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ABSTRACT 

The complexes of thiobarbituric acid and adenine with Mn (II), Mo(VI) and Cr(III) were prepared. The structures, 

mode of bonding and the geometry of the prepared complexes were characterized by the elemental analysis, IR and 

electronic spectroscopy.  Thermal studies were carried for the prepared complexes. The mechanisms of the thermal 

decomposition for the prepared complexes were studied by TGA. Thermodynamic and kinetic studies of the 

complexes were determined by DTA, and DSC techniques. The influences of the structural properties of the 

chelating agent and the type of the metal on the thermal behavior of the complexes, the order (n) , the heat of 

activation (E) , The collisions number (Z) and The change of entropy values (S#)  of the various decomposition 

stages were determined from the TG and DTA. The reaction of some of the prepared complexes with 18F-in different 

media was studied. Characterization of the 18F-complexes and the determination of the extent of radiolabeling was 

done by thin layer chromatography using (95:5) acetonitrile to water solution as a solvent. 

Keywords: Adenine; Thiobarbituric acid; Chelating agent 

_____________________________________________________________________________ 

INTRODUCTION 

Pyrimidine derivatives constitute an important class of compounds because they are components of the biologically 

nucleic acid. They have been shown to exert pronounced physiological effects [1]. Barbituric acid derivatives are 

well-known class of compounds where many of which are widely used as drugs having pharmacological activities as 

depressants, hypnotics and stimulants [2]. In our laboratory extensive studies were recorded for the coordination 

chemistry of some nucleic acid compounds [3-5]. 

Molybdenum is a second-row transition metal ion that is involved in any sort of biological activity. In particular, 

through its +4, +5 and +6 oxidation states, it plays an important role in various oxido reductase enzymes [6-8]. 

The coordination chemistry of manganese (II) has attracted considerable interest due to the crucial role played by the 

metal in redox and non-redox proteins. Studies involving the synthesis and characterization of manganese 
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complexes are useful towards the understanding of the structure and reactivity of manganese sites in biological 

systems [9-11]. 

A large number of chromium (III) compounds are known. Chromium (III) complexes of macrocyclic ligands are 

well known for their biological importance as well as their anticarcinogenic, antibacterial and anti-fungal properties 

[12]. There are numerous Cr (III) complexes, which have been well characterized, providing a fertile set of model 

small molecule oxidants for inquiry. Cr (III) complexes with O, N and S donor macrocyclic ligands can increase the 

activity of insulin by binding to a small chromium binding protein [13]. Chromium (III) ions tend to form octahedral 

complexes. The colors of these complexes are determined by the ligands attached to the Cr center [14]. 

Molecules labelled with the unnatural isotope fluorine-18 are used for positron emission tomography. Molecular 

imaging technology is not exploited at its full potential because many 18F-labelled probes are inaccessible or 

notoriously difficult to produce. Typical challenges associated with 18F radiochemistry are the short half-life of 18F 

(<2 h), the use of sub-stoichiometric amounts of 18F, relative to the precursor and other reagents, as well as the 

limited availability of parent 18F sources of suitable reactivity ([18F] F-and [18F] F2) [15]. 

The positron-emitting radiopharmaceuticals are of particular interest due to the high sensitivity and excellent 

resolution of the Positron Emission Tomography (PET). These radiopharmaceuticals are formulated from cyclotron-

produced or generator-eluted radionuclides should be subjected to Quality Control (QC) tests to assure their safety 

and efficacy before injecting to the patient. Fluorine-18 fluorodeoxyglucose (F-18 FDG), a glucose analog, is the 

most popular PET radiopharmaceutical. Apart from F-18 FDG, few other radionuclides such as C-11, N-13, O-15, 

Ga-68, I-124, and Cu-64, and so on are also being used for PET imaging [16]. 

 

Aim of the Work 

1) Synthesis of Thiobarbituric acid and adenine with Mn(II), Mo(VI) and Cr(III) complexes. 

2) Determination of the structure for the prepared complexes (geometry and mode of bonding) based on 

elemental analyses and spectral results. 

3) Thermal studies of some of the prepared complexes using DTA, TGA and DSC techniques. 

4) Studying the reaction of 18F-with some of the prepared complexes at different media. 

 

EXPERIMENTAL SECTION 

 

1) Synthesis of the Complexes 

a) Preparation of Cr(III) and Mo(VI) adenine complexes: A hot clear solution of 0.01 mole of chromiom (III) 

sulfate salt in 25 ml water was added to 0.01 mole solution of adenine dissolved in 25 ml of hot ethanol for 

preparation of Cr2 (HL1)2(H2L
1) (SO4)2 (H2O)7 and hot clear solution of 0.01 mole of ammonium molybdate salt in 

25 ml water was added to 0.01 mole solution of adenine dissolved in 25 ml of hot ethanol for preparation of Mo2 

(L1)5(OH)2 (H2O)3 complex. The reaction was done in presence of 5 ml concentrated ammonia solution. The 

reaction mixture was refluxed for 45 min and the precipitated complexes were filtered, washed several times by 

water and dried in a desiccator over CaCl2. The elemental analyses are given in (Table 1). 

http://en.wikipedia.org/wiki/Octahedral_molecular_geometry
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Table 1. Elemental analyses of adenine (H2L
1
) complexes, found () and calculated 

Complex %M %H  %N %C %S 

Cr2 (HL1)2(H2L1) (SO4) 2(H2O)7 Cr 

    

 

-

12.29 -3.69 (11.83)12.05 

-

22.55 

-

7.56 

 

12.39 3.48 

 

22.89 7.67 

      

      Mo2 (L1)5(OH)2 (H2O)3 Mo 

    

 

-

19.86 

-

36.08 (36.08)36.46 -2.56 

 

 

19.89 36.46 

 

2.73 

  

b) Preparation of Cr(III), Mn(II) and Mo(VI) thiobarbituric acid complexes: A 0.01 mole solution of thio 

barbituric acid dissolved in ethanol was added to a hot clear solution of 0.01 mole chromium (III) sulfate salt in 25 

ml water, hot clear solution of 0.01 mole MnCl2.4H2O salt in 25 ml water and hot clear solution of 0.01 mole of 

ammonium molybdate salt in 25 ml water for preparation of Cr (HL2) (L2) (H2O)3, Mn (H2L
2)3Cl2 and 

Mo2(L
2)5(HL2)2 complexes respectively. The reactions were done in presence of 5 ml concentrated ammonia 

solution. The reaction mixtures were refluxed for 45 min and the precipitated complexes were filtered, washed 

several times by water and dried in a desiccator over CaCl2. The elemental analyses are given in Table 2. 

Table 2. Elemental analyses of thiobarbituric acid (H2L
2
) complexes, calculated and found () 

Complex %M %H %N %C %S %Cl 

Cr (H L
2
)(L

2
) (H2O)3 Cr 

  

(24.28) 24.62 

  

 

-13.16 -2.62 -13.93 

 

-16.4 

 

 

13.32 2.58 14.35 

 

16.43 

 
Mn (H2 L

2
)3Cl2 Mn 

  

(25.61)25.82 

  

 

-9.34 -2.14 -14.33 

 

-17.07 -12.24 

 

9.84 2.17 15.05 

 

17.32 12.7 

Mo2(L
2
)5(H L

2
)2 Mo 

  

(28.59)27.96 

  

 

-16.54 -2.49 -18 

 

-20.23 

 

 

15.95 2.51 18.13 

 

20.77 

  

2) Chemical Analyses 

a) Carbon, hydrogen, nitrogen, sulphur and halogen analyses: The measurements have been carried out at the 

micro-analytical laboratory at the Chemistry Department Faculty of Science, Cairo University. 

b) Metal analyses: Mn and Cr complexes were digested in aquaregia and the digested products were 

determined by the atomic absorption technique at the Central Laboratory, Faculty of Science, Alexandria University. 
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Mo complexes were digested in aqua regia then ICP/MS technique at The Main Laboratory of the Chemical War, 

Ministry of Defense, Cairo, Egypt, was used for Mo determination. 

3) Spectrophotometeric Measurements 

Nujol mull ultraviolet and visible spectra: the solid complexes were measured by Perkin Elmer Lambda 4.B 

UVLVIS, Spectrophotometer at the Central Laboratory, Faculty of Science, Alexandria University. 

4) Infrared Spectra 

The data have been carried out by Bruker Tensor 37 FTIR spectrometer, KBr dick technique at the Central 

Laboratory, Faculty of Science, Alexandria University. 

5) Thermal Analyses Measurements 

The measurements have been carried out by SDT Q600. Simultaneous TGAL DSC, USA, at nitrogen atmosphere, 

rate of heating 10 Cº/min at the micro-analytical laboratory at the Chemistry Department Faculty of Science, Cairo 

University. 

6) The Reaction of 
18

F with Some of the Prepared Complexes 

a) Preparation of 
18

F
-
: It was synthesized by proton bombardment of Oxygen-18 enriched water from CTI 18 

Mev cyclotron after 30 min of proton bombardment to18O-enriched water. The synthesized 18F was 

transferred to the chemistry module (CPCU) (Chemistry module produced by CTI ) through shielded 

capillary tubes. 

18F- was collected by light QMA (Quaternary ammonium anion exchange) Sep-Pak column (Accell Plus QMA Sep-

PakTM). The retained 18F is then eluted with an acetonitrile solution of Kryptofix and potassium carbonate. 

b) The interaction of 
18

F with some of the prepared complexes: About 50 mCi from the freshly prepared 18F 

solution was added to 2 ml (0.01 mole) of the Mn (H2L
2)3Cl2, Mo2 (L

3)5(OH)2 (H2O)3, MoO2 (HL)2, Cr (H L2)(L2) 

(H2O)3 , Cr (HL4)2 ( (H2O)(OH) and  Cr2 (HL3)2(H2L
3) (SO4) 2(H2O)7  complexes, each reaction mixture was divided 

into three vessels, 1 ml of HCl (30%) was added to the first vessel, while 1 ml of (30%) ammonia solution was 

added to the second vessel, while the third vessel remain without any additions. 

The silica gel plates (Whatman 250 μm layer) were used for thin layer chromatography, 5μl of reaction mixture 

solutions was spotted on (0.8 x 10 cm) TLC plate, which was then placed into chamber and developed by solution 

(95: 5 water to acetonitrile) to the top of the plate, finally the plate was dried. Radio detector (Bioscan-AR-2000) 

was used to identify the position of the radioactive spots, to determine both the percentage of the activity 

(automatically by calculating the areas under the peaks) and the Rf values of the spots on the plate. 

RESULTS AND DISCUSSION 

IR Spectra of Adenine Complexes 

 

The reaction of adenine with Mo (VI) and Cr (III), Table 3 and Figure 1 is verified by the disappearance of 

stretching bands at (3360-3296 cm-1) and bending band at 1673 cm-1 of NH which indicates the contribution of NH 

in complexation.  For the NH2 group, two absorption bands within 3300-3500 cm-1 in the free ligand, was assigned 

at low-frequency upon coordination and appeared as one broad band at 3434, 3416 for Mo and Cr complexes 

respectively may be due to the overlap of the NH2, coordinated H2O bonds [17]. 
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The shift of the absorption bands associated with the stretching and bending vibrations of C=C and C=N groups in 

the purine ring, in the complexes, the C=C and C=N stretching vibrations are observed at 1480 cm (in adenine, at 

1508 cm-1) and the bending vibrations at 1123 and 796-760 cm (in adenine, at 1024 and 847-873 cm-1), signifying 

that the metal ion has interacted with one heterocyclic nitrogen atom [18]. 

         The imidazole ring frequencies (1419, 1334 and 1309 cm
-1

) and pyrimidine ring frequencies (1605 

and 1451 cm
-1

) in the spectrum of free adenine are shifted to lower wave numbers, with reduction of 

intensity in the spectra of complexes indicating deprotonating and bridging of the adenine [19]. 

The appearance of a sharp band at 1133 cm
-1

 and a weak band at 994 cm
-1

 represent of SO4 for Cr 

complex provides that SO4 group acts as a bidentate ligand [20]. 

The appearance of weak bands at 512 cm
-1 

for Mo complex and 525 cm
-1 

for Cr complex provides a 

strong evidence for the formation of M-N bond. 

Table 3. IR spectra in cm
-1 

of adenine (H2L
1
), Mo2 (L

1
)5(OH)2 (H2O)3 and Cr2 (H L

1
)2(H2 L

1
) (SO4) 2(H2O)5    

Adenine Mo2 (L
1)5(OH)2 (H2O)3 Cr2 (H L1)2(H2 L

1) (SO4) 2(H2O)7 Assignment 

3467-3360 3434 3416 ν NH2 

3269-3119 - - ν NH 

2980 2923 2900 ν N=CH 

1673 

  

δ NH2 

1605-1508-

1451 1588-1480 1618-1480 ν C=C, ν C=N 

1419-1369-

1334 1425-1337 1415-1373 ν C=C, ν C=N 

  

-1333 ν3 SO4 

1024-940-912 1023-941-910 994 δ C=C, δ C=N, ν1 SO4 

874-797 796-760 796-760 δ C=C, δ C=N 

- 512 525 ν M-N 

 

Thiobarbituric Acid Complexes 

The IR spectrum of thiobarbituric acid in the solid state does not contain  SH band, indicating that the ligand does 

not contain free SH group in the solid state. The presence of very weak band at 2580 cm-1 indicates that the 

proportion of hydrogen bonded thiol is much less in the solid state than the concentration of the thione [21] A 

comparison of the IR spectra of the ligand and the metal complexes, Table 4 brings out the following facts: 

1-The spectra of the solid complexes exhibited a broad band at 3500-3400 cm-1, which attributed to  OH of the 

associated water molecules, while the band observed at 860-740 cm-1 is assigned to coordinated water molecules 

[22]. 

2-The carbonyl absorption band  C=O of the ligand at 1691 cm-1 disappeared as in Mo+6 and Cr+3 complexes or  

shifted to lower frequency and becomes of weak appearance in the spectrum of Mn+2 complex. The change in the 

carbonyl band both in position and intensity indicated that at least one of the two carbonyl groups in the 
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thiobarbituric acid compound is coordinated to these metal ions. However, the  NH band at 3238 cm-1 was almost 

disappeared in the spectra of Mo+6, Mn+2 and Cr+3 complexes suggesting that the NH groups are either (i) participate 

in bond formation with the metal ions; or (ii) tautomerized with the adjacent groups to form the enol-thiol tautomer. 

3-The appearance of  OH,  C=N,  C-O and  C-S in the frequency at  2921, 1641, 1398 and  800 cm-1, 

respectively, is strong evidence that the ligand is tautomerized to the enol thiol structure before complexation with 

the metal ions [23]. The appearance of weak bands at 537 and 533 cm-1 for Mo+6, Mn+2 and Cr+3 complexes 

respectively provides a strong evidence for the formation of M-N bond [24]. 

Table 4. IR spectra in cm
-1 

of thiobarbituric acid (H2L
2
), Mo2(L

2
)5 (H L

2
)2, Mn (H2L

2
)3Cl2 and Cr (H L

2
) ( L

2
) (H2O)3 

Thiobarbituric acid Mo2(L
2
)5(H L

2
)2 Mn (H2 L

2
)3Cl2 Cr (H L

2
)( L

2
) (H2O)3 Assignment 

3459 3419 3421 3468 ν OH 

3238 - - - ν NH 

2921 29242859 2918 - ν OH, ν SH 

2580 - - - ν C=S 

1691 - 1703 - ν C=O 

1641 1639 1627 1643 ν C=N 

1461 1425 1428 1454 δ NH 

1398 1362 1374 1401 ν (C–O), 

1151 1120 1154 - ν C=S+ν C=N 

1351 1282 1339 1303 δ O-H 

1156 1120 1154 

 

ν (CS)+ν (CN) 

    

CCH 

800 798 780 792   

- 525 537 533 ν M-N 

 

Nujol Mull Spectra 

The electronic spectrum for the prepared complexes was given in Table 5. 

1-Molybdenum complexes: The Mo2(L
2)5(H L

2)2 and  Mo2 (L
2)5(OH)2 (H2O)5 complexes gave bands at (235, 264, 

335 and 410 nm) and (325, 358, 394) respectively. The absorption bands between 200 and 400 nm can be assigned 

to ligand to metal charge transfer (CT) transitions [25], while the absorption band at 330 nm for 335 nm for 

Mo2(L
2)5(H L

2)2 and 325 for Mo2 (L
1)5(OH)2 (H2O)5  has been assigned to an octahedral geometry of molybdenum 

centers [26,27]. 

2-Manganese complexes: The Mn (H2 L
2)3Cl2 complex shows bands at (352 nm) can be assigned to metal charge 

transfer (CT) [28-30]. While the absorption bands at 393 nm and 575 nm corresponding to 6A1g  4Eg , 
4A1g  and 

6A1g
  4T1g (P) ν3 transitions respectively that assigned to an octahedral manganese (II) complex [31,32]. 

3-Chromium complexes: The electronic spectra of Cr (H L2)( L2) (H2O)3 and  Cr2 (HL1)2(H2L
1) (SO4) 2(H2O)7 could 

be explained as follow: broad bands at were observed at 612 and 600 nm for Cr (H L
2)2(H2O)2 and Cr2 (H L1)2(H2 

L1) (SO4) 2(H2O)7 complexes respectively that could be assigned to  4A2g  4T2g , ν1 while the absorption bands at 

(402, 450 nm) and (9310, 280 nm) for of Cr (H L
2
)(L

2
) (H2O)2 and  Cr2 (H L

1
)2(H2 L

1
) (SO4) 2(H2O)7 complexes 
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respectively were assigned to (4A2g  4T1g (ν2 and ν3) transitions that confirm the octahedral geometry of the 

complexes [33,34]. 

Table 5. λ max (nm) of the complexes of thiobarbituric acid (H2L
2
) and adenine (H2L

1
) 

Complex λ max (nm) 

Mo2(L
2)5(H L2)2 235(s), 264(b), 335(b), 410(b) 

Mn 3(L
1
)2 (OH) (H2O)6Cl 375(s),539(b), 653(b) 

Mn (H2 L
2
)3Cl2 237(b), 352(s), 393(b),575(b) 

Cr (H L
2
)( L

2
) (H2O)3  242, 310,  402,  612 

Cr2 (H L
1
)2(H2 L

1
) (SO4) 2(H2O)7 280, 319, 364,450, 600 

 

4-Thermal analysis: Thermal studies (DTA, TGA and DSC) were carried out for some of the prepared complexes, 

some representative examples for Mo and Cr complexes are given, Figures 1 and 2. 

 

 

 

Figure 1. Thermal analysis data DTA, TGA, and DSC of Mo2 (L
1
)5(OH)2 (H2O)3 
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Figure 2. Thermal analysis data DTA, TGA and DSC of Cr (H L
2
) (L

2
) (H2O)3 

a) Mechanism of decomposition 

-The Mo2 (L
1)5(OH)2 (H2O)3 complex proceeds in the following decomposition steps: 
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-C3H4N4O3 

28.125 C-262.5 C  

Exp(% 14.94) 

Calc(%15.00) 

Exp(% 18.26) 

Calc(%18.34) 

-C19N4 

262.5 C- 470.625 C C  

-C13H21N14 

470.625 C-800 C 

Exp(% 39.26) 

Calc(%38.87) 
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-However Cr2 (HL1)2(H2L
1) (SO4) 2(H2O)7, complex proceeds in the following decomposition steps: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-C2H15NO13S2 

28.125 C-415.625 C  

Exp(% 38.42) 

Calc(%38.74) 
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- Mn (H2L2)3Cl2 proceed in the following decomposition steps: 

 

 

 

 

 

 

-6(CO)28.1 C-

234.38 C 

Exp( %14.65) 

Calc(%13.97) 

-C18H16N8O4S7 

234.38 C-800  

Exp( %51.94) 

Calc(%52.61) 

-C2H2O3Cl2 

46.9 C-275 C 

Exp( %26.47) 

Calc(%25.96) 
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- Cr (H L2)(L2) (H2O)3  proceed in the following decomposition steps: 

 

 

 

 

 

 

 

 

 

 

b) DTA studies 

DTA thermal analysis were studied for the prepared complexes Mo2(L
2)5(H L2)2, Mn (H2L2)3Cl2, Cr (H L2) ( L2) 

(H2O)3, Mo2 (L
1)5(OH)2 (H2O)3 and Cr2 (H L1)2(H2 L

1) (SO4) 2(H2O)7. Most of the DTA peaks (14 peaks) for five 

complexes are of endo behavior, and only four are of exo trend [Mo2(L2)5(HL2)2( peak a), Mn (H2L2)3Cl2 (peak c),  

Mo2 (L
1)5(OH)2 (H2O)3(peak a) and  Cr2 (H L1)2(H2 L

1) (SO4)2 (H2O)7 (peak c). 

-C8H10O3S3 

275 C-800 C 

Exp( %54.14) 

Calc(%54.88) 

-C3NO6S2 

31.25 C-340.625 C  

Exp(% 54.25) 

Calc(%53.84) 

-C5H8N2 

340.625 C-631.25 C 

Exp( %24.28) 

Calc(%24.63) 
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The ln T versus 103/T plots for the complexes: Mo2(L
2)5(H L2)2, Mn (H2 L2)3Cl2, Cr (H L2)( L2) (H2O)3, Mo2 

(L1)5(OH)2 (H2O)3 and Cr2 (H L1)2(H2 L1) (SO4) 2(H2O)7 respectively are given, where, Figures 3-7 gave best fit 

straight lines from which the activation energies (Ea) were calculated. The order of chemical reactions (n) was 

calculated via the peak symmetry method [35-37]. The reaction orders are 1, 1.5 and 2. The fractions appeared in the 

calculated order of the thermal reactions, (n), Table 6, confirmed that the reactions proceeded in complicated 

mechanisms. 

The maximum and the minimum Tm values are 929 and 317º K, respectively. The value of the decomposed 

substance fraction, m, at the moment of maximum development of reaction (with T=Tm) being determined from the 

relation [38]. 

n
m n  1

1

)1( 
 

It is of nearly the same magnitude and lies within the range 0.501-0.610. 

The calculated values of the collisions number, Z, showed a direct relation to Ea. The maximum and minimum Z 

values are 0.628 and 0.088, respectively, let to suggest different mechanisms with variable speeds. The collisions 

number, Z, are calculated from the following equation [39,40]: 

Z=(Δ Ea/RTm) ß exp (Δ Ea/RT2
m) 

Where R=molar gas constant. 

ß=rate of heating 

Tm=temperature of maximum or minimum peak 

The entropies of activation S# , are calculated from the following equation [39]: 

Z=(K Tm/h ) exp S#  R 

K=Boltzman constant. 

h=Planch’s constant 

The change of entropy values, S#, for all complexes, are nearly of the same magnitude and lie within the range -

0.273 to -0.290 kJK-1mol-1, all are with –ve signs, Table 6. So, the transition states are more ordered, i.e., in a less 

random molecular configuration, than the reacting complexes. 

The heat of transformation, H#, can be calculated [41]. All the H# values are with –ve signs, Table 6. In general, 

the change in enthalpy (H#) for any phase transformation taking place at any peak temperature, Tm, can be given by 

the following equation: 

S
#
 = H

#
 / Tm 

 

 

 

Figure 3. ln ΔT-10
3
/T relationship for Mo2(L

2
)5(HL

2
)2 complex 



Mamdouh MS et al.   J. Chem. Pharm. Res., 2019, 11(12):45-65 

 

58 
 

 

 

 

 

 

 

Figure 4. ln ΔT-10
3
/T relationshipfor Mn (H2L

2
)3Cl2 complex  

 

Figure 5. ln ΔT-10
3
/T relationship for Cr (H L

2
)( L

2
) (H2O)3  complex 

 

Figure 6. ln ΔT-10
3
/T relationship for Mo2 (L

1
)5(OH)2 (H2O)3, complex 
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Figure 7. ln ΔT-10
3
/T relationship for Cr2 (HL

1
)2(H2L

1
) (SO4) 2(H2O)7 complex 

Table 6. DTA thermodynamic parameters of the complexes 

Complex Peak (type) Slope  a b N αm 

Tm 

(ºK) Z ∆S
#
 ∆H

#
 

Mo2( L
2
)z(HL

2
)2 a(exo) -5.338 44.38 1.5 1.5 1.26 0.589 604 0.088 -0.29 -175.221 

Mn (H2 L
2)3Cl2 a(endo) -6.089 50.624 0.3 0.6 0.891 0.653 342 0.178 -0.28 -95.606 

 

b(endo) -16.06 133.523 0.3 0.3 1.26 0.589 494 0.325 -0.278 -137.135 

 

c(exo) -21.53 179 0.4 0.5 10127 0.61 719 0.299 -0.281 -202.33 

Cr (H  L
2
)( L

2
) (H2O)3   a(endo) -7.744 64.384 0.6 0.3 1.782 0.522 317 0.244 -0.276 -87.584 

 

b(endo) -17.53 147.744 0.45 0.45 1.26 0.589 568 0.309 -0.279 -158.582 

 

c(endo) -21.63 179.832 0.5 0.3 1.627 0.54 636 0.34 -0.279 -177.652 

 

d(endo) -15.76 131.029 0.5 0.6 1.15 0.606 711 0.222 -0.284 -201.791 

Mo2 ( L
1
)5(OH)2 (H2O)3 a(exo) -18.84 63.328 0.4 0.45 1.188 0.6 319 0.239 -0.277 -88.214 

 

b(endo) -32.75 157.052 0.25 0.275 1.202 0.598 637 0.297 -0.28 -178.665 

Cr2 (H L1)2(H2  L
1) (SO4) 

2(H2O)7 a(endo) -18.84 156.636 0.6 0.4 1.543 0.55 327 0.576 -0.269 -88.099 

 

b(endo) -32.75 272.284 0.4 0.2 1.782 0.522 521 0.628 -0.273 -142.005 

 

c(exo) -14.65 121.8 0.5 0.35 1.506 0.555 594 0.247 -0.281 -167.17 

 

d(endo) -49.55 411.959 1 0.4 1.992 0.501 929 0.533 -0.279 -258.946 

 

c) DSC studies 

The Debye model [42-45]; is applied to describe capacity change over a large temperature range. The Cp can be 

represented as the following empirical form: 

Cp = aT + b 

By plotting Cp versus T, a straight line is obtained, thus, "a" and "b" parameters can be determined from the slope 

and intercept of the line, respectively, represented example Figure 8 and Table 7. 

Further applications based on Debye model on the complexes are given from the scope of the following equations: 

Cp  Cv = T3 + γT,   2T
T

Cp
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Where, γ and α are the coefficients of electronic and lattice heat capacities, respectively. C is the heat capacity at 

constant volume which is assumed to be equal to Cp. Plots of Cp/T versus T2 should yield straight lines with slopes α 

and intercepts γ, represented example Figure 8 and Table 8. 

 

 

 

Figure 8. DSC curves of Mo2(L
2
)5(H L

2
)2 complex dependence of specific heat and temperature. 
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Table 7. The slopes "a" and intercept "b" for DSC curves of selected complexes 

Complex  

 

a1 

[b1] 

a2 

[b2] 

a3 

[b3] 

a4 

[b4] 

a5 

[b5] 

a6 

[b6] 

Mo2(L
2
)5(H L

2
)2 

0.09 

-36.07 
-0.004 

-0.06 

449-633°K 

-0.016 

-8.445 

706-1061°K 

  

  

 

  

  

 

  

  

 302-381°K 

Mn (H2 L
2)3Cl2 

0.394 
-166.1 

303-376°K 

-0.062 
18.77 

459-476°K 

-0.023 
0.006 

544-565°K 

-0.141 
87.35 

772-1064°K 

 
 

  

 

 

 

Cr (H L
2
)( L

2
) (H2O)3   

0.335 

-135.3 

299-360°K 

-0.019 

0.085 

414-495°K 

-0.267 

128.5 

524-760°K 

0.792 

-472 

568-577°K 

-0.029 

5.778 

615-692°K 

-0.095 

56.32 

771-1045°K 

Mo2 (L
1)5(OH)2 (H2O)3 

0.458 

-183.9 

304-365°K 

-0.032 

4.672 

45542°K 

0.032 

-14.91 

583-622°K 

-0.1 

55.3 

651-701°K 

-0.063 

27.37 

680-1073°K 

 

 

 

Cr2 (H L
1
)2(H2 L

1
) 

(SO4) 2(H2O)7 

0.338 

-144.7 

299-404°K 

-0.25 

1.38 

469-554°K 

-0.095 

50.51 

641-1073°K 

 

 

 

 

 

 

 

 

  Cp = a T + b  
Table 8. The slopes "α" and intercept "γ" for DSC curves of selected complexes 

 

Complex  

α1 

[γ1] 

α2 

[γ2] 

α3 

[γ3] 

α4 

[γ4] 

Mo2(L
2
)5(H L

2
)2 

4
*
10

-6
 

[-0.58] 

(302-361)
2
°K 

2
*
10

-8
 

[-0.032] 

(332-579)
2
°K 

4
*
10

-8
 

[-0.010] 

(804-1070)
2
°K 

 
 

 

Mn (H2 L
2)3Cl2 

0.021 

[0.001] 

(303-382)2°K 

0.001 

[-0.045] 

(418-459)2°K 

-33.9 

[-0.015] 

(610-706)2°K 

-60.64 

0.001] 

(805-1064)2°K 

Cr (H L2)( L2) (H2O)3   

0.018 
[-0.045] 

(299-373)2°K 

0.003 
[0.062] 

(511-559)2°K 

0.011 
[-0.379] 

(565-580)2°K 

-43 

[-0.002] 

(791-1055)2°K 

Mo2 (L
1
)5(OH)2 (H2O)3 

0.02 

[-0.329] 

(304-388)
2
°K 

0.002 

[-0.034] 

(583-622)
2
°K 

-44.2 

[-0.006] 

(701-1073)
2
°K 

 

 

 

Cr2 (H L1)2(H2 L
1) (SO4) 2(H2O)7 

0.02 

[-0.322] 

(299-381)2°K 

6*10
-5

 

[-0.024] 

(554-613)2°K 

-47.6 

[-0.004] 

(721-1073)2°K 
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  2T
T

CP

 

The Reaction of 
18

F with Some of the Prepared Complexes 

The reaction of 18F with Mn (H2L
2)3Cl2, Cr (H L2)(L2) (H2O)3, Mo2 (L

1)5(OH)2 (H2O)3 and Cr2 (HL1)2(H2L
1) (SO4) 

2(H2O)7 were studied in neutral, acidic and basic media, Table 9, represented example Figure 9. The reaction 

mixtures have been analyzed by TLC and a radiodetector to show the peaks at the plates. The determination of the 

extent of radiolabeling was done by thin layer chromatography using (95:5 water to acetonitril) solution as a solvent. 

1) The TLC data of the 18F with Mn (H2 L
2)3Cl2 complex at neutral, acidic and basic media are summarized in Table 

9. 

On monitoring the reaction of 18F and Mn (H2 L
2)3Cl2 complex in neutral and basic medias two bands were appeared 

one of (Rf ~ 0.0) for unreacted 18F 44 with % composition of (96.35 and 94.01) and the second of (Rf ~ 0.6) with % 

composition of (3.65 and 5.63) respectively, while one band was appeared in acidic medium of (Rf ~ 0) for free 18F 

(i.e., no interaction happened between 18F and Mn (H2L2)3Cl2 complex in acidic medium). 

2) The TLC data of the 18 F with Mo2 (L1)5(OH)2 (H2O)3 complex at neutral, acidic and basic media are summarized 

in Figure 8 and Table 9. 

Three bands were appeared of Rf (~0.0, ~ 0.4 and ~ 1.0) with % composition (94.08, 3.82 and 0.0) in neutral 

medium, (55.25, 30.56 and 10.9) in acidic medium and (89.07, 4.20 and 3.99) in basic medium respectively 

indicating that an interaction happened between the 18F ion and Mo2 (L
3)5(OH)2 (H2O)3 complex and new complexes 

were formed with Rf (~0.4 and ~1.0). The formation of the new complexes increased in acidic medium decreased in 

basic and neutral media. 

A nuclciophilic substitution may be occurred and 18F replaced one or more of the hydroxyl groups in Mo2 

(L1)5(OH)2 (H2O)3 complex according to the following equations: 

 

Mo2 (L
1)5(OH)2 (H2O)3 + 18F-                            Mo2 (L

1)5(OH)(18F) (H2O)3+OH- 

Mo2 (L
1)5(OH)2 (H2O)3 + 2 18F-                            Mo2 (L

1)5 (
18F)2 (H2O)3+2 OH- 

 

The TLC data of the 18F with Cr2 (H L1)2(H2 L1) (SO4) 2(H2O)7 complex at neutral, acidic and basic media are 

summarized in, Table 9. 

On monitoring the reaction of 18F and Cr2 (H L1)2(H2 L
1) (SO4) 2(H2O)7 complex in neutral, acidic and basic media 

two bands were appeared one of (Rf ~ 0.0) for unreacted 18F with % composition of (92.65, 95.50 and 91.82) and the 

second of (Rf ~ 0.4) with % composition of (0.17, 1.8 and 5.75) respectively. A third band of Rf ~ 0.75 appeared in 

acidic medium. The low percentage of the formed bands indicate the week interaction between 18F and Cr2 (H 

L1)2(H2 L
1) (SO4) 2(H2O) complex. 
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Table 9. Thin layer chromatography in (95:5, MeCN: H2O) solution of 
18

F with Mn (H2 L
2
)3Cl2, Mo2 (L

1
)5(OH)2 (H2O)3, Cr (H L

2
)2 (H2O)3 

and Cr2 (H L
1
)2(H2 L

1
) (SO4) 2(H2O)7 complexes in acidic, basic and neutral media 

Complex Rf Specification Neutral Acidic Basic 

Mn (H2 L
2
)3Cl2 

0.0-0.1 

0.5-0.7 

18F  

Coplexes (1) 

96.35 

3.65 

94.99 

- 

94.01 

5.60 

Mo2 (L
1
)5(OH)2 (H2O)3 

0.0-0.1 

0.2-0.6 

0.9-1.0 

18F  

Coplexes (1) 

Coplexes (2) 

94.08 

3,82 

- 

55.25 

30.56 

10.9 

89.07 

4.2 

3.99 

Cr2(H L1)2(H2 L
1) (SO4) 2(H2O)7   

0.0-0.1 
0.2-0.6 

0.7-0.8 

18F  
Coplexes (1) 

Coplexes (2) 

91.65 
0.17 

4.09 

95.5 
1.8 

- 

91.82 

5.76 

- 

Cr (H L
2
)( L

2
) (H2O)3 0.0-0.1 18F  92.65 95.5 91.82 

 

CONCLUSION 

From the previous studies we conclude: 

1- The reactions proceeded in complicated mechanisms. 

2- The transition states are more ordered than the reacting complexes 

3- In the reaction of 18F- and (H2 L
2)3Cl2, Mo2 (L

1)5(OH)2 (H2O)3, Cr (H L2)( L1) (H2O)3 and Cr2 (H L1)2(H2 L
1) (SO4)  

2(H2O)7 complexes nuclciophilic substitution happened and 18F- replace 

OH->Cl->SO4
-2 according to the electro negativity order. 

Figure 9. TLC radio detector diagram for samples of the reaction of 
18

F 
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