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Abstract: 
 
 
Photothermal spectroscopy is a group of sensitive techniques used to study the optical 

absorption and thermal prosperities of the three material states, by detecting the 

difference in the deflection of probe beam position. Different kinds of position sensors 

were used for this aim. These sensors were sensitive but also expensive.  

The present work concerned with the study of the effect of trace gases emitted from 

different samples on the path of the deflection laser probe beam. Two sensitive 

techniques were used, i.e. conventional light deflection (CLD) which is simple, 

inexpensive, easy to handle, and a more sophisticated photothermal deflection (PTLD) 

which employs expensive position sensors and rather more complicated than CLD. 

The present work include a new experimental technique, simply a single slit with a 

photometer is used to investigate the light deflection position difference. The two 

methods  proved their ability to distinguish different gas emissions.  

 
 
 
 
 
 
 
 
 
 
 
 
 



IV 
 

 
  :ملخص

  
 

مطيافية التأثير الضوئي الحراري هو مجموعة من التقنيات الحساسة المستخدمة في دراسة 

تستخدم أنواع . عن طريق قياس التغير في موقع الشعاع الضوئي، بحالاتها الثلاثخصائص المواد 

  . وهي أجهزة حساسة ولكنها أيضا مكلفة، مختلفة من أجهزة قياس موقع الأشعة الضوئية

اسة الحالية تشمل دراسة تأثير الغازات القلية المنبعثة من عينات مختلفة على مسار شعاع الليزر الدر

وهي بسيطة وغير ، ية  طريقة انعكاس الضوء العاد:استخدم لتحقيق هذا الهدف طريقتينو. المنعكس

، اع المنعكس مسار الشع الضوئي الحراري علىر هي التأثي،و الطريقة الثانية. مكلفة ويسهل إتمامها

  . ا من الطريقة الأولى أآثر تعقيدوهي أآثر تطورا وتحتاج إلى جهاز قياس الموقع الغالي الثمن  فهو

  

  single slitاستخدام أدوات بسيطة مثل ال ب  يمكن تجريبها وذلكجديدة العمل الحالي يشمل طريقة 

  . يع الضوئ لقياس التغير في مسار الشعا  المستخدم photometerو ال 

  .ات مختلفةغازهما على آشف انبعاث رتد قتاتين الطريقتين أثبتا ه

  

  

  

 

 

 

 



V 
 

 
Table of Contents 

 
 
Chapter one:         Historical back ground: 
 

1.1 Introduction……….……………………...………………………….…..………1 
1.2 Statement of the problem……. …………………………………………..……..5 
 

Chapter two:        Theoretical background: 
 

2.1. Introduction……….……………………...…………………………….…………6 
2.2. Conventional light deflection ……………………………………………..……..7 

2.2.1.  Refractive index …………………...…….…...…….……....………….…8 
2.2.2. Parameters that effects the refractive index …....…….……….…..……...9 

2.3.  Photothermal deflection ………….…………..…………………….….………10 
2.3.1.  The effect of temperature on the refractive index……...…………….….10 
2.3.2. Photothermal spectroscopy methods ……….....................……………....11 

2.3.2.1. Interferometry spectroscopy ………………………………….....12 
2.3.2.2. Thermal lens spectroscopy …....…………………..……......……12 
2.3.2.3. Diffraction spectroscopy……………………..…...…...…………13 

 
2.3.3. Photothermal deflection spectroscopy (PTDS)……………….….. ……..13 

2.3.3.1.  Principles of  PTDS …………………….………...….…………14 
2.3.3.2. Types of the PTLD technique………..…..…………….....……...20 

 
2.4. Infrared (IR) spectroscopy……………………………………………………....21 
2.5. The effect of other parameter on the light beam…...…………………...……….22 

2.5.1. The effect of light absorption ……….………………….………………..22 
2.5.2. The effect of light scattering …………………….…….……..………….25 

 
2.6.  Detection of light deflection ………..…………………………..……..……….27 

2.6.1. Position sensor ………………...………....…..………………………….27 
2.6.2. Diffraction method ……......……………….…..………………………..29 

 
 

Chapter Three:      Experimental set up: 
 

3.1.  Introduction …………………...….……………………...…….……………….32 
3.2.  Equipment used for both experiments ….….….............................….…………33  
3.3.  Conventional light deflection system …....……….….……...…….….………..33 
3.4. Photothermal light deflection experimental system ……………...…….………36 
3.5. Wide band infrared source …………….......………………..…………..………38 
3.6. The photometer……...…...…...….…………..…………....……...……………..38 



VI 
 

3.7.  Detection scheme ….……....………...……...………………………………….40 
3.8.  Experimental set up ..……………....……….………………………………….40 
3.9. Experimental samples ….…..….......................…………………………………42 

3.9.1. Standard samples………..….………..……………….…………….……42 
3.9.2. Unknown samples …...….…..…………..……………………………….43 

 
3.10. Authentication of the experimental system ……..…..…………………..43 
3.11. Conclusion …………………………...……………..…...………………43 

 
 

Chapter Four:      Results: 
 

4.1. Introduction …………………...….……………………...…….……………….44 
4.2. Authentication of results …….........……..……….…….………………………45 
4.3. Result of standardsamples………………..………...…………………...………45 

4.3.1.  Intensity versus time signal ……….…………………………………….45 
4.3.2. Methanol results ………..…………...….………….………….…………46 
4.3.3. Acetone results ……….……….………….…………..………………….48 

 
4.4. Unknown samples test ………..……..….….…...………………………...….....49 

4.4.1. Leaves result (mint and sage)...………. ………....…… ………………..49 
4.4.2. Results for flowers (jasmine and rose) …......…………...………………53 
4.4.3. Results for seeds (wheat and chick peas) ……………………..…………57 

 
4.5. Comparison between CLD and PTLD technique …………………............……59 

 
Chapter Five:         Discussion: 
 

5.1. Introduction …………………...….……………………...…….……………….65 
5.2. Conventional light deflection …………..………………..……………....……..66 

5.2.1.  Methanol and Acetone results ……….…………..…………...…..……..66 
5.2.2. Leaves results ………………………................………………..………..68 
5.2.3.  Flowers results …...……………………………………...……….……..69 
5.2.4.  Seeds results …...….…………………..…….………………….……….70 

 
5.3. PTLD results ……………….………………....………………………….……..70 

5.3.1.  Methanol and acetone results …….………………….………………….71 
5.3.2. Mint results…………………………….………………...………………72 
5.3.3. Jasmine flower  results ……………...………....……….………………..73 
5.3.4. Chick peas results …………...……………………..………..…………..74 

 
5.4. Open area results ………….………..……..……………………….……………75 
5.5. Comparison results …….…..……...................…..….………………….………75 

 



VII 
 

 
Chapter Six:        Conclusion and further work: 
 

6.1. Introduction …………………...….……………………...…….……………….77 
6.2. Further work…………………………………………...………………………..78 

 

  References ……..…………...……………..………….……………….……………….79 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



VIII 
 

 
 
List of Figures: 
 
Fig. No. 
 

                     Fig. caption       
Page 

Fig.2.1 The four methods used for photothermal spectroscopy 
 

       12 

Fig.2.2 The mirage effect (a) on hot desert (b) on cold water surface 
  

15 

Fig.2.3 Processes involved in photothermal spectroscopy 
 

15 

Fig.2.4 Absorption of light in a thin slice of matter 
of thickness ∆x 
 

23 

Fig.2.5 Displacement of the reflected beam measured by a PSD 
 

27 

Fig.2.6  Measurement principle of rotation around 
a fixed point by a PSD 
 

28 

Fig.2.7 Photo of 2-D optical position sensor 
 

28 

Fig.2.8 Intensity distribution of diffracted light 
 

30 

Fig.3.1a Schematic showing the conventional Light Deflection in the cell 
used to detect gas trace emissions from different samples. 
 

35 

Fig.3.1b  Photo showing the complete conventional light deflection 
experimental set up used to detect gas trace emissions from 
different samples. 
 

35 

Fig.3.2a Schematic showing the PTLD experimental setup used to detect 
trace gas IR absorption 
 

37 

Fig.3.2b Photo of the PTLD experimental setup used to detect trace gas IR 
absorptions. 
 

37 

Fig 3.3 Photo for the Pasco OS-8020 Photometer and its head 
 

39 

Fig.3.4 The relation between light intensity in (a.u.) and distance in (mm) 
from a center of the principle maxima 
 

41 

Fig.4.1a  Monitoring gas trace emissions of three different methanol's 
volumes using CLD technique. 
 

47 



IX 
 

Fig.4.1b Monitoring gas trace emissions of three different methanol's 
volumes using PTLD technique 
 

47 

Fig. 4.2a 
 

Monitoring gas trace emissions from different acetone's volumes 
using CLD effect technique. 
 

48 

Fig.4.2b Monitoring gas trace emissions from different acetone's volumes 
using PTLD effect technique. 
 

49 

Fig4.3a Monitoring gas emissions from two different crushed mint's 
masses using laser CLD technique. 
 

50 

Fig 4.3b Comparison between gas emissions from 0.5 g crushed and 
uncrushed mint’s leaves (rate of gas emission) using laser CLD 
technique. 
 
 
 

51 

Fig 4.4a Monitoring gas emissions from two different 
 crushed mint's masses using laser PTLD technique. 
 
 

51 

Fig 4.4b Comparison between gas emissions from 0.5 g crushed and 
uncrushed mint’s leaves (rate of gas emission) using laser PTLD 
technique. 
 

52 

Fig 4.5a Monitoring gas emissions from two different crushed sage's 
masses using laser CLDtechnique. 
 

52 

Fig 4.5b Comparison between gas emissions from 0.5 g crushed and 
uncrushed sage’s leaves (rate of gas emission) using laser CLD 
technique. 
 

53 

Fig 4.6a  Comparison between white and yellow Jasmine flowers trace gas 
emissions using CLDtechnique. 
 

54 

Fig 4.6b Comparison between crushed and uncrushed yellow Jasmine 
flowers trace gas emissions using CLD technique. 
 

55 

Fig 4.7 Comparison between white and yellow Jasmine flowers trace gas 
emissions using PTLD technique. 
 

55 

Fig 4.8a Comparison between crushed and uncrushed white rose flowers 
trace gas emissions (rate of gas emission) using CLD technique. 
 

56 

Fig 4.8b Comparison between crushed and uncrushed white rose flowers 56 



X 
 

trace gas emissions (rate of gas emission) using CLD technique. 
 

Fig 4.9 Comparison between trace gas emissions from non contaminated 
and insect contaminated chick peas using CLD technique. 
 

57 

Fig 4.10   Comparison between trace gas emissions from non contaminated 
and insect contaminated chick peas using PTLD technique 
 

58 

Fig 4.11 Comparison between trace gas emissions from germinated and un 
germinated wheat grains using CLD technique. 
 

58 

Fig 4.12a Comparison between the use of CLD and PTLD techniques to 
detect trace gases from 40µL of Methanol 
 

60 

Fig 4.12b Comparison between the use of CLD and PTLD techniques to 
detect trace gases from 40µL of Acetone. 
 

60 

Fig 4.13 Comparison between the use of CLD and PTLD techniques to 
detect trace gases from 0.25g of mint 
 

61 

Fig 4.14 Comparison between the use of CLD and PTLD techniques to 
detect trace gases from jasmine white flower 

61 

Fig 4.15 Comparison between the use of CLD and PTLD technique to 
detect trace gases from insect contaminated chick peas. 
 

62 

Fig 4.16 Trace gas emissions from one Jasmine white flower using PTLD 
technique. 
 

62 

Fig 4.17 Detection of gas trace emission from jasmine’s six (o.5g) plants’ 
leaves using PTLD technique. 
 

63 

Fig 4.18 Comparison between the gas trace emissions from Jasmine's one 
flower and Jasmine’s six plants’ leaves (0.5g) using PTLD 
technique. 
 

63 

Fig 4.19  Comparison between the gas trace emission from 40µL of 
acetone and 40µL of methanol using CLD technique 

64 

 
                                         
 

 
 
 
 
 
 



XI 
 

List of abbreviations: 
 
Symbol Abbreviation representation 

 
CLD  Conventional light deflection 

 
PTLD Photothermal light deflection 

 
cw Continuous wave 

 
IR Infrared radiation 

 
PSD Position sensitive detector 

 
 

 
 


