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a b s t r a c t
In this study, agar hydrogel (AG) was prepared and used as support for the copper and cobalt nanopar-
ticles inside it. AG hydrogels at three different concentrations of 0.4, 1 and 2 wt/wt% were prepared by 
cooling down their aqueous solutions to room temperature. All these hydrogels were separately intro-
duced into the 0.5 M copper sulphate or cobalt chloride aqueous solutions to uptake the respective metal 
ions. The ions loaded hydrogels were treated with concentrated NaBH4 aqueous solution to prepare the 
copper or cobalt nanoparticles loaded AG hydrogels (Cu-AG or Co-AG). Pure AG as well as M2+-AG 
hydrogels were characterized using various instrumental techniques such as field emission scanning 
electron microscope, thermogravimetric analysis, and X-ray diffraction. Finally, the M2+-AG hydrogels 
were utilized as catalysts in methylene blue dye reduction reaction using NaBH4 as reducing agent.
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1. Introduction

Over the past two decades, nanoparticles have drawn 
extensive research attention from scientific community due 
to their extensive utilization in different fields, that is, sen-
sors, biomedical field and catalysis [1–7]. Specifically, the 
field of catalysis is completely dependent on use of vari-
ous kinds of metal-based catalysts [2,8,9]. Since catalysis is 
surface-related phenomenon, catalysts with dimensions in 
nanoscale (nanoparticles) display highest surface area and 
hence highest catalytic properties as compared with their 
bulk materials [10,11]. To date, most of the transition metal 
based nanoparticle catalysts have been recognized to show 
high catalytic characteristics [12,13]. However, such high 
catalytic properties decline with the passage of time due to 
aggregation of the nanoparticles which reduces their surface 
area [14]. In the effort of giving long-term stabilities and max-
imum operating time to the nanoparticles, different strategies 

were used. These include the utilization of block copolymers, 
surfactants and both rigid and soft materials based supports 
[12,15–17]. Among transition metals, noble metals based cat-
alysts have been widely explored for catalysis but their high 
cost is the main hurdle to be applied in actual field. However, 
herein, we rely on the preparation of comparatively low cost 
heavy transition metals of copper and cobalt nanoparticles 
for use in catalysis.

Among the soft nature catalytic supports, the polymers 
are most commonly used supports because of their easy pro-
cessability [18]. For instance, Kamal et al. [4] used microfi-
brous form of the cellulose polymer for immobilization of the 
silver nanoparticles for the reduction of MB dye in aqueous 
solution. Recently, we used cellulose based catalytic supports 
in different studies. It was shown that the high catalytic prop-
erties were retained for few cycles. For the aqueous based 
reactions, Sahiner [12] suggested the use of synthetic polymer 
hydrogels. Various novel polymers based hydrogels were 
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introduced. However, the uncommon nature of the monomers 
and laborious methods of polymerization need to be replaced 
with other naturally available polymer hydrogels. For this 
purpose, Thomas et al. [19] used alginate/carboxymethyl 
cellulose/TiO2 nanocomposite hydrogel for the photocatalytic 
degradation of the Congo red dye. Firouzabadi et al. [20] used 
agarose hydrogel immobilized Pd nanoparticles as recyclable 
catalyst for Suzuki–Miyaura reaction in aqueous media. In 
fact, there are numerous studies concerning the preparation 
of the biopolymer-based hydrogel nanocomposite with metal 
nanoparticles but the product was used for some other pur-
poses [21]. Therefore, there is a huge potential of using other 
biopolymer-based hydrogels such as agar as support for the 
immobilization of metal nanoparticles. 

Besides the importance of catalysts for the catalysis of 
various important organic synthesis, these are widely used 
in the elimination of the organic dyes from water bodies by 
process of reduction [1,4,22]. A large portion of synthetic 
organic dyes are used worldwide in textile industries. Some 
of these dyes, being water soluble, are discharged into the 
water streams to get rid of them. However, these dyes impose 
adverse effects directly on the aquatic life and indirectly on 
human beings [17,23]. Therefore, the effluents must be pro-
cessed prior to their discharge into the water bodies. Since, 
other methods such as adsorption are time consuming and 
slow process and also some secondary processing like the 
requirement of regeneration of the adsorbents appeal to use 
other effective process such as catalytic reduction [24,25].

In this article, we prepared agar based hydrogels. The 
turbid suspensions of agar in water were heated in micro-
wave oven for 2 min which resulted in agar dissolution. The 
hot agar solutions were put into glass petri dishes where it 
turned into hydrogels upon cooling. The hydrogels were cut 
into different shapes and put into Cu and Co salt solutions, 
separately. After absorption of sufficient amount of the ions, 
the hydrogels were treated with sodium borohydride solu-
tion which resulted in nanoparticles generation from the 
reduction and accumulation of the absorbed metal ions. The 
nanoparticles loaded hydrogels were characterized using 
different spectroscopic techniques and used in catalyzing the 
methylene blue (MB) dye reduction using NaBH4.

2. Experimental

2.1. Materials

Agar polymer was purchased from Japan. It has 9.0% 
agaropectin. Sodium borohydride (NaBH4, 99%) was pur-
chased from BDH chemicals, Poole, England. Organic dye 
of methylene blue (C16H18ClN3S, 319.85 g/mol) was kindly 
supplied by Chemical Engineering Department, King Saud 
University, Riyadh, Saudi Arabia. Copper sulphate and 
cobalt chloride salts were obtained from BDH chemicals, 
Poole, England. Ultrapure water (>18 Ω) was used for the 
solutions preparation.

2.2. Hydrogels preparation

Hydrogels were prepared by dissolution of the agar poly-
mer in water followed by thermal crosslinking. Briefly, 1 g 
of agar was put into a beaker containing 50 mL de-ionized 
water. It was stirred for 2 min which resulted in the turbid 

suspension of the polymer in water. The suspension was 
then kept in a household microwave oven (Hyundai, South 
Korea) and heated for 2 min with alternate 5 s on and off 
cycle. Microwave heating treatment of the agar suspension 
resulted in the dissolution of the polymer as it became clear 
from initial turbid state. The boiled agar solution was then 
poured into clean glass petri dishes and kept static for 30 min 
at 20°C. The clear solution was formed into gel upon cooling 
which was cut into desired pieces for further use. Similarly, 
two more hydrogels were prepared with the agar concentra-
tions in water of 0.4 and 1 wt%.

2.3. Nanoparticles preparation inside hydrogels

In order to prepare nanoparticles inside hydrogels, two 
aqueous solutions of Cu and Co were separately prepared. 
The concentrations of both the solutions were 0.5 M. 

Each agar hydrogel with metal nanoparticles was named 
as M-AGxx where M stands for metal (Cu or Co), AG rep-
resents agar and xx denotes the wt% of the agar solution from 
which the hydrogel was prepared. For instance, Cu-AG0.4 
indicates Cu nanoparticles loaded agar hydrogel produced 
from 0.4 wt% agar solution.

2.4. Catalytic experiments

The catalytic activity of the M-AGxx was evaluated in 
the methylene blue (MB) dye reduction using NaBH4 at 
room temperature. A desired M-AGxx hydrogel with a con-
stant weight of 0.23 g was cut and added to a quartz cuvette 
containing 3 mL MB dye. The M-AG hydrogel was meshed 
before adding to the cuvette. The reaction was initiated by 
the addition of freshly prepared 1 mL of 0.2 M NaBH4 aque-
ous solution to the dye containing cuvette. The cuvette was 
placed in a UV-visible spectrophotometer and absorbance 
spectra were recorded after constant interval of time until the 
complete disappearance of the solution color.

2.5. Characterizations

Sample’s surface morphology was examined using field 
emission scanning electron microscope (FESEM) instrument 
FE-SEM, JEOL JSM-7600F, Japan. Hydrogel samples were kept 
in freeze drier and freeze dried prior to the FESEM analysis. 
The as-obtained freeze dried samples were Pt coated for 10 s 
using JEOL, JEC-1600 auto fine coater prior to SEM observa-
tions. X-ray diffraction (XRD) analysis was performed using 
Thermo Scientific, ARL X’tra X-ray diffractometer. The XRD 
instrument was operated at 40 kV and 50 mA which produced 
X-rays with 0.1542 nm wavelength. The data were acquired at 
2° 2θ min–1. Thermogravimetric analysis (TGA) was performed 
using TA Q500 instrument. In a typical experiment, sample 
was heated in an aluminum pan in the range of 25°C–700°C. 
A Thermo Scientific Evolution 300 UV-visible spectrophotom-
eter was used for the measurement of the absorbance spectra.

3. Results and discussion

Fig. 1 represents the preparation procedure of the 
Cu-AGxx and Co-AGxx catalysts. Briefly, agar powder was 
suspended in a deionized water with final concentrations of 
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0.4, 1 and 2 wt%. All these suspensions were heated until they 
became clear. The boiled clear solutions were poured into 
petri dishes and cooled to room temperature for hydrogel 
formation. The prepared hydrogels were incorporated into 
either aqueous CoCl2 or CuSO4 solution for the metal ions 
uptake. Hydrogels were retained inside metal salt solutions 
for 24 h for the maximum uptake of the M2+ ions. The M2+-
AGxx were first finely meshed and then treated with NaBH4 
aqueous solution to prepare the M-AGxx catalyst.

Hydrogel samples’ morphology was examined by 
FESEM technique. Fig. 2 shows the morphological features 
of the agar hydrogel. Hydrogels were first freeze dried and 
coated with Pt prior for the FESEM analyses. The naked eye 
observation of the samples suggests a porous morphology. 
All the samples had sponge-like texture. The sizes of pores 
were in the range of millimeter to sub-millimeter diame-
ter. The sizes of the pores in each specific sample were not 
uniform throughout the sample. We also observed that the 
AG0.4 and AG01 collapsed during the freeze drying process. 
The FESEM image of AG02 suggests that it had additional 
pores sizes in the range of 30–150 μm. General overview of 
the literature suggests that the increasing concentration of 
polymer results in the small pore size. Fig. 2(c) represents the 
EDX spectrum of the sample which confirms that it was com-
posed of only organic components.

Further we examined the dried Cu-AG02 and Co-AG02 
by FESEM. Upon drying the M-AG02 hydrogels, it lost the 
initial dark black color. Probably, the oxidation of the metal 
nanoparticles caused such changes. Figs. 3(a) and (b) repre-
sent the FESEM images of Cu-AG02 at low and high magni-
fications, respectively. Similarly, Figs. 3(d) and (e) represent 
the FESEM images of Co-AG02 at low and high magnifica-
tions, respectively. In the low magnification images, pores 
can be observed. High magnification images also show the 
corresponding metal nanoparticles. Since the nanoparticles 
were very small, further high magnification images were 
not obtained. Focusing of the beam on sample surface for 

the high magnification image was resulting in the burning 
of the sample. EDX analysis was performed for the presence 
of nanoparticles and their quantity. Figs. 3(c) and (f) show 
the EDX spectra of the Cu-AG02 and Co-AG02, respectively. 
The peaks of the Cu and Co in these spectra indicate that the 
samples had corresponding metal nanoparticles. 

3.1. TGA

Fig. 4(A) shows XRD patterns of AG02, Cu-AG02 and 
Co-AG02. The XRD pattern of pure AG02 had a single broad 
peak. This peak at 2θ = 19° represents the amorphous nature 
of the sample. The XRD patterns of Cu-AG02 and Co-AG02 

Fig. 1. Preparation of M-AGxx catalyst. (a) AG hydrogel 
preparation, (b) salt solutions treatment, (c) corresponding ions 
absorbed AG hydrogels and (d) NaBH4 treatment of the M-AGxx.

Fig. 2. Typical FESEM images of AG01 (a) at low magnification, 
(b) at high magnification and (c) corresponding SEDX spectrum.
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were similar to the pure AG02. Except the presence of peak 
at 2θ = 19°, no other peak was observed in the XRD pat-
terns of Cu-AG02 and Co-AG02. These results suggest that 

as-prepared copper and cobalt nanoparticles were not crys-
talline in nature. It has been reported that annealing at high 
temperature is usually required for enhancing the crystallin-
ity in the nanoparticles.[26] Another reason for the absence 
of the peaks of metallic nanoparticles might be their low con-
centration in the samples. Fig. 4(B) shows TGA thermograms 
of AG02, Cu-AG02 and Co-AG02. The initial weight loss 
around 100°C in the AG02 thermogram was due to moisture 
loss in the samples. The next high mass loss was due to the 
degradation of the agar and polyglycerol.

3.2. Catalytic experiments

Before proceeding to the actual catalytic experiments, 
adsorption study of MB from its aqueous solution on the 
pure AG hydrogels was performed. Figs. S1(a)–(c) show the 
UV-visible absorbance spectra of MB dye aqueous solutions 
before and after the introduction of 0.23 g of each hydrogel. 
In all cases, it can be clearly observed that the peak inten-
sity at 660 nm decreased after putting the hydrogel sample in 
3 mL of 0.05 mM MB. This decrement was considered due to 
the MB dye uptake by the hydrogel. The extent of the decre-
ment of the peak 660 nm can be attributed to the MB amount 
uptake by the hydrogel. Fig. S1(d) show the amount (%) of 
the MB adsorbed on the corresponding hydrogel sample after 
taking it out after a period of 24 h. The MB amount adsorbed 
on the 0.4, 1 and 2 wt% AG was 19.08%, 32.70% and 43.09%.

Fig. 5 shows time-dependent absorbance spectra of MB 
dye aqueous solution after introducing NaBH4 aqueous solu-
tion and Cu-AG0.4, Cu-AG01 and Cu-AG02 catalysts. The 
main peak was constant in the absence of catalyst because the 
reaction did not occur. However, the peak located at 660 nm 
started to decrease upon introducing Cu-AG0.4 catalyst. 
Such a reduction in the absorbance was considered from the 

Fig. 3. FESEM images of Cu-AG02 (a) at low magnification, (b) at high magnification and (c) corresponding SEDX spectrum, and 
FESEM images of Co-AG02 (a) at low, (b) at high magnification and (c) corresponding SEDX spectrum.

Fig. 4. XRD patterns (A) and TGA thermograms (B) of AG02 (a), 
Cu-AG02 (b) and Co-AG02 (c).
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reduction of the MB molecules. The characteristic peak of the 
MB at 660 nm disappeared completely after 12 min. The time 
to complete the reduction reaction of MB in the presence of 
Cu-AG01 and Cu-AG02 were 9 and 6 min, respectively. In 
the catalytic reduction reaction of dyes, the application of 
metal nanoparticles as catalyst is to transfer the electron from 
the BH4– donor to the dye molecules through their mutual 
adsorption on the surface of nanocatalyst [22,27]. Another 
school of thought is that the catalyst acts as electron storage 
during the electron transfer process [28]. In the present case, 
0.23 g of each Cu nanoparticles loaded hydrogel was used 
as catalyst. The fact is that the actual catalytic nanoparti-
cles were more with the increasing concentration of the AG 
hydrogel. Therefore, the expected number of nanoparticles 
could be high in Cu-AG02 as compared with the Cu-AG0.4 
and Cu-AG01. Thus the collective high surface area of the 
Cu nanoparticles in Cu-AG02 was responsible for the quick 
reduction process of the MB dye molecules. To determine the 
kinetic parameters using first-order reaction rate, the data 
from Figs. 5(a)–(c) was plotted as shown in Fig. 5(d). The 
calculated rate of reactions using Cu-AG0.4, Cu-AG01 and 
Cu-AG02 were 0.0934, 0.1135 and 0.1639 min–1, respectively. 

Similarly, we performed the MB catalytic reduction 
reaction using Co nanoparticles loaded AG hydrogels of 
Co-AG0.4, Co-AG01 and Co-AG02. In order to avoid the 
repetition of the plots, the UV-visible absorbance spectra 
where the Co-AGxx catalysts were used are not shown 
here. Fig. 6 shows the Ct/Co vs. time plot for the MB reduc-
tion reaction using 0.23 g of Co-AG0.4, Co-AG01 and 
Co-AG02. The trend of the MB reduction reaction catalyzed 
by Co nanoparticles loaded AG hydrogels was similar to 
that of the Cu-AGxx. The calculated rate of reactions using 
Co-AG0.4, Co-AG01 and Co-AG02 was 0.081, 0.129 and 
0.187 min–1, respectively.

Further the effect of dye concentration on the rate of 
reduction reaction was evaluated. MB dye concentrations of 
0.01, 0.05 and 0.1 mM were used in these reactions. A con-
stant volume of 1 mL NaBH4 with a concentration of 0.1 M 
was used. Both the catalysts of Cu-AG02 and Co-AG02 were 
tested in these reactions. Fig. 7 shows Ct/Co vs. time plot for 
the MB reduction reaction using 0.23 g of (a) Cu-AGxx and 
(b) Co-AGxx. The calculated rates of reduction reactions 
were 0.0624, 0.1332 and 0.1639 min–1, using Cu-AG0.4, 
Cu-AG01 and Cu-AG02, respectively. Similarly the rate 

Fig. 5. Time-dependent absorbance spectra of MB dye aqueous solution after introducing (a) Cu-AG0.4, (b) Cu-AG01 and (c) Cu-AG02. 
The corresponding Ct/Co vs. time plot (d). Experimental conditions were 2 mL [MB] = 0.05 M, 1 mL [NaBH4] = 0.1 M and 0.23 M-AG 
catalyst.
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of reduction reactions was 0.0652, 0.1275 and 0.1875 min–1, 
using Co-AG0.4, Co-AG01 and Co-AG02, respectively. All 
these results are in line with those obtained by Sahiner [12] 
where upon increasing the concentration of the dye resulted 
in the slower reduction and thus the decreased reaction rate 
constant [29].

The effect of varying the catalyst amount was also 
evaluated on the MB dye reduction rate reaction. The 
Cu-AG02 and Co-AG02 catalyst amounts were varied as 
0.125, 0.23 and 0.46 g. All other reaction conditions were 
kept constant. Figs. 8(a) and (b) show the Ct/Co vs. time plot 
for the MB reduction reaction using 0.23 g of Cu-AG02 and 
Co-AG02 catalysts. Obviously, the rate of reaction was 
found to be faster upon increasing the catalyst amount. 
This was due to the increased surface area of the catalyst 
upon increasing its amount. We also compared our results 
with some of the available reports concerning the MB 
degradation as shown in Table 1. It can be observed in 
Table 1 that Cu-AG02 and Co-AG02 could compete with 
some of the catalysts. 

Fig. 6. Ct/Co vs. time plot for the MB reduction reaction using 
0.23 g of Co-AG0.4, Co-AG01 and Co-AG02.

Fig. 7. Effect of MB dye concentration on the reduction reaction 
of MB. Ct/Co vs. time plot for the MB reduction reaction using 
0.23 g of (a) Cu-AGxx and (b) Co-AGxx while using the dye 
concentrations of 0.01, 0.05 and 0.1 mM in the presence of 
0.1 M NaBH4.

Fig. 8. Effect of the amount of the catalyst on the reduction 
reaction of MB. Ct/Co vs. time plot for the MB reduction reaction 
using indicated amounts of (a) Cu-AG02 and (b) Co-AG02. The 
other conditions of the reactions were 1 mL of 0.1 M NaBH4 and 
3 mL of the 0.05 M MB dye concentration. 
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4. Conclusion

In summary, agar hydrogel containing transition metals 
of copper and cobalt nanoparticles were successfully pre-
pared. The prepared materials were characterized using 
FESEM, XRD and TGA. The pore size increased with the 
decreasing concentration of the initial agar suspension. XRD 
revealed that the nanoparticles were amorphous in nature 
as no reflections were observed in the patterns. Upon intro-
ducing a constant weight of 0.23 g of M-AG0.4, M-AG01 
and M-AG02 for catalyzing the MB dye reduction reaction 
by NaBH4, the M-AG02 catalyst was found to be faster in its 
de-colorization. It was found that the Cu-AGxx and Co-AGxx 
had nearly similar performance when the effect of initial dye 
concentration and the effect of variation of the amount of the 
catalysts were tested in the MB dye reduction reaction. These 
results might be useful due to the simple preparation steps 
involved in the hydrogel support material.
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Supplementary figure

(a)

(c) (d)

(b)

Fig. S1. UV-visible absorbance spectra of MB aqueous solution in the presence of (a) AG0.4, (b) AG01 and (c) AG02. (d) Percent 
adsorption of the MB on the gels. Each panel in (a)–(c) has two spectra which were recorded before and after the addition of the gels.


