
INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic 
disorder due to multiple etiological factors and is 
featured by chronic hyperglycemia amalgamated 
with derangements of carbohydrate, protein and 
fat metabolisms causing long–term morbidity, 
dysfunction and failure of multiple body organs.1

Type II diabetes mellitus (T2DM), due to gradual loss 

of pancreatic β-Cell function, results in impaired 
secretion of insulin and increased requirement for 
insulin due to insulin resistance. Microvascular 
complications of DM include diabetic neuropathy, 
diabetic nephropathy and diabetic retinopathy, 
which are conditions manifesting from prolonged 
excess glucose levels in the small blood vessels 
supplying various body tissues2-5.

The pathophysiology of vascular complications 
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ABSTRACT

Background: Hydroxyapatite is a material which resembles the composition and crystal structure of hard 
tissues in human body. It is being used in dentistry as a bioactive material in dental implants and is a major 
constituent in the bone regenerative materials. Fluoroapatite is also a bioactive material and is more stable 
than Hydroxyapatite. The fluoride content is anti – bacterial and is working very efficiently as a component 
of dental restorative materials.

Objective: The objective is to synthesize the nano Hydroxyapatite and nanoFluoroapatite powder via sol-gel 
method, and compare the FTIR and Raman Spectrums of synthesized material with the FTIR and Raman of 
nano Hydroxyapatite and Fluoroapatite.

Methods: The materials were synthesized by sol – gel method and then evaluated by the FTIR and Raman 
spectroscopy to confirm the chemical structure of both the materials.

Results: FTIR and Raman Spectroscopy of the synthesized Hydroxyapatite and Fluoroapatite are then 
evaluated and compared with market grade materials, which confirm the presence of hydroxyl, phosphate 
and carbonate group in the obtained samples.
  
Conclusion: Sol – gel is proved to be a reliable and simple method for the synthesis of nano Hydroxyapatite 
and Fluoroapatite particles. The obtained samples then compared with the available materials to confirm 
that the material synthesized is pure and chemically identical.
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INTRODUCTION

Hydroxyapatite (HA) is an excellent biocompatible 
material having the similar composition and crystal 
structure as of apatite in human dental structures 
and bones. It is a type of calcium phosphate, which 
is the major mineral component of the tooth 
enamel and dentine. Hydroxyapatite contain both 
phosphate and hydroxyl ions and chemically it is 
Ca10(PO4)6(OH)2. Hydroxyapatite is able to integrate 

with the bone structures which help in bonding 
between the bone and the implants and 
encouraging bone growth without decomposing1,2.
 
Fluorine is a necessary structure for the growth of 
normal dental and skeletal structure. Fluorine 
substituted apatite are also known as Fluoroapatite 
(FA).  The chemical formula of Fluoroapatite is very 
similar as hydroxyapatite in which hydroxyl ion is 
replaced by fluorine, Ca10 (PO4)6F2. It is a bioactive 

include hypercoagulable state and disturbed 
coagulation cascade in diabetes leading to 
extensive platelet aggregation and hence more 
clot formation.6 Many factors can affect plasma 
fibrinogen levels. It increases with an advancing 
age, body mass index (BMI), diabetes mellitus, 
tobacco smoking and in post-menopausal women. 
It declines with regular physical exercise, moderate 
alcohol consumption, high density lipoprotein 
cholesterol (HDL cholesterol) and with synthetic 
hormone therapy.7, 8

Platelet aggregation seems to execute a major role 
in pathophysiology of hemostasis and thrombosis. 
This aggregation takes place through the interface 
of plasma fibrinogen with its receptor on platelets 
which is Glycoprotein IIb-IIIa complex. Fibrinogen is 
an active participant in a number of 
pathophysiological processes in the body including 
inflammation, thrombogenesis and atherogenesis.9

In the past few years, variation in hematological 
indices has been related to development of 
microvascular complications in diabetics. Few 
hematological factors such as blood viscosity and 
others are thought to participate significantly for 
microvascular complications in diabetics.10

The aim of our study was to evaluate an association 
of plasma fibrinogen with blood levels of glycated 
hemoglobin (HbA1c), fasting glucose and BMI in 
patients having any of the three diabetic 
microvascular complications.

METHODS

This Cross-sectional study was conducted in 
Medical unit-II and Ophthalmology ward, Services 
Hospital, Lahore and in the Institute of Molecular 
Biology and Biotechnology (IMBB), The University of 
Lahore from 15th April 2017 to 15th October 2017. 
Informed consent was taken from all patients 
recruited and their demographic data was 
recorded. The clinical parameters were also noted.

The study included one hundred and four patients 
of Type-II Diabetes Mellitus with an age range 20-75 
males and females.. These patients were divided 
into two groups for comparison; Group I: Type-II 
Diabetes Mellitus (T2DM) patients without any 
microvascular complication (52 patients). Group II: 
Type 2 Diabetes Mellitus patients with any of the 
three recognized microvascular complications: 
Diabetic neuropathy, diabeticretinopathy or 
diabetic nephropathy (52 patients). Patients with 
any systemic illness altering the blood coagulability, 
inherited bleeding disorders, severe liver or cardiac 
failure or cancer, on oral contraceptive pills or who 
underwent surgical operation in last six months, or 
genetic disorders like hemoglobinopathies were 
excluded.

Hematological and biochemical analysis were 
done by using Amax destiny plus fully automated 
coagulation analyzer by Trinity Biotech. Hemoglobin 
A1c (HbA1c), fasting plasma glucose were 
measured on chemistry analyzer (Hitachi 902fully 
automated analyzer) manufactured by Roche 
Diagnostics Germany. Body mass index (BMI) was 
done by using the formula: weight measured in 
kilograms divided by height measured in square 
meter (kg/m2).11

The statistical analysis of the data was done by 
using Statistical Package for the Social Sciences; 
SPSS version 21 for windows (SPSS Inc., Chicago, IL, 
USA). Descriptive results were expressed as: mean ± 
SD (standard deviation). An independent samples 
t-test was utilized to compare means of variables. 
Spearman’s rank correlation coefficient was utilized 
for finding correlation between plasma fibrinogen 
levels and other clinical and laboratory parameters. 
P values < 0.05 were considered statistically 
significant.

RESULTS

In our study, 104 T2DM patients were registered and 
were divided in two groups for comparison:
The mean age of the patients in Group I was 56.02 ± 
8.52 years and mean age of the patients in Group II 
was 55.12 ± 9.91 years. The mean blood sugar 
fasting in Group I was 133.71 ± 29.80 and mean 
blood sugar fasting in Group II was 159.12 ± 37.12.  
Mean HBA1c in Group I was 6.73 ± 1.25 and mean 
HBA1c in Group II was 8.13± 1.50. Mean plasma 
fibrinogen in Group I was 295.98 ± 59.70 and mean 
fibrinogen level in Group II was 351 ± 62.78 .Mean 
BMI in Group I was 23.70 ± 3.96 and mean BMI in 
Group II was  22.98 ± 4.15 (Table 1).

An independent samples t-test revealed that there 
was a significant difference between the two 
groups statistically as regards plasma fibrinogen 
levels, blood sugar fasting and HbA1c (Table 1). 
According to Spearman’s rank correlation 
coefficient, following variables were statistically 
significantly correlated (P < 0.05) to plasma 
fibrinogen levels: Blood sugar fasting r = 0.59; HbA1c 
r = 0.79 (Table 2).

A bivariate Spearman’s rank correlation coefficient 
was used to examine whether there was a 
relationship between diabetic microvascular 
complications and plasma fibrinogen. Using a 
two-tailed 0.05 criterion, the results revealed a 
significant and positive relationship between the 
two variables [r (104) = 0.46, p <0.05]. The correlation 
was moderate in strength. Higher levels of plasma 
fibrinogen were associated with diabetic 
microvascular complications (Table 3).

material and is more stable than Hydroxyapatite 
both chemically and thermally. FA is biocompatible 
and does not degrade in biological environment in 
contrast to HA. Chemically Fluoroapatite is less 
soluble than fluoride free apatites, which shows the 
chemical stability of the material3,4.
 
Due to the increase in importance and application 
of HA, various methods have been developed for 
the synthesis of HA. Few techniques developed for 
the synthesis of hydroxyapatite are solid-state 
reaction, co-precipitation method, hydrothermal 
method, spray pyrolysis, mechano-chemical 

method and sol-gel method5-7. The aim of this study 
is to synthesize nano Hydroxyapatite and 
Fluoroapatite via sol-gel-method and characterize 
the obtained material chemically using FTIR and 
Raman Spectroscopy.

METHODS

Materials used in this experiment were all 
commercial grades and were obtained from Sigma 
– Aldrich UK. Silorane is obtained from 3M ESPE UK. 
Table shows the materials used in the experiment 
with their product number and molecular mass.

In Raman spectrum of Hydroxyapatite phosphate 
group can be seen at 963 cm-1, which is used for 
quantitative analysis. Peaks at 1077 and 1044 are 
the ν3 and at 963 cm-1 is ν1 of P – O. The presence of 
peak at 603 cm-1 indicates the ν4 of the O – P – O7,10,11.
 
Figure 2 shows the Raman spectrum of 
fluoroapatite, in which the peaks at 1046 and 967 
cm-1 shows the ν3 and ν1 stretch of phosphate 
respectively. The peaks at 591 and 437 cm-1 
indicates the ν4 and ν2 bends respectively12.

DISCUSSION

Several studies have been done to find out the 
biocompatibility of HA and none of them shows any 
toxicity, inflammatory response or fibrous tissue 
formation between the implant and the bone. HA 
have poor mechanical properties as all other 
bioactive material. That is why HA cannot be used 
in load bearing applications and is not suitable for 
bone substitute. HA is available in the form of 
porous, dense, granules and coatings. To improve 
the mechanical properties of HA, it can be used 
with metals such as magnesium, zinc, titanium and 
strontium4,5,13. To improve the mechanical properties 
of HA, composites containing HA can be 
synthesized. HA is a highly bioactive material, 
having many clinical applications as bone 
replacements. It is used in dental and orthopaedic 
application for repairing bone defects, immediate 
tooth replacement, alveolar ridge augmentation 
and reconstruction of maxillofacial deformities6. 

HA was first used in 1981 for the filling of periodontal 
lesion, since then it’s been extensively used in 
medical field5. Hydroxyapatite material implants 
cannot be used under heavy loads, such as artificial 
teeth or bones as the fracture toughness of HA is 
very low if compared with human bone. The clinical 
applications of HA are restricted to small unloaded 
implants, powders, coatings and implants in low 
stress bearing areas14, 15. 

The Fluoride in the Fluoroapatite inhibits the 
bacterial growth thus making it the material of 
choice to incorporate in dental restorative 
materials.  Presence of fluoride results in the low 
solubility and good acid resistance which are the 
essential property of a restorative material to survive 
in the harsh oral environment. But the excess 
fluoride may result in fluorosis. Fluoride and 
hydroxide ions share the same charge and almost 
same radius and are able to replace each other in 
the mineral structures16. Chen and Miao have 
incorporated Fluoride in hydroxyapatite to form 
fluorohydroxyapatite and concluded that the 
resultant material have better thermal and 
chemical stability than hydroxyapatite17. 

Sol-gel method is considered more advantageous 
as compared to others because the product 
obtained is pure, homogenous, highly crystalline, 
nano sized and requires comparatively low synthesis 
temperature5-7. The sol-gel process is a wet 
chemical method that does not require too high 
sintering temperature. Molecular mixing of calcium 

and phosphorus can be achieved by this method8. 
There are six stages of sol-gel method, which are 
mixing, gelation, aging, drying, sintering and 
crushing. Calcium and Phosphorus precursors are 
mixed in a molar ratio of 1.67. The mixture is then 
heated and stirred till the white transparent gel is 
obtained. The obtained gel is then dried for 24 hours 
in an air oven. Here a dried porous material is 
obtained which is placed in a furnace for sintering. 
The powder obtained from sintering is then allowed 
to cool and then crushed with the help of mortar 
and pestle to achieve the similar size particles7,8. The 
obtained materials are then observed under FTIR 
and Raman spectroscopy for confirming the 
chemical structure which is a reliable method of 
characterizing the materials chemically18. 

CONCLUSION

In the present study, Hydroxyapatite and 
Fluoroapatite were prepared by sol gel method. Sol 
gel method is proved to be a reliable and simple 
method for the formation of nano sized 
Hydroxyapatite and Fluoroapatite.
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INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic 
disorder due to multiple etiological factors and is 
featured by chronic hyperglycemia amalgamated 
with derangements of carbohydrate, protein and 
fat metabolisms causing long–term morbidity, 
dysfunction and failure of multiple body organs.1

Type II diabetes mellitus (T2DM), due to gradual loss 

of pancreatic β-Cell function, results in impaired 
secretion of insulin and increased requirement for 
insulin due to insulin resistance. Microvascular 
complications of DM include diabetic neuropathy, 
diabetic nephropathy and diabetic retinopathy, 
which are conditions manifesting from prolonged 
excess glucose levels in the small blood vessels 
supplying various body tissues2-5.

The pathophysiology of vascular complications 

INTRODUCTION

Hydroxyapatite (HA) is an excellent biocompatible 
material having the similar composition and crystal 
structure as of apatite in human dental structures 
and bones. It is a type of calcium phosphate, which 
is the major mineral component of the tooth 
enamel and dentine. Hydroxyapatite contain both 
phosphate and hydroxyl ions and chemically it is 
Ca10(PO4)6(OH)2. Hydroxyapatite is able to integrate 

with the bone structures which help in bonding 
between the bone and the implants and 
encouraging bone growth without decomposing1,2.
 
Fluorine is a necessary structure for the growth of 
normal dental and skeletal structure. Fluorine 
substituted apatite are also known as Fluoroapatite 
(FA).  The chemical formula of Fluoroapatite is very 
similar as hydroxyapatite in which hydroxyl ion is 
replaced by fluorine, Ca10 (PO4)6F2. It is a bioactive 

include hypercoagulable state and disturbed 
coagulation cascade in diabetes leading to 
extensive platelet aggregation and hence more 
clot formation.6 Many factors can affect plasma 
fibrinogen levels. It increases with an advancing 
age, body mass index (BMI), diabetes mellitus, 
tobacco smoking and in post-menopausal women. 
It declines with regular physical exercise, moderate 
alcohol consumption, high density lipoprotein 
cholesterol (HDL cholesterol) and with synthetic 
hormone therapy.7, 8

Platelet aggregation seems to execute a major role 
in pathophysiology of hemostasis and thrombosis. 
This aggregation takes place through the interface 
of plasma fibrinogen with its receptor on platelets 
which is Glycoprotein IIb-IIIa complex. Fibrinogen is 
an active participant in a number of 
pathophysiological processes in the body including 
inflammation, thrombogenesis and atherogenesis.9

In the past few years, variation in hematological 
indices has been related to development of 
microvascular complications in diabetics. Few 
hematological factors such as blood viscosity and 
others are thought to participate significantly for 
microvascular complications in diabetics.10

The aim of our study was to evaluate an association 
of plasma fibrinogen with blood levels of glycated 
hemoglobin (HbA1c), fasting glucose and BMI in 
patients having any of the three diabetic 
microvascular complications.

METHODS

This Cross-sectional study was conducted in 
Medical unit-II and Ophthalmology ward, Services 
Hospital, Lahore and in the Institute of Molecular 
Biology and Biotechnology (IMBB), The University of 
Lahore from 15th April 2017 to 15th October 2017. 
Informed consent was taken from all patients 
recruited and their demographic data was 
recorded. The clinical parameters were also noted.

The study included one hundred and four patients 
of Type-II Diabetes Mellitus with an age range 20-75 
males and females.. These patients were divided 
into two groups for comparison; Group I: Type-II 
Diabetes Mellitus (T2DM) patients without any 
microvascular complication (52 patients). Group II: 
Type 2 Diabetes Mellitus patients with any of the 
three recognized microvascular complications: 
Diabetic neuropathy, diabeticretinopathy or 
diabetic nephropathy (52 patients). Patients with 
any systemic illness altering the blood coagulability, 
inherited bleeding disorders, severe liver or cardiac 
failure or cancer, on oral contraceptive pills or who 
underwent surgical operation in last six months, or 
genetic disorders like hemoglobinopathies were 
excluded.

Hematological and biochemical analysis were 
done by using Amax destiny plus fully automated 
coagulation analyzer by Trinity Biotech. Hemoglobin 
A1c (HbA1c), fasting plasma glucose were 
measured on chemistry analyzer (Hitachi 902fully 
automated analyzer) manufactured by Roche 
Diagnostics Germany. Body mass index (BMI) was 
done by using the formula: weight measured in 
kilograms divided by height measured in square 
meter (kg/m2).11

The statistical analysis of the data was done by 
using Statistical Package for the Social Sciences; 
SPSS version 21 for windows (SPSS Inc., Chicago, IL, 
USA). Descriptive results were expressed as: mean ± 
SD (standard deviation). An independent samples 
t-test was utilized to compare means of variables. 
Spearman’s rank correlation coefficient was utilized 
for finding correlation between plasma fibrinogen 
levels and other clinical and laboratory parameters. 
P values < 0.05 were considered statistically 
significant.

RESULTS

In our study, 104 T2DM patients were registered and 
were divided in two groups for comparison:
The mean age of the patients in Group I was 56.02 ± 
8.52 years and mean age of the patients in Group II 
was 55.12 ± 9.91 years. The mean blood sugar 
fasting in Group I was 133.71 ± 29.80 and mean 
blood sugar fasting in Group II was 159.12 ± 37.12.  
Mean HBA1c in Group I was 6.73 ± 1.25 and mean 
HBA1c in Group II was 8.13± 1.50. Mean plasma 
fibrinogen in Group I was 295.98 ± 59.70 and mean 
fibrinogen level in Group II was 351 ± 62.78 .Mean 
BMI in Group I was 23.70 ± 3.96 and mean BMI in 
Group II was  22.98 ± 4.15 (Table 1).

An independent samples t-test revealed that there 
was a significant difference between the two 
groups statistically as regards plasma fibrinogen 
levels, blood sugar fasting and HbA1c (Table 1). 
According to Spearman’s rank correlation 
coefficient, following variables were statistically 
significantly correlated (P < 0.05) to plasma 
fibrinogen levels: Blood sugar fasting r = 0.59; HbA1c 
r = 0.79 (Table 2).

A bivariate Spearman’s rank correlation coefficient 
was used to examine whether there was a 
relationship between diabetic microvascular 
complications and plasma fibrinogen. Using a 
two-tailed 0.05 criterion, the results revealed a 
significant and positive relationship between the 
two variables [r (104) = 0.46, p <0.05]. The correlation 
was moderate in strength. Higher levels of plasma 
fibrinogen were associated with diabetic 
microvascular complications (Table 3).
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material and is more stable than Hydroxyapatite 
both chemically and thermally. FA is biocompatible 
and does not degrade in biological environment in 
contrast to HA. Chemically Fluoroapatite is less 
soluble than fluoride free apatites, which shows the 
chemical stability of the material3,4.
 
Due to the increase in importance and application 
of HA, various methods have been developed for 
the synthesis of HA. Few techniques developed for 
the synthesis of hydroxyapatite are solid-state 
reaction, co-precipitation method, hydrothermal 
method, spray pyrolysis, mechano-chemical 

method and sol-gel method5-7. The aim of this study 
is to synthesize nano Hydroxyapatite and 
Fluoroapatite via sol-gel-method and characterize 
the obtained material chemically using FTIR and 
Raman Spectroscopy.

METHODS

Materials used in this experiment were all 
commercial grades and were obtained from Sigma 
– Aldrich UK. Silorane is obtained from 3M ESPE UK. 
Table shows the materials used in the experiment 
with their product number and molecular mass.

Hydroxyapatite was synthesized by sol gel 
technique using the method as previously 
described1,8. Calcium nitrate tetrahydrate [Ca 
(NO3)2.4H2O], Di - Ammonium hydrogen phosphate 
[(NH4)2 HPO4, Ammonium fluoride [NH4F], 
Ammonium hydroxide [NH4OH] and Ethanol 
[C2H5OH] were used as obtained. Initially 50 ml of 
ethanol is taken into the glass beaker; 6.6 gm of 
Ammonium hydrogen phosphate was dissolved in 
ethanol to form a 0.5 mol/l solution. 50 ml of ethanol 
is taken into another beaker and 19.702 gm of 
Calcium Nitrate tetrahydrate was dissolved in it to 
form 1.67 mol/l solution. Figure displays the balance 
(Explorer OHAUS – E11140) used for the 
measurements. The solution of Calcium nitrate 
tetrahydrate was added in the Ammonium 
hydrogen phosphate solution using a dropping 
funnel at the rate of 5 ml/min. A magnetic stir bar is 
placed in the beaker and the beaker is then placed 
on a magnetic stirrer (Model - IKA C-MAG HS 7) at 
the temperature of 85°C. The pH of the solution was 
balanced at 10 with a pH meter (pHep by HANNA) 
by drop wise addition of Ammonium hydroxide up 
to the maximum amount of 5 ml. The solution was 
stirred continuously in oil bath to transmit the heat 
gradually and uniformly. Solution is stirred at the 

same temperature until the white transparent gel 
was obtained. The gel is aged at room temperature 
for 4 hours and dried in hot air oven (Thermo 
Scientific - Heraeus Oven) at 120°C for 24 hours. The 
nano powder obtained was sintered in the furnace 
(Eurothem - Carbolite, LMF4 EER2), initially at 400°C 
for 2 hours and then at 800°C for further 2 hours. The 
powder obtained is allowed to cool and then 
grounded manually by mortar and pestle. 
Obtained sample was then analysed by FTIR to 
examine the purity of the material.

Fluoroapatite was synthesized by sol-gel method 
similar to the method used by Rehman et al1.

Initially 6.6 gm of Ammonium hydrogen phosphate 
was dissolved in 50 ml of ethanol to make the molar 
solution of 0.5 mol/l. Then 19.702 gm of Calcium 
nitrate tetrahydrate was dissolved in 50 ml of 
ethanol to make a 1.67 M solution. Afterwards 0.62 
gm of Ammonium Fluoride was added in the 
solution for 1.67 M solution. Calcium, Phosphorus 
and Fluoride were added to obtain an appropriate 
molar ratio of 3:5:1 (Ca: P: F = 3:5:1). The solution is 
then added to the initial made solution using a 
dropping funnel at the rate of 5 ml/min. Magnetic 

Table 1: List of materials used in the Experiment.

Product 
No. 

Product Name Chemical Formula Molecular Weight Company 

21197 Calcium Nitrate Tetra 

Hydrate 

Ca(NO3)2.4H2O 236.15 Sigma – Aldrich 

215996 Di ammonium Hydrogen 
Phosphate 

(NH4)2 HPO4 132.06 Sigma – Aldrich 

318612 Ammonium Hydroxide NH4OH 35.05 Sigma – Aldrich 

216011 Ammonium fluoride NH4F 37.04 Sigma – Aldrich 

227056 N,N-Dimethylformamide HCON(CH3)2 73.09 Sigma – Aldrich 

401757 Tetrahydrofuran C4H8O 72.11 Sigma – Aldrich 

320110 Acetone CH3COCH3 58.08 Sigma – Aldrich 

02860 Ethanol CH3CH2OH 46.07 Sigma – Aldrich 

 

In Raman spectrum of Hydroxyapatite phosphate 
group can be seen at 963 cm-1, which is used for 
quantitative analysis. Peaks at 1077 and 1044 are 
the ν3 and at 963 cm-1 is ν1 of P – O. The presence of 
peak at 603 cm-1 indicates the ν4 of the O – P – O7,10,11.
 
Figure 2 shows the Raman spectrum of 
fluoroapatite, in which the peaks at 1046 and 967 
cm-1 shows the ν3 and ν1 stretch of phosphate 
respectively. The peaks at 591 and 437 cm-1 
indicates the ν4 and ν2 bends respectively12.

DISCUSSION

Several studies have been done to find out the 
biocompatibility of HA and none of them shows any 
toxicity, inflammatory response or fibrous tissue 
formation between the implant and the bone. HA 
have poor mechanical properties as all other 
bioactive material. That is why HA cannot be used 
in load bearing applications and is not suitable for 
bone substitute. HA is available in the form of 
porous, dense, granules and coatings. To improve 
the mechanical properties of HA, it can be used 
with metals such as magnesium, zinc, titanium and 
strontium4,5,13. To improve the mechanical properties 
of HA, composites containing HA can be 
synthesized. HA is a highly bioactive material, 
having many clinical applications as bone 
replacements. It is used in dental and orthopaedic 
application for repairing bone defects, immediate 
tooth replacement, alveolar ridge augmentation 
and reconstruction of maxillofacial deformities6. 

HA was first used in 1981 for the filling of periodontal 
lesion, since then it’s been extensively used in 
medical field5. Hydroxyapatite material implants 
cannot be used under heavy loads, such as artificial 
teeth or bones as the fracture toughness of HA is 
very low if compared with human bone. The clinical 
applications of HA are restricted to small unloaded 
implants, powders, coatings and implants in low 
stress bearing areas14, 15. 

The Fluoride in the Fluoroapatite inhibits the 
bacterial growth thus making it the material of 
choice to incorporate in dental restorative 
materials.  Presence of fluoride results in the low 
solubility and good acid resistance which are the 
essential property of a restorative material to survive 
in the harsh oral environment. But the excess 
fluoride may result in fluorosis. Fluoride and 
hydroxide ions share the same charge and almost 
same radius and are able to replace each other in 
the mineral structures16. Chen and Miao have 
incorporated Fluoride in hydroxyapatite to form 
fluorohydroxyapatite and concluded that the 
resultant material have better thermal and 
chemical stability than hydroxyapatite17. 

Sol-gel method is considered more advantageous 
as compared to others because the product 
obtained is pure, homogenous, highly crystalline, 
nano sized and requires comparatively low synthesis 
temperature5-7. The sol-gel process is a wet 
chemical method that does not require too high 
sintering temperature. Molecular mixing of calcium 

stir bar was placed in the beaker and the beaker 
was placed on the magnetic stirrer in an oil bath at 
the temperature of 85°C until the white transparent 
gel was obtained. The gel was aged for 4 hours at 
room temperature and dried in the Hot air oven at 
120°C for 24 hours. The nano powder obtained was 
then sintered, initially at 400°C for 2 hours and then 
at 800°C for further 2 hours. Obtained powder is 
then allowed to cool down and then grounded 
using mortar and pestle. Sample was then analyzed 
by FTIR to examine the purity of the material.

RESULTS
Initially the synthesized hydroxyapatite and 

fluoroapatite powders have been examined using 
the FTIR to characterize the purity of the obtained 
HA and FA samples. The characteristic peaks of 
hydroxyl, carbonate and phosphate groups were 
present in the spectrum.  Hydroxyl band is observed 
at 3570 and 636 cm-1, showing the stretching and 
liberation mode respectively. Carbonate bands are 
being observed in 1420 cm-1 and phosphate bands 
can be seen at 1017, 962, 602 and 571 cm-1.  The 
band at 602 and 571 cm-1 are due to phosphate 
bending vibrations and the bands at 1017 and 962 
cm-1 are phosphate stretching vibration

and phosphorus can be achieved by this method8. 
There are six stages of sol-gel method, which are 
mixing, gelation, aging, drying, sintering and 
crushing. Calcium and Phosphorus precursors are 
mixed in a molar ratio of 1.67. The mixture is then 
heated and stirred till the white transparent gel is 
obtained. The obtained gel is then dried for 24 hours 
in an air oven. Here a dried porous material is 
obtained which is placed in a furnace for sintering. 
The powder obtained from sintering is then allowed 
to cool and then crushed with the help of mortar 
and pestle to achieve the similar size particles7,8. The 
obtained materials are then observed under FTIR 
and Raman spectroscopy for confirming the 
chemical structure which is a reliable method of 
characterizing the materials chemically18. 

CONCLUSION

In the present study, Hydroxyapatite and 
Fluoroapatite were prepared by sol gel method. Sol 
gel method is proved to be a reliable and simple 
method for the formation of nano sized 
Hydroxyapatite and Fluoroapatite.
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INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic 
disorder due to multiple etiological factors and is 
featured by chronic hyperglycemia amalgamated 
with derangements of carbohydrate, protein and 
fat metabolisms causing long–term morbidity, 
dysfunction and failure of multiple body organs.1

Type II diabetes mellitus (T2DM), due to gradual loss 

of pancreatic β-Cell function, results in impaired 
secretion of insulin and increased requirement for 
insulin due to insulin resistance. Microvascular 
complications of DM include diabetic neuropathy, 
diabetic nephropathy and diabetic retinopathy, 
which are conditions manifesting from prolonged 
excess glucose levels in the small blood vessels 
supplying various body tissues2-5.

The pathophysiology of vascular complications 

include hypercoagulable state and disturbed 
coagulation cascade in diabetes leading to 
extensive platelet aggregation and hence more 
clot formation.6 Many factors can affect plasma 
fibrinogen levels. It increases with an advancing 
age, body mass index (BMI), diabetes mellitus, 
tobacco smoking and in post-menopausal women. 
It declines with regular physical exercise, moderate 
alcohol consumption, high density lipoprotein 
cholesterol (HDL cholesterol) and with synthetic 
hormone therapy.7, 8

Platelet aggregation seems to execute a major role 
in pathophysiology of hemostasis and thrombosis. 
This aggregation takes place through the interface 
of plasma fibrinogen with its receptor on platelets 
which is Glycoprotein IIb-IIIa complex. Fibrinogen is 
an active participant in a number of 
pathophysiological processes in the body including 
inflammation, thrombogenesis and atherogenesis.9

In the past few years, variation in hematological 
indices has been related to development of 
microvascular complications in diabetics. Few 
hematological factors such as blood viscosity and 
others are thought to participate significantly for 
microvascular complications in diabetics.10

The aim of our study was to evaluate an association 
of plasma fibrinogen with blood levels of glycated 
hemoglobin (HbA1c), fasting glucose and BMI in 
patients having any of the three diabetic 
microvascular complications.

METHODS

This Cross-sectional study was conducted in 
Medical unit-II and Ophthalmology ward, Services 
Hospital, Lahore and in the Institute of Molecular 
Biology and Biotechnology (IMBB), The University of 
Lahore from 15th April 2017 to 15th October 2017. 
Informed consent was taken from all patients 
recruited and their demographic data was 
recorded. The clinical parameters were also noted.

The study included one hundred and four patients 
of Type-II Diabetes Mellitus with an age range 20-75 
males and females.. These patients were divided 
into two groups for comparison; Group I: Type-II 
Diabetes Mellitus (T2DM) patients without any 
microvascular complication (52 patients). Group II: 
Type 2 Diabetes Mellitus patients with any of the 
three recognized microvascular complications: 
Diabetic neuropathy, diabeticretinopathy or 
diabetic nephropathy (52 patients). Patients with 
any systemic illness altering the blood coagulability, 
inherited bleeding disorders, severe liver or cardiac 
failure or cancer, on oral contraceptive pills or who 
underwent surgical operation in last six months, or 
genetic disorders like hemoglobinopathies were 
excluded.

Hematological and biochemical analysis were 
done by using Amax destiny plus fully automated 
coagulation analyzer by Trinity Biotech. Hemoglobin 
A1c (HbA1c), fasting plasma glucose were 
measured on chemistry analyzer (Hitachi 902fully 
automated analyzer) manufactured by Roche 
Diagnostics Germany. Body mass index (BMI) was 
done by using the formula: weight measured in 
kilograms divided by height measured in square 
meter (kg/m2).11

The statistical analysis of the data was done by 
using Statistical Package for the Social Sciences; 
SPSS version 21 for windows (SPSS Inc., Chicago, IL, 
USA). Descriptive results were expressed as: mean ± 
SD (standard deviation). An independent samples 
t-test was utilized to compare means of variables. 
Spearman’s rank correlation coefficient was utilized 
for finding correlation between plasma fibrinogen 
levels and other clinical and laboratory parameters. 
P values < 0.05 were considered statistically 
significant.

RESULTS

In our study, 104 T2DM patients were registered and 
were divided in two groups for comparison:
The mean age of the patients in Group I was 56.02 ± 
8.52 years and mean age of the patients in Group II 
was 55.12 ± 9.91 years. The mean blood sugar 
fasting in Group I was 133.71 ± 29.80 and mean 
blood sugar fasting in Group II was 159.12 ± 37.12.  
Mean HBA1c in Group I was 6.73 ± 1.25 and mean 
HBA1c in Group II was 8.13± 1.50. Mean plasma 
fibrinogen in Group I was 295.98 ± 59.70 and mean 
fibrinogen level in Group II was 351 ± 62.78 .Mean 
BMI in Group I was 23.70 ± 3.96 and mean BMI in 
Group II was  22.98 ± 4.15 (Table 1).

An independent samples t-test revealed that there 
was a significant difference between the two 
groups statistically as regards plasma fibrinogen 
levels, blood sugar fasting and HbA1c (Table 1). 
According to Spearman’s rank correlation 
coefficient, following variables were statistically 
significantly correlated (P < 0.05) to plasma 
fibrinogen levels: Blood sugar fasting r = 0.59; HbA1c 
r = 0.79 (Table 2).

A bivariate Spearman’s rank correlation coefficient 
was used to examine whether there was a 
relationship between diabetic microvascular 
complications and plasma fibrinogen. Using a 
two-tailed 0.05 criterion, the results revealed a 
significant and positive relationship between the 
two variables [r (104) = 0.46, p <0.05]. The correlation 
was moderate in strength. Higher levels of plasma 
fibrinogen were associated with diabetic 
microvascular complications (Table 3).
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Hydroxyapatite was synthesized by sol gel 
technique using the method as previously 
described1,8. Calcium nitrate tetrahydrate [Ca 
(NO3)2.4H2O], Di - Ammonium hydrogen phosphate 
[(NH4)2 HPO4, Ammonium fluoride [NH4F], 
Ammonium hydroxide [NH4OH] and Ethanol 
[C2H5OH] were used as obtained. Initially 50 ml of 
ethanol is taken into the glass beaker; 6.6 gm of 
Ammonium hydrogen phosphate was dissolved in 
ethanol to form a 0.5 mol/l solution. 50 ml of ethanol 
is taken into another beaker and 19.702 gm of 
Calcium Nitrate tetrahydrate was dissolved in it to 
form 1.67 mol/l solution. Figure displays the balance 
(Explorer OHAUS – E11140) used for the 
measurements. The solution of Calcium nitrate 
tetrahydrate was added in the Ammonium 
hydrogen phosphate solution using a dropping 
funnel at the rate of 5 ml/min. A magnetic stir bar is 
placed in the beaker and the beaker is then placed 
on a magnetic stirrer (Model - IKA C-MAG HS 7) at 
the temperature of 85°C. The pH of the solution was 
balanced at 10 with a pH meter (pHep by HANNA) 
by drop wise addition of Ammonium hydroxide up 
to the maximum amount of 5 ml. The solution was 
stirred continuously in oil bath to transmit the heat 
gradually and uniformly. Solution is stirred at the 

same temperature until the white transparent gel 
was obtained. The gel is aged at room temperature 
for 4 hours and dried in hot air oven (Thermo 
Scientific - Heraeus Oven) at 120°C for 24 hours. The 
nano powder obtained was sintered in the furnace 
(Eurothem - Carbolite, LMF4 EER2), initially at 400°C 
for 2 hours and then at 800°C for further 2 hours. The 
powder obtained is allowed to cool and then 
grounded manually by mortar and pestle. 
Obtained sample was then analysed by FTIR to 
examine the purity of the material.

Fluoroapatite was synthesized by sol-gel method 
similar to the method used by Rehman et al1.

Initially 6.6 gm of Ammonium hydrogen phosphate 
was dissolved in 50 ml of ethanol to make the molar 
solution of 0.5 mol/l. Then 19.702 gm of Calcium 
nitrate tetrahydrate was dissolved in 50 ml of 
ethanol to make a 1.67 M solution. Afterwards 0.62 
gm of Ammonium Fluoride was added in the 
solution for 1.67 M solution. Calcium, Phosphorus 
and Fluoride were added to obtain an appropriate 
molar ratio of 3:5:1 (Ca: P: F = 3:5:1). The solution is 
then added to the initial made solution using a 
dropping funnel at the rate of 5 ml/min. Magnetic 

bands. The bands present in the region of 1500 – 
1400 cm-1 are the carbonate bands, which suggest 
the presence of carbonate functional group. They 
can originate from the CO2 present in the air and 
can enter in the hydroxyapatite structure. The 
sample of FA shows the clear reduction in the 

hydroxyl peak and disappearance of phosphate 
peak at 636 cm-1, which is the confirmation of FA 
formulation. The broader phosphate peak in the 
region of 950 – 1100 cm-1 shows the degree of 
crystallinity which is increased due to the process of 
sintering1, 9. 

In Raman spectrum of Hydroxyapatite phosphate 
group can be seen at 963 cm-1, which is used for 
quantitative analysis. Peaks at 1077 and 1044 are 
the ν3 and at 963 cm-1 is ν1 of P – O. The presence of 
peak at 603 cm-1 indicates the ν4 of the O – P – O7,10,11.
 
Figure 2 shows the Raman spectrum of 
fluoroapatite, in which the peaks at 1046 and 967 
cm-1 shows the ν3 and ν1 stretch of phosphate 
respectively. The peaks at 591 and 437 cm-1 
indicates the ν4 and ν2 bends respectively12.

DISCUSSION

Several studies have been done to find out the 
biocompatibility of HA and none of them shows any 
toxicity, inflammatory response or fibrous tissue 
formation between the implant and the bone. HA 
have poor mechanical properties as all other 
bioactive material. That is why HA cannot be used 
in load bearing applications and is not suitable for 
bone substitute. HA is available in the form of 
porous, dense, granules and coatings. To improve 
the mechanical properties of HA, it can be used 
with metals such as magnesium, zinc, titanium and 
strontium4,5,13. To improve the mechanical properties 
of HA, composites containing HA can be 
synthesized. HA is a highly bioactive material, 
having many clinical applications as bone 
replacements. It is used in dental and orthopaedic 
application for repairing bone defects, immediate 
tooth replacement, alveolar ridge augmentation 
and reconstruction of maxillofacial deformities6. 

HA was first used in 1981 for the filling of periodontal 
lesion, since then it’s been extensively used in 
medical field5. Hydroxyapatite material implants 
cannot be used under heavy loads, such as artificial 
teeth or bones as the fracture toughness of HA is 
very low if compared with human bone. The clinical 
applications of HA are restricted to small unloaded 
implants, powders, coatings and implants in low 
stress bearing areas14, 15. 

The Fluoride in the Fluoroapatite inhibits the 
bacterial growth thus making it the material of 
choice to incorporate in dental restorative 
materials.  Presence of fluoride results in the low 
solubility and good acid resistance which are the 
essential property of a restorative material to survive 
in the harsh oral environment. But the excess 
fluoride may result in fluorosis. Fluoride and 
hydroxide ions share the same charge and almost 
same radius and are able to replace each other in 
the mineral structures16. Chen and Miao have 
incorporated Fluoride in hydroxyapatite to form 
fluorohydroxyapatite and concluded that the 
resultant material have better thermal and 
chemical stability than hydroxyapatite17. 

Sol-gel method is considered more advantageous 
as compared to others because the product 
obtained is pure, homogenous, highly crystalline, 
nano sized and requires comparatively low synthesis 
temperature5-7. The sol-gel process is a wet 
chemical method that does not require too high 
sintering temperature. Molecular mixing of calcium 

stir bar was placed in the beaker and the beaker 
was placed on the magnetic stirrer in an oil bath at 
the temperature of 85°C until the white transparent 
gel was obtained. The gel was aged for 4 hours at 
room temperature and dried in the Hot air oven at 
120°C for 24 hours. The nano powder obtained was 
then sintered, initially at 400°C for 2 hours and then 
at 800°C for further 2 hours. Obtained powder is 
then allowed to cool down and then grounded 
using mortar and pestle. Sample was then analyzed 
by FTIR to examine the purity of the material.

RESULTS
Initially the synthesized hydroxyapatite and 

fluoroapatite powders have been examined using 
the FTIR to characterize the purity of the obtained 
HA and FA samples. The characteristic peaks of 
hydroxyl, carbonate and phosphate groups were 
present in the spectrum.  Hydroxyl band is observed 
at 3570 and 636 cm-1, showing the stretching and 
liberation mode respectively. Carbonate bands are 
being observed in 1420 cm-1 and phosphate bands 
can be seen at 1017, 962, 602 and 571 cm-1.  The 
band at 602 and 571 cm-1 are due to phosphate 
bending vibrations and the bands at 1017 and 962 
cm-1 are phosphate stretching vibration

A

B

Figure 1: FTIR spectrum of (A) Hydroxyapatite and (B) Flouroapatite

and phosphorus can be achieved by this method8. 
There are six stages of sol-gel method, which are 
mixing, gelation, aging, drying, sintering and 
crushing. Calcium and Phosphorus precursors are 
mixed in a molar ratio of 1.67. The mixture is then 
heated and stirred till the white transparent gel is 
obtained. The obtained gel is then dried for 24 hours 
in an air oven. Here a dried porous material is 
obtained which is placed in a furnace for sintering. 
The powder obtained from sintering is then allowed 
to cool and then crushed with the help of mortar 
and pestle to achieve the similar size particles7,8. The 
obtained materials are then observed under FTIR 
and Raman spectroscopy for confirming the 
chemical structure which is a reliable method of 
characterizing the materials chemically18. 

CONCLUSION

In the present study, Hydroxyapatite and 
Fluoroapatite were prepared by sol gel method. Sol 
gel method is proved to be a reliable and simple 
method for the formation of nano sized 
Hydroxyapatite and Fluoroapatite.
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INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic 
disorder due to multiple etiological factors and is 
featured by chronic hyperglycemia amalgamated 
with derangements of carbohydrate, protein and 
fat metabolisms causing long–term morbidity, 
dysfunction and failure of multiple body organs.1

Type II diabetes mellitus (T2DM), due to gradual loss 

of pancreatic β-Cell function, results in impaired 
secretion of insulin and increased requirement for 
insulin due to insulin resistance. Microvascular 
complications of DM include diabetic neuropathy, 
diabetic nephropathy and diabetic retinopathy, 
which are conditions manifesting from prolonged 
excess glucose levels in the small blood vessels 
supplying various body tissues2-5.

The pathophysiology of vascular complications 

include hypercoagulable state and disturbed 
coagulation cascade in diabetes leading to 
extensive platelet aggregation and hence more 
clot formation.6 Many factors can affect plasma 
fibrinogen levels. It increases with an advancing 
age, body mass index (BMI), diabetes mellitus, 
tobacco smoking and in post-menopausal women. 
It declines with regular physical exercise, moderate 
alcohol consumption, high density lipoprotein 
cholesterol (HDL cholesterol) and with synthetic 
hormone therapy.7, 8

Platelet aggregation seems to execute a major role 
in pathophysiology of hemostasis and thrombosis. 
This aggregation takes place through the interface 
of plasma fibrinogen with its receptor on platelets 
which is Glycoprotein IIb-IIIa complex. Fibrinogen is 
an active participant in a number of 
pathophysiological processes in the body including 
inflammation, thrombogenesis and atherogenesis.9

In the past few years, variation in hematological 
indices has been related to development of 
microvascular complications in diabetics. Few 
hematological factors such as blood viscosity and 
others are thought to participate significantly for 
microvascular complications in diabetics.10

The aim of our study was to evaluate an association 
of plasma fibrinogen with blood levels of glycated 
hemoglobin (HbA1c), fasting glucose and BMI in 
patients having any of the three diabetic 
microvascular complications.

METHODS

This Cross-sectional study was conducted in 
Medical unit-II and Ophthalmology ward, Services 
Hospital, Lahore and in the Institute of Molecular 
Biology and Biotechnology (IMBB), The University of 
Lahore from 15th April 2017 to 15th October 2017. 
Informed consent was taken from all patients 
recruited and their demographic data was 
recorded. The clinical parameters were also noted.

The study included one hundred and four patients 
of Type-II Diabetes Mellitus with an age range 20-75 
males and females.. These patients were divided 
into two groups for comparison; Group I: Type-II 
Diabetes Mellitus (T2DM) patients without any 
microvascular complication (52 patients). Group II: 
Type 2 Diabetes Mellitus patients with any of the 
three recognized microvascular complications: 
Diabetic neuropathy, diabeticretinopathy or 
diabetic nephropathy (52 patients). Patients with 
any systemic illness altering the blood coagulability, 
inherited bleeding disorders, severe liver or cardiac 
failure or cancer, on oral contraceptive pills or who 
underwent surgical operation in last six months, or 
genetic disorders like hemoglobinopathies were 
excluded.

Hematological and biochemical analysis were 
done by using Amax destiny plus fully automated 
coagulation analyzer by Trinity Biotech. Hemoglobin 
A1c (HbA1c), fasting plasma glucose were 
measured on chemistry analyzer (Hitachi 902fully 
automated analyzer) manufactured by Roche 
Diagnostics Germany. Body mass index (BMI) was 
done by using the formula: weight measured in 
kilograms divided by height measured in square 
meter (kg/m2).11

The statistical analysis of the data was done by 
using Statistical Package for the Social Sciences; 
SPSS version 21 for windows (SPSS Inc., Chicago, IL, 
USA). Descriptive results were expressed as: mean ± 
SD (standard deviation). An independent samples 
t-test was utilized to compare means of variables. 
Spearman’s rank correlation coefficient was utilized 
for finding correlation between plasma fibrinogen 
levels and other clinical and laboratory parameters. 
P values < 0.05 were considered statistically 
significant.

RESULTS

In our study, 104 T2DM patients were registered and 
were divided in two groups for comparison:
The mean age of the patients in Group I was 56.02 ± 
8.52 years and mean age of the patients in Group II 
was 55.12 ± 9.91 years. The mean blood sugar 
fasting in Group I was 133.71 ± 29.80 and mean 
blood sugar fasting in Group II was 159.12 ± 37.12.  
Mean HBA1c in Group I was 6.73 ± 1.25 and mean 
HBA1c in Group II was 8.13± 1.50. Mean plasma 
fibrinogen in Group I was 295.98 ± 59.70 and mean 
fibrinogen level in Group II was 351 ± 62.78 .Mean 
BMI in Group I was 23.70 ± 3.96 and mean BMI in 
Group II was  22.98 ± 4.15 (Table 1).

An independent samples t-test revealed that there 
was a significant difference between the two 
groups statistically as regards plasma fibrinogen 
levels, blood sugar fasting and HbA1c (Table 1). 
According to Spearman’s rank correlation 
coefficient, following variables were statistically 
significantly correlated (P < 0.05) to plasma 
fibrinogen levels: Blood sugar fasting r = 0.59; HbA1c 
r = 0.79 (Table 2).

A bivariate Spearman’s rank correlation coefficient 
was used to examine whether there was a 
relationship between diabetic microvascular 
complications and plasma fibrinogen. Using a 
two-tailed 0.05 criterion, the results revealed a 
significant and positive relationship between the 
two variables [r (104) = 0.46, p <0.05]. The correlation 
was moderate in strength. Higher levels of plasma 
fibrinogen were associated with diabetic 
microvascular complications (Table 3).
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In Raman spectrum of Hydroxyapatite phosphate 
group can be seen at 963 cm-1, which is used for 
quantitative analysis. Peaks at 1077 and 1044 are 
the ν3 and at 963 cm-1 is ν1 of P – O. The presence of 
peak at 603 cm-1 indicates the ν4 of the O – P – O7,10,11.
 
Figure 2 shows the Raman spectrum of 
fluoroapatite, in which the peaks at 1046 and 967 
cm-1 shows the ν3 and ν1 stretch of phosphate 
respectively. The peaks at 591 and 437 cm-1 
indicates the ν4 and ν2 bends respectively12.

DISCUSSION

Several studies have been done to find out the 
biocompatibility of HA and none of them shows any 
toxicity, inflammatory response or fibrous tissue 
formation between the implant and the bone. HA 
have poor mechanical properties as all other 
bioactive material. That is why HA cannot be used 
in load bearing applications and is not suitable for 
bone substitute. HA is available in the form of 
porous, dense, granules and coatings. To improve 
the mechanical properties of HA, it can be used 
with metals such as magnesium, zinc, titanium and 
strontium4,5,13. To improve the mechanical properties 
of HA, composites containing HA can be 
synthesized. HA is a highly bioactive material, 
having many clinical applications as bone 
replacements. It is used in dental and orthopaedic 
application for repairing bone defects, immediate 
tooth replacement, alveolar ridge augmentation 
and reconstruction of maxillofacial deformities6. 

HA was first used in 1981 for the filling of periodontal 
lesion, since then it’s been extensively used in 
medical field5. Hydroxyapatite material implants 
cannot be used under heavy loads, such as artificial 
teeth or bones as the fracture toughness of HA is 
very low if compared with human bone. The clinical 
applications of HA are restricted to small unloaded 
implants, powders, coatings and implants in low 
stress bearing areas14, 15. 

The Fluoride in the Fluoroapatite inhibits the 
bacterial growth thus making it the material of 
choice to incorporate in dental restorative 
materials.  Presence of fluoride results in the low 
solubility and good acid resistance which are the 
essential property of a restorative material to survive 
in the harsh oral environment. But the excess 
fluoride may result in fluorosis. Fluoride and 
hydroxide ions share the same charge and almost 
same radius and are able to replace each other in 
the mineral structures16. Chen and Miao have 
incorporated Fluoride in hydroxyapatite to form 
fluorohydroxyapatite and concluded that the 
resultant material have better thermal and 
chemical stability than hydroxyapatite17. 

Sol-gel method is considered more advantageous 
as compared to others because the product 
obtained is pure, homogenous, highly crystalline, 
nano sized and requires comparatively low synthesis 
temperature5-7. The sol-gel process is a wet 
chemical method that does not require too high 
sintering temperature. Molecular mixing of calcium 

Figure 2. Raman Spectrum of (A) Hydroxyapatite and (B) Floroapatite

and phosphorus can be achieved by this method8. 
There are six stages of sol-gel method, which are 
mixing, gelation, aging, drying, sintering and 
crushing. Calcium and Phosphorus precursors are 
mixed in a molar ratio of 1.67. The mixture is then 
heated and stirred till the white transparent gel is 
obtained. The obtained gel is then dried for 24 hours 
in an air oven. Here a dried porous material is 
obtained which is placed in a furnace for sintering. 
The powder obtained from sintering is then allowed 
to cool and then crushed with the help of mortar 
and pestle to achieve the similar size particles7,8. The 
obtained materials are then observed under FTIR 
and Raman spectroscopy for confirming the 
chemical structure which is a reliable method of 
characterizing the materials chemically18. 

CONCLUSION

In the present study, Hydroxyapatite and 
Fluoroapatite were prepared by sol gel method. Sol 
gel method is proved to be a reliable and simple 
method for the formation of nano sized 
Hydroxyapatite and Fluoroapatite.
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applications of HA are restricted to small unloaded 
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same radius and are able to replace each other in 
the mineral structures16. Chen and Miao have 
incorporated Fluoride in hydroxyapatite to form 
fluorohydroxyapatite and concluded that the 
resultant material have better thermal and 
chemical stability than hydroxyapatite17. 

Sol-gel method is considered more advantageous 
as compared to others because the product 
obtained is pure, homogenous, highly crystalline, 
nano sized and requires comparatively low synthesis 
temperature5-7. The sol-gel process is a wet 
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and phosphorus can be achieved by this method8. 
There are six stages of sol-gel method, which are 
mixing, gelation, aging, drying, sintering and 
crushing. Calcium and Phosphorus precursors are 
mixed in a molar ratio of 1.67. The mixture is then 
heated and stirred till the white transparent gel is 
obtained. The obtained gel is then dried for 24 hours 
in an air oven. Here a dried porous material is 
obtained which is placed in a furnace for sintering. 
The powder obtained from sintering is then allowed 
to cool and then crushed with the help of mortar 
and pestle to achieve the similar size particles7,8. The 
obtained materials are then observed under FTIR 
and Raman spectroscopy for confirming the 
chemical structure which is a reliable method of 
characterizing the materials chemically18. 

CONCLUSION

In the present study, Hydroxyapatite and 
Fluoroapatite were prepared by sol gel method. Sol 
gel method is proved to be a reliable and simple 
method for the formation of nano sized 
Hydroxyapatite and Fluoroapatite.
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