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INTRODUCTION 

Hospital textiles include bed sheets, blankets, towels, personal clothing, 

patient apparel, uniforms, gowns, and drapes for surgical procedures. 

Contaminated textiles and fabrics contain high numbers of microorganisms such 

as pathogenic bacteria, fungi, viruses, and spores have strong abilities to survive 

on fibrous materials. Cleaning in general has two main functions: first: non-

microbiological, to improve or restore appearance, and prevent deterioration. 

Second, microbiological, to reduce the numbers of microbes present, together 

with any substances that support their growth or interfere with disinfection 1. The 

most common found microorganisms on hospital textiles are: Gram negative and 

positive bacteria, coagulase negative staphylococci, Bacillus sp. and typical skin 

flora 2. Neely and Maley examined the survival of 22 multiple drug resistant 

Gram-positive bacteria on hospital textiles. All the bacteria survived for at least 1 

day, and some species survived for more than 90 days. In 2000 a study showed 

that Gram-negative bacteria including Pseudomonas aeruginosa, Escherichia coli, 

Serratia marcescens, Proteus mirabilis, Klebsiella pneumoniae, Acinetobacter 

species, and Enterobacter species survived on hospital/medical fibrous materials 

from less than 1 h to more than 60 days3. Medically important fungi, such as 

Candida spp., Aspergillus spp., Fusarium sp., Mucor sp., and Paecilomyces sp., 

survived on hospital fabrics from 1 day to several weeks 4. A continuous study 5 
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found that the vaccinia virus, poliomyelitis virus, and poliovirus could stay alive 

on cotton and wool fabrics for long periods, and the contaminated cloth 

transferred the viruses to other clean textiles through dry contact or laundering. 

In another report 6 found that norovirus survived on  

Cleaning cloth; wiping hard surfaces with the contaminated cloth could 

spread the virus to hands, equipment, and  

Other surfaces. Recently, the retention of Aspergillus Niger spores on 

fibrous materials has also been reported. Contaminated fibrous materials are 

often associated with increased risk of infections. The clear link between 

contaminated fibrous materials and diseases was first reported by Lister 7,and 

this first report has been repeatedly confirmed by subsequent studies. An 

outbreak of infection with Salmonella typhimurium in a large general hospital 

was traced to contaminated hospital fabrics 8, and an outbreak of Salmonella 

gastroenteritis in a nursing home was attributed to soiled linens. Another report 9 

studied an outbreak of a vancomycin-resistant E. faecium infection in a British 

hospital. They found that the bacteria were introduced into the hospital and 

acquired by the patients through rental therapeutic beds. In response to these 

challenges, much effort has been devoted to the development of 

infectionresistant fibrous materials for hospital, medical, bioprotective, and 

related hygienic applications. One of the most widely used approaches is to 

incorporate biocidal functional groups into fibrous materials. With this approach, 

antibiotics 10, phenol derivatives 11, 12, polypeptide mimics 13, N-halamines 14,15,16, 

and so forth have been used to provide biocidal functions. The biocidal activities 

of these materials vary considerably. Among many available biocides, N-halamine 

compounds possess superior disinfection power and safety; in fact, many of 

them are used as swimming pool disinfectants. In addition, N-halamines have 

demonstrated the capability of providing rapid and total inactivation of a wide 

range of microorganisms without causing the microorganisms to develop 

resistance to them. Since N-halamine structures are biocidal, and more 

importantly quite stable in ambient environments, incorporation of the N-

halamine into polymeric and textile materials will bring biocidal functions to 

them. However, successful examples of biocidal fibrous materials that can 

inactivate not only bacteria but also viruses, fungi, and spores are still limited. 

Such materials are needed in many hospital, medical, and bioprotective 

applications in which fast and broad-spectrum biocidal actions are required. In 

this study, we report the preparation and characterization of antibacterial, 

fibrous materials. In our approach, 3- (hydroxymethyl)-5, 5 dimethylimidazolidine-

2, 4-dione was grafted onto cotton fabrics, which demonstrated potent and 

durable biocidal effects against Gramnegative and Gram-positive bacteria. 

 

MATERIAL AND METHODS 

 

Chemicals and reagents  
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1HNMR spectrum was recorded on Bruker DRX -250 spectrometer (1H NMR 

250 MHz); δ in ppm, J in Hz. EI-MS (70 eV) spectra were determined with a HP 

5973 GC-MS instrument; in m/z. Melting points were determined with a 

Electrothermal 9200 apparatus. All reagents and materials were purchased from 

E-Merck Ltd. 

New synthesis of N-Halamine using formaldehyde and 5, 5 dimethyl 

hydantoin 

10 cc of the commercial 37% formaldehyde aqueous solution (0.1mol) were 

charged into a bottomed flask with an agitator at 40 °C. The agitator was started 

and there was admixed about 0.4 grams of sodium hydroxide (0.01 mol). Then 

while continuing the agitation there was admixed 12.8 grams of 5, 5-

dimethylhydantoin (0.1 mol). The agitation was continued while holding the 

reaction mixture temperature at between 39° to 49 °C for 4 hours. At the end of 

that time, the excess formaldehyde solution was removed by rotary evaporation. 

The residue then was extracted by 50 cc ethyl acetate and 5 cc water. The organic 

layer was vaporized and collected. Finally the oily product was crystalized by n-

hexane and ethyl acetate to give white desired product. 

 

                          
Fig 1. Synthesis of 3-(hydroxymethyl)-5, 5 dimethylimidazolidine-2, 4-dione (MDMH) 

 

Products characterization data of MDMH 

3-(hydroxymethyl)-5, 5-dimethylimidazolidine-2, 4-Dione: white solid (12.1 g, 

75% yield); mp. 118 °C; 1HNMR (250 MHz, CDCl3) δ 7.97 (s, 1H) 6.15 (t, j= 6.5 Hz, 

1H), 4.73 (t, j= 7.0 Hz, 2H), 1.28 (s, 6H); MS (EI) m/z (relative intensity) 158. 

 

Grafting MDMH onto cotton fabric 

12 grams of MDMH and 2.4 grams magnesium chloride was added to 0.3 

gram of Triton X-100 (a wetting agent) in 300 milliliters of deionized water.  The 

pH of the bath was adjusted to 3.4 with one milliliter of 0.1 N HCl solution. 70 

grams of pure cotton fabric (#400 Testfabrics, Inc., Middlesex, N.J.)  and  70 grams  

of cotton/polyester (35/65) blend fabric (#7409, Testfabrics, Inc., Middlesex, N.J.) 

were then immersed in the bath for more than five minutes and padded through 

a padder with a more than  80% pick-up  rate. The fabrics were dipped and 

padded again, and dried at 80° C for 5 minutes. The fabrics were then cured at 

160° C for 5 minutes. Finally, the resulted fabrics were machine washed with 90 

grams of American Association of Textile Chemists and Colorists (AATCC)   

Standard Reference Detergent 124 at a low water level and a temperature of 

about 60° C for 30 minutes. The fabrics were dried and weighed, yielding 21 

grams (1.35% add on) of the cotton fabric and 71 grams (0.71% add-on) of the 

cotton/polyester blend fabric.  
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Antibacterial Functions 

The antibacterial assessment were conducted according to AATCC Test 

method 147-2004. E. coli (ATCC 25922, Gram-negative bacteria) and 

Staphylococcus aureus (ATCC 25923, Gram-positive bacteria) were used to 

challenge the antibacterial activity of the MDMH-coated fabrics. Sterile 

bacteriostasis agar was dispensed in petriplates. 24 hours broth cultures of the 

test organisms (E.coli and S.aureus) were used as inoculums. Using 2 mm 

inoculation loop, 1 loop full of culture was loaded and transferred to the surface 

of the agar plate by making 7.5 cm long paralled streaks 1 cm apart in the center 

of the plate, without refilling the loop. The test specimen was gently pressed 

transversely, across the five inoculums of streaks to ensure intimate contact with 

the agar surface. The palates were incubated at 37° C for 18-24 hours. After 

incubation, a streak of interrupted growth underneath and along the side of the 

test material indicates antibacterial effectiveness of the fabrics. 

 

RESULTS 

On the outset of our study, we examined the reaction in the presence of 

37% formaldehyde solution. Methyl hydroxylation took place in the presence of 

formaldehyde (0.1 mol), and NaOH (0.01 mol) (Table 1, entry 1). We investigated 

the reaction conditions for selective formation of 3-(hydroxymethyl)-5, 5-

dimethylimidazolidine-2, 4-dione as shown in Table 1. In the absence of solvent, 

the yield of the reaction was improved to 75% (entry 1). It was found that the best 

temperature for the reaction was 40 °C (entry 1-4, 7-8). Note that amount of base 

plays the key role for the formation of product (entry 1-3, 7-8).  

 

Table 1. Selected Results of Screening the Optimal Conditions 

Yield % Temp. Base(mol) Solvent Entry 

75 40 NaOH (0.01) - 1 

35 40 NaOH(0.01) H2O 2 

58 40 KOH(0.01) - 3 

51 40 Sodium bicarbonate(0.01) - 4 

53 100 NaOH - 5 

43 R.T NaOH - 6 

22 40 NaOH(0.025) - 7 

34 40 NaOH(0.1) - 8 

 

The MDMH-grafted fabrics demonstrated potent biocidal efficacy against a 

wide range of microorganisms. Without bleach treatment, this fabrics showed the 

antibacterial activities against E.coli and S.after after 24 hours (figure 2). After 48 

hours this effect was maximized and all bacteria were eliminated from the textile 

(figure 3). But with bleach treatment, these fabrics don’t provide any antibacterial 

activity (figure 4).  Note that Gram-positive bacteria show more antibacterial 

activities than Gram-positive bacteria. White thin strips in the petri plate show the 

growth of bacteria. 
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DISCUSSION 

First, We showed the noble synthesis rout for 3-(hydroxymethyl)-5,5-

dimethylimidazolidine-2,4-dione (MDMH). This rout carried out in the mild and 

solvent free conditions. Second, MDMH was grafted onto cotton fabrics upon a 

AATCC Test method 147-2004. This fabric provided powerful and rapid 

antibacterial activities against E.coli as a Gram-negative bacteria and S.aureus as 

a Gram-positive bacteria. This feature can be used in hospital fibers where 

growth of these bacteria is abundant. These fabrics interestingly eliminate 

bacteria form hospital textiles. 

 

 
Fig 2. Results after 24 hours without bleach treatment. a)   The control sample. b) 

E.coli. c)  S.aureus 

 

 
Fig3. Results after 48 hours without bleach treatment. a)   The control sample. b) 

E.coli. c)  S.aureus 
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Fig4. Results after 24 hours with bleach treatment. a)   The control sample. b) E.coli. 

c)  S.aureus 
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