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Abstract

A complex compound is an entity consisting of two or more molecular species, which interact in such
manner that they are being held together in a physically characterisable structural relationship.
Macrocyclic and macopolycyclic effects designate the great thermodynamic stability of macrocyclic
ligand complexes compared to non- macrocyclic analogues. The design of novel macrocyclic ligands
and their complexes is interesting in view of their use as models to elaborate the metal ions interaction
and to get an insight of the coordinating sites in metalloprotiens and in biological system. Hg(ll)
complexes of the type [HgX2L'°]X, where X=CI or NOs; L= macrocyclic ligands derived from
CsHsCOCOCsHs (2mmol) condensation with different aliphatic diamine (2mmol) have been
synthesized and characterized by elemental analysis, molar conductance, IR spectra and X-ray
photoelectron i.e. (XPS) spectra. An octahedral geometry is also established for each complex.
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Introduction

Mercury and its compounds are dangerous and insidious poison 4. It is a protoplasmic
poison. It can be absorb through skin and lungs and also through gastrointestinal tract.
Mercury compounds are toxic and 0.5g may be fetal. Mercury (1) fulminate may induce
dermatitis and mercury chloride may induce dermatitis. Mercury is used industrially to fill
fluorescent tubular lamps, AC rectifiers. Compounds of mercury is also used in various ways
e.g. mercury (1) fulminate is a detonator; mercury oxide as a germicide and fungicide
mercury (I) chloride forms part of standard electrode system and various organo mercury
derivative have pharmaceutical applications. Many scientific parts of equipment depend for
their working on mercury due to its unique combination of properties; they are thermometer
barometer, toiler pumps, temperature compensating pendulums, diffusion pumps, mercury
electrode, standard cells; gas and pressure regulators. The few mercury (I) compounds are
know but mercury (I1) compounds are well known e.g. pseudo halogen mercury (II)
complexes B mercury hydride [*4; halogen complexes of mercury (I1) [2521; mercury
oxide and mixed metal oxides ?>%; mercury alkoxide,mercury basic salts compounds 2423,
mercury (11) sulphides and mixed metal mercury (I1) sulphides ?5-8l: mercury compounds
linked with sulphur; mercury compound with nitrogen 2°-31; mercury(Il) with Phosphorus,
as donor mercury (1) with O-donors 2, Mercury (1) complexes with macrocyclic ligands
and bimetallic compounds of mercury (I1) have been synthesized and studied well. Recent
literature survey of past few decades reveals that very few mercury (1) compounds with
macrocyclic ligands are known e.g. mercury (1) complexes with N4S, macrocycles [#%l;
structural studies of polyether to mercury (1) halides B4 synthesis and structural
characterization of mercury complexes [#°; mercury macrocyclic complexes: synthesis and
crystal structure 8; mercury (I1) complexes with macrocyclic ligands derived from 2, 6-
diacetylpyridine; mercury (II) complexes with macrocyclic ligands derived from
diaminopropane or diaminobutane and hexanedione; mercury (Il) complexes and its
dinuclear complexes with macrocyclic ligands derived from [2+2] condensation of 2, 6-
diformyl -4-methylphenol with malanoyl dihydrazide. Few comprehensive reviews were also
published on synthesis, characterization and applications of mercury (1) complexes with
macrocyclic ligands 7531, Mukta et al have reported synthesis and spectral studies of
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[HgX,L11] (where X=Cl or Br or I; L=macrocyclic ligands)
derived from thio diglycolic acid and different aliphatic
diamines. Very recently V. K. Choudhary et al. 5*%1 have
synthesized and Characterized [HgXoL¥1°] type of
complexes with mercury ligands. This research paper deals
with synthesis and characterization of Hg (Il) complexes
with macrocyclic ligands derived from C¢HsCOCOCsHs and
different aliphatic diamines.

Experimental

The chemical CeHsCOCOCeHs (BDH); NHzCHzCHzNHz
(BDH); NH: (CHz)sNH. (BDH); NH (CHz)sNH; (BDH);
NHz CH2)5 NH2 (BDH), NH2 (CHz) 5NH2 (BDH), NH2
(CH2)7 NH; (BDH); NH; (CHz)g NH, (BDH); NH; (CHz)g
NH; (BDH); NH; (CHz)lo NH; (BDH); NH; (CH2)12 NH;
(BDH); HgCl, (Aldrich); HgBr, (Aldrich); Hgl, (Aldrich);
Methanol (BDH) were used after purification, distillation
and dried as given in literature. Melting points were
measured by using in sealed capillary tubes on melting point
apparatus. The C and H analysis were measured in CDRI
Lucknow. The chlorine and nitrogen were determined by
Volhard's % and Kjeldahl's method 571 respectively. Molar
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conductance were performed at room temperature on
systronic model 305 conductivity bridge in dry
acetone/DMF. FTIR spectra were recorded on Shimedzu 8
FTIR spectrophotometer in the range of 4000-200 cm-!
using Csl Pellets. VG scientific ESCA-II spectrometer was
used for recorded X-ray photoelectron spectra using Alka as
source 9, All the peaks were corrected for charging with
reference to Cls peak 284.8 eV and fitted with Shirley
background and a combination of Gaussian and Lorentzian
line-shapes using ESC Ape software.

Preparation of [HgX2L'1] complexes (where X=Cl or Br
orl)

In CgHsCOCOCsHs (2mmol) in methanol added different
aliphatic diamines (2mmol) i.e. NH2 (CH2)> NH2> or NH;
(CH2)3 NH; or NH; (CH2)4 NH; or NH; (CH2)5 NH; or NH;
(CHz)e NH, or NH>» (CH2)7 NH; or NH>» (CHz)g NH, or NH>»
(CHz)g NH, or NH>» (CH2)10 NH, or NH>» (CHz)lz NH, and
refluxed for 3hrs and then put HgX,(where X=ClI or Br or I)
(Immol) and refluxed again for 2hrs. The resulting
precipitate was filtered and recrystallised into benzene-per-
ethene and air-dried (Fig 1).

R. .0 R /s R

~cF methanal ¢ / xﬂ"".
Ca - i, c C.

R =g (2 mmol) R \}\\:\ N/./ ~R
2 mmol N
( ) E[{:ngﬁ'/f

reflux | H9Ch
2 h ar

P Hg(NO3)1 (1 mmol)
L'=n=2,R=CH; L"=n=2 R=CgHs
L?=n=3,R=CH; L'2=n=3 R=CgHs B _ACH2~__ ]
L*=n=4 R=CH; L"®=n=4 R=CgHs N X N
14=n=5R=CHy L"=n=5 R=CeHs Ra/ \¢ / N, R
L=n=6R=CH; L% =n=6,R=CgHg ¢ H b X
L*=n=7,R=CH; L%=n=7 R=CgHs C FI C.
L'=n=8R=CH; L"=n=8R=CgHs R\ / \ /TR
1=n=9,R=CHy L'"®=n=9 R=CeHs N X N
LP=n=10,R=CHs L'"=n=10, R=CgHs H“x{f:llgj;”
L0=n=12,R=CH; 1 ®=n=12,R=CgHs | N

e < Where, K = CHxy or CgHg and X = Cl ar NOs

Fig 1: Preparation of [HgX2L'1°] X Complexes

Results and Discussion

These newly synthesized [HgX2.L°] complexes were
dark-red solid and stable at room temperature. The
calculated and found elemental analysis for Hg, C, H and N
were observed within +- 0.5% range. The molar
conductance of each complex was found below 60 ohm-
fem?mol in DMF at room temperature suggesting nature of
each molecular adduct non-electrolyte. IR frequency for
9Hg-X and 9Hg-N were observed in the range of 340-315

cm? and 478-420 cm™ respectively [60-61]. The binding
energies (ev) for Hg3piz; N1s and Xnp (Xbp=Cl,p or
Brspiz or lspsp) photoelectron peaks for ligands; HgX
(where X= Cl or Br or 1) and [HgXzL %] complexes are
given in table I. Hgspiz,a2 photoelectron peaks binding
energies in the starting material each starting material i.e. in
HgX(X=Cl or Br or I), suggested X is coordinated with
HgX: (Fig.5-6).
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ﬂl (CH))H ﬂd

R X

\“‘c\ } ’/c/
Ok
C A ‘\ C

~ ~
N

N (CH?)H N

Where, R = CH; or CgH5 and X = Cl or NOj

Fig 2: Proposed structure of octahedral complex

Table 1: Hg3p3/2, %; N1s and Xnp Diving Ligands and their Complexes [HgX2.L110]

. Hg3puz,32

Sr. No. Ligand & Compound Hy3pu2 Ho3paz N1s Clep Br3pw2 | 13pse
1. Lt - - 400.8 - - -
2. L2 - - 400.8 - - -
3. L3 - - 400.8 - - -
4, L* - - 400.8 - - -
5. LS - - 400.8 - - -
6. LS - - 400.8 - - -
7. L’ - - 400.8 - - -
8. L8 - - 400.8 - - -
9. L® - - 400.8 - - -
10. [ - - 400.8 - - -
11. HgCl» 279.8 847.8 - 201.8 - -
12. HgClo.L! 278.6 846.6 402.8 | 202.8 - -
13. HgCl,.L? 278.6 846.6 402.8 | 202.8 - -
14. HgClo.L3 278.6 846.6 402.8 | 202.8 - -
15. HgClo.L* 278.6 846.6 402.8 | 202.8 - -
16. HgClo.L® 278.6 846.6 402.8 | 202.8 - -
17. HgCl..L® 278.6 846.6 402.8 | 202.8 - -
18. HgCla.L” 278.6 846.6 402.8 | 202.8 - -
19. HgCl..L8 278.6 846.6 402.8 | 202.8 - -
20. HgCl2.L® 278.6 846.6 402.8 | 202.8 - -
21. HgClo.L1° 278.6 846.6 402.8 | 202.8 - -
22. HgBr2 279.0 847.8 - - 189.6 -
23. HgBr2.L! 278.0 846.4 402.6 - 190.4 -
24, HgBr2.L? 278.0 846.4 402.6 - 190.4 -
25. HgBr2.L® 278.0 846.4 402.6 - 190.4 -
26. HgBr..L* 278.0 846.4 402.6 - 190.4 -
27. HgBr2.L® 278.0 846.4 402.6 - 190.4 -
28. HgBr.L® 278.0 846.4 402.6 - 190.4 -
29. HgBr2.L7 278.0 846.4 402.6 - 190.4 -
30. HgBr.L8 278.0 846.4 402.6 - 190.4 -
31. HgBr.L° 278.0 846.4 402.6 - 190.4 -
32. HgBr..L10 278.0 846.4 402.6 - 190.4 -
33. Hgl2 278.0 847.2 - - - 876.8
34, Hgla.L! 278.0 846.6 402.4 - - 877.4
35. Hgla.L? 278.0 846.6 402.4 - - 877.4
36. Hgl.L3 278.0 846.6 402.4 - - 877.4
37. Hglo.L* 278.0 846.6 402.4 - - 877.4
38. Hgl2.L5 278.0 846.6 402.4 - - 877.4
39. Hgl2.L® 278.0 846.6 402.4 - - 877.4
40. Hgl2.L” 278.0 846.6 402.4 - - 877.4
41. Hglo.L® 278.0 846.6 402.4 - - 877.4
42, Hgla.L® 278.0 846.6 402.4 - - 877.4
43. Hgla.L1° 278.0 846.6 402.4 - - 877.4
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Hg3p% photoelectron peak

[HgClL.L**]CI

(HgCl.L'?)Cl
[HgCla.L'$)Cl
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[HeCla.L'%)CI JL

(HgCL.LYCI

[HgCl2.L)Cl

[HgCl2.L'?)CI
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Fig 3: Hg3p'/2 binding energies (cV) of HgCl2 and [HgCl2 L] Complexes

Hg2pan photoelectron peak
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Fig 4: Hg2p312 binding energies (eV) of HgBr2 and [HgBr2 L% complexes
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Fig 5: N1s binding energies (eV) of CrCls and [CrCl2.L11°] complexes
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Fig 6: CI2p binding energies (eV) of HgCl2 and [HgCl2'°] complexes
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Fig 7: Br3p/ binding energies (eV) of HgBr2 and [HgBr2.L11°] complexes
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Fig 8: Hg2ps/2 bindings energies (eV) of HgBr2 and [HgBr2.L1%] complexes

~118 ~


https://www.chemistryjournal.net/

Journal of Research in Chemistry https://www.chemistryjournal.net

N1s Photoelectron peak

[Hgl.L'9)
(Heb.L’]
{Hgl>.L8]
(Hgl>.L7)
[Hgl2.L¢]

[Hgl22.L?)

[Hgl>.LY)

[Hgl2.L]

[Hgla.L?)

[Hgl.L']

Ligand (L"“L'%)

it

| | q

390 396 BE(eV) 402 408
Fig 9: N1s binding energies (eV) of CrCls and [CrCl2.L1%°] complexes
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Fig 10: CI2p binding enerigies (cV) of HgCl2 and [HgCl2.L1-*°] complexes
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[HgBr:.L'%
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Fig 11: Br3p'/2 binding energies (eV) of HgBr2 and [HgBr2.L*1%] complexes

Conclusion

On the basis of elemental analysis, molar conductance, IR
and XPS data, the structure of each complex may be
propose as given in fig.7.0 and an octahedral geometry may
be established for each complex.

References

1. Bid Strup PC. Toxicity of mercury and its compounds.
Amsterdam: Elsevier; c1964.

2. Broke R, Holmes A. Control of mercury metal in the
Laboratory. U.K. Atomic Energy Authority Research
Group. MED/R, 2350; ¢1958.

3. Sax NL, editor. Dangerous properties of industrial
materials. 3" Ed. New York: Reinhold; c1968.

4. Gray CN. Laboratory Handbook of Toxic Agents. 2nd
ed. London: Royal Institute of Chemistry; c1966.

5.  Woyckoff RWG. Crystal structure. 2" ed. Vol 1-V. New
York: Interscience; c1963-1965.

6. Zhdanov GS, Sanadze VV. Zhur. Fiz. Khim.
1952;26:469.

7. Zvonkova ZV. Zhur. Fiz. Khim. 1952;26:1798.

8. Jeffery JW. Nature. 1967;159:610.

9. K'uo-Hsiang Chau MA, Poraikoshit. Kristallo Grafoya.
1960;5:462.

10. Korozynski. Roczmiki Chem. 1962;36:1539.

11. Berg EW, Henle W. Z. Naturforch. 1951;61:461.

12. Ruff O, Bahlov G. Ber. Devt. Chem. Ges.
1981;51:1752.

13. Wells AF. Structure of Inorganic Chemistry. Oxford:
Oxford University Press; c1962.

14. Jeffrey GA, Vlasse M. Inorg. Chem. 1967;6:396.

15. Weiss, K, Damn K. Z. Naturforsch. 1954;96:82.

16. Ninkovic DV. Bull. Inst. Sci. Boris Kidri (Belgrade).

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.

32.
33.

34.

35.

36.

~120 ~

1959;7:81.

Malcic SS. Bull. Inst. Sci. Boris Kidri (Belgrade).
1959;9:115.

Maogillavry CH, Dewide JH, Vijvoe JM. Z. Krist.
1938;100:212.

Wyckoff RWG. Crystal structure. 2nd ed. Vol I-V. New
York: Interscience; c1963-1965.

Damm K, Weiss A. Naturforsch. 1955;108:536.

White JG. Acta Cryst. 1963;16:397.

Hoppe R, Rohroboun HJ. Z. Anorg. Allgem. Chem.
1964;329:110.

Schmidbaur H, Bergfeld M, Schindler P. Z. Anorg.
Allgem. Chem. 1968;363:73.

Aurivillius K. Acta Chem. Scand. 1960;24:2196.
Aurivillius K. Acta Chem. Scand. 1964;18:1305.

H. Hahn, Z.anorg. allg. Chem. 1951;264:184.

Niizeki N, Buerger MJ. Z. Krist. 1957;109:129.

Bradly DC, Kuncgur NR. J. Chem. Phys. 1964;40:258.
Tullock CW, Coffmann DD, Mvetterties EL. J Am.
Chem. Soc. 1964;86:357.

Burger H, Sawodny W, Wannagat U. J. Organomet.
Chem. 1965;3:113.

Lions F, Dance IG, Lewis J. J. Chem. Soc. A. 1967,
565.

Nanhe Bel DC. J. Chem. Soc. 1963; 738.
Park Sunhong, Lee SY, Lee SS.
2010;49:1238.

Rogers RD, Bond AH, Wolff JL. J. Coord. Chem.
1993;29:187.

Maria AAF, Carrondo DCT, Viotor F, Teresa D, Santos
MA. Polyhedron. 1993;112:931.

Byried KA, Dunster KR, Gahan LR, KJennard CHL,
Latten JL. Inorg. Acta. 1993;196:35.

Inorg. Chem.


https://www.chemistryjournal.net/

Journal of Research in Chemistry

37.

38.

39.

40.

41.

42,

43.

44,
45,

46.
47,

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Vance AL, Alcock NW, Busch DH, Heppert JA. Inorg.
Chem. 1997;36:5132.

Depree CV, Beckmann U, Heslof K, Brooker S. Dalton
Trans; c2003. p. 3071.

Beckmann U, Brooker S, Depree CV, Ewing JD,
Movbarakia B, Murray KS. Dalton Trans; 2003. p.
1308.

Defvan K, Livhva M, Ding J, YuYuan XX, Huang XY.
Polyhedron. 2000;19(2):217.

Deyvan K, Youvan X, Huang XY. Chin. J. Struct.
Chem. (Engl. Ed.). 2000;19(1):39.

Deyvan K, Linhva M, Lin S, Yuyuan X. Transit. Metal
Chem. 1999;24:553.

Brooker S, Dunbar GS, Weyhermuller T. Supramol.
Chem. 2001;13:601.

Brooker S. Eur. J. Inorg. Chem; c2002. p. 2535.
Brooker S, Davidson TC, Hay SJ, Kelly RJ, Kennepohi
DK, Plieger PG, et al. Coord. Chem. Rev. 2001, 216.
Deyvan K, Yuyuan X. Polyhedron. 2000;19(12):1527.
Llobet A, Martell AE, Martinez MA. J Mol. Catal.
1998;129:109.

Deyvan K, Yufeng Z, Mingquiang Z, Quan L, Yuyuan
X. Synth. React. Inorg. Met. Org. Chem.
2000;30(6):1057.

Cody JT, Hublin JT. Coord. Chem. Rev. 2010;254(15-
16):1661-1685.

Mewis RE, Archibald SJ. Coord. Chem. Rev.
2010;254(15-16):1686-1712.

E. Kent Barefield, Coord. chem. rev. 2010;254(15-
16):1607-1627.

Korybut-Daszkiewicz Bohdan, Bilewiczrenata and
Woznaiak Krzysztof, Coord. Chem. Rev., 2010;254(15-
16):1607-1627.

Korybut-Daszkiewicz Bohdan, Bilewiczrenata and
Woznaiak Krzysztof, coord. Chem. Rev. 2010;254(15-
16):1637-1660.

Chaudhary NK, Agarwal DK, Kumar A, Srivastava M.
JETIR. 2019;6(4):602-607.

Chaudhary VK, Agarwal DK, Kumar A, Srivastava M,
Rai K. SPIMR. 2021;11(3):83-95.

Vogel Al. A. Text Book of Quantitative Inorganic
Analysis, Longmans Green, ELBS, London; c1991. p.
302.

Vogel Al. A Text Book of Qualitative Inorganic
Analysis, Longmans, Green ELBS, London; ¢1991. p.
355.

Shekher Srivastava, Applied Spectroscopy. Rev.
1986;22:401.

Chaudhary CK, Chaudhary RK, Mishra LN, J Indian.
Chem. 2003;800:693.

Mahapatra BB, Saraf SK, J Indian. Chem. Soc.
2003;80:696.

Srivastava S, Gupta VB, Pandey Y, Tiwari SC. Oriental
Journal of Chemistry. 2011;27:325.

~121~

https://www.chemistryjournal.net



https://www.chemistryjournal.net/

