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Abstract: The well-established salen-type complexes [MJM = Co(ll), Ni(ll) or Cu(ll); L' = N,N"-bise-
hydroxynaphthyl)phenylene-1,2-diamin€'2LN,N'-bis-hydroxynaphthyl)ethene-1,2-diamine or the binuclea
Cu(ll) complex [Cu(™M)],(H.L" = 4-[3-(3-hydroxy-1-methyl-but-2-enylideneamino)eptylimino]-pent-2-en-
2-0l) interact as ligand with the main group hatid&aC}, InCl, SnCl, or 4d- ZrC} forming 1:1 or 1:2
heterometallic adducts. Characterization of thes@apounds was achieved using elemental analysesr mol
conductivity, magnetic moments measurements, sgegimfrared, electronic, EPR) studies and thermal
analysis. All these data reveal the adduct formattivough the donor site of Schiff base O- atontsthe metal
halides as an acceptor. The adduct decompositemssivith the dissociation of metal-halogen bontde T
conductivity and activation energy were evaluated éound to depend on the molecular structure ef th
complex as well as the ionic potential of the maial
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Introduction

Multidentate Schiff bases have been widely usetigasids, because they can be easily attached to
metal ions due to high stability of coordinatiommgmunds. The significant research efforts in theigieand
synthesis of heterometallic complexes are stimdldg their applications [1,2]. However, the fornoatiof
multimetallic transition metal complexes involvipglydentate and compartmental ligands offers aroitapt
route for the construction of new types of magnetiaterials, development of catalytic reagents nmodél
metalloenzymes and the construction of metallo auptecular architectures. In present days the polgar
complexes are being used as luminescent compo@hdsransition metal complexes with tetradentathifsc
base ligands had been extensively investigatedhrformation of heterodinuclear complexes of thaet
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(MZnL)(ClO,)..nH,O (M = Cu, Ni or VO, L is a tetradentate Schiff g®,3]. In order to construct such
heterometallic complexes, one of the best stragegi¢he ‘complex as ligand’ approach, i.e., utiiza metal
complex (Schiff base metal complex) as a liganddordinate with an appropriate additional metal (omin
group halides]4]. The adduct formation of zinc Schiff base complep@¥?2,3-salpyr)] and [Zn(3,4-salpyr)]
where salpyr = N,N’-bis(salicylidene)-2,3- and 8i#ninopyridineas donowith some organotin chlorides as
acceptors have been reported [5]. Synthesis anstatrgtructures of diimine complex of Cd(ll) tetra
hydroquinoline-dithiocarbamate and use of (1,10-enamthroline) bis (1,2,3,4-tetrahydroquinoline-
carbodithioato-S,S")-cadmium(ll) for the prepamtad CdS nanorods have been studied [6]. Novel atoime
adducts of Sn(IV) have been synthesized by thdiogaof R,SnCl (n = 1-3, R = Ck n-C4Hg, CeHs, CeH11)
with 2-((3,5-dimethylphenylimino)methyl) phenol (HLThe ligand and adducts have been screened dor th
biological activities, including DNA interactionneymatic, antibacterial, antifungal and cytotoxicétudies
[7]. Complex formation of many organic compoundaysl an important role in the field of conductiom A
increase in the conductivity values is observed nwimeetal ions are incorporated into the electron
delocalization of the organic compound. The redaurctif conduction is noted if localized bond betwewsstal
ions and organic compound is created [8, 9].

In the present article the synthesis and chalaatem of molecular adducts resulting from the
interaction of Ga(lll), In(ll), Sn(IV) and Zr(IVEhlorides with transition metal complexdg. [M(L""] (M =
Co(ll), Ni(I) or Cu(ll); L'=N,N"-bis(o-hydroxynaphthyl)phenylene-1,2-diamine'=N,N'-bis-hydroxy
naphthyl) ethene-1,2-diamine or the binuclear Guidimplex [Cu(L"),] (H.L" = 4-[3-(3-hydroxy-1-methyl-
but-2-enylideneamino)-phenylimino]pent-2-en-2-olvh been studied by different analytical and spéctr
tools. The electrical conductivity as well as #utivation energy of the current compounds was elsiluated.

Experimental
Materials

2-hydroxy-1-naphthaldehydey-phenylendiamine, ethylenediamine, acetylacetoire,tdtrachloride,
zirconium tetrachloride, indium trichloride, galtutrichloride, methanol, ethanol and DMF were aledifrom
Aldrich, and used without further purification.

Synthesis of Compounds

The Schiff bases (tL") and their complexes with Cu(ll), Co(ll) and N)(lwere prepared by the
previously reported methods [10,11].

Synthesis of adducts

The studied adducts were prepared by mixing anihstthe Schiff base complexes of Cu(ll), Co@hd
Ni(ll) as ligand with the respective metal chloridedry chloroform under a dry nitrogen atmosphiaré:1 or
1:2 (L:M) molar ratio. After several hours a brigialid (light-dark brown for copper, red for nicketd brown
for cobalt) was obtained, filtered off, washed sal@mes with dry chloroform and finally dried uverdvacuum
over RBOq,.

Physical Measurements

All the synthesized compounds were analyzed feirtl®, H, N and Cl contents at Microanalytical
Center, Cairo University, Giza. Metal content ie tomplexes and adducts was estimated by standzibds
[12]. The molar conductance of the current compsunere performed on freshly prepared {M) DMF
solution with a Ttoshniuval conductivity bridge. #pectra were recorded as KBr discs on a PerkireE&88
Spectrophotometer (4000-200 ¢tmange). UV-Vis. spectra were recorded in DMF sohutusing a Pye-
Unicam Sp-8000 Spectrophotometer. Magnetic measemesmvere carried out at room temperature by Guoy’s
method. The EPR spectra were recorded using a naialO09C model X-band spectrometer.
Thermogravimertic (TG) analyses were carried outgia Shimadzu DT-50 thermal analyzer with heatatg
of 10 °C/min, the differential thermal analysed'®&) were carried out in air using a Shimadzu XDtbérmal
analyzer, with heating rate of 10 °C/min and tamgle weight was 12 m@he electrical conductivitys) of
the compound were measured in air at the temperatamge 35-100C using a super Magohmmeter
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electrometer (model RM 170) the samples were pdesat discs of diameter 13 mm and thickness 13 m
under pressure of 300 kg @mGood contact of electrodes with the surfacesefdisc was obtained by pain-
ting the surfaces carefully using silver paste. Tdmaperature was measured using digital thermonpddeed
close to the sample. The currents (1) at differapplied voltage (V) were measured at room tempezatiu
establish the I-V characteristics of the metal clexgs.

Results and Discussion

The prepared compounds were characterized by usrnigus physical and analytical methodg.
elemental, molar conductance, magnetic suscepyibiR, EPR and UV-Visible. All these data revehét
adduct formation through the donor site of Schesé O- atoms and the metal halides as an accdjter.
elemental analyses and the molar conductivitied @M DMF solution of compounds$-12are listed in Table
1. The conductance values are in the range 9.93@n? mol* which is quite near to values for non-
electrolytes in 18 M DMF solution. This shows that they are stable &etce dot undergo ionization.
Adducts13 14 have limited solubility in DMF due to their dimemature.

As a result of adduct formation the azomethimegdiency observed at 1620 “tin the parent Cu(ll),
Ni(ll) and Co(ll) complexes are shifted to higheeduency 1640-1630 chmsuggesting a steric strain in O-N-
N-O sequence [2]. The phenolic oxygg(€-O) observed at 1540-1550 ¢rim the parent complexes is shifted
to higher (1565-1575 ch) frequency, suggesting that the phenolic oxygenaating as the bridges in the
current adducts [2]. The shift is generally coesédl as diagnostic of adduct formation [13]. Thedssat 300—
350 cmt were assigned to th&éM*—Cl) bond [7]. The adduct formation also supjeor by the appearance of a
new band near 800 cfof di- oxo bridged ring vibration [14].

Magnetic Moments and Electronic Spectra

The magnetic moments for adducts @eorded in Table 1. Thevalues for the Cu(ll) adducts are in the
range 1.77 - 1.84 BM. These correspond to one wegbadlectron. The appearance of only one bandeén th
electronic spectra around 700 nm with two shoulderseither side at 540 and 860 nm is charactergdtic
distorted square-planar geometry [15]. The diamiagmpeoperties of all Ni(ll) adducts indicated thequare-
planar geometry. The electronic spectra show tteabsorption bands of Ni(ll) complex occur aro626 and
410 nm. The lack of any electronic transitionaaiger wavelengths indicates large crystal-fieldttspd and is
consistent with square-planar geometry for thelNa@mplexes [16]. The observed magnetic momehthe
Co(ll) adducts fall within the range 2.58-2.68 Blifenoting low spin square planar Co(ll) complexese T
electronic absorption spectra of these adducts tvawdoands around 660 and 600 nm characteristicjoére-
planar Co(ll) complexes [17].

Electron Paramagnetic Resonance Spectra

The tensor value (g) of copper complexes can leel s derive the ground state. The X-band EPR
spectra of [Cu(ll)l] complex as well as its adduct®,4 were recorded at room temperature using DPPH as a
reference standard. All spectra are anisotropictgpidally of axially symmetric monomeric Cu(ll) ogplexes
exhibiting distorted square planar geometry with>gpr and d,.,, ground state [18]. g|| values are 2.166
Cu(l)L', 2.201Q), 2.201@), 2.1714). The g|| values are found to be nearly the sameatidy that the bonding
is dominating by the same coordination sites i.eOXN The g|| value is an important function for aading
covalent character of M-L bonds [19]; for ionic cheter g|| > 2.3 while for covalent character @3 In the
present compounds, the g|| is less than 2.3 imdicappreciable covalent character for the Cu-Ldoon

Thermal Studies

The DTA curves of some selected adducts nanielg, 4, 5, 8, 9 and 13 (Table 1S) show three
exothermic peaks, the TG weight loss of the fitatye corresponds to loss of chloride fromQ\4, the second
stage indicates the partial decomposition of odigand and the third stage corresponding to cetapl
decomposition together with the formation of mixadtal oxide as final product. If the initial temptre of
the decomposition ste@gble 1S)is taken as a measure of the thermal stabilitieadducts, the following
features can be observed:
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i-The thermal stability for the adducts of thealigl L' increases with increasirige atomic radii of
transition metal (Fig.1) and follows the order, Qu¢ Co(ll) > Ni(ll). The observed higher thermstibility of
copper(ll) adduct may be attributed to the faat @o(ll)-d’and Cu(ll)-d have ligand field stabilization energy
due to Jahn—Teller effect. Also, Cu(llj4ddas more Jahn—Teller effect than Co(l1)l.

ii-The lower thermal stability of the Cu(llfLadduct9 (300°C) compared to Cu(lljladductl (320°C) may be
attributed to the difference in diamine bridged-€sH,, compare to -CKCH,- i.e., conjugation increases the
thermal stability.

jii- L" adductl3 shows higher thermal stability than those of ldgt and L', i.e. (adductd and9). This can
be attributed to the dimeric structure of addigas well as the presence of four membered chéfags with
higher degree of conjugation [20]. Based on thesaltata, adducts structure may be formulated &sifsi
(Scheme 1).

CH=N__  N=— CH

M/
K Y
M
cl” | ~cl
Cl

1 R= 0'C6H4,M:CU, M*:Sn,X:CI
2 R =0-CgH,, M =Cu, M* = Zr, x = CI
3 R =0-CgH,4, M =Cu, M* = Ga, x = nil cl
cl cl
4 R=0-CgHs M =Cu, M*=1n, x = nil ™ h‘,. -
CH, S CH,
5 R =0-CgH,, M = Ni, M*=Sn, x = Cl /%0\ _—0 '
: cC—N" M TN=—C
6 R:O'C6H4,M:N|, M*:Zr,X:CI CH3/ \CH3
7 R =0-CgH4, M = Ni, M* = In, X = nil
8 R=0CgHs M=Co, M*=Sn, x=Cl CHam o v N M
9 R=-CHyCHy, M=Cu, M*=5n, x=Cl yo/“"\o%
CH, ~ K CH,

10 R =-CH-CH,-, M =Cu, M*=1In, x = nil o el
11 R =-CH-CH,, M =Ni, M*=Sn, x=Cl Cl

12 R =-CH-CH,, M=Co, M*=Sn,x=Cl

13 M= Cu(ll), M*=Sn(IV), x = Cl

14 M= Cu(ll), M* = In(Ill), x = nil

Scheme 1
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Table 1. Analytical and Physical data of the addust

No. Formula

M.Wt Analysis: Found (Calc) % Ay Ueff

C H N Cl M (Cu, Nior cmfmol B.M.
Co) 10 1

1 CuL'snCl, 738.23 45.2(45.5)  2.1(2.4) 3.4(3.78) 19.0(19.23) 8.2(8.6) 30.0 1.8

2 Cul'zrCl, 710.76  47.4(47.3)  2.2(2.5) 3.7(3.9) 19.7(19.9) 8.7(8.9) 21 1.8
3 Cul'GaCk 653.7 51.0(51.4) 2.5(2.7) 4.1(4.3) 16.1(16.3) 9.2(9.7) 23.3 1.83
4 CuL'InCl, 698.82 47.9(48.4)  2.4(2.6) 3.7(4.0) 14.8(15.2) 8.8(9.1) 27.8 1.81
5 NiL'SnCl, 733.31 45.6(45.8)  2.3(2.6) 3.3(3.8) 19.0(19.3) 7.4(8.0) 18 dia®
6 NiL'zrCl, 705.93 47.2(47.6)  2.3(2.55) 3.8(4.0) 19.7(20.1) 7.9(8.32) 99 dia®
7 NiL'InCl; 694.03 48.0(48.4)  2.4(2.6) 3.7(4.03) 14.8(15.34) 8.3(8.5) 28.4 dia®
8 Col'snCl, 733.62 45.5(45.8)  2.5(2.6) 3.6(3.8) 18.8(19.3) 7.7(8.0) 27 2.64

9 CuL"snCl, 690.23 41.5(41.7)  2.1(2.6) 3.7(4.0) 19.9(20.6) 8.8(9.2) 28.8 1.8
10 Cul"InCl, 650.86 43.8(44.2)  2.2(2.8) 3.9(4.3) 16.2(16.4) 9.6(9.8) 20 1.84
11 NiL"snCl, 685.4  41.7(42.0)  2.3(2.6) 3.7(4.0) 20.2(20.7) 8.4(8.6) 15 dia®
12 Col"snCl, 685.62 41.8(42.0) 2.2(2.6) 3.9(4.1) 20.4(20.7) 8.2(8.6) 27.7 2.58
13 (CuL"snCly), 1186.2 32.0(32.3)  2.7(3.03) 4.2(4.7) 23.5(23.9) 10.4(10.7)  Parf 1.77
14 (Cul™InCly), 1107.7 34.1(34.6)  2.8(3.24) 4.6(5.05) 18.7(19.2) 10.8(10.4) Part 1.78

2 diamagnetic® Partially soluble.

-270-
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Table 1S.Thermal data of the adducts

-271-

Compound Temp./°C TG Wt. loss %
No. Found (Cald) Reaction
1 . 320 19.0) (19.23) d
CuL-SnCl, 360 51.2 (51.7) d
550 28.7 (29.02) c
2 . 300 19.7 20.0) d
CuLzrCly 340 53.5 (53.75) d
510 26.1 (26.32) c
4 . 310 15.0 (15.2) d
CuLInCls 325 54.3) (54.7) d
470 29.7 (30.1) c
5 240 19.1 (19.36) d
NiL'SnCl 325 51.8 (52.1) d
520 28.4 (28.6) c
. 280 191 (19.36) d
g CcoLSnCh 315 51.8) (52.1) d
535 28.4 (28.6) c
9 ; 300 20.1 20.6) d
CuL"SnCl, 330 48.4 (48.2) d
500 315 (31.04) c
13 " 370 235 23.9) d
(CuL"SnCl) 440 396 39.9 d
590  36.9 36.6

Leaving species

-4Cl
Loss ofL' - O,
=Cu/SnQ

-4Cl
Loss of L' - O,
=Cu/Zro,

-3Cl
Loss ofL' - O,
ECUz/lﬂzOg
-4Cl|
Loss ofL' - O,
=Ni/SnG,

-4Cl
Loss of L' - O,
=Co/SnQ

-4Cl|
Loss ofL" - O,
=Cu/SnQ

-8Cl
Loss of L" - 20,
=2Cu/2SnQ

" exo,” decomposition® Final product percent

Fig. 1. Relationship between atomic radii (pm) of @, Ni and Cu with dissociation temp./°C

Dissociation Temp./°C

400 -

300 -

200 -

100 -

Adducts of Sn(IV)
complexes of L

with Co(ll), Ni(ll)
/ and Cu(ll) ion
Cu (i
’/
/
Co 4
bad
/ Ni
,’/
/”’
/”’
,/’
| | |
100 125 150

Atomic Radii (pm)

175



Hanaa A. El- Boraey et a//Int.J. ChemTech Res.2014,6(1),pp 266-275. -272 -

Electrical Conductivity

The variation of logs with 1/T of the ligands and their parent coppgr¢dmplexes as well as their
adducts of Sn(lV), Zr(lV), Ga(lV) and In(lll) arehewn in Fig. 2. The conductivitg variation with T is
expressed by Arrhenius relation of the type bogog- exp (AE/KT).

Whereo, is the pre-exponential constant corresponding/1o=10, AE is the activation energy of the
electrical conductivity, T is the absolute temperatand k is the Boltzmann constant. It is eviddat all
compounds have a positive temperature coefficieelextrical conductivity (d/dT) [21]. Hence, all samples
have semiconducting character within the investidaemperature rang&he values ofAE and logs at 50°C
are presented in Table 3. It can be seenARatalues of the pure Schiff bases decreases iaorther L' < L" <
L". This could be attributed to the decreased cotioiyahroughout the ligand. Therefore a delocalaabf
the n electrons would be enhanced and hence the activainergy for generation of carriers would be
decreased [22,23]. After complexatiatk values decreases and the conductivity increamaparing to that of
free ligands, this may be due to the overlap betvibe electrons in the antibondingorbitals of ligand, the
empty d-orbitals of the transition metal cation. It leadsdelocalization of ther electronic charges on the
molecules. On dealing with the electrical propertié adducts in comparison witheir pure complexes (Table
2, Fig.2). It can be seen that adducts have a fepdeihavior. The electrical conductivity of addsiatith
copper complexes of ligand foes on increasing with the increase in tempegainrgoing from a pure metal
complex to its adduct also the activation energyrioflent ions is lower than the correspondingrgneof
tetravalent ions. In addition, the activation eeiglows the order: Ga(lll) < In(lll) and Sn(IV) Zr(IV) this is
explained on the basis that the activation eneggyehsed with increasing ionic potential Z/r val{&s(IV) =
57.1, Zr (IV) = 54.1 nni}, {Ga(lll) = 48.4 and In(lll) = 40.0 niM} [9,24], the activation energies of tri,
tetravalent metal ion adducts with copper(ll) coampdf ligand I is larger or slightly lower than that of their
pure copper(ll) complex. This is attributed to tmelecular structure of adducts which affects thectebn
migration. It would be reasonable to suggest thait structure could localize the charge carrisosthat the\E
ando values of In(lll) adducts with copper complexligind L" were not enhanced towards semiconducting
properties. The highE value obtained for the In(lll) adduct of the pep(ll) complex of ligand ' could be
a‘ltltributed to the same reasons discussed previouie case In(lll) adduct of the copper complathvigand
L".

The log V - log | plots for the adducts of coppemplex of ligand Lwith Zr(IV), Ga(lll), and In(lll) are
shown in Fig.3. It can be shown that the datehBtproportionality bt V in the range of applied voltages 5< V<
400. This means that we have an ohmic conductiarharm@sm (i.e., the relation obeys Ohm’s & IR).

9Q = S
n
o
L —— A
10 "In
of
£ -
o 1c
)
o]
[0)] .
2 1
12
| | | | |
2. 2. 3. 3. 3.

1000/T(K™)

Fig. 2. Arrhenius plot of conductivity for Cu(ll)L ' adducts with Sn(IV),Zr(1V), In(lll) and Ga(lll) an d
for Cu(I)L " with In(Ill) adduct.
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Table 2.AE (eV) and Loge (Q*cm™) values at 50C for different adducts

No. Compound AE(eV)  Logo (Q'cm?)
- L' 0.62 -12.64
- Cul 0.54 -12.48
1 Cul'snCl, 0.42 10.4
2 Cul'zrCl, 0.48 -11.48
3 Cul'GaClk 0.35 -11.9
4 CuLl'InCl, 037 -10.48
- L" 0.71 -11.7
- Cul" 0.69 -11.2
9 cul"snCl, 0.62 -11.1
10 Cul"InCl, 0.86 -10.84
- L™ 0.73 -10.4
14  (CuL" InCly), 0.87 -10.4
-6.0 |
2 Ga
—S— In

80 L —a— Zr

-10.0 |- /

-12.0 \ | |

Log |

Log V

Fig. 3. LogV versus Log | for the Cu(ll) L' adducts with Zr(IV), In(lll) and Ga(lll).

Conclusions

The planar transition metal complexdg. [M(L""] (M = Co(ll), Ni(ll) or Cu(ll), L' = N,N"-bisp-
hydroxynaphthyl) phenylene-1,2-diamine," L= N,N-bisp-hydroxynaphthyl)ethene-1,2-diamine or the
binuclear Cu(ll) complex [GUL"),] (HoL" = 4-[3-(3-hydroxy-1-methyl-but-2-enylideneamind)gmylimino]-
pent-2-en-2-ol) react as donor with Sn(IV), Zr(IV)(Ill) and Ga(lll) chlorides as acceptor, the ebaeaction
result in the formation of 1:1 or 1:2 molecular ad$. The analytical and physicochemical analysidiomed
the composition and the structure of the obtairdztliats. The results obtained can be summarizeollas/é:

1- Room temperature magnetic moment, electronic aPR Epectra data indicating retention of planarity
about transition metal ion after adduct formation.

2- The EPR ¢|| values indicate high energy d-d trimmstypical for planar C,O, complexes.

3- The TG thermograms of adducts show no mass lbsietiomposition, that starts with removal of cider
ions, indicating the absence of solvent/water matsc
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4- The activation energgE (eV) as well as conductivity Log (Q*cm™) values foradducts and their

parent complexes are significantly different
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