






















































































































































samples studied under a nitrogen atmosphere.) At about 300°C, the thermograms become 

dissimilar which is consistent with the presence of oxidative modes of degradation 

occurring for the sample studied under an oxygen atmosphere. As in case ofEVOH (I) 

itself, there is some correspondence between the onset of weight loss obsereved 

employing TGA (Figure I7 ;weight loss occurs at about 200°C) and transitions observed 

using DSC beginning at about 250°C. By comparison with the EVOH (I) monomer itself, 

the residual weight at 700°C is higher for the products. For EVOH (I) less than I 0% 

weight is retained while the product shows about 40 % weight retention to 700 °C. This 

additional weight for the modified product is probably a result of the retention of 

tin-containing moieties. 

For the EVOH (II) product derived from reaction with dibutyltin dichloride, there 

is a correspondence in the DSC thermogram (Figure I8) in air and nitrogen to about 

200°C. The endothermic peak at about I 00°C probably corresponds to the melting 

observed at about I oooc using a melting point apparatus and is assigned to the melting of 

ethylene rich regions . Above about 200°C both DSC and TGA are dissimilar when 

obtained under air or nitrogen consistent with the degradation occurring in air involving 

oxidation (Figure 18). 

By comparison, the melting range and inception of weight loss occur at a lower 

temperature for the EVOH (II) product. This is reasonable since the EVOH (II) itself 

melts at a lower temperature and exhibits an initial weight Joss at a lower temperature 

when compared with EVOH (I) . Interestingly, the weight retentions for both products are 

similar. 
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Film formation: 

The starting material, namely EVOH (II), forms coherent and transparent films at 

about 1 00-11 0 °C using a pressure of about 140 psi for 5-1 0 minutes without showing any 

adhesion to the metal plate employed to form the film . For comparison, EVOH (I) 

requires a higher temperature and pressure (about 150° C and 200-300 psi) to form 

comparable films . The films made with EVOH (I) are difficult to retrieve as they adhere to 

the metal plates. However, coherent films with poor transparency, flexibility and strength 

can be made by coating the metal heating plates with a commercial oil OV -17 

(manufactured by Supelco. Inc ., Bellefonte, PA). The films made without OV -17 are 

obtained by scraping with a razor blade. 

Generally, the products obtained from dibutyltin and diphenyltin modification of 

EVOH (I) do not form films (or form films which are not retrievable) under these 

conditions. These products showed good adhesive properties to paper, wood, glass and 

polished steel. 

The films made from most ofthe modified EVOH (II) containing 14.7% vinyl 

alcohol were easy to retrieve using OV -17. They were coherent, somewhat flexible but 

with low strength and transparency. The products made from the modification ofEVOH 

(II) using dimethyltin dichloride, diethyltin dichloride and dilauryltin dichloride shown a 

better ability to form readily retrievable films without using commercial oils . 

The ability of the products ofEVOH (II) to form better films is probably due to an 

additional flexibility imparted to the structure because of the increased percentage of 

ethylene units. From the thermal properties and the ability of the above modified 

66 



Film formation: 

The starting material, namely EVOH (II), forms coherent and transparent films at 

about 1 00-11 0 °C using a pressure of about 140 psi for 5-1 0 minutes without showing any 

adhesion to the metal plate employed to form the film . For comparison, EVOH (I) 

requires a higher temperature and pressure (about 150° C and 200-300 psi) to form 

comparable films . The films made with EVOH (I) are difficult to retrieve as they adhere to 

the metal plates. However, coherent films with poor transparency, flexibility and strength 

can be made by coating the metal heating plates with a commercial oil OV -17 

(manufactured by Supelco. Inc ., Bellefonte, PA). The films made without OV -17 are 

obtained by scraping with a razor blade. 

Generally, the products obtained from dibutyltin and diphenyltin modification of 

EVOH (I) do not form films (or form films which are not retrievable) under these 

conditions. These products showed good adhesive properties to paper, wood, glass and 

polished steel. 

The films made from most ofthe modified EVOH (II) containing 14.7% vinyl 

alcohol were easy to retrieve using OV -17. They were coherent, somewhat flexible but 

with low strength and transparency. The products made from the modification ofEVOH 

(II) using dimethyltin dichloride, diethyltin dichloride and dilauryltin dichloride shown a 

better ability to form readily retrievable films without using commercial oils . 

The ability of the products ofEVOH (II) to form better films is probably due to an 

additional flexibility imparted to the structure because of the increased percentage of 

ethylene units. From the thermal properties and the ability of the above modified 

66 



copolymers to form films, it is concluded that if these products are processed below their 

decomposition temperature, they behave as processable thermosets i.e. they can be 

reformed over again and again . 

The abilitiy to be formed under application of heat and pressure are also properties 

inherent to ionomers. The modified copolymers, in the present context are not ionomeric 

because they do not have ionic linkages. Yet, these modified copolymers show some of 

the properties of ionomers. A further investigation should provide an additional insight 

into validity of this comparison. 

The ability of the crosslinked products to form reprocessable films under increased 

temperature and application of pressure is similar to the ability of ionomers that act as 

"thermoplastic-thermosets" . This is the initial report of such a behavior for non-ionic 

materials. 
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Figure 16: DSC thermogram for EVOII (I) in air and nitrogen 
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Figure 17: TGA thermogram of EVOII (I) in air and nitrogen 
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Figure 21: Comparative TGA thermograms for the products containing dibutyltin obtained in nitrogen 
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Figure 23: Comparative TGA thermograms for the products containing dibutyltin obtained in air 
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Figure 25: Comparative TGA thermograms for the products containing dipheyltin obtained in nitrogen 
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Figure 26: Comparative DSC thermograms for the products containing dipheyltin obtained in air 
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BIOLOGICAL STUDIES 

The biological activity of the organostannane modified ethylene/vinyl alcohol 

copolymers with respect to their ability to inhibit selected microorganisms was 

investigated and compared to the analogous products made from poly(vinyl alcohol)(20) . 

The copolymers were also added to a number of matrices and their biological activity 

studied. 

The ability to inhibit growth of selected microorganisms was measured by the size 

of the zone of inhibition on the culture plate. In general, the larger the zone of inhibition 

the greater is the ability of the test material to inhibit the growth of the microorganism. 

The inhibition was determined by using the staining technique described in the 

experimental section. 

The following microorganisms were used for testing the biological activity of the 

modified polymers. 

1. Staphylococcus aureaus (Staphylococcus pyogenes) - Gram positive bacteria found on 

the skin and in the nose; responsible for infections of the genitourinary tract, ears, 

respiratory tract, skin and vaginal microflora (23,24) . 

2. Pseudomonas aeruginosa- Gram negative bacteria found in the intestinal tract and on 

the skin; responsible for infections in the urinary tract and on burns (23,24) . 

3. Escherichia coli - Gram negative bacteria found in the intestinal tract; responsible for 

the urinary tract infections, neonatal meningitis and oedema (23,24). 
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4. Trichophyton mentagrophytes- Fungus responsible for ectothrix infection and ring 

worm in human beings and other mammalian animals such as cattle, dogs, cats and 

guniea pigs (23 ,24). 

5. Candida albicans- Fungus primarily responsible for yeast infections; found in the 

intestinal tract, on skin and on mucus membranes and the male and female genital tract. 

Candida albicans is mainly responsible for yeast infections in women. (23,24) 

Bacteria are relatively small and simple cells which do not have a nuclear 

membrane. In comparison to bacteria, fungi are larger and more complex cells which do 

have a nuclear membrane. 

Most ofthese microorganisms form a part ofthe normal flora of human body. In a 

healthy human being, the microorganisms of normal flora do not cause any harm. 

However, when the normal flora is upset the opportunistic microorganisms grow to 

"overpower" the remaining microorganisms causing an infection. 

Only certain organotins are toxic (inorganic tin is non-toxic) . The effect of number 

of alkyl groups and the alkyl chain length on antifungal and antibacterial properties of 

selected organostannanes has been reported (21 ,22) . The biological activity as a function 

of selected biological species appears in Table 17 (22) . Generally, the order of reactivity, 

as a function of number of alkyl groups on the organotin compounds in mammalian 

animals, shows the following trend : 

Monoalkyltin < Dialkyltin, Tetraalkyltin < Trialkyltin 

The order of reactivity as a function of the alkyl chain length for trialkyltin halide 

compounds in mammalians shows the following trend : 
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Ethyl > Methyl > Butyl > Propyl > Phenyl 

In general, the toxicity decreases with increasing chain length ofthe alkyl group. 

Preliminary results obtained from the testing of biological activity of modified 

products on various microorganisms are shown in Table 18 and Table 19. Following is a 

brief analysis of these results. 

The toxicity of organotin halides towards the microorganisms is expected because 

when organotin halides react with water and Lewis bases they act similarly to acid 

chlorides releasing hydrochloric acid. Thus, the general toxicity of the organotin halides is 

largely due to its "acid chloride" nature as well as the toxicity associated with the 

organostannane. 

By comparison to the monomeric organotin halides themselves, some ofthe 

modified ethylene/vinyl alcohol products exhibit a more specific inhibition pattern. Thus, 

for the products derived from diphenyltin dichloride, the monomer organotin halide 

inhibited all of the test organisms while the modified products inhibited only selected 

organisms (Table 18). 

The products containing greater amounts of the vinyl alcohol moiety and greater 

organotin content typically show greater inhibition with respect to both number of 

different microorganisms inhibited and the size of the zone of inhibition. Again, this is 

expected since such products do contain a greater amount of inhibiting agent (i .e. 

organotin moiety) . Carraher and Butler (12) recently obtained a patent describing the 

selective inhibition of C. albicans by organostannane modified poly(vinyl alcohol) 

products. These products are structurally similar to the ethylene/vinyl alcohol products 
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described in the present study. Comparison of the zones of inhibition of C. albicans for 

modified PV A and the modified ethylene/vinyl alcohol products shows that the presence 

of ethylene units does influence the biological behavior of the material. Thus, modified 

PV A products exhibit much greater inhibition of C. albicans while the similarly modified 

ethylene vinyl alcohol copolymers exhibit a broader range of inhibition. 

The modified copolymers which inhibit all or almost all of the microorganisms may 

be candidates for use where broad spectrum inhibition is desired . The biological activity of 

these organostannane modified copolymers were then employed as additives to these 

matrices. The results ofthis study appears in Table 19. 

The compounding was done in the usual manner. The organotin polymers were 

ground to fine powders and were mixed into the appropriate matrices such as sealant 

(Silicone II which is a methoxypolydimethylsiloxane and polydimethylsiloxane based 

sealant manufactured by General Electric Company), talc, Lucite (paint manufactured by 

The Olympics Homecare Products), etc . The final mixture contained about 1% by weight 

of the organotin test material. Matrices that contain the modified products exhibit the 

greatest inhibition of Staphylococcus aureus. Further, generally the presence of the matrix 

tends to suppress the inhibition effectiveness of the test material. This is probably a 

consequence of the lowered amounts of the organostannanes in the matrix. 

In summary, the modified copolymers exhibit a broad spectrum of inhibition in 

comparison to the analogous PVOH products. The copolymers are candidates for further 

study as broad spectrum inhibiting agents. 
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