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Abstract:

The new Hexadentate complexes type [M(HsL3)]K were prepared from the condensation
reaction of Diphenylmonoxime and KOH with (Mn(Il), Co(ll), Ni(ll), Cu(ll), Zn(Il), and Hg(ll)) in
methanol with 3:1 ligand : metal ratio to give a series of new complexes of the general formula
[M(HsL3)]K (where: M(Il) = Mn ,Co ,N ,Cu ,Zn and Hg).All compounds have been Characterized
by spectroscopic methods [I.R, U.v-Vis, atomic absorption and microanalysis (C.H.N) along with
conductivity measurements. The stability constant K and Gibbs free energy AG were calculated for
[Co (HsLs)] K, [Ni (HsL3)] K and [Cu (HsLs)] K and complexes using spectrophotometer method.
The obtained values indicate that these complexes stable in their solution. From the above data the
proposed molecular structure for complexes (Mn(ll), Co(ll), Ni(ll), Cu(ll), Zn(ll), and Hg(ll)) is
octahedral structure about the metal ions.
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Introduction:

Vic-Dioximes have great importance since they are used as chelating agents because of their
stable complexes with transition metals. Transition metals complexes with Vic-Dioximes have attracted
attention of many researchers because of their similarity to vitamin B, (21 I (Fig-A) the spectra of
several chelates with four equivalent ligand atoms of unknown symmetry were better assigned in
tetragonal than in tetrahedral symmetry in each example considered.
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Oxim compounds and their complexes with transition metals play a great importance in medicine,
chemistry industry and biochemistry and chemistry 1. This in turn has stimulated research into the
coordination chemistry of ligands having other functions in addition to the oxime function ™!.One of
the analytical application of oxime compounds is their use as an organic precipitants for transition
metals ®! . Oxime amine compounds play an important role in Radiopharmaceuticals and related
nuclear medicine ®.In (2009) Ersin Guler synthesized unsymmetrical vic-dioximes: anilino-1-acetyl-
1-cyclohexeneglyoxime (C14H17N30,), benzylamino-1-acetyl-1-cyclohexeneglyoxime(CisH19N305), p-
toluidino-1-acetyl-1-cyclo hexane glyoxime (CisH19N30,) and Their transition metal complexes with
Ni(11) and Cu(ll) have been synthesized. *H n.m.r, conductivity measurements, magnetic properties, I.R
spectra, elemental analyses and thermal characterizations data of ligands and complexes are given 1.

Experimental:

Reagents were purchased from Fluka and Rediel — Dehenge Chemical Co. I.R spectra were
recorded as (KBr) disc using a Shimadzu 8300 FTIR spectrophotometer in the range (4000-400) cm’
! Electronic spectra of the prepared compounds were measured in the region (200-1100) nm for 10°M
solution in (DMF) at 25°C using a Shimadzu 160 spectrophotometer with 1cm™ matched quartz cell
.Elemental microanalyses were performed on a (C.N.H) analyzer, model 1106(Carlo-Erba).While metal
contents of the complexes were determined by atomic absorption (A.A) technique using a Shimadzu
A.A 680G atomic absorption spectrophotometer. Electrical conductivity measurements of the
complexes were recorded at 25°C for 10°M solutions in (DMF) as a solvent using a PW 9526 digital
conductivity meter.
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Synthesis of the complexes.
Synthesis of [Mn (HsL3)] K.

A 0.25¢g, (1.26 mmole) of (MnCl,.4H,0) was dissolved in (10ml) methanol. A solution of 0.861g
(3.78 mmole) of [H,L] in (10ml) methanol was added to the above mixture. The reaction was allowed
to reflux for (2 hrs), during which time the color of the mixture became a brown solution. The solution
was allowed for a slow evaporation and a brown precipitate was formed, m.p (160: C), Yield (30%),
(1.129).

Synthesis of [Co (HsL3)] K, [Ni (HsLs3)] K, [Cu (HsLs)] K, [Zn (HsLs)] K and [Hg
(HsL3)] K Complexes.

The method used to prepare these complexes was similar to that mentioned in the case preparation
[Mn (HsLs3)] K complex. Table (1) shows the stated weight of starting materials, % yield and some
physical properties of the prepared complexes.

Study of formation and stability of complexes:

The ratio L: M was determined by mole ratio method for that a series of solutions of constant
molar concentration (10 mol L™) of metal ions with a progressive increasing in color concentration of
ligand. The optical absorption was measured for each solution at (Amax) Of formed complex. Then the
ratio of M: L was evaluated by Mole-Ratio Method Fig. (4a).

A series of solutions are prepared which contain equal concentrations of a metal ion but different
concentrations of the ligand. The absorbance of each solution is then measured and a plot of the
absorbance against the ratio of the number of moles of metal ion to the number of moles of ligand, the
stoichiometric formula of the complex can be found by extrapolating the straight-line portions of the
graph, which is to say that the point at which these lines intersect corresponds directly to the ratio of
metal to ligand in the complex %,

Also the stability constant K and Gibbs free energy AG were calculated.

Results and discussion

The (I.R) spectrum for [H,L] Fig (2a), display band at (1491) cm™ due to the v(C=N) stretching
frequency for the oxime group . The band at (3233) cm™ is attributed to the v (O-H) stretching of the
oxime group. The strong bands at (1014) and (986) cm™ are attributed to v (N-O) stretching vibration.
While (U.V-Vis) spectrum of the ligand Fig (3a) showed two high intense absorption peaks at
(278 nm ),  (35971cm™)  ( ema = 1570 molar “t.cm™),(300 nm),( 33333 cm™),
(emax = 1514 molarcm™) which assigned to of (x —n*) and (n —7*) transitions respectively 12,

The reaction of ligand [H,L] with the metals [Mn(l1),Co(11),Ni(Il),Cu(lIl),Zn(11),and Hg(Il)] was
carried out in methanol under reflux. These complexes are stable in solution and electrolyte (1:1)
systems in DMF (Table-3). The analytical and physical data (Table-1) and spectral data (Table-2) are
compatible with the suggested structures.

The I.R spectra of complexes are presented in (Table-2). The I.R spectra of the complexes(1), (2),
(3), (4), (5) and (6) show the bands at 3286, 3367, 3255, 3379,3254 and 3369 cm™ respectively which
assigned to v (HO...H ) stretching vibration of the hydrogen bonding .This band was shifted to higher
frequency in comparison with that of the free ligand at 3233 cm™ 4 The strong band in free ligand
(H,L) at 1491cm™ for the oxime groups (C=N) was shifted to higher frequency by 1597, 1598, 1599,
1595,1600 and 1599 cm™ for the complexes (1), (2), (3) ,(4), (5) and (6) respectively ***"). Showing a
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reducing in the bond order. This can be attributed to delocalization of metal electronic density in the «
system of the ligand (HOMO-LUMO) 181,
Where  HOMO = highest occupied molecular orbital.
LUMO = lowest unoccupied molecular orbital

The strong v (N-O) stretching bands at (1014) and (986) cm™ for the free ligand are shifted markedly
to hi?her frequency by ca. (20) cm™, this is presumably due to coordinated (N-O) with grouP metal
ions %1, These results are a good agreement with those reported by Bigatto and co-workers % The
bands at (543-451) cm™ and (500-400) cm™ were assigned to v(M-N) and v(M-O) stretching,
indicating that the oxime nitrogen's and Oxygen of hydroxyl group were involved coordination with
metal ion 24?2,

The molar conductance data of the complexes in (DMF) (10°M) found in the range (35-51) Am
(Q'.cm®Mole ) (Table 3) which indicates that the complexes are electrolyte (1:1) ratio .

(U.V-Vis) spectra of complexes display absorption bands at the range (287-301) nm, which
assigned to the ligand field and charge transfer transition (24). In the Mn (1) complex (Fig-3b) the
band at (357) nm is attributed to d-d electronic transition of type (*Eg (G)+ °A.g). The bands present
in Co (1) complex at (608) and (671) nm were assigned to (‘T:g—"T>g), (*A,g—"T2g) respectively 4
(Fig-3c). In the Ni (11) complex the band at (374) nm may be assigned to (*T.g (p) < “T1g). While in
the Cu (11) complex the band at (430) nm is attributed to d-d electronic transition of type (°T1g (p)«
*A2g). The absence of d-d transition in the complexes (Zn) and (Hg) are due to the configuration (d°)
structure for the metal ions .The positions of the bands in (U.v-Vis.) spectra suggest a octahedral
structure to Mn(I1), Co(ll) , Ni(1l) ,Cu(lIl), Zn(I1) and Hg(ll).

The atomic absorption analysis and the chloride content results of the complexes are in a good
agreement with suggested formula [M (HsLs)] K .

The stability constant K and Gibbs free energy were calculated using the method shown above
in the experimental part (10) .the equilibrium of the complex metal ion and the ligand for 1:3 mole
ratios and K for this ratio is expressed by:

M, +3H,L — [M (HsL3)] ™ covvveeineeee, (1)

K= [M (HsLa)] g e 2)
[M™T[HL]
To calculate K, equation 2 was transformed into

o? C
Where C and a the concentration and degree of decomposition of the complex respectively The value o
were determined from the equation
o= (Am-As) | An
As and Am, are the absorption of the M: L =1:1, M: L=1:2, M: L=1:3, M: L=1:4 and M: L=1:5
respectively. The calculation of AG at 300°K was carried out according to following expression
AG =-2.303RT log k
Where R=8.31 J. mole™.K™* and T=300°K.
The obtained data is listed in table (4) which shows that the complexes are stable (AG < 0)
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and there stability increase in the order Ni (I1) > Co (Il) >Cu (Il) because The ionic radius is
decrease regularly from Ni to Cu and the crystal field stabilization energy (CFSE) for Ni(1l) more
than Co(11) and Cu(l1) 12!,
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Scheme (1): Preparation of the metal complexes
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Table (1) Analytical and physical data of the ligand and its complexes.

Weight of
. Metal metal chloride Found% (Calc.) %
Mp°C | mw chloride Color Weight of | Yield
Compound (dec) product %
(@)
g m mole

c H N Metal

2272 . (7492) | (572) | (6.16)

[HeL] White 7352 | 543 | 5.90
772.8 30 | (6521) | (4.65) | (5.43) | (7.10)
[Mn (HsLs)] K | 160 MnCl,.4H,0 brown | 025 | 1.26 1.12 65,00 344 & 29 698
776.8 brown 36 | (64.88) | (4.63) | (5.40) | (7.19)
[Co(Hsls)I K| 210 CoCLBHO | vy | 025 | 105 087 6477 | 450 | 537 | 603
[Ni (HsLs )] K 2710 | 7776 | NiCL,6H,0 | Mustard | 025 | 1.46 1 41 (64.42) | (462) | (5.40) | (7.54)
64.18 451 5.26 7.44
781.4 Deep 29 | (64.49) | (460) | (5.37) | (8.21)
[Cu(HsLs)]K | 170 CuCh2H0 | % | 025 | 146 1.22 6437 430 £ 50 802
7833 | ZnCl,. H,0 . 36 | (6443) | (459) | (5.36) | (8.35)
[Zn (HsLs )1 K 134 White 025 | 161 1.36 64.91 4.40 511 816
Hg Cl, pale 31 | (5487) | (3.92) | 457) | (21.8)
[Ho(HsLs)IK | 285 | g1g5 Yellow | 92% | 092 0.78 5460 | 386 | 418 | 2170

(Calc): Calculated

(dec.): decomposed

34




Journal of Kerbala University , Vol. 8 No.1 Scientific . 2010

Table (2) I.R spectral data of the ligand and its complexes

Compound
v( O-H) v (C-N) v( C-H) alph v (N-O) M-N Additional peaks
oxime oxime v( C-H) aroma M-O
[H.L] 2920(br) 987(s) v ( €=C) ring 1590
3233(w) 1491(w) 3030(w) 1014 (s) v (CH,)1387
3286(w) 1597(s) 2930(w) 988(s) 523(w) (C=C) ring 1492
[Mn (Hsls )] K 3075(w) 1069 (s) 500(w) K e
v (C=C) ring 1492
3367(br) 1598(sh) 2945(w) 1002(s) 543(s)
[Co (HeLs )T K 3055(br) 1035 (s) 404(w)
. 3255(w) 1599(sh) 2930(br) 987(w) 451(sh) (€=C) ring 1492
[NF (HsLs )T K 3035(br) 1016 (s)) 400(w) v rne
v (C=C) ring 1491
3379(w) 1595(br) 2890(br) 1013(w) 512(br)
[Cu (Hsls )TK 3085(br) 1042 (br) 500(w)
3254(br) 1600(s) 2930(W) 987(s) 487 (br) C=C) rinz 1491
[2n (HsLs )T K 3040(br) 1037 (w) 469(sh) v (¢=Qring
2910(Wr) 1014(br) 524(w) (C=C) ring 1551
[Ho(HsLs ) K 3369(w) 1599(s) 306a0(w) 1027 (br) 499(sh) v e
Recorded as KBr

s:strong  m:medium w:weak br:broad
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Table (3): Electronic spectral data, and conductance measurement for the ligand
[H.L] and its complexes

Emax Am
Compound A nm Molar assignments @'.cm®.Mole %)
Cm-1
T—T7
278 1578
[HoL] .
300 1514 n—mn
299 2429 Ligand Field
[Mn (H3L3 )] K
35.1
357 910 d-d transition
218 1864 Ligand Field
385 994 C.T
[Co (HsLs )] K 45
608 149 d-d
671 159 d-d
301 2501 Ligand Field
Ni (HsL3)] K
[Ni (HaLa)) 374 1246 d-d transition 41.1
297 1610 Ligand Field
320 1430 Ligand Field
[Cu (HsLs )] K
370 1100 cT 51.1
430 431 d-d transition
[Zn (HsLs)] K 298 1109 CT 48.3
[Hg (HsLs )] K 296 1332 Ligand Field 105
330 970 C.T '

Table (4) stability constant and AG at 300°K of complexes

compounds As Am a °K Log K AG
KJ/mole
[Co(HsL3) K 0.62 0.651 0.047 431416.9 5.634 - 32.346
[Ni(Hs;Lg)]K 1.25 1.29 0.031 1008324.66 6.003 - 34.465
[Cu(H3L3)IK 0.41 0.44 0.0681 200494.6 5.302 - 30,440
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Fig (2a) .The I.R. Spectrum of the ligand [H,L]

Fig (2b) .The I.R. Spectrum of the complex [Mn (HsLs)] K

37



Journal of Kerbala University , Vol. 8 No.1 Scientific . 2010

200 | =, o
'I‘r“". i
0.S00
CAIDINV D |
sy
+~000A [ — | 000N —— i
2Zn O 1000 (TNIWVI IO N L) 1100
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Fig (3b) .The U.V Spectrum of the complex [Mn (HsLs)] K in DMF (1x107° M)
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Fig (4a) The mole ratio curve to complex [Ni (HsL3)] K in solution (1x10 mole/L)
at (A= 374 nm)

38




Journal of Kerbala University , Vol. 8 No.1 Scientific . 2010

References:

1. J.Halpem, ""Science", (1985), 227, 4689, 869.

2. R.G.Finke,D.A.Schiraldi, and B.J.Mayer, Coord. Chem. Rev., (1984), 54, 2, 1.

3. K.Bowman,A.P.Gaughanand and Z.Dori, J.JAm.Chem.Soc ., (1972), 94, 727.

4. K. Burger, Organic Reagents in metal Analysis, (1973).

5. G.E.Efe and E.O.Schlemper, Polyhedron, (1992), 11, 2447.

6. V.K.Redddy, Indian, J.chem.Sect.A.Inorg, Bio.Inorg.Phys.Theor.Anal.Chem., (2000), 39, 557.
7. E.Deutsch,K.Libson and S.Jurisson,Prog.Inorg.Chem., (1983), 30,75,

8. M.Kimura, H.Sejma, H.OzasaandS.Yamagachi, PadiatricRadiology. (1998), 28, 92.

9. ERSIN GULER, J. Chil. Chem. Soc., (2009), 54, 2.

15.

16.

17.
18.
19.
20.
21.
22,

23.
24,
25.
26.

. 1983 e sall Aralan cdpms i 3 ¢ eabaad) By5e 3 MR pliaskl) G

. Socrates.G, Infrared Characteristic Group Frequencies, 1980.

. Kemp.W, Organic Spectroscopy, (1987), 2" Ed. 144.

. V.M.Parikh, Absorption spectroscopy of organic Molecules, Translated by Abdul Hussain

Khuthier,jasimM.A.AL-Rawi,and Mahammed A.AL-Iragi (1981).

. Robert M.Silver Schtein,Bassler and Morrill“Spectrophotometer Identication of Organic

Compound” Translated by Dr.Hadi Khazem,Awad,Dr.Fahad Ali Hussain and Subhi AL-Azawi,5"
Ed (1981).

Xishi Tai,Xianhong yin, Qiang chen,and Minyuta“Synthesis of some Transition Metal complexes
of a Novel Schiff Base ligand Derived from 2,2-Bis (P-Methoxy phenyl amine and
Salicylicaldehyde Molecules” , (2003), 8, 439.

A.A.EL-Bindary, A.S.AL-Shihri, A.Z.EL-Sonbouti, Designed Monomers and polymers, (2003),
6, 3, 283.

C. sousa, C. Freire, B. de costro, Molecules, (2003), 8, 894.

S.pinchas and D.Ben Ishai,J.Amer., Chem.,Soc, (1957), 79, 4099, 12.

Nakamoto .K, “Infrared Spectra of Inorganic and Coordination Compounds”  4™.Ed. 1996.
A.Bigatto, G.Costa, V.Galasso and G.Dealti, Spectro, Chem. Acta., (1970), 26, 19309.

Ferraro.J, Low Frquency Vibrations of Inorganic and Coordination Compounds, 1971.
Nanjappan.P; Ramalingam.K; Jurisson.S; Pirro.j; Diroxo.R; Narra .R.K; Newotinik.D.Pand
Nunn.A.D, 1992, Abstracts of papers , Ninth International Symposium on
Radiopharmaceutical Chem .

Geary.W.J, 1961, Coord .Rev. 7:81

Green Wood. N.N and A. Earnshow, Chemistry of the Elements, 1998.

Lever.A.B.L, 1968, Inorganic Electronic Spectroscopy .

Irving, H.M.N.H; Williams, R.J.P. J. Chem. Soc., (1953), 3192.

39



