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Abstract

Formation equilibria of molybdate ion (Me03~) complex with cytosine in pH=5.8
has been investigated by spectrophotometric measurements in aqueous solution at 0.15
mol lit" ionic strength (NaClOy), and 2sz0.°c. In this condition the 1:1 complex has
the formula mo0.12-, where L represents the base of DNA. The stability constants of
the complexes formed and their stoichiometries are given and interpreted. The
logarithms ~ of the cumulative stability constant p..0f the complex:
[(H)y(oxometal) (cytosine).], is log gy, =17.521.
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In

troduction

Molybdenum as a trace element plays an important role in metabolic proces
Complexes of molvbdgnum(\/) and molybdenum(V1) with base of DNA and organic
sulphur compounds™ are of interest as models for molybdenum-containing enzymes.
These enzymes are known to catalyse a number of important biological oxo- transfer
reactions where the valence of molybdenum alternates between molybdenum(VI) and
molybdenum(IV)  states in reactions with substrates and subsequent reactivation
= Thc re have been many studies of the complex of molybdenum (VI) with o.-amino
acids™ and some amino polycarboxylicacids (NTA, EDTA, MIDA, IDA)**!™ but 10
our knowledge,there is no report about the formation of complex of Mo (VI) with
cytosine. This metal- ligand equilibrium was studied at 2s«¢ with 0.15 mol lit" sodium
perchlorate as ionic medium. These thermodynamic results allow us to speculate on
the structure of the complex obtained.

EXPERIMENTAL

Reagents- Sodium perchlorate, Sodium molybdate, Perchloric  acid, Sodium
hydroxide

and cytosine were obtained from E. Merck as analytical reagent grade materials
and were used without any purification. Dilute perchloric acid solutions were
standardized against K(HCO3).

A 50% Sodium hydroxide solution free from carbonate was prepared from the
commercial. p.amaterial filtered through a G4 jena Glass filter and stored in a
polyethylene bottle; dilute solutions were prepared from boiled distilled water and this
stock selution and were standardized titrimetrically against a standard iron (II)
sulphate solution.15 All dilute solutions were prepared from double- distilled water,
with specific conductance equal to (1.3%0.1) #2™em™ |

Measurements- All measurements were carried out at 25=0.1°C, the ienic strength
was maintained at 0.15 mol lit" with sodium perchlorate. A Horiba D-14 pH-meter
was used for pH measurements. The pH meter has a sensitivity of 6.01 units. The
hydrogen jon concentration was measured with a Horiba combination electrode. model
58720. The calibration has been done for the whole pH(pH = -log[H+]) range used.

ietric were performed on a UV-vis Shimadzu 2101
speclrophmomezar with an Acer Mate 486 SX/250 computer using thermostated,
matched 10-mm quartz cells. The measurement cell was of the flow type. A
Masterflux pump allowed circulation of the solution under study from the
potentiometric cell to the spectrophotometric cell so that the absorbance and pH of the
solution could be measured simultancously.

RESULTS AND DISCUSSION
The protonation constants of cytosine have been extensively studied in
ion of background electrolytes, and the results are reported in the
htudmle The following uthbnd were studied, where L° represents the fully
dissociated cytosine anion: H*+17 = HL Ky =[HLPHT L] )
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HYsHLe HoL™ Ky =[HLJ(HTJHL] (2

The protonation constants of the imido, k, and the sccond imino groups, Kz, of
the side chain of the cytosine, base of DNA, has been determined using potentiometric
techniques that shown in Figure 1, calculated using a computer program(Excel) that
employs a least- squares method'”,

The protonation constants, expressed as log K. are collected in Table | together
with the values reported in the literature, which are in good agreement with those
reported before.

s the millilitres of HCIO: 0.1 mol lit” at 0.15 mol
0.1°C ;and 50 ml of ligand of cytosine 0.0035 mol

Figure 1 Plot of pH of cytosine. ionic Strengths of
s

NaClO,, 25

le 1. Protonation constants of the imido, K, and the
ionic strengths of

nd imino groups, Kz, of eytosine 2t 0.15 mol lit"
10s.

Fxpertiental conditions | Ref
O NaCiO, | THE

Spectrophotometric results

The absorbances of the solution of Mo(VI) and cytosine at a total concentration of
10* mol dm™ in the UV range (255 to 270 nm) at a constant pH of 5.8 *¥2 were
determined.

The variation of absorbance of Mo[VI] and complex versus plot shown in Figure
1. Tt shows that the appropriate range of plot for complex formation is 5.5 t0 6.5.
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Figure 2:
a) Plots of the absorbance of MoO\L™, Abs. vs pH. At [Mo(VI}-cyto]
ths 0f 0,15 m NaClO,, and % =270nm
b) Continuous variation plot of the absorbance of complex. Abs. vs pH at [Cyto]=5-10"%,
MO(VI]=5x107 M. at 2520.1°C , jonic strengths of 0.15M NaClO, and 7. = 260nm

3107 M At 2520.1°C Tonic

The observed absorbances were corrected from eq 3-13:
4 £4(Cy ~[CD=2:(C,~IC) (3)

In the little concentration of Mo, Cy = [C]:

= EL(C =Cy) @)
(5) ap-af1= 4
A =clc] (6)

A =24 (Cy ~(CD-(C, - (CD=210) (T)

For the determination of molar Absorptivities coefficient of Mo(VI) have been
prepared its solutions with different concentertion, and have been measured their
absorbance . the results shown in Table 2 and Figure 3.

Table2. Absorbance values the soloution of Moly (V1) at different C: and W aths pH=
5.8 2125 2 0.1 “c and ionice strength of 0.15M NaClO;

Cu - - 7

200 A 208-A 20 A

o oo | 03068 | 013 | U

0.0004 0188 0404 0.0536 00264
0.0001 0.0456 0.024 00112 0.056
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W co0s 200 s

ort Soloutions of Molybdeaum (V1) at different
@nd 270 nm , pH= 5.8 a1 25 £ 0.1 “c and ionic strength of 0.15 M NaClO,

Teble 3. Molar Absorptivities of Mo (V . Cyt0, o , and MoOLY, ¢, . at pH=5.8, 25 0.1°C, different
fo(V1)+Cylo]=10"M, and ionic sirength of 0.15M NaCIO;

wavelengths

Anm) 255 260 270
By 450 56
& 5304 5032
[ 6128 6222

By the known of values of the total Concentration of metal and ligand , also
values of &y , €, &c and Absorbance were observed, we can calculateThe absorbance
were corrected values of the Absorbance were corrected at defferent wavelengths,and
different mole Fraction of metal ,shown in teble 4.

Table4. The absorbance Wrre corrected of Complex at pH =
soloution of job [Mo(VI) - Cyto] = 10 M

5.8 and experimental conditions in each the

270- A
00624
0.18
0.447

0368
0132
001632 | 0053
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Figure 4. Continuous variation plots of the absorbance of MoO;L™, Abs. vs the mole fraction of Mo(V1), at

pH=5.8, ionic strength of 0.15M NaCIO,, and [M]+(L]=10"M.

Ae, Agss, and sy, are the absorbance of the complex and the observed absorbance
and the molar absorptivity of Mo, respectively. ¢, values were calculated at a mole
fraction of Mo equal to 2 and are shown in Table 1. In figure 3, a maximum at a mole
fraction of Mo equal to 0.5 was obtained, indicating a 1:1 complex.

The complex HM,(cytos),""™" formed is characterized by its stoichiometry
(x:y:z). The stability constant of the complexation equilibrium (14) is defined by
By (15):

i+ "

Cror” o bty coon S (14)

In aqueous solution cytosine exists in its anionic from (cytos). Zwitterionic
species (Heytos) and cationic from (Hacytos™).

The protonation constants of cytosine have been used for computation of the
stability constants have been found in the literature.'”
Result of computation is given in table 5:

Table 5. Metal complexes formation constents for cytosine in 0.15 M NaCIO; at 25°C (xy and z are the
stoichiometric coefiicients of the complex who correspond respectively to the proton. metal and ligand)

Stiochiometry
Complex | of complex
0x

MoV = |
Cytosine | ~

Our lexation studies of molybd (VI) ion with cytosine shows only th¢
formation of MoOj3(cytos)” complex species.
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For the more consider and comparative, see the table 6. The structure of sodium
molybdate is believed to be octahedral in solution ** with three positions to form its
complexes with a tridentate ligand like cysteine or histidine and aspartic acid. These
complexes usually have great stability constants to confirm this speculation (table 6),
Values of log 8 obtained for Mo(VI) + histidine, cysteine and aspartic acid systems
(table 6) are greater than that of the Mo(VI) + cytosine in the order of their stability
constants: cytosine< aspartic acid < histidine < cysteine.

Assuming that these amino acids are all tridentate ligands in their molybdenum
(V1) complexes ***2 | but cytosine is potentially a bidentate ligand toward metal
jons.On the other hand, Mo(VI) will bond with this bidentate ligand, with two donor
sites.

Thus, this is that same acts that we expected.

Table 6. Averege values of logB at various wavelengths at pH=5.8

e conliion Gl

204200 cysteines Mo(V1)
10,1 M NaCIO , 25%¢ 5

1837 histidine+ Mo(V1)
1=0.1 MNaCIO, 25% 2

182 asparic acid+ Mo(V1)
[=0.15M NaCl( ¢

173212001 cytosine+ Mo(V1)
10.ISMNeCIO, 25%  this work
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