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Abstract

In the present work, an efficient method is developed for the spectrophotometric determination of nitrite and nitrate
ions in water and soil samples by in situ formation of azo dye (Griess reagent) which showed A ,,,, at 385 nm. The reaction
condition and the concentration of reagents used are optimized. The molar absorptivity, Sandell’s sensitivity, detection
limit and quantification limit of the method are found to be 3.22x 10* L mol™' cm™, 1.98 x 107® ug cm™2, 0.0030 ug mL™"
and 0.0092 pg mL™! respectively with the linearity range up to 2.6 ug mL™". The formation of azo dye is confirmed by
H and '*C Nuclear Magnetic Spectroscopy. The azo dye formed during the determination is effectively removed using
custom made ecofriendly cellulose modified hydrogel in order to reduce organic load in the test samples. The structure,
morphology and the thermal properties of hydrogel are determined by Fourier-transform infrared spectroscopy, scan-
ning electron microscopy and thermogravimetric analysis respectively. The dye removal mechanism involves pseudo
second order kinetics, adsorption is found to be spontaneous based on the thermodynamic parameters and it is befit-
ting to Freundlich isotherm model.
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1 Introduction

The bioaccumulation of nitrogenous pollutants like nitrite
and nitrate in water and soil pose hazard to humans and
plants. Nitrite is also utilized as an additive agent in food
industry and its mishandle might lead to excessive amount
of nitrite in consumables which is unwholesome to the
public health. Organic nitrogen undergoes biochemical
oxidation to form nitrate and can be readily converted into
the more toxic nitrite by microbial reduction. The WHO
recommends 6.5x 10~ M is to be the maximal allowed

nitrite concentration in drinking water as per the norms
of WHO [1].

Excess of nitrite in the aquatic ecosystem leads to the
formation of algal blooms more and more which also
the consequences of low oxygen level in the water, and
it further leads to the increase in the temperature of
that ecosystem leading to dead zone. Nitrite is an active
ion in the nitrogen cycle, formed due to the imperfect
oxidation of ammonia or reduction of nitrates. Nitrosa-
mines are the potential carcinogen mostly formed due
to nitrites [2]. Nitrite can enter the body as nitrate, can
be converted into nitrite which effects the hemoglobin
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in delivering oxygen to the cells. A potentially fatal blue
baby syndrome (methemoglobinemia)is also caused in
infants due to nitrites. So, it is a major environmental
concern, determination and removal of nitrite from
water body has large scope [3, 4].

There are many methods and instrumental techniques
such as polarography [5], voltammetry [6], fluorimetry [7],
flow injection spectroscopy [8], bioamperometry [9], gas
chromatography mass spectroscopy [10], kinetic meth-
ods [11, 12] described for the detection of nitrite, nitrate
ions. But not all the methods are suitable for routine trace
determination because some methods reported are either
require expensive instruments or has complicated proce-
dures. Thus, a utilization of above said methods is limited.
On comparing with other methods spectrophotomet-
ric determination method gained more attention. Thus,
highly sensitive, selective spectrophotometric method
plays a significant role in the detection of nitrite and
nitrate [13].

This spectrophotometric determination method is
based on the Griess technique [14]. This involves the for-
mation of diazonium salt from an aromatic primary amine,
which is later couples with a coupling agent to form an
azo dye which imparts colour to the solution. Nitrite ion
in acidic medium gets converted into nitrous acid which
catalyzes diazonium salt formation. Azo dye is a colour
imparting material and the dye itself causes detrimen-
tal effects like intervening in the photosynthesis cycle of
plants. It also has the affinity to generate carcinogenic/
mutagenic products. The adsorption is the preferable
method for the dye removal, since its relatively fast, appro-
priate and easy to carry out [15, 16].

Nature of adsorbent is the main effecting factor for the
adsorption efficiency. Environmental safety, high adsorp-
tion capacity and low-cost productivity are the criteria for
the ideal adsorbent. Biodegradable and biocompatible
polysaccharide-based hydrogels induced interest in many
researchers for testing them in application [17]. Hydrogel
is the material which has an ability to absorb large amount
of water in comparing with normal water absorbent mate-
rial. They are insoluble in water and in most of the organic
solvents which could be suitable for the liquid environ-
ment [18]. Their commendatory water sorption property
makes them suitable for many fields such as cosmetics
[19], sanitary napkins [20], tissue engineering [21], waste
water treatment [22], biomedicine [23] and many more.
Cellulose is the most available natural polymer at present,
is one of the most ecofriendly non-dietary sources for the
manufacture of variety of nature friendly materials such as
paper products, biopolymers, biocomposites and so on.
Notably its biodegradability, biocompatibility renewability
and low preparation cost made researchers to focus more
and more [24].
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In the present study a method has been developed for
the detection of nitrite and nitrate in water with high sen-
sitivity, reproducibility with accuracy. Once the determina-
tion of nitrite and nitrate are carried out, the coloured solu-
tion which contains a hazardous organic pollutant dye was
put into sewage without separation. To avoid this, present
work involves the removal of dye using newly synthesized
cellulose derived hydrogel namely poly (ATAC-co-NaAc)
prepared using APS as initiator and MBA as crosslinker,
grafted on the carboxy methyl cellulose backbone part.
The optimized hydrogel was investigated for kinetics, iso-
thermal and thermodynamic studies and adsorption-des-
orption studies in order to check the practicability of dye
adsorption.

2 Materials and methods
2.1 Instrumentation

Spectrophotometric data were recorded using SHIMADZU
UV-2550 double beam spectrophotometer (Shimadzu
corporation, Japan) with 1 cm quarts cell. The infrared
spectrum of the material was recorded on Bruker ten-
sor 27 spectrophotometer. The functional group analy-
sis of oven dried material was carried out using Attenu-
ated Transmission Method with the frequency range of
400-4000 cm™'. TGA analysis of the synthesized polymer
was taken by thermogravimetric instrument (model: TGA
8000, Perkin Elmer). All samples (5-7 mg) injected with
gas flow rate of 100 mL/min with heating rate of 10 °C/
min at a temperature range of 25-600 °C under nitrogen
atmosphere. Field emission scanning electron microscopy
(FESEM) (JEOL 7600) was used for the determination of
surface morphology of the CMC-g-poly (ATAC-co-NaAc).
This sample analysis sputtered with gold up to 15 min and
microgram were recorded at 15 kV accelerating current
voltage. Nuclear Magnetic Resonance spectroscopy was
used for the structural confirmation of synthesized dye
and it was recorded in Bruker 400 MHz and 100 MHz for
proton and carbon 13 spectra respectively.

2.2 Reagents and solutions used
for spectrophotometric determination

Chemicals used were analytic grade, all solutions were
prepared using double distilled water. NaNO, (0.1500 g)
and KNO; (0.7200 g) were dissolved in water for the mak-
ing of nitrite and nitrate solutions of 1000 ug mL™' each
in two different 100 mL standard flask respectively. Aque-
ous solutions of sulfanilic acid (0.5%), Resorcinol (0.5%),
Hydrochloric acid (2.5 M), Sodium Hydroxide (2.5 M) and
EDTA (2%) was prepared.
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2.3 Materials used for the preparation of hydrogel

Ethanol and toluene used for the wax extraction were
procured from Spectrochem India. For the cellulose
extraction sodium hydroxide and sodium hypochlorite
were used was obtained from Loba chem India. Ammo-
nium persulfate (APS), isopropyl alcohol, acrylic acid, N,
N-methylene-bis-acrylamide (MBA) and sodium mono-
chloroacetate were obtained from Spectrochem India,
whereas 3-acryloxyethyltrimethylammonium chloride
(ATAC) and Sodium acrylate (SA) were obtained from
Sigma Aldrich. Entire chemicals used were of analytical
grade and were used as received without purification.

2.4 General procedure for the spectrophotometric
detection of nitrite in water

To the series of 25 mL standard flask, added Aliquot of
the nitrite sample of 0.2-30 pg mL™', added 1 mL each
of sulfanilic acid and hydrochloric acid, shaken well for
2 min. Made to stand for 3 min at 0-5 °C for the diazo-
tization reaction to conclude. Then added 1 mL each of
resorcinol and sodium hydroxide. Distilled water used
to make up to the mark. [25, 26]. The schematic repre-
sentation was given in the Scheme 1.

2.5 General procedure for spectrophotometric
detection of nitrate in water

Aliquot of nitrate of volume 10 mL was added to the
beaker and added 5 mL conc. HCl and 2 g of granulated
Zn/NaCl mixture, it was stirred at 30 rpm for 20 min to
convert nitrate into nitrite. It was filtered through No.
41 Whatman filter paper to standard flask and diluted to
100 mL. Rest of the procedure was same as procedure
for the detection of nitrite in water [27].

Scheme 1 Schematic represen-
tation of preparation dye
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2.6 General procedure for detection of nitrate/
nitrite in soil sample

To a clean 50 mL beaker, 1.0 g of soil sample was trans-
ferred. Then it was extracted using 0.5% sodium carbon-
ate solution 4 times with 5 mL each, Whatman filter paper
No. 41 was used for the filtration. Appropriate aliquots of
the sample were transferred to 25 mL standard flask and
analyzed for nitrite and nitrate according to the above pro-
cedure. All gave negative results. Now known amount of
nitrite and nitrate were added separately, then analyzed
using the same procedure.

2.7 General procedure for the Preparation
of CMC-g-poly (ATAC-co-NaAc)

Graft copolymerization via free radical mechanism was
performed for the making CMC-g-poly (ATAC-co-NaAc)
on CMC. APS helped to initiate the reaction and role of
MBA as cross linker. The main raw material i.e. CMC was
made in our laboratory as reported [28], the preparation
of performed via copolymerization of poly (ATAC-co-NaAc)
on CMC using (APS) and (MBA) as initiator and cross linker
respectively. In a typical reaction, 0.5 g of CMC was taken
in a beaker containing 20 mL of distilled water with stir-
ring for 10 h to get clear solution. Subsequently varied
quantity of APS, ATAC and SA were added to the mixture
with uniform stirring. Furthermore, different amount of
MBA (0.01-0.120 g dissolved in 2 mL of demineralized
water) was added and stirring continued for 3 h. Finally,
the reactants were irradiated with 100-watt microwave
power for 60 s for gelation. The hydrogel obtained was
allowed overnight, followed by treated with three-fold of
acetone for 3 h for the extraction of homopolymer. The
unreacted monomers were removed by washing with dis-
tilled water [29]. It was then dried in an oven at 50 “C for
2 h and finally stored for further analysis. The percentage
of grafting and its efficiency were evaluated using Egs. (1)
and (2) respectively.
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where W, is the weight of CMC, W, represents weight of
(ATAC-co- NaAc) and W, represents CMC-g-poly (ATAC-co-

NaAc) after the extraction of homopolymer. The schematic
representation of the reaction was given in the Scheme 2.

2.8 General procedure for adsorption studies
A known quantity of CMC-g-poly (ATAC-co-NaAc) was

placed in 200 mL of 100 mg L™' dye solution. The solu-
tion was stirred for predetermined time at 100 rpm, at

each time interval 3 mL of dye solution was taken out,
centrifuged to remove solid particles and diluted to pre-
defined concentration, analyzed in spectrophotometer.
The sample were analyzed in the wave length range of
200-800 nm. The calibration curve and linear regression
plot was obtained by converting A, of each sample
into its concentration. The amount of dye adsorbed can
be evaluated by the Eq. (3)

g. = (CDM—CQ) x V 3)
where g, (mg g') represents the adsorption potential
at equilibrium, C, indicates initial dye concentration and
C, represents equilibrium dye concentration (mg L™")
in aqueous solution, M (mg) and V (mL) represents the
weight of the hydrogel and volume of dye solution taken

respectively.
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Scheme 2 Proposed reaction mechanism of CMC-g-poly (ATAC-co- NaAc)
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2.9 General procedure for dye recycling studies

Dye adsorption-desorption investigation were per-
formed out to check the reusability of the polymer. On
the experiment, 100 mL of dye (isolated azo dye) solu-
tion of 100 mg L™" was taken in a beaker to which added
17.4 mg of hydrogel and allowed it for adsorption up to
its maximum adsorption of 3600 min. Later the hydro-
gel was removed from the solution and desorption
experiment was proceeded. The adsorbed hydrogel was
immersed in 0.5 mol L™ each of HCl and NaOH solution,
saturated NaCl solution of 100 mL each for 2 h at room
temperature, hydrogel was taken out from the solution
and washed with water to ensure hydrogel was free from
dye on its surface, finally it was dried at 50 °C [30]. UV-Vis
spectrophotometer was used to find out the amount of
dye desorbed. The desorption ratio was calculated using
the Eq. (4)

%
D% = —22— x100 @)

(Co - Ce)Vi

where C, was the initial concentration and C, was the equi-
librium concentration in the adsorbed solution whereas
C4 was the dye concentration in the desorbed solution, V,
and V4 were the solution volume taken for adsorption and
desorption respectively.

2.10 General procedure for the removal of azo dye
from the real test samples

In order to remove the azo dye from the test samples, we
used 2.6 pg mL™" of nitrite test solutions as such with var-
ied quantity of hydrogel to check the adsorption capacity
of azo dye. Immediately after testing for nitrite and nitrate
hydrogel was put into the test solutions for 20 h.

2.11 General procedure for the removal of excess
of resorcinol

Since the dye formation involves resorcinol as a key raw
material, there was a chance of presence of excess of res-

orcinol in the solution. The excess of unreacted resorcinol
from the solution was removed by activated charcoal [31].

3 Results and discussions

3.1 Study of reagent concentration

The effect of variation of sulfanilic acid and resorcinol
concentration on the colour intensity of the forming

azo dye was studied using present method (Fig. S1 ESI¥).
From the study it was revealed that the volume of 1 mL
of 0.5% each of sulfanilic acid and resorcinol solutions
gave the maximum absorbance. A higher or lower con-
centration of the reagent showed less absorbance inten-
sity and 1 mL each of both solutions was enough for the
complete colour development.

3.2 Spectrophotometric study

The azo dye formed by the reaction of sulfanilic acid
and resorcinol showed absorption maximum at 385 nm
(Fig. 1a) in the spectrophotometer with the orange red
colour. It was documented in the literature that the azo
dye (was also called as Chrysoine resorcinol) exhibits
absorption maximum at 387 nm evidencing the success-
ful diazotization and coupling reactions [32]. Diazotiza-
tion and coupling reaction were found to be temperature
dependent and it should be carried at 0-5 °C and at 25 °C
respectively. There were no distinguishable changes in the
colour up to 35 °C. Above 40 °C there was a decrease in
the intensity of colour of the solution. The reagents, 0.5%
sulfanilic acid (1 mL), 0.5% resorcinol (1 mL), 2.5 M solution
of both hydrochloric acid (1 mL) and sodium hydroxide (1
mL) solution per aliquot amount of sample 0.2-30 ug mL™"
resulted in maximum absorbance.

3.3 Validity of Beer-Lambert’s law

By measuring the absorbance values of various concen-
tration of nitrite solution ranging from 0.2 to 30 uyg mL™’
(Fig. 1b). Beer’s law was studied and results shows in the
plot of absorbance versus concentration (Fig. 1c). From
the plot it was evident that Beer’s law obeyed from 0.2
to 2.6 ug mL™! of nitrite. The molar absorptivity, Sandell’s
sensitivity, LOD (D, =3.3 0/S) and LOQ (Q, =3.3 o/S; where
o was the standard deviation of reagent blank (n=5) and
S was the slope of the calibration curve) of the method
were 3.22x10* L mol™" cm™, 1.98x 107 ug cm™2, 0.0030
ug mL™" and 0.0092 pg mL~" respectively which was com-
pared to be better than the reference method developed
earlier at our lab [25]. Comparison of final results obtained
in present method with other cited methods are given in
theTables 1, 2a, b, 3.

3.4 Effect of interferingions

The effect of diverse ions on the detection of nitrite/
nitrate in the proposed method was studied with the
fixed concentration of nitrite (2.6 ug mL™") and nitrate
(2.6 ug mL™"). The test result unveiled that Pb(ll), Hg(ll),
Sn(ll), Fe(lll) found to interfere severely. The intensity of
absorbance decreased substantially by the addition of
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Fig. 1 a Absorption spectra of dye and reagent blank. b Absorption spectra at different concentrations. ¢ Calibration curve

Table 1 Comparison of analytical data of proposed method with the other cited methods

Reagents used Range ug mL™' Absorption  Molar absorp-  Sandell’s LOD ug mL™" LOQ ug mL™" Reference no.
maxima tivity Lmol™"  sensitivity ug
(nm) cm™ cm™?
p-Nitro aniline-Frusmide 0.02-6.0 680 1.46x10° 0.032 0.485 1.470 [13]
p-Nitro aniline-Ethyl ace- 0.2-3.0 356 1.22x10* 3.37x1073 - - [25]
toacetate
p-Nitro aniline-Ethoxy 0.2-18 439 5.04x10* 0.98x 1072 0.070 0.210 [26]
ethylene maleic ester
Sulfanilic acid-Methyl 0.2-8.0 493 1.03x10* 45%1073 0.930 2.820 [32]
anthranilate
Sulfanilic acid-Resorcinol 0.2-2.6 385 3.22x10* 1.98x107° 0.0030 0.0092 Present method

these metal ions into the solution. The reaction of these
metal ions with nitrite ions could be the reason for the
early removal of nitrite ions from the solution thereby
reducing the concentration of nitrite ions for diazoti-
zation. Anyhow, the tolerance limit of these ions was
increased by adding 3 mL of 2% EDTA solution which
preferentially chelates with these metal ions [42]. The
tolerance limits of all tested ions are listed in the Table 4.
The change in intensity of absorbance was not more
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than £ 2% caused by the change in the amount of tar-
geted ions.

3.5 The NMR analysis for the confirmation
of formation of azo dye

Structure of the dye, 4-((2,4-dihydroxyphenyl)diazinyl)
benzenesulfonic acid) was confirmed by "H and '*C NMR
spectra (Fig. 2a, b). TH NMR(400 MHz, DMSO-d): § ppm,
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Table 2 Tabulated values for the determination of nitrite in water (river, well and mineral) and soil samples

Sample Nitrite agided Reference method [25] Proposed method t-test  PF-test
(ug mL™) *Nitrite found Recovery (%) Relative  *Nitrite found Recovery (%) Relative
(Mg mL™) error (%)  (ugmL™") error (%)
a
River water 1.0 0.992 99.2 0.80 0.996 99.6 0.70 1.70 1.76
1.5 1.497 99.8 0.20 1.501 100.1 0.06 0.91 0.58
25 2.495 99.8 0.20 2.498 99.9 0.08 0.99 1.71
Well water 1.0 0.994 99.4 0.60 0.995 99.5 0.50 0.87 1.50
1.5 1.495 99.6 0.33 1.502 100.1 0.13 0.75 1.33
25 2.498 99.9 0.08 2497 99.8 0.12 112 1.22
Mineral water 1.0 0.997 99.7 0.3 0.998 99.8 0.20 1.10 1.51
1.5 1.495 99.6 0.33 1.501 99.6 0.06 0.64 0.99
25 2.496 99.8 0.16 2.497 99.8 0.12 0.90 1.1
Soil sample 0.8 0.798 99.7 0.25 0.798 99.7 0.25 1.99 0.87
1.6 1.599 99.9 0.06 1.599 99.9 0.06 0.66 1.10
24 2.393 99.7 0.29 2.402 100.1 0.08 1.29 1.33
Sample Nitrate a1dded Reference method [25] Proposed method test  PF-test
(ug mL™) *Nitrate found Recovery (%) Relative  *Nitrate found Recovery (%)  Relative
(Mg mL™) error (%)  (ug mL™") error (%)
b
River water 1.2 1.199 99.8 0.08 1.201 100.1 0.08 0.72 1.31
1.8 1.792 99.6 0.44 1.797 99.8 0.16 1.72 1.36
24 2.398 99.9 0.08 2402 100.2 0.25 1.81 1.33
Well water 1.2 1.198 99.8 0.16 1.202 100.0 0.16 1.74 1.33
1.8 1.793 99.6 0.38 1.797 99.8 0.16 1.12 1.12
24 2.397 99.8 0.12 2401 100.4 0.12 1.91 1.71
Mineral water 1.2 1.199 99.9 0.08 1.201 100.0 0.08 1.61 0.51
1.8 1.794 99.6 0.33 1.798 99.8 0.11 1.51 1.14
24 2.397 99.8 0.12 2.401 100.0 0.04 2.12 1.05
Soil sample 1.5 1.491 99.4 0.60 1.495 99.6 0.33 2.13 1.37
20 1.983 99.2 0.85 2.006 100.3 0.35 2.20 1.20
25 2497 99.9 0.12 2.505 100.2 0.20 2.30 1.06
*Average of five determination
Tabulated t-values for 5 degrees of freedom at 95% probability level is 2.015
PTabulated F-values for (4,4) degrees of freedom at 95% probability level is 6.39
Table 3 Comparison ofoutput Sensing material Analytical technique LOD (uM) References
data of proposed method with
some electrochemical sensors MnO,-CP-E Linear Sweep voltammetry 1.2 [33]
Cobalt oxide Cyclic voltammetry 20,000 [34]
CuO-graphite Cyclic voltammetry 0.6 [35]
PbO,-graphite Cyclic voltammetry 0.9 [36]
f-ZnO@rFGO Linear sweep voltammetry 33 [37]
ZnTiO5-TiO, Amperometry 3.98 [38]
Cu0-2TiO, Linear sweep voltametry 0.016 [39]
PEDOT/AUNCs Amperometry 0.017 [40]
Bis(benzimazole)-Cu Cyclivoltametry 0.22 [41]
Sulfanilic acid-resorcinol Colorimtery 0.063 Present work
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Table 4 Effect of diverse ions in the determination of nitrite (2.6ug
mL™") and nitrate (2.6 ug mL™")

lons added Tolerance limit lons added Tolerance
(ugmL™ limit (ug
mL™)

Na* >1000 Fluoride 1400
K* >1000 Bromide 1400
Mg?* 500 lodide 1400
Ca?* 500 Chloride 1000
cd* 300 Citrate 800
P2t 75 Acetate >2000
MnZ* 500 Oxalate 800
BaZ* 250 Sulphate 1500
Hg?** 75 Phosphate 800
Sn2+* 75

Al3* 400

Fe3** 75

*Masked by masked agent-2% EDTA solution

6.36 (s, 1H, Ar-H), 6.51 (d,1H, Ar-H), 7.65-7.85 (m, 5H,
Ar-H), 10.62 (s, TH, Ar—OH), 12.38 (s, 1H, Ar-OH), '3C NMR
(100 MHz, DMSO-d®) 102.989 (C-N), 109.21 (C-N), 121.07,
126.66, 129.84, 132.34 (aromatic C's), 149.46 (CH), 150.36
(C-S), 156.53 (C-OH),163.17 (C-OH).

3.6 FT-IR analysis of hydrogel

Structural confirmation through functional groups iden-
tification of CMC and CMC-g-poly (ATAC-co-NaAc) was
followed by FT-IR spectroscopy and its typical FTIR spec-
tra were shown in the Fig. 3. IR spectra of CMC has all the
normal peaks of cellulose includes peaks at 3332, 2914,
1626, 1026 cm™' which were attributed to O-H, C-H, C=0,
C-0 stretching vibrations respectively. The same peaks
observed in the backbone of CMC-g-poly (ATAC-co-NaAc).
In addition to the above, CMC-g-poly (ATAC-co-NaAc)
showed new peak at 1718 cm™' corresponds to stretch-
ing vibrations of carbonyl groups of esters indicating the
successful grafting [20]. The band at 1484 and 960 cm™'
corresponds to symmetric and asymmetric stretching
vibrations of C-N bond in the 2-acryloxy ethyl trimethyl
ammonium group which also another evident for the suc-
cessful grafting. The one more evident for the successful
grafting was shown by the peak at 1139 cm™', correlate
with the C-O-C bond between carboxy cellulose back
bone and alkyl group in the polymer [43].

3.7 FESEM analysis

Surface morphology of CMC and CMC-g-poly (ATAC-co-
NaAc) were analyzed by FESEM. Figure 4 shows that CMC
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has a rod like shape whereas CMC-g-poly (ATAC-co-NaAc)
surface morphology has completely different indicating
successful grafting [44].

3.8 Thermogravimetric analysis

Thermogravimetric analysis was a complimentary tech-
nique from which one can get the idea about the composi-
tion and the thermal stability of the sample. Thermograms
of the CMC and CMC-g-poly (ATAC-co-NaAc) were shown
in the Fig. 5. It was integrated like, CMC has 3 stages of
decomposition whereas CMC-g-poly (ATAC-co-NaAc) has
4 stages of decomposition with proportionate weight
loss up on increase in the temperature. Both CMC and
CMC-g-poly (ATAC-co-NaAc) dissipated initially from 25
to 91 °Cand 25 to 70 °C with the loss in 10% and 4% mass
respectively which might be due to loss disappearance of
moisture content in the sample. There was insignificant
decrease in weight on increase in temperature up to 280
°C for CMC. In addition, the second decomposition stage
from 280 to 340 °C with 70% of total weight which may
correspond to the decomposition of hydroxyl and car-
bonyl group of the polymer, similarly, third decomposi-
tion stage started from 340 °C till 500 °C with 20% weight
loss. The CMC-g-poly (ATAC-co-NaAc) showed its second
decomposition curve in the range of 250-290 °C with
30% loss in weight corresponded to the decomposition
of carbonyl and hydroxyl groups. Third and its successive
decomposition stage observed in the range of 350-400 °C
with 20% weight loss and 450-550 °C with 15% of weight
loss respectively. From the curve, it was concluded that
CMC has lost its 70% of its weight below 340 °C whereas
CMC-g-poly (ATAC-co-NaAc) lost only 30% of its weight
indicating its significant higher thermal stability than the
parent cellulose. It can also be considered as one of the
evidences for successful grafting of CMC [45].

3.9 Adsorption kinetics

Kinetic study gives an important information about the
adsorption mechanism of dye between the adsorbent and
adsorbate which was necessary to predict the adsorbent
adsorption rate and time, was given in the Fig. 6. The effect
of contact time on the adsorption ability of CMC-g-poly
with the dye. The adsorption of dye increased rapidly until
reaching a constant value at a contact time of 3600 min.
Pseudo first order (linear and nonlinear) and pseudo sec-
ond order kinetics in the linear form were analyzed and
were evidenced by Egs. (5) and (6) respectively:

k t (5)

log (9 = a;) =10g g, ~ 5353
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&, _ 1 + 1 where k; and k, (g mg/min) are the rate constants, g,
9t kq,2 q, (©) (mg/g) was the amounts of dye adsorbed at equilibrium
contact time and g, (mg/g) was the adsorption at time t

min, respectively.
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Fig.3 FTIR spectra of graft copolymerized CMC-g-poly (ATAC-co-
NaAc)

The correlation coefficient (R?) for the pseudo-second
(Linear) order kinetic model was 0.9811 and was consid-
erably more than those of pseudo-second (Non-Linear)
model and pseudo-first order model with correlation
coefficient 0.8698 and 0.9562 (Table 5). This means the
adsorption mechanism is chemisorption. Most impor-
tantly, theoretical amount of adsorption was near to
the experimental values of pseudo second order kinet-
ics [46-48].

3.10 Adsorption isotherm

Adsorption isotherm were predominant for discern the
adsorbent-adsorbate interaction. Freundlich and Lang-
muir adsorption models were the two major, impor-
tant models demonstrating the association between
the adsorbent and adsorbate. Freundlich model gave
empirical relation between the solute concentration
on the adsorbent surface to the solute concentration in
the medium whereas Langmuir model gives a relation

between monolayer of adsorbate molecules surrounding
a homogeneous solid surface called adsorbent. These
two isotherm models were denoted by the Egs. (7) and
(8) respectively.
C. 1 K

—=—0C+ 7
4 9m ° Am @)

InqezanF+%InCe (8)

where g, (mg g”) was the amount of adsorbate at equi-
librium adsorption and g,,, was the amount of adsorbent
adsorbed on saturated monolayer. The K; and K; were the
constants of Langmuir and Freundlich models respectively
and C, (mg L") was the dye concentration in solution at
equilibrium. The heterogeneity factor 1/n or n represents
adsorption intensity. From the plot of log g, versus log C,
and C/q, versus C,, Freundlich and Langmuir adsorption
models were demonstrated respectively (Fig. 7) [49].

It was evident that Freundlich isotherm model was fitted
for the experimental value when compared with the Lang-
muir model since the correlation coefficient R? for Freundlich
was 0.9962 on comparing with the correlation coefficient R?
for Langmuir model. Freundlich adsorption isotherm model
was depend on the hypothesis that adsorption was a mul-
tilayer process on the heterogeneous surface with irregular
adsorption heat and affinity distribution [50]. If the n value
was in between 1 and 10 then the adsorption was favorable
and here it was 1.103. Remaining parameters were tabulated
in the Table 6.

3.11 Adsorption thermodynamics

The adsorption rate and adsorption feasibility also depend
on temperature of adsorption and it was evaluated by the
thermodynamic specifications namely change in standard
Gibb's free energy AG®, change in standard enthalpy AH®
and change in standard entropy AS°. The spontaneity of

Fig.4 SEM images of a CMC, b and ¢ CMC-g-poly (ATAC-co-NaAc)
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adsorption depends on the Gibb's free energy and it was
determined by the Eq. (9)

AG® = —RTInK 9)

where K was thermodynamic equilibrium constant, R was

the gas constant T was the temperature.
Thermodynamic constant K was affected by the

change in temperature and it was given by the Eq. (10)

dinK/ 4o = AH° JRT (10)

By integrating and on rearrangements of the Eq. (10),
we get

e (3)-

AS°
R

(1

The change in the Gibb's free energy was given by

AG°® = AH®° — TAS® (12)

AH° and AS° were determined from the intercept
and slope of the graph InK versus 1/T (Fig. 8). The calcu-
lated and theoretical thermodynamic parameters were
reported in the Table 7. The positive value of AH° shows

150 300

Temparature (OC)

450 600

the adsorption process was endothermic in nature [51].
Theoretical and experimental Gibb's free energy value
were approximately nearer which reflects that the
adsorption was feasible with negative value indicating
the spontaneous adsorption.

3.12 Recycling studies-adsorption and desorption

The recycling ability of the newly synthesized hydrogel
was analyzed via continues adsorption-desorption pro-
cess of dye. The stability of the hydrogel also studied
by collecting the data of adsorption-desorption cycle.
For the adsorption, solution of 100 mgL™' of dye with
hydrogel was stirred at room 28° C until the equilibrium
adsorption achieved which was followed desorption
studies. The desorption experiment was conducted at
three different conditions i.e. acidic (0.5 M HCI solu-
tion), neutral (1% NaCl solution) and basic (0.5 M NaOH
solution) pH. In the basic medium, adsorption-desorp-
tion cycle was restricted to one, this might be due to
the nature of the hydrogel, the result shown in the Fig.
S2 (ESI*). From the figure, it was evident that in acidic
medium was favorable for the recycling over neutral
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Table 5 Kinetic parameters for
the adsorption of azo dye

Model Kinetic parameter
Qe ot (Mg g™ K; (min™") R? Qe expt (Mg g7
Pseudo first order 389.30 1.35% 1072 0.9562 208.65
Pseudo second order (Linear) 187.34 1.91x107° 0.9811
Pseudo second order (Non-linear) 187.34 3.18x1077 0.8698

medium and desorption experiment attained equilib-
rium in 1 h. Afterwards it was regenerated by drying at
50 ° C and reused for both adsorptive and desorptive
studies. The adsorption-desorption cycle was carried
out three times and there was a minimal decrease in the
efficiency of hydrogel on multiple cycles. Therefore, the
synthesized hydrogel has enough efficiency to use it sev-
eral times with appreciable capacity [52-55].
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3.13 Removal of dye from the test samples

Based on the above experiment, for the removal of azo
dye from the test samples which was formed during the
nitrite estimation, varied amount of hydrogel i.e. 20 mg,
40 mg and 70 mg were put into the test samples of 2.6 pg
mL~" of nitrite for 20 h. The results are shown in the Fig. S3
(ESI*). The figure shows that 20 mg and 40 mg of hydrogels
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Fig.7 a Freundlich. b Langmuir adsorption isotherms for the dye adsorption

Table 6 Langmuir and Freundlich adsorption isotherm coefficients
for the adsorption of dye

Langmuir adsorption Freundlich adsorp-

tion
ge (Mg g™ 0.108 n 1.103
K, (Lmg™) 1.095% 1073 KF 9.9265
R? 0.9635 R? 0.9962

were not adequate enough to remove azo dye completely
whereas 70 mg of hydrogel was sufficient for the removal
of 2.6 ug mL™" azo dye completely.

Fig.8 Plot of In Kversus 1/T of 1.8
adsorption of dye at different
temperatures 1.6

14

1.2

Inkc

0.6

0.4

0.2

0.0031 0.00315

3.14 Removal of surplus reagents

In the process of determining nitrite, resorcinol and sul-
fanilic acid were being used as reagents. There observed
a peak of lesser intensity around 280 nm which could be
attributed either resorcinol (Amax:273 nm) or sulfanilic
acid (A max: 290 nm) [56]. In order to remove these impu-
rities, activated charcoal (100 mg) was added to the test
sample priory treated with 70 mg of hydrogel and kept
for equilibration for 12 h. The UV absorption spectrum
depicted in Fig. S4 (ESI*) indicated absence of absorption
peak (red line) attributing both for dye as well as impuri-
ties. Hence this was an attempt to detect nitrite/nitrate by
in situ azo dye formation and removal of the pollutants
and contaminants from the water body.

0.8 y =-2980x + 10.908
R*=0.999

0.00325 0.0034

1/T(K-T)

0.0032 0.0033 0.00335
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Table 7 Thermodynamic parameters at variable temperatures

Tem- InK AG® (J/mol) AH° (J/ AS° (J/mol)
pera- - - mol)
ture (K) Theoreti-  Experi-
cal mental
298 09105 —224241 —2256.06 24,784 90.69
308 1.2184 —3149.33 -3120.17
318 1.5401 -4056.26 —4071.80

4 Conclusion

In summary, this paper presents an approach to deter-
mine the nitrite and nitrate present in soil and water
with high sensitivity and selectivity using Griess rea-
gent prepared by commercially available sulfanilic acid
and resorcinol. This method of detection of nitrite and
nitrate exhibits a wide linearity range and low detec-
tion limit compared to the previously reported results.
In the determination process, the azo dye formed could
be considered as secondary pollutant for the environ-
ment. Hence dye from the test solutions was effectively
removed by adsorption using custom made ecofriendly
superabsorbent hydrogel [graft copolymer CMC-g-poly
(ATAC-co-NaAc)]. The 70 mg of the hydrogel successively
removed dye with a concentration of 2.6 pg mL™'. The
dye removal mechanism involved pseudo second order
kinetics, adsorption was found to be spontaneous based
on the thermodynamic parameters and it was befitting
to Freundlich isotherm model. In addition, the impurities
like unreacted reagents resorcinol/sulfanilic acids were
removed from the test solutions by equilibrating with
activated charcoal for 12 h. Therefore, the present inves-
tigation uses the versatile Griess reagent to determine
the primary pollutants effectively at the same time sug-
gests an efficient method to remove secondary pollutant
azo dye formed during the determination.
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