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Abstract 
The mononuclear Mn(II) complexes of the type [Mn(L)n(H2O)2Cl2] (where n= 1 or 2) were prepared with biologically important 
drugs viz. Clomiphene citrate (CPC), Imipramine hydrochloride (IMH), Diphenylpyraline hydrochloride (DPH), Embramine 
hydrochloride (EBH), and Dothiepin hydrochloride (DOT), and characterized by using elemental analysis, infra-red (IR), UV-
visible spectra, X-ray powder diffraction studies and thermogravimetric analysis. The molar conductance measurement of all 
the complexes in DMF solution corresponds to non-electrolytic nature. All complexes were of the high-spin type and found to 
have six-coordinate octahedral geometry. The antimicrobial activity of these complexes has been screened against two gram-
positive and two gram-negative bacteria. Antifungal activity against two different fungi has been evaluated and compared with 
standard drug. All the complexes inhibit the growth of both gram positive and gram negative bacteria to competent level. 
 
Keywords: Mn complexes; spectral studies; X-ray powder diffraction; antimicrobial activity. 
 
1. Introduction  
Metal ions play a vital role in a vast number of biological processes. Uses of metal ions in therapeutic agents are 
known to accelerate drug action and their efficacy is enhanced upon coordination with a metal ion [1, 2]. The 
antimicrobial properties of metal complexes have been recognized for centuries and have represented some of the 
most fundamental breakthroughs in medicinal history [3].  

Mn is an essential trace element for all forms of life. The synthesis and characterization of the complexes 
of Mn(II) of different ligands are of growing interest in coordination chemistry [4]. Many Mn complexes were 
synthesized as functional models ranging from Mn catalase enzyme [5] to benzyl alcohol oxidation [6], C-H bond 
activation [7], and cisdihydroxylation and epoxidation of alkenes [8]. The coordination chemistry of Mn complexes 
with nitrogen donor moieties is of interest as these complexes give information about the functional role of Mn(II) 
in biological system [9]. The problem of antibiotic resistance has now reached a crisis and there is a need to 
redouble efforts towards the design of new drugs. A number of reports show the use of Mn complexes as both 
antibacterial and antifungal agents [10-14]. 

In the present work, we synthesized and analyzed the IR, electronic spectra and did elemental analysis, 
magnetic susceptibility, conductance measurements, X-ray powder diffraction studies and thermogravimetric 
analysis of Mn(II) complexes (Figure 1) of some biologically important drugs. In view of the biological activity of the 
complexes and diverse coordinating ability of the ligands, we were provoked to study the Mn(II) complex of 
nitrogen based ligand against microbial strains, viz. E. coli, S. aureus, P. aeruginosa, B. subtilis and fungal strains A. 
flavus and A. niger, to study the role of the complexes as antimicrobial compounds.  
 
2. Methods 
2.1. Material 
The ligands CPC (Clomiphene citrate, Cipla Ltd., India); IMH (Imipramine hydrochloride, Sun Pharmaceuticals Ltd., 
India); DPH (Diphenylpyraline hydrochloride and EBH (Embramine hydrochloride, SKF Ltd., India); and DOT 
(Dothiepin hydrochloride, Intas Laboratories Ltd., India), were received from as gift sample and used as received. 
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Among the solvents employed DMF and DMSO were of spectroscopic grade and remaining solvents were of AR 
grade. The commercial ethanol sample was refluxed over calcium oxide for 6 h, distilled and used. 
 

               

              
 

                                                       
Figure 1: Suggested structure of the prepared of complexes (1-5). 

  
2.2. Physical measurements 
Elemental analyses (C, H, N) were carried out using an Elementar Vario EL-III instrument. FTIR spectra for samples 
were recorded using Jasco FT-IR- 4100 spectrometer. 1H-NMR spectra were recorded in DMSO-d6 on AMX-400 FT-
NMR spectrometer. Electronic spectra of the complexes in the UV-visible region (200-900 nm) were measured 
using a Jasco UVIDEC-610 double beam spectrophotometer with quartz cells. Electrical conductance 
measurements of the prepared complexes were done using an Elico CM-180 conductometer. Melting points were 
determined in an open capillary tube on Mel-temp apparatus. Magnetic susceptibility data in the room 
temperature were obtained from Gouy method using Hg[Co(SCN)4] as a calibrant. The TG and DTA patterns of the 
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complexes were recorded on a Perkin Elmer US TGA-7 analyzer in the atmosphere of air. X-ray diffraction patterns 
were obtained with a DE-CER P12 X-ray diffractometer using Cu-Kα radiation filtered by a nickel foil over a range of 
diffraction angle 2θ = 3-50° and  3-60° in the complexes studied. The wavelength of the radiation was 1.5412 Å. 
Metal and chloride contents in the complexes were estimated volumetric and gravimetric method, respectively by 
using standard procedures [15].  
 
2.3. General procedure for the preparation of complexes 
A volume of 50 mL ethanolic solution containing 5 mmol ligand (IMH) was slowly added to 50 mL of 5 mmol 
ethanolic solution of the Mn(II) chloride or 50 mL of 2.5 mmol of Mn(II) was used in the case of other ligands (CPC, 
DPH, EBH and DOT). The mixture was then refluxed on a water bath at 60-70 ºC for 2 h with continuous stirring. 
The precipitate obtained in each case after cooling to room temperature were filtered and washed several times 
with alcohol, finally with ether and dried over anhydrous CaCl2.  
 
3. Results and Discussion  
All the prepared Mn(II) chloride complexes are crystalline solids. All the Mn(II) complexes obtained were having 
light brown color and the decomposition temperature of the complexes are reported in Table 1. The complexes 
are stable ordinary conditions and are non-hygroscopic. All the complexes are insoluble in water and common 
organic solvents but readily soluble in DMF and DMSO. The analytical data of the complexes in Table 1 and Table 2 
indicate that the 1:1 (metal:ligand) stoichiometry for Mn(II) chloride complex of IMH having the general formula 
[Mn(IM)(H2O)Cl2]. Whereas the stoichiometry was 1:2 for Mn(II)chloride complexes of CPC, DPH, EBH and DOT 
with the general formula [Mn(L)2(H2O)Cl2], where L = CP, DP, EB, DOT.   

The molar conductance data of Mn(II) complexes in dimethyl formamide at 10-3 M are presented in Table 
2. The molar conductance values lie in the range 16.3-19.4 Ohm-1 cm2 mol-1 indicating the non-electrolytic nature 
of the complexes. The non-zero values are due to slight solvolysis of the complexes [16]. 

 
Table 1: Physical and analytical data of the metal complexes. 

Complex Mol. Wt. M.P. °C Found (Calc.) % 

C H N M 

1 
[Mn(IM)(H2O)2Cl2] 

442.28 196-198 50.34 (51.55) 6.09 (6.33) 6.84 (6.33) 13.26 (12.43) 

2 
[Mn(CP)2(H2O)2Cl2] 

973.84 221-223 65.19 (64.07) 5.78 (6.16) 3.06 (2.87) 4.96  
(5.64) 

3 
[Mn(DP) 2(H2O)2Cl2] 

724.64 190-192 61.35 (62.92) 6.22 (6.89) 4.13 (3.86) 7.87  
(7.58) 

4 
[Mn(EB) 2(H2O)2Cl2] 

858.48 213-214 49.23 (50.32) 6.18 (5.59) 3.88 (3.26) 6.90  
(6.40) 

5 
[Mn(DOT)2(H2O)2Cl2] 

752.78 202-204 61.79 (60.57) 6.82 (6.11) 4.23 (3.71) 7.76  
(7.30) 

 
3.1. Magnetic susceptibility  
Mn(II) complexes obtained in the present investigation are paramagnetic having the effective magnetic moment 
values 5.79-5.96 BM (Table 2). The contribution to the magnetic moment is from spin only value [17]. The 
observed magnetic moment values show the presence of five unpaired and reflect a high-spin octahedral 
geometry involving d2sp3 hybridization around Mn(II) ion. 
 

Table 2: Electronic spectra and magnetic moments of the metal complexes. 

Complex Electronic spectral bands (cm
-1

) Λ Ohm
-1

 cm
2
 mol

-1
 μeff  (BM) 

1 13699, 15940, 21865 17.4 5.83 
2 13562, 22453, 34167 16.3 5.79 

3 13878, 16977, 22262 19.4 5.96 

4 13699, 15873, 21470 17.2 5.93 

5 13677, 15940, 21865 17.4 5.88 
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3.2. Electronic spectra  
The majority of Mn(II) complexes are high-spin. In octahedral fields this configuration gives spin-forbidden as well 
as parity-forbidden transitions, thus accounting for the extremely pale colour of such compounds [18]. In 
tetrahedral environments, the transition are still spin-forbidden but no longer parity-forbidden, therefore, the 
compounds have noticeable pale yellow-green colour. The solution spectra was recorded for the Mn(II) complexes 
and the resultant data are presented in the Table 2 and the spectra are given in Figure 2. The electronic spectral 
bands observed in the region 13562-13878, 15873-16977 and 21470-22262 cm-1 in the spectra of Mn(II) complexes 
may be assigned to 6A1g → 4T1g(G),  6A1g → 4T2g(G) and 6A1g → 4A1g, 

4Eg, respectively [19]. The band at 34000 cm-1 
has been regarded as ligand-metal charge transfer band [20]. The electronic spectral data of Mn(II) complexes 
suggest an octahedral arrangement of ligand atoms around Mn(II) ion [21-23]. 
  

 
 

Figure 2: Electronic spectra of (1) [Mn(IM)(H2O)2Cl2]; (2) [Mn(CP)2(H2O)2Cl2]; (3) [Mn(DP) 2(H2O)2Cl2];  
(4) [Mn(EB) 2(H2O)2Cl2]; (5) [Mn(DOT)2(H2O)2Cl2]. 

 
3.3. IR spectra  
The IR spectra of ligands and their Mn(II) complexes data are presented in Table 3. In complex 1 the broad band 
around 3000-2850 cm

-1
 and 2830-2300 cm

-1
 obtained for IMH has completely disappeared indicating the 

heterocyclic nitrogen and nitrogen atom of the side chain are the site of coordination [24].  
 

Table 3: Characteristic IR bands (cm-1) of the ligands and their Mn(II) complexes. 
 

Complex υ(N-CH3) υ(N-CH2) υ (OH) υ(Mn-N) υ(Mn-Cl) 

IMH 3000-2850 2830-2300 __ __ __ 

CPC υ(N-C2H5) 
2760-2320 

__ __ __ __ 

DPH 3015-2850 __ __ __ __ 

EBH 2700-2300 __ __ __ __ 
DOT 2700-2300 __ __ __ __ 

1 __ __ 3610 440 324 

2 __ __ 3520 435 333 

3 __ __ 3480 423 326 

4 __ __ 3460 422 350 

5 __ __ 3300 413 344 
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The IR spectra of the ligand DPH, show a strong and broad band in the region 3015-2850 cm-1, which can 
be assigned to heterocyclic nitrogen atom with alkyl group. In the spectra of complex 3, this broad band has 
disappeared indicating that the heterocyclic nitrogen atom of the ligand is the site of coordination. The ligand CPC, 
EBH and DOT shows strong and broad bands in the region 2760-2320 cm-1, which can be assigned to tertiary 
nitrogen of the side chain. In the spectra of corresponding complexes 2, 4 and 5 this band has disappeared thereby 
indicating that the tertiary nitrogen atom of the side chain in the ligand is the site of coordination. The bands at 
1150-1050 cm-1 which can be attributed to υC-O-C in the ligand CPC, DPH and EBH remains unaffected in the 
respective Mn(II) complexes suggesting that the oxygen atom was not involved in the bonding with Mn(II) ion. The 
υC-S-C vibrations in the ligand DOT and its complex were observed in the region 760 cm

-1
 suggests that the sulphur 

atom was not involved in the bonding. In the spectra of all the new complexes of Mn(II) a new band appeared in 
the region 3600-3300 cm-1 is due to υOH vibration of coordinated water molecule. The presence of coordinated 
water is also confirmed from TG studies. The new bands at 410-430 cm

-1
 and 320-350 cm

-1
 are assigned to υMn-N 

and υMn-Cl, respectively.   
 
3.4. X-ray powder diffraction studies 
The x-ray diffractogram obtained for the complex [Mn(IM)(H2O)2Cl2] records 23 reflections between 3-60° (2θ). All 
the peaks have been indexed [25, 26] and their sin2θ values compared with calculated one, which reveal that there 
is a good agreement between calculated and observed values of sin2θ. The unit cell parameters were calculated by 
trial and error method [27-29]. The unit cell parameter obtained for the complex are a = 27.3520 Å, b = 10.3670 Å, 
c = 12.4896 Å, β = 118.656° with cell volume V = 3107.74 Å3. 

The x-ray diffractograms obtained for the complexes of [Mn(DOT)2(H2O)2Cl2] and [Mn(DP)2(H2O)2Cl2] 
(Figure 3), records 22 and 21 reflections between 10 and 60° (2θ), respectively. The unit cell parameter obtained 
for the [Mn(DOT)2(H2O)2Cl2] complex are a = 16.9531 Å, b = 10.9649 Å, c = 14.9625 Å, β = 90.974° with cell volume 
V = 2780.97 Å3 and for [Mn(DP)2(H2O)2Cl2] complex are a = 27.2915 Å, b = 4.3962 Å, c = 17.5044 Å, β = 101.438° 
with cell volume V = 2058.44 Å3. 
 
 

 
Figure 3: X-ray diffractogram of [Mn(DP)2(H2O)2Cl2]. 

 
3.5. Thermogravimetric analysis  
All other complexes of Mn(II) chloride with IMH, EBH, DOT, CPC and DPH follow the same trend in the thermal 
degradation (Table 4). The first step was followed by a mass change in the range 152-230 °C corresponds to the 
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loss of two molecules of water. The second thermal degradation step of Mn(II) complexes occurs at the 
temperature range 230-460 °C and the weight loss in this step corresponds to the expulsion of one molecule of IM 
ligand and two molecules of CP, EB, DOT and DP ligands. In the third thermal degradation step of Mn(II) complexes 
occurs at the temperature range 460-620 °C. The weight loss in this step was in full agreement with the present 
weight calculated on the basis of stoichiometry proposed for the complexes. 
 

 
Figure 4: (1)TGA and (2)DTA curves of the complex [Mn(CP)2(H2O)2Cl2]. 

 
The final residue of the decomposition at above 530 °C in the Mn(II) complexes corresponds to Mn(II) 

oxide, which was in conformity with the observed and calculated weight of pyrolysis products. Thermal analyses 
data supports the 1:1 (metal:ligand) stoichiometry for Mn(II) chloride complexes with IMH and 1:2 stoichiometry 
for Mn(II) chloride complexes with CPC, DPH, EBH and DOT. Thermogravimetric data also support the presence of 
coordinated water. All the complexes are anhydrous and thermally stable.   
 

 
Table 4: Stepwise thermal degradation data obtained from TGA curves. 

Complex Temp. Range 
(°C) 

Degradation of 
products 

% Weight 
loss 

% Residue (MnO) 

Cal. Expt. Cal. Expt. 

1 174-210 
220-360 
400-580 

2 H2O 
IM 
2 Cl 

8.13 
63.39 
16.03 

7.66 
62.93 
15.86 

 
16.04 

 
16.40 

2 152-205 
230-380 
440-620 

2 H2O 
2 CP 
2 Cl 

3.69 
83.37 
3.64 

4.22 
81.78 
3.05 

 
7.38 

 
7.92 

3 190-240 
290-460 
520-600 

2 H2O 
2 DP 
2 Cl 

4.96 
77.66 
9.78 

4.22 
75.58 
8.92 

 
9.79 

 
9.02 

4 170-205 
250-308 
360-570 

2 H2O 
2 EB 
2 Cl 

4.19 
81.14 
8.25 

3.98 
79.41 
7.52 

 
8.26 

 
7.91 

5 185-210 
235-430 
460-580 

2 H2O 
2 DOT 

2 Cl 

4.78 
78.49 
9.41 

4.28 
76.94 
8.14 

 
9.42 

 
8.38 
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3.6. Antimicrobial studies    
Antimicrobial activity of Mn(II) chloride complexes of IMH, CPC, DPH, EBH and DOT was determined against E. coli, 
S. aureus, P. aeruginosa and B. subtilis by disk diffusion method. Antifungal activity of the prepared compounds 
was tested against two fungi, A. flavus and A. niger by B. poisoned food technique. The activities of the compounds 
were compared with those of standard Chloramphenicol for antibacterial and Griseofulvin for antifungal activity. 
The results of the percentage inhibition of both bacterial and fungal growth are presented in Tables 5 and 6. 
 

Table 5: Antibacterial screening data of the ligands and their metal complexes. 

 
Compound 

Percentage Inhibition Zone (±) 

S. aureus E. coli P. aeruginosa B. subtilis 

30 μg 60 μg 30 μg 60 μg 30 μg 60 μg 30 μg 60 μg 
IMH 0.0 3.5 0.0 2.4 0.0 3.0 0.0 4.2 

CPC 1.1 6.7 0.6 6.5 1.2 6.7 0.8 6.2 

DPH 1.7 9.7 1.4 8.2 2.1 9.4 2.2 10.3 

EBH 0.0 3.2 0.0 3.4 0.0 2.9 0.0 4.0 

DOT 0.0 2.4 0.0 2.3 0.0 3.5 0.0 3.2 

1 5.2 11.0 5.7 9.4 6.9 12.8 5.8 12.6 

2 7.3 14.4 5.5 12.8 8.1 12.3 7.7 13.9 

3 16.2 28.2 9.5 23.3 10.0 22.4 11.1 25.4 

4 3.3 9.1 2.5 6.2 4.3 11.0 3.6 10.4 

5 3.5 7.2 2.1 6.0 3.6 8.0 3.1 8.5 

Chloramphenicol 100 100 100 100 100 100 100 100 
DMSO showed no inhibition, each value is the average of four replicates. 

 
Table 6: Antifungal screening data of the ligands and their metal complexes. 

 
Compound 

Percentage Inhibition Zone (±) 

A. flavus A. niger 

 30 μg 60 μg 30 μg 60 μg 

IMH 0.0 2.2 0.0 4.1 

CPC 2.3 3.3 1.7 3.4 

DPH 11.7 22.4 12.2 24.0 

EBH 0.0 2.4 0.0 1.9 

DOT 0.0 2.2 0.0 2.3 

1 4.2 13.3 5.6 16.2 

2 7.6 17.9 8.2 16.1 

3 23.5 48.8 24.4 54.3 

4 2.8 9.7 3.3 11.4 

5 2.5 12.3 2.7 12.5 

Griseofulvin 100 100 100 100 
DMSO showed no inhibition, each value is the average of four replicates.                                        

 
The results clearly indicate that the compounds have both antibacterial and antifungal activity against the 

tested organisms. The antimicrobial activity of the complexes is higher than that of parent ligands. The results of 
the inhibitory activity of the synthesized complexes on the organisms show that in lower concentration the 
complex did not affect much on the bacterial and fungal growth. It shows that as the concentration of the complex 
increases, the inhibition of bacterial and fungal growth also increases. Mn(II) complexes containing DPH and CPC 
predominantly showed good activity among the synthesized Mn(II) complexes.   
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4. Conclusion 
In conclusion, the IR spectral data indicate that the ligands CPC, DPH, EBH and DOT act as neutral monodentate, 
while IMH acts as bidentate ligand. The molar conductance of all the complexes in DMF indicates non-electrolytic 
nature thus showing that the anions are coordinated to the metal ion. The electronic spectral data and magnetic 
moment values support the octahedral structure for all the complexes of Mn(II). The results clearly indicate that 
the studied complexes have both antibacterial and antifungal activity against the tested organisms.  
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