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SYNTHESIS, CHARACTERIZATION AND SOLID STATE REACTIVITY 
STUDIES OF Mn AND Zn DERIVATIVES OF 4-ETHENYL BENZOIC ACID. 

B.M. RAMIREZ, G. DIAZ DE DELGADO, and J.M. DELGADO 
Departamento de Quimica., Facultad de Ciencias 
Universidad de Los Andes, MCrida, Mkrida 5101, Venezuela 

(Received March 26, 1992) 

Abstract Mn and Zn derivatives of 4-ethenyl benzoic acid (eba) were prepared 
as part of our investigations on the crystal chemistry and solid state reactivity 
of metal complexes of unsaturated mono and dicarboxylic acids. The com- 
plexes were synthetized by reaction in water of the appropriate stoichiometric 
amounts of the metal mrbonate a.nd eba. After filtration, the clear solutions 
were allowed to evaporate slowly at room temperature to yield crystalline ma- 
terials. The compounds, hefore and after exposure to heat or gamma radiation, 
were characterized by FT-IR a.nd by x-ray diffraction methods. The results are 
presented in this paper. 

Keywords: Thermal polymerization, Solid state Polymerization, 4-Ethenyl benzoic 
acid, Powder X-ray Difraction, Gamma Irradiation 
INTRODUCTION 

The study of the solid state reactivity of a,P-unsaturated carboxylic acids and ke- 
tones was initia.ted with the systematic investiga.tions carried out by Schmidt and 
collaborators in the early l960~'1~!~.  

As part of our investigations on the crystal chemistry and solid state reactivity 
of metal complexes of unsaturated niono and dicarboxylic acids, we have carried out 
studies on the metal derivatives of 4-ethenyl benzoic acid (eba). Based on the report4 
that eba polymerizes in the solid state upon heating, at 100°C for 15 days, producing 
a crystalline polymer and that, a,t 120" C, the product is an amorphous polymer, we 
decided to follow closely the course of the thermal polymerization of eba by FT-IR, 
'H-NMR and I3C-NMR5. We extended the study to the metal salts and complexes 
of eba., even though its potmsium salt does not appear to polymerize under the same 
conditions4. 

EXPERIMENTAL 

Synthesis 

Metal deriva.tives of 4-ethenyl benzoic acid [1075-49-61 (eba) were prepa.red by reac- 
tion in water of stoichiometric amounts of the acid (Aldrich, 6.70 x mol) and 
the apropriate metal carbonate. The mixtures were stirred at room temperature for 
periods of up to two days and were subsequently filtered. The clear solutions were 
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allowed to evapora.te slowly at rooni temperature to produce crystalline materials. 
The filtered residues were washed with water and allowed to dry for further analysis. 

Chamcterization 

The Mil a.nd Zn ethenyl beiizoates were characterized by IR spectra in KBr pellets 
using a Perkin-Elmer PE-1725X FT-IR spectrophotometer. The extremely low sol- 
ubility of the Zn complex in commoii deuterated solvents and the magnetic behavior 
of the Mn complex did not allow detailed 'H-NMR and 13C-NMR studies. 

X-ray powder diffraction patterns, obtained using a Guinier camera (Enraf- 
Nonius) equiped with a curved Johansson monocliroinator (A  CuKml = 1.54056 A), 
were used to identify the presence of unrea.cted metal carbona.te a,nd/or eba in the 
residues and to follow the course of the reaction. The powder pa.tterns obtained 
were compared with the patterns reported in the JCPDS Database6 and with the  
pattern obtained in the same conditions for the commercially available eba. 

Reactivity 

A preliminary exaniination of the thermal beha.vior of the imterials was carried out 
in a Fisher-Johns Melting Point, Alqia.ratus. Sinall a.mounts of ea.ch ma.teria1 were 
then placed in Pyrex ampoules sealed under vaccum. Both sa.inples were heated at  
240°C. 

For the radiation induced experiments, the sa.mples were enclosed in glass vials 
and exposed to a dose of 5000 Rads from a "Co source at  Hospital Universitario de 
Los Andes. 

RESUIIrS AND DISCUSSION 

The reactions of cba. and the Zn a i d  Mn ca.rbonates are characterized by high yields 
of insoluble materia.1 mainly coniposed of the  desired ethenyl benzoates with small 
a.mounts of unreacted eba, as shown by FT-IR spectra. and Guinier powder patterns. 

Zn(eba) before and after hea.ting, is insoluble i n  water and in most common 
organic solvents. On the other hai.i(l, Mn(eba.) is soluble i n  methanol and partially 
soluble in water a.iid a.cetone. After Iieating it is insolulile in methanol. 

The IR spectra. of the synthesized inetal derivatives of eba, Figures l(a) and 
2(a), show very sinall differences between them. The strong, sharp absorption of 
the  aromatic C=C stretch, observed a.t 1579 cin-' for I\/ln(eba) and a.t 1557 cm-' 
for Zn(eba), obscures the absorption of the  vinyl C=C stretch. The  asymmetric 
and symmetric stretches of the carboxylate group appear at 1541 and 1412 ern-' for 
Mn(eba) and at 1543 and 1419 cm-' for Zn(eba). Other important absorptions 
appear at 990 and 905 c1i1-l for Mnjeha) and a t  990 a.nd 906 an - '  for Zn(eba). 
Ba,sed on the a.ssignment ma& by Nycluist[7] of the spectruin of pure eba taken in 
Nujol mull, t,liese liands may correspond to the CI-I=CIl2 twist (991 c1ii-l) and the 
=CH2 wag (912 cm-') modes. 
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FIGURE 2 FT-TI1 spectra of Zii(elxi) : ( a )  before treatment, (13) after 
heating at, 240°(’. 
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Upon heating in the melting point apparatus, the soft, colorless crystals of 
Mn(eba) turned golden-brown at 150°C. Zn(eba), also colorless, turned light yellow 
at 90°, dnrk-yellow at 19O"C, and brown-yellow at 240°C. Both compounds harden 
when heated. 

According to the IR spectra, Figs. l (b)  and 2(b), the two compounds behave 
in a similar manner upon heating. A loss of spectral resolution is observed. Since 
the presence of the C=C stretch is not obvious in the IR spectra, the disappearance 
of the vinyl absorptions at 990 and 905-906 cm-' is the best indication that reaction 
has taken place. The x-ray powder patterns show total loss of crystallinity. 

After exposure to a low dose of gamma rays (5000 Rads) there are no appre- 
ciable changes in the IR spectra and x-ray powder patterns of Mn(eba) and Zn(eba). 
Heating for 5 days at 60°C of the previously irradiated samples produced a small 
change in the relative intensities of some absorptions, in particular those of the ring 
C=C and the asymmetric carboxylate stretches,and the vinyl twist and wag modes 
for both Mn and Zn ethenylbeazoates. However, neither the x-ray powder patterns 
nor the solubility changes after exposure to ganiina radiation. 

Detailed studies of the percent conversion with time and the nature of the 
products obtained from the thermal reaction of the Mn and Zn complexes are un- 
derway. The solid state behavior of other metal derivatives of eba are also being 
investigated. 
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