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ABSTRACT

The antimicrobial finishing of textiles is intended to provide protection of textiles against microbial corrosion,
prevention of malodor or prophylaxis and therapy of infections, respectively. This article evaluates the applicability
of N-Phthalimido-a-hydroxyaceticacid as antibacterial in textile finishing. It was synthesized by the reaction
between Phthalimide and Glyoxalic acid in THF medium. The synthesized compound was identified by spectraldata
and covalently attached to the cotton fabric by a two-stage process of chemical modificatidhe existence of
chemical linkage was confirmed by SEM analysisand F.T.I.R. The treated fabric was subjected to multiple washings
to determine durability. The treated fabric was then analysed for antibacterial properties.

Key words. antimicrobial finishing, N-Phthalimido-w-hydroxy-aceticacid, cotton fabric, covalent linkag
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INTRODUCTION

Recent market survey has quite convincingly shawai the apparel consumers all over the world areatheling
functionality in the product. Anti microbial tex¢ with improved durability find a variety of apgditions such as
health and hygiene products, specially the garmeata close to the skin and several medical aptiting, such as
infection control and barrier controT.herefore antimicrobial finishin'g* is increasingly present in the
literature due to the high interest in the markatsTwork looked at the feasibility of utilizing aew
antibacterial drudN-Phthalimidoe-hydroxyaceticacitland chemically converting it in order to obtaineactive dye
type molecule, which could be applied to cottorrialwith the goal of imparting the antibacteriabperties of the
antibiotic compounds to the fabric.

EXPERIMENTAL SECTION

Melting point was determined by open ended capillabe in the electrical melting point apparatusl ame
uncorrected and the purity of the compound waslatby TLC. The structure of the compound was cordd by

IR (Perkin-Elmer) in KBr disc and 1H NMR (Bruker &grospin AV 400 MHz Spectrometer using TMS as an
internal standard).

Test fabric:
The fabric was white, scoured and bleached 100%mrtaight-weave fabric, weighing approximately g4@2.

Synthesis of N-Phthalimido-a-hydroxy acetic acid (NPHA):

Phthalimide 10 g (68 mmol) was dissolved in THFQ20T) at room temperature with stirring. To this wasledl
glyoxalic acid (50% wt) 30.2 g (0.204 mol) and tleaction mixture was heated to reflux for 3Hrs. fwation to
dryness under reduced pressure produced a cre&n Hoils was recrystallised from ethyl acetate iwega white
solid (13.19g, 88%). Melting point 18.
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Conversion of NPHA in to its potassium salt:

11 g (0.05 mol) of NPHA was dissolved in 60%mf chloroform. The resultant solution was thentraised with
2.8 g (0.05) mol of KOH dissolved in 50 &mof ethyl alcohol. The potassium salt of NPHA wasgipitated by
pouring the mixture into dry acetone. After fiticm, the salts were dried under reduced pressuf® &C to a
constant weight .

Antimicraobial finish application:
N-Phthalimidoe-hydroxy acetic acid was applied to the cotton ifaby covalent bonding meth&dThis method
involves the following two steps.

STEP-I: Reaction between cotton fabric and chloroacetyl chloride

5 x 5 cm cotton fabric (1.4 g) was placed in 266 round-bottom flasks equipped with a stirrer, ament60 cri
THF and 1.0 crh(13.4 mmol) pyridine were added. The mixture wasled to 6C.Then 1.0 crh(12.4 mmol)
chloroacetyl chloride dissolved in 5 &FHF was added in a drop wise manner. The reacti@ne carried out at 25
°C in a nitrogen atmosphere. After 24 h, the fabamples were separated from the precipitated pyidydrochlo-
ride. The fabric was carefully washed with wated a&men with ethanol to remove impurities. Finat tfabric was
dried under reduced pressure &at@€o a constant weight.

STEP-11: Reaction between chlor oacetylated cotton fabric and potassium salt of NPHA

The chloroacetylated cotton fabric ( 5x5 cm ) wked in 250 criround-bottom flask equipped with a magnetic
stirrer, and 50 cfhof DMSO was added. A solution of 1.2 g (18 mmdipotassium salt of NPHA dissolved in 5
cm® DMSO was added. The reaction was carried out & 3(ith intense stirring for about 5 h. Next, théria
sample was carefully washed with ethyl alcoholdmove un reacted potassium salt of NPHA, and thiex dnder
reduced pressure at%Dto a constant weight.

Testing and analysis:

SEM and FTIR analysis:

Surface morphological structure of untreated aedtad fabric was measured with a SM-5600LV scaneiegtron
microscopy (SEM). Fourier transform infrared spestopy (FTIR) was employed to study the linkageveen the
cotton fabric and NPHA.

Antimicraobial activity assessment:
Antimicrobial activity was evaluated by both qualive and quantitative test methods (AATCC-147,400

Qualitative analysis.

Anti microbial activity testing'®of the NPHA treated fabric was carried out qualiely by agar diffusion method.
In this method the treated and an untreated cofaboic were pressed into intimate contact with MizHinton agar
medium inoculated with Escherichia coli (ATCC 15p2B antibacterial activity is present, it will bpossible

observe a clear zone around the treated sampleaorgpto the zone of bacterial growth around andrahe

untreated control sample after the same contaé. tithese qualitative methods provide a formula &asare the
inhibition zone width, but this is a qualitativeadwation and it cannot be considered as a quawnétatdication of

the antibacterial activity.

Quantitative analysis:

Quantitative antimicrobial testing was carried bytusing the shake flask method. Tests were coadwgainst the
Staphylococcus aureus ATCC 6538 Atrtificial concentration of bacteriumathis 2.8 x 104 /ml was treated with 1 g
of the fabric separately in a test tube. The talse twas shaken at 35°C for 1 h on a rotary shak@G@&rpm. The
reduction of colonies was calculated using theofelhg equation:

Reduction rate in the number of colonies (%) -=------------ X 100

Where;
A = Number of colonies before shaking.
B = Number of colonies after 1 hour shaking.

Durability Testing:

To test the durability**°of the antimicrobial finish, treated samples wexarained for antimicrobial efficacy after
3, 5, 10, and 20 home launderings. The procedwd feg home laundering was the AATCC Test MethodBie
detergent used for this test was the AATCC standefetence detergent.
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RESULTSAND DISCUSSION

Synthesis of the target compou(®) was achieved by reacting phthalimi(® with glyoxalic acid(2) in THF
medium(Schemel).

0O o O Q
OH
+ THF
NH OH Reflux,3 Hrs N
H OH
& e}

Phthalimide Glyoxalic acid N-Phthalimidoe -hydroxy acetic acid (NPHIA

1 2 3
Schemel |

The potassium saft) was obtained by treatin@) with alcoholic potassium hydroxid&chemell).

K* O
OH
o OH
O OH CHCl, N
N KOH/ Et OH o O
O=— E E _—0
3 4
Schemelll

Chloroacetylated cotton fabris) was obtained by the reaction between cotton fadnid chloroacetylchloride
(Schemelll).
Cellulose-OH + CI-CH2-C-CI ——— > Cellulose-O-C-CH2-Cl + HCl

O
5
Schemell Il

The reaction between chloroacetylated cotton faBjiand potassium salt of NPHA) yielded NPHA incorporated
cotton fabric(6) (Scheme V).

Cellulose-O-C-CH2-Cl +K™ O- Cellulose-O-C-CH + Kcl
! 4!
. OH o OH
0 N 0 0 N 0
5 4 6
Scheme IV
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Characterisation of NPHA: The formation of product NPHA was confirmed by FTdRd proton NMR.

Table.1l Spectral data of NPHA

IR (KBr, Cm?) "H NMR (CDsOD, ppm)
3458-3058(Ar),1745(-C=0), 740-646,  7.8(s, Ar-H),3(in, -COOH), 5(m, Al-H), 2(spH)
1502-1303 (O-H bending),3625 (O-Hi
stretching),1303(C-N stretching)

SEM analysis

The surface characteristic and the structure chahgeeated cotton fabric was investigated by mseaf scanning
electron microscopy, surface morphological struewiruntreated ,chloro acetylated and NPHA incaajeat cotton
fabrics were shown in Fig.1 and Fig.2. and Fig. 3

As can be seen, the surface of the elementaryrciitices of the unmodified fabric (Fig 1) is smoattand more
homogeneous than that of the chemically modifidati€a(Fig 2 and 3). The surfaces of both modifidatefs are
rougher.

SEM photographs (900 x)

Figl Untreated cotton fabric

Fig2  Chloro acetylated cotton fabric

Fig 3 Cotton fabric containing incor porated NPHA

FTIR analysis
FTIR spectrum of untreated, chloro acetylated aRtHN incorporated cotton fabrics were shown in Fig 4
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Tracm|ttance [%]

Untreated cotton fabric
Chloro acetylated cotton fabric
NPHA incorporated cotton fabric

Fig4 FTIR spectra

Unlike the spectrum of the unmodified cotton faptie spectrum of the chloroacetylated fabric shawmew weak
signal at 1764 cm-1 derived from the ester grou@s®, while the NPHA incorporated cotton fabric rakgea
higher intensity of the band of ester groups at3l¢éin-1 as well as a band at 785 cm-1, which redubis

scissoring vibration bands >C=C< and C-H in thehBlmide ring. Hence an analysis of the results=®fR

spectroscopy confirmed the existence of the chdrind@age between cellulose chains and NPHA.

Antibacterial activity assessment :
Qualitative analysis.

Table 2. Antibacterial assessment by agar diffusion method

Sample No | Natureof Fabric | Noof wash cycles | Width of theinhibition zone (mm)
1 Untreated - 0
2 Treated 0 12
3 Treated 5 11
4 Treated 10 10
5 Treated 20 8
6 Treated 40 6

Quantitative analysis:
Table 3. Antibacterial assessment by shake flask method.

SampleNo | Natureof Fabric | No of wash cycles | Bacterial reduction (%)
1 Untreated - 0

2 Treated 0 99.8

3 Treated 5 99.1

4 Treated 10 98.7

5 Treated 20 98

6 Treated 40 97.6

It can be seen from the test results in Table 8 tthe antimicrobial activity decreased with inciegsnumber of
washings. The treated fabrics showed good washdsstas expected.
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CONCLUSION

In conclusion, a simple method has been developgdepare N-Phthalimida-hydroxyaceticacid (NPHA) and the
incorporation of the same on cotton fabrics to ihpatimicrobial properties. The test results dreveed that the
NPHA treated fabric showed excellent antimicrobictivity.

Wash durability is also good. Durability to washioigNPHA treated cotton fabric is 97.6% after 4Gshiag. From
this study it can be suggested that the NPHA tdefatierics can be used for textile application.
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