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ABSTRACT 

Mandelic acid metal complexes of (Cr(III), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II)) were synthesized, 
and characterized by HNMR spectra, IR, electronic spectra, magnetic susceptibility and ESR spectra. IR spectra proved that 
mandelic acid behaves as a bidentate ligand through hydroxyl and carboxyl groups, forming a stable five membered rings. 
Molecular modeling calculations of mandelic acid confirmed that the preferred sites for complexation are through the oxygen 
atoms. The bond lengths, bond angles and dihedral angles for the ligand were evaluated. All the synthesized complexes are of 
octahedral geometries. The thermal decomposition of all the systems was explained by DTA, TGA and DSC techniques. The 
thermodynamic and kinetic parameters of dissociation steps Ea, ∆S*and ∆H* were obtained from DTA thermograms. Biological 
activity of mandelic acid and its metal complexes were examined. Correlation analysis between different parameters is checked. 
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Introduction 
Mandelic acid is considered as an aromatic α-

hydroxy carboxylic acid. It is an optically active 
compound, so it prevents bacterial growth in 
urinary tract [1,2]. It has two functional groups, 
carboxy group and alcoholic hydroxylgroup. The 
stability of metal complexes is increased due to 
electron-withdrawing nature of the alcoholic 
hydroxyl group[3]. It plays an important role in 
the  treatment of different skin problems such as 
acne, photoaging, irregular pigmentation and 
wrinkles. It is used in preparing skin for laser 
peeling and in skin healing after laser 
surgery[4,5]. It can be polymerized via the 
treatment with concentrated sulfuric acid. This 
polymer inhibits the sexual transmission of both 
human immunodeficiency virus and herpes[6]. 
Some metal mandelic acid complexes were 
prepared [7,8]. In this paper, the spectral and 
computional studies are discussed. The thermal 
decomposition mechanisms are explained and the 
thermodynamic parameters are calculated and 
discussed. The modeling concepts and biological 
activity are explained. 
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Experimental  
Synthesis of mandelic acid complexes: Eight simple 
metal-mandelic acid complexes were obtained in a 
similar manner. The inorganic salts [Cr(III), Fe(III), 
Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) as 
chlorides or sulfates ] were dissolved in 10ml 
distilled water and the ligand was dissolved in 
10ml distilled water. The molar amount of the 
metal salt solution was mixed with the calculated 
amount of the mandelic acid solution using 
different mole ratios (M:L) viz. 1:1, 1:2, 1:3 and 2:3. 
In each case, the reaction mixture was refluxed for 
about 5 min, then left over-night, where the 
separation of precipitated complexes by filtration 
were occurred, then washed several times with a 
mixture of EtOH-H2O and dried in a vacuum 
desiccator over anhydrous CaCl2. The analytical 
data were given [9]. The metal contents were set on 
the basis of atomic absorption technique using 
model 6650 Shimadzu-atomic absorption 
spectrophotometer and complexometrically with 
standard EDTA solution using the appropriate 
indicator as reported [10]. The analyses of chloride 
contents of the complexes have been appointed by 
applying the familiar Volhard method [11]. The 
sulphate contents were determined gravimetrically 
as BaSO4 [12]. The proposed structures of prepared 
metal complexes were illustrated.  
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Physical measurements  
The infrared spectra of the ligand and its metal 
complexes were obtained by potassium bromide 
disc using Perkin Elmer spectrophotometer, 
Model 1430 covering frequency range of 200-4000 
cm-1. The Nujol mull UV–Vis spectra of the 
colored complexes were measured [13]. Molar 
magnetic susceptibilities, corrected for 
diamagnetism using Pascal,s constants were 
determined at 298 °K using Faraday method. The 
instrument was calibrated with Hg[Co(SCN)4] 
[14]. ESR spectra were recorded on reflection 
spectrometer operating at (9.1–9.8) GHZ in a 
cylindrical resonance cavity with 100 KHZ 
modulation. The g values were evaluated by 
comparison with DPPH signal. HNMR spectra of 
the ligand and its zinc complex were defined in 
DMSO solvent with JEOL JNM ECA 500 MHz 
modulation. Thermogravimetric analysis (TGA), 
Differential thermal analysis (DTA) and 
Differential scanning calorimetry (DSC) were 
measured for mandelic acid and its complexes 
using the LINSEIS STA PT1000 in temperature 
range 25-600 0C at different heating rates (10, 15 
and 20 k/min) under oxygen medium. The 
quantum chemical parameters were evaluated 
theoretically by applying Hyperchem computer 
program using PM3 semi-empirical and Molecular 
Mechanics Force Field (MM+) for the ligand [15].  

Table 1: Analytical data and some physical properties of 
mandelic acid complexes 

Complexes Color Melting 
point 

0C 

Calculated / 
(Found)% 

SO4% Cl% M% 

[Cr(H2L)(HL)Cl].H2O Dark 
green 

130 - 7.89 
(8.69) 

11.71 
(12.73) 

[Fe(H2L)2(HL)Cl] Yellow 130 - 6.50 
(6.34) 

10.24 
(10.3) 

[Co(H2L)2Cl2] .3H2O Pale 
pink 

118 - 14.53 
(14.91) 

12.08 
(12.14) 

[Ni2(H2L)3(SO4)2] 
.4H2O 

Pale 
green 

228 22.92 
(22.84) 

- 14.01 
(14.00) 

[Cu(H2L)SO4] Pale 
blue 

168 30.88 
(31.08) 

- 20.4 
(20.2) 

[Zn(H2L)2]SO4. H2O White 123 19.88 
(20.31) 

- 13.53 
(13.65) 

[Cd(H2L)2SO4 ].H2O White ˃300 18.12 
(17.34) 

- 21.21 
(20.6) 

[Hg(H2L)2Cl2].2H2O White 161 - 11.59 
(11.92) 

32.78 
(32.91) 

 
The biological screening of mandelic acid and its 
metal complexes were performed against 5 
microorganisms representing different microbial 

categories, {two Gram-positive (Staphylococcus 
Aureas ATCC6538P and Bacillus subtilis 
ATCC19659), two Gram negative (Escherischia coli 
ATCC8739 strain and Pseudomonas aeruginosa 
ATCC9027) and candida albicans as a fungi. 

Results and discussion  
The fundamental infrared bands of mandelic acid 
and its complexes were set (Table 2). All the 
complexes have water except complex of Fe(III) and 
Cu(II). In general, water in inorganic salts may be 
described as lattice or coordinated water. 
Generally, lattice water was shown at 3550-3200 cm-

1 (asymmetric and symmetric OH stretching) [16,17] 
in all complexes except Ni(II) complex gave a broad 
band at 3420 cm-1 suggesting coordination with 
water, where Ni-O band was observed at 473 cm-1 

[17,18]. The C=O band was arised at 1715 cm-1 in 
the spectrum of mandelic acid which was shifted in 
the complexes spectra (1714 - 1732cm-1 range). The 
band at 1496cm-1 was referred to the carboxylate 
asymmetrical stretching of the free ligand which 
shifted to higher wave numbers in the spectra of 
the complexes indicating coordination through this 
group [10]. The relative positions of the 
antisymmetric and symmetric stretching vibrations 
are changed as the carboxylate group can be 
coordinated to the metal either monodentate or 
bidentate [11]. The IR spectra of the complexes give 
a separation value of (∆ν(COO)) of ˃ 200cm-1) 
suggesting monodentate carboxylate. So, in all the 
complexes ν OH(alcohol) were shifted toward 
lower energies than that observed in the free acid. 
This behaviour proved that mandelic acid acts as a 
bidentate ligand through the hydroxyl and 
carboxyl groups, forming five membered ring [17-
20]. In the far IR spectra, the bonding of oxygen 
was supplied by the presence of bands at 400–548 
cm-1 (M–O) [12,18]. The complexes 
[Cr(H2L)(HL)Cl].H2O, [Fe(H2L)2(HL)Cl], [Co(H2L)2 

Cl2].3H2O and [Hg (H2L)2Cl2].2H2O of mandelic 
acid possess chloride attached to the metal ions 
which is provided by the presence of νM–Cl at 360–
378cm-1 [21]. However, the sulphate radicals are 
attached to the metal ions, where the S-O stretching 
frequency was assigned at 1117 and 1152 cm-1 

[22,23]. 
Electronic Spectral and Magnetic Studies  
The nujol mull electronic absorbation spectra for 
the dark green chromium complex 
[Cr(H2L)(HL)Cl].H2O gave three bands at 290, 453 
and 590 nm due to 4A2g→4T2g (F), 4A2g→4T1g(F) 
and 4A2g→4T1g(p) transitions, respectively.  
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Table 2: IR spectra of mandelic acid and its complexes: 

Compound 

νOH 

(cm-1) 

(alcohol) 
νOH (H2O) νc=o 

νas(coo-) 

(cm-1) 

νs(coo-) 

(cm-1) 

∆ν 

(cm-1) 

(νas -νs) 

ν M-O ν M-Cl 

H2L 3397 - 1715 1496 1378 - - - 

[Cr(H2L)(HL)Cl] .H2O 3383 3456 1717 1605 1375 230 548 360 

[Fe(H2L)2(HL)Cl] 3387 - 1714 1623 1418 205 465 375 

[Co(H2L)2Cl2] .3H2O 3256 3325 1732 1574 1368 206 475 378 

[Ni2(H2L)3(SO4)2.2H2O] .2H2O 3248 3202 1716 1578 1373 205 473 _ 

[Cu(H2L)SO4] 3143 - 1718 1639 1388 251 495 - 

[Zn(H2L)2]SO4. H2O 3248 3213 1716 1593 1376 217 474 - 

[Cd(H2L)2SO4 ].H2O 3151 3223 1714 1585 1380 205 400 - 

[Hg(H2L)2Cl2].2H2O 3148 3525 1714 1613 1450 235 466 371 

 
Table 3: Nujol mull electronic absorption spectra λmax (nm), room temperature effective magnetic moment values (µ eff 2980K) of 
mandelic metal complexes with Oh geometries . 

+ λ (nm) Band assignment 
Magnetic moment 

       µeff      (B.M) 

[Cr(H2L)(HL)Cl] .H2O 

290 

453 

590 

4A2g→4T2g(F) 

4A2 → 4T1g(F) 
4A2g→4T1g(p) 

2.24 

[Fe(H2L)2(HL)Cl] 
319 

419 

CT (t2g → ̟*) 

CT (̟ → eg) 
5.90 

[Co(H2L)2Cl2] .3H2O 

321 

511 

659 

CT 

CT 
4T1g(F)→4T1g(p) 

6.07 

[Ni2(H2L)3(SO4)2.2H2O] .2H2O 

339 

469 

712 

3A2g → 3T1g(F) 

3A2g(F)→3T1g(P). 
4.69 

[Cu(H2L)SO4] 
375 

756 
2Eg → 2T2g(D) 2.21 

 

So, this complex has octahedral geometry [24], that 
is further approved from the µeff value which 
equals 2.24 B.M. However, the electronic 
absorption spectrum of the yellow iron complex 
[Fe(H2L)2(HL)Cl] showed two bands at 319 and 419 
nm due to CT (t2g → ̟*) and CT (̟ →eg), 
respectively. Its room temperature µeff value of 
5.90 B.M referred to the existence of Oh 
configuration [25]. The electronic absorption 
spectra of pale pink [Co(H2L)2Cl2].3H2O complex, 
had three bands at 321, 511 and 659 nm, where the 
first two bands are of charge transfer nature and 
the latter broad band is assigned to 4T1g(F) → 

4T1g(P) transition with magnetic moment value 
equals to 6.07 B.M typified the existence of the 
complex in Oh geometry [25]. The green electronic 
absorption spectra for nickel-complex, 
[Ni2(H2L)3(SO4)2(H2O)] gave three bands at 339, 469 
and 712 nm. The first two’s are due to 
3A2g(F)→3T1g(F) and the latter is for 
3A2g(F)→3T1g(P) (Table 3). The room temperature 
magnetic moment value for this complex is 
4.69B.M to assign octahedral configuration. The 
copper complex, [Cu(H2L)SO4] exhibited two 
bands at 375 and 756 nm with µeff=2.21 B.M.  
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Table 4: DTA analysis of mandelic acid at different heating rates.  

Heating  

rates 
Type 

Tm 

(°K) 

Ea 

kJ mol-1 
n αm 

∆S# 

kJ K-1 

mol-1 

∆H# 

kJ mol-

1 

Z 

S-1 

Temp. 
(°C) 

TGA 

Wt. Loss % 

Assignment 
Calc Found 

 

100C/min 

 

Endo 404.1 24.27 0.89 2.06 -0.126 -51.08 12.869 

50.6-339.0 100 99.5 
Elimination of 
H2O, CO and 

C7H6O 

Exo 665 113.69 1.22 1.99 -0.111 -73.79 50.051 

Exo 
634.8 

 
161.31 1.45 1.89 -0.107 -67.96 84.023 

150C/min. 

 

Endo 406.1 30.29 1.03 2.00 -0.123 -50.02 18.895 

110.5-
458.8 

100 99.6 
Elimination of 

H2O, 2CO , C6H6  
Exo 553 92.91 1.23 1.98 -0.113 -62.25 49.675 

Exo 781 120.73 1.11 2.05 -0.111 -86.81 41.69 

200C/min 

 

Endo 415 36.26 0.93 2.12 -0.123 -50.86 19.937 56.0-86.4 4.74 4.63 
Elimination of 

H2O 

Exo 549 57.43 1.05 2.05 -0.118 -64.63 
26.907 

 86.4-334.2 95.26 95 

Elimination of 
2CO and 3C2H2 

 Exo 512.74 280.06 0.96 2.24 -0.104 -53.52 143.369 

 
The first band is due to intra-ligand charge 
transfer transition [26] and Cu-Cu interaction of 
2Eg → 2T2g (D) of octahedral environment [27]. The 
white ZnII, HgII and CdII complexes are 
diamagnetic with octahedral environment (µeff = 
zero) [21]. The proposed structure bases on the 
bidentate nature of two molecules of mandelic 
acid through carboxylic acid and hydroxyl group 
with one sulphate ion in the inner sphere and one 
water molecule in the outer sphere of both ZnII 
and CdII complexes. The HgII complex has two 
chloride ions in the inner sphere and two water 
molecules in the outer sphere. 
Electron Spin Resonance of Copper Complex  
The room temperature ESR of [Cu(H2L)SO4] 
complex, (26), has anisotropic nature with three g 
values of 2.24, 2.16 and 2.05. It indicates rhombic-
compressed with interaction between Cu atoms 
suggesting the diameric and polymeric nature of 
this complex[28]. The calculated <g> value of 2.15 
is obtained from the relation :<g>=1/3(g1+g2+g3). 
The g3-value for [Cu(H2L)SO4] complex would be 
expected from spin-spin interactions between two 
copper atoms. 
Nuclear magnetic resonance (NMR) 
HNMR spectra for mandelic acid, [Zn(H2L)2]SO4. 
H2O, show doublet and triplet lines at 7.24-7.39 
ppm, referred to their hydrogen atoms of phenyl 
group. At about 4.95 - 4.996 ppm, they show 
singlet line, assigned to the hydrogen atoms of 
CH(O) groups. At 4.467 ppm , a singlet line, is 

assigned to the hydrogen atoms of OH alcoholic on 
α-carbon. The disappearance of the –OH carboxylic 
acid peak of zinc complex compared to this signal 
in the ligand strongly suggests that coordination 
through the carboxylate groups had occurred. The 
higher chemical shift value of the α-hydroxyl signal 
of zinc complex compared to that of non-
coordinated ligand suggests that coordination is 
also occured through the α-hydroxyl group. 
Molecular modeling  
 The calculations of mandelic acid included 
bond lengths, bond angles, charge and dihedral 
angles, based on neglecting the possibility of 
hydrogen bonding. The following conclusions are 
given: 

Mandelic acid coordinates to different metal 
ions through  oxygen atoms of hydroxl O(3) and 
carboxylate groups O(11) and O(12). Oxygen atoms 
of these two groups carry more electronegative 
charge indicating active sites for coordination. The 
charge values for O(3), O(11) and O(12) are -0.211, -
0.163 and-0.227, respectively. These negative 
charges proved that, the deprotonation occurred 
from O(3) of hydroxyl group and O(11) from OH of 
carboxylate group. The same bond length is 
recorded between the following pairs of atoms, 
C(2)-H(14) , C(6)-H(19) , C(7)-H(16), C(8)-H(15), 
C(9)-H(17) and C(10)-H(18). All of them are of 
carbon-hydrogen atoms leading to 1.1(Aº). Also, the 
similarity in bond length of most of carbon-carbon 
atoms, leads the replacement of carbon atoms by 



Journal of Chemical Research Advances                                                                                                  Open access 
 

Visit at: http://jcras.com                                                                                                                                          Vol 02 No 02, p 01-09/5 

 

oxygen, leads to shorten the bond length, due to 
the more electro negativity character of oxygen 
atom. The bond lengths of O(3)-H(4) and O(12)-
H(13) are also nearly the same [0.942 and 0.972 
(Aº), respectively]. The bond lengths of C(1)-O(11), 
C(1)-O(12) and C(2)-O(3) are 1.208, 1.338 and 
1.421(Aº), due to electronegativity, where as it 
increased the bond length decreased. However, all 
the angles between atoms in mandelic acid around 
120° and 109.5 are because of sp2 and sp3 
hybridization of the atoms, respectively. It appears 
that, some of dihedral angles lie in the range of 
(124.89°) - (-179.5°), referred to the distortion in 
linearity of sp3 hybridization. However, the 
dihedral angles in the range of (120.0°)- (-119.330°) 
are due to deviation from sp2 hybridization, while 
the dihedral angles from (56.53°)- (60.001°) 
pointed to the strong deviation from 
perpendicular angle, which attributed to the 
distortion effect. More ever, the dihedral angles 
proved near planarity, where the angles are of 
nearly 180 °C and 0 °C. The difference is due to the 
syn and anti positions of the investigated atoms, 
where the anti gives 180 °C and the syn gives 0 °C. 
From O(11) from OH of carboxylate group, where 
most of bond angles are around 120◦ and so most 
of the configurations are with sp2- hybridization, 
and the dihedral angles are with 179±1º, where the 
distribution of the atoms are in the same 
plane[15,29]. 

Quantum chemical parameters such as the 
highest occupied molecular orbital energy 
(EHOMO), the lowest unoccupied molecular orbital 
energy (ELUMO), energy gap (∆E) and those 
parameters that give valuable information about 
the reactive behavior such as electronegativity (χ), 
chemical potential (µ), global hardness (η) and 
softness (σ) are evaluated. These parameters are 
linked with each other [30,31] where, the energies 
of the HOMO and LUMO orbitals of the inhibitor 
molecule are related to ionization potential( I) and 
the electron affinity ِ(A), respectively, by the 
following relations: 

HOMO
Ε−=Ι       LUMO

Ε−=Α
 

χµ −=            

( )
22

LUMOHOMO Ε+Ε=Α+Ι−=µ
 

The qualitative definition of hardness is 
closely connected to the polarizability, since a 
decrease of the energy gap usually gives rise to an 
easier polarization [30] of the molecule.  

                                               

The inverse of the hardness is entitled as the 

softness, as follows:

 η
σ 1=  

The electrophilicity index ω in terms of chemical 
potential µ and global hardness η is got from the 

equation: 
η

µω
2

2

=  

The EHOMO illustrates the molecule ability to donate 
electrons to an appropriate center molecules with 
low energy or empty electron orbital and ELUMO 
indicates its ability to accept electrons. The lower 
the value of ELUMO, the more ability of the molecule 
to accept electrons. While the higher EHOMO value of 
the ligand means the easier ability to donate 
electrons to the unoccupied d-orbital of the 
transition metals center and the higher ability to 
complex formation [15]. Furthermore, the HOMO 
level is most localized on the ligands moiety 
especially that with carboxylate and hydroxyl 
groups indicating that the preferred centers for 
electrophilic attack at the metal center are through 
the oxygen atoms. So, the free ligand with high 
coefficient of HOMO density was directed toward 
the metal center causing easier complexation 
through the ̟- electrons of the ligand. The HOMO-
LUMO energy gap, ∆E was adjusted to develop 
theoretical models for describing the structure. 
Mandelic acid has a small HOMO-LUMO gap 
which determined by PM3 semi-empirical method. 
The smaller value of ∆E, pointed that the ligand has 
more probable complexation tendency. The EHOMO 
and ELUMO and their neighbouring orbitals are all 
positive, which proves that the compounds are 
stable. Hardness(η) and softness(σ) are important 
properties to determine the molecular stability and 
reactivity. In a complex formation system, the 
ligand acts as a Lewis base while the metal ion acts 
as a Lewis acid [29,31]. A hard molecule has a large 
energy gap and a soft molecule has a small energy 
gap. Mandelic acid has high(σ) value, (2.424 ev) 
obtained by PM3 semi-empirical method) be more 
reactive than hard ones because it could easily 
donate electrons to an acceptor metal and possess 
high ability for complexation. 
Thermal Analysis 
DTA and TGA data: The thermal behavior of some 

( )
22

HOMOLUMO Ε−Ε=Α−Ι=η

( )σ
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biologically active compounds has been reported 
from [32-35]. The thermal behavior of  mandelic 
acid and its metal complexes was investigated by 
thermograms (TG and DTA) at three different 
heating rates which are 10°, 15°and 20° C/min , 
and the corresponding thermal analysis data, 
allow the following conclusions: 

The DTA data with heating rates 10°, 15°and 
20° C/min of the free ligand decomposition 
showed three peaks one endothermic and two 
exothermic with activation energy range (24.27-
280.06) KJ/mole. All orders are of first type. At 
heating rates 10o and 15° C/min, the three peaks 
are overlapped together in TGA thermogram and 
appear as one peak in temperature range 50.6-
339.0o C, but the last two exothermic peaks from 
DTA with heating rate  20° C/min overlapped 
with each other to give one step in TGA which 
corresponds to decomposition of the rest of the 
ligand. All the data gave no residue as a final 
product (Table 4). 

The thermolysis of [Cr(H2L)(HL)Cl].H2O 
complex is taken as a representative example for 
illustration at three different heating rates. At 
heating rate 10°C/min, Scheme (2), showed three 
peaks, one endothermic at 399°K and two 
exothermic at 539 and 635°K with activation 
energies 51.09, 128.99 and 138.01 kJ/mole, 
respectively. In the temperature range 173.8- 
319.0°C, the last two exothermic peaks from DTA 
overlapped with each other to give one step in 
TGA, where hydroxyl phenyl acetate-mandelato 
chromium (III) is formed as an intermediate 
followed at a temperature 173.8-319.0 0C Cr2O3 is 
formed as afinal product, Scheme 2. More data 
were deduced for chromium complex 
decomposition at heating rates 15°and 20° C/min 
indicating four peaks with activation energies 
ranged 14.54-651.51 kJ/mole. The last three 
exothermic peaks from DTA with heating rate 15° 
C/min overlapped with each other to give one 
step in TGA, where Chloro-bis-hydroxy phenyl 
acetate chromium (III) is formed as an 
intermediate. All the peaks are of first order type 
except the second and last peaks of heating rate 
20° C/min are of the second order type. All gave 
Cr2O3 as a final product. The same mechanism 
proceeds in a similar manar at heating rate 15° 
C/min giving Cr2O3 as a final product. At heating 
rate 20° C/min, decomposition occurred as a one 
step giving Cr2O3 as a final product. 

In a similar way, the DTA data of 

[Fe(H2L)2(HL)Cl] complex showed three peaks and 
at heating rate 10 ° C/min gave four peaks with 
activation energy range 20.45-268.26 kJ/mole. The 
orders of the reactions are between first and second 
orders. All the peaks from DTA overlapped with 
each other to give one step in TGA except the 
complex decomposition at heating rate 10 ° C/min 
in which Chloro-hydroxy phenyl acetatic acid 
hydroxyl phenyl acetate-phenyl methanol iron (III) 
is formed as an intermediate. All ended with the 
formation of Fe2O3 as a final product. 

The DTA and TGA data of  [Co(H2L)2Cl2].3H2O 
proceeds in a similar to that for chromium complex 
giving CoO as a final product. 
The decomposition of dimeric 
[Ni2(H2L)3(SO4)2(H2O)2].2H2O complex with the 
three different heating rates proceeds in asimilar 
manar ended with the formation of Ni2O3 as afinal 
product. 

The DTA data of [Cu(H2L)SO4] complex with 
heating rates 10°, 15o and 20o C/min, gave three 
peaks with activation energies ranged from 47.76 to 
256.71 kJ/mole. All peaks are of the first order type 
except the last peaks at heating rates 15o and 20o 
C/min are of second order type. All peaks are 
exothermic except the first one is endothermic in 
nature. All gave CuO as a final product. 

The DTA data of [Zn(H2L)2]SO4. H2O complex 
with heating rate 10°C/min, showed three peaks, at 
368.3, 549 and 773°K with activation energies 31.92, 
81.01 and 93.52 kJ/mole, respectively and the 
orders of reactions are 1.72 indicating 2nd order , 
and 1.41, 0.92 indicating 1st order. All peaks are 
exothermic except the first one is endothermic in 
nature. The TGA data confirmed these results 
giving three peaks, where in the temperature range 
51.6-138.9 0C, an intermediate Sulfato- bishydroxy 
phenyl acetic acid zinc (II) is produced, Scheme 3. 
The last step corresponds to loss of CO2,CO and 
formation of ZnO as a final product. Similarly, the 
zinc complex with heating rates 15° and 20°C/min 
gave zinc oxide as a final product. 
Differential scanning calorimetry (DSC)  
The glass transition, crystallization and melting 
temperatures were proceeded from DSC graphs. 
Transitions like melting and crystallization, which  
have latent heats, called first order transitions [36-
39]. The glass transition and crystallization 
temperatures were determined from DSC graph for 
mandelic acid, [Cr(H2L)(HL)Cl].H2O and 
[Zn(H2L)2]SO4.H2O complexes. The glass 
transition temperature indicates dehydration 
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process followed by thermal agitation 
decomposition for the complexes. For the ligand, 
the Tg exhibits thermal agition decomposition. 
[Cr(H2L)(HL)Cl].H2O complex has the higher 
value of Tg, 88ºC than the [Zn(H2L)2]SO4.H2O 
complex of Tg, 82ºC. The crystallization 
temperatures of [Cr(H2L)(HL)Cl].H2O and 
[Zn(H2L)2]SO4.H2O complexes are 106 º and 100ºC, 
respectively, where these complexes forming an 
octahedral geometry with one of water molecules 
in the outer sphere. Simillar trend was observed 
for  [Fe(H2L)2(HL)Cl], 
[Ni2(H2L)3(SO4)2(H2O)2].2H2O, [Cu(H2L)SO4] and 
[Cd(H2L)2SO4].H2O complexes of mandelic acid. 
The Tg, Tc and Tm values for these complexes are 
collected. DSC plot is used to determine the 
melting temperature through an endothermic 
transition. All the prepared complexes melt below 
300ºC except [Cd(H2L)2SO4 ].H2O complex of Tm 
314.1ºC. 

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. The following equations are :  

Cp ≈ Cv = αT3 + γT  

Where, γ and α are the coefficients of 
electronic and lattice capacities, respectively. Cv 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. 
Biological activity  
Five microorganisms representing different 
microbial categories, Staphylococcus aureas (ATCC 
6538P), Bacillus subtilis (ATCC 19659); (Gram 
positive), Escherichia Coli (ATCC 8739) strain and 
Pesudomonas aeruginosa (ATCC 9027); (Gram 
negative) and one fungal species Candida albicans 
(ATCC 2091) are used for biological activity 
studies. The in vitro antimicrobial activities of the 
synthesized compounds were screened, as growth 
inhibiting agents. The antibacterial and antifungal 
screening were carried out using disc diffusion 
method against these five microorganisms. The 
compounds were dissolved in DMSO to get the 
required test solutions. Two different broadly 
antibiotics (Ciprofloxacin and Clotrimazole) are used 
in this study as references. After incubatioction, , 
inhibition of the organisms was obtained from the 
clear zone surrounding each disk, which was 
measured in millimeters[40-43].  

All compounds showed antimicrobial activity, 
while DMSO had inhibition zone 8 for all 
microorganisms. The data give the following 
conclusions: 
Mandelic acid showed antibacterial activity against 
gram positive bacteria (Staphylococcus aureas, 
Bacillus subtilis), and gram negative bacteria ( 
Escherichia coli and Pesudomonas aeruginosa), with 
inhibition zones 32, 24, 26 and 28, respectively. 
Also, it showed antifungal activity for Candida 
albicans with inhibition zone 24. So, mandelic acid 
itself is biologically active against the studied gram 
positive, gram negative bacteria and Candida 
albicans fungi.  
[Cu(H2L)SO4] complex showed antibacterial 
activity against gram positive Staphylococcus aureas 
and Bacillus subtilis with inhibition zones 32 and 24, 
respectively. Also, it showed antibacterial activity 
for gram negative Escherichia coli and Pesudomonas 
aeruginosa with inhibition zones 24 and 25, 
respectively. It showed antifungal activity against 
Candida albicans with inhibition zone 20.  
[Zn(H2L)2]SO4.H2O complex gave antibacterial 
activity against gram positive Staphylococcus aureas 
and Bacillus subtilis with inhibition zones 28 and 22, 
respectively. Also, it showed antibacterial activity 
against gram negative Escherichia coli and 
Pesudomonas aeruginosa with inhibition zones 24 and 
26, respectively . The complex showed antifungal 
activity against Candida albicans with inhibition 
zone 23.  
The ligand and metal complexes give acceptable 
antimicrobial activity compared with reference 
antibiotics. 

Conclusion  
Mandelic acid metals complexes are synthesized 
and formed in different Stoichiometry. The 
magnetic measurement and spectral data proved 
octahedral structure for all complexes. Mandelic 
acid has two active sites available for coordination 
which carries more electronegative charges and 
were confirmed by using the hyper-chemistry 
program. The thermal decomposition of the 
complexes ended with the formation of metal 
oxides as a final product except for the case of Hg 
complex. Thermodynamic parameters such as Ea, 
∆H*and ∆S*were obtained from DTA curves. 
Mandelic acid shows antimicrobial activity against 
some strains. 

 

 

γα += 2
T

T

Cp
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