
 
 

Correspondence: 
E-mail: shekhsri@rediffmail.com 
Tel: o******* 

Contents lists available at Article URL 

KKU Journal of Basic and Applied Sciences  
Journal homepage: jbas.kku.edu.sa 

Vol 1, 2 (2015) 38-45 

P a g e  | 38 

 

Synthesis and characterization of [ML] (PF6)2 complexes: An 

photoelectron spectroscopic studies 
 

Dharmendra Kumar Sahua and Shekhar Srivastava*a 

Department of Chemistry, University of Allahabad, U.P., INDIA  

 

Keywords:  

1. INTRODUCTION 

Although many organoselenium (IV) compounds have been 

reported, organoselenium (II) compounds are 

comparatively less known1-9. The macrocycles containing 

heavier chalocogens are very few and mixed donor 

macrocycles containing Se/Te as donors are still rare. The 

complexation properties of homoleptic cyclic selenoethers 

such as [8]ane Se2 ; [14] ane Se4 ; [16]ane Se4; [24] ane Se6 

with transition metal ions have been well studied10-13. The 

main group metal ions (III), Sb(III) and Bi (III) 

Complexation properties with these selenoether 

macrocycles have been also studied14-17. The first mixed 

donor selenium macrocycle and its complexation properties  

with Ni and Cu18, the novel macrobicyclic cage 

incorporating N and Se as donor site and its complexation 

with Co19 (III) ; the first selenocrown ethers and its 

coordination behaviors with metal ions,20 and heavy metal 

ions, and other many selenocrownethers and its 

complexation behaviour with metal ions have been well  

studied21-37. This paper deals with the preparation of twelve 

new Se2N4 selenium containing macrocyclic Schiff base 

ligands and their interaction with MX2 salts (M= Ni2+ and 

Cu2+) to know the donor ability of selenium atom through 

these new twelve prepared macrocyclic ligands. 

2. EXPERIMENTAL 

Preparation of selenium containing macrocyclic ligands 

The preparation of the ligand is given in the scheme-1 

below. 2-amino-3-methyl-napathalene was used as starting 

material. o-bromo-naphathaldehyde were prepared by 

following the reported procedure38. n-Butyl - Lithium was 

added to o-bromo naphathaldehyde acetal in ether at room 

temperature as reported by Piette and Renson39 and stirred 

for 15 minutes to get o-lithio-naphathaldehyde acetal as a 

cludy white slurry. Subsequently, Se(dtc)2 was added and 

the reaction mixture was stirred for 1 hr. at room 

temperature in case of Se precursor. The reaction mixture 

was extracted with ether. On evaporation of the solvent the 

compound was separated out. The deprotection of aldehyde 

group was performed by refluxing the acetal with 

concentration HCl40. This bisaldehyde was used as the 

precursor for the preparation of the macrocycles using the 

reported procedure41-42 as given below. 

To a solution of 27.6 g (0.1 mol) of ethylene acetal of o-

bromonephathaldehyde in 200 ml of ether at - 15 - 20oC was 

added dropwise under stirring a solution of n-butyllithium, 

obtained from 17.8 g (0.13 mol) of n-butyl bromide and 2.1 

g (0.3 mol) of lithium in 250ml of ether at - 30oC. The 

mixture was allowed to warm till room temperature and 

added portionwise  19.1g (0.05 mol) of Se(dtc)2. The 

mixture was heated for 20-30 min. with stirring, cooled and 

poured over 500 ml of ice-water, filtered. The ether layer 

separated, dried over CaCl2 and ether was evaporated in air. 

The liberated n-butyl  bromide during the exchange reaction 

was removed under vacuum till all the remain solidified. 

18g (85%) yield of this product was obtained as yellow 

crystalline substance. Three times recrystallisation from a 

mixture of acetone-pentane (2:1) gave large colourless 

crystals. 

Then in a 250 ml 3-neck flask equipped with condenser and 

stirrer the above amount (18g) of bis-ethylene acetal of the 

bis-naphathaldehyde selenide was dissolved in a mixture of 
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solvent (25 ml CCl4 + 25 ml methanol). To this mixture 

15ml of 6N-HCl was added and mixture heated under 

vigorous stirring for 1hr. 40ml of water was added and the 

mixture was further refluxed under stirring for sometime. 

The reaction mixture was transferred to a separatory  funnel, 

washed 2-3 times with water, the organic layer was 

separated and dried with a little benzene azeotropically. The 

excess of CCl4 was distilled off to reduce the volume up to 

20ml and the product was precipitated by the addition of 

hexane and strong cooling. Bright-yellow crystalline 

product with m.p. 156 (from CCl4) yield 12g (95%). 

Preparation of Azaseleno Macrocyclic Ligands 

(L1toL12). 

2 mmol of bis-naphathaldehyde selenide in dry methanol 

was added 2 mmol of different diamines i.e. 1,5- 

Carbohydrazine or 1,5 - thiocarbohydrazine or 1,3-

diaminopropane or 1,2-diaminopropane or 2-2- dimethyl 

1,3-diaminopropane or diethylenetriamine or 1,6 

diaminohexane or 1,7-diaminohepane or 1,8-

diaminooctane or 1,9-diaminononane or 1,10-

diaminodecane and 1,12-diaminododecane. This mixture 

was refluxed for 4 hrs. and white precipitate was obtained, 

which was filtered and recrystallised in benzene and 

petether. 

 

Figure 1. Structure of Ligand (L)  

1 WHERE 

L1 =  R  =  -NH-CO-NH- 

L2 =  R  =  -NH-CS-NH- 

L3 = R = -CH2CH2CH2- 

L4 = R = -CH2CH(CH3)CH2- 

L5 = R  = -CH2C(CH3)2CH2- 

L6 = R = -(CH2)2NH(CH2)2- 

L7 = R = -(CH2)6- 

L8 = R = -(CH2)7- 

L9 = R = -(CH2)8- 

L10 = R = -(CH2)9- 

L11 = R = -(CH2)10- 

L12 = R = -(CH2)12- 

These all prepared azaseleno macrocyclic ligands L1 to L12 

are characterised by M.P., elemental analysis and IR data 

(Fig. 1). 

Preparation of metal complexes 

The reaction of 1 mmol of NiCl2 or PdCl2 with 1m. mole of 

ligand L1 or L2 or L3 or L4 or L5 or L6 or L7 or L8 or L9 or 

L10 or L11 or L12  refluxing in methanol followed by the 

addition of excess of NH4PF6 gave air stable complexes. 

The complexes were recrystallised by diffusion of  MeNO2 

solution into these complex solution. (Fig. 2) (Scheme 2). 
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Scheme-1 
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Figure 2. Structure [ML] (PF6)2 

(where M= Ni2+ or Cu2+; L = L1 to L12)  

Where  

L1 =  R  =  -NH-CO-NH- 

L2 =  R  =  -NH-CS-NH- 

L3 = R = -CH2CH2CH2- 

L4 = R = -CH2CH(CH3)CH2- 

L5 = R  = -CH2C(CH3)2CH2- 

L6 = R = -(CH2)2NH(CH2)2- 

L7 = R = -(CH2)6- 

L8 = R = -(CH2)7- 

L9 = R = -(CH2)8- 

L10 = R = -(CH2)9- 

L11 = R = -(CH2)10- 
L12 = R = -(CH2)12- 

Characterizations 
The elemental analysis for C,H and N were 

determined on a semimicro scale at central drug 

research institute  

 
Structure [ML](PF6)2 complex M= Ni2+ and Cu2+ 

Lucknow in India. Molar conductances of all the 

complexes were measured at room temperature in 

acetone by Digisum electronics Conductivity Bridge. 

Infrared Spectra of all these prepared complexes were 

recorded in KBr  and CsI on Perkin-Elmer 457 

spectrometer. The X-ray photoelectron spectra i.e. 

XPS were recorded on a VG scientific ESCA-3 MK II 

electron spectrometer. The MgKα X-ray line 

(1253.6eV) was used for photoexcitation, The Cu2p3/2 

(BE=932.8 )2.0  and Au4F7/2 (BE=83.8 )1.0  lines 

were used to calibrate the instrument and Ag3d5/2 

BE=368.2) was used for cross-checking43. All the 

spectra were recorded using the same spectrometer 

parameter of 50 eV pass energy and 4mm slit width. 

The reduced full width at half maximum (FWHM) at 

the Au4F7/2(BE=83.8 eV) level under these conditions 

was 1.2eV15. The powdered sample was mixed with 

high purity silver powder to reduce the charging 

effect. A thin layer of such a sample was pressed on 

gold metal gauze which was welded to a nickel sample 

holder. The Ag3d5/2 level (BE=368.2ev) obtained 

from this sample was sharp and did not show any 

observable shift. Thus the charging of the samples if 

at all present was negligible. The spectra were 

recorded in the triplicate. In most of the cases the 

binding energies were reproducible within ± 0.1 eV43.  

3. RESULTS AND DISCUSSION 

All the prepared metal complexes were soluble in 

MeCN, MeNO2, acetone, DMSO and DMF and stable 

in air. The elemental analysis were within range of 

0.5%. The molar conductivity of these complexes 

suggested the formula of the 1:2 electrolyte44. 
The IR spectra of these ligands give a band in the region 

1620-1600 cm.-1 due to c=N vibrations and a more in the 

region 3300-3200cm-1 in L1 and L2 only due to N-H 

vibrations45-46. In these prepared complexes [ML] (PF6)2; 

the c=N appeared at higher frequency side ca 1640-1610 cm-

1 than the ligand, while N-H vibration appeared at the same 

position as in the ligand, [ML1] (PF6)2 and in [ML2] (PF6)2 
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only, suggested that both C=N groups coordinated to metal 

ion but both-NH group are uncorrdinated to metal ion in 

[ML1] (PF6)2 and in [ML2] (PF6)2 . The peaks at 840 and 

557 cm-1 correspond to  F-P-F and F-P-F stretching 

frequency42. The Se3p½, N1s Ols and S2p binding energies 

(eV) in ligand, [NiL] (PF6)2; and [CuL] (PF6)2 where L=L1 

or L2 or L3 or L4 or L5 or L6 or L7 or L8 or L9 or L10 or L11 or 

L12 are lised in table 1 and 2. The Se3p½ binding energies 

were found. 

Table 1. Se3p½ binding energies (eV) in Ligand (L1to L12) 

and [ML] (PF6)2 complexes where M=Cu2+& Ni2+ 

 

Sr. 

No. 
Ligand and complex Se3p½ 

1. L1 168.2 

2. [NiL1] (PF6)2 169.2 

3. [CuL1] (PF6)2 169.2 

4. L2 168.2 

5. [NiL2] (PF6)2 169.2 

6. [CuL2] (PF6)2 169.2 

7. L3 168.2 

 

8. 

 

[NiL3] (PF6)2 

 

169.6 

9. [CuL3] (PF6)2 169.6 

10. L4 168.2 

11. [NiL4] (PF6)2 169.8 

12. [CuL4] (PF6)2 169.8 

13. L5 168.2 

14. [NiL5] (PF6)2 169.6 

15. [CuL5] (PF6)2 169.6 

16. L6 168.2 

17. [NiL6] (PF6)2 169.8 

18. [CuL6] (PF6)2 169.8 

19. L7 168.2 

20. [NiL7] (PF6)2 169.8 

21. [CuL7] (PF6)2 169.8 

22. L8 168.2 

23. [NiL8] (PF6)2 169.8 

24. [CuL8] (PF6)2 169.8 

25. L9 168.2 

26. [NiL9] (PF6)2 169.6 

27. [CuL9] (PF6)2 169.6 

28. L10 168.6 

29. [NiL10] (PF6)2 169.6 

30. [CuL10] (PF6)2 169.6 

31. L11 168.8 

32. [NiL11] (PF6)2 169.8 

33. [CuL11] (PF6)2 169.8 

34. L12 168.8 

35. [NiL12] (PF6)2 169.8 

36. [CuL12] (PF6)2 169.8 

 

much higher in [ML] (PF6)2 complexes than the 

ligand, suggesting donation of lone pair from selenium 

atom of the ligand to metal ion forming coordinate 

bond43 (Table 1) (Fig 3). Furthermore, in  [ML1] (PF6)2 

and [ML2] (PF6)2 complexes Nls peak have shown two 

symmetrical peak-one on the same position as in 

ligand and other towards higher BE side; assigned as 

nitrogen of -NH group and other as -C=N group 

respectively43 (table 2) (Fig 4). The O1s and S2p 

binding energies were observed same as in ligand in 

[ML1] (PF6)2 and [ML2] (PF6)2 metal complexes, 

suggesting non-involvement of oxygen and sulphar in 

the bonding from -C=O group and -C=S group5 (Fig 5 

& 6). 

Table 2.  N1s, O1s and S2p binding energies (eV) in 

ligand and their [ML] (PF6)2 complexes   

Sr. 

No. 

Ligand and 

complex 

N1s 

O1s S2p Uncoordinat

ed 

coordi

nated 

1. L1 
401.2 (-NH) 
402.6 (C=N) 

- 532.6 - 

2. [NiL1] (PF6)2 401.2 (-NH) 403.6 532.6 - 

3. [CuL1] (PF6)2 401.2(-NH) 403.6 532.6 - 

4. L2 
401.2 (-NH) 

402.6 (C=N) 
- - 166.4 

5. [NiL2] (PF6)2 401.2 403.6 - 166.4 
6. [CuL2] (PF6)2 401.2 403.6 - 166.4 

7. L3 402.6 (C=N) - - - 
8. [NiL3] (PF6)2 - 403.8 - - 

9. [CuL3] (PF6)2 - 403.8 - - 

10. L4 402.6 (C=N) - - - 
11. [NiL4] (PF6)2 - 403.8 - - 

12. [CuL4] (PF6)2 - 403.8 - - 

13. L5 402.6 (C=N) - - - 

14. [NiL5] (PF6)2 - 403.8 - - 

15. [CuL5] (PF6)2 - 403.8 - - 

16. L6 402.6 C=N - - - 
 

17. 

 

[NiL6] (PF6)2 

 

- 

 

403.8 
63 

- 

 

- 

18. [CuL6] (PF6)2 - 403.8 - - 
19. L7 402.6 C=N - - - 

20. [NiL7] (PF6)2 - 403.8 - - 

21. [CuL7] (PF6)2 - 403.8 - - 
22. L8 402.6 (C=N) - - - 

23. [NiL8] (PF6)2 - 403.8 - - 

24. [CuL8] (PF6)2 - 403.8 - - 
25. L9 402.6 (C=N) - - - 

26. [NiL9] (PF6)2 - 403.8 - - 

27. [CuL9] (PF6)2 - 403.8 - - 
28. L10 402.6 (C=N) - - - 

29. [NiL10] (PF6)2 - 403.8 - - 

30. [CuL10] (PF6)2  403.8 - - 
31. L11 402.6 (C=N) - - - 

32. [NiL11] (PF6)2 - 403.8 - - 

33. [CuL11] (PF6)2 - 403.8 - - 
34. L12 402.6 (C=N) - - - 

35. [NiL12] (PF6)2 - 403.8 - - 

36. [CuL12] (PF6)2 - 403.8 - - 

 

 
Figure 3: Se3p1/2 binding energies (eV) in ligand (L1) 

and [ML1](PF6)2 complex N1s PhotoelectronPeak 

Uncoord. (-NH) and coord.(-C=N) 
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Figure 4: N1s Binding energies (eV)in ligand (L1) 

and [ML1](PF6)2 complex 

 
64 

Figure 5: O1s Binding energies (eV)in ligand (L1) and 

[ML1](PF6)2 complex (M=Ni2+ and Cu2+) S2p  

photoelectron peak 

 
Figure 6: S2p binding energies (eV) in Ligand (L2) 

and [ML2](PF6)2  complexes (M=Ni2+and Cu2+) 

 

4. CONCLUSIONS 

On the basis of elemental analysis; molar conductivity 

data; IR and XPS data, it was concluded that in [ML] 

(PF6)2 complexes (where M=Ni2+ and Cu2+) both 

selenium atoms and all four nitrogen atoms are 

coordinated with metal ion forming octahedral 

geometry as shown in Fig 1 (in case of [ML1] (PF6)2
 

oxygen atom and in [ML2] (PF6)2
 sulphur atom are not 

coordinated with metal ion). 
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