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ABSTRACT

Main purpose of this research is to investigate dyeing properties, colour fastness values (light, water, perspiration, chlorinated
water, rubbing, washing) and antibacterial activity of cotton fiber fabric dyed with water-soluble zinc phthalocyanine containing azo
groups (Azo-ZnPc). It is expected that zinc metal ion and azo groups present simultaneously in one phthalocyanine (Pc) structure can
ensure antibacterial effect on cotton fabric. Literature survey shows that this Azo-ZnPc structure was not used before as a dyestuff in
textile colouration. Therefore, synthesis and investigation some properties of this dye could be worthwhile. In this study firstly, the Azo-
ZnPc was synthesized and the structure was verified with FT-IR, UV/vis, mass spectra and 'H-NMR, "*C-NMR studies. Afterwards, the
cotton fabric modified with a cationic auxiliary was dyed with the Azo-ZnPc in the presence of sodium carbonate via exhaustion
process. Finally, the colour fastness values were determined according to ISO standards and color strength (K/S values), L, a*, b*, C*,
h* values measurements were performed. Antibacterial properties of the uniformly green coloured fabric were examined according to
AATCC 100 standard. Significant reduction of Staphylococcus aureus (S. aureus) and Klebsiella pneumoniae (K. pneumoniae) bacteria,
rated as 99.99 %, 99.74 %, respectively, were observed on cotton fiber fabric.
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OZET

Aragtirmanin temel amaci, azo gruplari iceren suda ¢6ziinebilen ¢inko ftalosiyanin (Azo-ZnPc) ile boyanmis pamuklu kumasin
boyanma 6zelliklerini, renk haslik degerlerini (151k, su, ter, klorlanmis su, siirtme, yikama) ve antibakteriyel aktivitesini incelemektir. Bir
ftalosiyanin (Pc) yapisinda ayni anda bulunan ¢inko metal iyonu ve azo gruplarmin pamuklu kumas iizerinde antibakteriyel etki
saglayabilecegi diisiiniilmiistiir. Literatiir aragtirmasi, bu Azo-ZnPc yapisinin tekstil renklendirilmesinde bir boyarmadde olarak 6nceden
kullanilmadigini goéstermektedir. Bu sebeple, bu boyanin sentezi ve bazi 6zelliklerinin incelenmesi degerli olabilir. Bu ¢alismada ilk
olarak, Azo-ZnPc sentezi gergeklestirilmis ve yapisi; FT-IR, UV/vis, kiitle spektrumlari ve 'H-NMR, “C-NMR ¢aligmalar ile
dogrulanmistir. Daha sonra, bir katyonik yardimci madde ile modifiye edilmis pamuklu kumas, ¢ektirme prosesiyle sodyum karbonat
varliginda Azo-ZnPc ile boyanmistir. Son olarak, renk haslik degerleri ISO standartlarina gore belirlenmis ve renk verimi (K/S
degerleri), L, a*, b*, C*, h* degerlerinin Olgiimleri elde edilmistir. Homojen big¢imde yesil renge boyanan kumasin antibakteriyel
ozellikleri AATCC 100 standartlarina gére incelenmistir. Staphylococcus aureus (S. aureus) ve Klebsiella pneumoniae (K. pneumoniae)
bakterilerinde, sirastyla %99.99, %99.74 gibi, 6nemli derecede azalma gozlenmistir.

Anahtar Kelimeler: Antibakteriyel, pamuk, ftalosiyanin, azo grubu, ¢inko
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1. INTRODUCTION

Phthalocyanines have a two-dimensional 18- electron
conjugated system, in which more than 70 different metal
and also non-metal ions can be incorporated. A number of
modications can be made in the macrocycle either by
introduction of different central ions or by substitution of
functional groups at the peripheral sites of the ring [1, 2].

Unsubstituted phthalocyanines are not very soluble and
tend to aggregate in solution; however, the addition of
peripheral chains can increase solubility, processibility, and
facilitate the formation of discotic mesophase [3].

They exhibit unique properties such as excellent
semiconductivity, photoconductivity, chemical stability and
optical absorption in the UV-Vis region [4]. This versatility
gives rise to many different application types such as
catalysts, liquid crystals, electrochromic and photochromic
substances, datastorage systems, photodynamic cancer
therapy agents, photoactive units, solar cells, chemical
sensors and nonlinear optical devices [5].

Phthalocyanines are widely used as blue and green
colourants in a wide range of paint, printing ink and plastic
applications for decades [6, 7]. Cu"Pc and its derivatives are
important colourants since they exhibit good chemical (Cu||
fits well in the ligand) and photochemical (Cu", in contrast to
Zn", has an open d electron configuration and therefore bad
photo-excited states.) properties in the monomolecular
dissolved or aggregated state [7]. The unsubstituted CuPc
comprises around 21% of the world market for pigments,
and it is the most important blue pigment used [8].

In the last few decades, many antimicrobial textile products
have been developed with the usage of different synthetic
antimicrobial agents such as triclosan, metal and their salts,
organometallics, phenols and quaternary ammonium
compounds due to the increased awareness for healty
lifestyle and only few of these products are commercially
available [9].

Antibacterial properties of metal ions such as copper (Cu+2),
ferric( Fe*?), zinc (Zn*?), silver (Ag*) have been investigated
and demostrated in previous studies [10-13]. Rajendran et
al. [14] stated that cotton fabric finished with zinc oxide
nanoparticles had significant antibacterial activity against S.
aureus in both qualitative and quantitative tests.

Several reports show the antimicrobial effect of
metallophthalocyanines against several species of bacteria
in literature [15-21]. Phthalocyanines are effective
photosensitive substances. Following their irradiation larger
quantities of singlet oxygen is generated, thus killing
bacteria. They are able to remain in the excited state for a
longer period [15]. Water soluble phthalocyanine
compounds have a particularly good action against micro-
organisms in presence of oxygen and water and under
irradiating with visible and / or infrared light as a result of
photoactivation [16-18].

In our previous study [21], it was found that
metallophthalocyanine (M: Zn) containing eugenol groups,
was unsoluble in water, had an effective antibacterial activity
against S. aureus bacteria on cotton fabric according to
AATCC 100 standart.

Azo compounds constitute one of the largest classes of
industrially synthesized organic compounds, exhibit a variety
of interesting biological activities including antibacterial and
pesticidal activities [22, 23]. Mkpenie et al. [23] reported that
the presence of azo group, azo-2-naphthol, led to more than
60% antibacterial activity improvement.

A large number of reports on phthalocyanines substituted
with varios azo group complexes appear in the literature
[24-28].

In this study, the antibacterial effect of phthalocyanine
structure containing both zinc metal ion and azo compound
was investigated on cotton fiber fabric. Therefore, dyeability
of cotton fiber with this water-soluble zinc phthalocyanine
containing azo groups, leading to possible antibacterial
property improvement, was examined. So, as a first step,
the water-soluble zinc phthalocyanine containing azo groups
was synthesized according to literature [24]. Then, cotton
fiber fabric was cationized via modification with a cationic
auxiliary. Afterwards, this cationized cotton fiber fabric was
dyed with this synthesized Azo-ZnPc in the presence of
sodium carbonate via exhaustion process. Finally, the
colour fastness (to water, domestic and commercial
laundering, rubbing, chlorinated water, perspiration, light),
K/S, L, a*, b*, C*, h* values and antibacterial properties of
the coloured cotton fiber fabric were investigated.

2. MATERIAL AND METHOD
2.1 Materials

The bleached, hydrophilic 100% cotton fiber fabric was in
single jersey knit structure, 260g/m2. 5g cationic cotton
fabric was used for a dyeing bath of 1/10 ratio.

All used reagents and solvents were of analytical grade
quality. Sulfanilic acid and phenol were obtained from Merck
Chemical Company. Indosol E 50 Liq. was obtained from
Clariant Chemicals and used as a cationic agent.

2.2 Methods

Synthesis of the green water-soluble zinc phthalocyanine
containing azo groups was performed according to the
procedure stated in the literature [24].

2.2.1 Synthesis of the water-soluble zinc
phthalocyanine containing azo groups

4-Nitro—1,2-dicyanobenzene and 4-[(4-hydroxyphenyl) azo]
benzene sodiumsulfonate (1) were prepared according to
literature procedures [29, 30].

4-[(4-sodium sulfonatophenyl)azo 4’phenoxy)]-
1,2-dicyanobenzene (2):

Compound (1) (1550 mg, 5.58 mmol) and 4-Nitro —1,2-
dicyanobenzene (960 mg, 5.5 mmol) were dissolved in dry
DMSO (50 mL) and finely ground anhydrous Na;CO3 (1081
mg, 10.2 mmol) was added to this solution. Then, the
reaction mixture was stirred at 60°C for 72 h. After reaction
completed, the mixture was filtered off to remove undesired
inorganic salts.
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The filtrate was treated with ethanol to precipitate the
product. The formed solid material was filtered off and
washed with ethanol to obtain the pure product. NMR and
elemental analysis validate highly pure product creation
(Yield 1660 mg (74%); m.p. 170-172°C).

This compound was soluble in water, methanol and
dimethylsulphoxide. FT - IRvmavcm™ 3088, 3037 (Ar-CH),
2243 (CN), 1585, 1571 (Ar), 1490 (N=N), 1221 (Ar - O -Ar),
1192 (0O-S-0), 1122, 1036, 1010, 955, 919, 859, 825, 714,
694. "H NMR (DMSO - d) 8, ppm : 8.18 - 8.15 (1H, d, J =
8.8 Hz, ArCH), 8.04 - 8.02 ( 2H, d, J = 8.8 Hz, ArCH), 7.97 -
7.96 (1H, d, J = 2.4 Hz, ArCH), 7.88 - 7.81 (4H, m, ArCH),
7.59 - 7.56 (1H, dd, J= 2.4, 2.8 Hz, ArCH), 7.41 - 7.38 (2H,
d, J = 8.8 Hz, ArCH)."*C NMR (DMSO-ds) 5, ppm : 160.60,
157.12, 152.02, 151.35, 149.62, 136.90, 127.24, 125.49,
124.11, 123.64, 122.61, 121.20, 117,33 (CN), 116.32,
115.81, 109.55. Anal. Calcd. For Cy0H11N4sNaO,4S: C, 56.34;
H, 2.60; N, 13.14. Found: C, 56.28; H, 2.58; N, 13.02.MS :
m/z 403.02 [M — Na].

Synthesis of tetra-substituted zinc phthalocyanine (3) :

Compound 2 (100 mg, 0.24 mmol), metal salt for zinc
phthalocyanine (Zn(CH3C0OO),,0.06mmol), amyl alcohol (15
mL), DMF (5 mL) and 2 - 3 drops DBU (1,8-diazabicyclo
[5.4.0]undec-7-ene) were charged together into a round
bottomed flask. The reaction flask was irradiated by a
microwave apparatus at 800 W for 20 min. After cooling to
the room temperature, formed solid product was filtered off
and washed with ethanol. The obtained green product was
purified by column chromatography (silica gel, MeOH -
CH2Cly, 10: 1). The synthesized phthalocyanine was soluble
in water, methanol and DMSO. Yield 59 mg (37.8%), m.p. >
200°C. FTIRvmavcm' 3060 (Ar-CH), 1646, 1590 (C=C),
1471 (N=N), 1228 (Ar-O-Ar), 1180 (O-S-O), 1116, 1030,
1006, 845, 704. Anal. Calcd. For CgoH4sN1gNasO16
S4Zn.3H.0: C, 52.47; H, 5.57; N, 12.24. Found: C, 52.53; H,
5.50; N, 12.26. UV/vis (DMSO): Amax /nm 352, 613, 680.

2.2.2 Preparation of cationic cotton fabric

Dyeing and cationization processes were carried out in a
laboratory dyeing machine with 1:10 liquor ratio according to
the exhaustion technique. The cotton fabric needed to be
processed with cationic agent prior to the dyeing application.
The cationization agent (5%) was applied to cotton fiber
fabric at pH 5 (via acetic acid) and 60°C for 20 minutes
according to Figure 1. Then cotton fabric was washed with
water and air-dried.

60°C
ﬂ 20 min. ﬂ

Cotton fabric (59)

Cationic agent (5%)
Acetic acid (pH-5)

Figure 1. The cationization condition of cotton fabric.

2.2.3 Dyeing of cationic cotton fabric

After solubilization step (80°C, 45min.) of the dye with alkali,
the water-soluble zinc phthalocyanine containing azo groups
were applied to cationized cotton fiber fabrics at 80°C and
pH 10 (via sodium carbonate) for 1% and 3% dye
concentrations during 90 min. according to the dyeing
procedure shown in Figure 2. After dyeing process, dyed
cotton fabric was washed with water and neutralized using
acetic acid. Finally, neutralized cotton fabric was again
washed with water and air-dried for further testing.

80 °C

ﬂ 45 min. ﬂ 90 min. ﬂ
IAzo-ZnPc Cationic cotton fabric (5 g)
Sodium carbonate (pH-10)

Figure 2. Dyeing procedure of cationized cotton fiber fabric.

2.2.4 Tests and Analyses
2.2.4.1 Characterization Analyses

For characterization, FT-IR spectra were recorded by
Perkin-Elmer Spectrum 100 Infrared Spectrometer. UV/vis
spectra were recorded by Perkin-Elmer UV/vis
spectrometer. 'H-NMR and '*C-NMR studies were
performed by Varian 400 FT-NMR. Elemental analyses
were performed by the Instrumental Analysis Laboratory of
the TUBITAK Gebze Research Center. Mass spectra were
performed by Thermo TSQ Quantum acces max.
Microwave-assisted syntheses were carried out by using
monomode CEM-Discover microwave apparatus.

Dyeing and cationization processes were carried out in a
Termal Laboratory Dyeing Machine (Turkey). K/S values
were determined by Hunterlab Ultrascan Pro VIS
Spectrophotometer.

2.2.4.2 Fastness and antibacterial test methods

Cotton fabrics were tested according to ISO 105 - X12 for
rubbing fastness, to TS EN ISO 105 - EO1 for water
fastness, to ISO 105 - C06 for domestic and commercial
laundering fastness, to TS EN ISO 105-E04 for perspiration
fastness, to TS EN ISO 105 - B02 for light fastness, to TS
EN ISO 105-E03 for chlorinated water fastness.

Antibacterial activity of the cotton fabric was measured and
evaluated according to AATCC 100 test method. The
samples were tested against S. aureus (Gram positive) and
K. pneumoniae (Gram negative) bacteria.

2.2.4.3 Color measurement

The samples were measured using an EasyMatch QC
software of Hunterlab Ultrascan Pro color
spectrophotometer attached to a personal computer. From
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the reflectance value of dyed fabric at the max wavelength 3. RESULTS AND DISCUSSION

of absorbency (Anax), the color strength (K/S) of the sample 1 hesi h . ¢ luble zi
was calculated using the Kubelka—Munk equation (Eq. 1) : 3.1 Synthesis and characterization of water-soluble zinc

phthalocyanine containing azo groups
KIS= (1-R’/R (1) _ , ,
Synthesis of green water soluble zinc phthalocyanine
Where R is the reflectance, K is absorbance and S is the containing azo groups was performed according to
scatteringcoefficient. The L, a*, b*, C* and h* values of the  procedure stated in the literature [24]. The synthesis route of
samples were also analyzed. the water soluble zinc phthalocyanine containing azo groups
can be seen in Figure 3.

OH

SO3H@NH2 —‘>Nao35—@NENTc1 + @

sulphonic acid phenol

NC N
C@\ + Nao3s@N:N@0H "—»NaOﬁ—@—N:NCN
N NO;

1 2

4- nitro pthalonitrile  4-[(4-hydoxyphenyl)azo] benzene sodium sulfonate

iii

SO3Na

p—4

SO3N8.

Figure 3. Structure of water-soluble zinc ( M: Zn ) phthalocyanine containing azo groups: (i) NaNO>/HCI, 0 - 5 °C; (ii) 72 h, Na,CO3;, DMSO,
60 °C; (iii) Microwave assisted synthesis method.
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4-Nitro-1,2-dicyanobenzene is used to prepare phthalonitrile
compounds. In order to obtain water soluble phthalocyanine
containing azo groups, firstly 4-[(4-hydoxyphenyl) azo]
benzene sodiumsulfonate (1) was prepared by the treatment
of sulfanilic acid with phenol. The synthesis of phthalonitrile
compound is the most important stage in these reaction
series. For this purpose, compound (2) was synthesized by
treating compound (1) with 4-nitro-1,2-dicyanobenzene, in
DMSO using Na,CO3 as the base for nucleophilic aromatic
substitution at 60°C for 72 h. Finally, zinc phthalocyanine
was obtained from the starting phthalonitrile material and
corresponding metal salt in amyl alcohol/DMF mixture for 20
min. by microwave assisted synthesis technique. All
spectroscopic data and elemental analyses of compound
(1), (2) and the Azo-ZnPc exhibit good agreement with the
previous findings [24]. Sodium sulfonate groups on molecule
make the structure soluble in water. In the FT - IR spectrum,
disappearance of the OH band at about 3300 cm™ and the
appearance of the CN band at 2243 cm™” clearly indicate the
formation of compounds (2). FT - IR spectrum of the
phthalocyanine clearly indicate the cyclotetramerization of
the phthalonitrile derivative with the disappearance of the
characteristic CN peaks at 2243 cm™.

The formation of compound (2) was certainly defined by the
extinction of the OH peak at 10.42 ppm and appearance of
the extra aromatic peaks two doublets at 8.18 - 8.15 and
7.97 - 7.96 ppm and one doublet-doublet at 7.59 - 7.56 for
compound 2, in it's "H NMR spectrum. The ¥C NMR
spectrum of compounds (2) showed the presence of nitrile
carbon atoms at 117.33 ppm.

The 'H NMR and *C NMR spectra of zinc phthalocyanine
were reasonably broader than the corresponding NMR
signals in the phthalonitrile compound. It is probable that the
signal broadening is due to the chemical exchange caused
by aggregation—disaggregation equilibria.

Mass spectra (ESI) of compounds (2) provided a certain proof
for their characterization. Mass spectra analyses were
achieved using the negative-ion ESI, due to negative ion mode
gave better results than positive mode for the compounds.
lonization took place in the methanol solution. Molecular ion
peak of compound (2) was detected as expected. This peak
was attributed to negative ion resulting from the loss of one Na*
ion. Mass spectrum analysis approved the molecular mass of
compound (2) m/z =403.02 [M-Na].

The best evidence for the phthalocyanine macrocylic is their
UV/is spectra in solutions. Metallophthalocyanine compounds
have characteristic UV/vis spectra with two strong
absorption peak regions, one of these peaks (B band) is in
the UV region at about 200 — 350 nm, and the other peak (Q
band) is in the visible region at 600 — 700 nm. The
synthesized zinc phthalocyanine resulted in two strong
absorption peaks in UV/vis spectrum, one of these peaks
was at 352 nm (B band) and the other peak was at 680 nm
(Q band) in DMSO, respectively. The UV/vis spectrum of
zinc phthalocyanine is shown in Figure 4.

3.2 Colour strength and fastness values

Due to low solubility of the phthalocyanine in water,
solubilization step (80°C, 45min.) is required in order to start

dyeing process. Alkali media obtained with sodium
carbonate (pH-10) was used for this purpose. After treating
the phthalocyanine with alkali, sulfonic acid moieties change
to sulfonates (negative ions) which are highly soluble in
water.

Absorbance

09

Wavelength(nm)

Figure 4. UV/vis spectrum of zinc phthalocyanine.

Dyeing (80°C, 90min) was not achieved without the
cationization process because of the large aromatic dye
structure. With the help of cationization process, the
ionization of cotton fibers are becoming anionic in a wet
medium, by the effect of affinity in dyeing, same colour
tones obtained by using less amounts of dyestuffs.
Pretreatment cationization process improved fabrics
dyeabilities. Water soluble dye linked with cationized cotton
in alkali media due to the electrostatic interactions between
sulfo groups of the dye and cationic groups of cotton fiber.
The formed electrostatic interactions improved affinities so
it's application method likes direct dye class.

After dyeing with the new water soluble zinc phthalocyanine,
cotton fabric exhibited uniformly green coloured surface
(Table 1).

The a* values, as shown in Table 1, indicate that all
samples are in greener tone. The b* values show that the
samples are yellower. The L* values indicate that the
samples have lighter shades (L value between black = 0
and white = 100). When the concentration of the dye is
increased from 1% to 3%, the L* value decreases slightly;
however, K/S value increases and results in relatively darker
shade. The hue values are in 90°-180°, so they exhibit
yellowish green tone. When the concentration of the dye is
increased from 1% to 3%, the hue value increases, so the
result is greener. Chroma or colour brilliance value shows
distance from grey, the obtained values are almost constant.

Colour fastness results at 1% and 3% dye concentrations
were given in Table 3-5.The colour fastness properties were
measured in a scale of 1-5 (very poor, poor, fair, good and
very good). Water, washing, dry rubbing and perspiration
fastness values of cationized and then dyed cotton fiber
fabrics (at 1 % and 3 % dye concentrations) were in the
range of 4/5 and 5 gray scale ratings leading to high,
commercially acceptable wet fastness levels. The dyed
cotton fabric exhibited very poor light fastness level with
only grade 1 according to the wool scale rating at 1% dye
concentration. The reason of the observed poor light
fastness performance might be due to the substituents on
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metallophthalocyanine. The light fastness value increased
slightly (grade from 1 to 2) when the concentration of dye
was increased from 1% to 3%. Moderate wet rubbing (grade

3-4 for both 1%, 3% dye concentrations) and fair chlorinated
water fastness results (grade 3 for 1%, grade 2 for 3 % dye
concentration, at light conditions) were observed.

Table 1. K/S, L, a*, b*, C* (chroma) and h* (hue) values of the dyed fabrics at 1% and 3% dye concentrations.

Colour Produced On Cotton % K/S
Fabric Dye Concentration | Amax,
400nm L* a* b* c* h*
% Dye Concentration
1 3 1 1.24 71,01 -13,51 8,99 16,23 146,37
3 1.62 66,35 -16,61 6,14 17,71 159,72

Table 2. Water fastness properties of samples dyed with new water soluble zinc phthalocyanine at 1% and 3% dye concentrations (TS EN

ISO 105-E01).
Colour % Dye Colour Staining
fastness to Concentration | change
water Acetate Cotton Nylon Polyester Acrylic Wool
1 4-5 5 5 5 5 5
3 4-5 5 5 5 5 5

Table 3. Domestic and commercial laundering fastness properties of samples dyed with new water soluble zinc phthalocyanine at 1% and
3% dye concentrations (ISO 105-C06, at 40 °C).

Colour fastness to
domestic and
commercial
laundering

% Dye Colour Staining
Concentration change Acetate Cotton Nylon Polyester Acrylic Wool
1 4-5 4-5 4-5 4-5 4-5 4-5 4
3 4-5 4-5 4-5 4-5 4-5 4-5 5

Table 4. Perspiration fastness properties of samples dyed with new water soluble zinc phthalocyanine at 1% and 3% dye concentrations
(TS EN ISO 105-E04).

% Dye Colour Staining
Concentration change Acetate Cotton Nylon Polyester Acrylic
ool
Colour 1 Acidic 4-5 4-5 4-5 4-5 4-5 4-5 5
fastness to

perspiration Alkaline 4-5 4-5 4-5 4-5 4-5 4-5
3 Acidic 4-5 4-5 4-5 4-5 4-5 4-5 5

Alkaline 4-5 4-5 4-5 4-5 4-5 4-5

Table 5. Light fastness (TS EN ISO 105-B02), rubbing fastness (TS EN ISO 105-X12), chlorinated water fastness (swimming-pool water)
(TS EN ISO 105-E03 ) properties of samples dyed with new water soluble zinc phthalocyanine at 1% and 3% dye concentrations.

% Dye Light Fastness Rubbing Fastness Colour fastness to chlorinated water
Concentration
Colour Change
1 1 Wet Dry Hard Conditions Light Conditions
3-4 4-5 1-2 3
3 2 3-4 4-5 1-2 2

3.3 Antibacterial activity

Photosensitizing properties of phthalocyanines and their
effects to actibacterial action on fabric were generally
determined by exposing to light under infrared or visible light

lamp in literature [16-18]. In our study, antibacterial activity
of the cotton fabric was measured and evaluated according
to AATCC 100 test methods, not applied special irradiation
procedure. The samples were tested against S. aureus

TEKSTIL ve KONFEKSIYON 26(1), 2016

97



(Gram positive) and K. pneumoniae (Gram negative)
bacteria.

“Antibacterial finishes on textile materials” AATCC 100
provides a quantitative procedure for the evaluation of
degree of antibacterial activity. Samples of test and control
textile materials are inoculated with the test organisms. The
method frequently is performed with Staphylococcus aureus
and Klebsiella pneumoniae, but can be performed with
many others. After inoculation, the bacteria were eluted from
the swatches by shaking in known amounts of neutralizing
solution. The number of bacteria present in this liquid is
determined, and the percentage reduction by the treated
specimen is calculated (Eq. 2).

Reduction % (CFU/ml) = [(B-A) / B] x 100 )

where A are the surviving cells (CFU/ml) for the flasks
containing the treated substrate (the Azo-ZnPc dyed cotton
fabric) after the specified contact time and B are “0” contact
time CFU/mI for the flasks used to determine A before the
addition of the treated substrate.

Antibacterial activity results are given in Table 6. It was
observed that the dyed fabric had an effective antibacterial
action to pathogenic S. aureus and K. pneumoniae bacteria
(approximately 100%) at 1% dye concentration. S. aureus is
a type of Gram — positive bacteria that can cause numerous
infections, including impetigo, scalded skin syndrome,
folliculitis, furuncle, carbuncle, osteomyelitis, septic arthritis,
endocarditis, toxic shock  syndrome, pneumonia,
thrombophlebitis, deep tissue abscess and infection [31]. K.
pneumoniae is a type of Gram-negative bacteria that can
cause different types of healthcare-associated infections,
including pneumonia, bloodstream infections, wound or
surgical site infections, and meningitis. Patients whose care
requires devices like ventilators (breathing machines) or
intravenous (vein) catheters, and patients who are taking
long courses of certain antibiotics are at high risk for
Klebsiella infections [32]. These bacteria can be spread
through person - to - person contact (for example, from
patient to patient via the contaminated hands of healthcare
personnel, or other persons) or, less commonly, by
contamination of the environment.

In literature [19, 20], it was reported that several porphyrins
and phthalocyanines have been shown to display a potent
photocytotoxic effect against Gram-positive bacteria but
Gram-negative bacteria are resistant to bacterial
photosensitization with anionic or neutral porphyrin and
phthalocyanine photosensitizers because the outer
membrane prevents the uptake of these compounds into the
cell. Only with the advent of cationic phthalocyanine and
porphyrin  photosensitizers has this resistance been
overcome. In our study, the antibacterial activity results

showed that this dye, anionic character in water media, was
very effective on the both of Gram-positive and Gram-
negative bacteria.

It is thought that effective antibacterial action of the dye on
cotton fabric can be ensured by zinc metal ion and azo
groups presence simultaneously in one phthalocyanine dye
structure. It may be said that antibacterial effect of azo
groups are markedly higher than eugenol groups on zinc
phthalocyanine when compared with the literature [21]. It
can be said that antibacterial activity of zinc phthalocyanine
was changed with substituent group type. It was estimated
that the more dye concentration on fabric cause the more
antibacterial action.

4. CONCLUSIONS

It is known that azo groups and metal ions have
antibacterial abilities by themselves but in this work, for the
first time in the literature, it was demonstrated that water
soluble zinc phthalocyanine containing azo groups exhibited
effective antibacterial activity, rated as 99.99 %, 99.74 %
against S. aureus and K. pneumoniae bacteria on cotton
fabric, respectively. This new dye was used for textile
coloration for the first time in this study. Dyeing properties,
colour fastnesses (to light, water, perspiration, chlorinated
water, rubbing), color strength and the antibacterial activities
of cotton fabric were investigated. Uniformly even green
coloured dyeing was achieved with exhaustion process by
electrostatic interactions between sulfo groups of dye and
cationic groups of cotton. Pretreatment cationiation process
ensured fabrics dyeability.

High antibacterial protection is achieved only via coloration
with this new dye without any additional antibacterial
finishing process. Despite of poor light fastness value, good
water, washing, dry rubbing and perspiration fastness
results and moderate wet rubbing, chlorinated water
fastness results were obtained at 1% and 3% dye
concentrations so it can ensure variety uses of the dyed
textile. In the future, this green coloured antibacterial fabric
can be used in military, healthcare, work/uniforms, domestic
products and sports apparel, especially in medical textiles
such as hospital linens, barrier fabrics, protective clothing,
bandages, wound dressing...etc. for preventing S. aureus
and K. pneumoniae bacteria which may lead to numerous
infections on human.
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Table 6. Antibacterial activity test results of cotton fabric dyed with water soluble zinc phthalocyanine containing azo groups at 1% dye

concentration.
Microorganisms The presence of propagation on the Reducing percent of microorganism %
surface
S. aureus ( Gr +) Not seen 99.99
K. pneumoniae ( Gr -) Not seen 99.74
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