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Abstract 

Eight new binuclear metal complexes of pentaaza bimacrocyclic rings were 
prepared by condensation reactions of benzidine, formaldehyde, and o- phenylene 
diamine (o-p D) with one of the diketones: acetyl acetone (acac), dibenzoyl (DB), or 
dibenzoyl methane (DBM) in presence of Mn(II), Co(II), Cu(II), and Zn(II) 
chlorides, or with 1,2- dicyanobenzene (DCB) in presence of Zn(II) chloride in 
molar ratios of 1:4:4:2:2 respectively. Structures and bonding behaviour of 
complexes were characterized by elemental and thermal analyses, I.R and U.V-
Visible spectra together with conductivity measurements and magnetic susceptibility. 
Octahedral geometries, were suggested for all prepared complexes. Five of the 
studied complexes exhibited fluorescence behaviour. Transitions and assignments 
were characterized from positions of excitation and emission bands in comparison 
with absorption spectra. 

 

  الخلاصة
حـضرت ثمانيــة معقــدات جديــدة ثنائيــة الفلــز ثنائيــة الحلقــة الكبيــرة بنتــا ازا مــن تكــاثف البزيــدين والبنزالديهايــد 

 او (DB)، ثنـائي بنزويـل)  (acacاسـيتيل اسـيتون: واورثوفنيلين ثنائي الامين مع احـد المركبـات  ثنائيـة الكيتـون
ـــــل الميثـــــان ـــــز: الفلـــــزات  بوجـــــود كلوريـــــد احـــــد (DBM)ثنـــــائي بنزوي  (II)، النحـــــاس(II)  ،الكوبلـــــت(II)المنغني

علـــى 2:2 :4:4:1 بوجـــود كلوريـــد الزنـــك وبالنـــسب الموليـــة (DCB)ثنـــائي ســـيانوبنزين2,1-والخارصـــين او مـــع  
اعتمـاد التحليـل الـدقيق للعناصـر ب  شخصت التراكيب الكيميائية وطبيعة التآصر في المعقـدات المدروسـة.التوالي

المرئيـة فـضلا عـن قياسـات توصـيلية -ية  واطياف الاشعة تحت الحمراء والاشعة فوق البنفـسجيةوالتحاليل الحرار 
الكهربائية والحساسية  المغناطيسية ووفقا للنتائج المستحصلة فقـد اقتـرح الـشكل ثمـاني الـسطوح لجميـع المعقـدات 

ة وشخـصت الانتقـالات مـن كما اظهرت خمسة من المعقدات المدروسة اطياف انبعاث مـن نـوع الفلـور . المحضرة
  .خلال مواقع  قمم الاثارة وقمم الانبعاث بالمقارنة مع اطياف الامتصاص

 
Introduction 

The importance of macrocyclic complexes 
has been reported in a wide range of 
applications. In biological trend, they have been 
used as synthetic models for oxygen carriers(1), 
redox catalysts(2), and in enzymology(3).  
In industry some macrocyclic complexes have 
been used as semiconductors(4), gas sensors(5), 
photosensitizers(6) and reaction catalysts(7). In 
medicine some macrocyclic complexes have 

been introduced into photodynamic therapy(8a,b). 
Some macrocyclic complexes have been 
evaluated for their antimicrobial effects on 
different species of pathogenic fungi and 
bacteria(8c) . The stability of these complexes is 
mainly controlled by ionic potential as well as 
electron configuration of metal ion, hole size of 
the ligand and by metal-ligand affinity(9). The 
synthesis of these complexes are mainly focused 
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on template condensation reactions between 
diamines and dicarbonyls with formaldehyde in 
presence of metal ions(10). In this work we are 
studying the synthesis and characterization of a 
new series of binuclear 13- and 14- membered 
pentaaza bimacrocyclic complexes by template 
condensation of benzidine, formaldehyde and o-
phenylenediamine (o-PD), with acetylacetone 
(acac), dibenzoyl methane (DBM), dibenzoyl 
(DB), and 1,2- dicyanobenzene (DCB) as 
cyclisation agents in presence of some divalent 
metal ions. The spectral behaviours of these 
complexes were also studied. 
 
Experimental 
a. Instrumentation 

Melting points were recorded on a 
Gallenkamp MF B600 010F melting point 
apparatus. Elemental microanalyses were carried 
out by using EA- 1108 Carlo Erba elemental 
analyzer. Metal contents of complexes were 
determined by atomic absorption using 
Schimadzu-680G AAFE spectrophotometer. 
Infrared spectra were recorded on a Pye-Unicam 
SP-300 i.r spectrophotometer and Jasco IR- 810. 
Electronic spectra were recorded on Schimadzu 
UV-Visible 160A spectrophotometer.  
Luminescence spectra were recorded on a Perkin 
Elmer MP-F44B spectrophotometer.  Magnetic 
susceptibilities of samples in the solid state were 
measured by using a Bruker BM6 magnetic 
balance. Conductivity measurements of 
complexes in dimethyl formamide (DMF, 10-3M) 
were recorded on Elektrleite A Higkeit 
conductivity meter. Thermal analysis were 
performed on a Stanton Redcorft  TG 760 
analyser. 

 
b. Materials and Methods 

The following chemicals were purified prior 
to use : dimethyl formamide (DMF) 99.5%, 
benzidine 95% (Fluka), and o-phenylene diamine 
(o-PD) 98% (BDH)(11,12). The other chemicals 
were of analar grade and were used as received 
from suppliers. The preparation and purification 
of 1,2- dicyanobenzene (1,2- DCB), (m.p. 138-
140 oC) were carried out according to a 
published method(11). The purity of all studied 
compounds were detected by T.L.C using silica 
gel as a coating material and diethylether: 
chloroform (1:1) and ethyl acetate as eluents. 

 
Synthesis of tetrachloro [1,1`-phenyl 
bis(4:5,10:11-BzO2-7,8-diphenyl–1,3, 6,9,12-
pentaazacyclotridec-6,8-diene)] 

dimetal(II),[M2(Ph2BzO2[13]diene- N5)2Cl4] 
M2L1Cl4, M=Co(II) (C1), and Zn(II), (C2): 

 

To a solution of benzidine (0.01 mole) 
dissolved in a minimum amount of methanol 
were added, simultenously, formaldehyde and o-
PD (0.04 mole each), with continuous stirring. A 
methanolic solution of metal chloride (0.02 
mole) was added.Reflux  was continued for 2h. 
Then a hot solution of DB (0.02 mole) in 
methanol: ethanol (2:1 v/v) was added. A change 
in colour was observed. The mixture was heated 
under reflux with continuous stirring for 7h, to 
achieve complete precipitation. The mixture was 
cooled to room temperature and the product was 
filtered off, washed several times with hot 
ethanol and vacuum dried. 

 
Synthesis of tetrachloro [1,1`-phenyl 
bis(4:5,11:12-BzO2-7,8-diphenyl-1,3, 6,10,13-
pentaaza cyclotetradec -6,9-diene)] dimetal(II), 
[M2(Ph2BzO2  [14] diene N5)2Cl4],M2L2Cl4, 
M=Mn(II) (C3) and Co(II) (C4): 

The two complexes were prepared by 
adopting the same above mentioned method 
except that DBM (0.02 mole) was added instead 
of DB. Precipitation of Mn(II) complex (C3) 
required the addition of ether to the cooled 
mixture. The solid mass was filtered off, washed 
several times with a cold mixture of methanol 
and ether (1:2 v/v) and vacuum dried. 

 
Synthesis of tetrachloro [1,1`-phenyl 
bis(4:5,11:12-BzO2-7,9-dimethyl-1,3, 6,10,13-
pentaazacyclotetradec-6,9-diene)]dimetal(II), 
[Me2(BzO.[14] diene N5)Cl4], M2L3Cl4, 
M=Mn(II) (C5), Cu(II) (C6) and Zn(II) (C7).  

The three complexes were prepared in 
methanol following the same previously 
mentioned procedure except that (acac) (0.02 
mole) was added in the final step. The products 
were filtered off, washed thoroughly with hot 
methanol and vacuum dried. 

 
Synthesis of tetraaqua [1,1`-phenyl bis(7,10-
diimino-4:5,8:9,12:13 BzO3-1, 
3,6,11,14pentaazacyclopentadecdiene) 
dizinc][Zn2(BzO3[14]diene N5)2(H2O)4],  
Zn2L4(H2O)4, (C8):

To a hot solution of benzidine (0.01 mole) in 
isopentyl alcohol was added, formaldehyde and 
o-PD (0.04 mole each) followed by the addition 
of a hot solution containing 1,2-DCB, zinc 
chloride (0.02 mole each) and triethyl amine 
(0.04 mole) in the same solvent with continuous 
stirring. The mixture was heated under reflux at 
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120oC for 3h, then at 150oC for 9h using an oil 
bath. Colour of solution was changed from 
yellow, orange, green to dark brown. After 
cooling to room temperature a brown precipitate 
was formed. The product was purified by soxhlet 
extraction with ethanol and dried under vacuum, 
giving pale brown crystals. 

Results & Discussions 
a. Mechanism of Reactions 

The proposed mechanism for the synthesis of 
macrocyclic complexes is shown in scheme (1). 
The reaction involves the initial formation of the 
two tetramine octahedral complexes between 
each two o-PD molecules and metal salts (A). 
Condensation of two coordinated amines with 
two formaldehyde molecules lead to the 
formation of coordinated diimines nucleophilic 
attack of each primary amino group of the two 
imines gives a gem diamine (B) followed by 
cyclisation to a six membered chelate ring as is 
demonstrated by the binuclear di-open chain 
tetramine dimetal complex (C)(13) (M 2 QCl 4 ). 
Condensation with dicarbonyls such as DB, 
DBM, acac or with 1, 2-DCB gives rise to the 
binuclear bimacrocyclic dimetal complexes:  

 
Synthesis of diopen chain tetrachloro [5,5`-
phenyl bis(1,9-diamino-1:2,8:9-diphenyl-3,5, 7-
triaazanonane) dizinc] Zn2QCl4 (C9): 

To a stirred methanolic solution of benzidine 
(0.01 mole) was added o-PD and formaldehyde 
(0.04 mole each) followed by a methanolic 
solution of zinc chloride (0.02 mole). The 
mixture was heated under reflux for 2h with 
continuous stirring. A white precipitate was 
formed. 
The product was filtered off, washed several 
times with hot methanol and vacuum dried. 
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Scheme (1) : Synthetic route of binuclear bimacrocyclic complexes 
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This mechanism was confirmed by the isolation 
of diopen chain dizinc complex (Zn2QCl4) prior 
to reactions with cyclisation agents. Attempts to 
prepare the macrocycles in absence of metal ions 
were unsuccessful which refers to the importance 
of metal ion to direct the reaction towards 
cyclisation. 
 
b. Physical Properties and Elemental Analyses  

The colours, melting points and elemental 
analyses of the studied complexes are described 
in Table (1). All complexes were soluble in DMF 
and sparingly soluble in ethanol and methanol 
except C3 which was soluble in ether. Some 
microanalytical results showed some deviation 
from calculated values which may be attributed 
to incomplete combustion. All complexes 
exhibited high melting points (>300oC).  
The suggested molecular formula from C.H.N 
analyses were further supported by thermal and 
spectral analyses. 
 
c. Infrared Spectra 

The characteristic i.r bands of macrocyclic 
complexes and their assignment are described in 
Table (2). All spectra exhibited the absence of 
absorption bands related to free or coordinated 
carbonyl and primary amino groups. Instead a 
new single medium intensity band appeared in 
the frequency region (3330-3240 cm-1) which 
was assigned to N–H stretching mode of the 
coordinated secondary amine(14), whereas the 
diopen chain dizinc complex (C9) exhibited a 
single sharp band at 3270 cm-1 and a doublet at 
3250 and 3192 cm-1 related to NH stretching 
modes for both secondary and primary 
coordinated amines respectively with NH 
bending vibrations at 1550 and 1660 cm-1 
respectively(14-16). 
Stretching vibrations of coordinated imines (C1-
C7) and imidate group (C8) appeared as a single 
strong band at frequency region 1625-1600 cm-1 
(C1, C3-C5, C7 and C8) or with a shoulder at 
1600-1580 cm-1 (C2 and C4)(14, 15). Bands 
observed at frequency regions 2950-2900 cm-1 
and 1480-1400 cm-1 (C5-C7) were attributed to 
C–H stretching and bending vibrations 
respectively of methyl groups(16), while those 
appeared at 2900-2800 cm-1 and 1460-1400 cm-1 
were related to stretching vibrations of 
methylene linkage of the chelate rings(16,17). 
Vibrational modes for C–N stretching vibrations 
of secondary aromatic amines were observed at 
(1320-1270) cm-1 and those of tertiary aromatic 

amines were observed at (1360-1350) cm-1 (16,17). 
A sharp medium intensity band was observed in 
the spectra of C1 and C2 at ~ 1200 cm-1 and was 
assigned to α-diimine fragments (18). 
Vibrational modes related to aromatic C–H 
stretching and bending appeared at 3040-3000 
and 1060-1000 cm-1 respectively (16). Ring 
substitutions at ortho and para positions as well 
as ring deformation vibrations were observed at 
840, 750 and 680-500 cm-1 respectively(16). The 
spectrum of C8 exhibited vibrational modes of 
coordinated water (14), while those of C1, C2, and 
C5 exhibited vibrations of lattice water (14,16). 
Bands attributed to M–N=C, M–NH, M–Cl, and 
M–OH2 stretching modes were observed at 
lower frequencies, Table (2). 

). 

 
d. Thermal Analyses 
Steps of thermal decomposition by TG and DTG 
for some selected macrocyclic complexes with 
weight losses are described in Table (3). 
The results reflected the nature of bonding 
between metal ions and macrocyclic ligands, as 
well as the stability of complexes. Lattice water 
as well as organic fragments that are not 
involved in coordination with metal ions were 
found to leave the compound at lower 
temperatures compared with those directly 
coordinated. The horizontal stretching exhibited 
by C1 and C3 which started at 632 and 615oC 
respectively indicated the formation of CoCl2 
and MnCl2 respectively(19) while those exhibited 
by C6 and C7 at 574 and 759oC respectively 
referred to the formation of CuO and ZnO 
respectively(19, 20). 
Other complexes were not completely 
decomposed within the heating range (20-1000). 
Decomposition fragments of C5 and C8 were 
sublimed before the end of heating process. 
Thermal decomposition of the diopen chain Zinc 
complex C9 ended with the formation of    
ZnO(19, 20).  
Thermographs of C1, C3, C6, and C7 are shown 
in Figure (1
 
e. Electronic Spectra 
i. Absorption Spectra and Magnetic 
Properties: 

The spectral behaviours of all metal 
complexes in the U.V-visible and near I.R 
regions using DMF as a solvent as well as 
magnetic susceptibilities of solid products are 
described in Table (4). All complexes exhibited a 
high intensity band in the u.v. region at wave 
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number ranges 36000-27000 cm-1. This band was 
attributed to intraligand (IL) π→π* transitions(16). 
Another band of lower intensity appeared at 
25000-23200 cm-1 was assigned to the π→π* 
transitions of the cyclisation product(16). Bands 
related to n→π* transitions were masked by 
π→π* transitions(16). Bands observed in the 
visible and near i.r regions were referred to 
charge transfer and in the case of transition metal 
complexes, ligand field transition(21, 22). The 
spectral parameters B`, 10Dq and β were 
obtained by applying the observed band energies 
on Tanaba Saugano diagram of the specific 
transition metal ion(21, 22), Table (4). The Mn(II) 
complexes exhibited bands related to the 
forbidden state transition 6S→6G (21) while the 
Co(II) and Cu(II) complexes showed spin- 
allowed transitions of 4F and 2D states 
respectively, with the latter showing octahedral 
Jahn- Teller distortions(21). Since the chemistry of 
d10 configuration affords no crystal field 
stabilization energy, bands observed in the 
visible region of Zn(II) complex spectra were 
attributed to ligand to metal charge transfer 
transitions(21, 22). Magnetic moments (μeff. BM) of 
Mn(II), Co(II) and Cu(II) complexes refer to 
high spin paramagnetic octahedral    
geometries(22, 23). The high values in the Cu(II) 
complexes are attributed to spin- orbital coupling 
resulted from mixing of ground term with higher 
energy terms(21). Molar conductance in DMF at 
room temperature showed that all complexes 
were of nonionic nature(24). 
According to the above mentioned analytical and 
spectral results, the stereochemical structures of 
the binuclear pentaaza bimacrocyclic complexes 
of this work may be suggested as illustrated in 
Scheme (2). 
 
ii. Fluorescence Spectra:  

Luminescence investigations of coordination 
compounds, especially of transition elements are 
still limited. The presence of spin-orbital 
coupling, unfilled orbitals, inter-electronic 
repulsions, and ligand field effects may result in 
excited states of different behaviours from those 
originating from excitation of organic 
molecules(25,26). Emission in coordination 
compounds can originate from different types of 
one electron excited intraligand (IL), CT, IL+CT, 
LF or metal – metal (M – M) transitions(25). 

Table (5) describes the important absorption 
bands together with excitation and emission 
bands exhibited by five of the eight studied 
macrocyclic complexes (C1–C3, C6 and C7) 
which exhibited fluorescence using DMF as a 
solvent (10-5 M). No fluorescence was reported 
by the original reactants or by macrocyclic 
complexes derived from non aromatic 
diamines(10, 17, 18), showing the role of o-PD in 
increasing degree of configuration and 
coplanarity of the macrocycles which promotes 
fluorescence(25). As far as diketones are 
concerned, macrocyclic complexes containing 
phenyl substituents (C1-C3) exhibited both 
absorption and excitation spectra at lower 
energies compared with those of methyl 
substituents, (Figures 2), because of higher 
aromatic character in the formers(25). Excitation 
energies observed in C1, C2 and C7 are closely 
related to absorption bands assigned to IL π→π* 
transition(27), while those of C3 and C6 are more 
related to CT transitions(28). None of the 
complexes exhibited fluorescence related to LF 
transition since emissions of such transitions 
appear at much lower energies(26). Geometric 
effect on fluorescence spectra of complexes is 
illustrated by comparison of intensity and 
profiles between excitation and emission bands 
and by energy separation (  ) between 
absorption and excitation energies. The spectrum 
of C7 (  =764 cm-1) exhibited equal intensity 
and profile for both emission and excitation 
bands, Figure (3) which indicates that both 
ground and excited states are structurally 
similar(28). Bands of C1 (  =994 cm-1) were of 
different intensities which means that excited and 
ground states have dissimilar structures(28). 
The copper complex C6 (  =343 cm-1) exhibited 
different profiles , Figure (3), while the spectra 
of C2 and C3 (  =1207 and –90 cm-1) 
respectively, exhibited differences in both 
profiles and intensities of excitation and emission 
spectra which reflects higher degree of structural 
changes upon excitation(28). This is confirmed by 
  values which refer to the degree of distortion 

between ground and excited states(28).  
Although more investigations are required to 
cover this area, the fluorescence behaviours of 
these complexes give recommendation for using 
such complexes in fluorescence applications(8) 
especially photodynamic therapy. 
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Table (1): Physical properties and analytical data 
for the binuclear bimacrocyclic complexes. 

Elemental Analysis % 

Found (Calculated) % 
Cpd. 

No. 
Colour 

Decom. 

Temp. 

(m.p)oC 

Yield 

% 
C% H% N% 

M% Found 

(Calculated)

C1
* 

Co(II) 
Black (>300) 32.70 - - - 

8.42 

(8.76) 

C2 

Zn(II) 

Cream 

Colour 

215 brown 

240 black 

(>300) 

33.98 
63.71 

(62.64) 

3.99 

(4.48) 

11.20 

(10.74) 

9.35 

(9.76) 

C3 

Mn(II) 
Brown 

230 black 

brown  

240 black 

(>302) 

55.82 
65.92 

(65.02) 

4.53 

(4.68) 

10.43 

(10.83) 

8.29 

(8.49) 

 

Co(II) 
Black (>303) 50.34 

63.89 

(64.6) 

5.01 

(4.6) 

9.88 

(10.8) 

9.57 

(9.06) 

C5 

Mn(II) 
Black (>300) 69.99 

52.82 

(53.78) 

5.09 

(5.42) 

13.08 

(12.54) 

9.62 

(9.84) 

C6 

Cu(II) 
Black (>301) 74.54 

56.91 

(56.6) 

5.37 

(4.94) 

13.86 

 (13.2) 

11.90 

(11.97) 

C7 

Zn(II) 
Brown 

280 black 

(>300) 
68.52 

56.33 

(56.31) 

5.41 

(4.92) 

13.26 

(13.14) 

11.87 

(12.27) 

C8
* 

Zn(II) 

Pale 

Brown 

200 brown 

250 black 

(>301) 

67.02 - - - 
11.38 

(11.68) 

C9
* 

Zn(II) 
white (>300) 33.26 - - - 

13.51 

(13.95) 

 
* Formula of complexes with no. C.H.N 

microanalyses were suggested according to 
atomic absorption and thermal analyses. 

 
 

 
Table (2): Main characteristic vibrational 
frequencies of binuclear bimacrocyclic complexes. 

Symbol of 
complex 

υNH 
secondary

υC=N 
OH 2

 

lattice 
(coordinated)

υM-N=C υM-NH υM-Cl

C1, Co(II) 3300 1600 
3600-3400 

1665 
460 440 - 

C2, Zn(II) 3260 
1625 asy. 
1580 sym.

3540-3320 
1640 

465 345 
309 
291 

C3, Mn(II) 3320 1625 - 460-430 399 290 
C4, Co(II) 3333 1620 - 480 455 262 
C5, Mn(II) 3300 1620 3500-3400 475 379 - 

C6, Cu(II) 3330 
1620 asy. 
1600 sym.

- 480 435 
332 
310 

C7, Zn(II) 3260  1620 - 460 345 
309 
291 

C8, Zn(II) 3305 1614 
3500 

(550, 374) 
520 466 - 

 
binuclear di-open-chain Zn(II) complex. 

Symbol of 
complex 

υNH 
 2NH  

 NH

NH



  
υM-NH 2NHM  υM-Cl

C9, Zn(II) 3273 
3250 
3192 

1640 
(1550) 

415 374 
322 
291 

 
 
 

Table (3): Thermal degradation of some binuclear 
bimacrocyclic metal complexes by TG and DTG at 
temperature range 20-1000 oC. 
C1 

Stable phase (M.wt) 
[Co2L1Cl4].4H2O 

(1345.0) 

Temp-range of 
decomposition 

at TG (oC) 

Peak 
temp. at 

DTG (oC) 

Weight loss 
% found 
(calc.) 

↓-4H2O 83-157 103 
5.5 

(5.36)  

↓-C6H4NNH 157-263 246 
 7.84 
(7.82)  

↓-
(CH2)2N(C6H4)2N(CH2)2

263-331 295 
 16.97 
(17.57) 

↓-3(C6H4NNH) 
↓-2(C6H5)2C2 

331-632 * 
49.10 

(49.95) 

2CoCl2 632-1000 * 
20.29 

 (19.31) 
 

C3 
Stable phase (M.wt)
Mn2L1Cl4  (1293.0)

Temp-range of 
decomposition 

at TG (oC) 

Peak 
temp. at 

DTG (oC) 

Weight loss 
% found    
(calc.) 

↓-2[(C6H5)2C3H2] 323-339 390 
29.65 

(29.74) 
↓-4(CH2) 
↓-4(C6H4NNH) 

399-507 466 
36.5 

(36.9) 

↓-(C6H4)2N2 507-615 548 
14.5 

(13.94) 

2MnCl2 615-1000 * 
19.01 

(19.47) 
 

C5 
Stable phase (M.wt) 
[Mn2L5Cl4].4H2O 

(1116.78) 

Temp-range of 
decomposition 

at TG (oC) 

Peak 
temp. at 

DTG (oC) 

Weight loss 
% found 
(calc.) 

↓-4H2O 90-190 120 
6.45 

(6.45) 

↓-4(CH2) 190-350 * 
4.89 

(5.02) 
↓-2[(CH3C3H2-
C6H4NNH] 
↓-(C6H4)2N2 
↓-C6H4NNH 

350-686 505 
56.18 

(56.58) 

C6H4NNH 
Cl2) (31.95) 2(Mn

686-908 * 
31.76 

C6 
Stable phase (M.wt) 

LCu 3Cl (1061.94) 
decomposition 

at T DTG (2 4  

Temp-range of 

oG ( C) 

Peak 
temp. at 

oC) 

Weight loss 
% found 
(calc.) 

↓-2[(CH2)2-
(NHC6H4N)2- 
    (CH3)2C3H2] 

270-478 424 
57.71 

(57.71) 

↓-(C6H
↓-4Cl 

4)2N2 5  
(3  

478-597 63
29.52 

0.3)
2CuO 597-1000 *  

 

C

.6) 

Te of 
decomposition at 

Pe p. 
at DTG 

Weight loss 
%  

7 
Stable phase 

(M.wt) 
Zn2L3Cl4 
(1065

mp-range 

TG (oC) 

ak tem

(oC) 
 found

(calc.) 

↓-2[(CH2)2C3H2]
) 

3  
↓-2(CH2

218-409 65
15.17 

(15.40) 

↓-2(CH2) 409-443 * 
2.8 

(2.60) 
↓-(C6

↓-2(C
H4)2N2 
6H4NNH) 

↓-4Cl 
5  

68.
(69.6) 

443-759 84
76 

ZnO 759-1000 *  

 1628 
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 continued  

C
e phase (M.wt) 

19.9) 

T

C9  
 
Table (3):

Stable phase (M.wt) 
Zn2QCl4  (937.43) 

Temp-range of 
decomposition 

at TG (oC) 

Peak temp. 
at DTG 

(oC) 

Weight loss 
% found 
(calc.) 

↓-2(CH2) 152-248 201 
2.55 

(2.99) 

↓-C6H4NHNH2 248-422 385 
11.22 

(11.43) 
↓-(C6H4)2N2

8 
Stabl

Zn2L9 (H2O)4  (11

emp-range of 
decomposition 

at T

Pe p. 
at DTG 

Weight loss 
%  

G (oC) 

ak tem

(oC) 
 found

(calc.) 
↓-4H2O
↓-2(CH

 
2C6H4N2H2) 

107-248 133 
13.52 

(13.95) 
↓-(C6H4)2N2 

 
↓-C6H4NHNH2 

422-630 539 
30.61 

(30.65) 
↓-2(C6H4NHNH2CH2)
↓-4Cl 

630-892 788 
39.29 

(40.98) 

ZnO 892-1000 * 
16.58 

(17.36) 

↓-3(CH2) 
248-450 373 

20.59 
(19.85) 

↓-(C6H4N2H2-C2)-C6H4 450-566 525 
22.32 

(23.07) 

[(C6 4N2H2)2-C2]-C6H4-
2  566-777 610 

41.92 
(42.07) 

H
Zn N4  

 

ctra, racah parameters (B`), 10Dq nephelauxetic parameter β, molar conductivity 
in DME (10 M) and magnetic moments μeff. BM of binuclear bimacrocyclic co xe i-
ope 9. 

Comp. 
No. 

Ba i n

 

 
 
Table (4): Electronic spe

-3 mple s C1-C8 and d
n-chain zinc complex C

nd pos tio

 (cm-1) 
Assignment Dq/B

B` 
cm-1 

β 
10Dq 
cm-1 

(suggested 
geometry) 

C  

cm .ohm-1.
mol-1 

μeff. BM 
onductivity

Ωm 
2

C1 
Co(II) 

l) 
A

(F) 

 
L

0.84 792 0.707 6650 
5.33 

(octahedral) 
22.8 

υ15985(ca
υ2 13123 
υ317182 
υ423529 
υ532895 

4T1g→
4T2g 
44T1g→ 2g 

4T1gF→
4T2g

)CT(4

π→ π* I b 

C2 
Zn(II) 

- - - - 29.4 
υ117241 
υ223980 
υ329851 

CT 
π→ π* 

π→ π* 

Diamagnetic 
(octahedral) 

C3 
Mn(II) 

→ T2g υ118622 
υ220877 
υ322422 
υ424096 
υ532362 

6A1g
4

6A1g→
4T1g 

CT 
π→ π* 

π→ π* 

- - - - 
5.88 

20.2 
(octahedral) 

C4 
Co(II) 

l) 
A2g 

4T

υ16400(ca
υ213812 
υ317733 
υ423419 
υ527248 
υ629762 
υ735714 

4T1g→
4T2g 
44T1g→

4T1g(F) →

IL 

IL 

1g(P) 

0.91 823 0.74 7893 
4.76 

59.1 CT 
π→ π* 

π→ π* 

π→ π* 

(octahedral) 

C5 
(II) 

T 
π    IL 

- - - - 
6.76 

(oct al) 
15.25 

Mn

υ118248 
υ228011 
υ333333 

6A1g→
4T2g 

π→ π* or C
*π→ 

ahedr

IL 

C6 
II) 

E

Cu(

υ115909 
υ217699 
υ324097 
υ435842 

2B1g→
2

g 

CT 
* π→ π

- - - - 28.44 

π→ π* 

2.9 
(octahedral) 

C7 
Zn(II) 

υ123810 
υ232051 

CT 
π→ π* 

- - - - 
Diamagnetic 
(octahedral) 

26.9 

C8 
Zn(II) 

υ116556 
υ227624 
υ330030 

CT 
π→ 

IL 

π* 

π→ π* 
- - - - 

Diamagnetic 
(octahedral) 

6.78 

C9 υ
Zn(II) υ

125000 
232051 

CT 
π→ π*   IL 

- - - - 
Diamagnetic 
(octahedral) 

27.5 

IL 
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(a) CT= Charge Transfer  
) IL= Intraligand (b
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C
N

N

N

N

 N N

N
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OH2
H

H

C

C
N

N

H
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H

Scheme (2): Suggested stereochemical structures 
for binuclear bimacrocyclic bimetal complexes. 

C , Zn(II) 8

Figure (1): Thermal degradation of Co(II), 
Mn(II), Cu(II) and Zn(II) complexes (C1, C3, 
C6 and C7 respectively). 
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Table (5): Bands of absorption, excitation and emission exhibited by some binuclear bimacrocyclic 
complexes in DMF (10-5 M). 
 

Impo on 
) 

n

 υma
-1)  -1) 

Comp. no. 
rtant absorpti

maxima υmax (cm-1

Excitatio 

x (cm

Emission 

υ  (cmmax

C , Co(II) (

30 

1 32895), (23029) 28901 25252 

C , Zn(II) (2 29851), (23980) 29940 24691 

C , Mn(II)3 (32362), (23641) 21834 20040 

C , Cu(II) (6  135842), (24096) 23 753 9569 

C7, Zn(II) (32510), (23810) 31746 25252 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

C C1 2

 

 
 C3

Figure (2): Fluorescence spectra of Co(II), Zn(II) and Mn(II) complexes (C1, C2 and C3 
respectively). 
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 (3) : Fluorescence spectra of Cu(II) and Zn(
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	Abstract
	Steps of thermal decomposition by TG and DTG for some selected macrocyclic complexes with weight losses are described in Table (3).
	The results reflected the nature of bonding between metal ions and macrocyclic ligands, as well as the stability of complexes. Lattice water as well as organic fragments that are not involved in coordination with metal ions were found to leave the compound at lower temperatures compared with those directly coordinated. The horizontal stretching exhibited by C1 and C3 which started at 632 and 615oC respectively indicated the formation of CoCl2 and MnCl2 respectively(19) while those exhibited by C6 and C7 at 574 and 759oC respectively referred to the formation of CuO and ZnO respectively(19, 20).
	Other complexes were not completely decomposed within the heating range (20-1000). Decomposition fragments of C5 and C8 were sublimed before the end of heating process. Thermal decomposition of the diopen chain Zinc complex C9 ended with the formation of    ZnO(19, 20). 
	↓-2[(C6H5)2C3H2]
	CT
	CT
	CT


