36h. Results showed that the complex 2
of Mo (VI) exhibits more toxic to brine shrimp compared to all
complexes indicating the lower values of LC50 for both the
exposure 16h and 36h (Table 6).

Table 6. Brine shrimp lethality bioassay for Mo (VI) and U(VI) complexes.
Complex No,

Complexes

1
2
3
4

[MoO(O2)(pha)2(py)]
[MoO(O2)(leu)2(py)]
[UO(O2)(pha)2(py)]
[UO(O2)(leu)2(py)]

Exposure 16 h
LC50 µg/mL
19.32
15.69
52.60
233.89

LC99 µg/mL
121.01
109.21
1048.5
2068.0

4. Conclusion
It is concluded that the analytical data were in good
agreement with the proposed emperical formulae of both the
complexes. The molar conductance values indicated all the
complexes of Mo(VI) and U(VI) are non-electrolytes in DMF
revealing that the anions are covalently bonded in all the cases.
The complexes of U (VI) showed strong activity against both

Exposure 36 h
LC50 µg/mL
9.34
6.47
11.93
13.38

LC99 µg/mL
57.91
47.20
275.77
67.41

the gram positive and gram negative bacteria than the other
complexes indicating the higher zone of inhibition. The
present findings of MIC experiment showed that the complex
3 of U (VI) was more potent against all the bacteria tested than
the other complex. Results showed that the complex 2 of Mo
(VI) exhibits more toxic to brine shrimp compared to other
complexes of Mo (VI) and U (VI) indicating the lower values
of LC50 and LC99 for both the exposure 16h and 36h.

30 Jahanara Nasrin: Comparative Studies on the Metallurgical and Biological Activity of Peroxo Complexes of Molybdenum (VI) and
Uranium (VI)

Acknowledgements

[13] Rebsdat S, Mayer D. Ullmann’s Encyclopedia of Industrial
Chemistry; VCH: Weinheim, 1987; A10, 117.

The author is grateful to Prof. M. Saidul Islam for fruitful
suggestions and also to the Chairman, Department of
Chemistry and Department of Pharmacy, Rajshahi University,
for extending laboratory facilities.

[14] Sabastiyan A, Venkappayya D. Synthesis, Characterization and
Antimicrobial studies on some metal complexes of 1-(N,
N-Dicyclohexylamino) methylthiourea. J. Indian Chem. Soc.
1992; 69: 329-332.

References

[15] Preet MS, Bedi VK, Mahajan MP. Synthesis and biological
activity of novel antibacterial quinazolines. Bioorg. & Med.
Chem. Lett. 2004; 14: 5211-5214.

[1]

Nasrin J, Islam MS. Synthesis, structural characterization and
biological activity of peroxo complexes of Zirconium (IV)
containing organic acid and amine bases. J. Appl. Sci. 2007a;
7(3): 434-441.

[16] Meyer-Rohn J, Puschmann M. Experimental studies on the
antibacterial and antimycotic effect of a preparation containing
nystaten and chloriquidol compound with similar antimicrobiol
agents. Mykosen. 1980; 23: 320-323.

[2]

Singh B, Simpy M, Sheikh HN, Sharma M, Kalsotra BL.
Peroxo complexes of uranium(VI) containing nitrogen and
oxygen donor ligands. Russian J. Inorg. Chem. 2012; 57(8):
1079-1088.

[17] Bartzatt R. Dansylation of aromatic, aliphatic, and medicinal
carboxylic acid compounds in 1 M Na2CO3 buffer. Analytica
Chimica Acta. 2003; 488(2): 203-207.

[3]

Bagherzadeh Mmailto:bagherzadeh@sharif.edu, Mehdi M,
Mojtaba H, Derakhshandeh APG. Molybdenum oxo–peroxo
complex: A very fast catalyst for oxidation and reduction of
sulfur-based compounds. Catalysis Commu. 2012; 23(5):
14-19.

[4]

Cho J, Samuel SJA, Lei W, Liu V, Eun, Kang J, Bray, Lim MH,
Hedman B, Hodgson OK, Valentine JS, SolomonEI, Nam W.
Structure and reactivity of a mononuclear non-haem
iron(III)–peroxo complex. Nature, 2011; 478(7370): 502-505.

[5]

Cenini S, Porta F, Pizzotti M. Reactions of amines and related
species with transition metal peroxo complexes. J. Organomet.
Chem. 1985; 296: 291-300.

[6]

Islam MS, Islam MQ, Tarafder MTH. Pakistan J. Sci. Ind. Res.
1990; 33: 205.

[7]

Mugesh
G,
Singh
HB,
Butcher
RJ.
2-(49,49-Dimethyl-39,49-dihydrooxazol-29-yl)phenol: Some
First-Row Transition Metal Complexes of This Naturally
Occurring Binding Group. Eur. J. Inorg. Chem. 2001; 40:
669-778.

[8]

[9]

Zarza PM, Gili P, Fernando V, Romero R, Catalina RP, Solansc
X. Synthesis and characterization of the new peroxo complex
aquaoxodiperoxoimidazole molybdenum(V1). Inorg. Chim.
Acta. 1994; 223:173-179.
Wu X, Sun D, Zhuang Z, Wang X, Gong H, Hong JX, Lee FSC.
Analysis and leaching characteristics of mercury and arsenic in
Chinese medicinal material. Anal. Chim. Acta. 2002; 453:
311-316.

[10] Swarup
KM,
Malik
AKM,
Bhattacharyya
R.
Oxoperoxo-molybdenum and -tungsten (VI) complexes: their
synthesis, structure and catalytic uses in the peroxidic oxidation
of alcohols to aldehydes and ketones. Inorg. Chem. Comm.
2004; 7: 823-827.
[11] Szente M, Feher O, Gyuris T. The effects of aminopyridines on
the critical evoked potentials. Acta Physiol. Hung. 1984; 63:
197-201.
[12] Ramadan R, Hamza MSA. Coordination chemistry of new
ruthenium and osmium dihydroxy quinoxaline complexes.
Transition met. Chem. (Dordrecht Neth). 1999; 24:193-197.

[18] Westland AD, Tarafder MTH. Nobel peroxo complexes of
Uranium containing organic ligands. Inorganic Chem. 1981; 20:
3992-95.
[19] Nasrin J, Islam MS. Metallurgical and biological activity of
peroxo complexes of Molybdenum (VI) containing organic
acid and amine bases. J. Appl. Sci. 2007b; 7(4): 597-603.
[20] Talati JD, Gandhi KK. N-Heterocyclic compounds as corrosion
inhibitors. Corr. Sci. 1983; 23: 1315-1318.
[21] Ronconi L. Marzano C, Russo U, Sitran S, Graziani R, Fregona
D. Organotin(IV) complexes of ethylsarcosine hydrochloride:
synthesis, characterization and in vitro cytotoxic activity. Appl.
Org. Met. Chem. 2003; 17: 9-12.
[22] Heinish L, Fleck WF, Jacob HE. Copper(II) complexes with
N-heterocyclic formylisothiosemicarbazone with antibacterial
and β-lactamase inhibiting effect. Z. Allg. Mikrobiol. 1980; 20:
619-622.
[23] Kulieve AM, Namazove II, Gadzhieva MA, Ibragimova GM,
Mamedov FA, Dzhafarov AA, Rzaev II. Effect of fungus
damage on the physico-chemical properties of industrial oil.
Mikroorg. Nizshie Rast. –Razrushiteli Mater. Izdelii. 1979a;
151.
[24] Kulieve AM, Shakhgel’dive MA, Gadzieva MA, Aliev IA.
Inhibitors damage to the fuel T-1. Mikroorg. Nizshie Rast.Razrushiteli. Mater. Izdelii. 11979b; 150.
[25] Citeau A, Guicheux J, Vinatier C, Layrolle P, Thien P. In vitro
biological effects of titanium rough surface obtained by
calcium phosphate grid blasting. Biomaterials 2005; 26:
157-161.
[26] Doadrio LA, Lozano FR, Doadrio VAL. A new dimeric
complex of Mo(V) and 8-hydroxyquinoline. Ann. Quim. B
1980; 76: 193-197.
[27] Yang JT, Chang TH. Synthesis and characterization of Ti(IV)
complexes with 8-hydroxyquinoline and its derivatives. Hua
Hsuch. 1982; 40: 70-75.

