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Abstract

Several new complexes of Cr(I11), Mn(Il), Fe(Il), Co(Il) and Cu(ll) containing Cyanex 302
[bis(2,4,4-trimethylpentyl) monothiophosphinic acid] were synthesized and characterized by
elemental analysis, molar conductance, molecular mass determination, magnetic, UV-
Visible and IR studies. The prepared metal complexes has the compositions: 2. [CrLs3].H,0, 3.
K[MnL;].H,0, 4. [FeL,].H,0, 5. K[CoL;] and 6. K[CuL3].H,O (Where, L means anion of
bis(2,4,4-trimethylpentyl) monothiophosphinic acid). The complexes 2, 3, 5 and 6 are
assumed to have octahedral geometries, but the complex 4 is tetrahedral based on
experimental data. From magnetic measurements all the complexes are found to be
paramagnetic. Measured molar conductance showed that the complexes 2 and 4 are non-
electrolytes and complexes 3, 5 and 6 are electrolytes. Besides, some metal complexes have
shown very good antibacterial and antifungal activities.
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1. Introduction

Studies on the extracted complexes of some common transition metal ions with various
proprietary extracting reagents by solvent extraction method are of recent interest. These
complexes (usually chelates) displaying distinctive coordination chemistry and
characteristic physical properties, may have industrial as well as biological significance
[1]. Cyanex 302 i.e., bis(2,4,4-trimethylpentyl) monothiophosphinic acid is the sulfur
substitution of organophosphorous extracting reagent. This reagent should therefore be
beneficial for the extraction of metal ions [2]. The significantly lower electronegativity of
sulfur renders it more polarizable than oxygen. Electrons are more readily shared in a
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metal-sulfur bond than in a metal-oxygen bond, introducing a greater degree of covalency
and increasing the strength of the bond [3]. Therefore, Cyanex 302 was examined in terms
of their capability and selectivity in extracting metals from photographic wastes, fly ash,
phosphate industrial waste water, rayon waste and different aqueous medium using the
method of solvent extraction [4, 5]. The extracted complexes of transition metals with
Cyanex 302 may have similar significances and studies on these complexes are expected
to be helpful in extractive metallurgy. But no report on such complexes is available. A
study has, therefore, been made to synthesize and characterize some complexes of Cr(111),
Mn(11), Fe(1l), Co(ll) and Cu(ll) ions with bis(2,4,4-trimethylpentyl) monothiophosphinic
acid as ligand in order to get information about their compositions and structures. Here in
we report synthesis of five new complexes and also investigation of their antibacterial and
antifungal activities.

2. Experimental

IR spectra (4000-400 cm™) were recorded on a Nicolet 310 FTIR (Belgium) spectrometer
with a KBr disk and UV-Visible spectra were recorded on a 1650 PC, Shimadzu
spectrophotometer in DMSO. Magnetic susceptibility measurements were obtained with a
Sherwood Scientific Magnetic Susceptibility Balance at room temperature. The electrical
conductivities of 10° M solution in DMSO were carried out on a heavy-duty
conductivity/temperature meter (USA), Extech Instruments, model No. 407303. Elemental
analysis (C, H) was carried out with a Perkin EImer 2400 I1, organic elemental analyzer,
Japan. The antibacterial and antifungal activities also carried out against the bacteria viz.
Escherihia coli, Staphyloccocus aureus and Salmonella typhi and the fungi viz. Aspergillus
niger, Fusarium oxysporum and Trichophyton sp. by disc diffusion technique [5, 6].

2.1. General procedure for the synthesis of metal complexes

A solution of the ligand, Cyanex 302 (1 or 1.5 mmol) in absolute ethanol was added to a
solution of potassium hydroxide (1 or 1.5 mmol) in absolute ethanol and the mixture was
stirred well and heated on a water bath for 15-20 min to reduce the volume by half. The
resulting mixture (potassium salt of ligand) was allowed to stand at room temperature.
Then a solution containing 0.5 mmol of the required metal chloride salt in absolute
ethanol was slowly added to the above potassium salt of ligand solution, with stirring at
room temperature. The metal complex formed immediately. The mixture was stirred for
several minutes. The product was removed by filtration, washed several times with cooled
absolute ethanol, then with distilled water (to remove KCI formed) and finally washed
with hot absolute ethanol. The compound was dried in a vacuum desiccator over
anhydrous CaCl,. The reaction scheme for the synthesis of metal complexes is given
below:
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Scheme 1. Reaction scheme of the synthesis of metal complexes.

3. Results and Discussions

The reaction of the Cyanex 302 with various metal ions [M= Cr(l11), Mn(l1), Fe(ll), Co(ll)
and Cu(ll)] led to the formation of the complexes 2-6, in the presence of alcoholic
potassium hydroxide. The Cyanex 302 can act as uninegative bidentate ligand by loosing
a proton from the >P(=S)OH moiety in presence of base. All the complexes were formed
through the deprotonation of the ligand in presence of base and subsequent formation of
potassium salt.

The complexes 2, 3, 5 and 6 were formed in a ligand to metal ion molar ratio of 3:1
whereas complex 4 was formed in 2:1 molar ratio. All the complexes were comparatively
stable in air and insoluble in most common solvents except benzene and
dimethylsulphoxide. The elemental analyses and metal estimation data were in good
agreement with their proposed (as listed in Table 1) formula. The molecular mass
determination of the complexes also supported their proposed molecular formula (Table
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1). The room temperature molar conductance values of the complexes suggested that the
complexes 2 and 4 are non-electrolyte [7, 8], while complexes 3, 5 and 6 are electrolyte in
nature [9, 10].

Table 1. Analytical and physical data of the ligand and complexes.

No. Ligand/ M.P. Colour vyield Elemental analyses Am
Complex (+2°C) (%) Expt. (calc.) (@*cm?mol™)
C H M

1 CigHePOS

2 [CT(C15H34POS)3].H20 nght
256 45 58.45(58.44) 10.64(10.63)  5.20(5.27) 3.00
brown
3 K[Mn(C16H34POS)3].H20 Dark
329 39 55.98(56.05) 10.20(10.19) 5.28(5.34) 54.16
brown
4 [Fe(CysH34POS),].H,0 Brownish
260 g 43 55.79(56.12)  09.98(10.30) 8.10(8.15) 3.09
re
5  K[Co(C16H3POS)s]
243 Orange 51 56.76(56.83)  10.08(10.13)  6.00(5.81) 49.03
6 K[Cu(CyHaPOS)slH,O 320 (d) Brown 47 55.50(55.59) 10.00(10.11) 6.08(6.13) 48.10

L means anion of Cyanex 302.

3.1. Infrared spectra

The significant IR bands for the ligand as well as for its metal complexes and their
tentative assignments are compiled and represented in Table 2. The free ligand showed
two strong bands at 2955 and 2868 cm™ respectively due to the asymmetric and symmetric
v(CH) modes of the alkyl group [5, 11].

In the spectra of all the metal complexes, the characteristic bands of v(CH) are almost
unperturbed, as expected, which indicated that it is not involved in the coordination. The
band at 634 cm™ due to the P=S moiety [12, 13] of the ligand underwent a shift to lower
frequency (73-48 cm™) after complexation, indicated the coordination of thiophosphoryl
group’s sulphur atom to metal ions. This can be explained by the donation of electrons
from sulphur to the empty d-orbitals of the metal ions. A strong band observed at 2343
cm™ in the IR spectrum of the ligand assigned to v(OH) [14] (included P-OH) was found
to have disappeared in all the respective complexes, indicated its coordination with the
metal ions via deprotonation. The low frequency skeletal vibrations due to M-O and M-S
stretching provided direct evidence for the complexation. The complexes contained two
weak bands at 510-523 cm™ and at 407-418 cm™ corresponding to the v(M-O) [15, 16, 17]
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and v(M-S) bonds [18, 19, 20] respectively. The appearance of broad band at around
3357-3438 cm™ in the spectra of Cr(11), Mn(11), Fe(l1) and Cu(ll) complexes, has been
assigned to associated water molecules [19, 21]. Besides, the water containing complexes
did not show any weak band at nearly 860 cm™ indicating the absence of coordinated
water molecule in the complexes [22, 23].

Table 2. The most important bands in the IR spectra of the ligand and complexes, cm™.

No. Ligand/Complex VO-H)!  v(O-H)? V(P=S) N(M-O) V(M-S)
2343 634 } ;
1 CiHsPOS
2 [Cr(CisHsPOS)].H:0 3370 - 584 510 416
3 K[Mn(CiHaPOS)s].H,0 3438 - 581 514 407
4 [Fe(CisHuPOS),).H,0 3385 - 586 508 409
5  K[Co(CiHaPOS)] - - 579 523 418

6 K[CU(CisHwPOS)s] HiO 3357 - 561 519 412

*Water, ZInclude P-OH

3.2. Magnetic susceptibility and electronic spectra

The magnetic susceptibilities of the test complexes are included in Table 3. The magnetic
moments of the Cr(l11), Mn(ll), Fe(ll), Co(ll) and Cu(ll) complexes [23, 24, 25, 26, 27]
were corresponded to three, five, four, three and one unpaired electron respectively. The
electronic spectra data of the ligand and its Cr(l1l), Mn(Il), Fe(ll), Co(ll) and Cu(ll)
complexes were recorded in DMSO solution as shown in the Table 3. The electronic
spectrum of Cr(I11) complex showed three absorption bands at 605, 465 and 410 nm. The
three spin-allowed transitions for chromium(lll) in an octahedral field are: 4Azg—>4ng (F),
“Poy—"Tyy (F) and *Ag—"Ty4 (P) [23, 28]. The Mn(Il) complex exhibited bands at 663,
478, 402 nm assigned to °Aj—'Ti, °A—>'Ty and °Ay—*Ay, ‘E, transitions,
respectively, suggested spin-free manganese(ll) complex with octahedral geometry [29,
30]. The tetrahedral high spin Fe(ll) complex showed only one spin allowed d-d transition
in the visible region. The brownish red iron(I1) complex given only one spin allowed d-d
bond at 440 nm assigned to 5T2§,—>5Eg transition [31, 32, 33]. The high spin octahedral
cobalt(ll) complex exhibited three electronic transitions in electronic spectrum from
ground state “Ty, (F) to the excited states “Toy (F), “Azy (F) and *Ta, (P), due to three
absorption bands at 700, 515 and 446 nm respectively [18, 24, 26]. The electronic
spectrum of the Cu(ll) complex showed two bands at 640 and 530 nm, are assigned to
’B,—’B, and ?B,—°E transitions respectively, which suggested octahedral geometry [7,
23, 27].
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Table 3. The molecular mass, magnetic moment and electronic spectra of the ligand and complexes.

No Lignad/ Complex Molecular mass Meft Band Band assignment
(9/mol) (B.M.) observed
Expt. Calc. (nm)
1 CyuHsPOS - 306.00 - 346 n—-mn
2 [CHCiHuPOS)s].H,0 987.00 985.9 3.68 605,465, Ay~ ‘Tog(F),
410 “Tlg(F), 4Tlg(P)
102650  1026.0 5.70 663,478,  *Ay—> ‘Tig, Tag,
3 K[MH(C16H34POS)3].H20 402 AAlgv AEg
4 [Fe(C16H34POS),].H.O 685.02 684.49 5.12 440 5ngasE
5  K[CO(CysHssPOS)s] 1014.60  1014.00 4.96 700,515,  “Tyy(F)— “To(P),
446 *Poy(F), *Tay(P)
1035.82  1036.60 1.80 640, 530 ’B,—?B,, ’E

6 K[Cu(CyH24POS)s].H,0

3.3. Biological activity

The biological activities of the free ligand and its metal complexes were determined at a
concentration of 40 ug/disc against three pathogenic bacteria and three pathogenic fungi.
The standard drugs ciprofloxacin and grisofulvin were also tested for their antibacterial
and antifungal activities at the same concentration under similar conditions for
comparison. The results of biological activity tested for the free ligand and its complexes
are given in Tables 4 and 5.

Diameter of inhibition zone (mm) including the disc diameter was measured for each
treatment. The ligand presented no activity against the all tested microorganisms under
identical experimental conditions. The antibacterial activity results revealed that
complexes 2, 3 and 4 showed very weak activity with the zone of inhibition 10-12 mm
against Escherichia coli as compared to standard drug ciprofloxacin, which showed 24
mm inhibition. The complex 5 has exhibited almost similar activity with the zone of
inhibition 20 mm against Escherichia coli. The complexes 3, 4 and 5 displayed moderate
activity with the zone of inhibition 13-15 mm against staphylococcus aureus as compared
to the standard drug with 22 mm inhibition. The complexes 2, 3 and 5 showed very weak
activity with the zone of inhibition 10 mm, except complex 6, which exhibited almost
similar activity with the zone of inhibition 20 mm against Salmonella typhi when
compared to the standard drug, which showed 22 mm inhibition. The antifungal activity
results revealed that the complexes 2, 3 and 4 have exhibited moderate activity with the
zone of inhibition 14-16 mm against Aspergillus niger as compared to the standard drug
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griseofulvin (24 mm). The complex 3 displayed moderate activity with the zone of
inhibition 13 mm, but the complex 5 exhibited maximum activity with the zone of
inhibition 22 mm against Fusarium oxysporum compared to the standard drug which
showed 23 mm inhibition. Further, the complexes 2-6 showed moderate activity with 15-
18 mm inhibition against Trichophyton sp. compared to the standard drug with 26 mm
inhibition.

Table 4. Antibacterial activity of the ligand and its complexes.

Antibacterial activity (zone of inhibition in mm)
Ligand /Complex/ Standard

No. drug E. coli S. aureus S. typhi
(40 pg/disc) (40 pg/disc) (40 pg/disc)

1 Ci16H3sPOS 06 09 07
2 [Cr(C16H34POS)3].H,O 10 08 10
3 K[Mn(C1sH3POS)3].Hz0 12 13 10
. [Fe(C1sHsPOS)].H,0 10 13 04
5 K[Co(C15H3,POS);] 20 15 10
6 KICU(C1sH3:POS)s].H:0 05 04 20

Ciprofloxacin (40 pg/disc) 24 22 22

Table 5. Antifungal activity of the ligand and its complexes.

Antifungal activity (zone of inhibition in mm)

No. Ligand /Complex/ Standard drug ( 4/8'“22;;) ( 4';‘ S;ﬁi ‘c) (Z(r)'igc;dlsfc)
C1sHasPOS 06 08 10
2 [Cr(C16H34POS)3].H,0 16 04 18
3 K[Mn(Cy6H34POS)3].H,O 14 13 15
4 [Fe(C16H34POS),].H,0 16 10 16
5 K[Co(C1sH3:POS)3] 10 26 17
6 K[Cu(C16H34POS)s].H,0 10 10 15

Griseofulvin (40 pg/disc) 24 23 26
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4. Conclusion

The ligand, Cyanex 302 behaved as an uninegative bidentate agent coordinating through
sulfur and oxygen atoms. Cr(I11), Mn(ll), Co(ll) and Cu(ll) ions have been found to form
octahedral complexes, but the Fe(Il) formed tetrahedral complex with the Cyanex 302. The
ligand and its Cr(lI1), Mn(ll), Fe(ll), Co(ll) and Cu(ll) complexes were tested for
antibacterial and antifungal activities and some compounds have shown very good
antibacterial and antifungal activities against Escherichia coli, Salmonella typhi and
Fusarium oxysporum.

References

1. M.B. Islam, R. K. Das, and M. N. Uddin, J. Bangl. Chem. Soc. 10, 131 (1997).

2. K.C. Sole, and J. B. Hiskey, Hydrometallurgy 30, 345 (1992).
http://dx.doi.org/10.1016/0304-386X(92)90093-F

3. K. C. Sole and J. B. Hiskey, Hydrometallurgy 37, 129 (1995).
http://dx.doi.org/10.1016/0304-386X(94)00023-V

4. N. Othmanl, M. Goto, and H. Mat, J. Teknologi, 42, 25 (2005).

5. T. K. Pal,and M. A. Alam, J. Sci. Res. 1, 647 (2009). DOI: 10.3329/jsr.v1i3.2259

6. M. M. H. Bhuiyan, and A. F. M. H. Rahman, J. Sci. Res. 3, 111 (2011).
doi:10.3329/jsr.v3i1.5419

7. A.S.EIl-Tabl, F. A. El-Saied, W. Plass, and A. N. Al-Hakimi, Spectrochim. Acta Mol. Biomol.
Spectrosc. 71, 90 (2008). http://dx.doi.org/10.1016/j.saa.2007.11.011

8. A. A A.Aziz, A N. M. Salem, M. A. Sayed, and M. M. Aboaly, J Mol. Struct. 1010, 130
(2012). http://dx.doi.org/10.1016/j.molstruc.2011.11.043

9. A. Tavman, J. Serb. Chem. Soc. 70, 1067 (2005).

10. G. G. Mohamed and N. E. A. EI-Gamel, Spectrochimica Acta Part A 60, 3141 (2004).
http://dx.doi.org/10.1016/j.saa.2004.01.035

11. M. B. Islam, M. Z. Haque, and M. S. Islam, J. Sci. Ind. Res. 42, 475 (2007).

12. J. Rockett, Appl. Spectrosc. 16, 39 (1962). http://dx.doi.org/10.1366/000370262774415967

13. R. R. Shagidullin, and I.P. Lipatova. Russ. Chem. Bull. 20, 940 (1971).
http://dx.doi.org/10.1007/BF00862199

14. R. M Silverstein, G. C. Bassler, and T.C. Morrill, Spectrometric Identification of Organic
Compounds (John Wiley and Sons, Singapore, 1991)

15. S. M. Abdallah, M. A. Zayed, and G. G. Mohamed, Arabian J. Chem. 3, 103 (2010).

16. N. H. Al-Shaalan, Molecules, 16, 8629 (2011). http://dx.doi.org/10.3390/molecules16108629

17. N. Mahalakshmi, and R.Rajavel, Inter. J. Pharm. Technol. 2, 1133 (2010).

18. S. J. Swamy, E. R. Reddy, D. N. Raju, and S. Jyothi, Molecules, 11, 1000 (2006).
http://dx.doi.org/10.3390/11121000

19. A. P. Mishra, and P. Gupta, J. Chem. Pharm. Res. 3, 150 (2011).

20. S. A. Shaker, H. A. Mohammed, and A. A. Salih, Aust. J. Basic Appl. Sci. 4, 5178 (2010).

21. M. Shebl, H.S. Seleem, and B.A. El-Shetary, Spectrochimica Acta Part A 75, 428 (2010).
http://dx.doi.org/10.1016/j.saa.2009.10.053

22. C. K. Modi, S. H. Patel, and M. N. Patel, J. Therm. Anal. Cal. 87, 441 (2007).
http://dx.doi.org/10.1007/s10973-006-7682-3

23. H. F. A. El-Halim, G. G. Mohamed, M. M. I. EI-Dessouky, and W. H. Mahmoud,
Spectrochimica Acta Part A 82, 8 (2011). http://dx.doi.org/10.1016/j.saa.2011.05.089

24. A.S. Munde, A. N. Jagdale, S. M. Jadhav, and T. K. Chondhekar, J. Serb. Chem. Soc. 75, 349
(2010).



http://dx.doi.org/10.1016/0304-386X%2892%2990093-F�
http://dx.doi.org/10.1016/0304-386X%2894%2900023-V�
http://www.banglajol.info/index.php/JSR/article/view/2259�
http://www.banglajol.info/index.php/JSR/article/view/5419�
http://dx.doi.org/10.1016/j.saa.2007.11.011�
http://dx.doi.org/10.1016/j.molstruc.2011.11.043�
http://dx.doi.org/10.1016/j.saa.2004.01.035�
http://dx.doi.org/10.1366/000370262774415967�
http://dx.doi.org/10.1007/BF00862199�
http://dx.doi.org/10.3390/molecules16108629�
http://dx.doi.org/10.3390/11121000�
http://dx.doi.org/10.1016/j.saa.2009.10.053�
http://dx.doi.org/10.1007/s10973-006-7682-3�
http://dx.doi.org/10.1016/j.saa.2011.05.089�

T. K. Pal etal. J. Sci. Res. 4 (2), 427-435 (2012) 435

25. J. Sanmartyn, M. R. Bermejo, A. M. Garya-Deibe, M. Maneiro, C. Lage, and A. J. Costa-Filho,
Polyhedron 19, 185 (2000). http://dx.doi.org/10.1016/S0277-5387(99)00341-1

26. G. G. Mohameda, N. A. Ibrahim, and H. A. E. Attia, Spectrochimica Acta Part A 72, 610
(2009). http://dx.doi.org/10.1016/j.saa.2008.10.051

27. S. M. Jadhayv, V. A. Shelke, S. G. Shankarwar, A. S. Munde and T. K. Chondhekar, J. Saudi
Chem. Soc., In press (2011).

28. B. S. Shyamala, P. V. A. Lakshmi, and V. J. Raju, Inter. J. Chem. Tech. Res., 2, 1332 (2010).

29. J. T. Makode, A. R. Yaul, S. G. Bhandage, and A. S. Aswar, Russ. J. Coord. Chem. 54, 1372
(2009).

30. S. M. Jadhav, A. S. Munde, S. G. Shankarwar, V. R. Patharkar, V. A. Shelke, and T. K.
Chondhekar, J. Kor. Chem. Soc., 54, 515 (2010).

31. Lutfullah, A. Umar, M. M. Rahman, M. M. Khan, and Y. B. Hahn, Turk J. Chem. 31, 179
(2007).

32. S. A. Shaker, Y. Farina, and A. A. Salleh, Eur. J. Sci. Res. 33, 702 (2009).
http://dx.doi.org/10.1183/09031936.00147208

33. S. A. Shaker, H. A. Mohammed, and A. A. Salih, Aust. J. Basic Appl. Sci. 4, 5178 (2010).



http://dx.doi.org/10.1016/S0277-5387%2899%2900341-1�
http://dx.doi.org/10.1016/j.saa.2008.10.051�
http://dx.doi.org/10.1183/09031936.00147208�

	3.2.  Magnetic susceptibility and electronic spectra

