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ABSTRACT

A low cost activated carbon derived from the fruit of Kigelia Africana (KA) was
characterized by using Powder X-ray diffraction, Fourier transform infrared spectroscopy,
and Brunauer–Emmett–Teller techniques for effective removal of Pb(II) from its aqueous
solution. The derived activated carbon from Kigelia Africana (CKA) had micro porous and
meso porous pore size distribution with high surface area (799 m2 g−1) and high carbon con-
tent (79.42%). The batch mode experiments are carried out to investigate the effect of pro-
cess parameters such as solution concentration, pH, temperature, contact time, CKA amount
on adsorption. The maximum adsorption was found at pH 5.0 (97% for 2.5 g/l CKA in
50 mg/l Pb(II) initial concentration). The Langmuir, Freundlich, and Temkin models were
modeled to evaluate the equilibrium adsorption data, and the results describe the best
representation of the Langmuir isotherm model with adsorption capacity 79.87 mg/g
(R2 = 0.99) at 30˚C. Thermodynamic study demonstrates spontaneous and endothermic nat-
ure of the adsorption. Kinetic studies were examined using different kinetic models
(Lagergren first-order and pseudo-second-order) and found pseudo-second-order kinetic
data are well fitted for adsorption process. It is observed that adsorption of Pb(II) ions
followed Lagergren-second-order kinetics. These results suggest that the synthesized CKA
is a promising adsorbent for the removal of Pb(II) ions from wastewater.

Keywords: Low cost activated carbon (CKA); Pb(II); Isotherm models; Lagergren-first-order;
Pseudo-second-order

1. Introduction

Lead is the one of such highly toxic element that is
found both naturally and as introduced contaminant

in the environment. In recent times, Pb has been intro-
duced into natural water from a variety of sources
such as acid battery manufacturing, metal plating and
finishing, ammunition manufacturing, tetraethyl lead
(TEL) manufacturing, and ceramic and glass industries
[1]. Lead poisoning in humans causes severe damage*Corresponding author.
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to the kidney, nervous system, reproductive system,
liver, and brain and causes sickness or death. Severe
exposure to lead has been associated with sterility,
abortion, stillbirths, and neonatal deaths. The permis-
sible limit for Pb(II) in wastewater as given by the
Environmental Protection Agency (EPA) is 0.05 mg/
dm3 [2]. The presence of excess lead in drinking water
causes diseases such as anemia, encephalopathy, and
hepatitis. Lead ions have an affinity for ligands con-
taining thiol and phosphatic groups and they inhibit
the biosynthesis of heme, causing damage both to the
kidney and liver; this behavior of lead is similar to
that of calcium. However, Pb can remain immobilized
for years, and hence it is difficult to detect the meta-
bolic disorders it causes [3].

There are various methods developed to remove
the heavy metals from the aqueous solutions and
wastewater. Traditionally, the most widely applied
methods for heavy metal removal from wastewater
are chemical and electrochemical precipitation, catio-
nic and anionic ion-exchange resins, ion-flotation,
evaporation, membrane filtration, reverse osmosis,
adsorption, etc. However, adsorption technique has
been widely employed in the purification of wastew-
ater. Adsorption is surface phenomenon in which col-
lection or accumulation of substance on the surface
of the solid or liquid takes place. It is a physico-
chemical process in which dissolved molecules are
attached to the surface of an adsorbent by physical
or chemical forces. Adsorption technology is cur-
rently used extensively for the removal of organic
and inorganic micro pollutants from aqueous solu-
tions [4]. Taking these criteria into consideration, the
search for a low-cost and easily available adsorbent
has led many investigators to seek more economic
and efficient techniques using natural and vegetal
adsorbents [5–10].

The objective of the present work was to evaluate
the analytical potential of CKA (Activated Carbon
from Kigellia Africana) for an effective removal of Pb
(II) from its aqueous solutions. The physical and
chemical properties of the CKA were evaluated and
the effect of process parameters such as solution con-
centration, pH, temperature, contact time, CKA
amount on adsorption was studied. Adsorption equi-
librium and kinetic have been studied under the opti-
mum adsorption conditions. The Langmuir,
Freundlich, and Temkin isotherms were applied to
evaluate the adsorption properties in the batch mode
experiments. In addition, the pseudo-first-order and
pseudo-second-order kinetic models were also applied
to examine the uptake kinetics of Pb(II) in the adsorp-
tion process.

2. Materials and methods

2.1. Biosorbent characterization

2.1.1. SEM analysis

The particle morphologies of the CKA were stud-
ied using scanning electron microscope of JEOL (JSM
6490 LV). Samples were mounted on aluminum stab
with the help of double-sided tape. Mounted stabs
were coated with gold palladium prior to analysis
using a Polaron sputter coater.

2.1.2. Infrared spectroscopy (FTIR)

The CKA (2 mg) was mixed with 200 mg of KBr
and then pelleted. The FT-IR spectra of the pellets
were recorded using a Fourier Transform Infra-Red
Spectrometer (FTIR) Thermo Scientific (Nicole 6700).

2.1.3. X-ray diffraction

Crystallographic parameters of the activated car-
bon produced by optimum preparation condition were
obtained from X-ray diffraction (XRD) studies. Powder
X-ray diffraction (PXRD) patterns were recorded on a
Rigaku Miniflex II desk top X-ray diffractometer at
30 kV and 15 mA using CuK radiation.

2.1.4. BET surface area

The surface area and pore characteristics of the
derived adsorbent CKA was determined from nitro-
gen adsorption/desorption isotherms at 77 K (boiling
point of nitrogen gas at 1 atm pressure) using a sur-
face area analyzer (BELSORP-max, Japan).

2.1.5. Point of zero charge for adsorbent

The PZC characteristic of CKA was determined by
solid addition method using 0.1 M KCl and 0.002 M
citrimide solutions. KCl and citrimide solution (40 ml)
was taken in 100 ml stoppered conical flask. The initial
pH values of the solutions were adjusted between 2.0
and 12.0 by adding either 0.1 N HCl or 0.1 N NaOH.
The total volume of the solution in each flask was
adjusted exactly to 50 ml by adding the KCl and
citrimide solution. The initial pH of the solution was
then accurately noted. The CKA (0.5 gm) was added
to each flask. The suspensions were shaken and
allowed to equilibrate for two days with intermittent
shaking. The final pH values of the supernatant liquid
were noted. The difference between the initial and
final pH values (ΔpH = pHi – pHf) were plotted

24488 K. Singh et al. / Desalination and Water Treatment 57 (2016) 24487–24497



against the initial pH value. The point of intersection
of the resulting curve at which change in pH is zero
gives the PZC.

2.2. Reagent and solutions

All reagents used were AR-grade chemicals. Stock
solutions (1,000 mg/l) of the test solution were made
by dissolving required amount of Pb(NO3)2 in double
distilled water. The pH of the test solutions was
adjusted using dilute HCl (0.1 N) and NaOH (0.1 N).
The CKA was derived from an inexpensive, abun-
dantly available, and eco-friendly vegetal source of
Balam Khira (Kigelia Africana).

2.3. Preparation of the activated carbon from Kigelia
Africana

The fruit of Kigelia Africana (Hindi name Balam
Khira) obtained from the local area of Lucknow, Uttar
Pradesh (India) was used as a precursor for activated
carbon employing ZnCl2 activation method. The raw
material was first washed with distilled water to
remove any water soluble impurities and ashes on the
surface and then dried at 65˚C to remove the moisture
and other volatile impurities. The precursor was then
crushed in a pestle and motor and sieved to desired
particle size. The chemical activation of the powdered
precursor was done with ZnCl2 at a ratio of 2:1 (acti-
vating agent/precursor) over 24 h at 60˚C for activa-
tion, followed by carbonization at 550˚C in a muffle
furnace for 1 h in presence of nitrogen (flow rate of
150 ml/min STP). After cooling, the produced material
was washed with 0.5 N HCl, hot water and finally
cold distilled water to remove residual organic and
mineral matters. It was then dried at 110˚C for 12 h
and sieved to the desired particle size by standard
sieves. The product derived so was referred to as
CKA.

2.4. Experimental adsorption

2.4.1. Batch studies

The adsorption equilibrium was probed by batch
technique in 250 ml conical flasks contacting the CKA
(1.0 g/L) with 100 ml of lead solutions of known con-
centrations (25–1,000 mg/L), shaking at 120 rpm for
2 h at room temperature (30˚C), followed by filtration
(0.45 μm) and subsequent analysis of residual Pb(II)
concentration in the filtrate (AAS on flame mode by
lead-hollow cathode lamp and wavelength 283.0 nm).
The effect of adsorbent dose, adsorbate concentration,

temperature, pH, and contact time was investigated.
For determining the effect of pH on Pb(II) adsorption,
initial pH of solutions were adjusted to the desired
value (2.0–7.0) using 0.1 N HCl or 0.1 N NaOH. The
amount of Pb(II) adsorbed by the adsorbent at equilib-
rium was calculated as follows:

qe ¼ C0 � Ceð ÞV
m

(1)

where C0 and Ce are initial and equilibrium concentra-
tions (mg l−1) Pb(II) in the solution, V the volume (l),
m the weight (g) of the adsorbent, and qe is the
amount Pb(II) adsorbed by the adsorbent at equilib-
rium (mg g–1).

3. Results and discussions

3.1. Biosorbent characterization

The SEM images shown in Fig. 1 clearly demon-
strate the porosity and surface texture of new adsor-
bent material.

The CKA was found to contain following elemen-
tal compositions Table 1.

Fourier transform infrared (FT-IR) spectroscopy
provides evidence for the presence of specific func-
tional groups on the surface of carbon material. Sev-
eral characteristics bands were observed in the FT-IR
spectrum shown in Fig. 2. Each of the bands has been
assigned to specific functional group reported in liter-
ature. The details of band assignments to functional
groups are shown in Table 2.

In IR spectra of activated carbon after deposition
of Pb(II) some new peaks are also observed due to
increased sharpness of surface of activated carbon.
The surface of carbon becomes smooth and sharp with
some broad peaks converted into multiple peaks and
assigned at 1,214.9, 1,004.9, and 795.5 cm−1.

The Brunauer–Emmett–Teller (BET) surface area
(SBET) was measured by means of standard BET equa-
tion applied in the relative pressure range of 0.05–
0.10. The BET analysis reveals that the CKA had a sur-
face area 799.91 m2 g−1, which was primarily con-
tributed by micropores. The average pore diameter of
CKA was found to be 4.72 nm, which is an indicative
of its micropores character as defined by IUPAC
(International Union of Pure & Applied Chemistry)
Table 3.

PXRD spectrum shown in Fig. 3 illustrates that the
treated carbon derived from KA fruit under optimum
preparation condition is crystalline in structure. There
are three broad peaks centered on 2θ value of 24˚, 42˚,
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and 83˚ are visible in the PXRD spectrum. Two broad
diffraction peaks centered around 2θ values of 24˚ and
42˚ are attributed to the reflections from the (0 0 2) and
(1 0) diffraction peaks of carbon material. These reflec-
tions are compulsory for activated carbon and indicate
better layer alignment with an increased regularity in
crystal structures. The presence of broad peak around

2θ = 83˚ is not clearly described. These results and
description are also explained by Prahas et al. [18]
and Yang et al. [19].

The surface potential of the adsorbent may be
influenced by the pH value [20] of the coexisting liq-
uid bulk phase. The pH value, at which the surface
charge is zero, is called the point of zero charge
(PZC). The surface will be positively charged at
pH < pHPZC and negatively charged at pH > pHPZC.
Since pHPZC of the CKA was found to be about 6.6, at
any pH < pHZPC, the surface of CKA will be positively
charged and at pH > pHZPC, the surface will be
negative.

3.2. Effect of process parameters on Pb(II) adsorption

3.2.1. Effect of pH

The effect of pH on adsorption of Pb(II) on to CKA
is shown in Fig. 4. The pH of the solution has a signif-
icant role on the removal of heavy metals, since it
determines the surface charge of the adsorbent, the
degree of ionization, and speciation of the adsorbate.
In order to establish the effect of pH on adsorption of
Pb(II) on to the CKA, equilibrium studies at different
pH values were carried out in the range of 1–7 at 50
and 100 mg/l, respectively. The maximum percent
removal of Pb(II) ions on to CKA was observed at pH
4.5–5.0. Above and below this pH, extent of adsorp-
tion of Pb(II) onto CKA was found to be quite low.
Above pH 7.0, Pb(II) starts precipitating as Pb(OH)2
and hence studies in this range are not conducted.
The ion exchange mechanism between H+ ions at the
CKA surface and metal ions may follow two reactions
[21].

2ðS�COHÞ þ M2þ ! ðS�COÞ2M þ 2Hþ

Fig. 1. SEM images of CKA at different magnifications.

Table 1
Elemental composition of CKA

Elements Percentage (%)

C 79.42
O 18.57
K 0.01
Na 0.02
Mg 0.91
Ca 1.07

4000 3500 3000 2500 2000 1500 1000 500
75

80

85

90

95

100

105

Wave number (cm-1 )

 %
 T

ra
ns

m
it

ta
nc

e

 CKA+Pb(II)

CKA

Fig. 2. FT-IR spectrum of activated carbon derived from
CKA.
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S�COH þ MOHþ ! S�COMOH þ Hþ

where S is the adsorbent surface. The Pb(II) speciation
diagram indicates that in the highest sorption range,
the dominant species of adsorption are Pb2+ and
PbOH+ [22]. In acidic solution, the surface being posi-
tively charged, the adsorption of Pb2+ and Pb(OH)+

species are not favored. Because electrostatic attraction
between positively charged adsorbent surfaces and
positively charged metal ion surfaces is not possible, it

seems that some non electrostatic forces are also
involved in adsorption process.

3.2.2. Effect of initial Pb(II) concentration

The adsorption capacity of the CKA obtained from
experimental data at different initial concentration of
Pb(II) are shown in Fig. 5 As observed from result, the
adsorption percentage of the adsorbent decreased with
increasing adsorbate concentration . The CKA amount
was fixed 1.0 g and equilibrated for 2 h, 30˚C
(120 rpm) at the initial Pb(II) concentration was
increase from 25 to 150 mg/l.

3.2.3. Effect of adsorbent dose

The effect of adsorbent dosage on the percentage
removal of Pb(II) at pH 5.0 has been shown in Fig. 6.
The CKA amount was varied from 0.5 to 3 g and equi-
librated for 2 h, 30˚C (120 rpm) at 50 and 100 mg/l Pb
(II) initial concentration, respectively. It can be seen
from the figure that initially the percentage removal
increases very sharply with the increase in adsorbent

Table 2
List of specific functional group present in FT-IR spectrum of CKA

Frequency (cm−1) Bond Functional group Refs.

3,035.5 =C–H stretching Alkenes [11]
2,879.2 –C–H stretching Alkane [12–14]
2,774.1 H–C=O, C–H stretch Aldehyde [14]
1,607.6 –C=C stretching Olfinics [13]
1,500.1 –C=C stretching Aromatic compound [15,16]
1,053.6 –C–O stretching Acids, Alcohols, Phenols, [13]

Ethers, Esters
680.5 –C=C–C, C–H Alkene [17]

Table 3
Surface parameters of activated carbon derived from CKA

(Vm)
(cm3 g1)

(SBET)
(m2 g−1)

(VT)
(cm3 g−1)

davg
(nm)

Rp

(nm)

183.78 799.91 0.9443 4.72 1.21

Fig. 3. PXRD spectra of activated carbon derived from
(Balam Khira) Kigelia Africana.
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Fig. 4. Plots illustrating the effect of pH on adsorption (%)
of Pb(II) onto CKA (1 g/l, 30˚C).
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dosage but beyond a certain value (2.5–3.0 g/l), the
percentage removal reaches almost a constant value.
This trend is expected because as the adsorbent dose
increases the number adsorbent particles increases
and thus more Pb(II) is attached to its surface.

3.3. Adsorption equilibrium

Several equilibrium isotherm equations were
applied to optimize of an adsorption system for the
adsorption of Pb(II) onto the CKA. The Freundlich iso-
therm [23] is employed by assuming a heterogeneous
surface with a non uniform distribution of heat of
adsorption over the surface which may be written as:

qe ¼ KF C
1
n
e (2a)

The above equation can be linearized as:

ln qe ¼ ln KF þ 1

n
ln Ce (2b)

where qe (mg/g) is the amount of solute adsorbed per
unit weight of adsorbent, Ce (mg/l) is the equilibrium
concentration of solute, KF (mg/g) is the Freundlich
constant which indicate the relative adsorption capac-
ity of the adsorbent, and 1/n is the constant indicate
the intensity of adsorption.

The Langmuir equilibrium isotherm [24] is based
on the fact that the adsorption occurs at specific
homogenous site within the surface of adsorbent and
monolayer sorption onto a surface with a finite num-
ber of identical sites assuming that there are no inter-
actions between adsorbed molecules on the surface,
may be written as:

qe ¼ qm KL Ce

1 þ KL Ce
(3a)

Which can be linearlized as:

Ce

qe
¼ 1

KL qm
þ Ce

qm
(3b)

where qe (mg/g) is the amount of solute adsorbed per
unit weight of adsorbent, Ce (mg/l) is the equilibrium
concentration of solute, qm is the monolayer adsorp-
tion capacity (mg/g) and is a constant, and KL is a
constant related to the free energy of sorption (KLα
e−ΔG/RT). It is the reciprocal of the concentration at
which the adsorbent is half-saturated. Using plot of
experimental data as Ce/qe vs. 1/qm, values of the con-
stants were evaluated.

The Temkin isotherm [25] is given as:

qe ¼ RT

b
ln KT Ceð Þ (4a)

Which can be linearized as:

qe ¼ B1 ln KT þ B1 ln Ce (4b)

where B1 = RT/b, b is the Temkin energy constant
(J mol−1). The factor KT in this isotherm explicitly
takes into account the interactions between adsorbing
species and the adsorbent. A plot of qe vs. ln Ce

enables the determination of the isotherm constants b,
B1, and KT from the slope and intercept, respectively
(Table 4 and Figs. 7–9).
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Fig. 5. Plots illustrating the effect of initial Pb(II)
concentration on adsorption (%) (CKA 1 g/l, 30˚C, pH 5.0).
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Table 5 also presents the comparison of surface
area and adsorption capacity of CKA for Pb(II) ion
with that of various biosorbents. The adsorption
capacity of CKA for Pb(II) ion was found to be com-
parable and moderately higher than those of many
corresponding biosorbents in literature.

3.4. Kinetics of adsorption

Adsorption kinetics was studied by monitoring the
progress of the adsorption process at different time
intervals. Fig. 5 clearly demonstrates that the amount
of adsorption was found to increase up to 90 min. and
finally attained a constant value up to 150 min for 25,
50, 100, and 150 mg/l initial Pb(II) concentration,
respectively. Several kinetic models were tested with
observed experimental results in order to describe the
mechanism of adsorption process. The results of
the two models are represented in Figs. 10 and 11.
The kinetic parameters of each model are tabulated in
Table 6.

3.4.1. Lagergren first order Kinetics

The Lagergeren first-order rate expression [28] is
written as:

log qe � qtð Þ ¼ log qe � kad
2:303

t (5)

where qt and qeq are the amount adsorbed at time t
and at equilibrium, t is time Kad is rate constant for
adsorption. A log(qe – qt) vs. time plots give a straight
line, (Fig. 10.) K1 was calculated from the slope at tem-
perature 30˚C and data are presented in Table 6.

3.4.2. Pseudo-second-order kinetic

The pseudo-second-order kinetic equation [28] is
given as:

dqt
dt

¼ K2 qe � qt
� �2

(6a)
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Fig. 7. Freundlich adsorption isotherm of Pb(II) on to CKA
at 30˚C.
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Fig. 8. Langmuir adsorption isotherm of Pb(II) onto CKA
at 30˚C.
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Fig. 9. Temkin adsorption isotherm of Pb(II) on to CKA at
30˚C.

Table 4
Adsorption characteristics’ of Pb(II) on to CKA

S. no. Adsorption isotherm
Isotherm
parameters R2

1 Freundlich KF 8.82 0.96
n 2.11

2 Langmuir KL 0.051 0.99
qm 79.87

3 Temkin B1 41.64 0.98
KT 2.13
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The integration of the equation leads to:

t

qt
¼ 1

K2q2e2
þ 1

qe2
t (6b)

where K2 is the rate constant (g mg−1 min−1).
The slope and intercept of the plot between t/qt

vs. time gives the value of qe and K2, respectively
(Fig. 11) and data are shown in Table 6.

From Table 6 it is found that the first-order kinetic
equation, the values of qe are not in the agreement
with the experimental (qexp) values. However, the
pseudo-second-order kinetic equation represent the
adsorption data well satisfactorily with R2 = 0.99 that
are obtained from linear regression methods. Such
representative plots are shown in Figs. 10 and 11,
respectively.

3.5. Thermodynamics of adsorption

The temperature range used in this study was
20–60˚C. The values of equilibrium constants (Kc) at
20, 30, 40, 50, and 60˚C, Pb(II) initial concentration
(50 mg/l) and CKA amount (1 g/l) at pH 5.0 were cal-
culated using the following relation [32]:

Kc ¼ CAc

Ce
(7)

where CAc and Ce are the equilibrium concentrations
(mg/l) of Pb(II) on the adsorbent and in solution,
respectively.

DG� ¼ �RT log Kc (8)

where T is the absolute temperature, R gas constant,
and ΔG˚ is the standard free energy change. The val-
ues of enthalpy change (ΔH˚) and entropy change
(ΔS˚) were calculated using the following relation:

log Kc ¼ DS�

2:303R
� DH�

2:303RT
(9)

Table 5
Comparison of adsorption capacity (mg/g) of CKA for Pb(II) with that of different biosorbents

Low cost biosorbents Surface area (m2/g) Adsorption capacity qm (mg/g) pH Refs.

Papaya seed carbon – 68.4 5.0 [26]
Peat 8.54 79.68 – [27]
Tamarind wood treated with Zncl2 1,322 43.85 6.0 [28]
Cucumber peel – 28 5.0 [29]
Coconut shell 0.52 24.24 5.0 [30]
Moringa oleifera husk Unmodified 725.0 79.43 8.0 [31]
M. oleifera husk modified with HCl 746.3 88.63 5.8 [31]
M. oleifera husk modified with H2SO4 769.8 91.8 5.4 [31]
CKA 799.9 79.87 5.0 [Present work]
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Fig. 10. Lagergren first-order plots for the adsorption of Pb
(II) on to CKA (pH 5.0, CKA 1 g/l, and 30˚C).
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Fig. 11. Pseudo-second-order plots for the adsorption of Pb
(II) on to CKA (pH 5.0, CKA 1 g/l, and 30˚C).
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ΔS˚ and ΔH˚ were calculated from the slope and
intercept of linear plot of log Kc vs. 1/T. The vant’s
Hoff plot for Pb(II) on CKA is shown in Fig. 12. The
thermodynamic data are given in Table 7.

The endothermic nature of the adsorption was con-
firmed by the thermodynamic parameters as shown in

Table 7. Apparent enthalpy of adsorption ΔH˚ also
confirms the endothermic nature of the adsorption
process.

4. Conclusions

The synthesized CKA produced from Kigelia
Africana fruit seems to have great potential to remove
Pb(II) from wastewater. The various equilibrium mod-
els such as Freundlich, Langmuir, and Temkin were
tested to describe the equilibrium adsorption. How-
ever, Langmuir isotherm was found most suitable as
representative of the equilibrium adsorption data. The
kinetic modeling of the Pb(II) adsorption onto CKA
indicates that adsorption process is pseudo-second-
order with the R2 0.99. Different thermodynamic cal-
culations indicate that the sorption process is feasible,
spontaneous, endothermic, and positive value of ΔS
suggests the increased randomness. The adsorption
properties of studied system depend on several factors
such as surface area of adsorbent and solution condi-
tion such as pH and adsorbate concentration. The
waste material used for the preparation of CKA is
widely available and inexpensive hence it is expand-
able for industrial purpose.

Table 6
Kinetics parameters for adsorption of Pb(II) at different initial concentration on to CKA

Pb(II) concentration (mg/l) K1 (min−1) qe (mg/g) R2

Lagergren first-order kinetics
25 0.050 177.82 0.93
50 0.059 309.02 0.91
100 0.056 119.11 0.93
150 0.049 111.13 0.98

Pseudo-second-order kinetics
Pb(II) concentration (mg /l) K2 (gm min−1) qexp (mg/g) qe (mg/g) R2

25 5.1 × 10−4 75.21 90.68 0.99
50 4.2 × 10−4 71.30 85.54 0.99
100 5.6 × 10−4 56.07 67.11 0.99
150 5.5 × 10−4 42.22 53.13 0.99

Fig. 12. vant’s Hoff plot for Pb(II) on to CKA.

Table 7
Thermodynamics parameters at different temperatures for the adsorption of Pb(II) onto CKA

Temperature (˚C) Kc ΔG˚ (kJ mol−1) ΔH˚ (kJ mol−1) ΔS˚ (kJ mol−1)

20 2.95 −2.63
30 3.78 −3.32
40 4.99 −4.16 12.36 0.0518
50 5.58 −4.59
60 5.14 −4.53
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