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Abstract 
Over the past several decades, polymer composites have got a wide investigation in academics and 
industry because of their low cost and high performance.  Composites have been advancing to their 
present state as fillers.  For those fillers, calcium-based biomaterials, glass fiber and nanoclay are 
often used to strengthen the polymer matrix.  Normally they do not have any functions of electrical 
properties, thermal stability, elasticity and mechanical strength.  Nowadays carbon based fillers 
provide more choices with multiple functions. Especially for the graphene-based biomaterials 
possess the combination of excellent mechanical, thermal and electrical properties and then 
attract considerable attention. In addition, a reinforcement of functionalised graphene o xide 
improves its applications further because of the unique physical properties of graphene oxide with 
high charge carrier mobility, transparency, specific surface area and thermal conductivity.  In the 
present work, we have prepared a novel β-CD-HA-f-GO composite and Fourier transform infrared 
spectroscopy (FT-IR) has been applied to study the occurring interactions between materials. 
Thermal properties of composite have been analysed by differential scanning calorimetry (DSC) 
and thermogravimetric analysis (TGA). From the results it was concluded that the prepared 
composite with overall new perspectives for the development of naturally available materials with 
tunable functional properties of graphene oxide in combination with biomaterials possess 
excellent thermal stability. 
  
Keywords  
Polymer composites, biomaterials, fillers, functionalised graphene oxide, HAp, Cyclodextrin and 
thermal stability. 
 

***** 
 
 

1. INTRODUCTION 

Cyclodextrins (CDs) are polysaccharide 

macromolecules comprising six, seven and eight D-

glucose units for the respective -, - and -CDs.  They 

have a truncated conical shape with cavity diameters 

of 6–10 Å. They possess a ring-like structure with a 

hydrophilic exterior and a hydrophobic interior 

resulting from the presence of primary and secondary 

hydroxyl groups at the edges of the ring (C2, C3, and 

C6) and of apolar hydrogens and ether-like oxygen at 

the inside face of the ring (C3 and C5) [1]. This particular 

molecular arrangement allows CDs to trap or 
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encapsulate other compounds [2,3] commonly referred 

as guest molecules, becoming an important 

multipurpose tool.  An interesting characteristic of β-

CD is its ability to selectively bind various organic, 

inorganic, and biological guest molecules in its cavity 

to form host-guest inclusion complexes. [4]  This 

prominent property has been applied in chemical, 

cosmetics, pharmaceutical industry, foods, and 

agriculture 

 

etc. [5,6] On the other hand, hydroxyapatite (HA) is one 

of the major constituents of the inorganic component 

in human hard tissues (bones and teeth), and it is one 

of the most common biomaterials studied in bone 

tissue engineering because of its good 

biocompatibility. [7, 8]  HAp acts as a reinforcement 

material in hard tissues, and is responsible for the 

stiffness of bone, dentin and enamel. It eventually acts 

as an inducing material in the formation of osteoblasts 

and osteoclasts, leading to bone formation and 

mineralization.  It can form a direct chemical bond with 

surrounding bone and connective tissues [9] and is 

osteoconductive, nontoxic, non-inflammatory and 

non-immunogenic. [10, 11, 12, 13] However, there are 

some limitations in its usage because its low 

mechanical strength [14] and brittleness makes it hard 

to shape. So as to overcome the problem, the 

incorporation of f-graphene oxide in the β-CD/HA 

matrix would provide functionality and flexibility to the 

prepared composite. It has also been reported in a 

recent investigation, that Graphene Oxide (GO) has 

been functionalized and added with β-CD/HA polymer 

matrix resulted into a system adopted for various 

applications. 

 

2. MATERIALS AND METHODS 

β-Cyclodextrin (β-CD) and Hydroxyapatite were 

purchased from Sigma-Aldrich Co.  Graphite was 

obtained from Molychem Chemicals Ltd. All other 

reagents were of analytical grade and used as received 

without further purification.  The water used was 

double distilled and deionised. 

2.1 CHARACTERIZATION 

The FT-IR spectra of β-CD/HAp/f-GO composite was 

recorded by Fourier transform infra-red 

spectrophotometer (FT-IR) using the SHIMADZU FT-IR 

Spectrophotometer in the wavelength range of 400 – 

4000 cm-1.  Thermogravimetric analysis of the 

prepared samples was performed using SDT Q600 V8.0 

Build 95 instrument. The range of temperature used is 

between 20ºC to 800ºC with a heating rate of 

10ºC/min under nitrogen atmosphere.  The differential 

scanning calorimeter (DSC) was used to examine the 

thermal property of the blends. The measurements 

were performed with NETZSCH DSC 200 PC in a pan Al, 

pierced lid in the N2 atmosphere at a heating rate of 10 

°C/min. 

2.3 PREPARATION OF GRAPHENE OXIDE  

GO was synthesized from graphite powder using a 

modified Hummers method. 1g of graphite powder 

and 0.5 g of NaNO3 were dissolved in 50 mL of cold 98% 

H2SO4 under an ice bath. After stirring of the mixture 

for 20 min, 4g of KMnO4 was gradually added within 5 

min with stirring at temperature below 20 °C. After 1 

h, the reaction was continued for 30 min at 35 °C. 

Then, 50 mL of deionized water was slowly poured into 

the reaction mixture. The reaction was continued for 

20 min at 98 °C, followed by further dilution of 

suspension to 200 mL with deionized water and 

subsequent addition of 5 mL 30% H2O2 for removing 

the residual KMnO4 and MnO2. The resulting mixture 

was then filtered and washed four times with 

deionized water and 5% HCl solution, respectively. The 

resultant GO (yield 89%) was dried under vacuum at 70 

°C for 10 h. 

2.4 FUNCTIONALISATION OF GRAPHENE OXIDE 

For functionalisation, we used 10 mg of graphene 

oxide, 7 mg of which was added to 30 ml H2SO4 and 

remaining 3 mg was added to 10 ml HNO3 (3:1 ratio 30 

ml of H2SO4 and 10 ml of HNO3). And then both were 

mixed together and left for 10 min, then this process 

was followed by centrifugation then we decanted the 

supernatant and repeatedly washed with distilled 

water until the PH is equal to 7.  

2.5 PREPARATION OF β-

CYCLODEXTRIN/HYDROXYAPATITE/F-GRAPHENE 

OXIDE COMPOSITE 

About 0.5 g of β-Cyclodextrin was dissolved in hot 

water and kept aside. Then, 0.5 g of Hydroxyapatite 

was weighed and dispersed in minimum amount of 

distilled water. This dispersed HAp was slowly added 

to β-Cyclodextrin in hot water with constant stirring. 

The mixture was agitated at room temperature using 

ultrasonicator for 45 minutes. The homogenous 

solution was poured into petridish and kept for air 

drying.  
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β-cyclodextrin/Hydroxyapatite/f-graphene oxide 

composite was prepared by adding   0.5 g of 

functionalized graphene oxide to 1 g of β-

cyclodextrin/Hydroxyapatite by grinding method using 

mortar and pestle

.  

 

3. RESULTS AND DISCUSSION 

3.1 FT-IR SPECTROMETRY 

 

 
Figure 1: FT-IR spectrum of pure β-Cyclodextrin 

 
Figure 2: FT-IR spectrum of pure β-CD/HA/f-GO Composite 

 

The FTIR spectral details of pure β-CD and β-CD/HAp/f-

GO composite was represented in Fig.1 and Fig.2. The 

FT-IR spectra shows all the characteristic bands of 

functional groups present in the pure β-CD and β-

CD/HAp/f-GO composite. The FT-IR spectrum reveals 

that the presence of sharp and intense band appears 

at 3408 cm-1 may be due to the overlapping of O-H 

stretching band of   β-CD with the O-H stretching band 

of HAp and f-GO.  Because in case of pure β-CD and f-

GO, there is a broad spectrum was observed.  This shift 

in frequency range is due to the strong interaction 

between the hydroxyl groups present in the β-CD, HAp 

and f-GO which involves in the intermolecular 

hydrogen bonding. [15] In the composite, there is a new 

band appears at 2924 cm-1, 2360 cm-1 and 1425 cm-1 

was attributed to the phosphate group and absorbed 

carbonate group present in the hydroxyapatite and 

also for -O-H stretching vibration mode of β-CD. Both 

of these changes suggest that the successfull 

attachment of β-CD with the HAp and f-GO. The 

appearance of new peak at the range of 1722.43 cm -1 

corresponding to the C=O stretching vibration of 

carboxyl group which implies that the carboxylation of 

graphene oxide has been taken as well. The sharp and 

intense peak at 1635 cm-1 indicates that the alkene C=C 

stretching and C-O/C-C stretching vibrations at 1149 

cm-1 and 1033 cm-1. Then, intensive absorption band in 

570 cm-1 corresponds to a band characteristic to PO4
3-
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. [16] The intense peaks located at 852 cm-1 corresponds 

to a band characteristic to HPO4
2-. Thus, the FTIR 

spectra analysis indicated that all the three 

components in β-CD/HAp/f-GO composite prepared 

involves the expected interactions among different 

components. 

3.2 Thermo gravimetric analysis (TGA)  

Thermogravimetric analysis is a method of thermal 

analysis which deals with the measurement of changes 

in physical and chemical properties of materials as a 

function of increasing temperature (with constant 

heating rate), or as a function of time (with constant 

temperature and/or constant mass loss). The TGA and 

DTA curves of pure β-CD and β-CD/HAp/f-GO 

composite has shown in Fig.3, Fig.4 and Fig.5.     

 
Figure 3:TGA thermogram of pure β-CD 

  

The TGA thermogram of pure β-CD shows an initial 

weight loss peak due to loss of moisture at 93 °C and a 

large weight loss peak at 325 °C is due to thermal 

decomposition of β-CD. [17] On comparing the TGA of 

pure β-CD with the TGA curve of β-CD/HAp/f-GO 

composite, it shows the first weight losses started 

from room temperature to 97 °C and the second 

weight loss at 247 °C were observed for GO, may be 

due to loss of thermally unstable water molecules and 

loss of the labile oxygen-containing functional groups 

such as carboxylic, anhydride respectively. [18]  Where, 

the composite involves two step weight loss in the 

range of 275-350 °C due to decomposition of β-CD in 

consistency with DTA curve with the total weight loss 

of ~ 56-57% and decomposition temperature at 600-

710 °C indicating that HAp increased the thermal 

stability of the prepared composite which can be 

explained in terms of the introduction of β-CD and HAp 

with respect to additional OH groups leading to 

increased hydrogen bonding between various 

components present in β-CD/HAp/f-GO composite. 

This higher thermal stability confirming the 

interactions between the three components.  

 

 
Figure 4: TGA thermogram of β-CD/HAp/f-GO composite 
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Figure 5: DTA Curve of β-CD/HAp/f-GO composite 

 

3.3 Differential Scanning Calorimetry (DSC) 

The Differential Scanning Calorimetry is a technique 

which involves the measurement of the difference in 

the amount of heat required to increase the 

temperature of a sample and reference as function of 

temperature. The DSC thermogram of the β-CD/HAp/f-

GO composite is shown in fig. 5. 

 
Figure 5: DSC Curve of β-CD/HAp/f-GO composite 

 

The DSC curve of the β-CD/HAp/f-GO composite shows 

a sharp and broad endothermic peak at 100.8 °C and 

321.4 °C and sharp exothermic peak at 234.2 °C which 

indicates the crystallization and melting process has 

taken place due to different polymeric components 

present in the composite. [19] The glass transition 

temperature was observed at 54.4 °C and low 

endothermic peak was due to loss of water and 

exothermic peak at 234.2 °C was observed for β-CD 

and 321.4 °C broad endothermic peak probably 

indicated the breakage of CO3
2- and HPO4

- present in 

the hydroxyapatite of the composite. [20] 

 

CONCLUSION 

The β-CD/HAp/f-GO composite were successfully 

prepared and characterized. From the FT-IR results it 

was evident that, the certain new peaks were observed 

due to the various functional groups and 

intermolecular hydrogen bonding.  The TGA, DSC 

studies clearly indicate that the prepared β-CD/HAp/f-

GO composite was found to be highly thermally stable 

and it was evident from the higher decomposition 

temperature. 
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