
 

QUANTUM DOT–BASED BIOSENSORS 

FOR CANCER DETECTION 
 

 

 

 

 

 

 

 

 

 

 

 

ADITYA SHARMA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPARTMENT OF CHEMISTRY 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

 

JANUARY 2015 



 

 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology Delhi (IITD), New Delhi, 2015 



 

QUANTUM DOT–BASED BIOSENSORS 
FOR CANCER DETECTION 

 
 
 
 
 

by 
 
 
 

ADITYA SHARMA 
 

Department of Chemistry 
 
 

Submitted 
 

in fulfillment of the requirements of the degree of 
 
 

DOCTOR OF PHILOSOPHY 
 

to the 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JANUARY 2015 



 



CERTIFICATE 
 

i 
 

This is to certify that the thesis entitled, “Quantum Dots Based Biosensors for Cancer 

Detection”, being submitted by Ms. Aditya Sharma to the Indian Institute of Technology Delhi 

for the award of the degree of Doctor of Philosophy in Chemistry, is a record of the bonafide 

research work carried out by her. Aditya has worked under our guidance and supervision. 

She has fulfilled the requirement for the submission of this thesis, which to our knowledge 

has reached the requisite standard. 

 
 
 
 
 
 
 
 
 
 

               
 
 
 
 
  

Dr. Gajjala Sumana 
(Co-Supervisor) 

CSIR-National Physical 
Laboratory 

Delhi-110012 
 
 
 
 

Dr. B. D. Malhotra 
(Co-Supervisor) 

Department of Biotechnology 
Delhi Technological University 

Delhi-110042 
Ex. Chief Scientist 

CSIR-National Physical 
Laboratory 

Dr. Sameer Sapra 
(Supervisor) 

Department of Chemistry 
Indian Institute of Technology Delhi 

Delhi–110016 
 



ACKNOWLEDGEMENTS 
 

iii 
 

It is a pleasant aspect that I have the opportunity to express my gratitude to those 

incredible people who helped me to thrive in my doctoral work and shape my academic 

career.  

It is with immense gratitude that I acknowledge the encouragement, guidance and support 

of my esteemed supervisors; Dr. Sameer Sapra, Department of Chemistry, Indian Institute 

of Technology Delhi, New Delhi; Prof. Bansi D. Malhotra, Department of Biotechnology, 

Delhi Technological University, Delhi; and Dr. Gajjala Sumana, Biomedical 

Instrumentation Section, CSIR–National Physical Laboratory, New Delhi for rendering 

me to meet my professional goals. I am highly indebted to them all for their scientific 

vision, enthusiasm, integral view on research and aspiration to achieve perfection that 

inspired me to perform quality work. I am privileged for having them as my mentors. 

I express my kind regards to Prof. R. C. Budhani, Director, National Physical Laboratory, 

New Delhi for providing the necessary research facilities. I am also thankful to Dr. A. M. 

Biradar, Head, Biomedical Instrumentation Section, National Physical Laboratory, and 

Prof. A. Ramanan, Head, Department of Chemistry, Institute of Technology Delhi for 

their valuable support. 

My deepest appreciation owe to Prof. Monika Datta, Department of Chemistry, 

University of Delhi for her unconditional support and sound advice. She continually and 

convincingly conveyed to me a spirit of adventure in regard to research and excitement in 

regard to teaching. I am thankful to Dr. Ved Varun Aggarwal, Dr. Pratima R. Solanki and 

Mr. M. K. Pandey for their valuable suggestions and critique that made my Ph.D. 

experience even more productive and stimulating. My gratitude is extended to Dr. 

Tathagat Chatterjee, Department of Pathology, Army Hospital Research & Referral, for 

providing the clinical samples. 

I sincerely acknowledge the Council of Scientific and Industrial Research (CSIR), 

Government of India, New Delhi, for providing financial assistance in the form of Junior 

and Senior Research Fellowships which buttressed me to perform my work comfortably. 

I wish to express sincere thank to my seniors; Dr. Nirmal Prabhakar, Dr. Nisha V.S., Dr. 

Jay Singh, Dr. Ajeet Kaushik, Dr. Chetna Dhand, Dr. Zimple Matharu, Dr. Renu Singh, 

Dr. Maumita Das and my fellow mates; Vikas Arora, Saurabh Srivastava, Manoj K. Patel, 

Rachna Sharma, Md. Azahar Ali, Anuushka Pal, Saurabh Kumar, Mukta Tyagi, Sushma 



iv 
 

Yadav, Mona Mittal, Mamata Yadav, Sajan Singh, Kamil Reza, Surendra Yadav, Shipra 

Solanki, Chandan Singh, Nawab Singh, for the good social and supportive work 

atmosphere. I owe special thanks to Mr. Udit Soni for useful discussions relevant to 

synthesis and characterization of quantum dots. 

I am ever indebted to the friend and colleague Mr. Chandra Mouli Pandey for his 

distinguished helping nature as many rounds of discussions on my work with him helped 

me a lot. His feedback and suggestions in every aspect of my research were imperative to 

the completion of this degree. I extend my thanks to Bharti, Nusrat, Aneeta, Reetu and 

Priyanka for their love, care and moral support. They with the gift of their friendship, 

made even my toughest time enjoyable.  

With all my heart and soul, I pay warmest regards to my family for their everlasting love 

that made me to reach this stage of my endeavour. My special thanks to the person I owe 

everything I am today, my mumma. Her optimistic approach and remarkable patience 

motivated me to keep struggling till I succeed. She sacrificed her life to make me achieve 

my goals. Thanks for teaching me true worth of hard work. My doctoral degree is a 

tribute to my papa. It’s his blessings that are being translated into my destiny. I owe 

heartfelt appreciation to my younger brother. He was always there cheering me up and 

standing by me through the good times and bad. I express my deep sense of gratitude to 

the affection and support shown to me by my parents–in–law, which is the most 

profoundly felt indebtedness. This last word of the acknowledgment I have saved for my 

dear husband, who is the backbone of my strength and happiness. He appreciated my 

efforts and always provided cheerful encouragement and support during the period of 

thesis writing. I express my respect for his enduring patience, understanding, love and 

care with which he assisted me to end this journey. Thank you very much Raman for 

guiding me through this important period of my life and keep reminding me what is 

important. 

 

ADITYA SHARMA 

 



ABSTRACT 
 

v 

Chronic myelogenous leukemia (CML) is a haematological disorder that caused by a 

single, specific genetic mutation. More than 90% of cases result from a cytogenetic 

aberration known as the Philadelphia chromosome arising from t(9;22)(q34;q11) 

reciprocal translocation. Current clinical diagnostic techniques of CML are laboratory 

based, labor–intensive, expensive and time–consuming, which limit their application as 

routine diagnostic tool that may result in the delay of the prognosis and decision–making 

for treatments. Therefore, we have focused efforts on the development of a biosensor 

having high diagnostic specificity and sensitivity to make possible the point of care 

analysis and diagnosis of CML at an early stage.  

 This thesis deals with the preparation, characterization and application of QD–

based thin films for detection of CML using electrochemical and optical transducer 

systems.  

 The Chapter 1 of the thesis is devoted to an extensive literature survey on 

research work in the area of CML detection. It presents an overview of the various 

techniques available for CML detection and the prospects of biosensor for this current 

application. A detailed review of the literature regarding biosensor applications for CML 

detection is presented. Further, the prospects of quantum dots towards biosensor 

fabrication are also discussed.  

 Chapter 2 presents a brief overview of CML specific DNA sequences used for 

the biosensing studies and the processing of the clinical patient samples. It also deals with 

the techniques used for characterization of thin QDs films deposited using various 

methods, asnd the bioelectrode fabricated via these QD–based films.  

 In Chapter 3 studies relating to the fabrication of a sensitive electrochemical 

biosensor using QDs self–assembly based interface are performed. The larger surface 

area of three–dimensional structure of QDs as compared to that of the two–dimensional 
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structure of the self assembled monolayer is found to result in a decreased barrier to the 

diffusion of redox species, thereby contributing to improved kinetics compared to that 

observed in the absence of QDs. Further, QDs are encapsulated inside the chitosan 

polymer matrix to improve the stability of QDs. The nano–composite is 

electrophoretically deposited on an ITO electrode and examined for fabrication of an 

electrochemical CML biosensing.  

 In Chapter 4 Langmuir monolayer of tri–n–octylphosphine oxide capped CdSe 

behaviour is studied at the air–water interface under various subphase conditions. Under 

optimized conditions, when an ordered arrangement of the particulates is obtained, the 

monolayer is deposited on an ITO substrate using the Langmuir–Blodgett (LB) technique, 

which is subsequently explored to fabricate an electrochemical DNA biosensor for CML 

detection. 

 In Chapter 5 LB deposition of a QCdSeZnS–SA mixed monolayer has been 

performed for repetitive cycles to obtain multilayer depositions onto an ITO substrate. 

Thiol–terminated capture probe is immobilized on the thin film for biosensor fabrication. 

Hybridization of the capture probe with indodicarbocyanine (Cy5)–labelled target DNA 

brings the acceptors within the Förster distance of QDs, thereby generating an efficient 

FRET. The reduction in donor fluorescence lifetime and the enhancement of FRET ratio 

as a consequence of FRET is measured. 

 The Chapter 6 summarizes results presented in the thesis that highlight the role of 

quantum dots and their arrangement on the substrate for delivering the sensing 

characteristics of the affinity biosensor. Comparisons of electrochemical and FRET–

based biosensors have also been performed using QD films as the immobilization matrix.  
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