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Films of pure Gelatin and five Gelatin samples doped with the ferroelectric material triglycine 

sulphate (TGS) at various concentrations of 2, 4, 6, 8 and 10 wt. %TGS by weight have been 

prepared using the solvent-casting technique.Ultraviolet-visible (UV-vis) absorption spectra 

were measured in the range 190-900nm. The UV-Visible spectra show some shift in the 

absorption edge indicating change in optical band gap energy. The optical transitions were 

found mainly to be indirect allowed transitions and the optical band gaps (Eopt) were 

determined. Measuring the absorbance, transmittance and reflectance of Gelatin, TGS and their 

composites permitted the calculation of the refractive index (n). The refractive index dispersion 

curve of composite films obeys the single-effective oscillator model (Wemple-DiDomenico 

model). 

 

Keywords: TGS; Absorption edge; Band tail.  

 

1. INTRODUCTION 

 

Recent studies have shown that Gelatin-based films with various additives have good potential 

for applications in a number of optoelectronic devices [1]. Gelatin containing ammonium 

dichromate is a well-known holographic recording material and is used in some holographic 

recording systems [2,3]. Gelatin-based films have been used in grating couplers [4], 

multiplexed gratings [5] and optical interconnections [6]. Poled Gelatin-nitro phenol 

compositions have shown good electro optical properties [7]. Pyroelectric and dielectric 
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properties of Synthetic polypeptide triglycerol-Gelatin films were investigated [8-10]. Gelatin 

is a relatively low-cost protein, industrially produced all over the world and that have excellent 

film forming properties. Mainly because of that, this protein is being extensively explored in 

edible and/or biodegradable films production and characterization studies, pure [11-15], or 

blended with other biopolymers [16, 17]. However, those Gelatin-based films present the 

typical characteristics of biopolymer-based films made with hygroscopic plasticizers are highly 

affected by room conditions, mainly relative humidity. Due to hygroscopic character of this 

material, relative humidity changes may lead to alteration of it moisture content affecting 

consequently the film properties, as water has a strong plasticizing effect on polymeric systems 

[18, 19]. Gelatin is nutritionally rich in glycine, proline, hydroxyproline, but lacking tryptophan 

and containing small amounts of other important amino acids, Fig. 1 shows the structure of 

Gelatin. It has a primary structure based on a repeating sequence 

(glycine/proline/hydroxyproline) [20]. Triglycine sulphate [(NH2CH2-COOH)3 H2SO4] is 

one of the most extensively studied material as it possesses excellent pyroelectric and 

ferroelectric properties. It exhibits strong absorption in most of the infrared region. At room 

temperature, its pyroelectric coefficient value is very large [21]. This crystal is suitable to make 

speed broad band infrared pyroelectric detectors and vidicon. Also, it is a technologically 

important material for carbon dioxide laser (10.6μm) and hydrogen cyanide laser (337μm). 

Triglycine sulphate (TGS) finds wide applications as IR detectors, storage devices and laser 

devices [22-24], owing to its excellent ferroelectric properties. Triglycine sulphate (TGS) is an 

important material used in the fabrication of high sensitivity infrared detectors at room 

temperature [25-27]. Ferro electricity in most of these compounds is related to the ordering of 

protons in their structure. The crystal structure of TGS was reported by Hoshino et al.[28] and 

the curie temperature was reported  a typical second-order ferroelectric phase transition at the 

Curie point Tc=49oC [29,30]. TGS family crystals belong to the monoclinic system with the 

polar point symmetry group P21 in the Ferroelectric phase, spontaneous polarization Ps arises 

along the b-axis and P2m in the Para electric phase [31,32]. The ferroelectric properties of the 

TGS Family crystals have been extensively studied with doping it with various amino acids 

[33, 34]. TGS crystal has some disadvantages over doped TGS crystal such as i) the 

ferroelectric domain possesses high mobility at room temperature therefore it is necessary to 

stabilize domains, ii) easy depolarization by electrical, mechanical and thermal means and iii) 

microbial contamination with time during the growth. In order to overcome these disadvantages 
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and to improve the ferroelectric properties of TGS, variety of dopants such as amino acids, 

Organic and inorganic compounds have been introduced in TGS crystal. Scientific and 

technical developments are closely linked with the implementation of new materials. One of 

the most important advances is the composite material or hetero phase material. The composites 

have steadily gained growing importance during the last decade [35]. One class of these 

polymer composites has high modulus, high strength and low cost that makes it useful instead 

of fiber-reinforced composites that are relatively expensive and are intended for demanding 

structural application. On the other hand, a special class of composites based on polymers and 

ferroelectrics has been proved to have extraordinary properties. Therefore, 

polymer/ferroelectric composites would a good replacement for either class alone and would 

have the desirable properties of both materials [35]. Accordingly, the composite of Gelatin and 

TGS is expected to be a good candidate for new material with enhanced physical properties. 

UV-visible (UV-vis) spectra and particularly the absorption edge, band tail and optical 

constants are used to provide a good idea about structural changes of the composite 

films(gelatin/TGS). In the present work, gelatin/TGS films with different additive (TGS) 

percentage have been prepared by casting technique. The objective is to study the effect of the 

dopant throughout all the samples towards the optical properties.  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 Structure of gelatin. 

 

2. MATERIALS USED    
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The macromolecule used for film production was: Gelatin (Type B, and Bloom=190-200) was 

supplied by E.Merck(Darmstadt, Germany), and the average molecular-weight ≈100.000 

gm/mol. From the specifications, Gelatin was composed of glycine (27%), proline and 

hydroxyproline (25%), glutamic acid (10%), arginine (8%), alanine (9%), aspartic acid (6%) 

and other amino acids (15%). 

The ferroelectric material triglycine sulphate (TGS) was purchased from Acros Organic. Its 

molecular weight is 170. TGS crystals in the ferro- and paraelectric phase, 3-4 cm long. 

 

2.1 Sample preparation 

In order to obtain a film of pure Gelatin, Gelatin was dissolved in distilled water and in water 

bath at temperature of 37oC with continuous stirring for 30 min. until completely dissolved, 

then pour it into Petri dishes and cooled down at room temperature. Polymer/ ferroelectric 

composite samples were prepared by weighed amount of Gelatin and TGS in powder form with 

different concentrations 2, 4, 6, 8 and 10 wt. % TGS then dissolved them in distilled water at 

room temperature using magnetic stirrer. Thickness of films was measured using digital 

micrometer with sensitivity 0.01mm. Five to ten thickness measurements were taken on each 

film and took the average. Thus, thin films of appropriate thickness (≈0.05 mm) were cast on 

to Petri dishes and then dried at room temperature for about two or three days until the solvent 

completely evaporated. Films were cut into slab pieces and prepared to fit the cell of measuring 

techniques. All Films were conditioned in a desiccators with saturated solutions of NaBr(58% 

relative humidity) at 25oC until used. 

 

2.2 Measuring techniques 

The ultraviolet/visible absorption spectra of the samples under investigation were recorded on 

a Perkin Elmer 4B spectrophotometer over the range 190-1100 nm. 

 

3. RESULTS AND DISCUSSION 

3.1 Optical properties 

Ultraviolet – visible spectra 

The study of optical absorption spectra has proved to be very useful for elucidation and 

understanding the electronic structure of material through the determination of the optical band 

gaps. The data of transmittance can be analysed to determine optical constants such as 
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refractive index, extinction coefficient and dielectric constants which are of considerable 

importance for application in integrated optical devices such as switches and filters modulators, 

etc…. .Figure 2 shows the electronic absorption spectra (UV-visible spectra) of Gelatin, TGS 

and their composites (2, 4, 6, 8 and 10 wt. % TGS) at wavelength within the Uv-vis. range of 

190 – 900nm. One can see that two essential maximum peaks at 230 and 275nm for the Gelatin 

absorption spectra. These two peaks may be attributed to the electronic transition π→π* at 

230nm, and the second due to n→π* at 275nm. The strong absorption at 230nm that can be 

attributed to the non-aromatic amino acids while the observed band at the longest wavelength 

interval(≈275nm) may be due to the presence of aromatic amino acids[37,38]. 

 

 

Figure.2 Absorption spectra for (a) pure gelatin (b) pure TGS (c) 2 (d) 4 (e) 6 (f) 8 and (g) 10 

wt.%TGS. 

 

The absorption spectra of TGS shows an essential maximum peak at 215nm that may be 

attributed to π→π* transition which is characteristic of the crystalline state [39, 40]. The 

absorption spectra of the composite samples give two maximum transition peaks; one is sharp 
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while the other is shoulder-like band. There is small shifting in their wavelength assignment 

that depending upon the TGS concentration. It is clear that the sample (2wt%TGS) has the 

lower absorbance than the two pure samples and the other composites. Various optical 

transitions between these energy levels and the conduction or valence bands are found, together 

with transition between these impurity levels. Electron states can also be delocalized by 

increasing the impurity concentration and this is because the large spatial extension of the 

impurity states- the overlap of impurity wave function and thus delocalization occurs at low 

impurity concentration. For small impurity concentrations, transitions from the valence band 

to the impurity levels, or from these levels to the continuum of states, are possible leading to 

sharp absorption lines, together with transition between states. The type and degree of 

absorption depend on the type of impurity present and its concentration [41]. On the other hand 

there is little absorbance is detected through the visible spectral range for all the investigated 

samples (i.e the all samples are transparency in the visible region). 

 

Optical Parameters: 

The absorption coefficient α(λ) is calculated from the experimental optical absorption spectra 

using the relation [42]  

Td

1
ln

1
)( =

                                                                                                             
(1) 

where d is the film thickness and T is the transmittance. The absorption coefficient was 

obtained with an error ±4%. The values of α(λ) for TGS sample are in good agreement with 

that previously reported[43-45]. 

 

The fundamental absorption edge is an important feature of absorption spectra of crystalline 

and amorphous materials. The absorption process involves the transition of electrons from 

valence band to conduction band [47]. At the point where there is an abrupt rise in absorption 

called fundamental absorption edge. 

Figure 3 shows the dependence of the absorption coefficient on the photon energy for pure 

Gelatin and TGS as well as their composite samples.  
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The absorption edge in many disordered materials follows the Urbach rule [47] given by 

)/exp()( Eh =                                                                                                               (2) 

 

 

 

 

 

 

 

 

Figure.3 The absorption coefficient α as a function of photon energy hν for (a) pure gelatin 

(b) pure TGS (c) 2 (d) 4 (e) 6 (f) 8 and (g) 10 wt.%TGS. 

 

From Fig. 3, it is clear that α(hν) exhibits a steep rise near the absorption edge and then rapidly 

increases in a straight line relationship in the relatively high α-region. This rapid increase of   α 

is attributed to inter band transitions. The intercept of extrapolation to zero absorption with 

photon energy axis was taken as the value of the absorption edge. These values are listed in 

Table 1. The values of the absorption edge for composite samples are less than the two pure 

samples. The reduction of absorption edge of the composite samples compared to pure Gelatin 

can be attributed to the changes of the crystallinity induced by TGS, which is consistent with 

earlier X-ray diffraction data. In addition, this may reflect the induced changes in the number 

of available final states according to composite composition. 

The origin of the exponential dependence of absorption coefficient on photon energy (hν) has 

been suggested by Tauc[48]that it arises from electron transitions between localized states 

where the density of localized states is exponentially dependent on energy.  

 

 Table1 Values of absorption edges of Gelatin, TGS and their composite samples. 
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For the samples 

investigated in 

the present work, 

the exponential 

behaviour is 

observed 

obeying 

Urbach relation 

[47]. The absorption 

tails in amorphous and 

semi- crystalline 

materials can be interpreted in terms of the Dow-Redfiled effect [48] or the Urbach's[46] 

relation. The band tailing behavior may be caused by many kinds of structure disorder such as 

point defect, alloying disorder, inhomogeneous strain, exciton absorption and impurity levels 

in the middle of band gap [50].  

 

Figure 4 shows the relation between lnα and hν for Gelatin, TGS and their composite samples. 

The straight lines obtained suggest that the absorption follows the quadratic relation for inter-

band transitions [51] and the Urbach rule is obeyed. The values of band tail ΔE were calculated 

Sample Absorption edge(eV) 

Gelatin 4.64 

TGS 5.12 

2wt.% TGS 4.00 

4wt.% TGS 4.40 

6wt.% TGS 4.48 

8wt.% TGS 4.72 

10wt.% TGS 4.56 
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from the slopes of these lines and are listed in Table 2. The values of band tails ΔE for the 

composites are higher than both of pure materials (Gelatin and TGS) and it is worth to pay an 

attention for the composite sample 2wt.%TGS that has the largest value of the band tail among 

the other composites. It has been assumed that the amorphous state is a perturbed crystalline-

state (i.e a modified band picture could be considered for non-crystalline system [52]. The 

formations of composite samples probably induce tails in the density of states by perturbing 

the band edge via a deformation potential, coulomb interaction and by forming localized band 

states [51]. 

 

Figure4 Relation between ln(α) and (hν) for (a) pure gelatin (b) pure TGS (c) 2 (d) 4 (e) 6 (f) 

8 and (g) 10 wt.%TGS. 

 

 

 

 

 

 

 

 

 

 

 

 



Exp. Theo. NANOTECHNOLOGY 2 (2017) 103–121 

 

112 

 

 

 

 

Table 2 Values of band tails of 

Gelatin, TGS and their composite 

samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thus, the model [52] based on electronic transition between localized states in the band edge 

tails and the density state of which is assumed to fall exponentially with energy, is preferable. 

In the high energy side, for the inter band transitions near the fundamental edge, the absorption 

coefficient α is given by the following relationship [47]   

n

gEh
h

B
)( −= 


                                                                                                       (3)                                                

where hν is the photon energy, Eg is the optical energy gap and (n) is an exponent 

characterizing the optical absorption process. For direct allowed transition n=1/2, for direct 

forbidden transition n=3/2, for indirect allowed transition n=2, for indirect forbidden transitions 

n=3. 

The simplest way to deduce the type of transition is to examine the value of   n  which relates 

(hν) to (αhν) with a straight line relationship. The values of  n=2 showed the linear most fit of 

equation(3). 

So, the optical absorption data for Gelatin, TGS and their composite samples show an indirect 

allowed transition. 

The absorption coefficient for indirect allowed transition αi can be expressed as  

Sample Band tail(e V) 

Gelatin 0.40 

TGS 0.35 

2wt.% TGS 0.95 

4wt.% TGS 0.55 

6wt.% TGS 0.53 

8wt.% TGS 0.65 

10wt.% TGS 0.51 
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eai  +=
                                                                                                          (4)   

eaand
 Being respectively, the contribution due to absorption and emission of 

phonons and they take the forms.  

 

                                                                                  (5) 

 

  

 

 

 

(6) 

 

where Egi is the indirect energy gap, Ep the phonon energy, B(T) and B/(T) are constants nearly 

independent of photon energy and known as disorder parameters.  

The spectral distribution of (αhν)1/2 for Gelatin, TGS and their composites are shown in Fig. 

5. It is clear from the figure that the total absorption exhibits a long varying tail at low energies. 

Values of the optical energy gap for pure and composite samples obtained by extrapolating the 

linear regions to (αhν)1/2=0. These values are listed in Table 3. 

 
 

Figure 5 The plots of variations (αhν)1/2 against photon energy (hν) for (a) pure gelatin (b) 

pure TGS (c) 2 (d) 4 (e) 6 (f) 8 and (g) 10 wt.%TGS. 
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Table 3 Values of optical energy gaps and phonon energies of Gelatin, TGS and   their 

composite samples. 

 

Sample 
Optical energy gap(e 

V) 
Phonon energy (e V) 

Gelatin 4.70 0.20 

TGS 5.00 0.28 

2wt.% TGS 4.10 0.14 

4wt.% TGS 4.45 0.18 

6wt.% TGS 4.35 0.16 

8wt.% TGS 4.19 0.15 

10wt.% TGS 4.59 0.17 

The graph (Fig.5) representing the relation between (αhν)1/2 and hν may be resolved into two 

straight lines. The straight line obtained at lower photon energy corresponding to phonon 

absorption processes and cut photon energy axis at hν1= (Egi – Ep). The other line 

corresponding to the phonon emission and cut the x-axis at hν2= (Egi+Ep).  

The study of the optical constant in the vicinity of the absorption edge has yielded significant 

information on the role of various atoms or molecules in the composite system.  It is known 

that, if a multiple reflections are neglected, the reflectance R of the samples can be calculated 

from the experimental measured values of the transmittance T and absorbance using the 

following equation[54], 

2/1)]exp(1[ ATR −=                                                                                                                 (7) 
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Also, the extinction coefficient (k) is given as  

)
4

(



=k                                                                                                                               (8) 

Using the values of k and R , the refractive index can be determined from the following 

equation[54] 

2/122 )}1()]1/()1{[()]1/()1[( kRRRRn +−−+−+=                                                              (9) 

Reasonable values form may be evaluated by considering the plus sign of the last equation. 

 

Figure 6 shows the n(λ) spectra from 350 to 850nm for all investigated samples. It is 

clear from the figure that the refractive index decreases slightly with increasing wavelength, 

and the changes become larger at shorter wavelengths showing the typical shape of a dispersion 

curve.  The values of n is reached at longer wavelength to constant value n0. The values of n0 

for different investigated sample are given in Table 4. The values of refractive index no for the 

composite samples are higher than both gelatin and TGS.  

 

Fig 6 Variation in refractive index (n) with wavelength ( λ nm) for (a) pure gelatin (b) pure 

TGS (c) 2 (d) 4 (e) 6 (f) 8 and (g) 10 wt.%TGS. 

 

Table 4 Values of refractive index of Gelatin, TGS and their composite samples. 
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Sample 
Refractive index 

n0 

Gelatin 1.64 

TGS 1.50 

2wt.% TGS 1.89 

4wt.% TGS 2.40 

6wt.% TGS 2.43 
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The refractive index is one of the fundamental properties of a material and is closely related to 

the electronic polarizability of ions and the local field inside the material. Perhaps the 

polarization direction of doping molecules of TGS associated with gelatin molecules in the 

composite samples plays a much more important role in improving the bond polarizabilities 

[55]. It is worth to mention that the production of high refractive index, transparent composite 

film is essential for development of many photonic applications such as Ultra-low-loss optical 

waveguides and more efficient gain or non-linear optical devices. 

 

Figure 7 shows the extinction coefficient k as a function of wavelength for both pure materials 

and their composite samples. The dependence preserves that behavior of the absorption 

coefficient for all samples near the absorption edges.  

 

8wt.% TGS 2.45 

10wt.% TGS 2.52 
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Figure 7 Variation in extection coefficient (k) with wave length(λ) for (a) pure gelatin (b) 

pure TGS (c) 2 (d) 4 (e) 6 (f) 8 and (g) 10 wt.%TGS. 

 

 

Parameters of the single-effective-oscillator model: 

The imaginary dielectric constant εi is the optical constant accessible to physical interpretation 

using result of refractive index dispersion below the inter-band absorption edge corresponding 

to the fundamental electronic excitation spectrum.  

Wemple and Domenico[56] have analysed more than 100 widely different solids and 

liquids using single-effective-oscillator fit of the form  

)(
1)(

22

0 EE

F
Er

−
+=

                                                                                                         

(10) 

Where the single oscillator energy ( Eo) having a straight forward relation with dipole strength( 

F) and the corresponding transition frequencies of all oscillators. By a special combination of 

parameters Wemple and Domenico[56] have defined a parameter Ed such that it is a measure 

of the strength of intra-band optical transitions: 

0E

F
Ed =

                                                                                                                                

(11) 

In the transparent region, equation (10) together with equations (11)  

22 knr −= and nki 2=
                                                                                                         

(12) 
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Neglecting values of k in the transparent region we can have 
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(13) 
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(15) 

 

 

By plotting (n2-1)-1 versus E2 (eV). The result would be a straight line with negative slope 

(1/EdE0) and intersection (E0/Ed). The data was fitted to the best straight line as shown in Fig. 

8. The estimated values of E0 and Ed for pure materials Gelatin and TGS and their composite 

samples are given in Table5.  

Table 5 Single-Oscillator parameters of Gelatin, TGS and their composite sample 

 

 

 

 
 

 

Sample E0 , (eV) Ed , (eV) F λ0 , (nm) 

 

n∞ 

 

S0 , 
/

  

 (nm-2) 

Gelatin 6.91 23.06 135.1 213.36 1.7 4.15*10-5 2.89 

TGS 6.9 7.25 49.68 179.34 1.54 4.06*10-5 2.37 

2wt.%TGS 6.15 43.93 269.99 203.87 1.9 6.27*10-5 3.61 

4wt.%TGS 5.58 45.41 253.38 221.77 2 6.09*10-5 4 

6wt.%TGS 5.45 47.015 256.4 227.06 2.35 8.70*10-5 5.52 

8wt.%TGS 5.19 48.52 251.81 238.43 2.4 8.37*10-5 5.76 

10wt.%TGS 5.04 57.16 294.08 247.5 2.55 8.98*10-5 6.5 
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Figure 8 A plots of (n2-1)-1 as a function of photon energy (hν) for (a) pure gelatin (b) pure 

TGS (c) 2 (d) 4 (e) 6 (f) 8 and (g) 10 wt.%TGS. 

 

 

On the other hand, the parameters of single-oscillator model E0 and Ed are connected to M-1 

and M-3 moments of the ε(E) optical spectrum, through the two relations[56]: 

3

12

0

−

−=
M

M
E

                                                                                                                                

(16) 

3

12

−

−=
M

M
Ed

                                                                                                                            

(17) 

whererth moment of the optical spectrum is given by 
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(18) 

and Et is the absorption threshold energy.The two moments M-1 and M-3 were calculated from 

the data on E0 and Ed, and their values for pure gelatin and TGS and their composite samples 

are listed in Table 6. 

Table 6 The two moments M-1 and M-3 of Gelatin, TGS and their composite sample  

 

 

 

 

 

 

 

 

 

 

 

The single- oscillator 

model enables us to calculate 

the refractive index at 

infinite wavelength (n∞), average oscillator wavelength (λ0), and oscillator strength (S0) 

through the relation[57]. 

2

2

0

2

2

1
1

1




−=

−

−

n

n

                                                                                                                   
(19) 

Rearranging this equation yields 

22

0

2

0

2

02

/)1(
1





−
=−

S
n

                                                                                                            

(20) 

where
2

0

2

0 /)1( −= nS . The values of n∞ and S0 are derived from a linear plot of (n2-1)-1 

versus 1/λ2as seen in Fig. 9 and presented in Table 5. 

 

 

 

Sample 

M-1 M-3 

(eV)-2 (eV)-2 

Gelatin 3.94 0.11 

TGS 1.04 0.02 

2wt.%TGS 7.2 0.19 

4wt.%TGS 8.13 0.26 

6wt.%TGS 8.63 0.29 

8wt.%TGS 8.65 0.32 

10wt.%TGS 11.76 0.47 
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Figure 9 Relation between (n2-1)-1 and 1/λ2 for (a) pure gelatin (b) pure TGS (c) 2 (d) 4 (e) 6 

(f) 8 and (g) 10 wt.%TGS. 

 

4. CONCLUSIONS 

 

From UV-visible studies, it is recognized that polymer/ferroelectric compositions ratio highly 

affect the electronic structure and molecular configuration of the composite matrix as seen from 

the pronounced changes in absorption spectra and confirmed by the calculated optical 

parameters. The allowed indirect transition is the most probable type of transition near the 

fundamental absorption edge of TGS/Gelatin composites. The sample 2wt.%TGS has the 

highest band tail and the lowest optical energy gap while the other composite samples are less 

band tails and highest optical energy gap. The compositional dependence of the refractive index 

can be caused by the interference phenomena due to domain structure, molecular orientation 

and processing conditions. The relatively high increase of the refractive index of the 

composition samples may be attributed to an increase in the valence density of charge carriers. 

The single oscillator parameters Ed, E0, n∞, λ0 and S0 have compositional dependence where 
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the dipole strength F and the strength of the intra band optical transition are enhanced by 

increasing the concentration of the ferroelectric material TGS into Gelatin. 
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