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Abstract: Stannic oxide SnO2 nanoparticles were tailored using sol-gel approach, in 

which stannic chloride pentahydrate SnCl4.5H2O utilized as an inexpensive starting 

material. The obtained gel is dried then calcined at 450
o
C to form tetragonal SnO2 

structure (6.0 - 8.2 nm). The obtained powders are doped with different loading 10-55 

wt. % of HF as a source of fluoride ion, followed by calcination at 200, 300 and 400
o
C. 

The surface acidity is examined for the fabricated samples with nonaqueous 

potentiometric titration versus n-butyl amine in acetonitrile. Surface acidity 

measurement results indicate that 45F-Sn contains the strongest acid sites. The 

calcination temperature 200
o
C is the ideal appropriate temperature for calcination at 

that the overall surfaces acidity and the acid strength reach to their maximum values. 

The catalytic efficiency was examined via solvent-free synthesis of 14-aryl-14H 

dibenzo [a,j] xanthene. 45F-Sn calcined at 200
o
C shows the highest catalytic activity 

and gives an excellent yield about 95.63%.  

keywords: Tin oxide, Hydrofluoric acid, Nanoparticles, Surface acidity, Xanthenes. 

1 Introductio 

It is extensively recognized that there is an 

upward tendency for using friendly 

environmental approaches in chemical 

industries. This tendency headed for what has 

become defined as 'Green Chemistry'. 

Heterogeneous nanocatalysts considered an 

ideal choice for supporting the aspect of green 

chemistry represented in preparation of acidic 

sold catalysts for reasons such as pure products, 

no corrosion happening, no emulsion 

formation, and easier catalyst separation
[1]

. The 

most significant part of catalysis applied in all 

fields of chemical industries is using solid acid 

catalysts. Broad categories of liquid phase 

industrial synthesis require using of inorganic 

or mineral acids. The main certain types of the 

reactions which are imperative in this situation 

are Friedel-Crafts acylations, alkylations and 

sulfonylations, aromatic isomerisations, 

nitrations, halogenations and oligomerisations. 

These reactions are commonly promoted by 

Lewis acids, for instance AlCl3 and BF3; and by 

mineral acids such as HF, HCl and H2SO4. 

However, using like these liquid catalysts have 

complications associated with separation from 

product mixture, considered wastage, cost of 

process fitting and maintenance where these 

chemicals are risky in transferring, it is 

corrosive materials and could be destructive the 

plant, hence the need to find alternative 

catalyzed synthetic routes to eliminate such 

troubles. This could be reached with utilizing 

heterogeneous solid acid catalysts that are 

renewable materials, more stable and active at 

adequate temperatures 
[2]

. Solid acid catalysts 

possess the further advantages that the type of 

the active sites is recognized and may be 

defined by the existence of surface protons 

creating Brønsted acidity or coordinately 

unsaturated cations cores, i.e. Lewis acid sites 
[3]

. It is commonly identified that the 

applications of solid catalysts in industries are 

established on the base of their surface acidity, 

therefore, most of their catalytic properties 

associated with their acidity 
[4]

. Metal oxides 

symbolize the imperative category of materials 

which has intense applications in the area of 

catalysis as heterogeneous solid catalysts owing 
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to their excellent acid-base and redox 

characteristic 
[5]

. These materials used as 

actively phases or as support substances. One 

of between several metal oxides, tin oxide 

(SnO2) gets the attention of the scientific 

society because of its twofold valence and its 

capability to acquire several oxidation states 
[6]

. 

SnO2 is explored in numerous significant 

organic reactions as an effective heterogeneous 

catalyst, where it has the appreciable acidic, 

basic, oxidizing and reducing surface 

characteristics. Furthermore tin oxide has an 

exceptional properties and applications where it 

has many positive properties, for example, high 

electrical conductivity, low electrical resistance 

and large optical transparency in the visible 

region of the electromagnetic range 
[7]

. Owing 

to these properties, SnO2 has a broad range of 

very interesting applications such as solar cells 
[8]

, gas sensor 
[9]

, electrode for lithium batteries 
[10]

 and etc  

Many studies have been reported on 

modified SnO2 catalysts with another materials 

such as impregnated tin oxides with calcium for 

Babasssu oil transesterification 
[11]

, antimony 

doped tin oxide 
[12]

, modified tin dioxide with 

iodine doped titanium dioxide for the 

photocatalytic degradation of ortho-

chlorophenol under visible light irradiation 
[13]

, 

WO3/SnO2 catalysts for production of biodiesel 
[14]

, sulfated tin oxide for the preparation of 

coumarin 
[15]

, H3PW12O40 supported on tin 

oxide for the preparation of coumarin 
[16]

, 

phosphomolybdic acid /SnO2 as an efficient 

catalyst 
[2]

,…..etc. The suitable selection of the 

additives materials is very important in 

adjusting the surface characteristics of a 

catalyst. 

The doping of SnO2 can occur with donor 

elements as indium, antimony which substitute 

Sn (IV) sites 
[17, 18]

 or fluorine (F) that replaces 

the oxygen sites 
[19]

. 

 The doping of SnO2 with fluorine results in 

reaching the highest electronic conductivity and 

IR reflectivity due to the identical ionic radii of 

F
-
 and O

2-
 in SnO2 and acts as a donor in 

SnOx:F 
[20]

. Fluorine-doped SnO2 catalysts are 

used in solar cells 
[21]

, gas sensors 
[22, 23]

, touch 

panels
 [24]

, substrates for electro-deposition 
[25]

 

and light emitting diodes 
[26]

. Different 

techniques such as chemical vapour deposition 

[27]
, spray pyrolysis 

[28]
, RF-sputtering 

[29]
, 

pulsed laser deposition 
[22]

, sol–gel processes 

and 
[30]

 inkjet printing 
[31]

 have been employed 

to produce fluorine-doped tin oxide films. 

Recently, the interest in the synthesis of 

aryl-14H-dibenzo[a,j]xanthene’s is attracted 

more attention due to its pharmacological, 

therapeutic and spectroscopic properties.  It has 

been reported as antiviral, bactericide and anti-

inflammatory agents 
[32, 33, 34]

. Furthermore, it's 

applied in industries as dyes, fluorescent 

materials for visualization of biomolecules, in 

laser technologies 
[35, 36, 37]

, photodynamic 

therapy 
[38]

 and antagonism of the paralyzing 

action of zoxazolamine 
[39]

. Aryl-14H-

dibenzo[a,j]xanthene’s are synthesized from the 

condensation reaction of benzaldehyde with  β-

naphthol, this reaction is catalyzed by many 

Brønsted acid catalysts such as H3PO4 or 

HClO4 at 0◦C in acetic acid 
[40]

, H2SO4 
[36]

, 

heteropolyacid 
[41]

, sulfamic acid 
[42]

, silica 

sulfuric acid 
[43]

, p- toluenesulfonic acid
 [44]

, 

methanesulfonic acid 
[45]

, AcOH/H2SO4 
[36]

, 

cyanuric chloride 
[46]

, CoPy2Cl2 
[47]

, LiBr 
[48]

, 

ruthenium chloride hydrate 
[49]

, Yb(OTf)3 
[50]

, 

Al(HSO4)3 
[51]

, Sc[N(SO2C8F17)2]3 
[52]

, NaHSO4 
[53]

, silica chloride 
[54]

,  P2O5 /Al2O3 
[55]

, 

bismuth(III)chloride 
[56]

, silica supported 

perchloric acid 
[57]

 and ZrO(OTf)2
 [58]

. 

In this work, tin oxide has been prepared 

using the sol-gel method as effective and low-

cost pathway. The impact of fluorine as a 

dopant for enhancing the surface acidity of tin 

oxide is also considered. The catalytic activity 

of the fabricated catalysts is studied using a 

condensation reaction of benzaldehyde and β-

naphthol for producing 14-aryl-14H dibenzo 

[a,j] xanthene. 

2. Experimental 

2.1. Preparation of SnO2 and fluoride doped 

SnO2 

The tin oxide was prepared by sol-gel 

method. 10 g of SnCl4.5H2O (Sigma Aldrich) 

was dissolved in 50 ml ethanol (Alfa Aesar, 

98% purity) with stirring for 15 min, followed 

by adding of NH4OH (25 wt.% solution) 

dropwise until the formation of the white gel of 

Sn(OH)4 (pH≈8.5). After vigorous stirring for 2 

h, the white gel was filtered and washed several 

times with CH3COONH4 (2 wt.% solution) till 

eliminating all chloride ions (the absent of Cl
-
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ions was checked by 0.1N AgNO3 solution). 

The obtained tin hydroxide gel was dried at 120
 

°
C overnight then calcined at 450

 °
C for 3 h 

with a rate of 5.0
 °
C/min. 

A series of catalysts with fluoride content 

10, 25, 35, 45, and 55 wt.% was fabricated as 

follow : 3.0 g of SnO2 was sonicated with 30 ml 

dist. H2O and agitated for 30 min in a plastic 

beaker, then the suitable volume of 2M HF 

solution was mixed with the tin oxide 

suspension dropwise with stirring for 3 h. The 

product was aged at room temperature for 48 h, 

the resulting product was filtered and dried at 

120 
°
C for 2 h, then calcined at 200

 o
C for 2 h 

with a rate 5.0
 °

C/min and 45 wt.% F-SnO2 

sample was calcined at 300 and 400
 °
C.  

In designating the various samples F and Sn 

stand for fluoride and tin oxide, respectively. 

The numbers 10, 25, 35, 45, and 55 before F 

indicate the fluoride content. The roman 

numerals I, II and III after Sn indicate the 

calcination temperature of 200, 300 and 400
 o

C 

respectively. Thus, for example, 25F-Sn-II will 

indicate 25 wt.% fluoride loaded on SnO2 and 

the sample calcined at 300
 o
C. 

2.2. Catalyst characterization 

The XRD patterns were examined using X-

ray powder diffractometer (PW150 Philips) 

through the radiation of nickel-filtered Cu-Kα 

(λ= 1.540 Å) at 2θ of 20
 
to 70

 o
,
 
40 kV and 30 

mA. The calculation of the crystallite size (nm) 

was achieved by applying the Debye- Scherrer 

equation 
[59]

. 

D=




cos

k
 

37.9 and 51.7
o
, which are assigned to (110), 

(101), (200), (211), and (310) crystallographic 

faces of SnO2 (reference JCPDS cards no 41-

1445).  It can be seen that the SnO2 obtained 

has a crystalline tetragonal cassiterite structure 
[27]

. No diffraction lines belonged to tin fluoride 

structures were noticed in the sample patterns. 

This is may be due to the small size of fluoride 

particles or a good dispersion of the fluoride 

element on the surface as well as inside the 

pores of SnO2 
[20, 62-64]

. In the current study, the 

intensity of the (200) plane improves with 

increasing the fluorine level up to 45 wt.% (45 

F-Sn-I) and then depreciated with fluorine 

content up to 55 wt.% (55 F-Sn-I). It was 

observed also that the peaks intensity decreases 

with increasing the fluoride content while the 

full-width half-maximum (FWHM) increases 

which indicate that both the growth and the 

orientation depend on the crystal lattice strain 

and so the crystallinity decreases. Due to the 

solubility limit of fluoride ions in SnO2 lattice, 

the excess of fluoride ions occupies the 

interstitial sites in tin oxide lattice 
[63]

 which 

may be lead to the point defects and the 

alteration in stoichiometric as a result of the 

charge difference. This is, in turn, increases the 

disorder of the lattice and decreases the contact 

of particles due to high fluoride electro-

negativity 
[64]

, and thus, decreases the 

crystalline size of SnO2. Kumar et al. 
[65]

 

attributed the decreasing in crystallite size to 

the incorporation of fluoride ions in oxygen 

sites in SnO2 lattice whereas the very high 

electro-negativity of fluoride causes a reduction 

in the nuclei size and grain size. Fig. 2 

illustrates the influence of different calcination 

temperatures on the crystallinity of 45 F-Sn 

sample. The patterns display a reduction in the 

intensities with rising the calcination 

temperatures, therefore the samples calcined at 

300 and 400 
o
C showing high crystallite size 

than the samples calcined at 200
 o

C. This may 

be due to the evaporation of some F
−
 ions from 

the surface of the catalyst by increasing the 

calcination temperatures SnO2 
[15]

. 
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Fig. 1: XRD patterns of F-Sn samples. 
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The average crystallite size that determined 

for the most intense diffraction line (110) using 

Scherrer’s equation 
[66]

 are recorded in Table.1. 

The results displayed that increasing the 

loading of fluoride up to 45 wt. % causes a 

decrease in the SnO2 crystallinity while a 

further increase of fluoride to 55 wt.% causes 

the crystallite size to be increased which may 

be ascribed to the aggregation of fluoride 

clusters on tin oxide surface. Meanwhile, there 

is a gradual increase in the crystallite size of 45 

F-Sn with increasing the calcination 

temperatures from 200
 
to 400

 o
C as a result of 

the evaporation of some F
-
 ions by increasing 

the thermal energy, in all cases the average 

crystallite size of treated SnO2 is still less than 

the pure one. The nominal fluorine 

concentration in the starting solution and the 

final concentration obtained from XPS results 

are listed in Table 2. It is noticed that the F 

content in the solid catalysts is less than that 

was taken in the starting solution. For 

attainment the optimum surface acidity hence 

activity of the catalysts, the starting with high 

concentration of F ions in preparation is 

required
 [67, 68]

. This is may be due to when the 

fluorine sources from the HF were poured into 

the suspended solution with tin oxide; gases 

were escaped or disappeared into the 

surroundings during the doping process 
[64, 67]

. 

3.2. Surface Acidity Measurements 

The strength of surface acidity and the 

overall acidic sites number are calculated by 

measuring the electrode potential (mV) against 

the regular increase in the concentration of the 

n-butylamine 
[69]

. The initially electrode 

potential (Ei) values indicate the strength of the 

surface acid sites 
[16, 70]

. Fig. 3 shows the 

titration curves for pure tin oxide and F- doped 

tin oxide calcined at 200 
o
C, the acid sites total 

number and the (Ei) values of the prepared 

samples are collected in Table 1. It can be 

observed that the surface acidity and the 

number of acidic sites are increased by the 

addition of F
-
 to tin oxide. The initial electrode 

potential (Ei) of pure tin oxide (calcined at 450 
o
C) is equal to 94.3 mV, this value is increased 

gradually by increasing F
-
 loading to reach its 

maximum value for the sample 45 F-Sn-I at 

which (Ei=450.0 mV). 45 F-Sn-I catalyst has 

the largest overall number of acid sites and 

highest acidic strength. These results can be 

taken as an indication on the role of F
-
 for the 

enhancement of the surface acidity and may be 

due to good dispersion of the fluoride ions on 

the surface and inside the pores of SnO2 and/or 

the replacement of oxygen of tin oxide by F
-
 to 

form SnO2-xFx structure. These processes 

strengthen the Brønsted acidity that in role 

resulted in increasing the acidity and the acid 

strength 
[71]

. The surface acidity is decreased by 

the increase in the F
-
 content above 45wt.% 

which may be as a result of the formation of 

more than one layer from the fluoride ions on 

the surface of the tin oxide. Fig. 4 evinces the 

influence of the calcination temperature on the 

surface acidity behavior of the 45 F-Sn catalyst. 

The initial electrode potential (Ei) and the 

overall number of acid sites were found to 

decrease, Table 1, with rising the calcination 

temperature up to 300 and 400 
o
C. The drop in 

surface acidity with the rise of calcination 

temperature may be owing to the liberation of 

F
-
 from SnO2 surface 

[65]
. This confirms that the 

distribution of F
-
 on the surface and in the 

structure of SnO2 was responsible for 

enhancement the acidity, and calcination 

temperature 200 
o
C is the optimum calcination 

temperature for the catalyst uses. Parida et al. 
[72]

 found that the addition of F- ions to SO4
2-

/TiO2-SiO2 increases the acid strength because 

of the inductive effect of S=O and gem-fluoride 

ions. 
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Fig. 3: Potentiometric titration of n-butylamine 

in acetonitrile for F-Sn samples. 
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Fig. 4: Potentiometric titration of n-butylamine 

in acetonitrile for 45 F-Sn samples at different 

calcination temperatures. 

The type of acidic sites on the catalysts 

surface is measured by the adsorption of 

pyridine. The pyridine adsorbed over the 

Brønsted acid sites as pyridinium cation and as 

a coordinated molecule on the Lewis acid site. 

The IR spectrums of adsorbed pyridine on the 

fluoride doped SnO2 catalysts calcined at 200 
o
C for 10 F-Sn, 25 F-Sn, 35 F-Sn, 55 F-Sn and 

for 45 F-Sn sample calcined at 200, 300 and 

400 
o
C are illustrated in Fig. 5 and Fig. 6, 

respectively. The spectra show two bands at 

around 1630 cm
-1

 and 1440 cm
-1

 that assigned 

for the Brønsted and Lewis acid sites, 

respectively 
[73]

. The ratio of Brønsted (B) and 

Lewis (L) acid sites was calculated from the 

integrated area of the bands at 1630 cm
-1

 and 

1440 cm
-1

 
[74]

, and the results are recorded in 

Table 1. As shown in Fig.5, the band intensity 

assigned to Brønsted acidic sites is greater than 

that assigned to Lewis acidic sites. The relative 

intensities and the integrated areas of the bands 

which belong to Brønsted sites are increased 

regularly with an increase in F
-
content till 

45wt.%, while that which belong to Lewis sites 

are remaining semi-constant. These results 

indicated that the incorporation of F
-
 to the 

precalcined SnO2 samples lead to strength the 

free acidic protons on the tin oxide surface and 

consequently, the Brønsted acid sites increases 

as a response for surface acidity increasing 
[71]

. 

Both Brønsted and Lewis acid sites are present 

in the fluoride doped SnO2 catalysts and are 

varied with the F
-
 content and the catalyst 45 F-

Sn-I has the highest Brønsted acid sites and B/L 

ratio. Fig. 6 illustrates the influence of the 

variation in the calcination temperatures on the 

quantity of pyridine adsorbed on the 45 F-Sn 

sample. As seen, decreasing the intensity of the 

band assigned to Brønsted acid sites with rising 

the calcination temperature as a result of the 

removal of some F
-
 from the SnO2 structure 

which in turn weaken some hydrogen proton on 

SnO2 surface and consequently Brønsted acid 

sites and B/L ratio 
[15]

. 
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3.3. Catalytic activity 

The condensation reaction of benzaldehyde 

and 2-naphthol was carried out using the 

investigated catalysts at 120◦C under free 

solvent condition to get 14-Aryl-14-H-dibenzo 

[a,j]xanthene. The reaction carried out in 

absence of catalysts and no yield has been 

detected. 

The reaction was carried out over 0.1 g of 

pure and modified tin oxide with fluoride at 

120°C for two hours to detect the effect of 

fluoride loading on the activity of the catalysts. 

The modified tin oxide with fluoride show 

increasing in it is activity whereas the pure tin 

oxide exhibits a low yield percentage for 

desired product (36.2%) While that the 

modified one show a progressive increasing in 

the catalytic activity with fluoride loading 

increases to give a maximum activity (95.63%)  



  

Mans J ChemVol. (47).2020 27 

at 45%wt. F
-
 then decrease to 84.1% with 

further fluoride content (Fig.7 and Table 1. It is 

known that the catalytic activity of the catalyst 

largely affected with its surface acidity. Fig. 8 

and Fig. 9 demonstrate the influence of fluoride 

content on the acid property of the catalysts 

where the initial electrode potential and number 

of acid sites increase regularly with increasing 

the fluoride content till reach to maximum at 

45%wt. F
-
 then decrease with increasing the 

fluoride content which conducted with the yield 

percentage for formation of the desired product. 
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Fig. 7: Effect of fluoride content, wt.%, on 14-

aryl-14-H-dibenzo [a,j]xanthene synthesis. 
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Fig. 8: Effect of F
-
 content, wt.% on acid 

strength and % 14-aryl-14-H-dibenzo [a,j] 

xanthenes. 
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Fig. 9: Effect of F
-
 content, wt.% on total 

number of acid sites and % 14-Aryl-14-H-

dibenzo [a,j] xanthenes. 

The reaction was proceed with 0.1 g of 45F-

Sn-I as a catalysts with different benzaldehyde: 

β-naphthol molar ratio to determine the 

influence of molar ratio on the formation of 14-

aryl-14-H-dibenzo [a,j]xanthene. As illustrated 

in Fig. 10, the yield percentage of the desired 

product growing from 69.2% to 95.63% with 

the rising molar ratio of benzaldehyde: 2-

naphthol from 1:1 to 1:1:2 respectively, a 

significant decline in the yield percentage of 

14-aryl-14-H-dibenzo [a,j]xanthene to 85.6% 

was noticed with further increasing in molar 

ratio to 1:3. The lessening in catalytic activity 

may be elucidated on the basis of the fact that 

the rise in the benzaldehyde concentration 

impedes the reaction by obstructive the active 

sites on the catalyst surface. 
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benzaldhyde: 2-naphthol molar ratio

Fig. (10): Effect of molar ratio of 

benzaldehyde: β-naphthol on the synthesis of 

14-aryl-14-H-dibenzo [a,j]xanthene in the 

presence of (45F-Sn-I) as a catalyst. 

The effect of calcination temperature for 45 

F-Sn-I sample calcined at 200, 300 and 400
◦
C 

on the 14-Aryl-14-H-dibenzo [a,j]xanthene 

formation was studied. From Fig. 11, Fig. 12 

and Table. 1, we can see the yield percentage 

decrease with increasing the calcination 

temperature, whereas 45F-Sn calcined at 200◦C 

give highest yield (95.63%) and rising the 

calcination temperature to 300 and 400
◦
C led to 

decreasing the 

yield to 88.32 and 77.87% respectively. As 

presented in Fig. 11and Fig. 12, the catalytic 

activity and hence yield percentage of the 

desired product are closely related to the acid 

strength and the overall number of acid sites, 

which in turn affected with the calcination 

temperature of the catalyst. 



  

Mans J ChemVol. (47).2020 28 

200 300 400

350

360

370

380

390

400

410

420

430

440

450

460

 

Calcination temperature, 

C

E
i 
(m

v
)

75

80

85

90

95

100

%
 1

4
-A

ry
l-

1
4

H
-d

ib
e

n
z
o

 [
a

,j
]x

a
n

th
e

n
e

s

Fig. 11: The effect of different calcination 

temperatures on acid strength and formation of 

14-aryl-14-H-dibenzo [a,j]xanthene
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Fig. 12: The effect of different calcination 

temperatures on the total number of acid sites 

and formation of 14-aryl-14-H-dibenzo 

[a,j]xanthen e 

Table 1: Surface acidity, catalytic activity and crystallite size of F-Sn catalystsTable 2: Nominal 

and final composition of the F-Sn catalysts. 

Crystallite 

size (nm) 
B/L 

Conversion percentage of 14-

Aryl-14-H-dibenzo [a,j]xanthene 

No.of acid 

sites/g ×10
-19

 
Ei (mV) Sample 

8.2 -- 36.2 2.9617 94.3 SnO2 

-- 4.4 61.35 7.6628 224.35 10 F-Sn-I 

7.0 4.66 75.02 8.5038 308 25 F-Sn-I 

-- 4.83 82.27 9.2913 367.5 35 F-Sn-I 

6.2 10.96 95.63 9.9438 450 45 F-Sn-I 

7.3 8.18 84.1 9.6197 419.4 55 F-Sn-I 

6.9 9.2 88.32 9.5023 415.4 45 F-Sn-II 

7.6 6.28 77.87 9.1615 361.3 45 F-Sn-III 

 

Table 2: Nominal and final composition of the 

F-Sn catalysts. 

Nominal F (wt%) F(wt%) from XPS data  

10 1.9 

25 5.2 

35 7.1 

45 9.2 

55 11.9 

4. Conclusion: 

F
-
 ion with different content (10-55 wt,%) 

doped SnO2 nanopowders have been 

purposefully fabricated at different calcination 

temperatures based on sol gel route. The XRD 

studies of the prepared catalysts showed the 

tetragonal cassiterite structure of SnO2 with 

crystallite size in nanometric range (6.0- 8.2 

nm). Surface acidity was measured using 

potentiometric titration and adsorbed pyridine. 

The results indicated that the doping of SnO2 

with fluoride increases the Brønsted acid sites 

strength which in role increases the B/L ratio. 

The catalytic activity of the catalysts was 

examined with synthesis of 14-aryl-14H 

dibenzo [a,j] xanthene. The results indicated  

 

that the catalytic activity of the catalysts is 

closely related to the acid strength and B/L 

ratio which in turn related to the fluoride 

content in the catalysts. Increasing the 

calcination temperature from 200 to 300 and 

400
 o

C resulted in the removal of F
-
 from the 

surface and the structure of SnO2 which 

decrease the Brønsted acidity and the catalytic 

activity. The results of characterization 

techniques revealed that the catalyst contain 

45%wt. of fluoride and calcined at 200
o
C is the 

optimum one.  
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