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Abstract 

The benzimidazole molecule (Benz) is known to play a fundamental role in many biological 
systems; it is moreover, extensively used in industrial processes as a corrosion inhibitor for metal 
and alloy surfaces. 

The synthesis and the thermal profile of some Cu (II) complexes of benzimidazole of general 
formula CuBenzgX 2 are proposed. 

A parallel study of these complexes with an ionization mass spectrometer is also reported. 

Keywords." Copper(II) complexes; Benzimidazole; TG FTIR; DSC; Ionization mass spectro- 
scopy 

1. Introduction 

The coord ina t ion  chemistry of azoles acting as ligands in copper  c o m p o u n d s  has 
been studied in the context  of  modeling biological systems. Cu(I I ) - imidazole  bonding  
has been observed in the hist idine-containing plastocyanin [1] and azurin peptides [2]. 
Extensive studies of the electronic spectra of (CuImidazole4) 2+ and closely related 
substituted imidazole complexes have aided the character izat ion of these peptide 
systems [3-6] .  Moreover ,  azoles such as benzotriazole,  and benzimidazole are exten- 
sively used in industrial processes as corrosion inhibitors for metal and alloy surfaces, 
part icularly that  of  copper  [6 -10] .  The nature of  the passivating film on copper  has 
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been studied by a variety of experimental techniques including infrared spectroscopy 
[9 10], X-ray photoelectron spectroscopy [11-15], and ellipsometry [16]. 

Many authors have prepared complexes of benzimidazole (Benz) with transition 
metal ions such as Co(II), Ni(II), Cu(II), and although many studies of crystal structure 
can be found in the literature [17-19], there are few studies of the thermal stability and 
decomposition steps of these complexes [20]. Moreover, unusual behaviors of these 
complexes (supposed isomers) have been explained by thermal investigations [21,22], 
the results show that Ni(II) forms dimeric complexes with benzimidazole of formula 
[Ni2BenzsX3] X where X is C1- or Br-,  and the dimeric structure changes to the 
monomeric one by means of a temperature-induced anation reaction. 

In this work, a thermal profile of some Cu(II) complexes of benzimidazole of general 
formula CuBenzgX2, with X = CI-, Br-,  NO~, CIO 2 on SO~-, is proposed by means 
of thermogravimetric (TG) analysis, coupled thermogravimetry FTIR analysis (TG 
FTIR) and differential scanning calorimetry (DSC). 

A parallel qualitative study of these complexes with a ionization mass spectrometer 
is also reported. 

2. Experimental 

2.1. Materials  

Benzimidazole and the Cu(II) salts were purchased from Aldrich Chemical Co. The 
solvents were all of the highest purity available. 

2.2. Synthesis o f  the complexes 

Cu(II) complexes were first prepared as described by Goodgame and Haines [23]. 
The TG and DSC analysis of these compounds show a tendency of these complexes to 
ontrap ligand molecules because of the high speed of complex formation and precipita- 
tion, and the ligand molecules were not strongly bonded. So, as for the synthesis of the 
NiBenz4C12 and NiBenz4Br 2 complexes [21, 22], the metal solution was slowly added, 
with stirring, to the ligand solutions (both solutions were 10-2 M in stoichiometric 
ratio), and the final solution was refluxed for some hours. The complexes so obtained 
show the right metal/ligand ratio and, if possible, the presence of water molecules in the 
structure. Often the metal/ligand ratio was lowered to prevent the tendency to 
co-precipitation. 

2.3. Instrumental  

Thermoanalytical curves were obtained using a Perkin-Elmer DSC 7. The atmos- 
phere was oxygen, nitrogen, or air, with a flow rate of 50 100 ml rain- 1. The heating 
rate was ranged between 5 and 40"C min- l .  The thermobalance was coupled with 
a Perkin-Elmer FTIR, model 1760X, to obtain the infrared spectra of gases evolved 
during the thermogravimetric analysis. The TGA 7 is coupled to the heated gas cell of 
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the FTIR instrument by means of a heated transfer line. Gaseous or vaporized 
components  are flushed by the suitable gas and the temperatures of the cell and of the 
transfer line are independently selected. The only materials in contact with the sample 
gases are P T F E  of the transfer line, KBr of the cell windows and the glass of the T G A / 7  
furnace. 

The mass spectra were obtained with a Perk in-Elmer  API1 (atmospheric pressure 
ionization) mass spectrometer. The complexes were dissolved in absolute ethanol, 
absolute methanol,  or acetonitrile to give 10- 2 g L -  1 solutions. 

3. Results 

The Complexes obtained were all of general formula CuBenz4X 2" 

3.1. CuBenz4Cl2"3H20 (blue)  

The T G  and D T G  curves (Fig. la) show four main steps corresponding to the loss of 
three molecules of water, then to the sublimation of two benzimidazole molecules, and 
finally to the decomposit ion to give the metal oxide. In the DSC curve (Fig. lb) the first 
endothermic process appears due to the loss of H20 ,  and is followed by an exothermic 
one. At 200°C an endo-exothermic  peak is present, due to the dimeric ~ monomeric  
transition. The following endothermic process corresponds to the sublimation of two 
benzimidazole molecules, and around 350°C the decomposition starts, giving CuO. 

3.2. CuBenz4Br2 .2H20 (9rey )  

The T G  and D T G  curves (Fig. 2a) show a first process, the loss of two molecules of 
water, and then two main processes: the first of these is the superimposition of at least 
three processes, and the second shows two overlapped processes to give the copper 
oxide. The DSC curve (Fig. 2b) shows two endothermic processes separated by an 
exothermic peak. At 175°C, as for the CuBenz4C12 complex, an endo-exothermic  peak 
is present because of the dimeric-- ,  monomeric  change. The following processes 
correspond to the sublimation and then to the decomposition reactions. 

3.3. CuBenz4(N03)  2 (violet)  

This complex decomposes in three well defined steps, as can be seen from T G  and 
D T G  curves (Fig. 3a). The DSC curve (Fig. 3b) shows an exothermic peak at 230°C and 
then two exothermic processes, the first at 360°C is immediately followed by the second, 
giving CuO. 

3.4. CuBenz , (SO4) 'H20  (violet) 

The T G  and D T G  curves (Fig. 4a) show a first step for the loss of one water mole- 
cule, followed by a second step due to the loss of benzimidazole and then two 
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Fig. 1. CuBenz4Cl2-3H20: (a) - -  TG curve, - - DTG curve; (b) 
10°C min 1 air flow 50--100 ml min 

DSC curve; scanning rate: 

poorly resolved processes result ing in the format ion  of the metal oxide. The DSC curve 
(Fig. 4b) shows a first endothermic  peak related to the water loss and  then a second 
process that is the result of an endothermic  peak due to the subl imat ion  and of an 
exothermic peak due to the decomposi t ion  of the benzimidazole;  the decomposi t ion  to 
C u O  follows. 



S. Materazzi et al./Thermochimica Acta 286 (1996) 1-15 5 

110.0 

I00.0 

9 0 . 0  

60.0 

70.0 

m.O 

~ ° 0  

$0.0 

20.0  

10.0 

0.0 

i o 

F 

+ \ <  

I I I I I I I I 
2 0 0 . 0  4 0 0 . 0  6 0 0 . 0  8 0 0 . 0  

To~pePatUr,i (*C) 

i 0 .0  
a 

5.0 

0.0 ,~ 

-5.0 

- -10.0 

--J,5.0 

- - a , 0  

- - ~ . 0  

"-30.0 

--311.0 

.-40.0 

--45.0 
I 

1000.0 

!.2.0 

t t . 0  

10.0 ' 

g . 0  

6 .0 '  

7 . 0 '  

0 . 0 '  

5 . 0 '  

4 .0 -  

I I I I I I I I I 
i O 0 . O  2 0 0 . 0  3 0 0 . 0  4 0 0 . 0  

TeipllPot.uPe (*C) 

500.0 

Fig. 2. CuBenz+Brz-2H20: (a) - -  TG curve, - 
10°Cmin 1;airflow50 100mLmin i. 

DTG curve; (b) - -  DSC curve; scanning rate: 

3.5. CuBenz4(ClO 4)z(lilac ) 

T h r e e  p rocesses  a p p e a r  in the  T G  a n d  D T G  curves  (Fig. 5a), a n d  the  c o r r e s p o n d i n g  

D S C  c u r v e  (Fig.  5b) shows  a sha rp  p rocess  at  271°C fo l l owed  by t w o  e x o t h e r m i c  
p rocesses  to  give the  m e t a l  oxide.  
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DSC curve; scanning rate: 

3.6. C u B e n z 2 ( r e d  ) 

This complex ("inner complex") shows only one T G  process (Fig. 6a) in which it 
decomposes exothermically.  The DSC curve (Fig. 6b) shows only one exothermic peak 
at 370°C. The same complex has been examined in previous work [20]. 
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4. Discussion 

Benzimidazole is a ligand molecule that can form complexes with the Cu(II) ion of 
the type CuBenzaX2; complexes of this stoichiometry were formed when solutions of 
benzimidazole in organic solvents were added to solutions of Cu(II) salts, even when 
the metal/ligand ratio was less then 1:4; this contrasts with the behavior of pyridine or 
other unidentate heterocyclic ligands. 
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As also reported by Goodgame  and Haines [23], the reflectance spectra are of the 
type generally found for tetragonally distorted octahedral complexes, with the four 
ligand molecules in the xy plane and the anions on, or close to, the z axis. The 
benzimidazole molecules are forced, for steric reasons, to lie with their molecular planes 
at an angle to the CuN 4 plane• There will therefore be some steric hindrance to the 
approach of larger anions; moreover,  the absence of water molecules in complexes with 
large anions is also observed. 
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The  T G - F T I R  spect ra  show that  the solvent  lost  in the first T G  step from the 
complexes  with S O l  , C1- and  Br anions  is water  (Fig. 7a). The  successive subl ima-  
t ion process  can be inhib i ted  if an oxygen flow is used dur ing  the analysis;  with time, 
moreover ,  the complex  gets o lder  and  only  with 0 2 flow does  the correct  decompos i -  
t ion occur;  with air  or  n i t rogen  flow sub l ima t ion  of  the benz imidazo le  involves par t  of 
the complex ,  so lower ing the final oxide  percent .  The  T G  F T I R  spect ra  re la ted  to the 
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loss of the first two benzimidazole molecules, with oxygen flow, show the characteristic 
bands for the decomposition of standard benzimidazole (Fig. 7b). 

On aging, the complexes show different behavior: 

1. The CuBenz4C12 complex does not lose water molecules but, despite the oxygen 
flow, sublimation occurs in the same way, changing the final oxide percent; the 
decomposition is shifted to lower temperatures; 

2. The CuBenz4Br 2 complex losesone water molecule after 14 days, but the decom- 
position range does not change; after 23 days, the amount of solvent decreases and the 
last decomposition process is shifted to lower temperatures; 

3. The CuBenz4(NO3) 2 complex does not change with time; 
4. The CuBenz4SO 4 complex loses the water molecule on aging, and the final CuO 

residue changes probably because the external surface of the complex agglomerate 
changes to oxide, highering the CuO percent of the final plateau of the TG  scan; 

5. The CuBenz4(C104) 2 complex shows a lowering of the temperature for the last 
decomposition process to give CuO with a lower complex stability; and 

6. The CuBenz z complex ("inner complex") does not change with time. 

The C1- and Br-  complexes have a dimeric structure as for the corresponding Ni(II) 
complexes: from the DSC curves and endo-exothermic peak can be noted, after the loss 
of the solvent, due to the temperature-induced reaction 

| x - c . -  x - c , , - x  I 2 x - c u - x  
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(L = benzimidazole X = CI or Br). 
By DSC, we obtained either the dimeric unsolvated complexes or the monomeric 

unsolvated complexes respectively, by heating the original complexes, either after the 
peak of the solvent loss or after the endo-exothermic peak. While the desolvation does 
not imply thermal changes to the decomposition behavior, the monomeric complexes 
show a different thermal profile with a higher thermal stability in the last decomposi- 
tion process (Fig. 8). 
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A thermal stability scale can be proposed: 

C1 ~mo,))Br ~mo,))C1 (dlm)=Br ~dlm~SO4 ) N O  3 

Looking at the DSC curves, the process due to the loss of the two benzimidazole 
molecules (after the endo-exothermic peak for the C1- and Br -  complexes) overlaps 
the process due to the anation reaction. The AH values for the reaction 
CuBenz4X2~CuBenzzX 2 + 2Benz has been calculated and decreases in the order 
C1 )Br  ) N O  3 )SO2- ( see  Table 1). All the processes are exothermic except that for 
the SO 2 complex which is endothermic; this is probably because of the different 
structural position of the sulfate anion. 

The C 1 0  4 complex shows a sharp exothermic DSC process with a higher AH value; 
this is due to the exothermic decomposition of the same anion; the T G  curve confirms 
the different decomposition behavior of this complex (if compared with all the other 
complexes) with two well defined steps followed by the final decomposition to give 
CuO. A parallel study has been carried out by a ionization mass spectromere. Fig. 9 
shows the mass spectra of the complexes, when absolute ethanol is used as flow solvent. 
The fragments common to all the five complexes correspond to the (CuBenz4) 2+ ion 
(m/z = 268) and to the (CuBenz2) + ion (m/z = 299); only for the nitrate complex is the 
relative intensity the same for the two peaks; for all the other complexes the m/z 268 
peak is of lower intensity. 

In the sulfate complex spectrum the ( C u B e n z J  + peak is of very low intensity 
because of the low binding energy of the fourth ligand molecule. 

The peak of the (CuBenz3) 2 + ion (m/z = 209) is not present in the CIO,~ complex 
spectrum, so we can suppose that two ligand molecules have a similar binding energy 
and the m/z 209 peak has a low formation probability. The peak at m/z 344 can be 
attributed to the (CuBenzz 'EtOH) + ion, being present only in the anhydrous 
complexes. 

The C1 , B r -  and SO] - complexes (hydrated) show a peak at m/z 355, probably due 
to the (CuBenz2.3H20) + ion. 

Only the nitrate complex shows the (CuBenzzX) + ion (m/z = 361), probably because 
of the higher meta l - ion interaction of the Cu 2 + with the NO3in  organic solution. 

When methanol was used as flow solvent, similar mass spectra were obtained, with 
no increase in the sizes of the characteristic peaks. The same results were obtained when 
using acetonitrile as flow solvent. 

T a b l e  1 
A H  values  for  the  a n a t i o n - r e a c t i o n  of  e ach  c o m p l e x  

C o m p l e x  AH/(J/g ~) 

CuBenz4C12 - 1034 Jg  

C u B e n z 4 B r  2 - 180 Jg  

C u B e n z 4 ( N O 3 )  z - 148 Jg  
C u B e n z , , S O  4 + 141 Jg  
CuBenz4(C104)  2 - 2767 Jg  

(decomp. )  
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Table 2 
m/z values for each complex 

Ions Peak (m/z) 

CI Br- NO 3 CIO i SO z- 

(CuBenz,) 2 + 268 268 268 268 268 
(CuBenz3) 2 + 209 209 209 209 209 
(CuBenz2) + 299 299 299 299 299 
(CuBenz4X) + 571 616 597 636 
(CuBenz3X) + 453 498 480 571 
(CuBenzzX) + 335 379 361 399 

T h o u g h  no solubi l i ty  differences a m o n g  the three solvents  were found,  s a tu ra t ed  
e thanol ic  so lu t ions  of the C1- and  B r -  complexes  were p repa red  and  injected to 
d e m o n s t r a t e  the presence of the d imer ic  complexes  in organic  solvents; no peaks  were 
found  at  m/z 1178, re la ted  to the (Cu2BenzsC13) + ion, or  at m/z 1311, re la ted  to the 
(Cu2BenzsBr3)+ ion. 

The  exper imenta l  m/z values and the co r r e spond ing  p r o p o s e d  ions are  summar i zed  
in Tab le  2. 

5. Conclusions 

The benz imidazo le  complexes  of  d iva lent  copper  show different thermal  behav io r  on 
changing  the anion.  As for the Ni(II)  complexes ,  only  the C1- and the B r - c o m p l e x e s  
are of d imer ic  s tructure;  with larger  anions,  only  the m o n o m e r i c  form is poss ible  for 
steric reasons  and  this is also p roved  by the absence of  water  molecules  in the crys ta l l ine  
structure.  The  presence of one water  molecule  in the C u B e n z , S O  4 complex  s t ructure  is 
poss ible  because  of  the different spat ia l  d i spos i t ion  of  the SO 2 anion.  Wi th  t ime the 
complexes  show a tendency  to become the rmochemica l ly  less stable.  

The  para l le l  s tudy with ion iza t ion  mass  spec t roscopy  gave evidence for the d imer ic  
complexes  in aqueous  solvents.  
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