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The human bloodstains are important forensic evidence often found in the event 
s concerned with crime. In this study, the technique of Fourier Transform Infrared 
Spectroscopy (FTIR) was used to estimate the age of bloodstains. The sample was prepared 
by placing the bloodstain on microscope slide and kept at ambient temperature for various 
periods of time. The KBr disc technique was used to prepare the sample for the FTIR
measurement. 

The IR spectra of the blood sample displayed a broad band of the N-H stretching 
at around 3300 cm-1. The band was usually found overlapping with the O-H stretching in the 
region. The amide I and amide II bands were found at the wavenumbers of 1656 cm-1 and 
1538 cm-1respectively.  The band between 1354 cm-1 and 1195 cm-1 can be ascribed to the 
stretching of phosphate group in nucleic acid. The integrated area of the bands between 3700
cm-1 - 3000 cm-1 (A3300) was used to calculate the ratio of the area to the area of the peak in 
the range of 770cm-1- 730 cm-1 (A744). The A 744 peak was chosen because the peak area 
was found to be invariable in all samples.  The graph plotting A3300/A744 versus the age of 
sample displayed a decreasing trend with a linear regression equation , y= -2.613+667.2 (R2=
1).  The equation was then used to estimate the age of samples from different source.  A 
good agreement between the estimated age of samples and the known values can be 
obtained.  The results thus showed the potential of the technique for the estimation of the 
age of bloodstains.
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1. 

�Reconstruction�
�����������

Tetramethylbenzidine

Phenolphthalein

Precipitin test Anti Human Globulin

Luminal Blue star

DNA typing

 

Methemoglobin

AFM �Atomic 

Force Microscopy� nanometer



2

Elasticity pattern

Electromagnetic Radiation)

FIR MIR

Fingerprint Near Infrared Region (NIR)

N-H, O-H C-H

Moisture) H2O Fats) Protein) 

Near infrared spectroscopy

H O nm nm 

H2O

Methemoglobin

- nm Edita et al 2009 : 111

Fourier Transform Infrared Spectroscopy (FTIR)

Infrared Spectroscopy 

peak
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Fourier Transform Infrared Spectroscopy

FTIR 

2

        

Fourier Transform Infrared 

Spectroscopy (FTIR)

3.  

4.  

            4.1

3700-3000 cm-1 Fourier Transform Infrared Spectroscopy

            4.2 Fourier Transform Infrared 

Spectroscopy 13

       5. KBr 
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5.

5. KBr disc

        Blood stain

KBr

            

8

       8.1 FTIR 

          8.2
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1.

����������������

2536 :140-142

               1.1 Transportation) 

                  1.1.1 Nutrient transportation)

                  1.1.2 Gaseous transportation)

O2

Oxyhemoglobin) 

CO2

                 1.1.3 Waste product transportation) 

                 1.1.4 Hormone transportation) 

Endocrine gland) Target organ) 
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               1.2  Regulation) 

                   1.2.1  - Regulation of body pH) 

-

-
                   1.2.2 Regulation of body temperature) 

                   1.2.3 Regulation of water balance) 

               1.3 Protection) 

                 1.3.1 Protection of blood loss) 

                  1.3.2  Protection of foreign body) 

Antibodies) 

Physical characteristics of blood) 

Viscosity) -
-

- pH) -
Salinity)    %

       % 

-
-

2536 :142
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2. 2536 :143

Connective tissue) 

Plasma)

Corpuscles Formed elements) 

2.1 Plasma) 2539 :91

Electrolyte

Anticoagulants) EDTA, Ethylene Diamine Tetraacetate Acid) 

Double oxalate) ACD, Acid Citrate Dextrose) Heparin) 

7

3



8

1

: , [ ], 15 2554 

http://www.pirun.ku.ac.th -fsciwcc.HEMATO.PDF
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Colloid osmotic pressure)

) ) ( )

-

1 

( /100 

, , , )

69,000

80,000-200,000

350,000-400,000

4-6

1.5

0.2-0.4

6-8

: , [ ], 15 2554 

www.pirun.ku.ac.th -fsciwcc.HEMATO.PDF

                  

             2.2 Corpuscles Formed elements) 

2539 :93-94

                 2.2.1 Erythrocyte , red blood cell) 

Biconcave) 

Hemoglobin) 

Enzyme) Ion) 
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Erythropoietin) 

-
-

erythropoietin

Hemoglobin, Hb) 

Heme)

Polypeptide) Fe2+) 

Oxyhemoglobin)

-
pCO pO

Cyanosis) 

Deoxyhemoglobin) 

Methemoglobin) Fe

Fe

                                

                               Methemoglobin:  Fe2+ Fe3+-----> "Hb 

                                                               Oxidized 

Hematocrit : Hct Pack Cell Volume : PCV) 

Capillary  tube) 
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Hct Anemia) 

Hct 

Hemolyse) 

Polycythemia) 

Anemia) 

reticuloendothelial system 

spleen) heme globin   heme 

biliverdin bilirubin 

bilirubin 

2mg 100 mL scleras mucous membrane 

Juandice) Ictrus) bilirubin 

hyperbilirubinemia 

hemolytic anemia  bilirubin bilirubin 

bile canaliculi 

2.2.2 Leucocyte , white blood cell)

2539 :93-94

                              

Diapedesis) 

                               

Chemotaxis) 

                              

Phagocytosis)
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                                    2.2.2.1 Granulocytic or 

polymorpho nuclear cell) 

                                  Neutrophil or polymorphonuclear cell : PMN) 

-5 lobe) 

                                  Eosinophil) 12

2

                                Basophil) 

2-5

2.2.2.2 Agranulocytic or 

monouclear cell) Specific granule) 

Non specific granule) 

Azurophilic granule) 

Indented) Folding) 

                                  Monocyte) 

- -

                                  Lymphocyte

10
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           2.3 Thrombocyte , platelet) 2539 :94-95

2-4

Megakaryocyte)

Thrombocyte) 

2.3 1 Homeostasis) 

                      Vasoconstriction)  

(Serotonin) 

Platelet aggregation) 

ADP (Adenosine diphosphate) 

Aggregate)

                        2.3.2 Coagulation, clot) 

                                 2.3.2.1 Prothrombin activation) 

2

Extrinsic pathway 

Tissue thromboplastin) 

Intrinsic pathway 

Intrinsic thromboplastin) 

                      2.3.2.2 Prothrombin) Thrombin)

Thromboplastin)

                          2.3.2.3 Fibrinogen) Fibrin)

Ca

Clot)
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                        2.3.2.4 Clot retraction)

Fibroblast) 

Antithromboplastin) Antithrombin) 

3.  

: 131-136

             3.1 

3.1.1 

3.1.2

        3.1.3 

        3.1.4 
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             3.2

3.2.1

3.2.1 1 Eyedropper

Sterile

3.2.1 2

3.2.1 3

      3.2.2 

3.2.2.1

3.2.2.2

3.2.2 3

3.3

      3.3.1

Control Sample

3.3.2

3.3.2.1

3.3.2.2
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4. :80-81

             4.1

Benzidine Hydrogen Peroxide

,

,

4.2

Precipitin test

Normal saline -
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mm

            4.3 

             4.4 

A B 

A B

                    A B %

A B 

A B 

A 

B -
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5. 2535 :64-66

,

6.

(Visible light) microwave 

2.5-25 

Region Wavelength range (nm) Wavenumber range (cm-

Near    0.78 -2.5                            12800 - 4000

Middle 2.5 -50          4000 - 200

Far    50 -1000            200 -10

7. 

quantized energy 

dipole moment 

dipole moment 



19

8. 

8.1 (Fundamental vibration) 

          8.1.1 (Stretching) 

            8.1.2 (Bending) 

(Scissoring) (Rocking) 

(Wagging) (Twisting)

(Symmetric) 

(Asymmetric) 

8.2 (Complicated vibration)

      8.2.1 Overtone 

(Overtone 

(Overtone 

8.2.2 Combination band 

band 

                  8.2.3 Difference band 

                  8.2.4 Fermi resonance overtone

combination band fundamental band

coupling

9.

Transmittance light % transmittance %T
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x 100) ( y) 

( x) 

10. 2535 :112

5 

10.1 IR source

Nernst glower, Globar Nichrome coil

10.2. Sampling area 

sample cell sample 

NaCl, KBr, AgCl, AgBr, CaF2, BaF2 

sample 

10.3 Monochromator 

prism grating

10.4 Detector 

10.5 Recorder Detector 

11 2548 :201

Infrared instruments 3 

     11.1 Dispersive

            11.2 Multiplex

          11.3 Nondispersive
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. .1980 Infrared Spectrometers

Fourier transform

12. Fourier Transform Infrared Spectrophotometer (FTIR 2535 :118

FTIR Dispersive infrared spectrophotometer

interferometer monochromator FTIR

Fourier transformation

2 Fourier Transform Infrared Spectrophotometer

: Anonymous. FTIR Diagram block[Online],  Accessed 24 May 2011. Available from

http://faculty.sdmiramar.edu/fgarces/LabMatters/Instruments/FTIR/Pic_FTIR/FTIR- gif
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            FTIR Dispersive (Scan) 

13. Diffuse Reflection Infrared Fourier Transform (DRIFT) 2535 :120

DRIFT Reflection Diffraction 

3

3 Diffuse Reflection Infrared Fourier Transform 

(DRIFT)

: Anonymous. DRIFT[Online], Accessed 24 May 2011. Available from

http://www.shu.ac.uk/research/meri/equipment/spectroscopy5.html
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IR 2-3 

Transmission technique Relative intensity 

14. 2548 :216

           

            14.1 Solids

                  14.1.1 Pelleting technique

mg mg Mortar

Pestle Die , ,

,450 cm-1 ,640 cm-1 μm
cm-1

cm-1

15. 2535 :148-150

UV-spectrophotometry Lambert-Beer’s Law 

(Absorbance) (c)

cell b)
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                                     A = abc

absorbance % 

transmittance (%T) A 

A = -log (%T/100)

UV 

Lambert-Beer’s Law 

Infrared spectroscopy

a 

                                                   =                                                                                      

a 

          bu =  b

bu =  b                            

Au =    Absorbance
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As   =   Absorbance

                                                Cu     =    

Cs =  
transmittance absorbance base-line 

method Overlap

Best precision base-line  

(Absorbance)

“base-line method” 2

        15.1

absorbance I

20% T 80% 

Minimum T

%T 1% 2 3 %T

2% 4 %T

         15.2

absorbance 

%

absorbance

absorbance

16. FTIR
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2                          

Bond Compound Type Frequency range, cm-1

C-H
Alkanes

2960-2850(s) stretch

1470-1350(v) scissoring and bending

CH3 Umbrella Deformation 1380(m-w) - Doublet - isopropyl, t-butyl

C-H Alkenes
3080-3020(m) stretch

1000-675(s) bend

C-H

Aromatic Rings 3100-3000(m) stretch

Phenyl Ring Substitution Bands 870-675(s) bend

Phenyl Ring Substitution Overtones 2000-1600(w) - fingerprint region

C-H Alkynes
3333-3267(s) stretch

700-610(b) bend

C=C Alkenes 1680-1640(m,w)) stretch

CºC Alkynes 2260-2100(w,s) stretch

C=C Aromatic Rings 1600, 1500(w) stretch

C-O 
Alcohols, Ethers, Carboxylic acids, 

Esters
1260-1000(s) stretch

C=O 
Aldehydes, Ketones, Carboxylic 

acids, Esters
1760-1670(s) stretch

O-H 

Monomeric -- Alcohols, Phenols 3640-3160(s,br) stretch

Hydrogen-bonded -- Alcohols, 

Phenols
3600-3200(br) stretch

Carboxylic acids 3000-2500(br) stretch

N-H Amines
3500-3300(m) stretch 

1650-1580 (m) bend
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C-N Amines 1340-1020(m) stretch

CºN Nitriles 2260-2220(v) stretch

NO2 Nitro Compounds
1660-1500(s) asymmetrical stretch

1390-1260(s) symmetrical stretch

                   v - variable, m - medium, s - strong, br - broad, w – weak

: Stanislaus. Interpretation of Infrared Spectra [Online], Accessed May 011. 

Available from http://wwwchem.csustan.edu/Tutorials/INFRARED.HTM

17. 2548 :236

2 3 

0.1 cm-1 reproduce

background 

Gain

infrared 

transducer 

Fourier Transform

               

                         

catalyst
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              gas 

gas

            

             infrared

18.

Edita Botonjic-Sehic

Visible, NIR

MID - nm NIR

NIR

NIR

, nm

Stefan Strasser(2007) Force spectroscopy 

AFM (Atomic Force 

Microscopy) 

nanometer scale 

slide glass AFM 
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4 AFM 

1.5 , 30 31 (20 0C) 

30% 

(Elasticity pattern) 

(Calibration Curves) 

Hiroyuki Inoue, et al.(1992)

8 Ethylene Diamine

Tetraacetic Acid (EDTA) 

(Toyo Roshi, Ltd., No. 1, Tokyo, Japan) 

6 

37 0C 4 0C 

( – globin 

peak area) (heme peak area) 

“X” 

Andrasko J, Rosén B (1994) HPLC 

reversed phase large pore column (5 μm particle size, C4-phase, 300 Ao

pore size) 

-67 oC 

(Munktell No.3) 

–globin heme 

-

globin globin peak 
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Barcot O, Balarin M, et al.(2006) FTIR

band 

sperm specific doublet

band  968 cm-1  981 cm-1 PCR 

, 

, 

band band 

band amind I 

1700 cm-1 1590 cm-1

, 

amide I band 1119 cm-1 943 cm-1

   

band 3678 cm-1 2749 cm-1

FTIR 
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1. 

3

Fourier Transform Infrared    

Spectroscopy Spectrum 1000

Fourier Transform Infrared 

Spectroscopy Spectrum GX

Diffuse Reflectance Accessory Spectrum 

GX

DRAGON 204

(Hydraulic pellet press)

Blood lancet

Needle injection

Syringe volume 5 ml

Auto pipette 20-200 ml

Glass slide (microscopic slide)

Perkin Elmer Thailand

Perkin Elmer Thailand

Perkin Elmer

Mettler Toledo

Perkin Elmer Thailand

Perkin Elmer Thailand

Specac

Terumo

Terumo

Terumo

GIB Thai

Jed Pella, Inc.

Casio
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2.

4

Potassium Bromide KBr powder FTIR

Acetone

Titanium dioxide  

Sigma-Aldrich 

fluka

Sigma-Aldrich 

3. 

3.1 Diffuse Reflectance Infrared Fourier Transform 

Spectroscopy (DRIFT FTIR

     3.1.1

Ethylene Diamine Tetraacetic Acid (EDTA) 

4 C

     3.1.2.

       3.1.2.1 

Titanium dioxide 

       3.1.2.2 FT-IR Perkin Elmer Spectrum GX 

mode Kubelka-Munk 7800-4000 cm-1 resolution 4 cm-1 256 

/ 30-100

       3.1.2.3 

7153-5394 cm –1

            3.2 Transmission Infrared Fourier Transform 

Spectroscopy (TIFTs)

     3.2.1 Diffuse Reflectance 

Infrared Fourier Transform Spectroscopy (DRIFTs) 3.1.1
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     3.2.2 

       3.2.2.1

0.0040 g

3.2.2.2

           3.2.2.3

3.2.2.4 KBr disc

KBr : 99 10 kPa 10 

KBr disc KBr disc

             3.2.2.5 FTIR Perkin Elmer Spectrum 100 

4000 -400 cm-1 resolution 4 cm-1 256 /

           3.2.2.6 6 4 

3.2.2.7 3.2.2.6 % transmittance 

% absorbance smoot auto baseline 

software FTIR Perkin Elmer Spectrum 100

integrate peak 

             3.2.2.8 , KBr KBr disc 

Factor

Factor  =

                                 3.2.2.9

              = Factor
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                   3.2.3

3700 – 3000 cm -1 (A3300)

770 - 730 cm-1 (A744)

                    3.2.4 (A3300/ A744)

                    3.2.5 4 

%RSD

4.

            4.1 13

            4.2 3.2.3 – 3.2.8

            4.3

(A3300/ A744)

           4.4 
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4

1. Diffuse Reflectance Infrared Fourier Transform 

Spectroscopy 

           

Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFT FTIR)

Titanium dioxide 7800-4000 cm-1

4

4 7800-4000 cm-1

DRIFT FTIR

7800-4000 cm-1

1 2 

7260 – 6225 cm-1 5395 – 4692 cm-1 1 

Methemoglobin 7123 – 5394 cm-1

H2O

7260 - 6225 cm-1

H2O

5395 - 4692 cm-1

Methemoglobin

7123 - 5394 cm-1

30min

40min

50min
60min
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Methemoglobin Fe2+

Fe2+ Fe3

(K-M) Methemoglobin 

7123 – 5394 cm-1

y = 0.4562x + 10.685 0.9119 5

        

5 K-M) Methemoglobin 7123 

– 5394 cm-1

5 Methemoglobin

100 Titanium dioxide  

Diffuse Reflectance Infrared Fourier Transform 

Spectroscopy 7800-4000 cm-1

, 
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2. Transmission Infrared Fourier Transform 

Spectroscopy 

KBr disc Fourier Transform Infrared Spectroscopy (FTIR)

4000-400 cm-1 6 7

6 4000 – 400 cm -1

7 2, 24, 48

Amide I

1656 cm-1

Amide II

1538 cm-1

PO4
-

1195 - 1354 cm-1

CH2, CH3

1480 - 1369 cm-1

N-H,OH

3300 cm-1

CH2, CH3

3000 – 2835 cm-1

2 hr

  24hr 
   48hr
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3700-2400 cm-1

N-H stretching 3300 cm-1, 

O-H stretching 2500 – 3300 cm-1 C-H stretching 

2835 – 3000 cm-1, Amide I C=O stretching 1656 cm-1, Amide II 

N-H bending 1538 cm-1, 1480 – 1369 cm-1 C-

H bending Methyl(CH3) 1354 – 1195 cm-1

PO4
- stretching 7

2, 24, 48

5
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5

cm-1 

cm-1 

3400-3250

3300-2500

3330–3270

N–H stretch

O–H stretch

C–H stretch

2° amide

carboxylic acids

alkynes (terminal)

3700-3000

3000-2850

2830-2695

C–H stretch

H–C=O: C–H stretch

alkanes

aldehydes

2835-3000

1680-1640

1650-1580

1600-1585

1550-1475

–C=C– stretch

N–H bend

C–C stretch (in–ring)

N–O asymmetric 

stretch

alkenes

1° amines, 1° 

amides

aromatics

nitro compounds

1538

1500-1400

1470-1450

C–C stretch (in–ring)

C–H bend

alkanes

alkanes 1450

1320-1000 C–O stretch alcohols, carboxylic 

acids, esters, ethers

1000-650

950-910

=C–H bend

O–H bend

alkenes

carboxylic acids

910-665

900-675

850-550

N–H wag

C–H 

C–Cl stretch

1°, 2° amines

aromatics

alkyl halides

910-665

850-550

N–H wag

C–Cl stretch

1°, 2° amines

alkyl halides

900-675

700-610

690-515

C–H 

C–H: C–H bend

C–Br stretch

aromatics

alkynes

alkyl halides
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KBr disc 

FTIR 4 4000 – 400 cm-1

4 

3700 – 3000 cm -1 (A3300 770 – 730 cm-1 (A744)

6

6 3700 – 3000 cm-1(A3300)

   770 – 730 cm-1(A744)

A3300/ A744

1 2 3 4 mean SD %RSD

2 658.76 676.14 654.69 658.60 662.05 8.30 1.25

4 653.71 671.53 648.82 653.23 656.82 8.70 1.32

6 648.67 666.92 642.94 647.85 651.59 9.11 1.40

12 633.52 653.08 625.31 631.73 635.91 10.37 1.63

24 603.23 625.41 590.06 599.47 604.54 12.97 2.15

36 572.94 597.74 554.80 567.22 573.18 15.63 2.73

48 542.65 570.07 519.55 534.96 541.81 18.32 3.38

60 512.36 542.40 484.29 502.71 510.44 21.03 4.12

72 482.07 514.73 449.03 470.45 479.07 23.76 4.96

84 451.79 487.06 413.78 438.20 447.71 26.49 5.92

              A3300/ A744 4 

1.25 – 5.92 %
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3700-3000 cm-1

770 – 730 cm-1

(A3300/A 744) y = -2.613x + 667.2

1 8

8 A3300/ A744

KBr disc 

A3300/ A744

FTIR 7
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7 3700 – 3000 cm-1(A3300)

770 – 730 cm-1      

                (A744) 13 

A3300/ A744 Y = -2.613x + 667.2 %

1 608.98 26.89 22.2 17.44

2 567.21 47.38 38.26 19.25

3 516.91 56.58 57.51 1.60

4 517.87 51.08 57.14 11.90

5 517.17 51.99 57.41 10.43

6 510.30 50.89 60.05 18.00

7 642.79 15.18 9.34 38.27

8 594.13 21.55 27.96 29.74

9 611.69 23.45 21.24 9.42

10 589.76 24.37 29.63 21.67

11 582.76 29.28 32.31 10.41

12 598.93 30.10 26.13 13.19

13 596.75 30.40 26.96 11.32

13

9
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9

8

R2 = 0.893



44

Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFTs)

Titanium dioxide 7800-4000 cm-1

1 2 

7260 – 6225 cm-1 5395 – 4692 cm-1 1 

Methemoglobin 7123 – 5394 cm-1

Methemoglobin 

Edita Botonjic-Sehic et al.

Methemoglobin

1-2 

KBr 

disc Fourier Transform Infrared Spectroscopy (FTIR)

4000-400 cm-1 N-H stretching 3300 cm-1

O-H stretching 

2500 – 3300 cm-1 C-H stretching 3000 – 2835 cm-1

Amide I C=O stretching 1656 cm-1

Amide II N-H bending   1538 cm-1 1480 – 1369 cm-1

C-H bending Methyl(CH3) 

1354 – 1195 cm-1 PO4
- stretching 

3700-3000 cm-1
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770 – 730 cm-1

A3300/A 744

A3300/ A744   

y = -2.613x + 667.2 1

             

R2 893

FTIR 

Fourier Transform Infrared Spectroscopy 
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Diffuse Reflectance Infrared Fourier Transform 

Spectroscopy DRIFT FTIR
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Diffuse Reflectance Infrared  Fourier Transform 

Spectroscopy (DRIFT FTIR

10 4000 - 400 cm-1
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11 7800-4000 cm-1
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Transmission Infrared Fourier Transform Spectroscopy

TIFT FTIR
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Transmission Infrared  Fourier Transform Spectroscopy

TIFT FTIR

12 7800 – 400 cm -1
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13 4

KBr disc 
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14 1
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15 2
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16 3
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