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Abstract

The present study describes the facile synthesis of silver nanoparticles (AgNPs) by green method using aqueous extract of Gazania
rigens. The size, morphological, compositional and optical properties of silver nanoparticles were examined through X-ray
diffraction (XRD), Energy Dispersive X-ray spectroscopy (EDX), Scanning Electron Microscope (SEM), and UV-Vis spectroscopy
respectively. Ultraviolet-Visible spectra showed the absorbance band between 425-460 nm which indicated the synthesis of stable
AgNPs. Average size of AgNPs was calculated from XRD spectra as 31.35 nm. SEM and EDX spectra confirmed the synthesis of
spherical shaped AgNPs. FTIR spectra showed that different functional groups were present in aqueous extract of plant which acted
as reducing agents in the formation of stable silver nanoparticles. The value of DPPH radical inhibition by AgNPs was 75.45+1.12%
at 1000 pg/mL concentration revealing its moderate antioxidant activity. Synthesized AgNPs showed good total phenolic contents
(262.60+1.2 mg/g GAE) as well as good total antioxidant activity (1.11+0.07). Then the synthesized AgNPs were used as catalyst
for the removal of toxic organic dyes i.e methylene blue (MB) and congo red (CR). Various factors like temperature, pH, adsorbent
dosage, dye concentration and contact time were examined and optimized for maximum removal of dyes. Thermodynamic factors
like enthalpy (4H®), Gibb’s free energy (4G°), and entropy (4S°) of the system were also determined. Kinetics of the system was
studied with the help of Lagergren’s model. Adsorption parameters were also calculated using Langmuir and Freundlich, isotherm
models.
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1. Introduction Synthesis of nanoparticles from plants have gained
popularity due to its low cost and eco-friendly nature.
Thus numerous individuals have prepared nano-
particles by utilizing extracts from different plant’s
parts like leaves, stem and flowers along with other
natural products (Ravindran et al., 2013). In the
scientific community silver nanoparticles have great
interest due to their extensive range of applications.
For the cancer diagnosis and treatment, silver

nanoparticles are effectively used (Ahmed S. et al.,

Now a day’s nanotechnology has been raised
as essential discipline of research. Nanotechnology
deals with nanometer sized objects. Several materials,
systems and devices have been developed using this
technology. Nanoparticles are studied due to their
distinctive physical and chemical properties, which is
size dependent (Matei et al., 2016; Saruchi et al., 2019;
Xu et al., 2014). Various physical and chemical

methods for synthesis of nanoparticles have been
reported but chemical and physical methods are being
replaced by green synthesis techniques to avoid
utilization of lethal solvents, high energy utilization,
and dangerous by products etc (Rai and Yadav, 2013).

2016). Furthermore green synthesized AgNPs have
various applications in drug delivery, gene therapy
and for bio-labeling. AgNPs are very beneficial as
optical receptors, reagents in chemical reactions,
intercalation material for solar energy batteries,
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careful coatings for solar energy absorption and as
antimicrobial, antifungal and antioxidant agents
(Sopan and Vijay, 2016). Silver is nontoxic for human
cells in small amounts, however fatal for most of the
bacteria and viruses and henceforth widely utilized in
sterilization of water and food in daily life. Plant
extract is used as reducing agent to synthesize metallic
NPs. The metal ions are reduced and nucleation of
reduced metal atoms takes place. Then the small
nearby NPs are associated and larger size particles are
formed that exhibit greater thermodynamic stability
(Nasrollahzadeh and Sajadi, 2015).

Gazania rigens belongs to the family
Asteraceae. It is a flowering plant that is cultivated on
a huge scale in gardens and landscapes (Foroutan et
al., 2015). Gazania is utilized in medicine in order to
inhibit miscarriage and tooth aching. It is also
assimilated in cleansing measures particularly with
aloes. Some studies have revealed the biotic effects of
Gazania that explain its hepatoprotective and
antioxidant activity (Elkhayat et al., 2016). Gazania
rigens contains various flavonoids (luteolin, apigenin,
apigenin 7-O-f-D-glucopyranosid, luteolin 7-O-f-D-
glucopyranosid) and phenolic acids (chlorogenic acid,
caffeic acid and 3,5-di-O-caffeoylquinic acid)
(Desoukey et al., 2016) which are responsible for the
reduction of metal ions.

In the current study, spherical shaped AgNPs
were successfully synthesized by a simple and low
cost method by aqueous extract of Gazania rigens.
The obtained AgNPs were characterized by UV-Vis
spectroscopy, XRD, EDX and SEM followed by its in
vitro antioxidant activity. Furthermore adsorption
experiments were performed for the removal of MB
and CR dye to assess its catalytic behavior.

2. Material and methods
2.1. Preparation of plant extract

Fresh plant of Gazania rigens was washed
thoroughly with distilled water to remove dirt and
other contaminations. Then plant was dried under
shade and crushed into fine powder. Then 1.5 g of the
whole plant powder was taken in a beaker containing
100 ml of distilled water followed by heating on the
hot plate at 80°C for 60 minutes, the color of mixture
turned yellow. The extract was then allowed to cool at
room temperature and then it was filtered by using
Whatt’s man filter paper. This filtrate was stored in
refrigerator for further studies (Modi et al., 2015).

2.2. Synthesis of Ag nanopatrticles

To prepare Ag nanoparticles, 80 mL of
aqueous extract of Gazania rigens was added to 400
ml of 0.03 molar silver nitrate solution at room
temperature with constant stirring for 20 min. Silver
ions (Ag") were reduced to Ag’ by phytochemical
constituents present in aqueous extract, color of
reaction mixture was changed that indicated the
synthesis of Ag nanoparticles (Sopan and Vijay,
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2016). Then this colored solution of Ag nanoparticles
was centrifuged at 3000 rpm for 30 min to separate
AgNPs (Moodley et al., 2018).

2.3. Characterization of Ag nanoparticles

UV-Visible spectra was recorded on a UV/Vis
spectrophotometer (Mettler-Toledo, UV 5) which
monitored the reduction of silver ions by aqueous
extract of Gazania rigens. The molecular structure of
silver nanoparticles was determined by using X-ray
diffraction (JEOL, Neoscope, JCM-600). The surface
morphology and elemental composition of green
synthesized AgNPs were analyzed by Scanning
Electron Microscope and Energy-Dispersive X-ray
spectroscopy  (JEOL,  Neoscope, JCM-600)
respectively. FTIR spectra of the aqueous extract of
Gazania rigens plant was recorded by using Fourier
Transform Infrared spectroscopy (Agilent
Technologies) to get information relating to chemical
bonds.

2.4. Antioxidant activity

« DPPH radical scavenging activity

By wusing 2, 2-diphenyl-1-picrylhydrazyl
hydroxyl radical (DPPH), scavenging activity of
nanoparticles was assessed according to cited method
(Lee and Shibamoto, 2001).

« Total phenolic contents
Total phenolic contents were checked by
standard method (Makkar et al., 1993).

o Phosphomolybdenum complex method

The antioxidant activity of synthesized silver
nanoparticles was checked by reported method (Prieto
etal., 1999).

2.5. Dyes adsorption studies

For degradation of methylene blue and congo
red dyes, stock solutions of 1000 ppm concentrations
were prepared. Various working solutions (5 ppm, 10
ppm, 25 ppm, 75 ppm and 100 ppm) were made from
that stock solution for the dye removal studies.
Different factors like time, pH, and adsorbent
concentration, effect of dye concentration and effect
of temperature were optimized for maximum removal
of dyes.

3. Results and discussion
3.1. Characterization of silver nanoparticles

UV-Visible spectral analysis confirmed the
formation of AgNPs using 3 mM solution of AgNO;
along with plant extract. UV—Vis spectrum (Fig. 1) of
the reaction media was taken at different time
intervals. It was observed that by increasing the time
of reaction there was no change in Ama but peaks
become sharp. The UV—Vis absorption band in range
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of 425-460 nm confirmed the presence of surface
plasmon resonance of AgNPs (Ankamwar et al., 2005;
Saxena et al., 2010).

In the entire XRD spectrum of green
synthesized silver nanoparticles (Fig. 2), four intense
peaks were observed with 20 values 28.06°, 32.51°,
38.37° and 46.50° respectively. The XRD spectrum
was compared with the standard powder diffraction
card of JCPDS, silver file No. 04-0783. Peak at 28.06°
and 38.37° indicated the presence of silver metal.
While the peaks at 32.51° and 46.50° is due to presence
of AgNOs; which might have not been reduced and
remain in sample as impurity (Krithiga et al., 2015;
Mehta et al., 2017). XRD pattern thus evidently
elucidated that the AgNPs were synthesized with
average size of 31.35 nm (Hosokawa et al., 2007). The
size of AgNPs was calculated by utilizing Debye-
Scherer Eq. (1).

kA
pcosb

where D denotes the average particle size of

(M

nanoparticles in nm, f is full width at half maximum
(FWHM) of the diffraction peak, K is the Scherrer
constant with the value of 0.9-1, 4 is the wavelength of
the X-ray (0.15406 nm), € is Bragg angle (6=26/2).

SEM spectra (Figs. 3a-d) elucidated that
AgNPs had roughly spherical shape and
homogenously distributed all over the surface. Some
of AgNPs might be present in agglomeration. So,
SEM micrographs showed the agglomeration of
nanoparticles and nanoclusters in its topical view
(Ahmed K. et al., 2016).

The EDX spectrum (Fig. 4) showed prominent
peaks of silver at voltage from 2.5 to 3.5 KeV and
confirmed the formation of Ag nanoparticles
(Gomathi et al., 2017). These peaks assigned to the
silver characteristic of K and L lines. Maximum peak
on the left side of spectrum at value of 0.2 KeV
indicated the presence of carbon. While peak at 0.5
KeV indicated the presence of oxygen characteristic
line. The carbon and oxygen signal was due to
presence of adsorbed biomolecules coated over the
surface of silver nanoparticles (Puchalski et al., 2007).
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Fig. 1. UV-Vis spectrum of synthesized AgNPs
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Fig. 2. XRD spectrum of synthesized AgNPs
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Fig. 3. SEM spectra of synthesized AgNPs: (a) at 1 um, (b) at 2 pm, (c) at 5 pum, (d) at 20 pm

FTIR spectrum of aqueous extract of Gazania
rigens has been shown in Fig. 5. FTIR measurements
depicted the functional moieties of possible
biomolecules involved in reduction and efficient
stabilization of metal nanoparticles synthesized by
aqueous extract of Gazania rigens.

Fig. 4. EDX spectrum of synthesized AgNPs

Band at 3200 cm corresponds to the O-H
stretching, indicating presence of alcohols and
phenols. Band at 1628 ¢cm™! and 1484 cm™! can be
attributed to asymmetric and symmetric stretch of
carboxylate group. Absorption bands at 1134 cm™ and
1000 cm™ are due to C-O stretching in esters and
alcohols respectively (Banerjee et al., 2014; Prathna et
al., 2011). Literature studies revealed the presence of
carbohydrates, flavonoids, and phenolic compounds in
Gazania rigens. Possible mechanism for the reduction
of Ag" to Ag’ and formation of stable silver
nanoparticles by the phytoconstituents present in
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aqueous extract of Gazania rigens has been given in
Fig. 6.
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Fig. 5. FTIR spectrum of aqueous extract of Gazania
rigens

3.2. Antioxidant assays

3.2.1. DPPH radical scavenging activity

DPPH is a stable radical that was utilized to
evaluate radical scavenging activity of the samples.
Any material that has the ability to donate an electron
or hydrogen atom to the DPPH radical, reduces it to
form a stable diamagnetic molecule (Hasan et al.,
2009). By comparison with butylated hydroxyl
toluene (BHT) a reference antioxidant, the DPPH
radical scavenging activity of different concentrations
of the AgNPs was measured and it was revealed that
scavenging activity increased in a dose dependent
mode as given in Table 1.
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Fig. 6. Possible mechanism for reduction of AgNOs to AgNPs by the phytoconstituents present in aqueous extract
of Gazania rigens

3.2.2. Total phenolic contents

This method was used to check antioxidant
activity by inhibition of free radicals formed by the
decay of hydroperoxides. They also protect against
pathogens and predators by forming metal chelate
ions.

The total phenolic contents of synthesized
AgNPs were spectrophotometrically assessed by using
Follin-Ciocalteu’s reagent at 725 nm (Skerget et al.,
2005). Total phenolic contents of AgNPs were found
good (262.60 + 1.2 GAE mg/g) as compared to blank
shown in Table 2.

3.2.3. Phosphomolybdenum complex method

This method was also used to check total
antioxidant activity of the synthesized nanoparticles.
In this method at acidic pH green phosphate Mo (V)
complex is formed because antioxidants reduced
molybdenum (VI) to molybdenum (V). Generally this
method detects antioxidants, like carotenoids, ascorbic

acid, tocopherols and some phenolics (El Hajaji et al.,
2010). By comparing with BHT the total antioxidant
activity of the AgNPs was calculated and its value was
found to be very good i.e 1.11+0.07 as shown in Table
1-b.

3.3. Dyes adsorption studies

3.3.1. Effect of adsorbent dosage

To study the influence of adsorbent dosage a
graph was plotted against dye removal (%) utilizing
AgNPs at fixed initial dye concentration. Influence of
adsorbent dosage was examined by keeping all the
experimental factors (Cgye = 5 mg/L, V= 25 mL)
constant and varying the adsorbent amount (5 mg, 10
mg, 25 mg, 75 mg and 100 mg). As the concentration
of adsorbent was increased the efficiency of dye
removal was also increased up to a certain level of
adsorbent dosage and after that the dye removal
efficiency become constant (Fig. 7a).

Table 1. DPPH radical scavenging activity of synthesized AgNPs

Sr. No. Sample Concentration in Assay (ug/mL) % Scavenging of DPPH radical + S.E.M
1000 75.45+1.12
1 AgNPs 500 58.92+ 0.8
250 40.73+ 0.34
60 94.35+£0.14
2 BHT 30 78.46 + 0.08
15 46.57 £0.05
Table 2. Total phenolic contents and total antioxidant activity of synthesized AgNPs
Sr. No. Sample Total phenolics (GAE, mg/g) Total antioxidant activity
1 AgNPs 262.60+1.2 1.11+0.07
BHT - 0.85+1.22
3 Blank 11.98 -
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Fig. 7. (a) Effect of adsorbent dosage on removal (%) of CR and MB; (b) Effect of dye concentration on removal (%) of CR and
MB dye by AgNPs; (c) Effect of contact time on % removal of CR and MB dye by AgNPs; (d) Effect of temperature on %
removal of CR and MB dye by AgNPs

In both MB and CR dyes, with increase in
adsorbent dosage percentage removal was increased
but it become constant at 25 mg of adsorbent dosage
and by further increase in adsorbent dosage, there was
no effect on dye removal. It may be due to the fact that
by increasing adsorbent dosage the numbers of
accessible surface active sites became greater and
equilibrium was attained to certain extent because of
the agglomeration of the surface active sites (Garg et
al., 2004). However maximum removal was attained
in case of MB i.e 90 % in comparison to CR i.ec 81 %
at 25 mg of adsorbent dosage.

3.3.2. Effect of dye concentration

Effect of dye concentration was studied at 10
mg fixed dosage of adsorbent and varying dye
concentration (5 ppm, 10 ppm, 25 ppm, 75 ppm and
100 ppm, V=25 mL). In both MB and CR dyes with
increase in dye concentration, the % age removal by
AgNPs was decreased (Fig. 7b). At dye concentration
(10 mg/mL), the removal efficiency of AgNPs was
75.9% and 67% for MB dye and CR dye, respectively.

Fig. 7b shows that % removal reduced with
increasing preliminary dye concentration from 5 ppm
to 100 ppm. Maximum removal occurred at 5 ppm of
dye concentration because of the greater number of
active sites available on the surface of AgNPs.
Conversely, at higher concentration of dye, saturation
of binding sites occurred that reduced the active
reaction sites and might resulted in decrease in the
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adsorption efficiency (Rehman et al., 2013).

3.3.3. Effect of time

To check effect of time on the dye removal
efficiency by AgNPs, experiment was carried out
using dye concentration (Cgye =5 mg/L, V=25 mL) and
10 mg of adsorbent dosage with interaction time
ranging from 10 to 150 minutes. The dye removal (%)
was constantly increased from 48 to 71% and 43 to
65% with increasing the interaction time from 10 to
150 minutes for MB dye and CR dye, correspondingly
(Fig. 7¢).

It was observed that initially there was rapid
increase in dye removal efficiency due to larger
number of available reaction sites on the surface of
AgNPs and after some time removal efficiency
becomes constant when equilibrium was established
between dye molecules and surface active sites of
AgNPs (Saad et al., 2017). Comparative study showed
that both dyes have same trend but MB exhibited
slightly higher dye removal efficiency as compared to
CR.

3.3.4. Effect of temperature

The influence of temperature on the removal
(%) of CR and MB (Cgye=5 mgL'; V=25 mL by 10 mg
of AgNPs was studied at different temperature range
(25°C, 35°C, 45°C, 55°C and 65°C) (Fig. 7d). The
figure showed that initially, removal of dyes increased
with increase in temperature as elevated temperature
leads to faster mobility and rapid penetration of dyes
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molecules (adsorbate) into the pores of the
nanoparticles (adsorbent).

However after a certain temperature limit,
escaping ability of dye molecules also increased with
increase in temperature leading to less adsorption
capacity (Xia et al., 2019). Another reason, removal
percentage of dye increased with the increasing
temperature to a limit, as further increase in
temperature, removal efficiency decreased because of
physical bonding among dye molecules and the active
sites of adsorbent surface weaken with increasing
temperature (Hu et al., 2010). The maximum
temperature for dyes removal was 35°C and 55°C for
CR dye and MB dye, respectively.

3.3.5. Effect of pH

The influence of pH on MB and CR dyes (Caye=
5 mg L', V=25 mL) removal was examined in range
of 2-12 pH by using 10 mg of adsorbent dosage. For
CR dye the maximum removal (%) was observed in
acidic media at pH 4 (Fig. 8).

By increasing the pH above 4, CR removal was
decreased constantly. The reason of this phenomenon
may be due to the proliferation in electrostatic
repulsion among negatively charged (OH™!) surface of
the AgNPs and negatively charged molecules of dye
(Dawood and Sen, 2012). As the molecules of MB dye
were positively charged, so at lower pH wvalue
electrostatic repulsion among the positively charged
surface of the AgNPs and MB dye molecules was
greater that indicated the lesser dye removal. Dye
removal increased constantly by increasing the pH.
After pH 8.0 there was no significant removal of dye.
The maximum removal of MB dye was observed at
pH 8.0.
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Fig. 8. Effect of pH on % removal of CR and MB dye by
AgNPs

3.4. Thermodynamic study

The thermodynamic parameters 4G°, 4S° and
AH°was calculated by using the following Egs. (2-4):

_AH" s
~ RT R

In Kd

2

_%
C.

Kd A3)

AG’ = -RTInK 4)

Van’t Hoff equation (2) was used to
determine standard enthalpy change 4H’and standard
entropy change 4S°. To calculate the thermodynamic
parameters graph was plotted between InKd and 1/T
(Fig. 9). From slope value of AH’ and from intercept
value of AS’ was calculated. Then by using Eq. (4),
AG’value was determined. For both dyes the value of
AG’ was negative which showed their spontaneous
behavior. Whereas the value of AH ’for MB is positive
and for CR is negative that indicates the reaction was
endothermic and exothermic, respectively. The results
are given in Table 3.
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Fig. 9. Van’t Hoff plots for CR and MB dye adsorption on
synthesized AgNPs

3.5. Kinetic study

Kinetics information can provide knowledge
on rate of dye removal process. Kinetic study was
based on the Pseudo-first order as it can be seen from
Fig. 9. Lagergren’s pseudo first order Eq. (5) was used
for kinetic study (Bellu et al., 2010).

k
log(qe -0 ) =logde (555t 5)

Here Qe denotes the adsorption capability at
equilibrium time and g at time t. Kinetic rate constant
was denoted with k; (min™". The graph was plotted
between log (ge-qt) and t (Fig. 10) and value of rate
constant was calculated from the slope as given in
Table 4.

3.6. Adsorption isotherm

Freundlich and Langmuir adsorption models
were used to study the adsorption behaviour of MB
and CR on AgNPs.

3.6.1. Freundlich adsorption Isotherm

Freundlich isotherm explains the multilayer
adsorption process is localized to a heterogeneous
surface.
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Fig. 10. Pseudo 1% order reaction of MB and CR
adsorption on AgNPs

Freundlich  isotherms models can be
represented by below (Eq. 6):

logi =logK + llog C. (6)
m n

where x/m is the amount adsorbed per unit mass of
adsorbent. Ce is the equilibrium concentration and 1/n
and K are Freundlich constants (Vijayakumar et al.,
2012).

The resulting plots for MB and CR were shown
in Fig. 11. Value of 1/n show the type of isotherm to
be favorable (1/n lower than 1), irreversible (1/n = 0)
and unfavorable (1/n higher than 1). The value of n
should be less than 10 and higher than unity for
favorable adsorption conditions. The values of
Freundlich constant n were more than 1 for both dyes,
indicate that the adsorption process is favorable (Table
4).

log Ce
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-2.7 -E-CR
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log (x/m)
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V..-—P/ -
37

-39

Fig. 11. Freundlich Isotherm for MB and CR adsorption on
AgNPs

3.6.2. Langmuir adsorption isotherm

In the Langmuir model, the adsorbent surface
is homogeneous, therefore adsorption occurs on a
monolayer in all adsorption sites (Mantosh et al.,
2013). The Langmuir isotherm Eq. (7) is expressed as:

Co, . 1
(%) _(KVm

Ce
)+ (W) O]

50

where Vm and K represent Langmuir constants. The
constant Vm is the monolayer capacity and K gives a
measure of adsorbing capacity and shows the nature of
binding.

The Langmuir isotherm for both dyes
adsorption on ZnO NPs are shown in Fig. 12.
Langmuir isotherm separation factor (R.) is used to
evaluate the adsorption feasibility. It is calculated
using Eq. (8):

1

R L —
L1414 KGy)

(®)

From Langmuir constant we can find the value
of R. Cy is initial concentration K = the constant related
to the energy of adsorption (Langmuir Constant). R.
value indicates the adsorption nature to be either
unfavourable if R >1), linear if R =1, favourable if 0<
R.<1 it means adsorption is irreversible.

For both dyes adsorption onto nanoparticle, the
value of R is less than 1 and greater than zero so it
shows that adsorption is favourable and it follows
Langmuir adsorption isotherm. Maximum monolayer
capacity was calculated by using Langmuir adsorption
model and is given in Table 5.
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Fig. 12. Langmuir isotherm for MB and CR adsorption on
AgNPs

4. Conclusion

It was concluded that AgNPs successfully
synthesized by eco-friendly single step procedure,
with aqueous extract of Gazania rigens and
characterized by UV-visible spectra, XRD, SEM,
EDX and FTIR measurements.

The synthesized AgNPs had significant total
antioxidant activity, total phenolic contents and
moderate value of DPPH scavenging activity which
was increased by increasing adsorbent dosage.
Various factors like temperature, pH, adsorbent
dosage, dye concentration and contact time were
optimized for maximum removal of dyes by
synthesized AgNPs. Thermodynamic studies showed
that removal of dyes was a spontaneous behavior and
their kinetic study indicated that it was pseudo first
order.
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Table 3. Thermodynamic parameters for removal of CR and MB dye by AgNPs

Congo Red (CR) dye Methylene Blue (MB) dye
Temp. (K) AG° AS° AHO AGP A4S0 AHO
(KJmol?) (Jmol*K?) (KJmol?) (KJmol?) (Jmol*K?) (KJmol)
298 -6.829 -80.6541 -30.718 -4.002 159.155 43.857
308 -5.779 -4.593
318 -4.699 -6.637
328 -4.539 -8.689
Table 4. Kinetic Rate constant (min'") for MB and CR dye adsorption on AgNPs
A Values of both dyes
Kinetic model Factors VB CR
K1 (min™ 21.2055 82.29
Pseudo first order Qe (cal) 3.496 3.603
R? 0.980 0.988
Table 5. Freundlich and Langmuir isothermal model for the adsorption of MB and CR on AgNPs
Dye Freundlich parameters Langmuir parameters
Log K 1/n R? Adsorption capacity (K) Monolayer capacity Vm(mg/g) R?
Methylene blue -0.5733 0.508 0.97 72328 1.81 0.987
Congo red -2.3733 0.2375 0.86 8434.00 2.30 0.998

The adsorption studies confirmed that the
adsorption process of MB and CR on AgNPs followed
the Freundlich and Langmuir model. Overall the
studied green method for the synthesis of AgNPs was
found to be environmentally safe as no additional
surfactants or reductants were needed for the
stabilization of AgNPs.

Furthermore synthesized silver nanoparticles
had potential to be used in pharmacological
preparations as well as they also exhibit excellent
catalytic activity for the adsorption of dyes.
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