
IODINE CONTAINING ANTIMICROBIAL 
POLYMERS 

BY 

NASREEN A. MAZUMDAR 

THESIS SUBMITTED 
IN FULFILMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

IN 

CHEMISTRY 

to the 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 
SEPTEMBER 1992 



04 N  

1* ' 
‘Piwb41084;.■0 -4M0-■ •■0. ,, 

(,) C1 

1 

, ..._, 
ck....1.4%.% 

‘ 	1. • • 	' .., tc..a.PPoN , kA 

N: ,. ........ . 	... --- ' ------ 
1\' s 	- 

)110 • 

1-01-  



CERTIFICATE 

This is to certify that the thesis entitled "IODINE 

CONTAINING ANTIMICROBIAL POLYMERS" being  submitted by Ms. 

Nasreen A. Mazumdar to the Indian Institute of Technology, 

Delhi, for the award of the degree of DOCTOR OF PHILOSOPHY 

in the Department of Chemistry, is a record of bona fide 

research carried out by her. Ms. Mazumdar has worked under 

our guidance and supervision and had fulfilled the 

requirements for the submission of the thesis. 

The results contained in this thesishave not been 

submitted, in part or in full, to any other University or 

Institute for the award of any degree or diploma. 

\ , 

t 
(Dr. R.

—
rdha ;an) a V 

Assistant Prof ssor 
Department of Chemistry 
Tnilin Tn=t4 t-t of 
Technology, Delhi. 

(Dr. Harpal Singh) 
Aq.sti7. Arnf4acczni.- 

Centre for Biomedical 

Indian I=titute of 
Technology, Delhi. 



ACKNOWLEDGEMENTS 

I consider it a privilege to express my abiding sense of 

obligation to Dr. R. Vardharajan and Dr. Harpal Singh whose 

unstinted encouragement and supervision has made the present 

work possible. I am also deeply indebted to Dr. Ashok 

Rattan, Department of Microbiology, All India Institute of 

Medical Sciences, New Delhi, for guiding me through the 

microbiological experiments conducted for this project. I am 

gratified to Prof. A.S.N. Murthy and Prof. S.K. Guha for 

providing me with the necessary research facilities at the 

Department of Chemistry and Centre for Biomedical 

Engineering, Indian Institute of Technology, Delhi. 

I am beholden to my co-researchers in the laboratory 

for their assistance. The services rendered by the technical 

staff, Department of Microbiology, AIIMS, and 

Instrumentation Laboratory, Department of Chemistry, IIT, 

were of great help. 

Dr. Asad, my husband, has gone through the manuscript 

and has shared the pain and pleasure of the work. My parents 

have always been a source of inspiration at rr- itir-1  

moments, 

• 

1/41■4.-- 14 
	 MaZUMda,.) 



ABSTRACT 

Different classes of antimicrobial agents i.e. the chemical 

compounds that have the ability to inhibit the growth and 

metabolism of microbes or to kill them to control microbial 

contamination and prevent infection have been described in 

Chapter 1. Antimicrobial polymers which are being studied 

increasingly for their functional advantages over simple 

antimicrobial agents have also been reviewed along with 

their methods of preparation and applications in 

chemotherapy, disinfection and sterilization. A special 

mention has been made of iodine containing polymers and 

their applications in various fields. 

In an attempt to produce antimicrobial polymeric 

systems with a specific objective to achieve a prolonged and 

controlled release of the antimicrobial agent for 

disinfection of drinking water, the following iodinated 

polymeric hydrogel systems were developed and their methods 

of preparations have been described in Chapter 2: (a) Cross-

linked copolymers based on 2-hydroxyethyl methacrylate(HEMA), 

2-dimethylaminoethyl methacrylate (DMAEMA), ethylene glycol 

dimethacrylate (EGDMA) and aqueous triiodide solution were 

bulk polymerized using a redox initiator and (b) Linear co-

Dolvmers of methyl methacrylate (MMA) and N-vinylpyrrolidone 

(NW.) were prepared by free radical polymerization using 

benzoyl peroxide initiator as well as 7-irradiaticm, The 

( i) 



copolymers were complexed with various concentrations of 

molecular iodine in a homogeneous solution of dichloro-

methane. A commercially obtained triiodide-anion exchange 

polymeric membrane based on a blend of polystyrene and 

polyethylene was used as such for characterization and 

assessment of antimicrobial properties. During the bulk 

polymerization of HEMA, DMAEMA and EGDMA, iodine was found 

to play a very important role. While a small quantity (0.25-

1.27 wt % of the monomers) was found to catalyze the 

polymerization reaction, a concentration of 2.0% and higher 

inhibited the reaction. The other polymeric hydrogel P(MMA-

co-NVP) was found to form a stable complex with various 

weight percentages of iodine (10-40 wt % of the copolymer) 

and the amount of free iodine in the iodinated copolymers as 

determined by extraction with carbon tetrachloride was found 

to be negligible. 

Chapter 3 deals with the characterizations of different 

homopolymers, copolymers and iodinated copolymers by various 

techniques to determine their solubility, degree of 

swelling, molecular structure, copolymer composition, 

thermal stability, molecular weight and morphological 

structure. Crosslinked iodinated P(HEMA-DMAEMA-EGDMA) 

samples were insoluble but swelled in T.4 4-Pr! the degree of 

swelling increased with increasing content of DM7IFIvik and 

decreasing content of EGDMA. The thermal stability of the 

samples also increased with increasing content of HEMA and 



EGDMA. P(MMA-co-NVP) samples were soluble in both polar and 

non-polar solvents whereas the iodinated P(MMA-co-NVP) were 

soluble in highly polar solvents indicating their polar 

structure. The compolymer of MMA and NVP prepared using 

peroxide initiator had a lower molecular weight and 

copolymer composition of [MMA]/[NVP] as 0.5577 : 0.4423 

while that prepared by 7f-radiation had a higher molecular 

weight and a composition of 0.7039 : 0.2961 as evaluated by 

viscosity measurements, 1H-NMR spectroscopy and elemental 

analysis. Inferences from IR spectra and swelling studies 

were also consistent with these results. The molecular 

structure of the iodinated copolymers of MMA and NVP were 

elucidated based on spectral and other evidences. The degree 

of swelling and the thermal stability of the iodinated 

copolymers decreased with increasing iodine content of the 

copolymer. 

Chapter 4 deals with the toxicological evaluation of 

iodine solution and iodinated polymers and the in vitro 

release studies of iodine from these polymers. The 

experimentally determined oral and intravenous LD0  values of 

iodine in mice were 172 mg/kg and 42.3 mg/kg respectively. 

The iodinated polymers were found to release in twenty days, 

quantities of iodine well below the LD, values. Release of 

iodide ions from the polymer_g were measured by 

selective electrode. 20% iodinated copolymer of MMA and NVP 

was found to release I ions (9.40%) and HOI and 12  (6.64%) 



of the total 16.04% available iodine in a flow of 2500 

litres of water. Most of the liberated iodine from triiodide 

polymeric membrane and Zero-E (a commercial triiodide-anion 

exchange resin water disinfectant) were present as I ions. 

Chapter 5 contains the details of the antimicrobial 

properties of the iodine containing polymers. All the 

iodinated polymers showed antimicrobial activity against 

gram-negative Escherichia coli which is an indicator micro-

organism of faecal contamination in water. Iodinated P(MMA-

co-NVP) and Zero-B were found to be active against various 

pathogenic bacteria but the bactericidal capability of 20% 

P(MMA-co-NVP) was more wide ranging than that of Zero-B. 

Though active against E. coli, triiodide membrane did not 

show activity against other bacteria. 	All the polymers 

showed long-term antibacterial activity against E. coli. The 

lives of 50, 50 and 30 g of 20% iodinated P(MMA-co-NVP), 

triiodide-membrane (46.6% iodine) and Zero-B (35% iodine) 

were 2000, 10,000 and 2500 litres of water respectively. 

(iv ) 
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