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ABSTRACT 
 

Gelatin/PVA polymeric biomaterials blend films were prepared via casting method; the films were 
characterized using Fourier transform infrared (FTIR) spectroscopy, and mechanical measurments.  The FTIR  
spectra for the two polymers and their blends show that there is only physical interaction. The FTIR spectra for 
the PVA, Gelatin and PVA/Gelatin films show notable differences in the region of 1428-1651 cm-1. The peak at 
1629 cm-1 in the Gelatin spectrum assigned to the C=O stretching and hydrogen bonding coupled with COO- 
stretching. The increase in the intensity of the peak at about 1629 cm-1  for the blend indicates the presence of 
Gelatin in the PVA/Gelatin blend without chemical interaction. There is no significant different between the 
other peaks of PVA and the PVA/Gelatin blend. Mechanical properties for the studied blends dedicate them for 
medical application such as drug delivery system.   
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Introduction 

 
Over the past few decades, the amazing growth in the biomaterial technology has revolutionized their use in 

biological and industrial fields. PVA has a prime position in biomaterials science because of its inherent 
nontoxicity, noncarcinogenicity, good biocompatibility, and desirable physical properties such as elastic nature 
and a high degree of swelling in aqueous solutions. Gelatin is widely found in nature and is the major 
constituent of skin, bones, and connective tissue can easily be obtained by a controlled hydrolysis of the fibrous 
insoluble protein, collagen. Within the last decade, the use of biodegradable polymers as effective carriers for 
drug delivery had found many applications in biomedical fields (Dongzhi Yang, 2007 ; Moroni, 2006; Van, 
2006). Compared to conventional dosage forms, polymeric drug delivery systems have many advantages, such 
as biocompatible, improved therapeutic effect, reduced toxicity, convenience, safe degradation products, stable, 
inexpensive , High quality and so on (Chew, 2005). Mixture films can be used as new biomaterials with the aim 
of producing new processable polymeric material that hopefully possess good mechanical properties with 
biocompatibility. Polymer blending is designed to generate materials with optimized chemical, structural, 
mechanical, morphological and biological properties (Krouse, 1987; Paul, 1986; Calvert, 2000; Meredith, 2003) 
PVA has been used in several studies with biopolymer based materials produced by casting or extrusion (Lui, 
2005). With respect to films produced by casting, the studies have involved blends of PVA with gelatin 
(Chiellini, 2001b, 2001c; Bergo, 2006). Gelatin is a denatured and biodegradable protein and is typically  
isolated from bovine or porcine skin or bone by acid or base extraction (Kuen Yong Leea, 2007; Asghar A, 
1982; Chiellini, 2001a). Chiellini et al. (2001) showed that films made with blends of gelatin and PVA were 
effectively biodegradable. 

FTIR is a powerful molecular spectroscopic tool for elucidating the molecular structures of many systems 
and applications. It is widely used to study natural polymers (Nashy et al 2012; Ibrahim et al 2011) natural 
protein (Ibrahim et al 2011). It is also applied to study the occurrence of some important blends especially in 
biological interactions (Ibrahim et al 2010; El-Sayed et al 2009).  

Based upon these considerations FTIR and mechanical measurements will be utilized to assess the 
molecular and mechanical properties of PVA; Gelatin and their blends with different blending ratios. 

 
Material and Method 

 
Poly vinyl alcohol (PVA) (MW. 15000) was obtained from Aldrich Gelatin from bovine skin, Type B 

obtained from Sigma-Aldrich, Steinheim, Germany. 
The PVA was dissolved in distill water at (80˚C) (Sudhamani, 2003), The gelatin was dissolved in distill water 

at 60˚C.  
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PVA mixed with natural polymer (Gelatin) in the form of films. The mixing ratios are followed as indicated 
in table 1. It is worth to mention that the above mixtures were prepared to get films for mechanical 
measurements and FTIR as indicated in Table 2   

 the films were prepared from  blend of PVA(solution A) and gelatin (solution B) using a casting technique 
(Oscar Mendieta-Taboadaa, 2007; Sobral, (2001)). 

 
Table 1: The Prepared films which are used in Mechanical measurements. 

PVA(ml) 50 45 40 35 30 25 20 15 10 5 0 
Gelatin(ml) 0 5 10 15 20 25 30 35 40 45 50 

  
Table 2: The Prepared films which are used in FTIR measurements. 

PVA(ml) 5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 
Gelatin(ml) 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

 
The resulting film forming solutions were cast on acrylic poly ethylene plates (12*12cm) and dried at room 

temperature. After drying the film were placed inside desecator containing silica gel for at least 1week to reduce 
the residual moisture content and allow for the study. The film produced in this work was transparent and easy to 
handle. 
 
Result and Discussion 
 
FTIR of Pure Polymers: 

 
The FTIR spectrum for pure synthetic polymer PVA is shown in Figure 1 and the frequencies of the 

absorption bands together with their structural assignments are listed in Table 3. The O–H stretching band in the 
IR spectrum is by far the most characteristic feature of alcohols and phenols. PVA sample gave very broad and 
strong band centered at 3331.43 cm−1 as the stretching vibration of hydroxyl group with strong hydrogen 
bonding as intra- and/or intertype, (Ali, 2009; Morrison, 1992; Orabi, 1998). Two strong peaks at 2939.95 and 
2911.02 cm−1 are the characteristic bands of asymmetric (Ali, 2009) and symmetric C–H stretching respectively. 
The stretching vibrational bands of C=O at 1654.62.The C=O bands were attributed to the carbonyl functional 
groups due to the residual acetate groups remaining after the preparation of PVA from hydrolysis of polyvinyl 
acetate or oxidation during preparation and processing. The absorption band at 1428.03 cm-1 is assigned as CH2 
bending vibration. While the C-H and OH bending are related with the absorption at 1333 cm-1. A signal at 1234 
cm-1 is due to CH2 wagging and that at 1139 cm-1 is assigned as C–C and C–O–C stretching vibrations. This 
band is recognized as crystallization sensitive band, (Tadokoro, 1959; Tadokoro, 1955; Peppas, 1976). In Figure 
(4) we have observed a sharp absorption band suggesting that PVA is a semicrystalline polymer. The absorption 
band at 1093 cm-1 arises from the C–O stretching vibration while the band at 850 cm-1 results from C–C 
stretching vibration (Rajendran2003). CH2 rocking was found at 918 cm-1 and OH wagging was found at 664 
cm-1. The absorption band at 481.15 arises from C-O bending vibrations and C-O wagging vibrations at 413 
(Ali, 2009). 
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Fig. 1: FTIR absorption spectrum for PVA. 
 
The FTIR absorption spectrum and band assignment of gelatin is indicated in table 4 and figure 2. Gelatin 

characteristic bands were described by (Yin R., 2009). The absorption bands at 3324 cm−1 (NH stretching), 1653 
cm−1 (amide I, C=O and CN stretching), 1553 cm−1 (amide II) and 1241 cm−1 (amide III) can be assigned to the 
characteristic bands of gelatin(Muyonga, 2004a, 2004b). According to (Muyonga, 2004), the peak at 
2949.59cm-1 represents the CH2 asymmetric stretching vibration that is followed by another peak at 2880 cm-1 
which is corresponding to symmetric stretching vibration of CH2. The CH2 bending and wagging vibrations 
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raise two bands at 1455 cm-1 and 1342 cm-1 respectively. Finally the skeletal stretching arises at both 1080 cm-1 
and 652 cm-1. 

 
Table 3: The Assignment of FTIR Spectra of Absorption Bands of PVA. 

Assignment Band position, Cm-1 
OH stretching 3331 
CH2 asymmetric stretching 2940 
C–H symmetric stretching 2911 
C═O  stretching 1652 
CH2 bending vibration 1428 
C–H symmetric stretching 1333 
CH2 wagging or CH wagging 1234 
CH2 wagging 1139 
C–O–C stretching vibrations 1093.44 
CH2 rocking 918.914 
C–C stretching 849.49 
CH2 rocking 769.458 
OH wagging 664.357 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: FTIR absorption spectrum for Gelatin. 
 
Table 4: The Assignment of FTIR Spectra of Absorption Bands of Gelatin 

Assignment Band Position, Cm-1 
                                NH stretching 3300 
CH starching with aromatic ring 3084 
CH2 symmetric stretching vibration 2939 
CH2asymmetric stretching vibration 2880 
C-N-H, amide I vibration 1629 
Amide II 1543 
NH2 bending vibration in amide group, 1450 
Amide III 1240 
CH3 bending vibration 1080 
C-O-C finger print 554 

 

FTIR Analysis of PVA and Gelatin Blend Films.: 
 
When two or more substances are mixed, physical blends versus chemical interactions are reflected by 

changes in characteristic bands. Accordingly; blending two polymers is an approach to develop new 
biomaterials exhibiting combinations of properties that could not be obtained by individual polymers. The 
analysis of FTIR spectra of each blend enables studying the interactions which possibly take place.   

The FTIR spectra for the PVA, Gelatin and PVA/Gelatin hydrogels show notable differences in the region 
of 1428.03-1651 cm-1 as illustrated in Figure (3). The peak at 1630 cm-1in the Gelatin spectrum can be assigned 
to the C=O stretching and hydrogen bonding coupled with COO- stretching (Muyonga, 2004a; Liu Y, 2010 .; 
Jackson, 1995). As PVA only shows a small shoulder at 1652 cm-1 due to the water absorption, the increase in 
the intensity of the peak at about 1630 cm-1 indicates the presence of Gelatin in the PVA/Gelatin hydrogel. 
There is no significant different between the other peaks of PVA and the PVA/Gelatin hydrogel. 

The FTIR spectra of the blend films show no new bands formed which means that there is no chemical 
interaction happened between gelatin and PVA.  If the two polymers were chemically bonded, they will form an 
ester.  The presence of the ester bond will be shown in the formation of new bands.  
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Fig. 3: FTIR absorption spectra for blend polymer. 
 

Mechanical Properties of Blend Films: 
 
Polymer materials such as films may be subjected to various kinds of stress during routine application. The 

study of the mechanical properties is of primary importance for determining the performance of the 
materials(Pawde, 2008).   

The tensile strength and elongation at break of pure PVA, pure gelatin and PVA/Gelatin blend film with 
various ratios  of PVA were plotted as a function of the PVA content are shown in table 5, Figures 4 and 5, 
respectively. The results showed that the tensile strength of PVA film was found to be 91.27 (MPa), while the 
strength of the gelatin film was found to be 38.28 (MPa). The strength of the blend showed that the higher the 
ratio of PVA, the higher the tensile strength and elongation at break for PVA/gelatin blend film. The elongation 
patterns corresponded well to the result of TS, except for pure PVA film which has a higher percentage of 
elongation. The elongation at break(%) of PVA film was found to be39.86while that of gelatin film was found 
to be 0.64 The elongation at break (%) of the blend film was found to increase with increasing in the PVA 
content. So, these mechanical properties are attributed to the fact that there is molecular interaction between 
gelatin and PVA. The improvement of mechanical properties of gelatin by blending is mainly due to hydrogen 
bond interaction in gelatin and PVA, because of the good deformability and flexibility of   PVA. The miscibility 
has lead difficult slippage of chains under loading because of more entanglements and strong physical 
interactions among the chains of mixed polymers, such as hydrogen bond. Thus the addition of PVA was 
helpful to improve the mechanical properties of gelatin membrane. 

These films could be used for wound covering, as it can withstand some frictional stresses during day to 
day activities. The films are stitched around the wound surface so as to cover the wound. If there are any 
frictional stresses, the film absorbs the energy without breaking and thus protects the wound (Pawde, 2008; 
Kunal, 2007). 

 
Table 5: Mechanical properties of PVA/ gelatin blend films 

PVA 
T.S 

(MPa) 
Elongation at break 

(%) 
Elongation at 

max. (%) 
Stress at 

break(MPa) 
Young’s M 

(MPa) 

100 91.27 39.86 10.87 94.43 49.58 

90 94.43 4.58 4.58 79.55 35.98 

80 81.04 4.20 4.20 81.04 20.61 

70 67.88 4.37 4.26 67.88 51.36 

60 61.20 3.97 3.97 60.65 14.99 

50 55.29 3.55 3.55 55.29 17.83 

40 54.95 2.85 2.85 52.69 26.49 

30 53.62 2.73 2.72 53.11 34.98 

20 46.95 1.52 1.36 46.95 17.59 

10 41.11 1.23 1.23 40.71 9.30 

0 38.28 0.64 0.64 38.28 16.88 
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Fig. 4: Change in Elongation at break of PVA/Gel blend film with the different concentration of the blend  
            material (%). 

 

 
 

Fig. 5: Change in T.S of PVA/Gel blend film with the different concentration of the blend material (MPa). 
 

 
Fig. 6: Change in Stress at break of PVA/Gel blend film with the different concentration of the blend material  
            (MPa). 
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Fig. 7: Change in Elongation at max of PVA/Gel blend film with the different concentration of the blend  
             material (%). 

 
Conclusion: 

 
Collecting the above results one can conclude the following points: The Fourier transform infrared (FTIR) 

spectra of the pure polymers give the fundamental peaks for gelatin and PVA and were coincident with the 
literature as mentioned in the results, while the spectra of the blended films showed that no shift of the C=O 
peak of gelatin from 1653cm-1 to 1756 cm-1 for the blended film indicating no esterification of gelatin by the 
addition of PVA. Also from the FTIR spectrum of blend film, it can also be observed that there is an OH peak 
indicating that there is no involvement of the hydroxyl groups of the PVA for esterification reaction.  This 
means that the interaction between the two polymers is only physical not chemical. 

From the FTIR spectra of the blended films, it can also be observed that there are no peaks at 1730–1715 
cm-1 (a characteristic peak for aromatic esters) indicating that no esterification of the carboxyl group of PVA 
with gelatin has taken place.  The spectroscopic measurement for the pure polymer and the blended one show 
that there is no chemical interaction happened between the two polymers; Only physical interaction occurs and 
this is due to the preparation method, where we did not heat the mixture of the two polymers before casting to 
be sure that there is no enough energy to allow a chemical interaction to occur between the OH group of the 
alcohol and the carboxylic groups in gelatin to form an ester bond.  This will not change the physical property of 
the blended film completely, because what need only by blending is to improve the physical property for the two 
polymers together, because both polymers has a film-making property and can be used as a drug delivery system 
alone, but the presence of PVA with gelatin improves the mechanical properties as shown by the results of the 
mechanical measurements. 

The hydrogen bonding between the two polymers may rearrange the chains in gelatin in a certain manner 
which decreases the randomness inside the polymer.  This rearrangement improves the tensile properties and the 
elongation at break.  This enables the blended polymer to be formed in any shape we want. 
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