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ABSTRACT: An antimicrobial cationic reactive dye was
synthesized by reacting aminoanthraquinone with cyanuric
chloride, 3-dimethylamino-1-proponol, and lauryl chloride
in sequence. The chemical structure of the dye was fully
characterized by using 1H-NMR, 13C-NMR, and FTIR anal-
ysis. This dye demonstrated adequate antimicrobial pro-
perties in aqueous solution. The minimum inhibitory con-
centration of the dye against bacterial concentrations of
106–107 colony forming units (CFU)/mL of both E. coli and

S. aureas were only 10 ppm. The dye can react with cotton
without addition of any salt as electrolyte. The dyed fabrics
showed proper color washing durability. But the antimicro-
bial functions were severely affected by laundry. � 2008
Wiley Periodicals, Inc. J Appl Polym Sci 108: 1917–1923, 2008
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INTRODUCTION

Antimicrobial textile materials have attracted signifi-
cant attentions in recent years because of the increas-
ing concern on cross-contamination of diseases in
public places and hospitals.1–7 Using antimicrobial
materials in hospitals could help to reduce rates of
disease transmission and infection there. Antimicro-
bial functions are usually incorporated onto fabrics
in chemical finishing processes. Some of the wet fin-
ishes may affect dyeing and other finishes on the
materials. Moreover, the antimicrobial finish may
require separate wet treatment processes, and
repeated dyeing and chemical finishing on the prod-
ucts could bring more concerns to the properties of
the materials and the environment. Thus, approaches
have been made to unify dyeing and functional fin-
ishing in one bath by preparing dyes that have color
and additional functional properties together. For
example, antimicrobial cationic dyes were prepared
by incorporating long alkyl chain quaternary ammo-
nium salts (QAS) to anthraquinone chromophores
through covalent bonds.8–10 These dyes showed ex-
cellent color and antimicrobial functions in solutions
and could be effectively introduced to acrylic fibers
to achieve simultaneous coloration and antimicrobial

efficacy. However, these dyes do not have affinity to
cellulose which is the composition of cotton, the
most popular natural fiber.

On the other side, fiber reactive dyes can form
chemical bonds (covalent bonds) with cellulosic
fiber, and are generally considered to possess excel-
lent washing fastness.11 The conventional reactive
dyes are made water-soluble by incorporation of ani-
onic groups such as sulfonate groups (��SO3Na) and
carboxylate groups (��COONa) into the dye mole-
cules. However, the surfaces of wet cellulosic sub-
strates are negatively charged, and thus tend to repel
anionic dyes. Therefore, the application of the reac-
tive dyes conventionally requires use of extremely
high amounts of salt such as sodium chloride (NaCl)
or sodium sulfate (Na2SO4), as a dyeing auxiliary for
accelerating the dyeing process and increasing the
dye uptake. The use of the salt increases the cost of
dyeing and the toxicity of the dye-bath, and the dis-
posal of the exhausted salt-containing dye-bath has
hazardous impact on fishes in rivers and lakes.
Therefore, development of new environmentally
friendly reactive dyes is desirable.

In this research, antimicrobial QAS structures are
incorporated into reactive dyes as both water-soluble
and cellulosic fiber interactive groups. Such a struc-
tural design could simultaneously impact the dye
possessing multiple functions such as antimicrobial,
fiber reactive and environmentally friendly. The
QAS are water soluble and more importantly contain
positive charges in water, which will increase dyes
interaction with negatively charged cellulosic surfaces.
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Thus, the antimicrobial reactive dye molecule can
assist dye exhaustion onto cellulosic fibers without
using salts and possibly increase reactivity between
the cellulose and the dye, and consequently reduce
potential hydrolysis of the reactive dyes. The QAS
with the long chain length of 12 carbons was used
since longer alkyl chains are more effective as anti-
microbial agents.12 Meanwhile, the chromophore of
this dye is anthraquinone structure which renders
good chemical stability.

The synthesis and characterization of the cationic
reactive dye as well as its applications in dyeing cot-
ton fabrics are discussed. The antimicrobial ability of
the dye in aqueous solution was also evaluated
against Gram-positive and Gram-negative bacteria
with concentrations of 106–107 colony forming units
(CFU)/mL by a minimum inhibitory concentration
(MIC) procedure. The dyeing properties and theory
of the dye on cotton will be discussed as well.

EXPERIMENTAL

Materials and instrumentation

1-aminoanthraquinone (97%, Sigma-Aldrich, USA),
cyanuric chloride (99%, Acros, USA), 3-dimethyl-
amino-1-proponol (99%, Acros, USA), lauryl chloride
(99%, Acros, USA) were purchased and used as
received. Fourier transform infrared (FTIR) spectra
were taken on a Nicolet 6700 FTIR spectrometer
(Thermo, USA) using KBr pellets. The samples were
made thin enough to ensure that the Beer-Lambert
law was obeyed. Nuclear magnetic resonance 1H-
NMR and 13C-NMR spectra were recorded on a
DRX 500 Spectrometer. Electronic absorption spectra
were recorded on a Hitachi U-2000 spectrophotometer.

Cotton fabrics used in the study were purchased
from Testfabrics Inc. (West Pittston, PA). The fabrics
were thoroughly scoured with AATCC standard de-
tergent WOB (AATCC Test Method 124-1996), then
rinsed thoroughly in tap water and dried in the
open air before use. Sodium sulfate (EM Science,
USA), sodium carbonate (EM Science, USA) were
used as received.

Synthesis

Scheme 1 shows the reactions for synthesizing this
antimicrobial reactive dye. The first step was an acet-
ylation of 1-aminoanthraquinone group using cyanu-
ric chloride. 0.075 mL of 1-aminoanthraquinone,
150 mL nitrobenzene, and 0.11 mol of cyanuric chlo-
ride were mixed together and heated to 908C with
vigorous stirring. The reaction mixture was further
stirred for 1 h, and then the temperature was
increased to 1208C and the mixture was stirred at
this temperature for another hour. The suspension

was cooled to room temperature, and yellow crystals
were obtained from the mixture, washed with meth-
anol and dried at 608C in a circulating air cabinet.

The second step was a nucleophilic substitution of
s-triazine group in 1-(4,6-dichloro-2-triazinylamino)-
anthraquinone with 3-dimethylamino-1-proponol.
0.03 mol of 1-(4,6-dichloro-2-triazinylamino)-anthra-
quinone were added with stirring to 150 mL toluene
and 0.02 mol of triethylamine at 208C. The mixture
was then heated to 408C when a solution of 3-dime-
thylamino-1-proponol was added drop-wise over
1 h. The mixture was then heated to 55–608C for
another hour before cooling. The precipitate was
obtained and washed twice with a little toluene and
then with petroleum ether. The product was dried at
608C in a circulating air cabinet.

The tertiary amino group was reacted with alkyl
halide to form a quaternary salt. 0.014 mol of the
second step product was suspended in 150 mL
dimethylformamide (DMF), together with 0.03 mol
lauryl chloride. The mixture was heated at 1108C for
5 h. After removal of DMF under reduced pressure,
the product was purified with ethyl ether. Total
yield was 63% (melting point: 236.78C). The final
product was characterized by FTIR, UV, and NMR.
1H-NMR spectra data (DMSO-d6, d): 12.229 (singlet,
1H, ��NH��CN��); 9.039–9.023, 8.808–8.821, 8.584–
8.597, 8.389–8.403, 8.242–8.299, 8.166–8.184, 7.638–
7.668 (doublet, doublet, triplet, doublet, doublet,
doublet, multiplet, 7H, protons attached to C2, C3,
C4, C5, C6, C7, C8 in anthraquinone); 4.432 (broad
peak, 2H, ��O��CH2��CH2��CH2��); 3.459–3.512

Scheme 1 Synthetic procedures of the antimicrobial cati-
onic reactive dye.
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(triplet, 2H, ��OCH2CH2CH2��N1(CH3)2��CH2��);
3.072–3.100 (triplet, 2H, ��N1(CH3)2CH2��CH2��
C10H21); 3.003 (singlet, 6H, ��N1(CH3)2); 2.216
(broad peak, 2H, ��O��CH2��CH2��CH2��); 1.662
(broad peak, 2H, ��N1(CH3)2CH2��CH2��C10H21);
1.153–1.247 (broad peak, 18H, ��N1(CH3)2CH2��
CH2��(CH2)9��CH3); 0.800–0.833 (triplet, 3H, ��N1

(CH3)2CH2��CH2��(CH2)9��CH3).
13C-NMR spectra

data (DMSO-d6, ppm): 187.049, 182.658, 171.993,
166.662, 142.136, 136.461, 135.567, 134.481, 134.264,
133.278, 132.825, 128.015, 127.801, 127.151, 126.265,
122.091, and 117.963 are 17 carbons in anthraquinone
ring and s-triazine ring; 65.603 (��OCH2CH2CH2��
N1(CH3)2��CH2��); 63.744 (��N1(CH3)2CH2��CH2��
C10H21); 60.770 (��N1(CH3)2); 50.913 (��O��CH2��
CH2��CH2��); 32.021, 31.447, 29.772, 29.731, 29.615,
29.455, 29.549, 29.310, 26.493, 26.066, 22.913, 22.799,
and 14.254 are other carbons in alkyl group. FTIR:
3419, 3304, 1666, and 1520 cm21. UV kmax is 435 nm.

Antimicrobial assessment of the dye

Antimicrobial properties of the reactive dye, benzal-
konium chloride (benzyldimethyl-hexadecylammo-
nium chloride), N-cetylpyridinium chloride (CPC),
and cetyltrimethyl ammonium bromide (CTAB) in
aqueous solution were evaluated using a MIC, a con-
centration at which no growth of bacteria was
observed following such a procedure.13 One milliliter
of an aqueous suspension containing 106 to 107

colony-forming units (CFU)/mL of Escherichia coli
(K-12 Gram-negative) and Staphylococcus aureus
(ATCC 12600, Gram-positive) were placed into 9 mL
aqueous solutions with different cationic reactive
dye concentrations. After 1, 5, 30, 300, and 720 min
(defined as the contact time), the resultant solution
was diluted with sterilized water to 101, 102, 103,
and 104 in series. One hundred microliter of the
dilution was placed onto a nutrient agar plate and
incubated at 378C for 24 h. The same procedure was
applied to a distilled water solution without cationic
reactive dye as a control.

Dyeing of fabrics

Cotton fabrics were dyed with the reactive dye in a
solution containing 1.0% (on weight of fabrics, owf)
in a shaking bath. The bath liquor ratio was 50:1.
The cotton fabrics were immersed into the dyeing
solution under temperatures 60, 70, 80, 908C, respec-
tively, over 60 min. During this period the required
amount of sodium sulfate (0, 15, 30, 45, 60 g/L) was
added in two portions at an interval of 30 min. Dye-
ing was continued at these conditions for 60 min.
After 60 min exhaustion dyeing, the reactive dye
was then fixed (sodium carbonate 30 g/L) on fiber at

808C for 60 min. Hitachi U-2000 UV–vis spectropho-
tometer (Hitachi, Japan) was used to measure the
UV–vis absorbance of the dye solutions before and
after exhaustion. The concentration of dyes was
calculated based on a calibrated absorbance-concen-
tration relationship at the kmax 434 nm of the dyes.
After dyeing, unfixed dye from the samples was
extracted by boiling water and also measured by the
UV–vis spectrophotometer. The exhaustion percent E
of the dye on the fibers after 60 min neutral dyeing
was calculated by eq. (1).

E ¼ A0 � At

A0

� �
3 100% (1)

where A0 is the initial the absorbance of the dye sol-
utions before exhaustion, At is the absorbance of the
dye solutions after exhaustion.

The fixation rate F on the fabric was calculated by
eq. (2).

F ¼ A0 � At � Aw

A0

� �
3 100% (2)

where Aw is the absorbance of the dye in the
extracted solution.

Antimicrobial assessment of the fabrics

Antimicrobial activities of the treated cotton fabrics
were evaluated against Escherichia coli (Gram-nega-
tive) and Staphylococcus aureus (Gram-positive)
according to AATCC test method 100–1999. Follow-
ing this method, circular fabric swatches (about 1.0 g)
was challenged with 1.0 6 0.1 mL of bacterial inocu-
lums. The inoculum was a nutrient broth culture
containing 1.0 3 106 � 107/mL colony-forming units
(CFU) of bacteria (E. coli or S. aurea). The inoculated
fabric samples were then placed into a 250 mL con-
tainer for a measured duration of 5 h (defined as the
contact time). After the dyed and control swatches
were in contact with bacteria for over 5 h, 100 mL of
sterilized water were poured into the container, and
the mixture was vigorously shaken, and then the su-
pernatant was diluted to 101, 102, 103, and 104 in se-
ries. One hundred microliters of each dilution was
placed onto a nutrient agar and incubated for over
24 h at 378C. Finally, viable bacteria colonies on the
agar plate were counted, and the percentage reduction
in numbers of bacteria was calculated using eq. (3)

R ¼ A� B

A

� �
3 100% (3)

where R is the percentage reduction of the bacte-
rium; A represents the numbers of bacterial colonies
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from control fabric (an untreated fabric), and B rep-
resents the number of bacterial colonies from treated
fabrics.

The treated fabric was also washed in a Launder-
Ometer (Atlas, USA) according to AATCC Test
Method 61-2001 to evaluate the washing durability
of the treated fabrics. One cycle of a Launder-Ome-
ter washing is equivalent to five machine washes in
a home laundry. The CIE L*, a*, b*, c*, and h0 color
coordinates as well as K/S values of the finished cot-
ton fabrics after different times of machine washes
were measured with ColorEye 7000A (Gretagmac-
beth, USA) reflectance spectrometer under illumi-
nant D65 and a 108 standard observer.

RESULTS AND DISCUSSION

Characterization

The final dye structure was confirmed by using
FTIR, 1H, 13C-NMR spectroscopy. Infrared absorb-
ance bands at 3419, 3304, and 1666 cm21 can be
attributed to N��H and C¼¼O stretching band of 1-
aminoanthraquinone, respectively. 1520 cm21 is
most likely caused by ��C¼¼N�� ring stretching
(skeletal bands).14 Figure 1 shows both 1H and 13C
spectra of the cationic reactive dye. The multiple
peaks in the region of 7.638–9.039 ppm are aromatic
protons and triazine ring.13 The peak centered at
12.229 ppm should be the amide proton, and the sig-
nal at 3.003 can be attributed to 6H (��N1(CH3)2).
The 13C peaks at 187.049 and 182.058 ppm are the
two carbonyl carbons in the anthraquinone structure.
The other fifteen peaks in the range of 117.963–
171.993 ppm are the 15 carbons in the aromatic ring
and triazine ring, and the sixteen peaks within 10–70
ppm are corresponding to the 17 alkyl carbons,
which are in 16 different chemical environments.

Antimicrobial efficacy

The dye was challenged with both Gram-positive
and Gram negative bacteria solutions containing
106–107colony forming units (CFU)/mL bacteria cells
according to a MIC procedure. The MICs of the anti-
microbial dye against both S. aureus and E. coli with
MIC were only at 10 ppm, indicating that the dye
can effectively destroy both bacteria up to 6 log
reduction in a concentration of 10 ppm in solutions
in a contact time of 24 h.

The antimicrobial efficacy of cationic reactive dye
was further assessed by comparing the dye with
three QASs biocides at the same concentration of
10 ppm, and the results are listed in Table I. This
reactive dye was equal or more effective than
benzalkonium chloride (benzyldimethyl-hexadecy-
lammonium chloride), CPC (N-cetylpyridinium chlo-
ride), and CTAB (cetyltrimethyl ammonium bromide)
in providing antimicrobial efficacy in solutions.
These findings agree well with other report,15 which
demonstrated that the more hydrophobic characteris-
tic features such as the additional anthraquinone
groups also increase antimicrobial power of QASs.

Generally speaking, the lipid bilayer structures of
cell membranes are the principal targets for QASs
during interaction with microbial cells.16 The hydro-
phobic hydrocarbon tail of the QASs and the dye
can penetrate into the hydrophobic membrane core,
causing cells both to lose osmoregulatory capability
and to leak potassium ions and protons. The ability
of a potentially active molecule of QAS to interact
with the hydrophobic microbial cell membrane may
be regarded as the result of its intrinsic hydropho-
bicity, which increases with the hydrocarbon chain
length.17 Another actual hydrophobic site of the
compound, such as anthraquinone group, also could
increase its affinity with the membrane phospholipi-
dic bilayer. The anthraquinone group in the dye
may further assist the interactions between the entire
hydrocarbon chain lengths with the cell membrane
and accelerate contact and consequently kill of
microorganisms.17 Thus, among the tested QASs and
dye molecules, this cationic reactive dye was the
most active molecules against the bacterial species
tested.

Figure 1 1H-NMR and 13C-NMR spectra of the cationic
reactive dye.

TABLE I
Antimicrobial Efficacy of Cationic Reactive Dye and

Other QASs in Aqueous Solution

Contact
time (min)

Antimicrobial efficacy (Log reduction)

Dye Benzalkonium chloride CPC CTAB

1 4 1 <1 <1
5 6 2 1 <1
60 6 – – –

Concentrations was 10 ppm; contact time is 24 h.

1920 ZHAO, SUN, AND SONG

Journal of Applied Polymer Science DOI 10.1002/app



Effect of dyeing temperature

To investigate dyeing behavior of the dye, the effect
of dyeing temperature was investigated under the
same neutral dyeing conditions of 0 and 30 g/L
Na2SO4 and the results are shown in Figure 2. It can
be seen from the results that with the temperature
increasing from 50 to 908C, the dye shows an initial
increase in equilibrium exhaustion, up to a tempera-
ture of maximum exhaustion, and then decreases.
The maximum exhaustion temperature of the dye
was between 70 and 808C. Compared with regular
anionic reactive dyes, the cationic reactive dye has
lower solubility at lower temperature because of
more hydrophobic structures. Increasing temperature
can promote the dye de-aggregation in the dyeing
solution, liberating more individual dye molecules to
enter the fiber. So the exhaustion will increase under
higher temperature. Besides, the dye adsorption on
the fiber is exothermic,11 which will cause reduced
adsorption when the temperature is increased to a
certain degree. Thus, the maximum exhaustion tem-
perature of the dye was observed.

Effect of salt concentration

Interestingly, Figure 2 also shows that the dye
exhaustion without addition of a salt (0 g/L Na2SO4)
was higher than the dye exhaustion at 30 g/L
Na2SO4, which is totally different from regular fiber
reactive dyes in dyeing cotton fabrics. The effect of
salt concentration on dyeing behavior of the cationic
reactive dye at 808C was further studied. The results
(Fig. 3) indicate that the salt concentration had a very
noticeable effect on the dye exhaustion and fixation
on cotton fabrics. The exhaustion and fixation yield
of the dye decreased considerably with the increase
of salt Na2SO4 concentration from 0 to 60 g/L.

Electrolytes in the dyeing bath promote the
exhaustion of traditional anionic reactive dyes on
cotton cellulose since dissociated sodium ions (Na1)
can neutralize and shield the surface negative
charges of the fiber and thus reduce static repulsion
between anionic dye molecules and negatively
charged cellulose. This reduction of repulsion allows
the anionic dye molecules to approach the fiber and
exhaustion of the dye on the fiber. While the cationic
reactive dye contains a positive charge in aqueous
solution, it has inherent interaction with the fiber.
Addition of the electrolyte could only provide
adverse effect, leading to reduced dye exhaustion
and fixation. Besides, the salt in the dyebath may
increase the degree of aggregation of the dye mole-
cules and reduce its solubility in water, which also
could further lower exhaustion of the dye.

Effect of dyeing time

Dyeing time will affect dye exhaustion and fixation,
which was investigated with a cationic reactive dye
concentration of 1% (owf) under different salt
Na2SO4 concentration (0 and 30 g/L) at 708C and
Na2CO3 concentration (30 g/L) at 808C. The results
are shown in Figure 4. It can be seen that all the

Figure 3 Salt effects on exhaustion E(%) and fixation
F(%) of cationic reactive dye (dye conc. 5 2.0% owf; liquor
ratio 5 50 : 1; Na2CO3 conc. 5 30 g/L).

Figure 4 Effect of dyeing time on exhaustion and fixation
of the dye (Symbols: ^ E% and ^ F% for 0 g/L Na2SO4;
n E% and & F% for 30 g/L Na2SO4).

Figure 2 Effect of temperature on exhaustion of the dye
(dye conc. 5 1% owf; time 5 60 min; liquor ratio 5 50 : 1).
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exhaustion and fixation showed increased values
over the exhaustion and fixation time. On the other
hand, dyeing without salt always demonstrated
higher exhaustion and fixation yields compared with
dyeing with 30 g/L Na2SO4 over the range of dyeing
time studied. It is believed that during the primary
exhaustion process, equilibrium is established be-
tween the dye in the fiber and the dye in solution.
This equilibrium is disturbed when the alkali is
added since a dye molecule in the fiber reacts with
cellulose; its place has to be taken by another dye
molecule being transferred out of the bath and into
the fiber, in an attempt to re-establish the equilib-
rium. Thus, increasing the dyeing time would lead
to an increase of dye exhaustion and fixation values.

The cationic reactive dye has a long alkyl chain
which increases the hydrophobicity, suggesting that
the dyes may become less favorable to remain in the
dye bath. On the other hand, the long alkyl chain
will also increase Van der Waals interactions
between the dye and the fiber. The large dye size
and the strong interactions with cellulose may
increase difficulty of the dye moving from solution
to fibers and inside fibers. Thus, there is less diffu-
sion of the dye into the fibers, i.e., low mobility of
the dye within the cellulose matrix. The low diffu-
sion rate will lower exhaustion E(%) of the dyeing.
Therefore, even after the addition of alkali, the
exhaustion E(%) was not enhanced very much due
to the poor migration property of the cationic reac-
tive dye. Figure 4 also shows the fixation behaviors
of the reactive dyes on cotton fiber. The differences
between the fixation F(%) and exhaustion behaviors
were small, which implies that once the dyes are ex-
hausted, the fixation ratios of the exhausted dyes on
the cotton fibers were similar.

Antimicrobial properties of dyed fabric

Antimicrobial function of the dye treated cotton
fabrics was evaluated against E. coli and S. aureus

following AATCC Test Method 100. The results are
shown in Table II. It can be seen that with the
increase of dyeing concentrations, the antimicrobial
activities of fabrics increase before Launder-Ometer
washing. When dye concentration is higher than
1.0%, the treated fabrics show the highest antimicro-
bial efficacy after 5 h of contact. However, Table II
also shows that the washing durability of the treated
fabrics was low. For example, after the first washing,
the fabric dyed in 2.0% (owf) dyeing bath could only
kill 72.3% of E. coli. But after five times washing, its
antimicrobial activities almost disappeared. It is
believed that the low washing durability of the dyed
cotton fabric may be caused by the loss of dyes on
the fiber surface during washing. The loss of dyes
on surfaces of fibers may not have significant impact
on color of the product. The washed fabrics did not
show significant color changes (Table III). To confirm
this assumption, Ma and Sun measured the surface
resistivity of Orlon fabrics treated with antimicrobial
cationic dyes before and after washing.9 The results
indicated that the decrease of antimicrobial activities
of Orlon fabrics possibly caused by the loss of dyes
on fiber surfaces during washing. In the antimicro-
bial testing, only the bacterial accessible dyes can
come into with the bacteria and thus kill them. The
bacteria accessible dyes mainly locate on the surface

TABLE II
Antimicrobial Efficacy of the Dyed Cotton Fabrics

Washing
times Bacteria

0.5% 1.0% 2.0%

0 g/L 30 g/L 0 g/L 30 g/L 0 g/L 30 g/L

0 E.coli 98.9% 97.4% 99.9% 99.6% 99.9% 99.9%
S.aureus 97.6% 93.2% 99.9% 99.5% 99.9% 99.9%

1 E.coli 70.8% 64.5% 76.6% 68.3% 72.3% 70.9%
S.aureus 72.6% 55.9% 75.1% 70.7% 77.4% 73.2%

5 E.coli 11.4% 7.9% 10.3% 12.1% 17.8% 14.5%
S.aureus 12.6% 10.5% 15.6% 9.4% 14.8% 15.5%

10 E.coli 0% 0% 0% 0% 0% 0%
S.aureus 0% 0% 0% 0% 0% 0%

Dye concentrations were 0.5%, 1.0%, 2.0% (owf). Exhaustion phase of dyeing: Na2SO4 concentrations 5 0 g/L or 30 g/L;
time 5 60 min; liquor ratio 5 50 : 1. Fixation phase of dyeing: Na2CO3 30 g/L; time 5 60 min; liquor ratio 5 50 : 1. E. coli
and S. aureus concentrations: 105–107 CFU/mL. Contact time: 5 h.

TABLE III
CIELAB Color Difference of Dyed Cotton Fabrics After

Repeated Washing

Times L a* b* c* h0 K/S

0 85.74 3.81 52.97 53.11 85.89 1.662
1 86.43 3.45 52.28 51.22 85.96 1.604
5 86.65 3.27 52.16 50.87 86.02 1.583

10 87.12 3.09 51.03 49.51 86.23 1.521

Dye concentrations was 1.0% (owf); Na2SO4 concentra-
tions 5 0 g/L; time 5 60 min; liquor ratio 5 50 : 1. Fixa-
tion phase of dyeing: Na2CO3 30 g/L; time 5 60 min; liq-
uor ratio 5 50 : 1.
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of the fabrics. During washing, these bacteria acces-
sible dyes may be washed away and dissolved in
the water. After washing, the fixed dyes inside the
fibers and fabrics may not be in sufficient contact
with bacteria and consequently kill them, leading to
the antimicrobial activities of the treated fabrics
dropping significantly.

CONCLUSIONS

Antimicrobial cationic reactive dye was synthesized
successfully by reacting alkyl halide with 1-aminoan-
thraquinoe derivatives, and characterized by using
FTIR and NMR analyses. It was found that the dye
exhibited adequate antimicrobial activities against
both Gram positive and Gram-negative bacteria at a
concentration of 10 ppm. The hydrophobic character-
istics may increase the antimicrobial function of the
cationic reactive dye. This cationic dye also can react
with cellulose to dye cotton without using any elec-
trolyte as dyeing assistant. The dye exhaustion and
fixation rates on cotton were reasonably high with-
out significant hydrolysis, and the dyed cotton
exhibited good color washfastness. However, the
washfastness of the antimicrobial functions of dyed
fabrics was unreasonably low.
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