Appendix II

Preliminary Results of Experimental Fabrics Made at University of Tennessee

Preliminary Results.  In Table 1, the moisture vapor transmission rate (MVTR) values are reported as the grams of water per square meter of fabric for 24 hours.  The MVTR for the 25 g/m2 Aptra™ Classic microporous (MP) film itself was reported by its manufacturer to be 5000 g/m2/24hr as tested by ASTM E96, Procedure B.  The unfinished thermally bonded fabrics were tested by a method which is equivalent to ASTM E96, Procedure B.  Samples 29-1A and 29-1B are replicate samples which both have an OS of 25 g/m2 SB PP, middle layer of 25 g/m2 MP PP and BS CSN composed of a carded 20 g/m2  60% cotton/40% staple PP web bonded to a 17 g/m2 SB PP.  Sample 29-2A is similar except the BS CSN composite has a lighter 13 g/m2 carded 60/40 cotton/PP web bonded to a 17 g/m2 SB PP. The MVTR of all three of these samples are considered high for good thermal comfort, ranging from 3275-3635 g/m2/24hr.  However, thermally bonded B/W 30-3 has the same construction as Sample 29-2A, except it has a 25 g/m2 EXXAIRE® MP PE film in the middle layer, but has over twice the MVTR (7805 g/m2/24hr) as the garment samples with MP PP in the center.  Furthermore, the sample with MP PE has a much softer hand than those with MP PP and is also much less noisy when squeezed or flexed.

Table 1.  MVTR of Un-Finished Garment Fabrics

	Sample No./Description
	MVTR (g/m2/24hrs)

	Sample No.
	Top
	Middle
	Inside
	

	_
	
	25g Aptra™ Classic PP MP Film
	
	5000*

	29-1A
Control
	25g
SB PP
	25g MP PP
	20g C/17g
SB PP
	3635

	29-1B
	25g

SB PP
	25g MP PP
	20g C/17g
SB PP
	3275

	29-2A
	25g SB
PP
	25g MP PP
	13g C/17g
SB PP
	3305

	B/W 30-3
	25g SB

PP
	25g EXXAIRE®

PE MP film
	13g C/17g
SB PP
	7805


* Supplier’s specification
In Table 2, the Synthetic Blood Penetration tests as determined at TANDEC by ASTM F 1670-2003 of thermally bonded un-finished fabrics are given.  Replicate Samples 29-1A and 29-1B which have a 25 g/m2 MP PP film and a BS CSN with 20 g/m2 of 60/40 cotton/staple PP on 17 g/m2 SB passed in that none of the three specimens that were tested from each sample showed any evidence of synthetic blood penetration under 2 psi air pressure and after one hour of sitting without applied pressure.  Also the 25 g/m2 Aptra MB PP film tested alone passed ASTM F 1670.  It would be anticipated that unless the thermal bonding conditions were precisely controlled that bonding would increase the likelihood of pin hole formation. However, Sample 29-2A, which was similar but had the lighter CSN with 13 g/m2 cotton/PP on 17 g/m2 SB PP had one specimen to fail so the sample is recorded as a failure.  The 25 g/m2 EXXAIRE® MP PE film passed the synthetic blood penetration test, but Sample B/W 30-3, which has the middle layer of 25 g/m2 MP PE failed the test.  Sample B/W 8-2-04 without the Permax ML breathable coating also failed 1670.  Also, not surprisingly the CSN Sample W/W 8-2-4 consisting only of 20 g/m2 of 60/40 cotton/PP on 12 g/m2 SB PP without the ML coating failed ASTM 1670 immediately, even before pressure could be applied to the sample holder. 

Table 2.  Synthetic Blood Penetration of Un-Finished Protective Garment Fabrics

	Sample No./Description
	Synthetic

Blood Penetration

	Sample No.
	Top
	Middle
	Inside
	Pass
	Fail

	-
	
	25g Aptra™ Classic

PP MP Film
	
	XXX
	

	29-1A

Control
	25g

SB PP
	25g MP PP
	20g C/17g

SB PP
	XXX
	

	29-1B
	25g 

SB PP
	25g MP PP
	20g C/17g

SB PP
	XXX
	

	29-2A
	25g            SB PP
	25g MP PP
	13g C/17g

SB PP
	XX
	X

	-
	
	25g EXXAIRE®

PE MF
	
	XXX
	

	B/W 30-3
	25g       SB PP
	25g MP PE
	13g C/17g

SB PP
	
	XXX

	B/W 8-2-04

w/o ML F
	17g

SB PP – Not Coated
	25g MP PP
	13g C/17g 

SB PP
	
	XXX

	W/W8-2-04

w/o ML F
	Not coated
	-
	20g C/12g

SB PP
	
	XXX


As shown in Table 3, all of the finished protective garment samples 1-7, which were the 29-1A and 29-1B identical samples and from 29-2A before finishing, passed ASTM 1670.  Furthermore, the thermally bonded laminates B/W 8-2-04 with the MP PP film and Sample B/W 30-3 with the MP PE film passed 1670, but most surprising was the fact that the simple CSN Sample W/W 8-2-04 with the Permax ML coating on the SB side passed the Synthetic Blood Penetration Test.  This means that the ML coated Sample W/W 8-2-04 meets the requirements for the highest level of protection, Level 4, for surgical drapes drape accessories, even though no repellent finish has been applied yet to the ML coated CSN.  To be classified as Level 4 (ANSI/AAMI, 2003) for surgical gowns and other protective apparel, the sample would have to pass the Viral Penetration Test (ASTM F1671). 

Table 3.  Synthetic Blood Penetration of Finished or ML Film Coated Fabrics

	Sample No./Description/Finish
	Synthetic

Blood Penetration

	Sample No.
	Top
	Middle
	Inside
	

	
	
	
	
	Pass
	Fail

	1
	25g SB

FC Only
	MP PP
	20g C/17g SB

AM Only
	XXX
	

	2
	25g SB

FC+AM
	MP PP
	20g C/17g SB

FC+AM
	XXX
	

	3
	25g SB

FC+AM
	MP PP
	20g C/17g SB

Latex+AM
	XXX
	

	4
	25g SB

FC Only
	MP PP
	20g C/17g SB

Latex+AM
	XXX
	

	5 Same

As 3
	
	
	
	XXX
	

	6
	25g SB

FC Only
	25g MP PP 
	13g C/17g SB

Latex+AM
	XXX
	

	7
	25g SB

FC+AM
	25g MP PP
	13g C/17g SB

FC + AM
	XXX
	

	B/W8-2-04

ML Film 


	17g

SB PP – Coated w 40.7g ML Film 
	25g MP PP
	13g C/17g 

SB PP
	XXX
	

	B/W 30-3
	25g

SB PP Coated w 44.7g ML

Film 
	15g MP PE
	13g C/17g 

SB PP
	XXX
	

	W/W8-2-04 

ML Film
	Coated w 40.7g ML Film
	-
	20g C/12g

SB PP
	XXX
	


As shown in Table 4, the Viral Penetration Test F 1670-2003, was passed by only one protective apparel fabric, Sample B/W 8-2-04 with the Permax BB2415 HMVT Breathable Coating.  This is also remarkable since this ML coated fabric has not been repellent finished.  The ML coated laminate can be made even more protective by adding an AM agent to the ML coating and or applying the AM and possibly AM+FC finishes to the OS and BS sides of the laminate.
Table 4.  Viral Penetration of Protective Garment Fabrics (Pass/Fail)

	Sample No./Description/Finish
	Viral Penetration

	Sample No.
	Top
	Middle
	Inside
	Pass
	Fail

	1
	25g SB PP

FC Only
	MP PP
	20g C/17g SB

AM Only
	X
	XX

	3
	25g SB PP

FC+AM
	MP PP
	20g C/17g SB

Latex+AM
	X
	XX

	7
	25g SB PP

FC+AM
	MP PP
	13g C/17g SB

Latex+AM
	XX
	X

	BW 8-2-04

w/o ML F
	17g

SB PP – Not Coated
	25g MP PP
	13g C/17g 

SB PP
	
	XXX

	B/W8-2-04

ML Film 


	17g

SB PP – Coated w 40.7g ML Film 
	25g MP PP
	13g C/17g 

SB PP
	XXX
	

	W/W8-2-04 

ML Film
	Coated w 40.7g ML Film
	-
	20g C/12g

SB PP
	
	XXX


Table 5 gives the test results of the AATCC Test Method 100-99, “Antimicrobial Finishes on Textile Materials: Assessment of,” which were performed by Nelson Laboratories, Salt Lake City, Utah.  In this test both the OS SB and BS CSN layers were inoculated with S. aureus organisms.  It can be seen that with Sample 1, in which the OS SB was finished only with FC that there was no effectiveness of the FC finish on the SB in killing bacteria.  However, the CSN side treated with AM only had a 99.963% reduction (log10 kill rate of 3.43).  When the OS SB PP side in Sample 2 was finished with FC+AM, the kill rate was greater than Sample 1 at 84% (log 10 reduction of 0.79), but was much lower than the CSN BS which was finished with Latex+AM (99.939% reduction; 3.22 log10 reduction).  With Sample 7, the OS SB was also treated with FC+AM, but did not kill bacteria.  On the other hand, the CSN on the BS with FC+AM had a 99.59% kill rate (log10 2.39).  This supports the premise of theses authors that the cotton component can be more effectively finished with antibacterial agent than synthetic hydrophobic fabrics such as SB PP.  The relatively small amount of cotton on the CSN also gives the bonded laminate more body than if SB PP was used on both sides, and the cotton feels more comfortable against human skin.

Table 5. Tests of Antimicrobial (AM) Finishes on Garment Fabrics

	Description/Finish
	Test Results

	
	% Reduction
	Log 10 Reduction

	Sample

No.
	Top
	Middle
	Inside
	
	

	1
	25g SB

PP

FC
	MP PP

Film
	20g C/17g SB

AM Only
	Top: -7.3%

Inside: 99.963
	Top: -0.92

Inside: 3.43

	3
	25g SB

PP

FC+AM
	MP PP
	20g C/17g SB

Latex +AM
	Top: 84%

Inside: 99.939
	Top: 0.79

Inside: 3.22

	7
	25g SB

PP

FC+AM
	MP PP
	13g C/17 g SB

FC+AM
	Top: -0.17

Inside: 99.59
	Top: -1.25

Inside: 2.39


Conclusions from Preliminary Work
Non-ML versus ML Coated Fabrics
· Tri-laminate protective fabrics with MP PP and MP PE films had high MVTR rates of up to 3635 and 7805 g/m2/24 hr, respectively.

· Uncoated tri-laminate protective fabrics of MP PP and CSNs with 20 g/m2 of 60/40 cotton/PP on 17 g/m2 SB PP passed ASTM F 1670, Synthetic Blood Penetration Test.

· Uncoated tri-laminate protective fabrics of MP PP and CSNs with 13 g/m2 of 60/40 cotton/PP on 17 g/m2 SB PP failed ASTM F 1670.

· Uncoated CSN protective fabric of 20 g/m2 of 60/40 cotton/PP failed ASTM-1670.

· Noveon breathable barrier (ML) coatings applied to tri-laminate protective fabrics (with MP PP) with no FC or AM finishes passed ASTM F 1670, Synthetic Blood Penetration Test, and passed ASTM-1671, Viral Penetration Test.

· ML coatings applied to CSN protective fabric of 20 g/m2 60/40 cotton/PP on 12 g/m2 SB PP passed ASTM F 1670, Synthetic Blood Test, with no FC treatment.

· UT-patent pending technology using CSNs and other cotton-based substrates and breathable ML coatings provides economical methods to produce Level 4 protective fabrics per ANSI/AAMI with cotton-comfort properties.

FC and AM Finished Non-ML Coated Fabrics
· All of the finished SB/MP PP/CSN tri-laminates containing FC, AM, latex or combinations of these finishes on the outer and inner layers passes ASTM-1670, Synthetic Blood Penetration Test.

· Surprisingly, these finished tri-laminates failed ASTM-1671, Viral Penetration Test, although one to two individual tests passed, and thus the bonding pressure/temperature may have been too high causing pin holes.

· Good kill rates (99+%; log reductions of 2.39-3.43) of S. aureus (AATCC-100) were obtained on the CSN body-side of the AM treated fabrics.

· Applying AM only or FC plus AM to the SB side appeared to be less effective than applying it on the cotton side in killing bacteria.
Appendix III

Brief Classification and Description of Antimicrobial Agents

Antibacterial surfaces
A surface with antibacterial activity would inhibit growth of attached bacteria, decrease the potential for biofilm development and minimize the opportunity for contamination of textile materials. The following is a discussion of various antimicrobial agents being used till now. These are categorized as follows:

· Halogens

The halogens are reactive compounds that combine readily with protoplasm. The oxidation and halogen reactions are destructive to microorganisms. The elemental halogens have germicidal properties and the germicidal power of the elemental halogens is affected by the presence of hypohalous acid due to hydrolysis, hypohalite ions from ionization of the acid, complex ions formed from free halogen and halide ion, N-halogen compounds. Amongst the chlorine containing compounds, halazone (p-sulfondichloroaminobenzoic acid), a water soluble compound, has been used to disinfect water supplies. Chloramine-T with a chemical structure para-toluene sodium-sulfonchloramide is used for the treatment of wounds. Another stable compound towards organic matter is Azochloramide. In this, one of the chlorine atoms is substituted for an amino group such that chlorine is less reactive toward organic matter but still active as a germicide. Similarly, iodine is considered to be one of the most useful of the available germicides. Bromine is a volatile, irritant and extremely corrosive liquid with maximal germicidal activity at pH values below 3. 

· Heavy metals

Mercury has been employed in medicine for long for disinfection. A series of organic mercurials have been developed and these are less toxic and less irritating and have enhanced antibacterial properties. The mercurials are active only when they are permitted to act on microbes for a sufficiently long period of time in the absence of inactivating agents (hydrogen sulfide, cysteine, glutathione). Presently, the mercurials are used primarily to the maintenance of sterility in biologicals and various other industrial products. 

Silver salts are efficient germicides, but their practical value is restricted by irritant, astringent and caustic effects. Also, the protein compounds of silver, formed when silver salts precipitate with proteins, are germicidal and cause less irritation or astringency due to low concentration of liberated silver ions. The activity of the inorganic silver salts or proteins is due to free silver ions. 

The germicidal properties of copper salts were observed when the Bordeaux mixture was used as a plant fungicide. The germicidal effects of copper are due to the coagulation of bacterial colloids. The lethal action of copper on microbes may result from interference in the function of DNA by metal binding. Copper is employed principally for the control of growth of algae in swimming pools and storage supplies of drinking water. Keevil etal. have studied the growth kinetics on the effect of copper on E.coli. It was found that copper killed one type of E.coli in 4 hours.   

(http://www.ananova.com/news/story/sm_379024.html). 
· Phenols

Phenol is rarely employed for disinfection, but the derivatives of phenol are widely used for the formulation of commercial germicides. The halogenated phenols (chloro and bromo) are more active germicidally than the unsubstituted compounds. The o-alkyl-p-chlorophenols are highly bactericidal for a wide variety of microorganisms including mycobacteria and fungi. As the chain is lengthened to the n-hexyl compound, their germicidal activity increases consistently. Phenolic germicides are employed for disinfection of hospital furniture, walls, floors and other surfaces. 

· Surface Active Agents 

These are substances which alter the energy relationships in interfaces, producing a reduction of surface or interfacial tension. Compounds which show surface activity contain structurally balanced hydrophilic and hydrophobic groups. 

Surface active agents can be classified as anionic or cationic depending on the charge on the hydrophilic moiety of the structure. The cationic surface-active agents – such as quaternary ammounium, sulfonium, arsonium, phosphonium or iodonium groups contain a positively charged hydrophilic part and these compounds are effective against both gram-positive and gram-negative bacteria. The anionic surface active compounds are active only against gram-positive organisms only. In general, the cationic compounds are more reactive at alkaline pH and the anionic compounds at acidic pH. 

The cationic long chain quaternary ammonium (quats) surface-active agents are bacteriostatic and bactericidal for many sporulating gram-positive and gram-negative bacteria. The lethal action of the quats has been ascribed to the protein denaturation, enzyme inhibition and disruption of the cell membrane. The quats are employed as sanitizers in diaries and in food-processing plants. The quats have been used extensively to sterilize surgeons’ hands in gloveless surgery and to obtain a sterile operative site. The inactive hydrophobic moiety of the quat molecule is directed toward the skin with the germicidal hydrophilic portion directed toward the outer surface(Hedgecock 1967). 

· Radiation

The resistance of different types of bacteria to UV radiation depends on the UV radiation per second per square centimeter required for killing a portion of the organisms or all of them. Variation exists in the radiation resistance of different strains of a bacterial species as well as individual cells of a culture. In case of air-borne bacteria, it depends upon the manner of dispersion of the organisms. With all these limitations, the application of UV irradiation to the control of infection has not produced uniform results. Also, direct exposure of the skin and eyes to UV radiation can cause erythema and conjunctivitis. Thus, UV lamps have to be located away from the human bodies. 

Ionizing radiation may be used for heat-sensitive substances where they can be sterilized on a production-line basis rather than on a batch basis. Two sources of ionizing radiation are employed for sterilization – gamma radiation from an isotopic source (Co60) and high-energy electrons from some form of electron accelerator. The radioactivity is not induced in the material irradiated by Co60 gamma rays. 

New antimicrobial agents and modified polymeric materials that have appeared in the last decade may be subdivided into 4 categories: (a) improved or modified chemical compositions based on classes of agents previously known to impart antimicrobial effects; (b) surface modification to minimize or inhibit microbial growth and possibly biofilm formation; (c) modified surfaces that are rendered bioactive by external stimuli such as specific chemical agents or light and (d) incorporation of naturally occurring antimicrobial substances in fibrous or polymeric substances. As compared to conventional antimicrobial agents of low molecular weight, advantages of polymeric antimicrobial agents are that they are non-volatizable, chemically stable and slow to permeate the skin of human or animal skin. Due to enhanced efficacy of the microbial action, they are potential substituents for low molecular weight antibacterial compounds. Thus, a toxic compound irreversibly attached by a covalent bond to polymer compound is a promising technique to fabricate antimicrobial agents for various applications. 

Antibacterial Polycationic Structures
A. Quaternary Ammonium Groups

A brief discussion on incorporation of quaternary ammonium groups on/in polymeric materials is as follows:

· Pyridinium-Type Polymeric Compounds

A random soluble copolymer of 4-vinylpyridine and styrene was synthesized and then quaternized with benzyl bromide. The polymer with various relative monomer concentrations was characterized by FTIR, nonaqueous titration, argentometry and intrinsic viscosity(Li, Shen et al. 1996). The antibacterial activity of the compound was determined by the lethality against bacteria and it was enhanced with the increase in number of pyridinium groups and charge density on the polymer chain(Li, Shen et al. 1997). The polymer captured and inactivated Gram-positive and Gram-negative bacteria, fungi and yeast (except B. subtilis). The polymer was assessed as non-toxic and there were no signs of red maculae, edema or allergy. Similar work was done with crosslinked and insoluble poly(4-vinylpyridine-co-styrene-co-divinylbenzene)(Li, Shen et al. 2000) prepared by reacting with different halohydrocarbons RX.  But the quaternizing reaction with halohydrocarbons is relatively slower than that with benzyl bromide. The three dimensional network in the insoluble polymer limits the access to the pyridinium groups. Thus, these compounds were found not be bactericidal and instead, adsorb or adhere to both alive and dead bacteria irreversibly(Li and Shen 2000). The insoluble pyridinium polymer quaternized with butyl iodide is the only macromolecule with the ability to kill bacteria because I- is a strong leaving group with its own disinfectant properties.

A monomer methacryloyloxydodecylpyridinium bromide(Imazato, Kinomoto et al. 1997) (MDPB) was incorporated in various dentin primers before curing. The inhibition zones against S. mutans, A. viscous and L. casei were much greater than those of control dentin primers and were directly proportional to the concentration of MDPB in the primer. The antibacterial compound did not influence the bond strength of the primer and the curing of the adhesive system. 

A composite microporous membrane made by crosslinked poly(N-benzyl-4-vinylpyridinium chloride) reinforced by non-woven cloth was investigated as a filter material to remove airborne bacteria by filtration with insignificant pressure drop(Kawabata and Kawato 1998). The membrane was very effective in the removal of airborne bacteria especially at slow filtration rates with 5.5 log10-unit reduction in E. coli counts. The complete absence of S. aureus in filtrate makes the membrane a suitable filter for the cleansing of hospital air. The removal efficiency of this system was compared with membrane made of crosslinked poly(4-vinyl pyridine) and non-woven cloth coated with a pyridinium-type polymer. The filtration of airborne bacteria was based on the strong affinity of bacterial cells to the surface of crosslinked polymer. The enhanced efficiency of composite membrane can be attributed to the porosity and hence, the large inner surface area of the pores of the membrane. The poly(4-vinyl pyridine) membrane was less effective than poly(N-benzyl-4-vinylpyridinium chloride) due to contribution of pyridinium group contained in the latter. 

A rigid three-dimensional recoverable bactericide-releasing system was designed by the addition of methacrylic acid as a cation-exchanging monomer and a cationic antibacterial agent, cetylpyridinium chloride (CPC) to triethyleneglycol dimethacrylate(Ehara, Torri et al. 2000). The antibacterial agent desorbs in acidic environment when pH ( 6.0 and continues till the surroundings are close to neutral. The release of the agent is based on the pH-dependent ion-exchange mechanism. The rate of desorption increases as the ionic strength is increased. The CPC is adsorbed from the aqueous solution into the resin and the process is controlled by the concentration and immersion time. Also, the resin, once desorbed CPC, could readsorb the bactericide. This control agent release system finds its application as anti-plaque agent in long-lasting inhibition of the caries process by S. mutans. There was a significant decrease in the amount of plaque formed on the formulated resin than the control resin.

The long chains of N-alkylated poly(4-vinylpyridinium) bromide were covalently bonded to the glass surfaces in two different ways (Tiller, Liao et al. 2001). The amino glass slides were acylated with acryloyl chloride followed by copolymerization with 4-vinylpyridine. The pyridine rings were N-alkylated with linear alkyl bromides of various chain lengths (propyl to hexadecyl carbon units).  The antibacterial activity of the surfaces was investigated against airborne gram-positive and gram-negative bacteria and was highly dependent on the chain length. The N-alkyl chains with three to eight carbon units in length were effective with hexylated immobilized poly(4-vinlpyridinium) chains being the most bactericidal. An alternative route to incorporate polycations on the surface was by attaching poly(4-vinyl pyridine) to the glass surface and subsequently alkylating with hexyl bromide. The surfaces were equally lethal against the bacteria. The work was extended to commercial synthetic polymers(Lin, Tiller et al. 2002; Tiller, Lee et al. 2002) such as HDPE, LDPE, PP, PET and nylon. These materials do not have reactive groups on the surfaces and thus are functionalized by a silica nanocoating and subsequent amination. After the incorporation of the amine groups, scheme similar to the previous work with glass surfaces was followed and hexylated PVP chains were formed. These surfaces were effective in killing 99% of both airborne and waterborne bacteria. The PE surfaces were found to be bactericidal to antibiotic-resistant strains of S. aureus(Lin, Tiller et al. 2002).  Also, polymeric spacers based on 2-ethyl-1,3-oxazoline were synthesized such that they could be covalently bonded to the desired surface at one end and other end is attached to the compound with antibacterial properties(Waschinski and Tiller 2001). 

· Aliphatic-based Polymeric Compounds 

Antibacterial and antifungal polymers with quaternary ammonium moieties were formed by chemical modification of linear poly(glycidyl methacrylate)(Kenawy, Abdel-Hay et al. 1998). The epoxide groups on poly(glycidyl methacrylate) were hydrolyzed and chloroacetylated to facilitate the immobilization of quaternary ammonium salts. The modified polymer exhibited growth inhibitory effect against Gram-positive and Gram-negative bacteria as well as fungus. The potency of inhibition was most effective against Gram-negative bacteria and increased as the concentration of the polymer increases. Similiar scheme was followed for preparing antimicrobial copolymers of poly(glycidyl methacrylate-co-2-hydroxyethyl methacrylate)(Kenawy, Abdel-Hay et al. 2002). These polymers were reported to kill 100% of T. rubrum. Various quaternized copolymers with antimicrobial activity were synthesized from 2-chloroethyl vinyl ether, methyl methacrylate, 2-hydroxy-ethyl methacrylate and vinyl benzoyl chloride. Thus, copolymerization can be used to incorporate active quaternary ammonium functionalities into range of polymeric biomaterials(Kenawy and Mahmoud 2003).

The carbohydrate surfaces were covalently bound to cationic agents with lipophilic adjuncts to impart antimicrobial properties(Abel, Cohen et al. 2002). The polyammonium units were obtained by reacting 1,4-diazobicyclo[2.2.2]octane (DABCO) with haloalkanes. These were incorporated on tosylated 100% cotton cloth and antibacterial activity was studied against three gram-positive and four gram-negative bacterial strains. There was a strong dependence of antibacterial activity on the length of the lipophilic chains. The surfaces containing 10, 12 and 18 carbon alkyl groups exhibited bactericidal action against only gram-positive bacteria. The maximum activity against both gram-positive and gram-negative bacteria was observed in surfaces with lipophilic unit of 16 carbons. 

Another class of cationic antibacterial agents were reported by Lin etal.(Lin, Tiller et al. 2002). The glass surfaces and magnetic nanoparticles were derivatized with alkylated polyethylenimines.  The N-alkylation of immobilized PEI chains make the polymer hydrophobic and increase the positive charge by converting the primary, secondary and tertiary amino groups into cationic quaternary amino groups. The chemically functionalized surfaces can be rendered hydrophobic if followed by hot-filament chemical vapor deposition(Lin, Murthy et al. 2003). The immobilized PEI backbone with six carbon units yields the optimal bactericidal efficiency against both gram-positive and gram-negative bacteria. It exhibits higher potency towards waterborne bacteria than airborne bacteria. 
































































































