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2.3. Acute toxicology assessments 

The acute oral toxicity test of chloroform extracts of L.kituiensis and C.metuliferus were 

evaluated in swiss albino mice as reported by (Muhammad et al., 2015) with little 

modifications. For L. kituiensis extract fifteen (15) mice were grouped into doses 300,600 and 

1500mg/kg having five mice in each two females and three males. Similar procedure was 

repeated for C.metuliferus extract and five mice received a vehicle as a positive control. The 

animals were observed keenly for about 30 min for any signs of toxicity or mortality. The 

general behavior of the treated animals and control group was observed first for short period 

intervals of 0, 30 min, 1, 2, 4, 6, 8and 12 h, then daily for a period of 7 days. Behavioral 

changes and other parameters such as body weight, urinations, food intake, water intake, 

respiration, convulsion, temperature, changes in eye and skin colors, were determined. Other 

parameters such as hematological and organ weight were determed.  

 
2.4. Sub-Acute toxicology Assessments 

Sub-acute toxicity study (28-day repeated oral toxicity study) was carried out according to 

Muhammad et al., 2015. Both sexes were divided into eight groups, each comprising 5 

animals. The 1st group served as positive control, while 2nd, 3rd and 4th were considered as 

tested groups and orally received C. metuliferus and L. ketuiensis chloroform extract at dose 

levels of 150 mg/kg, 300 mg/kg and 500 mg/kg. Before dose administration, the body weight 

of each animal was determined and the dose was calculated according to the body weight. 

Group I received 1% DMSO vehicle orally at a dose volume of 5 ml/kg body weight and 

served as a control group. All the groups of rats were observed once a day for mortality, 

morbidity, body weight and other clinical signs during the experiment.  

 
2.5. Hematological and Serum Biochemical Examination 

On the 29th day of the study, following an overnight fasting, all animals in various groups 

were anesthetized under chloroform and blood samples were collected by cardiac puncture 

into heparinised bottles for haematological analysis. Red blood cell count (RBC), white blood 

cell count (WBC), hemoglobin(HGB), hematocrit (HCT), mean corpuscular volume(MCV), 

mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration 

(MCHC), lymphocytes (LYM), and monocytes  were analyzed using NS4s auto analyser, 

Made in Germany. Blood samples without anticoagulant were used for serum biochemistry 

analysis; the samples were placed at room temperature for 1 h and then centrifuged at 1500 

×g for 10 min to obtain serum. The parameter analyzed were Alanine transaminase (ALT), 
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Alkaline phosphatase (ALP), Aspartate transaminase (AST), Albumin (ALB), Total bilirubin 

(TB), Total protein (TP), Creatinine (CREA), urea (UREA), Triglyceride (TG), Total 

cholesterol (TCHO) and Glucose (GLU). 

 
2.6. Determination of absolute and relative organ weight  

Absolute and relative organ weight of vital organs such as liver, kidney, heart, lungs and 

spleen of a treated animal were determined using electronic balance and compared with that 

of a control group. Organ-to-body weight ratio was calculated by dividing the weight (g) of 

each organ by the weight (g) of mice before sacrifice as per given formula.  

ROW = Absolute organ weight (g)   x100 

Rate body weight 

 
2.7. Histopathological examination  

For histopathological examinations, organs (liver and kidney) were fixed in 10% formamide 

before being embedded in paraffin. After routine processing, five micrometers of paraffin 

sections were prepared and stained with hematoxylin and eosin before microscopic 

examination. All the sections were examined under a light microscope under different (10x, 

20x and 40x) magnifications. 

 
2.8. Ethical consideration 

Prior to the experimental work, an ethical clearance with notification number 

NIMR/HQ/R.8a/Vol. IX/2146 was given by the National Health Research Ethics Sub-

Committee (NatHREC) of the National Institute for Medical Research (NIMR) in Tanzania. 

 
2.9. Statistical analysis 

Data collected from the biochemical and haematological analyses were expressed as Mean ± 

SD. One-way ANOVA was used to test the means. Values were considered statistically 

significant at P < 0.05. All results were represented as Mean ± SD (n = 5).  

 
3.0 RESULT 

The acute toxicity of C.metuliferus and L.kituiensis extracts was determined as per 

Muhammad et al., 2015). No treatment related toxic symptom or mortality was observed after 

oral administration at all doses in both acute and sub acute study. No change in behaviour 

pattern of the treated animals observed as compared to the control, all the mice given the 

extracts survived for 14 and 28 days period of observation.  The body weights of the male 
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and female of mice received C.metuliferus and L. kituiensis at a dose of 300mg/kg, 600mg/kg 

and 1500mg/kg were observed. No significant differences (p>0.05) in the body weight gain 

between control and treated animals in male and female were observed. 

 
3.1 Effect of C.metuliferus and L.kituiensis on organ to body weight ratio 

For chloroform extract of C. metulifures the result showed significant increase of body 

organs, liver, lungs and kidney in dose level of 600 mg/kg and 1500 mg/kg for both male and 

female when compared to control (table 11). In the other side the mice treated with 

L.kituiensis chloroform extract reveared significant reduction of kidney and lungs of the male 

mice treated in a dose of 1500 mg/kg body weight. Female mice, the significant reduction 

was observed in treatement dose level of 600 mg/kg and 1500 mg/kg of kidney and lungs 

when compared to control (table 14). 

 
3.2. Effect of plants on hematological parameters 

The effects of C.metuliferus and L.kituiensis extract on haematological parameters were 

determined. Most haematology measures (white blood cell (WBC), red blood cell (RBC), 

hematocrit (HCT), haemoglobin (HB), mean corpuscular hemoglobin (MCH), mean 

corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC), 

lymphocytes (LYM), monocytes (MON), neutrophil granulocytes (NEUT) and RDW were 

within normal limits at a  dose level 300mg/kg, 600mg/kg and 1500mg/kg as compared to 

control group. 

 
3.3. Sub-acute 28-day oral toxicity study of C.metuliferus and L.kituiensis in rats 

The sub-acute toxicity study of chloroform extract of the tested plants extract were 

determined as per (Muhammed et al., 2015) where the limit test dose of 500 mg/kg was used. 

No treatment related toxic symptom or mortality was observed after oral administration of the 

tested plants. No significant change in general behavior of the treated animals and control 

group was observed. None of the two plant extracts produced mortality after giving a dose of 

150 mg/kg/, 300mg/kg and 500mg/kg body weight. All rats given the extracts survived for 28 

days period of administration and observation and were sacrificed on day 29.  

 
3.4. Effect of plants on body weight of rats in sub-acute study 

Gain in body weight of rats treated with C.metuliferus and L.kituiensis were recorded and 

compared with the control group as shown (table 1and 2). The mean body weight of male and 
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count, HCT, MCV, MCH, MCHC, RDW, and HB in a dose of 300 mg/kg and 500 mg/kg 

table3.  

 
For L.kituiensis plant the rats treated with chloroform extract revealed significant increased of 

WBCs, RBCs, MCV, HCT, MCH and MCHC in a dose level 500 mg/kg as compared to the 

with control, and for female rats significant increased of WBCs, RBCs count and HCT, 

MCV, MCH and MCHC in dose levels of 300 mg/kg and 500 mg/kg was observed when 

compared to controls Table 4. 

 
Table 3: Effect of chloroform extract of C.metuliferus on hematological parameters in 

rate after 4 weeks of treatment. 
Sex Parameter Dose mg/kg  n = 5 Sex Parameter Dose mg/kg  n = 5 

  
              

    150mg/kg 300mg/kg 500mg/kg 0mg/kg   150mg/kg 300mg/kg 500mg/kg 0mg/kg 
F WBC 85.40±0.06 99.44±0.12* 102.42±0.51* 93.23±0.01 M WBC 74.12±0.02 85.82±0.02* 89.61±1.02* 75.23±0.02 

 
LYMP 58.40±0.02 69.00±0.13* 68.02±0.15* 65.00±0.02  LYMP 64.02±0.11 67.00±0.01* 69.00±0.1* 62.0±0.50 

 
MON 20.00±0.12 24.04±0.14 25.00±0.10 20.03±0.08  MON 14.10±0.12 15.80±0.11* 17.60±0.03* 12.20±1.02 

 
NEU 7.00±0.02 8.40±0.15 9.02±0.09* 6.20±0.04  NEU 2.00±0.10 3.02±0.05* 3.01±0.12* 1.03±0.03 

 
RBC 6.57±0.15 7.72±0.11 9.90±0.12* 7.37±0.01  RBC 6.21±0.04 6.92±0.01 7.53±0.01* 5.90±0.03 

 
MCV 58.7±0.02 59.22±0.17 65.01±0.31* 55.23±0.06  MCV 59.11±0.02 60.23±0.07 66.23±1.07* 58.0±0.03 

 
HCT 43.9±0.13 43.3±0.12 49.32±0.12* 41.90±0.07  HCT 40.13±0.10 40.12±0.01 45.23±0.09* 39.18±0.03 

 
MCH 25.4±0.02 26.2±0.19 29.23±0.01* 24.23±08  MCH 19.01±0.01 22.21±0.18 24.22±0.00* 19.31±0.01 

 
MCHC 34.52±0.02 35.04±0.2 38.05±0.90* 32.40±0.01  MCHC 27.02±0.17 33.21±0.09 35.23±0.03* 30.05±0.02 

 
RDW 18.34±0.01 18.21±0.21 23.05±0.10* 16.21±1.10  RDW 14.0±0.6 19.81±0.10 22.12±1.10* 16.91±0.05 

 
HB 15.31±0.71 16.01±0.25 17.13±0.10 14.23±1.01  HB 15.22±0.09 16.8±0.23 19.12±0.01* 13.34±0.01 

Key: Values are presented as Mean ± SD; n = 5; * = values are significantly different (p < 

0.05) from that of the control. White blood cell (WBC), red blood cell (RBC), hematocrit 

(HCT), he- moglobin (HGB), mean corpuscular hemoglobin (MCH), mean corpuscular 

volume (MCV), mean corpuscular hemoglobin con- centration (MCHC), lymphocytes 

(LYM), monocytes (MON), neutrophil granulocytes (NEUT), RDW. 

 
Table 4: Effect of chloroform extract of L.kituiensis on hematological parameters in rate 

after 4 weeks of treatment. 
Sex Parameter Dose mg/kg  n = 5 Sex Parameter Dose mg/kg  n = 5 
    150mg/kg 300mg/kg 500mg/kg 0mg/kg   150mg/kg 300mg/kg 500mg/kg 0mg/kg 
F WBC 93.70±0.09 99.64±0.12* 103.2±0.51* 93.23±0.01 M WBC 79.32±0.04 89.72±0.02* 99.91±1.02* 75.23±0.02 

 
LYMP 67.70±0.02 71.60±0.13* 71.02±0.15* 65.00±0.02  LYMP 61.02±0.11 71.00±0.01* 78.00±0.42* 62.0±0.50 

 
MON 20.00±0.12 20.04±0.14* 22.00±0.10* 16.03±0.08  MON 15.30±0.12 16.70±0.11 18.90±0.06* 12.20±1.02 

 
NEU 8.00±0.02 8.40±0.15 8.02±0.09 6.20±0.04  NEU 1.00±0.70 3.02±0.05* 3.01±0.12* 1.03±0.03 

 
RBC 7.57±0.15 8.72±0.11* 9.90±0.12* 6.3±0.01  RBC 6.71±0.04 6.92±0.01 8.33±0.01* 5.90±0.03 

 
MCV 58.07±0.2 63.82±0.17* 65.41±0.31* 55.23±0.06  MCV 59.81±0.02 60.83±0.07 63.93±1.07* 58.0±0.03 

 
HCT 41.9±0.13 44.3±0.12* 48.32±0.12* 41.90±0.07  HCT 40.13±0.10 41.12±0.01* 46.23±0.09* 39.18±0.03 

 
MCH 20.4±0.02 23.2±0.19 26.23±0.01* 24.23±08  MCH 19.91±0.01 21.81±0.18 23.22±0.0* 19.31±0.01 

 
MCHC 31.52±0.02 33.04±0.2 36.05±0.90* 32.40±0.01  MCHC 28.02±0.17 30.21±0.09 33.23±0.03* 30.05±0.02 

 
RDW 12.34±0.01 13.21±0.21 16.05±0.10 16.21±1.10  RDW 12.0±0.6 13.81±0.10 14.62±1.10 16.91±0.05 

 
HB 14.31±0.01 14.01±0.25 16.13±0.10 14.23±1.01  HB 12.72±0.09 12.48±0.23 14.12±0.01 13.34±0.01 

Key: Values are presented as Mean ± SD; n = 5; * = values are significantly different (p < 

0.05) from that of the control. White blood cell (WBC), red blood cell (RBC), hematocrit 

(HCT), he- moglobin (HGB), mean corpuscular hemoglobin (MCH), mean corpuscular 
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Table 6: Effect of chloroform extract of C. metuliferus on absolute (a) and relative organ 

weight (R %) of rats after 28 days of treatment. 
Sex Organ Dose mg/kg n=5 Sex Organ Dose mg/kg n=5 

   
150mg/kg 300mg/kg 500mg/kg 0mg/kg    150mg/kg 300mg/kg 500mg/kg 0mg/kg 

F A(g) Liver 6.55±0.05 7.90±0.31* 8.43±0.11* 6.51±0.01 M A(g) Liver 5.40±0.01 5.70±0.09 7.83±0.16* 5.98±0.02 

  
Heart 0.97±0.21 1.08±0.41* 1.12±0.01* 0.75±0.21   Heart 0.71±0.01 0.80±0.20 1.30±0.12* 0.82±0.12 

  
Kidney 1.03±0.11 1.58±0.11 1.93±0.31* 1.35±0.11   Kidney 0.65±0.11 1.48±0.14 1.93±0.06* 1.20±0.21 

  
Lungs 1.53±0.19 1.80±0.15 1.90±0.10 1.60±0.14   Lungs 1.33±0.01 1.26±0.12 1.94±0.12* 1.32±0.02 

  
Spleen 0.35±0.05 0.97±0.07* 0.99±0.01* 0.35±0.51   Spleen 0.46±0.10 0.20±0.12 0.90±0.13 0.59±0.14 

 
R (%) Liver 5.89±0.56 5.20±0.06 4.69±0.03 5.89±0.03  R(%) Liver 5.40±0.25 6.02±0.11 6.92±0.14 6.99±0.13 

  
Heart 1.04±0.02 1.01±0.40 1.09±0.24 1.47±0.04   Heart 1.52±0.14 1.52±0.15 1.63±0.16 1.53±0.12 

  
Kidney 1.36±0.01 1.48±0.15 1.53±0.25 1.57±0.05   Kidney 1.60±0.17 1.67±0.16 1.61±0.14 1.60±0.17 

  
Lung 1.42±0.06 1.50±0.11 1.47±0.01 1.60±0.06   Lung 1.77±0.18 1.77±0.54 1.85±0.11 1.75±0.02 

  
Spleen 0.18±0.07 0.18±0.07 0.18±0.07 0.18±0.07   Spleen 0.42±0.19 0.42±0.15 0.11±0.15 1.18±0.19 

Key: Values are presented as Mean ± SD; n = 5; * = values are significantly different (p < 

0.05) from that of the control. Values are expressed as mean± SD. A: absolute organ weight 

(g); R: relative organ weight (%). * P< 0.05 compared with the control (0mg/kg). 

 
3.7. Effect on biochemical parameters of C.metuliferus in sub-acute study 

Liver parameter: The administration of chloroform extract of C.metuliferus showed a dose 

dependent increase in Aspartate aminotransferase (AST), alkaline phosphatase (ALP) and 

Alanine aminotransferase (ALT) at a dose of 300mg/kg and 500mg/kg of male and female as 

compared to the control. The result in kidney parameters (blood urea) of rats treated with 

chloroform extract of C. metuliferus revealed significant increase in dose level 500 mg/kg in 

male rats, while in dose level 150 mg/kg and 300 mg/kg remain normal as control. And in 

female rats significant increase was observed at a dose of 150 mg/kg, 300 mg/kg and 500 

mg/kg (Table 7). For creatinine level increases significantly in a dose level 500mg/kg male 

and in female the significant increase was observed in dose level 300mg/kg and 500mg/kg. 

Albumin blood serum is another kidney parameter tested in this study, for the rats treated 

with chloroform extract of C. metuliferus revealed significant decreases in dose level 500 

mg/kg for male and female when compared with control. More over the study tested for lipid 

parameters, for triglyceride level the animal treated with chloroform, ethyl acetate and 

methanolic extract of C. metuliferus revealed significant decrease in dose level 150 mg/kg, 

300 mg/kg and 500 mg/kg when compared with control. The cholesterol level of treatment 

dose150 mg/kg, 300 mg/kg and 500 mg/kg decreases significantly in rats treated with 

chloroform, ethyl acetate and methanolic extract when compared to control both male and 

female rats. Total protein was another parameter tested in this study, the rats treated with 

chloroform extract revealed no significant change in male while in the female the significant 

decrease was observed in dose level 300 mg/kg and 500 mg/kg. Glucose level is another 

parameter tested and the animal treated with chloroform extract of C. metuliferus reveared 
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ing to Eq. (2). Therefore, the capillary pressure decreases with the
increase in pore size, resulting in a decrease in linear volume shrink-
age. Reduction in porosity percentages with more than 18 hours
aging may be associated with the extensive shrinkage that occurs
during prolonged gel aging.
4. Effect of Aging Time (t) and Temperature (T) on Mono-
lithicity

Aging a gel before APD helps to strengthen the silica network,
reducing the risk of fracture during drying [46]. As mentioned in
Table 2, at lower aging times and higher aging temperatures, the
probability of fracturing the silica network is high during the drying
process. Specifically, with less aging, the silica network was not stiff
or strong enough to prevent cracks. Moreover, a few cracks were
observed in the aerogel that was dried above 60oC, whereas, abso-
lutely monolithic silica aerogels were obtained at an aging temper-
ature of 60oC for 18 hours, attributable to the higher aging tem-
perature of the gel strengthening the gel network. Higher aging tem-
perature also increases the pore size and considerably reduces the
capillary pressure [30]. Thus, a gel that can withstand the drying
stress can develop into a monolithic silica aerogel.
5.Effect of Aging Temperature (T) on Hydrophobic Properties

To determine the effect of aging temperature on the hydropho-
bic properties of sodium silicate-based silica aerogels, the aging
temperature before surface modification of the gel was varied from
room temperature to 80oC, while the aging period was maintained
at 18 hrs. The effect of the aging temperature on the hydrophobic
properties of silica aerogels was studied by measuring the water
contact angle on the silica aerogel surface. The observed hydropho-
bicity was attributed to the attachment of hydrolytically stable -Si-
(CH3)3 groups after replacement by CH3 of the -OH groups on the

silica surface. A slight increase in the contact angle of the aerogels
occurred at some aging temperatures. The contact angle was great-
est (160o) for the aerogels aged at 60oC for 18 hours (Fig. 5). As
shown in Fig. 6, the hydrophobicity of the silica aerogel was tested
by placing the silica aerogel directly on the water surface.

Surface modification of the gels was also confirmed by Fourier
transform infrared (FTIR) spectroscopy, as shown in Fig. 7. Besides
the Si-O-Si absorption peak at 1,060cm��1, all aerogel samples showed
Si-CH3 peaks at 850 and 1,260 cm��1 [30,47,48]. The presence of

Table 2. Effect of aging temperature on the physical and textural properties of the sodium silicate-based silica aerogels prepared by simul-
taneous solvent exchange surface modification followed by ambient pressure drying

Sr. No Aging time (hrs) BET surface area (m2/g) Pore size (nm) Pore volume (cm3/g) Remarks

Aging temperature 25oC
1 0 (unaged) 829 07.8 3.56 Pieces
2 06 833 08.2 3.41 Pieces
3 12 836 08.5 2.31 Cracks
4 18 840 09.8 3.20 Few cracks
5 24 847 10.3 3.15 Monolithic

Aging temperature 40oC
1 06 841 11.4 3.38 Cracks
2 12 835 12.6 3.46 Few cracks
3 18 829 13.4 3.50 Few cracks
4 24 819 13.9 3.61 Monolithic

Aging temperature 60oC
1 06 834 13.5 3.39 Cracks
2 12 827 14.8 3.52 Few cracks
3 18 820 15.4 3.80 Monolithic
4 24 811 16.1 3.86 Few cracks

Aging temperature 80oC
1 06 807 14.5 3.48 Few cracks
2 12 792 16.2 3.62 Few cracks
3 18 785 17.4 3.83 Cracks
4 24 764 18.6 3.91 Cracks

Fig. 5. Water droplets placed on the hydrophobic silica aerogels
surfaces prepared with different aging temperature of the
gel at fixed aging time (18 hr) (a)25oC (b) 40oC (c) 60oC
and (d) 80oC.
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Si-CH3 peaks in the FTIR spectra of all the aerogel samples con-
firms the successful attachment of -SiCH3 groups from the TMCS
to the silica aerogel surface upon surface modification of the aero-
gels. The degree of intensity of the Si-CH3 peaks depends on the
aging temperature. The intensity of the O-H band decreased, while
that of the Si-C and C-H bands increased with aging temperatures
from ~25 to 80oC, due to the increase in Si(CH3)3 groups attached
to the silica gel surface. Better surface modification of the gel oc-
curred at higher aging temperatures. Due to the surface modifica-
tion process, the aerogels exhibited hydrophobic behavior.

To investigate the thermal stability or the hydrophobic nature of
the silica aerogels, samples were heated in a furnace at various tem-
peratures. The aerogels retained their hydrophobic behavior up to
520oC, above which they became hydrophilic. At this temperature,
the surface methyl groups (-CH3) are oxidized, resulting in the forma-
tion of a hydrophilic aerogel. In addition, the thermal stability of the
aerogels and oxidation temperature for the -CH3 groups were esti-

mated by thermogravimetric (TG) and differential thermal (DT) anal-
yses, respectively. Fig. 8 shows the TG-DT analysis of the aerogels
aged at 60oC for 18 hours in an oxygen atmosphere up to 1,000oC.
The TG-DTA curves clearly show that the aerogels aged at 60oC
and modified with TMCS exhibited a negligible weight loss up to
a temperature of 520oC, beyond which the aerogel underwent sig-
nificant weight loss. This decrease in weight is due to the oxidation
of the surface methyl groups confirmed by the sharp exothermic
peaks in the DTA curve when the temperature was above 520oC
[49].
6. The Combined Effect of Aging Time and Temperature on
the Textural Properties

The effect of aging time and temperature on the textural proper-
ties of silica aerogels were investigated by varying the aging time
from 6 to 24 hrs and the aging temperature from room temperature
(~25oC) to 80oC. To obtain the effect of aging time on the textural
properties of silica aerogels, the aging time was varied from 0 to
24 hrs while maintaining the temperature at ~25oC (room temper-
ature). Further, to observe the effect of the aging temperature on
the textural properties of silica aerogels, the aging temperature was
varied from 25 to 80oC, and the aging time was fixed at 18 hours.
The effects of the aging time and temperature on the specific sur-
face area, pore volume, and pore size were determined by the stan-
dard BET and BJH methods, as summarized in Table 2. All aerogels
exhibited specific surface areas in the range of 750 to 850 m2g��1.
There was a slight increase in the surface area, pore volume, and
pore size with increasing aging time (aging at room temperature).
Alternatively, significant changes were observed for the specific sur-
face area, pore volume, and pore size of the aerogels aged at a higher
temperature (>25oC). The specific surface area decreased with in-
creasing gel aging time (0 to 24hrs) and temperature (>25oC). How-
ever, the cumulative pore volume and pore size increased with in-
creasing gel aging time and temperature. The average pore diame-
ter (Pd) of the aerogels aged at room temperature ranged from 7.8
to 10.3 nm while the aging period varied from 0 to 24 hrs. Alterna-
tively, the average pore diameter obtained for the aerogels aged at
a fixed aging period (18 hrs) ranged from 9.8 to 17.4 nm while the

Fig. 6. The monolithic hydrophobic silica aerogel floating on the
surface of water.

Fig. 7. FTIR spectra of the TMCS modified sodium silicate-based
silica aerogels prepared with different aging temperature
of the gel at fixed aging time (18 hr).

Fig. 8. TG-DTA curve of an ambient pressure dried sodium sili-
cate-based hydrophobic silica aerogel.
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aging temperature varied from ~25 to 80oC. The capillary pressure
can be reduced by a larger pore size when the gel is dried at ambient
pressure. As a result, the aerogel underwent less shrinkage and de-
veloped a high pore volume [41,50-52]. Thus, the aging time and
temperature influenced the porosity of the final product.

The porosity properties of aerogels obtained at different aging
times and temperatures were further compared by examining the
nitrogen adsorption-desorption isotherms and pore size distribu-
tions. Figs. 9 and 10 show the nitrogen adsorption and desorption
graphs for aerogels obtained at different aging conditions. The max-
imum amount of N2 gas absorbed for aerogel samples aged at low
temperature (~25oC) was less than for samples aged at higher tem-
peratures (above room temperature). This finding is due to gels aged
at a lower temperature having small-sized pores, whereas those aged
at higher temperatures having large-size pores. Thus, the increase
in aging temperature resulted in the increase in pore size that caused
an increase in pore volume. The physisorption isotherms obtained
for all the aerogels exhibited hysteresis loops, which corresponded

to the characteristic feature of the mesoporous materials (Type IV
isotherms) [53,54].

Figs. 11 and 12 show the pore size distribution (PSDs) profiles
of the silica aerogels obtained at different aging conditions. A sig-
nificant change was observed in the PSDs profiles of the aerogels
obtained at different temperatures. A slight change was observed
in the PSDs profile of the aerogels aged at lower temperatures. As
shown in Fig.12, the peak pore diameter shifted to a larger size as the
aging temperature increased from ~25 to 80oC. In contrast, the PSD
profiles for the aerogels aged at higher temperatures had a higher-
diameter scale (>11 nm) with broad distribution. The aerogels aged
with a lower temperature had a narrow PSD at 10 nm, indicating
uniform pore distribution throughout the gel network. According
to the IUPAC classification of the pores [55], all aerogel samples
aged under different conditions showed a pronounced peak in the
mesopore region (20-500Å). This is a characteristic feature of meso-
porous materials, indicating that the aerogels developed in the pres-
ent study maintain mesoporosity in their structure even after drying.

To observe the effect of the aging temperature on the nanostruc-
ture of the aerogels, a considerable investigation was performed
using transmission electron microscopy (Fig. 13). As previously

Fig. 11. Effect of aging period of the gel on the BET pore size dis-
tribution profiles.

Fig. 9. Effect of aging period of the gel on the N2 adsorption-des-
orption isotherms.

Fig. 10. Effect of aging temperature of the gel on the N2 adsorp-
tion-desorption isotherms.

Fig. 12. Effect of aging temperature of the gel on the BET pore size
distribution profiles.














