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SYNTH. REACT. LNORG. MET.-ORG. CIIEM., 30(4), 709-718 (2000) 

SOME DI- AND TRINUCLEAR ZINC COMPLEXES: ANION LNDUCED 

COMPLEX FORMATION 

Orhan Atakol" Hasan Nazir', Mecit Aksu', Cengiz Armb, Filiz Ercanb, Rurhanettin Ciqek' 

Themistry Department, Faculty of Sciences. University of Ankara, Tandogan 06 100, Ankara. 

Turkey 

bDepartment of Engineering Physics, Hacettepe University, Beytepe 06532. Ankara. Turkey 

'Chemical Engineering Department, University of Ankara, Tandogan 06 100 Ankara, Turkey 

ABSIRACT 

Complexes of N,N'-bis(salicy1idene)- I ,3-diaminopropane, an ONNO type ligand, with ZnX2 (.X 

= AcO-, NO3-, Cl-. Br-. I-) salts were prepared. Molecular structures of these complexes were 

identified using elemental analyses, IR spectrometry and X-ray diffraction techniques. I t  has 

been observed that the reactions between zinc ions and the said ligand tend to produce 

polynuclear complexes and depending on the anion present either di- or trinuclear complexes 

are formed. Thus, it can be deduced from the results presented in this article that trinuclear 

complexes form when the zinc salt used was the acetate or nitrate and dinuclear complexes 

form if the anion in the zinc salt is a halogen. 

INTRODUCTION 

N,N'-Bis(salicylidene)-l,3-diaminopropane (HzL), a tetradentate ONNO Schiff base (Fig. I ). 

has been known since 1946'. In those early years, researchers found that two different 

complexes form from the reactions of this ligand with nickel(l1) salts. Of these complexes, one 

was diamagnetic while the other clearly was paramagnetic. This puzzle remained unresolved 

until the development of X-ray diffractometers, an invaluable tool of chemists for molecular 
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710 ATAKOL ET AL. 

Fig 1 .  N,N’-Bis(salicy1idene)- I ,3-diaminopropane. H2L 

structure identification With these developments it has been clearly demonstrated that this 

ligand forms trinuclear complexes with transition elements2”. 

Zinc(l1) ion is the first in a row of essential rare elements for living beings‘ I t  has been 

recognised to be an activator for more than 120 hydrolytic enzymes Although its necessity for 

human life was appreciated in the early times, its uses and accumulation in the human body 

have yet to be resolved Zinc in the zinc enzyme complexes whose molecular structures were 

identified were found to be in tetrahedral and square-pyramidal coordinationsh.’ So far. zinc 

has not been observed to form an octahedral complex with enzymes 

Recently, a comprehensive study for the preparation of trinuclear zinc complexes from a closely 

similar ligand was reported in the literature’ I n  this present communication. howevei. we 

report on five direrent complexes of F12L with Zn(AcO)2, %n(N03)2, ZnC12. ZnBr, and Znl2 

and on their molecular structures as identified by elemental analyses (halogens. C. 11, N and 

Zn), IR and X-ray diffraction techniques 

RESULTS AND DISCUSSION 

As mentioned above, five different salts of zinc(l1) were utilised in the complex preparation 

When zinc(l1) acetate or nitrate were used as the salt, complexes with the molecular formulas 

shown in Fig 2 were obtained. ln these complexes 3 Zn atoms are connected by 4 p-oxygen 

bridges and 2 acetato or nitrato bridges Zn ions at both edges have square-pyramidal 

coordination in N201  donor system while the central Zn ion is in an Oa octahedral geometry 

On the other hand, when ZnC12. ZnBr2 or Znlz were used as the salt, dinuclear complexes of the 

compositions ZnL.ZnC12, ZnL.ZnBr2 and ZnL.Znl2 formed. These complexes contain 2 

dinuclear bridging sites, as shown in Fig. 3 .  
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SOME DI- AND TRINUCLEAR ZINC COMPLEXES 71 1 

Fig 2. Molecular Formulas of Z~L.ZII(ACO)~.Z~L and ZnL..Zn(NOS)Z.ZnL 

L' is a solvent molecule which may be 

either MeOH or DMF 

X = CI. Br, 1 

Fig 3 Molecular Formula of Dinuclear Coniplexes 

I n  the dinuclear complexes one of the zinc ion is in a square-pyramidal coordination while the 

other is connected to halogen atoms and is in tetrahedral geometry Of these complexes, the 

crystals of Znl. ZnC12 and Znl. Zn13r2 were grown and subjected to X-ray structural analysis 

However, we were not able to obtain crystals of ZnL.Zn12 suitable for X-ray analysis The 

molecular structure of ZnLZnCI2 was reported in an earlier communication'' and that of 

ZnL.ZnBr2 is illustrated in Fig. 4. Tables I through 111 present. respectively, the crystal and 

experimental data, selected bond distances and bond angles and final atomic coordinates of this 

complex. 

Research is in progress for the structural identification of the trinuclear complexes by X-ray 

diffraction. The molecular structure of ZnL.Zn(Ac0)2.ZnL, involving an acetate bridge. was 
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712 ATAKOL ET AL 

Fig 4. ORTEP Drawing of ZnI, ZnDrZ 

Table I. Crystal and Experimental Data of ZnL.ZnRr:.DMF 

Formula: CZ,lH21N30jZnZBr2 
Formula weight = 643.983 
(Instal systcn- orthoronibic 
Space group I'2 I2 I2 1 Z - 4 
(17  I0 1713(1 I )  A h -  I45472(12)Ac= I5.9177(I3)A 
V = 2783 I(4) A' 

p - 5 4 2 1  mm.' 
T -  295 I< 
Colourless 
/;(0 0 0) 7 I272 
Cystnl size' 0 40 s 0.35 Y 0.30 mni 
Radiation ~r Mo K,. 
I{ - 0.058 R, = 0.061 
No. of rcflcction used = 2 I 55  
No. of parameters = 27 I 
Goodness+f-fit = I .  10 

0, - 1.798 g/cm' 

(NCqmax - 0 0009 
(AP),,,~~ .- 0.55 e n  j 
(~p) , . .  = -0.37 ek '  
Measurements: Enraf-Nonius CAD-4 diffractonieter 
Progrruii system CAD-4-EXPRESS SoRware 
Structure determination. SlKX8 and MolEN 
Treatment o f  1 lydrogen Atoms: Geometric calculation 
Refinement. Full matrix least-squares (MolEN) 
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SOME DI- AND TRINUCLEAR ZINC COMPLEXES 713 

Table J I .  Selected Bond Distances (A) and Bond Angles (") o f  ZnL ZnBr, DMF 

Zn 1 -Zn2 
Br I -Zn I 
Br2-Znl 
Znl-01 
%n 1-02 
Zn2-0 I 
Zn2-02 
Zn2-03 
Zn2-N 1 
Zn2-N2 

3 1480(7) 
2 334(2) 
2 349(2) 

1992(7) 
2 048(7) 
2 O51(7) 
2 O14(7) 
2 O79(9) 
2 002(9) 

I983(7) 

Br I -Zn I -Br2 
Url -Zn 1-01 
Br I -%n 1-02 
Br2-Znl-0 I 
Br2-Zn 1-02 
0 I -Zn 1-02 
0 I -Zn2-02 
01-Zn2-03 
01-Zd-NI 
OI-ZIIZ-N~ 
02-Zn2-03 
02-Zn2-03 

02-Zn2-N2 
03-Zn2-N I 

Zn 1-0 I-Zn2 
7.n I -01-C I 
1112-0 I -C I 
Zn I -02-Zn2 
Zn I -02-C 17 

02-Zn2-N I 

N I-Zd-N2 

118.43(6) 
l12.2(2) 
I I 2  O(2) 
I14.6(2) 
I14.4(2) 
78.9(3) 
76.0(3) 
99 S(3) 
88.2(3) 
142 O ( 3 )  
96.9(3) 
155.9(3) 
XX.6(3) 
103.7(3) 
IO5.6(3) 
97.7(3) 
102.7(3) 
129 4(6) 
l27.4(6) 
I O2.3( 3) 
130 3 ( 6 )  

01-CI 
02-C17 
03-C I 8  
NIX7 
NI-C8 
N2-C I0 
N2-C I I 
N3-C 18 
N3-CI9 
N3-C20 

1.331(3) 

I .232(3) 
1.236(2) 
I .484(4) 
I .488(2) 
I .34 l(4) 
1.3 12(S) 
I487(2) 
I .443(2) 

I .343(4) 

Zn2-02-C 17 
Zn2-03-CIX 
Zn2-N I-C7 
Zn2-N I -C8 

Zn2-N2-C 10 
Zn2-N2-C I I 

C IS-N3-C I9 
CIR-N3-CZO 
C 19-N3-C20 
0 I-CI-C2 
0 I-c I-C6 
N I-C7-C6 
N I-C8-C9 
N2-CIO-C9 
N2-CI I-CI2 
02-c17-(:I2 
02-CI7-Cl6 
03-C 18-N3 

C7-N I-C8 

C IO-N2-C I I 

127 4(6) 
120 3(6) 
123 6(7) 
117 l(7) 
I18 8(9) 
121 3(7) 
I24 7(7) 

121 O ( I )  
121 O(1) 
I17 O ( I )  

118 l (8)  
129 O ( I )  
I I3 O(9) 
I I I 9(9) 
127 O ( I )  
123 4(9) 
119 8(9) 
126 O ( I )  

I 13 7(9) 

I22 O(9) 

solved and contains Zn-Zn-Zn atoms in a linear array Although similar structures, prepared 

with Zn(l1) and other transition metal ions are known in the literat~re.""~~~' few reports or 

polynuclear complexes are available.'0 

There exist 6 p-bridges in the structures of the trinuclear complexes These bridges are formed 

by 4 phenolic oxygen atoms and 2 acetato or nitrato bridges. A linear trimerization was 

observed to result when a polyatomic anion such as CH3COO-, N03' or  NO; is present." 

As shown in Fig. 2, two of the Zn(ll) ions o f  the trinuclear complexes have square-pyramidal 

coordinations through N201 donors while the central Zn(ll) ion has an octahedral coordination 

through the 0 6  donor system In  the dinuclear complexes, one of the two Zn(1l) ions has a 

square-pyramidal coordination and the other has a tetrahedral coordination in N203  and OzX2 
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Brl  
Br2 
Zn I 
Zn2 
01 
0 2  
0 3  
N I  
N 2  
N 3  
CI 
c 2  
C3 
C4 
c 5  
C6 
c 7  
C8 
CS 
c I 0  
C I I  
C I 2  
C13 
CI4  
C15 
C16 
C17 
C18 
C19 

ATAKOL ET AL. 

Table 111. Final Atomic Coordinates of ZnL.ZnBrz.DMF 

Atom X Y BJA' 
0.2851(1) 0.1275 l(9) 0.13302(9) 3.93 
0.20 I 3( 1 ) 
0.1294(1) 

-0.0 l45(6) 
-0 0167(7) 
-0 2593(6) 
-0 25 16(9) 
-0 2435(8) 
-0.246( I) 
-0019(1) 
-O.O69( I )  
-0 073(1) 
-0 033(1) 
-0. I l3(1) 
-0 1283(9) 
-0.224 I )  
-0 364(1) 
-0 342( I) 
-0.355( I )  
-0.210( I) 
-0.1039(9) 
-0 107(1) 
-0 OO?( I )  
-0OXI(I)  
-0 07% I) 
-0 019(1) 
-0 197(1) 
-0.162(2) 

-0.1651(1) 

-0 14147(8) 

0 07103(7) 
0 0448(5) 
0 0289(5) 

0 1482(6) 
0 1372(6) 

0 0405(6) 

0 01121(8) 

-0 05 I R(4) 

-0 2071(6) 

-0 0054(8) 
-0 0120(8) 
0 0336(7) 
0 0772(8) 
0 0869(7) 
0 1402(7) 
0 2063(9) 
0 2577(7) 
0 2003(8) 
0 1233(7) 
0 0667(6) 
0 0598(9) 
0 OOX4(Q)  
-0 0402(9) 
-0 03 I4(8) 
0 0212(7) 
-0 1242(6) 
-0 2892(8) 

0. I1006(9) 
0 12229(7) 
0.12585(7) 
0.045 l(4) 
0.2030(4) 
0.1 197(5) 

0 2239(6) 
-0 1210(7) 
-0.0 3 8 5 ( 6 )  
-0 08?1(7) 
-0 1682(7) 
-0 2135(7) 
-0 1699(7) 

o.mi i ( 5 )  

-0.0816(6) 
-0.0438(6) 
0.05 40( 8) 
0.1345(9) 
0 2 I 3  l(7) 
0 3041(7) 
0.3359(6) 
0.4247(7) 
0 462 I(7) 
0 4 I34(7) 
0.3289(7) 
0 2X68(6) 
0 1226(7) 
0 I19(1) 

4 40 
2 12 
I 8 5  
2 2  
2 1  
2 6  
2 3  
2 4  
3 8  
1 9  
3 0  
3 0  
2 7  
2 6  
1 7  
2 1  
3 7  
4 0 
7 1  

2 7  
1 5  
4 2  
7 2  
i 9  
2 7  
1 9  
7 0  
7 2  . .  . ,  

c 2 0  -0.385( I )  -0.22 IX(9) 0.1 155(9) 4 9  

B,, = ( Err'/ 3 )  ZiX,Uyq'a,'a,uj 

(X-CI, Br. I )  donors systems, respectively It can be further concluded from Fig 4 and Table I I  

that coordinations are not ideal but are better described as distorted squai-e-pyramidal and 

distorted octahedral structures Tetrahedral and square-pyramidal coordinations are the most 

common structural arrangements for Zn(II) ions''. 

In he-coordinate compounds, the observed structures can be distorted square-pyramidal or 

distorted trigonal hipyramidal. A parameter, T, has been defined. 

T = (p - a ) / 6 0  

where, a and [3 are the two largest angles around the metal ion The coordination is then 

assumed to be an ideal square pyramid when T is zero and is an ideal trigonal bi-pyramid when 

T is I .  
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SOME DI- AND TRINUCLEAR ZINC COMPLEXES 715 

For ZnL.ZnBr2. the two largest angles around Zn2 are. 152.0 (3)" and 155.9 (3)" for 01-Zn2- 

N2 and 02-Zn2-Nl angles, respectively. Therefore, 'I may be calculated as13, 

'I = (155.9 - 152.0)/60 = 0.065 

This value is closer to that of a square pyramid. The value of T for ZnL.ZnCI2 was also found to 

be closer to that of the square pyramid as it was 0.1866". 

Elemental analysis data for the complexes are presented in Table IV These results support the 

proposed stoichiometries. IR spectroscopy was employed to identify functional groups and to 

monitor the progress of the reactions. Table V shows some of the important stretching 

frequencies obtained from IR spectra in KBr pellets. 

EXPERIMENTAL 

ADDaratUS 

Melting points were determined with a Gallenkamp apparatus without correction. IK spectra 

were run on a Mattson-I000 FTIR spectrometer using KBr pellets Thermogravimetric 

analyses were performed on a temperature controlled vacuum oven with 10" C increaments 

under 4 mni Ilg pressure Carbon. hydrogen, and nitrogen analyses were carried out on a 

LECO I000 analyser. Halogen analyses were performed gravimetrically as silver halide and 

zinc analyses were executed by a Hitachi 8200 atomic absorption spectropliotoiiieter. 

Chemicals 

Salicylaldehyde (99%). 1.3-diaminopropane (for synthesis), zinc(ll) chloride (anhydrous). 

zinc(l1) iodide, dioxan, MeCN, MeOH and DMF were purchased from Merck AG and used 

without hrther purification. Zinc(l1) bromide was prepared in our laboratory from zinc(l1) 

oxide and hydrobroinic acid'J 

PreDarrtion of the Lizaiid. HJ. 

A quantity of 0.04 mole (4.88 g) of salicylaldehyde was dissolved in 50 mL hot Me011 and 

mixed with 0.02 mole (1.48 g) of 1.3-diaminopropane. The mixture was then heated with 

stirring for ten minutes and lefl unattended for about an hour at room temperature After this 

period. the formed yellow crystals were filtered from the solution and dried in ambient air: 

yield. S 08 g; m p 59" C. 
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SOME DI- AND TRINUCLEAR ZINC COMPLEXES 717 

Preoaration of ZnL.Zn(AcOh.ZnL 

A quantity of 0.001 mole (0.282 g) of the ligand was dissolved in 50 mL MeOH by 

warming and stirring, and mixed with 30 ml, hot MeOH containing 0.0015 mole 

(0.330 g) of Z n ( A ~ 0 ) ~ . 2 1 1 ~ 0 .  The resulting mixture was set aside for 6-7 hours. The 

formed colorless crystals were filtered, washed with MeOH and dried in ambient air; 

yield, 0.07 g, m.p. 320' C (decomposition). 

Preoaration of ZnL.ZnlNOdt.ZnL 

Step 1 (Preparation of ZnL): 10 mL of ammonia solution (20 %) was added to 50 niL 

of hot ethanol containing 0.001 mole (0.282 g) of N,N'-bis(salicylidene)-I , 3 -  

diaminopropane The mixture was heated to its boiling point and mixed with 20 mL of 

hot methanol containing 0 001 mole (0.219 g) of ZnC12.2H20. AAer setting aside the 

mixture for two hours, colourless crystals were obtained which were filtered and oven 

dried at 107-1 12' C. yield 0.32 g. 

Step 2 (Preparation of Znl,.Zn(N03)2.ZnL): The complex ZnL (0.001 mole. 0.345 g) 

was dissolved in 30 ml, hot N,N-dimethylformamide and the temperature of the 

solution was raised to 107-1 17" C. Zn(NO7h.6H20 (0.0005 mole, 0.146 g) was 

dissolved i n  20 ml, hot MeOH and gradually added to the former solution. The 

resulting mixture was set aside for 3-4 days. The formed precipitate was filtered and 

dried in ambient air; yield, 0.05 g, m.p. 240" C (decomposition). 

Preoaration of ZnL.ZnCI2.MeOH 

A quantity of 0 001 mole (0 282 g) of the ligand was dissolved in  50 mL hot MeOtl 

by warming and mixed with 30 niL of a MeOH solution containing 0 002 mole (0 272 

g) of anhydrous ZnCI? The mixture was set aside for 15-20 hours The formed yellow 

crystals were filtered, washed with MeOH and then dried in ambient air. yield, 0 32 g, 

m p 78" C (decomposition) 

Preoaration of ZnL.ZnUr2.DMF and ZIIL.ZIIIZ.DMF 

A quantity of 0.001 mole (0.282 g) of the ligand was dissolved in 30 mL hot DMF by 

warming and mixed with 30 mi, hot MeOH containing either 0.002 mole (0.450 g) of 

anhydrous ZnBr2 or 0.002 mole (0.639 g) ofZn12. The mixtures were set aside for one 

day. The resulting yellow precipitated crystals were filtered with a Buchner funnel and 
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718 ATAKOL ET AL. 

dried in ambient air ZnLZnBrz yield, 0 30 g. m p 159” C (decomposition) 

ZnL Znlz yield, 0 48 g, m p 158’ C (decomposition) 
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