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This study aims to Gentian Violet (G.V) removal using activated carbon (AC).
The AC was obtained by chemical activation of mango kernel shells (Adams)
with potassium hydroxide (AC-BK), at 600°C and for 2h. AC-BK has been
characterized by physico-chemical analyses such as: specific surface area, zero
charge point pH, surface functions and morphology. With a specific surface area
of 534 m2.g-1, AC-BK was used to remove Gentian Violet (G.V) in batch mode
and under magnetic stirrer at 150 rpm. Thus, the effect of contact time, initial
concentration, pH and temperature of the reaction medium was studied. The
maximum abatement rate for G.V was 96.5 % at temperature of 25 °C and pH =
6. Among the models discussed, the Freundlich model seems to better reflect the
elimination of G.V. by AC-BK with a coefficient of determination very close to 1
(R2 > 0.99). In addition, this reaction is well fitted by pseudo-second order
kinetics with a regression coefficient of 0.99. The adsorption of G.V by AC-BK is
characterized by a multilayer on the surface of the AC. These results suggest that
AC-BK was effective in removing of G.V with a maximum adsorption capacity of
160. 10 mg.g-1 and could therefore be tested for the remediation of dye-laden
industrial effluents.
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voluntary through industrial discharges, fertilizers or
pesticides. If it is possible to control, even limit the
pollution caused by human activity, it is not easy to
prevent that due to the presence of plant and animal
debris. Indeed, the presence of these debris degrades
considerably the color, the smell and the taste of water
[6]. Gentian violet, a dye widely used in the textile
industry due to its high solubility in water, is
unfortunately toxic, carcinogenic and can lead to renal
failure [7].Thus, various water treatment processes have
been used to remove recalcitrant dyes; these are:
electrocoagulation [8]; membrane filtration [5];
photodegradation [9]; biodegradation [10]; and
adsorption [11, 12, 13]. Among these techniques,
adsorption appears to be one of the most appropriate
methods due to its lower cost, ease and efficiency of
application. It allows the capture of soluble or insoluble
pollutants without creating hazardous by- products [2].
Adsorption allows the removal of several harmful

1. Introduction
In recent years, Côte d'Ivoire, like other developing
countries, has experienced significant development of its
industrial activities. This ever increasing development of
industry has negative impacts on the environment [1].
Indeed, Many industries discharge their wastewater
directly into surface waters,without previous treatment[2].
This wastewater, most often loaded with nonbiodegradable organic compounds such as textile dyes,
considerably degrades the physico-chemical quality of
receiving environments [3,4]. These wastewaters are
also responsible for the disturbance and contamination
of the aquatic environment; leading to the death of
species through chronic or acute toxicity [5]. Today,
water resources are exposed to many forms of pollution.
We distinguish natural pollution caused by plant or
animal debris, and pollution due to human activities.
Pollution caused by human activity can be accidental or
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impurity contained in wastewater to very low
concentrations. The removal efficiency of these
pollutants depends on the adsorption material used [1416]. The most commonly used adsorbent for capturing
dyes is activated carbon, which has a good adsorption
capacity for organic molecules [13, 17, 18]. However,
the cost of activated carbon remains relatively high and
its regeneration is a difficult process; this hinders its
application in developing countries. To overcome this
problem, several studies have been carried out over the
last two decades with a view to obtaining activated
carbon using available and, above all, cheap agricultural
by-products. These are: peanut shells, coconut shells,
palm tree fibers, sawdust, date pits [19,20], banana
stalks [2]. Mango pits are available and abundant
agricultural by-products in Côte d'Ivoire. As the largest
producer of mango in Africa and the third largest
supplier to the European market in the world, Côte
d'Ivoire produces more than 155,000 tones of mango per
year [21]. Despite some studies on oil production and
biomolecule isolation from the kernel [22], mango
kernels are still very little valorized. The present work
aims to prepare activated carbons from mango kernel
shells (Adams), by basic activation to remove the
gentian violet dye in aqueous solution.

2.2. Preparation of activated carbon
After de-stoning, the resulting kernel shells (Figure 1.b)
were ground in a mill into smaller particles and then
impregnated in an aqueous potassium hydroxide
solution with the ratio 3:1 (mass of KOH/mass of mango
kernel shell) for 24 hours. Each sample was then
removed, wrung out before being oven dried in a
desiccator at 105 °C for 24 hours. A weighted quantity
of the sample was placed in a stainless steel crucible,
tightly closed, and then placed in a muffle furnace at a
speed of 10 °C/min without atmospheric air change for
carbonisation at 600 °C for 2h. The activated carbon
obtained was washed several times with distilled water
in order to eliminate the excess of the activating agent
(KOH) before being placed again in the oven for drying
at 105°C for 24 hours. The activated carbon thus
obtained was designated AC-BK.

2. Materials and methods
2.1. Material
Mango kernels (Adams variety) (Figure 1.a) were
collected in 2017 from a mango field near
Yamoussoukro, central Côte d'Ivoire. These pits were
isolated from the fruit and then sun-dried for a fortnight
before being separated from the kernels. Potassium
hydroxide (95% purity) was used to activate the
prepared charcoal. Gentian Violet (Figure 1.c) or crystal
violet (C25H30N3Cl, λ=592 nm) used as a dye was
purchased from Expertise Chimique Co. Ltd (Abidjan,
Ivory Coast).

2.3. AC analysis method
The pH of zero charge point (pHzpc) was determined by
providing 7 identical Erlenmeyer flasks each containing
50 mL of 0.1 M NaCl. The initial pH (pHi) of the
solutions was adjusted from 2 to 12, by adding NaOH
(0.1 M) or HCl (0.1 M) and monitoring with a pH meter
[24,25] . A mass mCA = 0.05 g of AC-BK was added to
each solution, and the mixture placed in a water bath
was stirred for 24 hours at 60 rpm and room
temperature. After settling the solutions, the pH was
measured again (pHf).
The zero charge point pH of the AC is the point of
intersection of the first bisector and the curve of pHf =
f(pHi). The nitrogen (N2) adsorption-desorption
technique was used to obtain the N2 adsorption
isotherms and then to determine the specific surface
area, volume and pore size distribution of the AC. The
experiments were performed at 77 K (boiling point of
N2), using the ASAP 2020 Micromeritics sorptometer.
The specific surface area of AC was calculated by the
Brunauer, Emmett and Teller (BET) method. The total
pore volume (Vtot) was determined by considering the
amount of N2 adsorbed at the relative pressure (P/P°)
around 0.99. The mesoporous volume was the difference
between the total volume and the micropore volume.
The average pore diameter (dp) was obtained according
to the equation in the relationship (Eq.1) [26].

(a)

(b)

(1)
(c)

The surface morphology of AC-BK was determined
using a Zeiss electron microscope, model Supra 40 VP,
magnification 12X to 1,000,000X.
The functional groups were identified using a Fourier
transform infrared (FTIR) spectrometer (Nicolet iS10).
According to the Attenuated Total Reflectance (ATR)
method, the germanium crystal was used as sample
support. The absorbance intensities were recorded at
wavelengths between 400 and 4000 cm-1. Using the

Figure 1. Mango kernels (a), Mango kernel shells (b),
Molecular structure of G.V (c) [23]
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Barett-Joyner-Halenda (BJH) method, the pore size
distribution of the AC was determined [4,27].
2.4. G.V. adsorption tests
The effect of contact time on the removal of G.V. was
studied for a sample of concentration 50 mg/L and
initial pH 7.2. A mass of 0.1g of AC-BK was brought
into contact with 100 mL of dye solution in an
Erlenmeyer flask. The sample is placed in a water bath
at 25°C (room temperature) for stirring for 4h. Every 10
min, 1mL of the mixture is taken and then, after
dilution, the sample is filtered using a centrifuge at a
speed of 3500 rpm before being analyzed with a UVVisible spectrophotometer at wavelength λmax= 592 nm
to determine the residual concentration. After
determining the equilibrium time from the previous
experiment, the adsorption isotherms were performed in
the presence of 0.1 g of AC-BK, for 150 min at different
initial concentrations of G.V (50 - 500 mg L-1).
The adsorption capacity qt (mg/g) of G.V. at time t and
the rate of removal T.A(%) of G.V. on AC-BK were
determined by equations (1) and (2).

filtrate is determined by UV-visible spectrophotometer
at the maximum wavelength λmax= 592 nm.
In Erlenmeyer flasks containing 100 mL of G.V of
concentration 50 mg. L-1, masses of AC-BK varying
from 0.05 g to 0.4 g were introduced, to study the effect
of AC-BK dose on the reaction. The different flasks
were placed under stirring in a water bath at a speed of
150 rpm, at room temperature, until equilibrium was
reached. After centrifugation of the mixture, the
supernatant was analyzed with a spectrophotometer at a
maximum wavelength of 592 nm to determine the
residual concentration.
The effect of temperature on the removal of G.V. was
investigated in order to determine the nature and
thermodynamic character of this reaction. To a volume
of 100 mL of G.V. solution with an initial concentration
of 50 mg. L-1, brought to temperatures of 25 °C, 35 °C,
45 °C and 55 °C respectively, a mass of 0.1 g of AC-BK
was added. The mixture was stirred at 150 rpm until
equilibrium was reached, before being filtered using a
centrifuge and then analyzed with a UV-visible
spectrophotometer at a maximum wavelength of 592 nm
to determine the residual concentration.
To understand the mechanism of G.V. removal by ACBK, the Langmuir (5), Freundlich (6) and Temkin (7)
isotherm models were studied.

(2)
(3)
Where C0, Ce and Ct are respectively the initial
concentration, the equilibrium concentration and the
concentration at a given time t of G.V in mg. L-1 ; V(L)
the volume of the solution, then m (g) the mass of the
adsorbent. In order to better understand the mechanism
by which the dye is adsorbed on the surface of AC-BK,
the pseudo-first order kinetics (3) and pseudo-second
order kinetics (4)
[3,28] were studied for the
experimental data.
)

(6)
(7)
(8)

( 4)

Where qm (mg. g-1) denotes the maximum adsorption
capacity, KL (L.mg-1) is the Langmuir constant, KF(mg.g1
(L.mg-1)1/n) and 1/n are the Freundlich constants
related to the adsorption capacity and adsorption
intensity respectively. The Langmuir dimensionless
parameter RL(Eq.8) indicates whether the reaction
process is irreversible (RL tends towards 0), favorable (0
< RL <1), linear (RL = 1) or unfavorable (RL > 1). B (J1
.mol-1) is related to the heat of adsorption, AT(L.mg-1) is
the Temkin constant. The Langmuir model assumes a
monolayer adsorption on the surface of the AC, while
the Freundlich model describes a multilayer adsorption.
As for the Temkin model, it assumes an interaction
between the adsorbate molecules and the adsorbent
material. The Chi-square test (χ2) was performed to see
the best fit among the models used. Indeed, this
parameter (χ2) allows to evaluate the quality of a fit
made between the experimental measurements and those
obtained by calculation. It describes the variation
between the calculated and experimental data according
to the relation (8). For any model, the smaller χ2 is, the
better the fit of the said model data to the experimental
data [29].

.

(5)

Where: qe and qt (mg. g-1) denote the adsorption
capacities of AC at equilibrium and time t, respectively;
k1(min-1) and k2 (g.mg-1. (min)-1) are the pseudo-firstorder and pseudo-second-order adsorption rate
constants, respectively. k1, k2 and qe was determined
from the graphical representations of ln(qe - qt) and t/qt
versus t. The effect of initial pH (2-10) of G.V.
adsorption on AC-BK was studied at room temperature
(25 °C) using a G.V. solution of initial concentration 50
mg/L. The pH values were adjusted by adding a few
drops of NaOH (0.1M) or HCl (0.1M) solution before
the different experiments and using a pH meter
(HANNA HI 8424) [23]. The experiments were
performed by adding 0.1g of AC-BK to 100mL of G.V
dye solution and the sample is shaken in a water bath, at
the speed of 150 trs/min, for 2h before being filtered
using a centrifuge. The residual concentration of the
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mesoporous. In addition, the pore size distribution
(Figure 3) shows a peak in the 3.5-5 nm range. This
suggests that the total pore volume is predominantly
made up of mésopores.

(9)
The study of the effect of temperature allows access to
the thermodynamic parameters that are ∆G°, ∆H° and
∆S°. These parameters were calculated using the Van't
Hoff equation (9) [3].
(10)
(11)
(12)
Where Kd is the equilibrium constant; qe is the quantity
of G.V. at equilibrium in mg. g-1; Ce is the equilibrium
concentration of G.V in mg. L-1 and R is the perfect gas
constant (8.314 J.mol-1.K-1).
3.Results and discussion
3.1. Physico-chemical parameters of AC
When the impregnation ratio (I.R.) increases from 1:1 to
3:1, the physico-chemical parameters of the AC increase
considerably; in particular, the specific surface area, the
BM and Iodine indices and the pore size.
The increase in R.I leads to an expansion of micropores,
which increases the adsorption capacity of AC and
consequently an increase in its iodine value [30].
Generally, the specific surface area of an adsorbent is
proportional to its iodine value; the higher the iodine
value of the adsorbent, the higher its specific surface
area [4]. Similar results were obtained by [31] who
studied the effect of H3PO4 concentration on iodine
value in the development of AC from lignocellulosic
biomass for water treatment applications.

Figure 3. Adsorption and desorption curve of AC-BK

Table 1. Physico-chemical parameters of AC
SBET
AC
(m2/g)
ACBK1/1
ACBK3/1

(mg/g)

(mg/g)

( )

(

)

193

6.30

58.14

444.50

15.34

0.07

Figure 2. Pore distribution of AC-BK obtained using DA
method

534

6.70

115.75

622.30

17.81

0.24

3.3. Fourier Transform I.R. Spectroscopy (FTIR)
Fourier Transform I R spectroscopy was used to
determine the surface functions of the AC used.
Fourier transform infrared spectroscopy of AC-BK
(Figure 3) revealed the following spectra: A broad band
at 1572 cm-1 which could be attributed to C=C
saturations of the benzene groups, confirming the
presence of aromatic ring in AC-BK. A strong broad
band at 1089 cm-1 which could correspond to the inplane strain elongation of the C-O bond of ethers or
phenols. Bands between 680 cm-1 and 751 cm-1 could
correspond to the absorption of out-of-plane strain
vibrations of C-H bonds of aromatic rings [2]. These

3.2. Porous structure of AC
The adsorption-desorption isotherm of AC-BK (Figure
2) shows a type IV isotherm according to the IUPAC
classification, with a type H3 hysteresis loop. This type
of isotherm characterizes the simultaneous presence of
micropores (diameter less than 20 Å) and mesopores
(pore diameter between 20 and 500 Å), suggesting that
the AC-BK used would be both microporous and

224

Chem Rev Lett 4 (2021) 221-231

results suggest that AC-BK has an aromatic character.
Also, the elongation vibrations 1089, 1250, 3010, 3690
and 2355 cm-1 reveal the presence of phenolic
compounds if we refer to the classification of [32]. As
for the elongation vibrations 1580, 1750, 1720 cm-1
they could indicate the presence of carboxylic acid in
agreement with [32].

Figure 5. SEM micrograph of the AC-BK (Magnification:
10μm)

Figure 4. I.R. spectrum of AC-BK3/1

3.4. Scanning electron microscopy (SEM)
Figure 5 shows the SEM image of the AC-BK. From a
global point of view, the material allows us to observe a
rather varied surface morphology. This figure shows a
highly developed porosity over the entire surface of the
sample with some heterogeneity. The sample shows a
significant amount of micropores and mesopores. The
morphology of the AC-BK shows the impact of the
potassium hydroxide, which has roughened the surface
of the AC. This roughened surface therefore favors the
capture of pollutants in aqueous solution. We can
therefore suggest that the activating agent used (KOH)
has an influence on the activation, and therefore on the
creation of the pores and cavities observed on the AC
surface [33]
3.5. Effect of contact time
The analysis of figure 6 shows that the quantity of G.V.
adsorbed increases with time until it reaches a plateau
reflecting the chemical equilibrium of adsorption. This
state of chemical equilibrium corresponds to the
occupation of almost all the adsorption sites by the G.V
molecules and is reached after 30 min. The maximum
quantity of dye adsorbed at equilibrium is 44 mg/g, i.e.
an abatement rate of 88 %. After chemical equilibrium,
the active sites of the AC-BK are saturated and the
adsorption of the dye becomes insignificant, resulting in
a constant adsorption capacity over time. Similar results
were obtained by [2] in the adsorption of G.V. on
deactivated lichens.

Figure 6. Effect of contact time on G.V removal
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3.6. Effect of the initial concentration of G.V
The analysis of figure 7 shows that the adsorption
capacity of AC-BK towards the G.V dye increases with
the initial concentration of the dye. This could be
explained by the fact that the increase in the initial
concentration leads to an increase in the diffusion of the
dye molecules in solution across the surface of the
adsorbent [1]. Furthermore, the adsorption capacity does
not show a plateau in the considered concentration
range; this suggests that there is no monolayer formation
on the adsorbent surface. The constant increase in
adsorption capacity with the initial concentration shows
that the AC-BK is not yet saturated and could therefore
adsorb higher concentrations; this indicates that the AC

Chem Rev Lett 4 (2021) 221-231

used in this work has a fairly high potential for G.V dye
removal [34].

well as those of [11] in the adsorption of Neutral Red
basic dye (RBNR) on sawdust.

Figure 8. Kinetic model of G.V. adsorption by AC-BK
Table 2. Parameters of G.V. adsorption kinetics on AC-BK

Figure 7. Effect of the initial concentration of G.V on AC-BK

Kinetic
s
models

3.8. Mechanism of G.V. adsorption by AC-BK
3.8.1. Adsorption kinetics
Figure 8 shows the pseudo-first and pseudo-second
order kinetics curves. These curves show the application
of the pseudo-second order kinetic model to the results
obtained in the adsorption of G.V The values of the
quantities of dye adsorbed at equilibrium (qe), those of
the equilibrium constants (k1 and k2) and then the
regression coefficients (R2) are grouped together in
Table 2. The analysis of these results shows that the R2
coefficient of determination for the pseudo-first order
model (56.8 %) is lower than that for the pseudo-second
order (99.9 %). In addition, the theoretical value of the
adsorption capacity (qe) calculated from the pseudosecond order model (44.44 mg. g-1) shows better
agreement with that obtained experimentally (44 mg.g1
). For the χ2 parameter, we note that the value obtained
is lower for the pseudo-second order model (0.009) than
that of the pseudo-first order (636.93) [35]. These
different results lead to the conclusion that the
adsorption of the G.V dye on AC-BK is best reflected by
pseudo-second order kinetics, which is generally the one
in dye adsorption.
Similar results were obtained by [36] and then by [37] in
the adsorption of methylene blue on powdered walnut
shells and orange II on surfactant coated zeolite
respectively. These results are also in agreement with
those of [38] in the removal of G.V dye on zeolite A as

Paramete
rs
(exp)

mg/g

= 50
(mg/L
)
44

(cal)

min-1
mg/g
(%)

0.018
7.40
56.8

K1
Pseudo
-firstorder

2

R

χ2

636.93

K2
Pseudosecondorder

Unites

(cal)
2

R
χ2

g/mg/mi
n
mg/g
(%)

0.014
44.44
99.99
0.009

3.8.2 Adsorption isotherms
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The experimental data were fitted with non-linear
regressions of the Langmuir, Freundlich and Temkin
models (Figure 9). The constants related to these
isotherms were also evaluated (Table 3). According to
these values, the coefficient of determination of the
Freundlich model (0.99) is higher than those of the
Langmuir (0.96) and Temkin (0.98) models and tends to
1. In addition, the χ2 value of the Freundlich model
(0.01) is lower than those of the Temkin (0.08) and
Langmuir (0.82) models. Moreover, the value of the
Freundlich constant 1/n obtained (0.26) is between 0 and

Chem Rev Lett 4 (2021) 221-231

Freundlich constant 1/n obtained (0.26) is between 0 and
1. This adsorption is therefore favorable [39]. These
different results suggest that the adsorption of G.V. on
AC-BK is better translated by the Freundlich model. The
process of elimination of G.V. from the AC-BK would
therefore be of a multimolecular type

Figure 9. Non-linear models of G.V. adsorption isotherms on
AC-BK

3.9. Effect of pH
The pH value of the adsorption helps to understand the
process of this reaction.
The hydrogen potential is a parameter that influences
the adsorption capacity [40] and determines the removal
mechanism of the adsorbate [41]. Generally, the effect
of pH is described through the pHPZ0 which represents
the pH value for which the net charge of the adsorbent
surface is zero. The pHPZ0 of the AC-BK is 6.70; this
means that when the pH of the reaction medium is
below 6.70, the surface of the AC is positively charged;
whereas for pH values above 6.70, this surface becomes
negative [42]. Figure 10 presents the results of the effect
of pH on the rate of G.V removal. This figure shows that
the maximum adsorption capacity (96.5 %) of G.V dye
is reached at pH = 6. When the reaction medium is
strongly acidic (pH < pHPZ0), the surface of AC-BK
being positive, it disadvantages the removal of the
cationic dye G.V When the pH tends to the pHPZ0, the
number of negative sites increases at the expense of the
number of positive sites. This makes the G.V adsorption
favorable up to the maximum of 96.5 %, reached at pH
= 6. Under very basic conditions (pH > pHPZ0 ), dye
adsorption decreases significantly. This could be
explained by the effect of electrostatic repulsion
between the negative charges of the AC and
deprotonation (loss of H+ ions) of the G.V molecules
[43].

Table 3. Adsorption parameters of G.V. on AC-BK according
to the non-linear models

Models

Parameters
-1

KL (L.mg )
(mg.g-1)
Langmuir

Valeurs
0.13
160.10
0.82

(%)

95.70
28

(
Freundlich

3.8
0.01
(%)

99.99

(L.mg-1)

1.52

B (J.mol-1)

19.04

Temkin

0.08
(%)

98.06

The experimental data were fitted with non-linear
regressions of the Langmuir, Freundlich and Temkin
models (Figure 9). The constants related to these
isotherms were also evaluated (Table 3). According to
these values, the coefficient of determination of the
Freundlich model (0.99) is higher than those of the
Langmuir (0.96) and Temkin (0.98) models and tends to
1. In addition, the χ2 value of the Freundlich model
(0.01) is lower than those of the Temkin (0.08) and
Langmuir (0.82) models. Moreover, the value of the
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Figure 10. Effect of pH on the rate of G.V abatement on AC BK: C0 =50 mg/L; V0 = 100 mL; t =150 min;
mAC = 0.1 g and T=25 °C
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3.10. Effect of the temperature

determined, and then using Equation 11, the values of
∆G° could be calculated. The results are given in Table 4

3.10.1 Influence of the temperature on the adsorption of
G.V

Table 4. Thermodynamic parameters of G.V. adsorption on
AC-BK

In the figure above (Figure 11), we can see that the rate
of abatement of the G.V dye on AC-BK increases with
temperature. Indeed, the abatement rate increases from
88 to 98 % when the temperature varies from 25 °C to
55 °C. The removal of G.V on AC-BK is therefore more
favorable at high temperatures. This could be explained
by an increase in sorption forces between the ionic
species of the dye and the active sites on the surface of
the adsorbent.

AC

AC-

BK

T
(°K)
298
308
318
328

(kJ.mol-1)

(J.K.mol-1)

1

(kJ.

R2

mol-1)

0.99

The removal process of G.V on AC-BK shows negative
values of ∆G°; thus indicating the spontaneity of the
reaction in the considered temperature range. These
values decrease with increasing temperature; showing
that the adsorption of G.V on AC-BK is favorable at
high temperatures. As for the values of standard
enthalpy (∆H°) and standard entropy (∆S°), they are
both positive; these values show that the removal of G.V
on AC-BK is an endothermic reaction and that there is a
high affinity between the adsorbate and the adsorbent.
This justifies a growth in the degree of freedom at the
adsorbate-adsorbent interface during the adsorption
process [ 3].
Figure 11. Effect of temperature on the rate of G.V abatement
by AC-BK: pH = 7.2; C0=50 mg. L-1; V0 = 100 mL; mAC = 0.1
g and t = 150 min

3.10.2 Thermodynamic parameters of the adsorption of
G.V on AC-BK

3.11. Effect of AC-BK dose on G.V. adsorption
In order to determine the minimum mass of AC that can
be used economically in industrial wastewater
purification processes, the influence of adsorbent mass
on G.V dye removal was studied. This study resulted in
Figure 13.

Figure 13. Effect of adsorbent dosage on V.G removal: pH =
7.2; C0=50 mg/L; V0 = 100 mL; t = 150 min and T= 25 °C

From the analysis of the above figure, it can be
suggested that the dye removal rate is directly
proportional to the adsorbent dosage; i.e., the percentage
of dye removal increases with the adsorbent dosage.
This could be explained by the fact that increasing the

Figure 12. Thermodynamic curves of G.V. adsorption on ACBK

Plotting lnKd as a function of 1/T from Equation 9
allowed the thermodynamic quantities ∆H° and ∆S° to be
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