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Synthesis, characterization, chromatographic and antimicrobial 
studies of transition metal complexes of cobalt(II) and iron(III) 

ABSTRACT 

Metal complexesCobalt(II) and iron(III) were synthesized by reacting metal nitrate with alprazolam. 
During this study,The elemental analyses of complexes confine to the stoichiometry of the 
type[(L)M(NO3)2], [(L)M(NO3)3]where M= Cobalt(II) and Iron(III) and L= alprazolam.Alprazolam's IR 
bands shift to confirm metal ion coordination. Complexes of metal ions were found to be bidentate 
and tridentate with‘‘N(1) and N(4)”positions on the ligand.This study examined alprazolam and its 
complexes for their antimicrobial properties against selected bacteria and fungi. 
StreptomycinandNyastatin were used as standard drugs for antimicrobial and antifungal studies, 
respectively. These complexes are bioactiveas the complexes of Iron(III) and Cobalt(II) ions of 
alprazolam are more effective against selected bacterial and fungal species than the drug 
Alprazolam. The increased chelating tendency of metal complexes results in enhanced activity 
and these inhibits more of bacterial and fungal growth than ligand alprazolam. 
Keywords:-Metal complexes,  infra-red, alprazolam, and antimicrobialandbioactive 

 

1. INTRODUCTION 

Alprazolam (APZ) belongs to the 

benzodiazepine andtranquilizerdrugs family. It is a 

hypnotic drug,anxiety disorders are treated with 

this medication[1].Benzodiazepines are drugs 

derived from diazepam and benzene.It has been 

reported that 1,4-benzodiazepine complexes with 

transition metal ions possess anticancer and 

biological properties [2-4]. Complexes of 

benzodiazepine drugsshowed higherantimicrobial 

activity as compared to free ligands [5]. It is 

imperative that during complex formation the ligand 

molecule occupies all coordination sites of the 

metal ion, with the solvent molecule occupying 

vacant sites[6].Alprazolam complexes are more 

active than their ligands. The complexes of the 

benzodiazepine drug nitrazepam etc. in which the 

ligand acts as an anion were reported [7].APZ used 

as a ligand in this study, has the following 

structure(Fig. 1). 
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Figure 1. Alprazolam (APZ) 

This study examines, the synthesis and 
characterization of Cobalt and Iron complexes 
based on elemental analysis and spectral analysis 
and chromatographic study.The coordination of 
Iron and Cobalt(II) with Alprazolam and these 
complexes showed improved antimicrobial activity 
in this study.The formation of alprazolam 
complexes influences its pharmacological effects 
by modifying drug release kinetics and receptor 
binding affinity. The complexation of drugs with 
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polymeric carriers can facilitate controlled drug 
release, minimizing the side effects of sedation and 
dependence[8].The antimicrobial activities of 
complexes of Iron (III) and Cobalt(II)are reported in 
the reviewed literature [9]. The antimicrobial study 
explains the application of metal complexes. 

2. EXPERIMENTAL 

Analytical reagents (E. Merck) are used in 
experimental analysis.A stock solution of  
[Co(NO3)2.6H2O] and [Fe(NO3)3.9H2O]in double 
distilled water and these solutions were 
standardized by using standard methods [10].A 
solution of cobalt nitrate and iron nitrate was 
treated with nitric acid to assess hydrolysis.In 
ethanol, alprazolam ligand solution was prepared. 
An equimolar amount of drug alprazolam and metal 
nitrates of [Co(NO3)2.6H2O]and[Fe(NO3)2.9H2O] 

were mixed in 1:1 ratio then precipitation took place 
which confirms the complex formation.In order to 
remove soluble impurities from complexes, the 
precipitate was washed with hot water and then 
washed with C2H5OH.By using Job's method[10], 
the stoichiometry of metal and ligand was 
determined, which is also confirmed by the 
elemental analysis and the results of experimental 
and calculated values were approximately the 
same which are listed in(Table 2).A gravimetric 
method is used in elemental analysis of metal 
complexes to determine chlorine content. 

The precipitate of metal complexes was dried 

in an oven at about 1000C and stored in 

desiccators.The purityof metal complexes was 

checked by TLC[11] by calculating the Rf factor. Rf 

values are listed in(Table1). 

Table 1. Retention factor (Rf) values of different complexes 

Solvent Complex  of metal ions Retention factor value  Sample Impurities 

Ethanol:Benzene 

80:20 

Cobalt(II)-APZ complexes 0.73 Invisible 

Iron(III) – APZ complexes 0.78 Invisible 

 

The Rf values of both Cobalt(II) and 
iron(III)complexes are 0.73 and 0.78 respectively. 
Present results confirm no impurities in the sample 
of metal complexes. 

2.1. Antimicrobial study 

The antimicrobial activity of the ligand APZ and 

its complexes have been carried out against some 

selected bacterial species and antifungal activity 

against selected fungal species by using the “Filter 

paper disc method andbroth serial dilution method” 

[12]. To obtain 1000 ppm solution, a calculated 

amount of DMF (dimethylformamide) 0.5 ml was 

dissolved with sterilized distilled water and added 

to the metal complexes of alprazolam. A stock 

solution of different concentrations (250 ppm, 500 

ppm, 1000 ppm) was prepared by further 

dilution.These solutions are named stock solutions. 

Some standard antibacterial and antifungal drugs 

were used for comparisonand verification of the 

activity of compounds. 

2.2. Infra-red and Elemental Analysis  

IR spectra of the APZ and their complexes in 
the KBr matrix were recorded on Perkin –Elmer 
842- IR spectrophotometer. C, H, and N were 
estimated by using an elemental analyzer at CDRI, 
Lucknow. 

3. RESULT AND DISCUSSIONS 

Alprazolam ligand molar formula is C16H11ClN4, 

and its complexes with Fe(III) and Co(II) is 

[(C16H11ClN4)Fe(NO3)3] and [(C16H11ClN4)Co(NO3)2] 

as explained in (table 2).Various types of elements, 

such as carbon, hydrogen, and nitrogen, were 

analyzed to determine ) and Iron(III).A Coblt(II) 

complex has a molar mass of 491.73 and iron(III) 

complex has a molar mass of 550.64.Quantitative 

yields of complexes were obtained are colored and 

stable at room temperature. They are both stable 

and non-hygroscopic. 

 

Table 2. Elemental and physical data of ligand and their complexes 

Compounds 
Molecular 

Mass 

 Analysis of elements found [calculated]% Colour M.P. 

Carbon Hydrogen Nitrogen Chlorine Metal(M)   

[C17H13ClN4] 308.8 
[66.06] 
67.02 

[4.21] 

3.50 

[18.13] 
19.50  

[11.5] 
10.20 

-- White 228.5 

APZ Fe(NO3)3 550.64 
[37.05] 

38.15 

 [2.36] 

 1.43 

[17.79] 

18.16 

(6.45] 

7.23 

[10.14] 

11.12 

Brick 
Red 

327 

APZ Co(NO3)2 491.73 
[41.49] 

40.12 

  [2.64] 

   2.18 

[17.08] 

16.52 

[7.21] 

6.98 

[11.98] 

10.50 
Brown 345 
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Table 3. The IR frequencies of ligand and their complexes 

Compounds (C=N) 






  NC\\
/


 

(C6H5) (Cl) (CH2) (CH3) (M-N) (NO3) (H2O) 

Alprazolam(APZ) 1628 1280 1600 740 2960 1355 - - - 

Fe-APZ Complex 1615 1259 1611 756 2962 1353 
500 and 

490 

1370, 
920 and 

860 
- 

Co-APZ Complex 1614 1264 1608 760 2965 1360 
493 and 

341 
1371 

and 891 
- 

 

Table 3 shows a band of ligands at 1628 cm-1 

which was shifting to 1614and 1615 cm-1 in 

Cobalt(II) and iron(III) complexes, respectively. A 

stretching vibration is observed in the double bond 

between carbon and nitrogen in the IR region, 

between 1610 and 1640 cm-1. In the present 

research paper, the band observed at 1628 cm ¹ in 

infrared (IR) spectroscopyis characteristic of the 

C=N stretching vibration in azomethine 

compounds. This represents that the ‘‘azomethine 

nitrogen’’ N(5) atom of the benzodiazepine ring is 

coordinated with the metal ion in complexes. 

The complexes of Cobaltand Iron ions exhibit 

vibration modes: 














 NC\\

/


 

at 1264 and 1259 cm-1, respectively, showing lower 

shifting than ligand [1280 cm-1],this shows that 

Nitrogen (1a) contributes to the formation of 

complexes.The IR spectrumof alprazolam shows 

the bands associated with the vibrationalmode ‘‘(-

C6H5), (Cl), (CH2), (CH3) ’’appear at 1600, 

740, 2960, 1355 cm-1as a result, complex formation 

has shown small positive shifts. In the Cobalt(II) 

complex, bands at 493 and 341 cm-1andin the 

iron(III) complex, 500and 490 cm-1, suggest a (M-

N) linkage [13]. There are strong bands at 1371 

cm-1and 891 cm-1 inthe cobalt(II) complex and1370, 

920, and 860 cm-1 inIron(III) complex, suggesting 

the presence of monodentate nitrate groups in 

existing complexes [14].Finally, infrared studies 

support the formation of complexes between 

alprazolam ligands and Iron(III) and Cobalt(II) 

metal ions. Fig. 3, 4and5 show the IR spectra of 

APZ andcomplexes. APZ and complexes can be 

summarized as followsin Fig. 2,3,4,5, 6,7 and 8. 

M

(5) N

(1a) N
NO3

NO3

NO3

 

Figure 2. Metal complex (trivalent), M= Iron 

M

(5) N

(1a) N
NO3

NO3

 

Figure 3. Metal complex (bivalent), M= Cobalt 

 

Figure 4. Infra-red spectrum of APZ 
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Figure 5. Infra-red spectrum of Cobalt(II) complex 

 

Figure 6.Infra-red spectrum of Iron (III) complex 

 

It is evident from the results that the 
antimicrobial and antifungal activity of APZ 
complexes is higher than the ligand alprazolam and 
activity enhancement can be explained by 
chelation theory. However, it is known that 
chelating tends to make the Schiff base act as a 
more powerful and effective antibacterial agent, 
therefore inhibiting the growth of bacteria and fungi 
more than the original APZ ligand. This research 
confirms that the complexes of alprazolam showed 
much activity at a lower concentration and selected 
microbial species have been placed for incubation 
at 24+10C for 20 hours. Experimental results of 
antimicrobial studies are represented in table no. 4. 

3.1. Antimicrobial studies of ligand and complexes 

Antimicrobial activity of Cobalt and Iron 
complexes, metallic nitrates and used ligand were 
conducted on fungal species and bacterial 
speciesin this study[15-19]. Selected species of 
fungi-‘‘Fusarium species, A. flavous, A. niger, P. 
triticena’’ and bacteria are “S. aureus, S. typhi, B. 
subtilis, E. coli”. The percentage inhibition was 
calculated by measuring the diameter of the 
microbial colony in the control plate and test plate 
by using the formula %inhibition = ‘‘ [(C-T)/ C] X 

100]’’ C is the diameter of the microbial colony in 
the control plate in mm and T is the diameter of the 
microbial colony in the treated (test) plate. 
StreptomycinandNyastatinwere used as standard 
drugs for antimicrobial and antifungal studies 
respectively for comparison under similar 
conditions. 

The results of the present antimicrobial study 
were presented as a (Table 4) which indicated that 
the inhibited zone at 500 ppm showed the best 
results. Comparative studies were conducted using 
standard drugs with metal complexes. According to 
the results of table no. 4, the complexes of Iron(III) 
and Cobalt(II) ions of alprazolam are more effective 
against selected bacterial and fungal species than 
the drug Alprazolam itself. In Fig. 7 and 8 the 
Graphs are plotted between the percentage zone 
of inhibition and compounds used in antimicrobial 
studies at 500 ppm. In graph 7, the zone of 
inhibition against bacteria is plotted; in graph 8, the 
zone of inhibition against fungi is plotted. Metal 
complexes inhibit bacterial and fungal growth much 
more than the ligand alprazolam, which is shown in 
graphs 7 and 8.The increased chelating tendency 
of metal complexes results in enhanced activity 
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andthis fact has been proven by many 
researchers[20-21].As a result of the chelating 
tendency of metal complexes, complexes are 
stronger inhibitors of bacteria and fungi than APZ. 
Metal complexes are more active due to their 
increased chelating tendency and lipo-soluble 
nature [22-23].When chelation occurs, the metal 
ion's polarity significantly decreases due to the 
interaction between its positive charge and the 
donor groups of the ligand. This interaction 
involves orbital overlap and partial charge sharing. 

Additionally, chelation increases the delocalization 
of π-electrons across the entire chelate ring, which 
in turn enhances the complex’s lipophilicity.The 
higher lipophilicity allows the complexes to 
penetrate lipid membranes more effectively, 
preventing metals from binding to key enzyme sites 
in microorganisms[ 24].These metal complexes 
interfere with the cellular respiration process, 
preventing protein synthesis and ultimately 
inhibiting the organism's growth [25]. 

 

Table 4. Results of antimicrobial activity of APZ and complexes 

Compounds Zone of Inhibition against bacteria   (mm).  Zone of inhibition against fungi   (mm). 

Alprazolam (APZ) - - - - - - - - 

Fe(NO3)3 - - - - - - - - 

Co(NO3)2 - - - - - - - - 

DMF - - - - - - - - 

Fe APZ(NO3)3 27.55 33.00 34.50 37.55 34.00 39.17 35.00 35.10 

Co APZ(NO3)2 

Streptomycin 

Nyastatin 

28.57 

31.00 

- 

34.50 

35.00 

- 

35.44 

37.00 

- 

39.00 

36.00 

- 

35.56 

- 

35.00 

39.87 

- 

41.00 

39.14 

- 

42.00                                                                                       

35.56  

- 

37.00 

 

 

Figure 7. Zone of inhibition against bacteria(mm) 

 

Figure 8. Zone of inhibition against fungi(mm) 
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4. CONCLUSION 

In this study, iron(III) and Cobalt(II) complexes 
with alprazolam ligand were synthesized, IR 
studies, chromatographic as well as antibacterial 
and antifungal studies.By elemental analysis, the 
molecular weights, molecular formulae, and melting 
points of complexes of metal ions iron(III) and 
Cobalt(II) have been determined andcompound 
purity is confirmed by TLC. IR studies confirm the 
complexation of Iron(III) and Cobalt(II) with APZ. 
The Fe(III) complex exhibited a bacterial inhibition 
zone of 37.55 mm, while the Co(II) complex 
showed a slightly larger zone of 39.00 mm. Against 
fungal strains, the inhibition zones measured 39.17 
mm for the Fe(III) complex and 39.87 mm for the 
Co(II) complex.This research shows that the 
complexes of Cobalt(II) andIron(III) are more 
effective on bacteria and fungi than APZ alone. 

Acknowledgments 

The authors are thankful to RAFM-2024 for 
providing this platform for the submission of the 
manuscript. 

Conflict ofinterest 

The authors declare that they have no conflicts 
of interest. 

Availability of data and materials 

The datasets used and/or analyzed during the 
current study are available from the corresponding 
author upon reasonable request. 

5. REFERENCES 

[1] G.O.Ildiz, A.M.Tabanez, A.Nunes, J.P.Roque, 
L.L.Justino, M.L. Ramos, R.Fausto (2022). 
Molecular structure, spectroscopy and 
photochemistry of alprazolam. Journal of Molecular 
Structure, 1247, 131295. 

[2] CH.Sharma,SH.Sharma,NA.Hussain, 
GL.Talesara(2009)Synthesis and antimicrobial 
activity of some new phthalimidoxy derivatives of 
triazine containing pyrimidine and isoxazole,J. Ind. 
Council Chem. 26(1),31-6. 

[3] SA.Patil, R.Patil, RS.Keri, S.Budagumpi, 
GR.Balakrishna, M.Tacke(2015 Jul) N-heterocyclic 
carbene metal complexes as bio-organometallic 
antimicrobial and anticancer drugs, Future 
Medicinal Chemistry,7(10),1305-33. 

[4] M.Marloye, G.Berger, M.Gelbcke, F. Dufrasne(2016 
Dec) A survey of the mechanisms of action of 
anticancer transition metal complexes, Future 
medicinal chemistry,8(18),2263-86. 

[5] SA.Khan, SAA.Nami, SA. Bhat, A.Kareem, N.Nishat 
(2017) Synthesis,characterization and antimicrobial 
study of polymeric transition metal complexes of 
Mn(II), Co(II), Ni(II), Cu(II) and Zn(II), Microbial 
Pathogenesis,110,414–25. Available from: 

http://dx.doi.org/10.1016/j.micpath.2017.07.008 

[6] V.Kumar, R.Dhakarey(2003)Interaction of Schiff 
base derived from 4-aminoantipyrine and meta-
bromobenzaldehyde with manganese (II), cobalt (II), 
nickel (II), copper (II), chromium (III), iron (III), 
Journal of the Indian Council of Chemists,20(1),46-
51. 

[7] SR.Kelode, PR. Mandlik (2012) Synthesis, 
characterization, thermal and antibacterial studies of 
cobalt (II), nickel (II), copper (II) and zinc (II) 
complexes of hydrazone Schiff base, 
Red.,804(7.98),8-13. 

[8] L.J.Penkler (2007). U.S. Patent No. 7,202,233. 
Washington, DC: U.S. Patent and Trademark 
Office. 

[9] A.Brandelli, D.Bizani, M.Martinelli, V .Stefani, 
AE.Gerbase(2004 Jun)Antimicrobial activity of 1, 4-
naphthoquinones by metal 
complexation,RevistaBrasileira de 
CiênciasFarmacêuticas, 40(2), 247-53. 

[10] A.I. Vogel, ( 1962) “A text book of Quantitative 
Inorganic Analysis”, E.L. B.S., 358. 

[11] EJ.Olson, P. Bühlmann (2011)Getting more out of a 
job plot: Determination of reactant to product 
stoichiometry in cases of displacement reactions 
and n: N complex formation, Journal of Organic 
Chemistry,76(20), 8406–12.  

https://doi.org/10.1021/jo201624p. 

[12] Ian Isherwood(August 1991) Book Reviews, Brain, 
Volume 114, Issue 4, Pages 2016–2017 

https://doi.org/10.1093/brain/114.4.2016-b 

[13] AW.Baur, WM.Kirby, JC.Sherris, M. Turch (1966) 
Antibiotic susceptibility testing by a standardized 
single disk method, Am J clinpathol,45(4),493-6. 

[14]  DX.West, AE. Liberta, SB. Padhye, RC.Chikate, 
PB.Sonawane, AS. Kumbhar, RG.Yerande(1993 
Feb1)Thiosemicarbazone complexes of copper (II): 
structural and biological studies, Coordination 
Chemistry Reviews,123(1-2),49-71. 

[15]  K. Nakamoto, J. Fujita, H. Murata (1958 Sep) 
Infrared Spectra of Metallic Complexes. V. The 
Infrared Spectra of Nitro and Nitrito Complexes1, 
Journal of the American Chemical Society,80(18), 
4817-23. 

[16] MH. Salunke, ZA.Filmwala, AD. Kamble(2011) 
Synthesis, Characterization, Spectral Studies, 
Biocidal Activities of Fe (III), Co (II), Zn (II), Cd (II), 
Y (III), and In (III) Complexes of Schiff base derived 
from L-Phenylalanine, Oriental Journal of 
Chemistry,27(3),1243. 

[17] B.Basavaraju, Bh. Naik, M.C.Prabhakara(2007) 
Transition metal complexes of quinolino [3, 2-b] 
benzodiazepine and quinolino [3, 2-b] benzo-
xazepine: synthesis, characterization, and antimi-
crobial studies. Bioinorganic Chemistry and 
Applications,34,123-131. doi: 10.1155/2007/639828 

[18]  VK. Sharma, S. Srivastava (2007 Feb 8)Template 
synthesis and structural characterization of homo 
binuclear chromium (III), manganese (III), iron (III), 
cobalt (III), and ruthenium (III) complexes with 

https://doi.org/10.1021/jo201624p
https://doi.org/10.1093/brain/114.4.2016-b


C. K. Bhardwaj et al. Synthesis, characterization, chromatographic and antimicrobial studies ... 

ZASTITA MATERIJALA 67 (2026) broj 1 118 

octaazamacrocyclic ligands, Turkish Journal of 
Chemistry, 30(6), 755-67. 

[19]  V. Kumar, R. Dhakarey(2003) Interaction of Schiff 
base derived from 4-aminoantipyrine and meta-
bromobenzaldehyde with manganese (II), cobalt (II), 
nickel (II), copper (II), chromium (III), iron (III) 
dioxouranium, Journal of the Indian Council of 
Chemists,20(1), 46-51. 

[20] SE. Etaiw, DM. Abd El-Aziz, EH. Abd El-Zaher, EA. 
Ali (2011 Sep1)Synthesis, spectral, antimicrobial 
and antitumor assessment of Schiff base derived 
from 2-aminobenzothiazole and its transition metal 
complexes,SpectrochimicaActa Part A: Molecular 
and Biomolecular Spectroscopy,79(5),1331-7. 

[21]  S. Murugavel, S.Deepa, C. Ravikumar, R. 
Ranganathan, P. Alagusundaram (2020) Synthesis, 
structural, spectral and antibacterial activity of 
3,3a,4,5-tetrahydro-2H-benzo[g]indazole fused 
carbothioamide derivatives as antibacterial 
agents,Journal of Molecular Structure, 1222.  

https://doi.org/10.1016/j.molstruc.2020.128961. 

[22]  KN. Thimmaiah, WD.Lloyd, GT. Chandrappa 
(1985)Stereochemistry and fungitoxicity of 

complexes of p-anisaldehydethiosemicarbazone 
with Mn(II), Fe(II), Co(II) and Ni(II). Inorganica 
Chimica Acta,106(2),81–3.  

https://doi.org/10.1016/S0020-1693(00)82252-5. 

[23] R. Nair, A. Shah, S. Baluja, S. Chanda( 2006) 
Synthesis and antibacterial activity of some Schiff 
base complexes, Journal of the Serbian Chemical 
Society, 71(7), 733-44. 

https://doi.org/10.2298/JSC0607733N 

[24] S.A.Khan, S. A..Nami, S. A., Bhat,  A., Kareem,  
N.Nishat (2017). Synthesis, characterization and 
antimicrobial study of polymeric transition metal 
complexes of Mn (II), Co (II), Ni (II), Cu (II) and Zn 
(II). Microbial pathogenesis, 110, 414-425. 

[25] L.H.Abdel-Rahman, H., Abu-
Dief,M.Ahmed,F.Newair, K.Hamdan (2016)Some 
new nano-sized Cr(III), Fe(II), Co(II), and Ni(II) 
complexes incorporating 2-((E)-(pyridine-2-
ylimino)methyl)napthalen-1-ol ligand: Structural 
characterization, electrochemical, antioxidant, 
antimicrobial, antiviral assessment and DNA 
interaction. Journal of Photochemistry and 
Photobiology B: Biology, 160(62), 18-31. 

 

IZVOD 

SINTEZA, KARAKTERIZACIJA, HROMATOGRAFSKA I ANTIMIKROBNA 
ISTRAŽIVANJA KOMPLEKSA PRELAZNIH METALA KOBALT(II) I GVOŽĐA(III) 

Metalni kompleksi kobalt(II) i gvožđe(III) su sintetizovani reakcijom metalnog nitrata sa 
alprazolamom. Tokom ove studije, elementarne analize kompleksa su ograničene na stehiometriju 
tipa [(L)M(NO3)2], [(L)M(NO3)3] gde je M= kobalt(II) i gvožđe(III) i L= alprazolam. Alprazolamovi 
IR pojasevi se pomeraju da bi se potvrdila koordinacija metalnih jona. Utvrđeno je da su kompleksi 
metalnih jona bidentatni i tridentatni sa „N(1) i N(4)” pozicijama na ligandu. Ova studija je ispitivala 
alprazolam i njegove komplekse na njihova antimikrobna svojstva protiv odabranih bakterija i 
gljivica. Streptomicin i niastatin su korišćeni kao standardni lekovi za antimikrobne i antigljivične 
studije. Kao kompleksne studije I, odnosno antifungalne, su kompleksne studije I. III. Joni 
kobalta(II) alprazolama su efikasniji protiv odabranih bakterijskih i gljivičnih vrsta od leka 
Alprazolam. Povećana sklonost heliranju metalnih kompleksa dovodi do pojačane aktivnosti i one 
više inhibiraju rast bakterija i gljivica nego ligand alprazolam. 
Ključne reči: Metalni kompleksi, infracrveni, alprazolam, antimikrobni i bioaktivni 
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