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Abstract. The textile industry produces liquid waste that contains dyes.gw of the dyes that are often used in the textile
industry is rhodamine B, Waste containing dyes must go through processing before being discharged into the water because
it can cause guite dangerous impacts. The method that is considered guite effective in treating dyestufl waste is the
adsorption method. In the present study, the adsorben is the 2-hydroxyphenylcalix[4]resorcinarene is a derivative of
calixarenes synthezided from drox y-benzaldehide and resorcinol. The yield of product was 84.7% and its ability to
adsorb rhodamine B dye. The removal of Rhodamine B by the compound was investigated in the present study . The
adsorbtion studies were performed by batch experiments. The effect of pH, time of contact and concentration of dye were
investigation. The synthesized compounds were characterized by FTIR spectrophotometry, '"H-NMR spectrometry, and
BET analysis. In addition, from the BET analysis, it was found that the surface area of ompound was 14.102 m?/g, the
total pore volume was 8.733 x 10-2 em’/g, and the average pore radius size was 123.852 A. The Rhodamine B adsorption
has optimum conditions at pH 4, contact time 180 minutes, and follows second order Pseudo adsorption Kinetics.
Rhodamine B adsorption isotherm follows the Langmuir and Freundlich isotherms with a Langmuir maximum adsorption
capacity (qmax) of 19,26 mg/g and an adsorption energy (E) of 20.57 kJ / mol.

INTRODUCTION

The textile and apparel industry shows growth from year to year (Ministry of Industry, 2020). The increase in
the amount of production in the textile and textile product sector also increases the amount of textile production
waste. One of the liquid wastes pr(:duc 1s dye waste. The dyes used usually use synthetic dyes because they are
cheap, easy to obtain, and easy to use. One of the dyes that are often used in the textile industry is rhodamine B.
Rhodamine B is often used in the textile industry because this dye produces attractive and varied colors
(Hindryawati, 2020).

Rhodamine B compound is an unsaturated organic compound containing an auxochrome group and a
chromophore group which can give color in the form of a solution (Heaton, 1994). Rhodamine B has an aromatic
structure that makes this dye difficult to degrade naturally. In addition, rhodamine B also contains chlorine
compounds (Cl-) making this dye toxic and carcinogenic. Therefore, waste containing these compounds must
undergo further treatment before being released into the waters. Currently, various techniques or methods in
dealing with textile waste have been developed. Some of them are coagulation, flocculation, ozonation, and
adsorption. However, the adsorption method is more in demand bcnlsc the treatment is relatively easy, efficient,
economical, and can be used on a large scale (Santos et al., 2013). Various kinds of adsorbents have been widely
applied to rhodamine B, one of which is from the banana peel with an adsorption capacity of 4.55 mg/g (Musafira
et al., 2019) and hemicellulose fiber of 0.047 mg/g (Putri et al., 2019). In addition, other adsorbents can be used
as an alternative for the adsorption of rhodamine B dye, one of which is calix[4]resorcinarene.
Kaliks[4]resorcinarene has an active group, namely a polyhydroxy group so that it has the potential to become an
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adsorbent (Jumina, et al., 2020), a polyhydroxy group so that it!in interact with cations contained in dyes and is
not soluble in water but can still be distributed in water evenly. evenly so that it has the potential as an adsorbent.
Calix[4]resorcinarene melts at temperatures above 300°C (Eddaif et al., 2019), this physical property can be
exploited in the textile industry dye waste treatment which usually uses temperatures below the melting point of
calix[4]resorcinarene.

The use of kalix[4]resorcinarene as an adsorbent has been carried out Ethics (2020), namely the compound
C-Sinamalkaliks[4]resorcinarene as an adsorbent for rhodamine B dye with an adsorption capacity of 1.6234
mg/g. In addition, Wulandari et al. (2015) synthesized the compound C-4-ethoxy-3-methoxyphenylcalyx[4]
resorcinarene and applied it as an adsorbent for remazol brilliant blue R. dye with an adsorption capacity of 6.51
x 10-5 mol/L. The synthesis of the compound C-2-hydr()xyphenylcellix[4]l‘eS(nineu'ene has been carried out by
Handayani et al. (2016) which was applied as an antioxidant compound. Based on the description of the
background above, research will be conducted on the application of the compound C-2-
hydroxyphenylcalix[4]resorcinarene from the reaction of 2-hydroxybenzaldehyde and resorcinol with an acid
catalyst as an adsorbent for rhodamine B dye which has not been reported. The results of the synthesis of C-2-
hydroxyphenylcalix[4]resorcinarene were further identified by FTIR, 1H-NMR, and BET spcclr()“)tomctcrs.
Several parameters such as variations in pH, contact time, and concentration will also be carried out to determine
the ability of C-2-hydroxyphenylcalix[4]resorcinarene to adsorb rhodamine B dye.

TOOLS AND MATERIALS

Tools used in this study were reflux kit, hot plate, three neck flask, thermometer, beaker glass, measuring cup,
spatula, stirring rod, dropper, measuring pipette, filler, buchner funnel, oven, watch glass, measuring flask,
capillary tube, pH meter, analytical balance (ohaus PA224), spectrophotometer UV-Vis (Shimadzu UV-1800),
spectrophotometer infrared (IR Shimadzu FTIR-8201 PC, Gadjah Mada University), Surface Area Analyzer
(Quantachrome Nova 1200e, Semarang State University), proton nuclear magnetic spectrometer ('H-NMR Jeol
JNM-ECZ500R/S 1, Indonesian Institute of Sciences). Materials used in this study were resorcinol (Merck,
Germany), 2-hydroxybenzaldehyde (Merck, Germany), HCI, ethanol (Merck, Germany), aquadest, rhodamine B
(Merck, Germany), NaOH, filter paper, KLT plate, aceton, and hexane.

METHODS

Synthesis of C-2-hydroxyphenylcalix[4]resorcinarene

A total of 1.1 grams of resorcinol (10 mmol) was dissolved in 100 mL of ethanol. After that, 1.22 grams (10
mmol) of 2-hydroxybenzaldehyde and 1 mL of HCI were added dropwise. Thcnhc mixture was refluxed for 24
hours then cooled and analyzed using TLC. The resulting synthesis was washed with distilled water, filtered using
filter paper. The solid obtained was dried in an oven at 100°C. The solid obtained was washed again using ethanol
solvent, filtered and the solid obtained was dried again using an oven. The yield solids obtained were weighed,
then characterized using an IR spectrophotometer, 'H-NMR spectrometer, and BET Surface Area Analyzer (SAA-
BET).

Thin-layer chromatography (TLC) test

The TLC plate was cut to a size of 3x5 cm. The TLC plate was prepared in an oven for 10 minutes at 100°C.
Then marked the upper and lower limits of 0.5 cm each. The synthesized compound, 2-hydroxybenzaldehyde,
and resorcinol were spotted on the TLC plate using a capillary tube and then dried. The TLC plate was placed in
a vessel that was saturated with eluent steam of acetone: n-hexane (7:1) in the expansion vessel. The elution
process was carried out until the eluent reeed the upper limit mark on the TLC plate. After the elution process
was completed, the TLC plate was viewed under UV light at a wavelength of 254 nm and the spots that appeared
were marked and then the Rf value was determined.

Formation of Rhodamine B in concentreation 1000 ppm
A total of 0.1 grams of rhodamine B was put into a 20 mL beaker. Then dissolved with distilled water. The
solution was put into a 100 mL vonnetric flask and then added distilled water to the mark and homogenized.
Maximum wavelength determination

The maximum wavelength was determined by making a solution of rhodamine B with a concentration of 2

ppm and measured with a spectrophotometer UV-Vis nhc wavelength range of 500 — 600 nm.

Rhodamine B calibration curve




Calibration curves were made using a solution of rhodamine B with a concentration variation of 1; 1.5;2; 2.5;
and 3 ppm lh&“‘l& absorbance was measured with a spectrophotometer UV -Vis at the maximum wavelength that
was obtained. After that, the calibration curve was determined using the concentration (x-axis) and absorbance
(y-axis).

Determination of optimum pH and contact time

A total of 0.02 grams of C-2-hydroxyphenylcalyx[4]resorcinarene was added to 20 mL of 10 ppm Rhodamine
B solution in a beaker. Treatment of the degree of acidity (pH) of the solution was adjusted, namely pH 2, 3, 4,5,
6,7, and 8 using NaOH and HCI solutions. The solution was stirred using a magnetic stirrer for 60 minutes
according to a variable hereinafter referred to as optimum pH, the solution was adsorption with time variations at
the optimum pH of 5, 10, 15, 30, 60, 120, 180, 360, and 720 minutes with a stirring speed maintained at 500 rpm.
The temperature of the solution was set at 25°C. At the end of equilibrium, the solution was centrifuged and the
adsorbent was filtered using filter paper. The concentration of rhodamine B in the filtrate was analyzed using a
UV-Vis spectrophotometer. This treatment was repeated three times. Then the adsorption data on the
termimlti()n of the optimum contact time was used to determine the adsorption reaction kinetics using a pseudo-
first-order equation, namely:

In(ge — qt) =Inge —

2,303
qe = concentration at equilibrium (mg/g)
k = adsorption rate constant (g/mg.minute)
t = time (minute)
and for pseudo second-order equations, the equations are :
t 1 1
ot qe' kger
t = time (minute)
qe = concentration at equilibrium (mg/g)
k = adsorption rate constant (g!mg.minu
qt = concentration of ;ldsm‘beﬁubsmncc at time (mg/g)

The value of ge and k in pseudo-first order can be determined by mzﬂ]g a linear regression equation between
In (ge-qt) vs t. Whereas in pseudo-second-order, the values of ge and k can be determined by plotting t/qt vst on
the linear regression equation.

Determination of adsorption isotherm

A total of 20 mL of rhodamine B solution with various concentrations of 5, 10, 15, 20, 25, and 30 ppnwals
added with 0.02 gram of C-2-hydroxyphenylcalyx[4]resorcinarene set at the optimum pH and stirred at the
optimum time. After that, the solution was centrifuged and filtered then analyzed using a spectrophotometer UV-
Vis. This treatment was repeated lhreenes. Then the type of adsorption isotherm is determined whether it is
following the Langmuir or Freundlich adsorption isotherm. Determination of the type of Langmuir adsorption
1sotherm is determined based on the following equation:

b. k Ce

9= THk ce

. . Ce . . . . -
The constants k and b can be found by plotting " with Ce on the linear regression equation. The value of

Ce . .
3 can be determined by the equation :

Ce 1
—= Ce +—
g gmax k. gmax
q :sm‘ballc mass absorbed (mg/g)
Ce = equilibrium concentration of adsorbate in solution after adsorption (mg/L)
k = empirical constant 1

while for the determination of the type of Freundlich adsorption isotherm is determined based on the following
equation :

1
logq = HlogCe+logk

q = adsorbate mass absorbed (mg/g)




Ce = equilibrium concentration of adsorbate in solution after adsorption (mg/L)
k = Freundlich capacity factor (mol/gram)
n = Freundlich intensity factor

1

A total of 30 mL of thodamine B solution with a concentration of 10 ppm was aldjuslccn) the optimum pH
and then added with 0.15 grams of C-2-hydroxyphenylcalyx[4] resorcinarene and interacted at the optimum time.
After that, the solution was filtered and the filtrate was analyzed using a UV-Vis spectrophotometer. Meanwhile,
the solid C-2-hydroxyphenylcalix[4]resorcinarene that has been used is then washed using ethanol and dried in
an oven. The washed C-2-hydroxyphenylcalix[4]resorcinarene was reused to determine its adsorption capacity on
repeated use.

RESULTS AND DISCUSSIONS
Synthesis of C-2-hydroxyphenylcalix[4]resorcinarene

The compound C-2-hydroxyphenylcalix[4]resorcinarene is a tetramer compound resulting from the reaction
product between resorcinol and 2-hydroxybenzaldehyde with an acid catalyst. Resorcinol or m-dihydroxybenzene
is a benzene derivative compound that has two hydroxyl groups (-OH) in the meta position. The compound 2-
hydroxybenzaldehyde or salicylaldehyde is an aromatic aldehyde group compound and is one of the mcrs of
hydroxybenzaldehyde. This compound has a hydroxyl group (-OH) and an aldehyde group (-COH) which are
quite reactive so that it can increase the reactivity of the synthetic target C()mp()ul() be used as an adsorbent.

The synthesis of the compound C-2-hydroxyphenylcalyx[4]resorcinarene was carried out by dissolving
resorcinol in ethanol to produce a brownish-red solution. Next, the resorcinol solution was mixed with 2-
hydroxybenzaldehyde which had been reacted with concentrated HC1 dropwise. The reaction process was carried
out at the boiling point of the solvent at 78°C for 24 hours. The process of forming the compound C-2-
hydroxyphenylcalyx[4]resorcinarene is through an electrophilic substitution reaction (Etika et al., 2018), where
the H+ ion from the HCI] catalyst protonates the oxygen atom present in the carbonyl group of 2-
hydroxybenzaldehyde, causing oxygen bonding to the group becomes unstable and makes the electrons in the
carbonyl bond shift to the oxygen atom and makes the carbon atom in the carbonyl group a positive charge. The
carbocation resulting from this protonation process makes 2-hydroxybenzaldehyde act as an electrophile and can
be attacked by resorcinol which acts as a nucleophile. The reaction mechanism for the synthesis of C-2-
hydroxyphenylcalix[4 Jresorcinarene can be seen in Figure 1.
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FIGURE 1 The reaction mechanism of the synthesis of C-2-hydroxyphenylcalix[4] resorcinarene
(Handayani et al., 2016)

Based on the synthesis of C-2-hydroxyphenylcalix[4]resorcinarene n'()m resorcinol  and  2-
hydroxybenzaldehyde, an orange-colored precipitate was obtained. The resulting product is separated from the
solvent mixture because it is not soluble in the ethanol solvent used. The precipitate was then washed with distilled
water to remove residual acid. Then washed again with ethanol to remove the remaining water and other
impurities. Then filtered, dried, and then calculated the yield. Based on research conducted by Tuzahiroh, (2020)
the compound C-2-hydroxyphenylcalix[4]resorcinarene is insoluble in water, ethanol, methanol, n-hexane, and
ethyl acetate but is soluble in DMSO.

Analysis of thin-layer chromatography

Thin-layer chromatography is a technique for separating analytes in a compound that is distributed between
two phases, namely the stationary phase and the mobile phase. A thin layer chromatography test in this study was
conducted to determine whether the synthesized product still contained reactants or impurities or not. The
characterization of the TLC test was carried out on the synthesis product of C-2-
hydroxyphenylcalix[4 Jresorcinarene against resorcinol and 2-hydroxybenzaldehyde after 24 hours of synthesis.
Identification was carried out with three samples, namely resorcinol, 2-hydroxybenzaldehyde as a reactant, and
C-2-hydroxyphenylcalyx[4]resorcinarene as a 24-hour synthesized product. TLC test was carried out on
unpurified synthesized compounds, 2-hydroxybenzaldehyde and resorcinol as comparisons which were spotted
on the plate. The plate is allowed to stand until the sample dries and then put into a developer vessel which is
saturated with eluent steam in the form of acetone: n-hexane 7:1 (Handayani et al., 2016). The elution process
was carried out until the eluent reached the upper limit nak on the TLC plate. After the elution process is
complete, the TLC plate is dried and the stain can be seen under UV light at a wavelength of 254 nm then the
stain formed is marked with a pencil so that the Rf value can be calculated. Following are the results of thin-layer
chromatography of C-2-hydroxyphenylcalix[4]resorcinarene.

FIGURE 2 The result of TLC (a) resorcinol, (b) 2-hydroxybenzaldehyde, (c) calix before washing (d)
calix after washing
Figure 2 is the result of thin-layer chromatography of resorcinol, 2-hydroxybenzaldehyde, and C-2-
hydroxyphenylcalyx[4Jresorcinarene. Resorcinol and 2-hydroxybenzaldehyde respectively produced Rf values of
0.85 and 0.9, while for C-2-hydroxyphenylcalyx[4] resorsinarene from the synthesis of the stain formed was an




impurity, so it needed to be purified by washing. Based on the stains formed on the TLC results, this is a sign that
the reaction can be stopped within 24 hours.
Analysis of infrared spectrophotometry
Analysis of the synthesized C-2-hydroxyphenylcalix[4]resorcinarene was characterized using an FTIR
spectrophotometer to determine the absorption of the functional groups present in the compound. The FTIR
spectrum of the compound C-2-hydroxyphenylcalix[4]resorcinarene can be seen in Figure 3.
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FIGURE 3 FTIR spectrum of C-2-hydroxyphenylcalix[4]resorcinarene

Based on the results of the FTIR analysis in Figure 3, it can bencn that several absorptions are indicating the
presence of functional groups contained in the analysis results. Strong and wide absorption in the 3379 nl-]
regions indicates the presence of vibrations from the hydroxyl group (-OH). Absorption in the area of 2924 ¢m-1
and 1381 cm-1 indicated the presence of Csp2-H. Another typical absorption of calix[4]resorcinarene compounds
1s indicated by the presence of a methine bridge (C-H) that appears in the 1427 cm-1 region, absorption at this
wave number indicates that the cyclization process in the synthesis has occurred. Strong absorption in the area of
1612 ¢m-1 and 1504 ¢cm-1 indicates an aromatic ring absorption (C=C). The absorption that appears in the 1211
cm-1 region indicates the presence of C-O bonds. Based on the interpretation of the results of the FTIR spectrum
of the compound C-2-hydrox yphenylcalix[4]resorcinarene, there are several absorptions in the same group as in
the spectrum of the compound synthesis that has been carried out by (Handayani et al., 2016). In addition, there
was no absorption from the CH aldehyde group in the 2734 - 2800 ¢m-1 area and the absorption from the C=0
carbonyl group in the 1700 cm-1 area which indicated that the condensation product between 2-
hydroxybenzaldehyde and resorcinol had formed a C-2- compound. hydroxyphenylcalix[4]resorcinarene.

Analysis of proton nuclear magnetic spectrometer ('H-NMR)

The results of the synthesis of C-2-hydroxyphenylcalix[4]resorcinarene were analyzed using a 1H-NMR
spectrometer to support the results of the FTIR spectrum analysis. The analysis performed with a 1H-NMR
spectrometer can provide information in the form of the type, number, and arrangement of hydrogen atoms in a
molecule so that it can provide an overview of the structure of the C-2-hydroxyphenylcalix[4]resorcinarene
formed. The following is the IH-NMR spectrum of C-2-hydroxyphenylcalix[4]resorcinarene.
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FIGURE 4 'H-NMR spectrum of C-2-hydroxyphenylcalix[4]resorcinarene

1

gascd on Fine 4.1t can be seen that there are several shift signals formed. The proton signal in the4 ppm
H region is the DMSO solvent used and the signal in the 3.4 ppm H region is the absorption of H20 which is
dissolved in the DM SO solvent. The proton signal from the methine bridge is seen in the H region of 5945 ppm
(1) with singlet multiplicity. The presence of a signal peak from the methine bridge indicates that the cyclization
process has occurred to form C-2-hydrox yphenylcalyx compounds [4]. The proton signal from the aromatic ring
appears in the H 6,741 region; 6,726; and 6,711 ppm (c) with triplet multiplicity, then in the H region 6 474;
6,459; 6.444 ppm (e) with triplet multiplicity, then in the H region 6422 and 6.406 ppm (f) with duplet
multiplicity, and in the H area 6.591 (d): 6,224 (g): 6.057 ppm (h) with singlet multiplicity. The proton signal of
the hydroxyl group seen in the H region of 8 444 ppm (a) with duplet multiplicity and the signal in the H region
of 8221 and 8.240 ppm (b) with duplet multiplicity, this signal has a greater chemical shift because the O in the
electron group has a higher electronegativity. high so that nearby proton are not shielded and will shift towards
the downfield. The proton signal results obtained were compared with the research conducted by Handayani et
al., (2016) as shown in Table 1.

TABLE 1 Comparison of chemical shift (6) '"H-NMR of C-2-hydroxyphenylcalyx[4]resorcinerene

Label Proton Type Synthesis Result Handayani et al., (2016)
a -OH 8.444 ppm
8,221 ppm 8,1336 - 84124 ppm
b -OH 8,240 ppm
6,741 ppm
[§ Cqp2-H phenyl group 6,726 ppm
6,711 ppm
Cyp2-H phenyl group 6,591 ppm
6.474 ppm
Cyp2-H phenyl group 6,459 ppm 6,0595 - 6,7288 ppm
6.444 ppm
f Cyp2-H phenyl group gjﬁg ggm
g Cypo-H meta group ~OH 6,224 ppm
h Cype-H orto group “OH 6,057 ppm
' =C-H 5,945 ppm 59492 ppm

Metin bridge




Analysis of BET

BET analysis (Brunauer Emmett Teller) is used to determine the specific surface area and also the pore size
of a sample which is an important parameter because it is used to determine the structural properties of an
adsorbent (Virtanen et al., 2020). BET analysis was carried out by flowing nitrogen gas onto the sample surface
for 3 hours at 300°C. The dissolution rate of nitrogen gas in the sample is proportional to the specific surface area.
The nitrogen gas adsorption-desorption isotherm and the pore radius distribution curve for the compound C-2-
hydroxyphenylcalix[4 ]resorcinarene analyzed at 77.3 K are shown in Figure 5.
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FIGURE 5. Nitrogen adsorption-desorption isotherms and distribution of C-2-
hydroxyphenylcalyx[4]resorcinarene

Based on Figure 5. the nitrogen adsorption-desorption isotherm belongs to type IV, where the synthesis
product will be used as a narrow gap adsorbent. From the results of BET analysis, the surface area of the adsorbent
C-2-hydroxyphenylcalix[4]resorcinarene is 14,102 m2/g, the total pore volume is 8,733 x 10-2 cm3/g, and the
average pore radius is 123 852, n

The maximum wavelength of rhoggmine B

The wavelength used to measure the absorbance of the sample is the maximum wavelength. The maximum
wavelength is determined to get the absorptivity value that gives the highest measurement sensitivity. The
maximum wavelength also has a relatively constant molar albsorplnty of the compound so thata linear calibration
curve is obtained. The maximum wavelength can be determined by plotting the absorbance with the wavelength
of the standard solution at a certain concentration (Pescok, et al. 1976). 1

Detnnimlti(m of the maximum wavelength of rhodamine B using a standard solution with a concentration of
2 ppm in the wavelength range of 400-800 nm. The absorption of the colored solution is in the visible light
wavelength range, which is between 400-750 nm. Rhodamin B is a dye that has a chromophore group in the form
of a xanthene group and an auxochrome group in the form of a dimethylamine group which causes this compound
to give Ln)l' so that it can be analyzed by UV-Vis spectrophotometer.

The maximum wavelength of rhodamine B obtained was 554 nm. The results of this measurement are
following the results of measurements made by (Rahayu et al., 2020) where rhodamine B has a maximum
wavelength of 554 nm. The graph of the spectrum of the UV Vis spectrophotometer solution of rhodamine B at a
concentration of 2 ppm can be seen in Figure 6.
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FIGURE 6 Spectrum UV-Vis maximum wavelength of rhodamine B

Rhodamine B is a chemical compound consisting of a chromophore group in the form of a xanthene group
and an auxochrome group in the form of a diethylamine group. A chromophore group is a group of radical
compounds consisting of conjugated double bonds that must bind to another group, namely auxochrome to be
colored. This auxochrome group works by activating the work of the chromophore group and providing binding
power to the fiber (Rahayu et al., 2021).

Calibration curve of rhodamine B

The rnjamine B calibration curve was determined by measuring the absorption of various dilutions of
solutions with a concentration of 1; 1.5; 2; 2.5; ano ppm at a maximum wavelength of 544 nm. Then a linear
curve of the relationship between o()ncnrelli(m (x) and absorbance (y) is made to determine the regression
equation. This regression equation was used to determine the concentration of rhodamine B before and after
adsorption. The calibration curves of standard solutions of rhodamine B at various concentrations are presented
in Figure 7.
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FIGURE 7 Calibration curve of rhodamine B

The absorbance resulting from the standard solution is in the range of 0.2-0.8. absorbance range between 0.2-
0.8 can provide an acceptable percentage @ analytical error between 0.5-1.05%. This number can be used to
minimize sy stematic errors (Harjito, 2019). 8ased on the results of the regression calculation from the calibration
curve, the equation of the line y = 0.252x + 0.0308 and R2 is 0.9943. The value of R2 is used to determine the
linearity of the absorbance results of a standard solution with a certain concentration. According to (Heu‘jit()m 19),
the value of R2 which is close to 1 is perfect linearity. Values a, b and R2 from the linear equation were used to
measure the concentration of rhodamine B before and after adsorption.

1 Determination of optimum pH and contact time

One of the factors that can affect the adsorption process is pH. Because the pH state of the adsorption process
can cause changes in the surface properties of the adsorbent, the molecular properties of the adsorbate, changes
in the composition of the solution, and can also affect the interaction between the adsorbate and the adsorbent
(Puriyandari et al., 2019). The pH variations used in this study were pH 2, 3, Lw, 6,7, and 8. The optimum pH
as indicated by the condition of the most adsorbed adsorbate. The curve of the relationship between pH and
adsorption percentage can be seen in Figure 8.
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GURE 8 Effect of pH on the adsorption of Rhodamine B by C-2-hydrox yphenylcalyx[4]resorcinarene

Based on Figure 8, it cann)c seen that the amount of rhodamine B adsorbed by C-2-
hydroxyphenylcalix[4 Jresorcinarene is influenced by pH where the percentage of adsorption increases from pH 2
to 4, and the percentage of adsorption decreases from pH 4 to 8. According to Goto et al. al., (2020), under
conditions of pH 4 rhodamine B will release Cl- ions and create a positively charged chromophore group, then
rhodamine B will turn into zwitter ions at pH 3.6. While C-2-hydroxyphenylcalix[4] resorcinarene has a hydroxy
group that will be positively charged in acidic conditions because the —OH group changes to R-OH2+, whereas if
it is in an alkaline condition the surface of the adsorbent will tend to be negatively charged (Anwar et al., 2016).
The optimum pH occurred at pH 4 with an adsorption percentage of 93.95%. This is because, at pH 4, rhodamine
B will turn into a gzwitter ion which has a negatively charged group and can interact with C-2-
hydroxyphenylcalyx[4] resorcinarene which is positively charged. This interaction indicates an electrostatic
attraction between C-2-hydrox yphenylcalyx[4] resorcinarene and rhodamine B (Anwar et al., 2016). Meanwhile,
if the adsorption process is in a state of pH 4 the zwitter rhodamine B ion will decrease as the pH increases so that
the interaction between the adsorbent and the adsorbate will be weaker and cause the percentage of adsorption to
be smaller.

Contact time is an important thing in the adsorption process lnielerminc the presence of the binding event of
the adsorbate molecule (Aminullah et al., 2021). The optimum contact time can be determined by varying the
contact time at a known optimum pH. In ns study, the variations in contact time used were 5, 10,15, 30, 60, 120,
180, 360, and 720 minutes. The effect of contact time on the adsorption percentage can be seen in Figure 9.
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FIGURE 9 Chart of adsorption of rhodamine B by C-2-hydroxyphenylcalyx[4] resorcinarene on variations in

contact time

Based on Figure 9, it can be seen that the longer the interaction between C-2-hydroxyphenylcalix[4]-
ns‘()rcimlrene and rhodamine B, the percentage of adsorption tends to continue to increase. At 180 minutes, the
equilibrium time is obtained where the absorption tends to remain until 720 minutes. This is because the adsorbent
is already saturated with dye ions so that slowly the active site of C-2-hydroxyphenylcalix[4]resorcinarene which
binds to rhodamine B begins torelease ions from rhodamine B back into the solution so that the addition of contact
time can no longer be used. increase the percentage of adsorption (Aminullah et al., 2021). The interaction that
occurs between the adsorbent C-2-hydroxyphenylcalyx[4]Jresorcinarene and rhodamine B is estimated by
comparing the results of the FTIR analysis of the adsorbent C-2-hydroxyphenylcalyx [4]resorcinarene before and
after the adsorption process is depicted in Fig 10.
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FIGURE 10 FTIR adsorbent C-2-hydroxyphenylcalix[4]resorcinarene before and after adsorption
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Eascd on Figure 10, it can be seen that there has been a shift in the absorption peak of the —OH group from
3379 cm-1 to 3372 cm-1 which indicates that the adsorbent C-2-hydroxyphenylcalix[4]resorcinarene has
interacted with rhodamine B. This indicates a strong interaction. match between the —OHz+ group of the adsorbent
and the =COO- group of rhodamine B.

Adsorption kinetics

Adsorption kinetics shows the rate of absorption that occurs between the adsorbent and the adsorbate. The
nn;lmics of rhodamine B absorption in an adsorbent occurs in several stages including; 1) The transfer of dye
from the solution to the surface boundary layer of the adsorbent and the active site on the surface of the adsorbent
begins to open, 2) The dye spreads in through the surface layer of the adsorbent and begins to interact with the
open active site, 3) intraparticle diffusion begins where the dye begins to enter the pores of the adsorbent, 4)
begins to interact between the adsorbate and the adsorbent at the active site and in the pores of the adsorbent (Yu
et al., 2009). The characteristics of thce]sorpti()n ability of an adsorbent can be seen from the speed of the
adsorbent against the contact time. The adsorption rate can be determined from the adsorption rate constant (k)
and the reaction order resulting from an adsorption kinetics model (nidihilli etal.,2012). The adsorption kinetics
of thodamine B with C-2-hydroxyphenylcalix[4]resorcinarene was determined based on the equations of the first
order pseudo systelﬂevel()ped by Lagergen and the second-order pseudo system developed by Yuh Shan Ho
(Ho, 2006). Pseudo first order and n;()nd order pseudo equations each have different equations (Equation (2.1)
and equation (2.2)). The value of k can be determined by making a linear regression equation between In (ge-qt)
vs t. The relationship curve between In (ge-qt) vs t can be seen in Figure 11.
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FIGURE 11 Pseudo first order curve




nsed on Figure 11, it can be seen that the value of y = -0.0036x - 0.2439 and the value of R2 = 0.1067. While
the second-order pseudo can be determined by plotting t/q vs t on the linear regression equation. The relationship

curve between t/qt and t can be seen in Figure 12.
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FIGURE 12 Pscudo second order curve
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Based on Figure 12, it can be seen that the value of y =0.1042x 4 0.1675 and the value of R2 = 0.9998. Based
on the regression equation of the first order pseudo and second-order pseudo it can be seen the comparison of
several parameters between the first order pseudo and second-order pseudo as shown in Table 2.
Table 2 Adsorption kinetics of rhodamine B by C-2-hydroxyphenylcalix [4]resorcinarene

Adsorption kinetics First order Second order
R? 0,1067 0,9998
K (g/mg.minute) 0.0082 0,0648
Q (mg/g) 0,7836 9,5969

Based on Table 2, it can be seen that the R2 value of the first-order pseudo-pseudo is lower than the second-
order pseudo-pseudo. This indicates that the adsorption of rhodamine B by C-2-hydroxyphenylcalyx[4]
resorcinarene follows a second-order pseudo. The results of the suitability of the second-order Pseudo kinetic
model in this study are supported by several previous studies (Badri et al., 2020). The adsorption process that
followed the second-order pseudo-adsorption showed that the rate of absorption of C-2-hydroxyphenylcalyx[4]
resorcinarene against rhodamine B per unit time was directly proportional to the capacity of the adsorbent that
was still empty so that at the beginning of the adsorption process there was a drastic reduction in the concentration
of the solution, then adsorption continues to decrease until equilibrium conditions are reached (Hasan etal., 2021)

Determination of adsorption isotherm

The adsorption isotherm is the relationship between the amount of adsorbed substance and the cqui]ium
pressure or equilibrium concentration (Puriyandari, enl., 2019). The adsorption model used in this study is the
Langmuir isotherm and the Freundlich isotherm. The Langmuir isotherm and the Freundlich isotherm each have
different similarities. Determination of the adsorption isotherm was carried out at the optimum pH, namely pH 4
at the optimum equilibrium time for 180 minutes with various concentrations of 5, 10, 15, 20, 25, and 30 ppm
with a volume of rhodamine B as much as 20 mL and the adsorbent used as much as 0.02 grams.

The Langmuir isotherm shows that during the adsorption process, a homogenecous layer 1s formed on the
surface and can only adsorb one molecule of adsorbate for each molecule of the adsorbent so that there will be no
repeated interactions between the adsorbed molecules (Kadirvelu et al., 2(“]. The Langmuir isotherm can be
determined by plotting Ce/q with Ce on the linear regression equation. The relationship curve between Ce/q and
Ce can be seen in Figure 13.
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Based on Figure 13, it can be seen that the value of y =0.0519x + 0.0279 with R? of 0.9978. The maximum
adsorption capacity (qmax) obtained from this isotherm model is 19.26 mg/g with adsorption energy (E) of 20.57
kJ/mol. The Freundlich isotherm shows that (Bing the adsorption process more than one layer is formed on the
surface which i$leterogeneous which makes a difference in the binding energy of each active site (Kadirvelu et
al., 2005). The Freundlich isotherm can be determined by plotting log q with log Ce on the linear regression
equation. The relationship curve between log q and log Ce can be seen in Figure 14.
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gased on Figure 14, it can be seen that the value of y = 1.4191x + 14366 with an R2 valuﬂfﬂ.‘)?fﬁl. The
maximum adsorption Cilpilcin)blilillcd based on the Freundlich isotherm model was 0.704 L/g with adsorption
energy (E) of 0.021 J/mol. Based on the regression equation of the Langmuir isotherm and the Freundlich
isothcrm can be seen that the comparison of several calculation results from the regression equation of each
model is as shown in Table 3.
Table 3 Comparison of adsorption isotherm parameters

Parameters Langmuir Freundlich
Intersep 0,0279 1,4366
Slope 00519 1,4191
R? 0,9978 0.97

E 20.575.0 J/mol 0,0217 J/mol

The value of R2 is the coefficient of determination which has a range f'r()n] to 1. The higher the value of R?,
the better the regression equation for a particular model (Hasan et al., 2021). Based on Table 3, it can be seen that
the R? value of the Freundlich isotherm model is quite high, this indicates that the adsorption process occurs on a
heterogeneous surface and does not only adsorb one adsorbate molecule for each adsorbent molecule. However,
the R? value of the Langmuir isotherm model is greater than that of the Freundlich isotherm. According to
(Ouachtak et al., 2020) an interaction occurs where the adsorbate that is already bound to the adsorbent binds to
other adsorbates to form a surface that does not only consist of 1 layer. The adsorption mechanism between
rhodamine B and C-2-hydroxyphenylcalyx[4]resorcinarene occurs electrostatic interaction between the negatively




charged carboxyl group on rhodamine B (=C0OOQO-) and the positively charged active group on the adsorbent C-2-
hydroxyphenylcalyx[4]resorcinarene. This electrostatic interaction indicates chemical adsorption. In addition,
hydrogen bonding interactions occur between rhodamine B and the adsorbent C-2-hydroxyphenylcalix[4]-
resorcinarene. This electrostatic interaction and hydrogen bonding indicate chemical adsorption (Ouachtak et al.,
2020). 1
The energy required in the adsorption process of thodamine B with C-2-hydroxyphenylcal ix[4]resorcinnarene
can be calculated using the equation E = RT In K. Based on the calculations, the adsorption of rhodamine B with
C-Z-hydmxnhenylc alyx[4] resorcinarene requires energy of 20.57 kJ/mol and qmax from the adsorption process
were 19.26 mg/g. This gmax value is greater than the adsorption of rhodamine B from banana peel adsorbent with
an adsorption capacity of 3.8 mg/g (Singh et al., 2018), activated carbon adsorbent from sago waste with an
S()rpti()n capacity of 16.2 mg/g ( Kadirvelu et al., 2005), and adsorbent activated carbon from willow leaves
with an adsorption capacity of 1.94 mg/g (Qu et al., 2015).
Desorption

The adsorbent C-2-hydroxyphenylcalix[4] resorcinarene has the advantage of its ability to be used repeatedly
in the adsorption process. Desorption is the process of releasing an adsorbate which is absorbed by the adsorbent
(Crawford & Quinn, 2017). The desorption process carried out in this study began with the initial interaction of
C-2-hydroxyphenylcalix[4]resorcinarene with rhodamine B at optimum pH and time, then the initial absorption
was measured. Furthermore, the contacted C-2-hydroxyphenylcalix[4]resorcinarene was separated from the
filtrate, then washed with ethanol. After that, C-2-hydroxyphenylcalyx[4]resorcinarene was reused for the
adsorption process of rhodamine B. The results of adsorption of rhodamine B by C-2-hydroxyphenylcalyx[4]
resorcinarene can be seen in Figure 16.
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FIGURE 16 Reusable of C-2-hydroxyphenylcalyx[4]resorcinarene in adsorption of rhodamine B

Based on Figure 16, it can be seen that in the first adsorption the percentage of adsorption was 100%, in the
second adsorption it was obtained 80.56%, and in the third adsorption, it was obtained 67.18%. Furthermore,
calculations were carried out where the percentage of desorption for 3 times reuse of the adsorbent C-2-
hydroxyphenylcalix[4 |resorcinarene was 100%: 80.56%: and 67.19%. These results indicate that the adsorbent
C-2-hydroxyphenylcalix[4]resorcinarene is still effectively used 3 times because the desorption percentage
obtained is not less than 50%.

CONCLUSIONS

1. Synthesis of the compound C-2-hydroxyphenylcalix[4 ]resorcinarene resulted in an orange solid with a yield
of 84.7%. The results of the FTIR analysis show that there is absorption at the wavenumber of 1427 cm-1
which is the hallmark of the methine bridge. The results of the 1H-NMR analysis showed that there was a
proton signal at H 5.945 ppm which was a signal from the proton bridge methine (=CH-). The results of the
BET analysis showed that the surface area of C-2-hydroxyphenylcalyx [4] resin was 14,102 m2/g, the total
pore volume was 8,733x10-2 em3/g, and the average pore radius was 123.852 .
Adsorption of rhnamine B by C-2-hydroxyphenylcalix[4]resorcinarene has a maximum condition at pH 4
with an ()plimu“imc of 180 minutes. The adsorption kinetics ofrhodalrn’, B by C-2-hydroxyphenylcalyx[4]
resorcinnarene followed the second-ordeayseudo kinetics model. The adsorption of rhodamine B by C-2-
hydroxyphenylcalix[4]resorcinarene was carried out according to the Langmuir isotherm model and also the
Freundlich isotherm with the maximum adsorption capacity (qmax) for the Langmuir isotherm of 19.26 mg/g
and the adsorption energy (E) of 20.57 kJ/mol.
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