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Professor Sneha Sudha Komath 

School of Life Sciences 
Jawaharlal Nehru University 
New Delhi- 110 067  
Email: sskomath@mail.jnu.ac.in 
Phone: +91-11-2670 4502 

              07 August 2023 

 

CERTIFICATE OF EXPERIENCE 

This is to certify that Ms. Muskan Aggarwal from Sri Venkateswara College, University of 

Delhi, worked as a summer trainee in my lab at the School of Life Sciences, Jawaharlal Nehru 

University, New Delhi, between 02.06.2023 and 19.07.2023. During this period, she had hands-

on training in several molecular biology lab techniques including plasmid isolation from E. coli, 

gene cloning, PCR, colony-PCR, restriction digestion, agarose gel electrophoresis and 

transformations of Candida albicans cells. In the course of her work she also learnt several 

routine laboratory techniques such as centrifugation, autoclaving and preparation of different 

kinds of media and buffers. 

Ms. Muskan Aggarwal was completely focused and involved with her project. She is a quick and 

enthusiastic learner and has excellent experimental hands. I wish her the very best. 

 

Sneha Sudha Komath 



 

  

This is to certify that Mr./Ms Gauravya Mohan pursuing BSc(Hons) Biological Sciences has 

participated in the project titled Sri Venkateswara College: A Green Campus from 21st June 

to 31st October, under the mentorship of Mr./Ms/Dr. Amit Vasishtha  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 





 

  

This is to certify that Mr./Ms Harshit Jaluthria pursuing B.Sc. Hons. Biological Science has participated in 

the project titled DNA Barcoding: An emerging technology for molecular identification of medicinal 

plants from 21st June to 31st October, under the mentorship of Mr./Ms/Dr. Niti Mehla Mr./Ms/Dr. Amit 

Vashishtha Mr./Ms/Dr. Aditi Kothari 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

TO WHOMSOEVER IT MAY CONCERN 

This is to certify that Bivishitha Naisamudhin, Student of B.Sc. (H) Biological 

Sciences, Sri Venkateswara College, Delhi University, has successfully completed 

his/her Internship/volunteers 60 days (50 hours, work from home) during the period  

May-June 2023. During voluntary work period he/she had been exposed & learned 

telephonic education for Special Students under School at Home Program, we found 

him/her diligent, hardworking and inquisitive.  

Following details of Nature of work included: 

1. Special Teaching for Children with Disabilities under School at Home Education. 

2. Preparation of Educational Content & social media promotion. 

During the course of Internship / Voluntary work, Bivishitha Naisamudhin has 

shown great amount of responsibility, sincerity and a genuine willingness to support 

social society and education of special students. 

We wish him/her all the very best in all her future endeavors. 

 

With regards, 

 

Secretary 

Helping Hand India NGO 

 

 

19/07/2023 

 

 

HHIN-2023/07/VC-7 
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 2022   
 

 

 

 

 

This is to certify that Mr./Ms Kevika Goel pursuing B.Sc. (H) Biological Sciences has 

participated in                     the project titled DNA Barcoding from 21st June to 31stOctober, under the 

mentorship of Mr./Ms/Dr. Amit Vashishtha, Mr./Ms/Dr. Neeti Mehla and Mr./Ms/Dr. Aditi 

Kothari Chhajer 

 

 

 

 

 

 

 

 

 

 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

 



Megha Chandilla
for successfully completing "The question solving" internship for Solvaphile

Edtech Private limites from November 2022 - January 2023
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Snena Suana Komatn May 1 
to me v 

Dear Muskan 

Your email landed in my Spam folder due to some issue 
with the file you attached. Your CV looks good. 
lam busy this week, but we can meet sometime next 
week. Maybe on Thursday or Friday (11th-12th May, after 
your class hours)? 

Professor 
SNEHA SUDHA KOMATH 

School of Life Sciences 
JAWAHARLAL NEHRU UNIVERSITY 
NEW DELHI- 110 067 INDIA 

Phone +91-11-2670-4502 (0ffice) 
+91-11-2674 1451 (home) 
e-mail: sskomath@mail.jnu.ac.in 
sskomath@yahoo.com 

On Friday, April 21, 2023 at 11:50:39 AM GMT+5:30, 
Muskan Aggarwal <muskanaggarwal663@gmail.com> 
wrote: 

Respected Ml'am, 
l am Muskan Aggarwal, a 2nd year B.Sc.(Hons.) Biological 
Science student at Sri Venkateshwara College, University 
of Delhi, New Delhi. I have keen interest in cell biology and 
study of biomacromolecules. I visited the lab website and 
found that your lab is focusing on the similar interests and 
wish to pursue an internship under your guidance. 
I request you to please allow me to do internship under 
your guidance. Ma'am, please give me some time from 
your busy schedule to meet you. 
Kindly find my CV enclosed herewith. 

Thanking You 

Yours Sincerely 
Muskan Aggarwal 
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Submission of the final report 
for Summer Internship 2023 

Add label 

M 
Muskan Aggarwal Jul 19 
to Sneha v 

Respected Ma'am, 
T hope this email finds you well. 

Thank you so much ma'am for providing me with the 
opportunity to work under your guidance. I have learned 
many new concepts and also improved my lab skills during 
this journey. Ma'am kindly find my final report attached 
herewith. 

Thanking You 

PDF 

Yours Sincerely 
Muskan Aggarwal 

Muskan Agg.rt 2023.pdf 

Sneha Sudha Komath Jul 19 

Thanks Muskan. It has been a pleasure 
IAIatchina vo ur for IC | am cura vOU Mill do 

99+ 
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Inaikiiy rou 

Yours Sincerely 
Muskan Aggarwal 

PDF Muskan Agg.rt 2023.pdf 

Sneha Sudha Komath Jul 19 

to me v 

Thanks Muskan. It has been a pleasure watching your 
focus. I am sure you will do very well. 

All the very best. 

SNEHA SUDHA KOMATH 
Professor 
School of Life Sciences 
JAWAHARLAL NEHRU UNIVERSITY 
NEW DELH- 110 067 INDIA 

Phone +91-11-2670-4502 (Office) 
+91-11-2674 1451 (home) 
e-mail: sskomath@mail.jnu.ac.in 
sskomath@yahoo.com 

Show quoted text 

99+ 



 

 

 

 

 

 

 

 
 

Presented To 

C E R T I F I C A T E  O F  C O M P L E T I O N  

Bivishitha Naisamudhin 
for recognition of your performance in Fundraising Internship from 

5th June  to 5th July , for the children catered by Muskurahat Foundation. 

 
HIMANSHU GOENKA 
President & Founder 

AMOUNT RAISED: Rs 10220/- 

Date 

8th July, 2023 







S                                                                                                                               
 

 

 

TO WHOMSOEVER IT MAY CONCERN 
 
This is to certify that Mr Rahul Verma has completed the Social Media Internship program 
of 3 months and 9 days at JNC TECH LABS PVT.LTD. from 22nd Sep’22 to 31st Dec’22. During 
the period of his/her internship with us, he/she was found hardworking and inquisitive.  
 
 
 We wish him/her success in all his/her future endeavours. 
 
 
 
Date:  3rd Jan’23 
 
 

 
 
 
 
 

 
s 

 

   

 

 

 

  

 

 



 

  

This is to certify that Mr./Ms Aditi Nagpal pursuing B.Sc. Life Sciences has participated in the project titled 

DNA Barcoding: An emerging technology for molecular identification of medicinal plants from 21st 

June to 31st October, under the mentorship of Mr./Ms/Dr. Niti Mehla Mr./Ms/Dr. Amit Vashishtha 

Mr./Ms/Dr. Aditi Kothari 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Harshit Jaluthria pursuing B.Sc. Hons. Biological Science has participated in 

the project titled DNA Barcoding: An emerging technology for molecular identification of medicinal 

plants from 21st June to 31st October, under the mentorship of Mr./Ms/Dr. Niti Mehla Mr./Ms/Dr. Amit 

Vashishtha Mr./Ms/Dr. Aditi Kothari 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Hiral Rawal pursuing Bsc life science has participated in the project titled 

DNA Barcoding: An emerging technology for molecular identification of medicinal plants from 21st 

June to 31st October, under the mentorship of Mr./Ms/Dr. Niti Mehla Mr./Ms/Dr. Amit Vashishtha 

Mr./Ms/Dr. Aditi Kothari 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Nancy Kumari pursuing Bsc.(Hons.) Biochemistry has participated in the 

project titled DNA Barcoding: An emerging technology for molecular identification of medicinal plants 

from 21st June to 31st October, under the mentorship of Mr./Ms/Dr. Niti Mehla Mr./Ms/Dr. Amit 

Vashishtha Mr./Ms/Dr. Aditi Kothari 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Prem Pandey pursuing B.Sc. Life Science has participated in the project titled 

DNA Barcoding: An emerging technology for molecular identification of medicinal plants from 21st 

June to 31st October, under the mentorship of Mr./Ms/Dr. Niti Mehla Mr./Ms/Dr. Amit Vashishtha 

Mr./Ms/Dr. Aditi Kothari 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



Dr. Aditi Kothari-Chhajer 

Botany

DNA BARCODING: AN EMERGING TECHNOLOGY 

FOR MOLECULAR IDENTIFICATION OF MEDICINAL PLANTS



Dr. Shikha Gulati 

 Chemistry

Nanosponges: Environmentally Sustainable 

Solution for Water Treatment





 

  

This is to certify that Mr./Ms Yashika Aggarwal pursuing B. Com (Hons) has participated in 

the project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Saksham Joshi pursuing B.Com (P) has participated in the 

project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Meghna Bani pursuing B.Com (Hons.) has participated in the 

project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Tanya Dhingra pursuing B. Com (Hons) has participated in the 

project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Subhankar Sarkar pursuing B.Com (P) has participated in the 

project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Shatakshi Banerjee pursuing B. Com (Hons) has participated in 

the project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Riya Bindra pursuing B. Com (Hons) has participated in the 

project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Himanshi Asrani pursuing B.Com (P) has participated in the 

project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Divya Arora pursuing B. Com (Hons) has participated in the 

project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms chhavi kothari pursuing B.Com (P) has participated in the 

project titled Requisite Knowledge Skills and Attitudes in the Industry from 21st June to 

31st October, under the mentorship of Mr./Ms/Dr. Arpita Kaul  

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Ria Saxena pursuing B.Com(Hons) has participated in the project titled 

Consumer Behaviour towards companies practicing ethical marketing from 21st June to 31st October, 

under the mentorship of Mr./Ms/Dr. Neha Singhla Mr./Ms/Dr. Pooja Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



kaching

Kaching Software Private Limited
GST: 33AAGCK1833L1ZJ | PAN: AAGCK1833L | CIN: U72900TN2016PTC110671

 1, RK Puram, 1st Street, Chennai 600033, India

kaching TM

To, 
Whomsoever it may concern

Date: July 6 2023 

Subject: Letter of 1-year tenure - Aditya Agrawal 

Respected sir/ma'am, 

This is to state that Aditya Agrawal from Sri Venkateswara College, Delhi University  has
completed his 1-year internship mark with us as a Marketing and Operations intern from
5th July 2022 to 5th July 2023. During his tenure with us, he’s worked with us on various
marketing campaigns with D2C brands and influencers and has contributed diligently with
his creative ability and swiftness with operational tasks. It’s been a pleasure working with
Aditya and we highly recommend him for any individual and team leadership role within
the university.  

Best,

 

 

Vidya Venkatesh
Co-founder



 

  

This is to certify that Mr./Ms Tushar Mudai pursuing B.Com(Hons) has participated in the project titled 

Consumer Behaviour towards companies practicing ethical marketing from 21st June to 31st October, 

under the mentorship of Mr./Ms/Dr. Neha Singhla Mr./Ms/Dr. Pooja Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Joyce Tom pursuing B.Com(Hons) has participated in the project titled 

Consumer Behaviour towards companies practicing ethical marketing from 21st June to 31st October, 

under the mentorship of Mr./Ms/Dr. Neha Singhla Mr./Ms/Dr. Pooja Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

 

1st Feb, 2023 

 

 

To,  

Ms. Anjali Raj 

 

Sub: Your internship at Mishry Reviews  

 

Congratulations on completing your internship with us successfully as a Social Media Content 

Creator from 14th Oct, 2022 to 15th Jan, 2023.  

Your diligence & ability to adapt to a fast-paced Startup was duly noticed and appreciated by the 

team. We are sure you will find this approach help you succeed in the years to come as well.  

 

We are happy to share this Certificate of Internship Completion via this letter.  

 

Best wishes for a bright future.  

 

Signed on behalf of Mishry Reviews 

(Fried&Tasted Review Solutions Private Limited) 

By 

Tanu Ganguly (Founder, CEO) 

  

 

 

Rgtd Office: 123, FF, Deerwood Chase, Sec 50, Gurgaon www.mishry.com  

F R I E D & T A S T E D  R E V I E W  S O L U T I O N S  P R I V A T E  L I M I T E D  



We are proud to present this Certificate of Internship to you for your
generous and creative efforts at eatu media Pvt. Ltd.








Your contribution as a  Intern from 26/06/2022 to 26/09/2022 has
helped us change deltas and added value to the company.






Reshabh Sharma
Founder & CEO

certificate of internship

Anjali Raj

This is an auto generated e-certificate | Verify this certificate from www.eatu.in/team



Ayush Dubey
Founder (DigiGrow)

Date

 Nishtha Varun
THIS CERTIFICATE GOES TO

for completing the 30 Days internship program 
at the DigiGrow

Certificate of  Completion

15/11/2022



 

  

This is to certify that Mr./Ms Madhav Raj Garg pursuing B Com (Hons) has participated in the project titled 

Association of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and 

Demographic factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st 

October, under the mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Siddharth Bagga pursuing B Com (Hons) has participated in the project titled 

Association of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and 

Demographic factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st 

October, under the mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Sanyam Grover pursuing B Com Programme has participated in the project titled 

Association of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and 

Demographic factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st 

October, under the mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Saksham Bhatnagar pursuing B Com (Hons) has participated in the project titled 

Association of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and 

Demographic factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st 

October, under the mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Harshal Tayal pursuing B Com (Hons) has participated in the project titled 

Association of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and 

Demographic factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st 

October, under the mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Kriti Verma pursuing B.Sc. (Hons) Mathematics has participated in the project titled 

Association of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and 

Demographic factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st 

October, under the mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Kishika Bahl pursuing B Com (Hons) has participated in the project titled Association 

of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and Demographic 

factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st October, under the 

mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Aakriti Gupta pursuing B Com (Hons) has participated in the project titled 

Association of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and 

Demographic factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st 

October, under the mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Divya Jain pursuing B Com Programme has participated in the project titled 

Association of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and 

Demographic factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st 

October, under the mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 



 

  

This is to certify that Mr./Ms Yatin Kalra pursuing B Com (Hons) has participated in the project titled Association 

of Knowledge level, Health Status, Satisfaction level, Geographical location, Attitude level and Demographic 

factors towards Financial Risk Tolerance level: An Empirical Study from 21st June to 31st October, under the 

mentorship of Mr./Ms/Dr. Mamta Arora Mr./Ms./Dr. Aashish Jain 

Sharada Pasricha S.Krishnakumar Prof.C.Sheela Reddy 

Convenor Convenor Principal 

2022 









(Litifer Technologies Private Limited)HOGGY

NASSCOM Warehouse, HARTRON Innovation Hub, Udyog Vihar Phase 1, Gurugram 122016
Whatsapp: +91 8882 087 922                                                       Email: hellohoggy@Litifer.com

www.hoggy.co

Date: 22nd September, 2022

Kishlay Kishore
Director & Co-Founder
Litifer Technologies Pvt. Ltd.

To,
Priyanshi Gupta

Internship Certificate



This is to certify that Priyanshi  Gupta has completed her internship as Event Manager- Intern
at  Hoggy - Litifer Technologies, Gurugram, from 22nd August 2022 to 22nd September 2022.

She has demonstrated outstanding skills and a desire to learn new ones throughout her internship.
Her performance exceeded our expectations and she was able to complete the projects on time.

We thank her for the contribution that she made to the organization towards its growth and
success. Wish you the best in your future endeavors.



 

  

This is to certify that Mr./Ms Rishita Ahuja pursuing B.Com (H) has participated in the project titled 
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Abstract: 

 

Azo dyes form an important class of dyes with widespread uses in modern day 

society. Reviewing the impacts of the dye has become essential at present to help 

better understand the effect it may have on humans and the environment. The 

aforementioned is addressed by using spectrophotometry on Azo dyes: Disperse 

Red 1 and Direct Yellow 8 across the wavelengths of 200 nm to 700 nm. Dye 

solutions had been prepared with concentrations ranging from 1 µM to 100 µM 

across five solvents. The absorption and emission profiles were plotted and 

analyzed for each permutation of dye, its concentration, and its solvent. Standard 

formulae have been used to determine the Molar Extinction Coefficient (MEC) and 

Oscillator Strength and Dipole Moment of the collected samples for the observed 

electronic transitions. MEC has been plotted against wavenumber and the 

maximum values have been registered for the purpose of this report. 

 

Keywords: Azo dyes, Direct Yellow 8, Disperse Red 1, Absorption Spectra, Molar 

Extinction Coefficient, Oscillator Strength, Dipole Moment 
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1. Introduction and Literature 

Substances with the ability to absorb or emit light in the visible range are generally 

called colourants. Dyes are a form of colourants which have a great affinity to the 

material they are applied to. Aside from their obvious utility in imparting colour to 

matter, they find various uses in the scientific and technical industry in the form of 

dye lasers, liquid crystal displays, optical data storage and non-linear optics. [1,2] 

 

Dyes can be classified on the basis of their chemical structure. The dye of our 

concern is azo dye. Azo dyes are characterised by the functional group R−N=N−R′ 

where R and R’ are hydrocarbyl groups. [3,4] They constitute about 60% of all dyes 

and 70% of the dyes used in commerce. [5,6] This extensive use in the textile, 

cosmetic and leather industry is due to their colour brilliancy, light stability and 

low cost of production. [7,8] 

Because of their significance, azo dyes' toxicity has been thoroughly researched. 

Bladder cancer rates among employees who made dyes were found to be rising as 

early as 1895. [9] In 2010, the International Agency for Research on Cancer (IARC) 

acknowledged the mutagenic and carcinogenic potential of a number of non-ionic 

azo dyes. 

 

Dyes can also be classified based on their method of application. Two such classes 

of dyes are substantive or direct dyes and disperse or dispersible dyes. Direct dyes 

are water soluble dyes that form electrostatic bonds with the substrate. They bind 

easily to cellulosic fibres like cotton and paper. Disperse dyes are water insoluble 

dyes that are applied in aqueous dispersions onto hydrophobic, generally synthetic, 

fibres like polyester. [10,11] 

 

This report is of the spectral study of two azo dyes - Direct Yellow 8 and Disperse 

Red 1. The photophysical parameters like molar absorption coefficient, oscillator 

strength and dipole moment for the two dyes corresponding to their respective 

absorption peaks in different solvents have been calculated. 

 

Direct Yellow 8 

Direct Yellow 8 is a green light yellow azo dye. It is water soluble and has some 

solubility in other organic solvents. Its molecular formula is C24H19N4NaO5S2 and 

IUPAC name is sodium; 2-[4-[(1-anilino-3-hydroxy-1-oxobut-2-en-2-

yl)diazenyl]phenyl]-6-methyl-1,3-benzothiazole-7-sulfonate. [12] The molecular 

weight of the dye is 530.55. Applications of the dye include cotton and viscose 

fabric dyeing and printing. [13] Figure 1(a) and 1(b) show the 2-D and 3-D chemical 

structure of the dye respectively. 
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Fig. 1(a) 2D Structure of Direct Yellow 8 

 

 

Fig. 1(b) 3D Structure of Direct Yellow 8 

 

Disperse Red 1 

Disperse Red 1 is an azo dye commercially sold as a dark red powder. It is water 

insoluble but soluble in ethanol and benzene. It is mainly used for polyester dyeing 

and printing. [14] It is a carbocyclic monoazo [15] compound with molecular formula 

C16H18N4O3 and IUPAC name 2-[N-ethyl-4-[(4-

nitrophenyl)diazenyl]anilino]ethanol. The molecular weight for this compound is 

314.34. It is an allergen. [16] The figures 1(c) and 1(d) show the 2-D and 3-D 

molecular structures of the dye. 

 

 

Fig. 1(c) 2D Structure of Disperse Red 1 
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Fig. 1(d) 3D Structure of Disperse Red 1 

 

 

2. Apparatus and Experimental Detail 

Spectrophotometry 

Spectrophotometry is a subfield of electromagnetic spectroscopy that deals with 

the quantitative measurement of a material's reflection or transmission qualities as 

a function of wavelength. [17] It is a result of the discrete interactions between 

electromagnetic radiations and atoms and molecules which result in recognisable 

absorption and emission profiles. [18]  

 

Spectrophotometry makes use of devices called spectrophotometers that gauge a 

light beam's intensity at various wavelengths. Modern day spectrophotometers can 

analyse a large portion of the electromagnetic spectrum however this report is 

limited to UV and visible regions (200-700 nm). 

 

Spectrophotometers 

A spectrophotometer is a device that quantifies the intensity of electromagnetic 

energy at each wavelength of light in a specified region of the electromagnetic 

spectrum. [19] 

 

In this device, a prism or grating monochromator divides the measurement light 

into its individual wavelengths. By using a deuterium lamp for the UV region and a 

tungsten lamp for the visible region, a continuous variation of wavelength over the 

spectral region for the subsequent measurements is provided. [20] 
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The liquid sample is held in a cell called cuvette. Cuvettes used in UV-Visible 

spectrophotometry are made of glass or quartz. As the absorbance of the sample 

depends on the light intensity, a series of detectors and monitors are used to 

convert the light intensity to an electrical signal which can be further analysed. [21]  

 

The following figure shows a basic diagrammatic representation of a 

spectrophotometer. 

 

 
Fig. 2 Spectrophotometer 

 

Data Collection 

The samples for different concentrations (ranging from 1µM to 100µM) of Direct 

Yellow 8 and Disperse Red 1 in various solvents were made and their absorption 

spectrum was measured by the Beckman Coulter DU 730 UV/Vis 

Spectrophotometer [22] with a quartz cuvette of path length 10 mm. Disperse Red 1 

was procured from M/s Sigma Aldrich Chemical Company, Inc., USA and Direct 

Yellow 8 from M/s Tokyo Kasei Kogyo Co. Ltd., Japan. 

 

 

3. Data Analysis and Discussion 
Photophysical parameters calculation 

 

Standard formulae are used to derive the major photophysical parameters based on 

the obtained absorption spectra. For each value of λmax, i.e. the wavelength of the 

peak optical density in the absorption spectra, a corresponding value of νmax is 

observed. 

 

A plot of wavenumber (ν) versus molar extinction coefficient (ε) is plotted where ε 

is calculated using the Beer-Lambert Law: [23]  
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𝜀 =
𝐴

𝐶 × 𝑙
 

where 

 ε is the molar extinction coefficient (M-1cm-1) 

 A is the absorbance of the sample 

 C is the concentration of the sample (in M) 

 l is the path length of the incident light through the sample (in cm) 

 

The maximum value of the molar extinction coefficient εmax for the absorption 

bands can then be worked out from the plot and be used for further calculations. 

 

The oscillator strength for the bands can be calculated using the relation 

 

𝑓 =  
4.315 × 10−9  ∫ 𝜀 𝑑𝜈

𝑛
 

 

where f is the oscillator strength (M-1cm-2) and n is the refractive index of the 

solvent. 

 

The dipole moment (M-1/2cm-1/2) for the transition can be calculated using 

 

𝜇12
2 =  

𝑓

4.72 × 10−7 × 𝜈𝑚𝑎𝑥
 

 

where νmax is the wavenumber corresponding to the maximum absorption energy 

and f is the oscillator strength for the respective peak. [24] 

 

Direct Yellow 8 in Water 

The graph in figure 3(a) shows the absorption spectra of Direct Yellow 8 in 

distilled water (n=1.33) for concentrations 1µM and 10µM recorded in the spectral 

range 300-600 nm. An absorption peak is observed for the solution at around 395 

nm. 
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Fig. 3(a) Absorption Spectra for Direct Yellow 8 in Water 

 

A sharper peak can be observed for the 10µM aqueous solution so further analysis 

is done on the said concentration. The highest value of absorbance equal to 

1.056 was found at λmax = 395 nm. 

The variation of the molar extinction coefficient and wavenumber is shown in 

figure 3(b) below where εmax = 105600 M-1cm-1 was calculated for the 

corresponding νmax = 25316.4557 cm-1. 

 

 
Fig. 3(b) Variation of ε with wavenumber for given concentration of Direct Yellow 8 
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The oscillator strength f has been calculated as 1.676101737 M-1cm-2 and the dipole 

moment 𝜇12 as 11.8436 M-1/2cm-1/2 for the peak using the above previously 

mentioned formulae. 

 

Direct Yellow 8 in Methanol 

The graph in figure 3(c) shows the absorption spectra of Direct Yellow 8 in 

Methanol (n=1.327) for concentrations 1µM, 10µM, 20µM and 40µM recorded in 

the spectral range 300-600 nm. An absorption peak is observed for the solution at 

around 400 nm. 

 

Fig. 3(c) Absorption Spectra for Direct Yellow 8 in Methanol 

A sharper peak can be observed for the 40µM solution so further analysis is done 

on the said concentration. The highest value of absorbance equal to 2.423 was 

found at λmax = 400 nm. 

The variation of the molar extinction coefficient and wavenumber is shown in 

figure 3(d) below where εmax = 60575 M-1cm-1 was calculated for the 

corresponding νmax = 25000 cm-1. 
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Fig. 3(d) Variation of ε with wavenumber for given concentration of Direct Yellow 8 

The oscillator strength f has been calculated as 0.8920131307 M-1cm-2 and the 

dipole moment 𝜇12 as 8.6945 M-1/2cm-1/2 for the peak using the previously 

mentioned formulae. 

 

Disperse Red 1 in Acetone 

The graph in figure 3(e) shows the absorption spectra of Disperse Red 1 in 

Acetone (n=1.3586) for concentrations 10µM and 20µM recorded in the spectral 

range 350-650 nm. An absorption peak is observed for the solution at around 485 

nm. 

 

Fig. 3(e) Absorption Spectra for Disperse Red 1 in Acetone  
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A clearer peak can be observed for the 20µM solution so further analysis is done 

on the said concentration. The highest value of absorbance equal to 0.942 was 

found at λmax = 485 nm. 

The variation of the molar extinction coefficient and wavenumber is shown in 

figure 3(f) below where εmax = 47100 M-1cm-1 was calculated for the corresponding 

νmax = 20618.56 cm-1. 

 

 
Fig. 3(f) Variation of ε with wavenumber for given concentration of Disperse Red 1 

 

The oscillator strength f has been calculated as 0.7609173706 M-1cm-2 and the 

dipole moment 𝜇12 as 8.8424 M-1/2cm-1/2 for the peak using the previously 

mentioned formulae. 

 

Disperse Red 1 in Dimethyl Formamide 

The graph in figure 3(g) shows the absorption spectra of Disperse Red 1 in N,N 

Dimethyl Formamide (n=1.4305) for concentrations 10µM, 20µM and 40µM 

recorded in the spectral range 200-700 nm. An absorption peak is observed for the 

solution at around 500 nm. 
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Fig. 3(g) Absorption Spectra for Disperse Red 1 in Formamide 

A clearer peak can be observed for the 40µM solution so further analysis is done 

on the said concentration. The highest value of absorbance equal to 2.259 was 

found at λmax = 500 nm. 

The variation of the molar extinction coefficient and wavenumber is shown in 

figure 3(h) below where εmax = 56475 M-1cm-1 was calculated for the 

corresponding νmax = 20000 cm-1. 

 

 
Fig. 3(h) Variation of ε with wavenumber for given concentration of Disperse Red 1 

 

The oscillator strength f has been calculated as 0.8450433982 M-1cm-2 and the 

dipole moment 𝜇12 as 9.4614 M-1/2cm-1/2 for the peak using the previously 

mentioned formulae. 
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Disperse Red 1 in Dimethyl Sulphoxide (DMSO) 

The graph in figure 3(i) shows the absorption spectra of Disperse Red 1 in DMSO 

(n=1.4793) for concentrations 1µM, 10µM, 20µM and 40µM recorded in the 

spectral range 200-700 nm. An absorption peak is observed for the solution at 

around 510 nm. 

 

Fig. 3(i) Absorption Spectra for Disperse Red 1 in DMSO 

A clearer peak can be observed for the 40µM solution so further analysis is done 

on the said concentration. The highest value of absorbance equal to 1.873 was 

found at λmax = 510 nm. 

The variation of the molar extinction coefficient and wavenumber is shown in 

figure 3(j) below where εmax = 46825 M-1cm-1 was calculated for the corresponding 

νmax = 19607.84 cm-1. 

 

 

Fig. 3(j) Variation of ε with wavenumber for given concentration of Disperse Red 1 
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The oscillator strength f has been calculated as 0.6554973478 M-1cm-2 and the 

dipole moment 𝜇12 as 8.4159 M-1/2cm-1/2 for the peak using the previously 

mentioned formulae. 

 

 

4. Conclusions 

Upon analysis of the optical absorbance of the azo dyes Direct Yellow 8 and 

Disperse Red 1, dissolved in different solvents, in the UV-Visible region (200-

700nm), we observed absorption maxima corresponding to their electronic 

transitions. 

The maximum optical density (Amax) and molar extinction coefficient (εmax) 

corresponding to the peak wavenumber (νmax) for the two dyes in their different 

solutions is mentioned in the table below. Alongside is the oscillator frequency (f) 

and the square of the dipole moment (𝜇12
2 ) of the transition which is proportional to 

the probability of the electronic transition.  

 

Dye and 

Solvent 

Amax εmax  (M-1cm-1) f (M-1cm-2) 𝝁𝟏𝟐
𝟐  (M-

1/2cm-1/2) 

Direct 

Yellow 8 in 

Water 

(10µM) 

1.056  

 

 

105.6×103 

 

167.61×10-2 140.27 

Direct 

Yellow 8 in 

Methanol 

(40µM) 

2.423  

 

60.575×103 

 

89.20×10-2  

 

75.59 

Disperse Red 

1 in Acetone 

(20µM) 

0.942  

 

47.1×103 

 

76.09×10-2  

 

78.19 

Disperse Red 

1 in 

Formamide 

(40µM) 

2.259 56.47×103 84.50×10-2 89.52 
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Disperse Red 

1 in DMSO 

(40µM) 

1.873  46.8×103 65.55×10-2 70.83 
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