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CHAPTER   I 

 

INTRODUCTION 

 

 Hair is natural polymers, which have keratin fibers composition. Different type 

of hair is depending on the race and genetic of person. Hair damage occurs from life 

style, hair treatment, diet, and health of person. Thus, difference of hair can be 

identified the hair from individual person.      

 

1.1 Human Hair  

 

 1.1.1  Human Hair Structure 

  

 Human hair composed primarily of proteins. These proteins are strong structure 

protein and hard fibrous type called keratin, which composed of many amino acids 

linked by peptide bond called “polypeptide”. The backbone structure of polypeptide 

in protein structure of human hair is shown in Figure 1.1. 

 

 

 

Figure 1.1  Backbone structure of human hair protein.             . 

 

 The alpha helix structure occurs from the polypeptide chains that forms the 

keratin protein found in human hair as shown in Figure 1.2. In the organization of a 

single human hair, three alpha helices are twisted together to form a “protofibril”. 

Nine protofibrils are then bundled in a circle to form an eleven-stranded cable known 



as the “microfibril”. These microfibrils are joined together to form a “macrofibril” 

and these microfibrils are found in cortex layers of hair.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2  Alpha helix structure of human hair. 

  

 The human hair consists of three layers in each single hair fiber. The innermost 

layer or medulla is the large layer of hairs. The second or middle layer known as the 

cortex provided strength, color, and texture of hair. Finally, the outermost layer or 

cuticle is thin layer, colorless, and can be protector of the hair. Human hair structures 

were shown in Figure 1.3. 

 

 

 

 

 

 

 

 

 

 

Figure 1.3  Human hair structures. 

 

 



 1.1.2    Variation in Human Hair  

 

 Different people have different hair depending on physical property (i.e., color, 

length, diameter, and amino distribution), race, genetic, hair treatment, dietary, and 

healthy. These factors are influenced on human hair structure. 

 

 1.1.2.1 Variation with Type of Human Hair 

 

 Three types of hair growth on the human including: 

 

 Lanugo hairs are the hairs that develop on an unborn baby. The period 

of growth has about three months. The hairs are fine and soft, and contain no pigment. 

 

 Vellus hairs are short hairs, which having length of 2.5 centimeter and 

contain little or no pigment.  

 

 Terminal hairs are the long hairs that growth on the head and in many 

people on the body, arms, and legs. The hairs are changed by factors of hair damage. 

 

 1.1.2.2 Variation with Age 

 

 Age has no influence on chemical structure of hair. But the times of life 

are affected by natural factors including metabolism, diet, hair damage, race, 

hormone, and age [36].  

 

 1.1.2.3    Variation with Color  

 

 The occurrence of the color of hair comes from the presence of pigment 

in cortex layer of human hair. The pigment cells called “melanin” created a black 

pigment. The different hair colors are relative to amounts of melanin [37, 38]. 

 

 

 

 



1.1.2.4 Variation with Amino Acids 

  

 The human hair is composed of many amino acids, which has different 

quantity, ratio, and distribution. The amino acid contents of hairs are shown in Table 

1.1 [1, 39]. 

 

 Table 1.1 Amino acid contents of human hair [1] 

 

Amino acid %
 d
 

Alanine 6.9 

Arginine 7.2 

Aspartic acid
 a
 9.3 

Half cystine 
b
 7.6 

Glutamic acid
 c
 16.6 

Glycine 5.2 

Histidine 0.7 

Isoleucine 3.7 

Leucine 10.2 

Lysine 3.5 

Methoinine 0.4 

Phenylalanine 2.0 

Proline 3.8 

Serine 9.0 

Threonine 5.5 

Tyrosine 2.5 

Valine 6.1 

 

 a
 Includes asparagines. 

 b 
Cysteine plus half cystine. 

 c
 Includes glutamine. 

 d
 Measured as residue per 100 amino acid residues. 

 

 



1.1.2.5 Genetically Influences 

 

 From the various amino contents in human hair, the genetic is one of 

influences of different hairs. The several human hairs were followed by the 

determination of the amino acid in hair. The higher levels of cystine in hairs from 

male are more than that of female [39, 40]. 

 

 1.1.2.6    Dietary Influences 

 

 The amino acid contents of human hair (i.e., cystine, arginine, and 

methionine) in individual persons have contained the different sulfur suffering from 

diet. The diet has an influence on amino acid content in human hair, which decreased 

or increased the synthesis of sulfur proteins. 

 

 1.1.2.7    Cosmetic Influences 

 

 Hair treatment includes hair coloring, permanent waving, straightening, 

and bleaching. These treatments used strong chemicals applied directory to the hairs 

and are affected the protein structure in hair because they destroyed the cuticle layer. 

The damage of hair can be occurred by breaking of protein bond in cortex layer.  

 

1.1.2.8 Variation with Heat  

 

  The damage of hair by heat can occur from blow dryers, hot rollers, 

curling and straightening tool. The heat can crack the cuticle layer and evaporate 

water in hair which is the cause of hair damage.   

 

1.1.2.9 Variation with Weather 

 

  Ultraviolet ray is the cause of hair damage because the ultraviolet can 

break protein bond in hair. The chemical structure of hair is changed in molecular 

level.  

 

 



1.1.2.10 Variation with Physical Wear  

 

  The damage of hair occurred from abrasion from rough brush or comb, 

rubber bands, barrettes, and other accessories used of hair. 

 

 As described in the variation of human hair, the hair structure may use for 

identifying the hair of individual person because the different type of hair depends on 

the race and genetic person. However, variation of hair occurs from life style, hair 

treatment, diet, and health of person may be identified. Hair analysis by scientific 

instruments was developed, and has been applied to the biological analysis, and 

forensic analysis.    

    

1.2  Hair Analysis   

 

 Traditionally, analysis of human hair and/or analysis of hair surface were 

performed by using many techniques such as high performance liquid 

chromatography (HPLC) [2-5], gas chromatography/mass spectroscopy (GC/MS) [6-

11], inductively coupled plasma/mass spectroscopy (ICP/MS) [12], time-of-flight 

secondary ion mass spectroscopy (ToF-SIMS) [13-14], Raman spectroscopy [15], and 

DNA analysis [16-17]. These techniques require destructive sample analysis, an 

additional sample preparation, and long analysis time in order to obtain good spectral 

quality. Over the years, the importance of hair analysis has been demonstrated such as 

forensic science [18-20], environmental exposure [21-22], biological and medical 

science [23-27], and cosmetic science [28-30].    

 

 1.2.1  Fourier Transform Infrared (FT-IR) Spectroscopy 

 

 Fourier transform infrared (FT-IR) spectroscopy is a technique based on the 

determination of absorption of infrared light due to energy resonance with vibrational 

motions of functional molecular groups [31]. This technique has been applied as an 

analytical technique in different fields such as geology, material science, polymer 

science, and many others. 

 



 Recently, FT-IR spectroscopy is the suitable technique for hair analysis. It has 

been suggested that infrared spectroscopy is one of the powerful technique for the 

forensic analysis of human hair [32]. This is due to the fact that it can provide rapid 

and specific chemical information at the molecular level associated with the nature of 

human hair and its composition. FT-IR spectroscopy is sensitive to the presences of 

chemical functional groups in a hair sample.  

 

 Traditionally FT-IR sampling technique is the transmission techniques using 

KBr pellets [33]. This is probably the most popular way of obtaining infrared spectra 

(i.e., by passing infrared beam directly through the sample). Since hair sample was 

dark color, it is one of limitation of transmission technique. The thickness is another 

problem in analysis. The sample thicker than 20 microns cannot analyze. Reflectance 

sampling techniques differ from transmission techniques in that the infrared beam is 

bounced off the sample instead of passing through the sample. The techniques require 

smooth sample in order for the sample to reflect of infrared beam. In the conventional 

ATR technique, requires contact between the sample and internal element (IRE) [34]. 

Limitations of the analysis by these techniques include the destructive sample, 

complicated sample preparation, large amounts of sample area for analysis, and long 

scanning analysis times in order to obtain good spectra. From the limitations of 

traditional IR technique, the FT-IR instrument and microscope attachment was 

developed. 

 

 1.2.2  Attenuated Total Reflection Fourier Transform Infrared (ATR FT-

IR) Microspectroscopy 

 

 Attenuated total reflection (ATR) technique is the surface sensitive technique. 

This technique involves the collection of radiation reflected from the interface 

between hair sample and IRE, in which the evanescent wave penetrated from the IRE 

into the hair sample. This method may solve problems associated with transmission 

infrared spectroscopy such as path length and concentration. Furthermore, the 

development of micro-sampling accessories became an essential tool in the micro-

destructive analysis of small sample. Fourier transform infrared (FT-IR) 

microspectroscopy combines IR spectroscopy and microscopy for determining the 

chemical composition in small sample areas. ATR FT-IR microscope provides the 



short analysis time, non-destructive sample, without additional sample preparation, 

and minimal sample area for analysis.  

 

 1.3 The Objective of This Research 

 

 The objective of this research is to develop sampling technique and to apply the 

homemade slide-on Ge µIRE accessory for characterization of single human hair. 

 

 1.4 The Scope of This Research 

 

1. To compare ATR FT-IR spectra observed by the homemade slide-on Ge 

µIRE accessory and the conventional Ge IRE accessory. 

2. To characterize a single human hair by homemade slide-on Ge µIRE 

accessory. 

3. To differentiate between untreated-hair and chemical treated-hair; un-split 

hairs and split hairs. 

4. To develop the novel sampling technique for analysis of trace and/or thin 

film on surface.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER   II 

 

THEORETICAL BACKGROUND 

 

2.1    Biochemistry of Human Hair  

  

 Human hair is natural polymer which mainly composes of the keratin protein. 

The hair shows the different property including the physical property and chemical 

property. The physical properties of hair (i.e., straight, curly, and wavy hair) occur by 

the growth cycle. The change of chemical bonding in human hair is affected the 

chemical property of hair.    

 

 2.1.1  Human Hair Growth Cycle   

 

 Hair grows from a follicle. Each hair follicle has come on repeating cycle of 

activity. One cycle composed of three phases as follows: 

 

  Anagen:  It is the period of active growth.  

  Catagen:  It is the period of breakdown and change.  

 Telogen:  It is the period of resting hair before new hair is growth and 

comes to repeat cycle. 

 

 2.1.2    Bonding in Keratin Protein  

 

 The keratin proteins compose of amino acids, two amino acids are linked by 

peptide bond called “polypeptide” and the polypeptide form alpha helix structure. The 

alpha helix has building into protofibrils, microfibrils, macrofibrils, and then cortex 

layers. The hair structure occurs from the chemical bonding of amino acid in human 

hair. The bonds in the hair are located within each and every alpha helix.  The number 

of amino acid in human hair has a specific character of protein.  

   

 

 



 2.1.2.1  The Hydrogen Bond 

  

 The hydrogen bond in keratin protein is located between the coils of 

alpha helix. This bond is responsible for strength and elasticity of human hair. The 

temperature directory to the hair can be changed this bonds. 

 

 2.1.2.2  The Salt Bond  

 

 The salt bond is an ionic bond formed by the electron transfer from the 

side chain of a basic amino group (an amino acid with a COO 
-
 group) to the side 

chain of an acidic amino acid, i.e. NH3
+
. The salt bond is responsible for strength and 

elasticity of hair. This occurs in a position paralleled to the axis line of the alpha helix 

of the hair.  

 

 2.1.2.3 The Cystine Bond  

 

 The cystine bond or disulfide bond or sulfur bond occurs by cross-

linking between cystine residues (amino acids) of human hair. This bond is 

perpendicular to the axis of alpha helix in hair. One cystine bond occurs every four 

turns of the alpha helix. This position of bond is responsible for toughness of hair and 

sensitive responsible for chemical treatment. 

 

 2.1.2.4 The Sugar Bond  

 

 The sugar bond is formed between the side chain of an amino acid 

having an OH group (i.e., serine, tyrosine) and an acidic amino group. This bond is 

formed perpendicular to the axis of the hair. It is responsible to toughness and 

strength in hair. The sugar bonds are affecting to the moisture content of hair. 

 

 

 



 

 

Figure 2.1  The four types of bonding of keratin proteins in human hair. 

  

2.2 ATR FT-IR Spectroscopy  

 

 Attenuated total reflection (ATR) is a surface sensitive technique. This 

technique is used to collect the spectra of solids, liquids, semisolids, and thin films. 

ATR is performed by using an accessory that mounts in the sample compartment of 

an FT-IR spectrometer. All the analysis required is the aligning of an ATR 

attachment, pressing the sample against an ATR crystal, and collecting spectra. ATR 

data have often been subjected to Beer-Lambert law analysis [31, 41]. 

 

                                       
lcA eeII

)()(

0
2/

νεν −− ==                                    (2.1) 

 

where A(ν) is the sample absorbance at a given wavenumber ν, c2 is the concentration 

of the absorbing functional group of a sample, ε(v) is the wavenumber dependent 

extinction coefficient, and l is the film thickness for the IR beam at a normal 

incidence to the sample surface.  

 

 In ATR configuration, the denser medium (an internal reflection element, IRE) 

is in optical contact with rarer medium (a sample). The IRE is infrared transparent. 

The sample, on the other hand, is infrared absorbing and has a complex refractive 

index at frequency ν of n1 (ν) = n1 (ν) + ik1 (ν), where n1 (ν) and k1 (ν) are refractive 

index and absorption index, respectively. Incident light travels from the IRE and 



impinges the IRE-absorbing medium interface with an angle of incidence is greater 

than the critical angle, total internal reflection can be occured. The critical angle can 

be calculated from the refractive indices of the denser medium and the rarer medium 

by the following expression [41]: 

 

)/(sin 01

1 nnc

−=θ                                                  (2.2) 

 

where n1 and n2 are refractive indices of denser medium and rarer medium, 

respectively. 

 

 2.2.1    Principles of Light Reflection and Refraction 

 

 Reflection of light or radiant energy is the abruptly change in the direction of 

propagation when the radiation is incident on an interface. An optical interface is 

created whenever there is a discrete change in optical properties; namely the refractive 

index and/or absorption index. The basic features of the propagating and evanescent 

fields are described in Figure 2.2 [42]. 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Schematic diagram of the radiation propagates through the internal 

reflection element (IRE). 

  

 The electromagnetic radiation passes from one medium to another that has a 

different optical constant, a suddenly change of the beam direction is detected because 

of the differences in propagation velocity through two media. If light propagates 
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through a medium with refractive index n1 and enter a medium with refractive index 

n2 (Figure 2.3), the light path will change, and the extent of refraction is given by the 

following relationship [41]: 

 

                                                                      (2.3) 

 

where α1 and  α2 are the angle of incidence and refraction, respectively. When 

electromagnetic radiation strikes an interface between media 1 and 2 that have 

different refractive indices, reflection also occurs.  

 

 

 

 

 

 

 

 

Figure 2.3  Reflection and refraction of a plane wave at a dielectric based on Snell’s 

Law. 

 

 Snell’s law is an important phenomenon in numerous applications involving 

total internal reflection. Total internal reflection occurs when light traveling in an 

optically dense medium (one having a high refractive index) impinges on an interface 

with a less dense medium. As illustrated in Figure 2.4, when the angle of incidence α1 

equals the critical angle θc, α2 = 90°.  

 

 Total internal reflection spectroscopy is, therefore, the technique of recording 

the optical spectrum of a sample material that is in contact with an optically denser 

medium. The wavelength dependence of the reflectivity of this interface is measured 

by introducing light into the denser medium. In this technique the reflectivity is a 

measure of the interaction of the electric field with the material and the resulting 

spectrum is also the characteristic of the material. 
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Figure 2.4 Condition under which total internal reflection occurs. Light travels from 

an optically denser medium and impinges at the surface of the optically 

rarer medium (n1> n2) with angle of incidence equals the critical angle. 

 

 2.2.2    Internal Reflection Element (IRE) 

 

 The internal reflection element (IRE) is a material of high refractive index that 

carries the radiation to the sample in internal reflection and attenuated total reflection 

measurement. The IRE is transparent throughout the mid-infrared spectral region. The 

IRE must also withstand physical and chemical contact with samples. It is not too 

surprising that few materials meet these requirements. Generally speaking, the IRE 

configuration included variable-angle hemispherical crystal with single reflection and 

multiple reflection planar crystal [31]. The IRE is used in internal reflection 

spectroscopy for establishing the conditions necessary to obtain internal reflection 

spectra of materials (Figure 2.5). 

 

                  (a) Single Reflection            (b) Multiple Reflection 

 

 

Figure 2.5  Selected IRE configurations commonly used in ATR experimental 

setups: (a) Single reflection variable-angle hemispherical crystal and (b) 

Multiple reflection single-pass crystal [42]. 
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 Radiation propagates through the IRE by means of internal reflection. The 

sample material is placed into an optical contact with the IRE. The ease of obtaining 

an internal reflection spectrum and the information obtained from the spectrum are 

determined by the characteristics of the IRE (i.e., single or multiple reflections). A 

choice must be made in the working angle or range of angles of incidence, number of 

reflections, aperture, number of passes, surface preparation, and material from which 

it is made [43]. 

 

 2.2.3    ATR Spectral Intensity and Depth of Penetration  

 

 In ATR experiment, the magnitudes of the interaction between light and the 

sample can be expressed in terms of absorbance. The absorbance depends on both 

properties of material (e.g., refractive index of the IRE and complex refractive index 

of the sample) and the experimental parameters (e.g., angle of incidence and 

polarization of the incident beam). The relationship between absorbed and reflected 

intensity in an ATR spectrum is given by [44]: 

 

                                      ),(1),( νθνθ ll RA −=                                    (2.4) 

 

where θ is the angle of incidence, l  is the degree of polarization, ),( νθA  and 

),( νθR are absorptance and reflectance, respectively. The polarization direction is 

given with respect to the plane of incidence. The plane of incidence is defined as the 

plane that contains both incident and reflected beam. For p-polarization (p- stands for 

parallel), the electric component of the electromagnetic wave is parallel to the plane 

of incidence while the magnetic component is perpendicular to the plane of incidence. 

The electric component of the electromagnetic wave with s-polarization (s- stands for 

senkrecht) is perpendicular to the plane of incidence while the magnetic component is 

parallel to the plane of incidence. In general, absorptance in ATR can be expressed in 

terms of experimental parameters and material characteristic by the following 

expression [44]: 
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where p  indicates degree of polarization of the incident beam, ),(2 νθzE  is the 

mean square electric field (MSEF) at depth z. )(1 νn , and )(1 νk , respectively, are the 

refractive index and absorption index of the sample, and 0n  is the refractive index of 

the IRE. The MSEF has the strongest in magnitude at the IRE/sample interface. Its 

strength decreases exponentially as a function of depth. The MSEF is, however, also a 

function of experimental condition and material characteristics. 

 

 Under the ATR condition, although there is no light traveling across the 

IRE/sample interface, there is an evanescent field generated at the boundary. This 

field is strongest at the interface and exponentially decays as a function of distance 

from the interface. The rapid decay of the evanescent field is the unique characteristic 

of technique that makes ATR a powerful surface characterization technique. The 

decay pattern of the evanescent field can be expressed in terms of the distance from 

IRE/sample interface by the following expression: 
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 where ),( νθpd  is the penetration depth. ),(2

0 νθE  and ),(2 νθzE  are the MSEvF at 

the interface and the depth z, respectively.  

 

 Under a non-absorbing condition (i.e., 0)(1 =νk ), the MSEF can be calculated if 

the refractive index of material is known. Under this condition, the MSEF is given a 

special name as the mean square evanescent field (MSEvF). The strength and the 

decay characteristic of the MSEvF can be given in a much simpler than those of 

MSEF. The MSEvF at the interface with p- and s-polarized radiation are given, 

respectively, by: 
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 The depth of penetration (dp) is defined as the depth where the electric field 

strength decays to 1/e of its value at the interface. The depth of penetration is given by 

the following equation [45]: 
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where ν  is the frequency of the infrared radiation and θ is the angle of incidence.  

 

 Equation 2.8 is complicated, but there are a few simple things about it that 

should be remembered. Firstly, the depth of penetration (dp) is dependent on 

wavenumber. The dp goes down as wavenumber goes up. Thus, low wavenumber 

light penetrates further into the sample than high wavenumber light. The evanescent 

field also varies as a function of frequency of the radiation. The depth-dependent 

MSEvFs at various frequencies are shown in Figure 2.6. If the refractive indices at 

two different frequencies are the same, their MSEvFs at the interface are the same. 

However, their decay characteristics are different. The greater the frequency, the 

faster the decay of the field. As a result, the evanescent field at a greater frequency 

decays to zero at a shallower depth than that of at a lower frequency.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6 Depth dependence MSEvF at various frequencies with (A) p-polarized 

radiation and (B) s-polarized radiation. The simulation parameter are    

n0 = 4.0, n1 = 1.5, k1 = 0.0, θ = 45°, and ν = 500, 1000, 1500, and 3000 

cm
-1
. 

 

 The second thing to note about equation 2.8 is that the depth of penetration goes 

down as the refractive index of the IRE goes up. Thus, the Ge with a refractive index 

of 4.0 has a significantly shallower depth of penetration than that of a ZnSe IRE with 

a refractive index of 2.4. Changing IRE materials allows one to obtain spectra from 

different depths in a sample, which is known as depth profiling. 

 

 The denominator in equation 2.8 also includes the angle of incidence. Depth of 

penetration decreases as the angle of incidence of the infrared beam increases. The 

angle of incidence can be altered by varying the angle of the incoming radiation. 

However, the evanescent field depends strongly on the angle of incidence of the 

incident beam. The depth-dependent MSEvFs at various angles of incidence are 

shown in Figure 2.7. The MSEvF at the interface becomes smaller as the angle of 

incidence becomes larger. The angle of incidence also plays a major role in the decay 
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characteristic of the field. The greater the angle of incidence, the faster the decay of 

the field. As a result, the evanescent field at a greater angle of incidence decays to 

zero at a shallower depth than that of at a smaller angle. Some ATR accessories have 

movable mirrors that change the angle of incidence, so dp can be varied controllably. 

Example of the penetration depth at various experimental conditions and material 

characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7 Depth dependence MSEvF at various angles of incidence with (A) p-

polarized radiation and (B) s-polarized radiation. The simulation 

parameter are n0 = 4.0, n1 = 1.5, k1 = 0.0, ν = 1000 cm
-1
, and θ = 30°, 

35°, 40°, 45°, 50°, 55°, and 60°.      

 

 2.2.4    Problem of Single Fiber in Conventional ATR Accessory  

 

 ATR FT-IR spectroscopy is a surface sensitive technique. However, it has 

several limiting applications. One of them is the contact area. The conventional 

hemispherical Ge IRE has a large sampling area (5 x 5 mm). In order to obtain good 

ATR spectra, a very good alignment center of single human hair is required.  
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 The small sample and single fiber rarely have an alignment center of sample 

especially the very small sample with comparing to the hemispherical IRE. When the 

sample does not align to the center of IRE, the smaller is the observed in spectral 

intensity. If the sample aligns to the out of sampling area of IRE, the spectrum cannot 

be observed. 

 

 Another limitation for ATR FT-IR spectroscopy is an optical contact between 

sample and IRE. When the system does not have an optical contact, there is always an 

air gap between the sample and the IRE. The larger the air gap, the smaller the 

observed in spectral intensity. If an air gap is large enough, the spectrum cannot be 

obtained. To solve this problem, the high pressure is applied at the sample against the 

IRE. However, the IRE maybe damaged by an excessive pressure.  

 

2.3 ATR FT-IR Microspectroscopy 

 

 2.3.1    Infrared Microscope  

 

 Infrared microscopy involves the coupling of an FT-IR to a visible light 

microscope, and allows for visualizing and infrared examination of microscopic 

samples. Infrared microscopes are often incorporated high quality visible microscopes 

that have been re-designed for using with infrared radiation. A schematic diagram of a 

hypothetical infrared microscope is shown in Figure 2.8. 

 

 Infrared microscopes have become popular accessories during the past decade. 

These accessories are extremely versatile and can be used for a wide range of sample, 

only restrictions for microscope using are the size and hardness of the sample. The 

operation of microscope will be faster and easier than conventional technique due to 

fewer requirements for sample preparation. Their applications extend far beyond. It is 

important to use matching apertures for sample and background scans and always 

document the aperture size used. Also, most commercial microscope maybe used in 

transmission and reflection mode and with or without infrared polarizer. A broad 

range of newly applications have been developed around the imaging ability of the 

modern microscopes in combination with computer video graphics and computer 

controlled sampling stages [46].  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.8 An optical diagram of an infrared microscope. 

 

 2.3.2 Homemade Slide-on Ge IRE Accessory 

 

 The homemade slide-on Ge µIRE was developed by Sensor Research Unit, 

Department of Chemistry, Faculty of Science, Chulalongkorn University, for the 

analysis of the small amount sample or single fiber. Due to the small sample area of 

the IRE, spectra of single hair showed the superb spectral quality and wide 

applications in analysis of other sample. 
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  2.3.2.1 Ray Tracing of Homemade Slide-on Ge IRE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.9 A schematic illustration of ray tracing within the 15 X Schwarzschild 

Cassegrain infrared objective. 

 

 A schematic illustration of ray tracing within the 15X Schwarzschild Cassegrain 

infrared objective and the coupling of the focused radiation into the homemade slide-

on Ge µIRE are shown in Figure 2.9. The concave primary mirror and the convex 

secondary mirror of the objective focus radiation onto the reflecting plane with angles 

of incidence ranging from 15.6
o
 to 35.5

o
, Figure 2.9A. By coupling the focused 

radiation into a specially designed µIRE made of high refractive index materials and 

by making the angle of incidence at the sampling surface greater than the critical 

angle, a spectral acquisition under the ATR FT-IR condition can be obtained.  
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 The hemispherical dome of the miniature cone-shaped Ge µIRE facilitates the 

coupling of the focused radiation traveling into the µIRE by minimizing the reflection 

loss at the air/Ge interface, Figure 2.9B. If a nearly perfect coupling was assumed, the 

radiation transmitted through the air/Ge interface of the dome and impinged the Ge/air 

interface of the tip without a significant change in the angle of incidence (i.e., the 

refraction at the air/Ge interface was minimized). To ensure a good contact between 

the Ge tip and a solid sample, the circular tip of the IRE was made a hemispherical 

surface. Since the contact area is small (~ 100 µm in diameter, Figure 2.9C), a good 

contact was achieved with a minimal force exerting on the tip.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER   III 

 

EXPERIMENTAL   SECTION 

 

 The study of human hair by the homemade slide-on Ge µIRE accessory was 

performed. The accessory was employed for analysis of single human hair and trace 

cosmetics on the surface of single human hair. This technique is easy for the analysis 

of single human hair because of the small sampling area of the IRE without sample 

preparation. The application of the homemade slide-on Ge µIRE accessory was 

demonstrated for forensic analysis of human hair. 

 

3.1 Materials and Equipments 

 

 3.1.1  Samples 

 

  - Untreated-hairs from the volunteers with different factors such as age, 

sex, diameter of hair, and color 

     

  - Chemical treated-hairs 

   Straight creams treated-hair 

   Permanent wave lotion treated-hair 

   Color creams treated-hair 

 

  - Split hairs 

 

 3.1.2  Instruments 

 

1. Nicolet Magna 750 FT-IR spectrometer equipped with a mercury-

cadmium-telluride (MCT) detector. 

 2. NICPLAN
TM

 infrared microscope with 15X Cassegrain infrared objective 

and 10X glass objective. 



 3. Single-reflection attenuated total reflection accessory (The Seagull
TM

, 

Harrick Scientific, USA) with a hemispherical Ge IRE. 

 4. Homemade slide-on germanium (Ge) µIRE 

 

3.2 Default Spectral Acquisition  

 

Nicolet Magna 750 FT-IR Spectrometer 

Instrumental Setup 

Source    Standard Globar
TM

 Infrared Light Source 

Detector     MCT/A 

Beam splitter    Ge-coated KBr 

Acquisition Parameters 

Spectral resolution   4 cm
-1
 

Number of scans  512 scans 

Spectral format    Absorbance 

Advanced Parameters 

Zero filing    none 

Apodization    Happ-Genzel 

Phase correction   Mertz 

 

NICPLAN
TM

 Infrared Microscope 

Instrumental Setup 

Objective   15X Schwarzchild-Cassegrain 

Aperture size  100 x 100 µm2
 

 

3.3 Homemade Slide-on Ge µµµµIRE Accessory  

 

 The homemade slide-on Ge µIRE accessory consists of two components 

including the Ge slide-on IRE and the slide-on housing (Figure 3.1).  



                   

 

Figure 3.1  The homemade slide-on Ge µIRE accessory was developed by Sensor 

Research Unit, Department of Chemistry, Faculty of Science, 

Chulalongkorn University, Bangkok 10330, Thailand. 

 

The homemade slide-on Ge µIRE consists of the dome-shaped Ge µIRE which 

designed for characterizing the small sample. The Ge µIRE was fixed into the slide-

on holder by Ge IRE locker as shown in Figure 3.1. A homemade slide-on Ge µIRE 

was aligned to achieve ATR spectrum and high energy throughput by Ge IRE holder 

and three knobs. Another component is the slide-on housing which fixed on 

NICPLAN
TM

 infrared microscope. 

 

 The homemade slide-on Ge µIRE accessory was slid into the position on the 

slide-on housing at NICPLAN
TM

 infrared microscope as shown in Figure 3.2. The 
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incident infrared radiation from the microscope was coupled onto the hemispherical 

dome of the Ge µIRE and focused at the tip of Ge µIRE.  

 

 

 

Figure 3.2  The homemade slide-on Ge µIRE accessory mounted onto the infrared 

microscope. 

 

3.4 Characterization of Single Human Hair by ATR FT-IR Spectroscopy 

 

 3.4.1  Experimental Procedure for the Conventional ATR Accessory 

 

 A commercial single reflection ATR accessory (the Seagull
TM

, Harrick 

Scientific, USA) with a hemispherical Ge IRE (diameter 25 mm) was employed for 

ATR spectral acquisition of a single hair. A hemispherical Ge IRE was mounted into 

the ATR accessory. The angle of incidence was 30°. The spectrum obtained by the Ge 

IRE without sample was employed as a background for all acquired ATR FT-IR 

spectra. To collect a spectrum of single hair, the hair sample was rinsed with acetone 

and dried under room temperature overnight and placed on a metal substrate with the 

hair thread aligned along the center of the IRE. The substrate was then raised until the 

hair touched the flat surface of the IRE with an applied pressure, as shown in Figure 

3.3. The same procedure was repeated for all other hair samples.  



 

 

 

 

   

 

 

 

 

Figure 3.3  Experimental procedures for ensuring the optical contact between a 

sample and the IRE of the conventional ATR accessory.  

 

3.4.2  Experimental Procedure for the Homemade Slide-on Ge µµµµIRE 

Accessory. 

 

All ATR spectra were performed via a NICPLAN
TM

 infrared microscope 

equipped with a mercury-cadmium-tellurium (MCT) detector that attached to the 

Nicolet Magna 750 FT-IR Spectrometer. A homemade slide-on Ge µIRE accessory 

was employed for all spectral acquisitions. The homemade slide-on Ge µIRE 

accessory was aligned and fixed at the optimum position of slide-on housing where 

the contact tip coincided with the focal point of the built-in 15X Cassegrain infrared 

objective. The spectral acquisitions were performed in the reflection mode of infrared 

microscope. For spectral acquisition of a hair sample, the hair sample was fixed to a 

mounting plate at both ends and the plate was held on the microscope state, after the 

hair was rinsed with acetone. A sampling spot on the hair was selected through a 

built-in objective (optical or infrared). The homemade slide-on Ge µIRE accessory 

was slid into the optimum position of slide-on housing and the microscope stage was 

elevated until the selected position touched the tip of the IRE as shown in Figure 3.4. 

The same procedure was repeated for all other hair samples. 
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Figure 3.4 Experimental procedures for ensuring the optical contact between a 

sample and the IRE of the homemade slide-on Ge µIRE accessory.  

 

 In this section, the different positions of the hair were collected with two 

experiments. Firstly, ATR FT-IR spectra at various interesting positions along the hair 

filament with an interval of 1.5 cm were collected. The first spectrum was taken at 1.5 

cm from the scalp hair, as shown in Figure 3.5. Secondly, ATR FT-IR spectra of hair 

at various positions on the head were collected. Area on one head was divided into 

four parts and the three hair filaments were randomly analyzed for each part as seen in 

Figure 3.6. 

 

 

  Scalp hair         a             b             c            d             e             f             g            h       i 

 

Figure 3.5  The sampling positions along the single human hair in the first 

experiment. 

 

 

 

 

 

 

Figure 3.6  Single human hair from various positions on a head were analyzed in the 

second experiment. 
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3.5 Characterization of Trace Cosmetic on the Hair Surface  

 

The novel technique called “Contact-and-Collect” was developed for the 

measurement of trace cosmetics on the surface of single human hair (i.e., shampoos, 

hair conditioners and hair treatment cosmetics).  

 

3.5.1  Experimental Procedure for the Conventional ATR Accessory 

 

A commercial single reflection ATR accessory (the Seagull
TM

, Harrick 

Scientific, USA) with a hemispherical Ge IRE (diameter 25 mm) was employed for 

ATR spectral acquisition of a single hair. A hemispherical Ge IRE was mounted into 

the ATR accessory and the angle of incidence was set at 30°. The hair sample was 

placed on a metal substrate with the hair thread aligned along the center of the IRE. 

The hair sample on a metal substrate was then raised until the hair touched the flat 

surface of the IRE with applied pressure as shown in Figure 3.7A. When the hair 

sample was contacted the IRE, the cosmetic on surface of hair can be characterized 

with combining the interference of hair, as shown in Figure 3.7B. After removing the 

hair, some of the cosmetics on the hair surface stuck onto the IRE surface. The trace 

amount of the cosmetics on the IRE can be characterized under the ATR mode 

without any interference of hair, as shown in Figure 3.7C. 

 

 

 

 

 

         A               B             C 

Figure 3.7  Experimental procedures for spectral acquisition using Contact-and-

Collect technique by the hemispherical Ge IRE: (A) the hair sample was 

raised until the hair touched the IRE with applied pressure, (B) the hair 

sample was contacted the IRE and characterized the cosmetics and hair, 

and (C) the hair sample was removed from the IRE and characterized the 

cosmetic without interference of hair. 

 



3.5.2  Experimental Procedure for the Homemade Slide-on Ge µµµµIRE 

Accessory. 

 

All ATR spectra were performed on a NICPLAN
TM

 infrared microscope 

equipped with a mercury-cadmium-tellurium (MCT) detector that attached to the 

Nicolet Magna 750 FT-IR Spectrometer. A homemade slide-on Ge µIRE accessory 

was employed for all spectral acquisitions. The IRE was aligned and fixed at the 

optimum position of the  slide-on housing where the contact tip coincided with the 

focal point of the built-in 15X Cassegrain infrared objective. The spectral acquisitions 

were performed in the reflection mode of infrared microscope. For spectral 

acquisition of samples, hair sample was placed on a glass slide and positioned on the 

microscope stage, after the hair was rinsed with acetone. A sampling spot on the hair 

was selected through a built-in objective (optical or infrared objective). The 

homemade slide-on Ge µIRE accessory was slid into the optimum position of the 

slide-on housing and the microscope stage was elevated until the selected position 

touched the tip of the µIRE, as shown in Figure 3.8A. When the hair sample was 

contacted with the IRE, the cosmetic on surface of hair can be characterized with 

combining the interference of hair, as shown in Figure 3.8B. After removing the hair, 

some of the cosmetics on the hair surface stuck onto the µIRE. The trace amount of 

the cosmetics on the IRE can be characterized under the ATR mode without any 

interference of hair, as shown in Figure 3.8C. Several contacts can be performed in 

order to collect a sufficient amount of the trace cosmetics on the tip of the µIRE for 

getting a good quality spectrum. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

                     A                B                   C 

Figure 3.8  Experimental procedure for spectral acquisition using Contact-and-

Collect technique by the homemade slide-on Ge µIRE accessory: (A) the 

hair sample was raised until the hair touched the IRE with applied 

pressure, (B) the hair sample was contacted the IRE and characterized 

the cosmetics and hair, and (C) the hair sample was removed from the 

IRE and characterized the cosmetic without interference of hair. 

  

3.6  Characterization of Split Hairs by ATR FT-IR Microspectroscopy 

  

3.6.1  Experimental Procedure for the Homemade Slide-on Ge µµµµIRE 

Accessory. 

 

 All ATR spectra were performed on a NICPLAN
TM

 infrared microscope 

equipped with a mercury-cadmium-tellurium (MCT) detector that attached to the 

Nicolet Magna 750 FT-IR Spectrometer. A homemade slide-on Ge µIRE accessory 

was employed for all spectral acquisitions. The IRE was aligned and fixed at the 

optimum position of the slide-on housing where the contact tip coincided with the 

focal point of the built-in 15X Cassegrain infrared objective. The spectral acquisitions 

were performed in the reflection mode of infrared microscope. For spectral 

acquisition of samples, hair sample was deposited on glass slide and placed on the 

microscope stage. The homemade slide-on Ge µIRE accessory was slid into the 

optimum position of the slide-on housing and the microscope stage was elevated until 

the selected position touched the tip of the IRE.  

 

 Figure 3.9 shows the various positions of split hairs collected in this section. The 

initial position of splited hair at 0 position was set as reference point. From the 

reference position, the various positions before splited position of hair was taken at 



1.0 cm along the hair as shown at b1, b2, b3, respectively. After spliting position, the 

hair was divided into two filaments. One hair filament has a large in diameter and the 

other hair filament has a small in diameter. The sampling positions of large hair 

filament are labeled as follows: a1, a2, a3, respectively while those of small hair 

filament are a′1, a′2, a′3, respectively. 

 

 

 

Figure 3.9 The sampling positions split hairs by the homemade slide-on Ge µIRE 

accessory. 
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CHAPTER   IV 

 

RESULTS AND DISCUSSION 

 

 The chemical information of single human hair, the difference of spectrum 

between untreated and treated single human hair, the spectra of cosmetic on the 

surface of single human hair, and the variation of the spectra of un-split hair and split 

hair were determined.   

 

4.1 Efficiency of Homemade Slide-on Ge µµµµIRE Accessory 

   

 Figure 4.1 shows the spectral of a single human hair acquired by the 

hemispherical conventional ATR and the homemade slide-on Ge µATR. Although 

these spectra reveal the same spectral features, the spectrum acquired by the 

homemade slide-on Ge µIRE accessory has a better signal-to-noise ratio (SNR) and 

shows higher spectral intensity. Since the homemade slide-on Ge µIRE accessory has 

small sample area, the good contact between the sample and IRE was achieved. The 

position on the hair can be selected via objective of microscope. All the analysis of 

hair is easy without an additional sample preparation, non-destructive and short 

analysis time. 

 

 In order to ensure the reproducibility of the homemade slide-on Ge µIRE, the 

observed spectra of single human hair from the individual person and same position 

were compared. The typical results are shown in Figure 4.2. The insert shows the 

superimposition when the spectra was normalized by Amide I band at 1637 cm
-1
.  

 

 

 

 

 

 

 



 

 

 

 

 

   

 

 

 

 

 

 

 

 

Figure 4.1 ATR FT-IR spectra of single human hair acquired by: (A) Conventional 

Ge IRE and (B) Homemade slide-on Ge µIRE accessories. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2  Normalized ATR FT-IR spectra of single hair from a person at three 

positions. The insert were normalized spectra by Amide I absorption 

band (1637 cm
-1
).  
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4.2  Chemical Information of Human Hair 

  

 The main components of human hair included the primary protein, water, lipid, 

wax. The ATR FT-IR spectrum of single human hair acquired by homemade slide-on 

Ge µIRE accessory was shown in Figure 4.3. The observed spectrum shows a broad 

band at 3274 cm
-1
 attributed to O-H stretching of water together with N-H stretching 

vibration. The predominant absorption bands at 1637, 1521 and 1226 cm
-1
 related to 

Amide I, Amide II and Amide III vibrations, respectively. The C=O stretching 

vibration and a small contribution from N-H scissoring vibration correspond to Amide 

I vibration. The absorption bands of Amide II vibrational mode consist of two 

components including the C-N stretching and N-H wagging vibration while the N-H 

twisting vibration mode plus C-N stretching and the contribution from O=C-N 

bending vibration is that of Amide III. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 ATR FT-IR spectrum of single hair. 

 

 The absorption bands at 2961-2850 cm
-1
, 1445 and 1410 cm

-1
 are the C-H 

stretching and C-H deformation vibration, respectively. The IR peak assignments 

were summarized in Table 4.1. 
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 Table 4.1 Peak assignments of human hair [32, 52, 53] 

 

Wavenumber (cm
-1
) 

Literature [32] Current work 

Assignments 

 

3370-3320 

 

3274 

 

Asymmetric N-H stretching 

2975-2950 2961 Asymmetric C-H stretching of CH3 

2940-2915 2921 Asymmetric C-H stretching of CH2 

2885-2865 2872 Symmetric C-H stretching of CH3 

2870-2840 2850 Symmetric C-H stretching of CH2 

1680-1630 1637 Amide I 

C=O stretching and a small contribution from N-H 

bending (scissoring) 

1550-1510 1521 Amide II 

C-N stretching plus N-H bending (wagging) 

1305-1200 1226 Amide III 

N-H bending (twisting) plus C-N stretching and 

contribution from O=C-N bending 

1480-1440 1445 C-H bending (scissoring) of CH2 

1410-1350 1410 C-H bending (wagging) of CH3 

1070-1035 1042 S=O stretching of cysteic acid 

 

 

4.3  Characterization of Single Human Hair by ATR FT-IR Microspectroscopy 

  

 The characterization of single human hair is the significant aspect of the 

biological analysis, forensic analysis, and cosmetic industrial analysis. Human hairs 

have a specific character of protein structure in individual person. Each person has a 

different genetic, life style, cosmetic used, dietary, and healthy [47]. Results of hair 

spectra mentioning in prior section   homemade slide-on Ge µIRE accessory can be 

characterized the chemical information of single human hair. Thus, this technique is 

suitable for hair analysis.  

 



 4.3.1  Untreated-Hair 

 

 In the present study, single human hair was collected from persons with 

different age, gender, and color. This study was divided into sections to study the 

parameters affecting hair quality.  

 

   4.3.1.1 ATR FT-IR Spectra of Hairs from Different Persons with 

Different Ages  

 

  Figure 4.4 shows the different spectra of single human hair acquired 

from person with different age. Each observed spectrum shows the different peak 

positions and peak shape at 1637, 1521, and 1226 cm
-1
 assigned to absorption 

vibration of Amide I, II and III. As clearly seen in the insert of Figure 4.4, ATR FT-

IR spectra show significant variation of protein component in each person. Due to the 

qualities of the hair are associated with the hair composition, hair’s treatment (i.e., 

ultraviolet (UV) irradiation, brushing, drying, and heating), dietary, and healthy of the 

person, these factors are believed to cause hair damage. The protein bond in human 

hair was changed by these factors.  

   

  Obtaining the different spectra, it means that the chemical structure of 

hair is changed by these factors. The observed spectrum of hair can be used in 

uniquely characterization and applied in forensic analysis.   However, the chemical 

structure of hair does not depend on age, thus age of hair has no influence on 

chemical structure of hair [32].  

 

  4.3.1.2  ATR FT-IR Spectra of Hairs from Male and Female  

 

   The observed spectra in Figure 4.5 show the variation of spectral 

features from persons due to the effect of gender. The observed spectra show the 

dominant different peak positions at 1637, 1521, and 1226 cm
-1
 associated with 

absorption vibration of Amide I, II and III. The spectrum of hair from male and 

female can be characterized by the different spectrum of each person. Since the 

genetic was influenced on the cystine content of human hair (i.e. higher levels of this 

amino acid has been reported in hair from male individual than that of female) [32]. 



The hair from the same gender shows different spectrum because the specific 

character of protein in each person that affecting from component of protein in the 

hair, hair treatment dietary, and healthy of the person. A slight difference of 

absorption band at 1042 and 1017 cm
-1
 related with the absorption of S=O (domain 

structural protein in human hair) and Si-O-Si of silicone oil being main component of 

cosmetic hair treatment, respectively. These two bands are interfering. From this 

study, it is concluded that the ATR FT-IR spectra were used for differentiation 

between the S=O and Si-O-Si. The novel technique called “Contact-and-Collect” 

could analyze the cosmetic on surface of single hair without an additional sample 

preparation that described in Section 4.4.  

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 ATR FT-IR spectra of human hair from different persons. 
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Figure 4.5  ATR FT-IR spectra of single human hair from persons with different 

gender: (A) males and (B) females. 

 

  4.3.1.3 ATR FT-IR Spectra of Hairs from the Individual Person 

with Different Natural Hair Color 

 

  The occurrence of the color of hair comes from the presence of pigment 

in cortex layer of human hair. The pigment cells called “melanin” create a black 
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pigment. The greater amount of pigment in the hair, the hair color becomes dark. On 

the other hand, the amount of pigment is reduced, the hair color turns brown and then 

blonded.  

 

  Figure 4.6 shows the ATR FT-IR spectra of single human hair from the 

individual person with different natural hair color acquired by the homemade slide-on 

Ge µIRE. The observed spectrum shows the same spectral feature. The hair from 

individual person was not affected from the hair composition, hair treatment (i.e., 

ultraviolet (UV) irradiation, brushing, drying, and heating), dietary, and healthy of the 

person. The difference quality of melanin in different color cannot be detected by 

infrared spectrum in mid-IR region but those were shown in near-IR [33]. Thus, the 

color of hair was natural changed having no influence on spectrum of hair acquired by 

ATR FT-IR technique. The spectra in 1040-1020   cm
-1
 region reveal the difference of 

spectral features due to the quality of cosmetic from hair treatment such as shampoo, 

conditioner, spray, mousses, and others. These absorption band of the cosmetic are 

interfering with S=O vibration which found in the protein structure in human hair. 

However, the different bands at 1040 and 1020 cm
-1 

can be differentiated by the 

“Contact-and-Collect” technique.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6  ATR FT-IR spectra of hair from individual person with different natural 

hair color. 
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  As the results, ATR FT-IR spectra of single human hair show the 

specific character of structural protein in each person due to the ratio of protein 

component from genetic, chemical treatment (i.e., ultraviolet (UV) irradiation, 

brushing, drying, and heating), diet, and health of the person. These different spectra 

of single hair can be employed for unique identification or differentiation of hair 

based on the observed spectra that associated with the molecular structure of hairs. 

Therefore, the “Contact-and-Collect” technique can be applied for forensic analysis. 

 

  4.3.1.4 ATR FT-IR Spectra of Hairs from Different Position along 

the Hair Filament and Different Position of hair on Head 

 

  The different position along the hair filament 

 

 

 

Scalp hair        a             b             c            d             e             f             g            h       i 

 

Figure 4.7  The sampling positions along the single human hair. 

  

  Figure 4.8 shows ATR FT-IR spectra acquired from a single human hair. 

The spectra were collected along the hair filament with an interval of 1.5 cm. The first 

spectrum was taken at 1.5 cm from the scalp hair. Each position along the hair 

filament of individual person shows the same spectral feature. The insert shows the 

superimposition when the spectra were normalized by Amide I band at 1637 cm
-1
. 

Due to the specific character of hair and effect from the hair damage such as 

environment (i.e., ultraviolet (UV) irradiation, brushing, drying, and heating), dietary, 

and healthy of the person cannot be influenced on an individual person. Therefore, the 

observed spectra of hairs along the hair filament are not the problem in unique 

identification of human hair. 

 

  The ATR FT-IR spectra of single hair acquired by the slide-on Ge IRE 

from different position on individual person were collected. The positions were 

divided into four parts and the three hair filaments were randomly analyzed for each 



part at a, b, c, and d. The two hair filaments were randomly analyzed for each part as 

shown in Figure 4.9.  

 

  Figure 4.10 shows the observed spectra of hair from individual person 

with different position followed by Figure 4.9. The spectral features of hair at each 

different position on head of an individual person were the same because the different 

positions of hair on individual person has no considerable influence on hair structure 

and life style of person (i.e., ultraviolet (UV) irradiation, brushing, drying, heating, 

dietary, and healthy) factors. Although the different bands at 1042 and 1017 cm
-1 

can 

be noticed, this band cannot be used for differentiating an individual person. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8  Normalized ATR FT-IR spectra of hair were collected along the hair 

filament. 
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  The different positions of hairs on head 

 

 

 

 

 

 

Figure 4.9  Positions on individual person when hair sample were collected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10 Normalized spectra of hair acquired from the different positions of hair 

on head. 
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  4.3.1.5  ATR FT-IR Spectra of Hairs from Different Persons 

  

  This section was considerable the various position of hair filaments from 

individual person. The single human hair from the different age, gender, and natural 

hair color were collected by the homemade slide-on Ge µIRE. All spectra show the 

different spectral features as seen in Figure 4.11. Each spectrum shows the significant 

spectrum of absorption band of Amide I, II, and III. Because the individual person has 

a specific character of the protein structure and the factors of hair damage, the 

changing chemical structure were occurred. The different spectra of individual person 

can be used in unique identification of hair in forensic analysis. The absorption bands 

of range 1100-1000 cm
-1
 show the different spectral intensity at 1042 and 1017 cm

-1
 

due to the interfering between the S=O stretching of protein structure of hair and Si-

O-Si stretching of silicon oil being a composition of cosmetic  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11 Normalized spectra of single hair from different eight persons.  
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 4.3.2  Chemical Treated-Hairs 

 

 Hair treatment includes hair coloring, hair permanent waving, hair bleaching, 

and hair straightening agents. These utilize fairly strong chemicals that are applied 

directly to the hair shaft, and the hair can be damaged. The hair damage was occurring 

by the breaking of protein bonds in hair. The chemical information of treated-human 

hair was changed in molecular level as shown in Figure 4.12.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12 ATR FT-IR spectra of treated single hair with different types of 

chemical    treatment. 

 

 By comparison, the observed spectra of un-treated hair and chemical-treated hair 

with various types of treatment show the different spectral feature at Amide II. The 

absorption bands at 1042 and 1017 cm
-1 

were increased because the increasing of S=O 

and Si-O-Si of hair treatment creams. The appearance of the absorption bands at 1312 
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and 1175 cm
-1
 were assigned to the composition of hair treatment creams. Thus, the 

different chemical treatment of hair can identify the different treated-hair. 

 

  4.3.2.1  ATR FT-IR Spectra of Hairs between Untreated-Hair and 

Straight Cream Treated-Hair 

 

  The main ingredient of permanent hair straightening chemicals is 

thioglycolate or thio. This chemical causes the breaking of the sulfur bonds of human 

hair before the hair taking a new shape. After that, the sulfur bond in hair was          

re-connected to form the new shape. The new shape of hair was used by the flattening 

or straightening irons. 

 

  The spectra of the untreated-human hair and the treatment with straight 

cream acquired by the homemade slide-on Ge µIRE are shown in Figure 4.13. The 

observed spectra of untreated-hair and straighted-hair were compared. The different 

peak shapes and peak positions at Amide II (1521), 1312, 1175, and 1042 cm
-1
, 

respectively, associated to the chemical information was changed in treated-hair. For 

the treated hair, the protein bond in hair was broken by the chemical ingredient of 

straight creams. The absorption bands of Amide II bands shifted to lower 

wavenumber due to the change of conformation of hair after treatment. In addition, 

the new absorption bands at 1312 and 1175 cm
-1
 assigned to the composition of 

straight cream are also observed. The absorption band of S=O stretching at 1042 cm
-1
 

was increased. Due to the oxidation reaction of amino acid (cysteine) by hydrogen 

peroxide, the functional group of S=O in treated-hair was increased as follows: 

 

 

 

 

  

 From all obtained results ATR FT-IR spectra with ATR FT-IR technique can 

apply in forensic analysis (unique identification) and cosmetic analysis.       
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Figure 4.13 ATR FT-IR spectra of hair (a) untreated-hair and (b) treated-hair with 

straight cream.  

 

  4.3.2.2  ATR FT-IR Spectra of Hairs between Untreated-Hair and 

Permanent Wave Lotion Treated-Hair 

  The principle of permanent wavy process is the change of hair shape by 

using the chemical reagent such as reducing agent (usually ammonium thioglycolate) 

and oxidizing agent (hydrogen peroxide). The chemical reagent of permanent wave 

lotion damaged the protein bond (sulfur bond) and the cuticle layer of human hair. 

The new shape of hair can change by rollers or curlers and the sulfur bond will be    

re-connected. 

  Figure 4.14 shows the different spectra of untreated-hair and permanent 

wavy hair collected by the homemade slide-on Ge µIRE. Amide II band of treated-

hair changing from α-helix to β-sheet due to the chemical structure was changed in 

molecular level. Due to reforming the bond of alpha helices can shift position in 

relation to each amino acid composition by reducing agent. Also the broad band at 

1175 cm
-1
 related to the chemical reagent of cosmetic absorbing on the surface. The 

absorption band of S=O vibrational mode increasing at 1042 cm
-1
 was assigned to 
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cysteic acid which occurred from the breaking of the sulfur bond of cystine in 

molecular level by chemical ingredient of permanent wave lotion.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.14 ATR FT-IR spectra of hair (a) untreated-hair and (b) treated-hair with 

permanent wavy lotion. 

 

  4.3.2.3  ATR FT-IR Spectra of Hairs between Untreated-Hair and 

Color Cream Treated-Hair 

  Hair coloring products consist of ammonia dying solution and hydrogen 

peroxide solution, which directly applied to the hair. The ammonia solution causes of 

the cracking of the cuticle layer of hair before the dye precursors are penetrated to this 

layer. 

  The change of chemical of human hair was induced by coloring have 

been previously reported [32, 50]. The study of the coloring effect was done by the 

homemade slide-on Ge µIRE accessory under the same experimental conditions for 

that of the untreated-hair. As seen in Figure 4.14b, the broad band at 1175 cm
-1
 

corresponding to the chemical in color cream on surface of hair was absorbed. 

Spectral intensity of symmetric stretching of S=O at 1042 cm
-1
 was increased. The 
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peak shape of the Amide II band was changed because of the changing of hair 

structure by the interaction between the chemicals of color cream and protein bonds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.15 ATR FT-IR spectra of hair (a) untreated-hair and (b) treated-hair with 

color cream.  

 

  ATR FT-IR microspectroscopy was successfully employed for spectral 

acquisitions of untreated-hair are different factors (i.e., age, gender, color, and person) 

and chemical treated-hair. This technique is non-destructive sample, without sample 

preparation and has a short analysis time and the results are reliable.  

 

4.4  Characterization of Trace Cosmetic on the Hairs Surface by using ATR 

FT-IR Spectroscopy 

   

 In the prior study, the different hair from person can be characterized by the 

homemade slide-on Ge µIRE. Characterization of trace cosmetic on hair surface is 

one part of the identifying of the different hair. Traditionally, the analysis of trace 

cosmetics or small amount of sample is difficult or cannot be analyzed due to the 

limitation of these techniques such as the small sample, destructive sample, required 

the sample preparation. This section shows the interesting of dominant and the 
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advantage of “Contact-and-Collect” technique for analysis of trace cosmetic on the 

hair surface by using the homemade slide-on Ge µIRE. 

 

 4.4.1  Conventional ATR Technique 

 

 ATR FT-IR spectrum of clean hair by conventional ATR technique 

(Hemispherical Ge IRE) was shown in Figure 4.16A. After removing the hair from 

the IRE, the spectrum does not present the characteristic absorption band of residual 

cosmetic on the surface of the hair due to the contaminant was washed out several 

times with acetone. However, this spectrum of residue on IRE is not a straight line 

because of the effect of baseline correction. The ATR FT-IR spectra of uncleaned-hair 

show the different spectral features with the clean hair because the cosmetic was 

absorbed on surface and did not wash with acetone. The spectrum shows slightly 

weak spectral intensity absorption band at 1261, 1110, and 1016 cm
-1
 which assigned 

to the cosmetic peaks on the surface of single human hair as shown in Figure 4.16B. 

This residual spectrum does not reveal the clearly characteristic band because 

sampling area of IRE has a large area comparing to the trace cosmetic on the hair 

surface and this technique required the alignment center between single hair and IRE. 

Thus, the conventional ATR technique is not suitable for the analysis of the trace 

cosmetic on the single hair.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.16  ATR FT-IR spectra of hair and residual cosmetics on IRE (A) clean-

hair and (B) uncleaned-hair acquired by the conventional ATR 

technique.    

 

 4.4.2  Homemade Slide-on Ge µµµµATR Technique 

 

 As previously described, the characterization of trace cosmetics by the 

conventional ATR technique was difficult for analysis. Thus, the analysis of trace 

cosmetic on surface from single human hair was developed by the homemade slide-on 

Ge µIRE. The novel technique called “Contact-and-Collect” –the measurement of 

trace cosmetics on the surface of single human hair (i.e., shampoos, hair conditioners 

and hair treatment cosmetics). When the tip of the Ge µIRE was brought into an 

optical contact with a single hair, some of the cosmetics on the hair surface were stuck 
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with the IRE. After removing the hair, the trace amount of the cosmetics on the IRE 

can be collected without any interference from hair. Figure 4.17A and B show the hair 

spectrum of clean hair, un-cleaned hair, and the residue of cosmetic on µIRE acquired 

by the slide-on Ge µIRE accessory.   

 

 The ATR FT-IR spectra of trace cosmetic on hair surface from two techniques  

– the homemade slide-on Ge µATR and conventional ATR technique are compared. 

The homemade slide-on Ge µATR technique gives the strong absorption band at 1048 

and 1017 cm
-1
 related to the silicone oil in cosmetic component. Spectral intensity of 

trace cosmetic is greater than that of trace cosmetic acquired by the conventional ATR 

technique. Since the homemade slide-on Ge µIRE has a small sample area, the 

selected position for analysis can be collected, and the amount of cosmetic can be 

increased by making several contacts before analysis. The clearly cosmetic spectra 

acquired by “Contact-and-Collect” technique can be simultaneously used the hair 

spectra for unique identification and forensic characterization of hair. 

 

  4.4.2.1  Results of the Different Type of Cosmetics 

 

  The spectra of different types cosmetic are shown in Figure 4.18. Each 

spectrum of hair using different type of cosmetic shows the unique spectra of each 

cosmetic because of their specific composition and ratio of the chemical reagents 

from different manufacture. 

 

  ATR FT-IR microspectroscopy is one of the powerful tools for a single 

human hair characterization and hair surface characterization. The observed spectra of 

single hair unique to the person show the specific difference of single hair depending 

on chemical structure of untreated-hair, chemical treated-hair, and cosmetics on hair 

surface. These highly specific differentiating spectra of single human can be 

employed for unique identification or for differentiation of hair based on the 

molecular structure of hairs and cosmetics on hairs.  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.17 ATR FT-IR spectra of hair and residual cosmetics on IRE (A) clean-

hair and (B) uncleaned-hair acquired by the homemade slide-on Ge 

µIRE accessory.     
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Figure 4.18 ATR FT-IR spectra of hair and residual cosmetics on IRE: (A) hair and 

(B) residual cosmetics acquired by the homemade slide-on Ge µIRE 

accessory 
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4.5  Characterization of Split Hairs by ATR FT-IR Microspectroscopy 

 Currently, the main problem of hair is the split hairs. The cause of this problem 

includes chemical treatment, physical wear, heat, and weather. To solve this problem  

- the study of changing chemical structure in split hairs was collected in this research.    

 Characterization of single split hairs by the homemade slide-on Ge µIRE is 

believed to associate with health and nature of the hair care of the person. ATR FT-IR 

spectra of the un-split hairs and split hair were shown in Figure 4.19. The spectra 

were acquired without an additional sample preparation. Spectral features of one 

filament (split hairs) were significantly different from the rest. The Amide I and 

Amide II bands showed a red shift, while a new peak was observed at 1575 cm
-1
. This 

band could be assigned to   N-H scissoring vibration of NH2 occurring from the 

breaking of the peptide bond in protein structure of human hair. The observed 

phenomenon suggests that the splitting associated with the change of hair at the 

molecular level. The advantage of this procedure can be applied for prevention of the 

split hairs. 

 

 

 

 

  

 

 

 

 

 

 

Figure 4.19  ATR FT-IR spectra of split hairs and un-split hairs acquired by the 

homemade slide-on Ge µIRE accessory. 
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 In order to ensure the measurement of the split hairs being associated to the 

change of hair at the molecular level, ATR FT-IR spectra of un-split hairs, split hairs 

and making-split hairs were collected as shown in Figure 4.20.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.20 ATR FT-IR spectra of hair acquired by the homemade slide-on Ge 

µIRE: (A) Un-split hairs, (B) Split hairs, and (C) Making-split hairs. 

 

 The observed spectra of un-split hairs and making-split hairs show the same 

spectral features of Amide I and Amide II. The observed spectra of split hairs showed 
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the new peak at 1575 cm
-1
 and the absorption bands of Amide I and Amide II showed 

a red shift, as mentioned before. Thus new peak found at 1575 cm
-1
 in the split hairs 

associated to the change of hair at the molecular level [51]. 

  

 In this section, ATR FT-IR spectra of split hair acquired by the slide-on Ge IRE 

can be analyzed for differentiation between un-split hair and split hair, and natural 

split hair and making-split hair based on the change of the molecular level of hair 

structure, and this technique can be applied to biological analysis, forensic analysis, 

and cosmetic industrial analysis.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER   V 

 

CONCLUSIONS 

 

 ATR FT-IR microspectroscopy is suitable for analysis of single human hair. 

Experimental procedure is easy without additional sample preparations, non-

destruction technique and short analysis time and the results are reliable. The ATR 

FT-IR spectrum gives the chemical information associated with the molecular 

structure of human hair. The spectral quality of hair spectra acquired by Ge µIRE is 

greater than that of conventional ATR technique.  

 

 The homemade slide-on Ge µIRE accessory has a small sampling area (less than 

100x100 µm2
). This accessory was successfully employed for investigating the small 

sample such as single human hair. For the characterization of human hair by ATR FT-

IR microspectroscopy; this method can identify the chemical structure and 

differentiate the types of the cosmetic on the surface of the human hairs by the novel 

technique called “Contact and Collect”. Regarding to the ATR spectra of human 

hairs, the observed spectra show the different spectral features from different persons 

and the difference between un-split and split hairs. In the same person, the observed 

spectra show the same spectral type from different position according to the unique 

characteristic of hairs from individual person. It is concluded that the homemade 

slide-on Ge µIRE accessory can be applied for forensic analysis of hair. 

 

Suggestion for future work 

 

 The homemade slide-on Ge µIRE accessory and the “Contact and Collect” 

technique show the high efficiency for analysis of single human hair and cosmetic on 

surface of single human hair which have a small sample and small amount of sample, 

respectively. This accessory and this technique are probably employed for forensic 

analysis of human hair in real case. 

 



 Moreover, the homemade slide-on Ge µIRE accessory   can be used in many 

applications to perform with various samples for advanced analysis such as the 

forensic analysis, cosmetic industries, food packaging, textile technology, and 

polymer industries due to the small sample area, non-destructive sample, without 

sample preparation, and short analysis time.  
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