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K.R.BAKES
Baked with love. Since 1969 celebratigr

Date: 14/01/2022

TO WHOM IT MAY CONCERN 

This is to certify that Ms. ZAINAB YASIN, D/O YASIN HARRIZ, Reg: No- 

SB20ND032, St. Teresa's College, Ernakulam has done her internship in 

KR Bakes PVT LTD Ernakulam, from03/01/2022 to 13/01/2022.

During the internship she demonstrated good design skills with a self- 

motivated attitude to learn new things. Her performance exceeded 

expectations and was able to complete the internship successfully on time. 

We wish her to all the best for her future endeavors. 

Warm regards, 

VT. LTD 
KR Bakes PVT LTD ErnakulamoPALARIVATTOMCOCHIN-b0L04°/b 

For K. R. BAKES PVT. LTD. 

Regional HR 2/1175 
CVIL 

= 

KR BAKES PVT. LTTD. 

GROUP 
32/1175-A, CIVIL LANE ROAD, PALARIVATTOM, COCHIN - 682 025. PH. OFF: 2205066, 2349674 

CIN:U15412TZ2000PTCO09294| Email : krbakescvtm@gmail.com Web: www.krbakes.com Since 1969 













CERTIFICATE OF INTERNSHIP

for rendering excellent work as an MBA intern with her knowledge
and enthusiastic spirit from December 2021 to March 2022.

 

Zero Meat awards

MS.ANJANA SURESH

Hubert Roshan Raj
CEO, ZeroMeat



 

NbliK India Private Limited 
FF-15 Pearl Omaxe Tower, Netaji Subhash Chandra Palace, New Delhi – 110034 

website: www.nblik.com  Email: contact@nblik.com 
 CIN No: U74999UR2019PTC010305 

                                        

 

TO WHOMSOEVER IT MAY CONCERN 

  Ref. No. 2021/ 109                                                                                                      Date: 12.05.2021 

 

This is to certify that Anjana Suresh, student of ST. TERESA’S COLLEGE, has successfully 

completed her internship with NbliK during the period 01.04.2021 to 01.05.2021. 

During the period, Anjana worked with Community team, directly responsible for user 

acquisitions & came up with creative ideas, built Go-To-Market strategy for various categories.  

During the course of internship, Anjana has shown great amount of responsibility, sincerity and 

a genuine willingness to learn and zeal to take on new assignments & challenges. In particular, 

her coordination skills and communication skills are par excellence and her attention to details 

is impressive. 

We wish her all the very best for her future. 

 

     With regards, 

      

     Akanksha Yadav 

(Manager- Category Management) 

 

 

 

  

http://www.nblik.com/
mailto:contact@nblik.com


KOCHI METRO RAIL LIMITED 
A 50-50 Joint Venture of Govt. of India & Govt. of Kerala 

KOCHI METRO RAIL LIMITED 

No. KMRLIFIN/HR/CERTIFICA.TEI2022 
22.08.2022 

TO WHOMsOEVER IT MAY CONCERN 

This is to certify that Ms. Anasooya Nair, B.A. Economics student of St. Teresa's 
College, Ernakulam, has su�cessfully completed her Internship training at Kochi 

Metro Rail Limited (KMRL) during the period from 10h March 2021 to 10h April 
2021. 

We wish her all success in her future endeavors. 

RATHEESHS 
MANAGER (HR) 

KOCHI METRO RAIL LIMITED etto Ra 
42 017 

Ratheesh. S 
Manager-HR) 

Kochi Metro Rail Limited 

Kochi - 682017 

A Joint Venture Company of Govt. of Indla & Govt. of Kerala 
JLN Stadium Metro Station, 4th Floor, Kaloor, Ernakulam, Kerala-682017|CIN: U60100KL2011SGCO29003 
Ph: 0484-2846700, 0484-2846770 | Fax: 0484-2970810 | contact@kmrl.co.in| www.kochimetro.org 





 

 

 
 
 
 
 
 

Date: 10th December 2021 
 
 

To 
Nubha Parveen 
Noushad Manzil 
Kulamangalam 
Valanchery, Malappuram 

 
 

Dear Nubha, 
 
We are pleased to inform you that you are selected for our Internship Programme 
under the following terms and conditions. 

 
Day of Commencement 

 

Your internship will be effective from 13th December 2021. 
 
Roles and Responsibilities 

 

Intern will be responsible for submitting new projects for upliftment of marginalized 
people along with the responsibility of office work and field work required for project 
work. Drafting notes on legislation, preparing questions and notices that Member of 
Parliament can raise and study of Government projects also comes under the 
responsibility of the Intern. Interns will also be a part of disaster management team at 
the time of emergencies. 

 
Working Hours 

 

Office hours is between 10AM to 5 PM, reporting to office will be under the guidance 
of Internship Coordinator. 



 

 

 
 

Stipend 
 

You will be paid a monthly Stipend of Rs. 5000/- 
 
Termination 

 

Any discriminatory behaviour and unlawful act will be taken seriously and decision 
taken by Hon. Member of Parliament to terminate the Intern cannot be questioned. 

 
We congratulate you on your appointment and assure you full support for your 
professional growth and development. 

 
With Regards 

 
Hibi Eden 

 
 
To affirm your acceptance to the terms and conditions laid out in this letter please sign 
below 

 
Name : 

 
Signature : 

 
Date : 



 

 

 
 
 
 
 
 

Date: 10th December 2021 
 
 

To 
Aquila Roslin Sreekutty 
Kattuparambil House, 
Andikkadavu P.O 
Kandakkadavu 
Chellanam, Kochi-8 

 
 

Dear Aquila, 
 
We are pleased to inform you that you are selected for our Internship Programme 
under the following terms and conditions. 

 
Day of Commencement 

 

Your internship will be effective from 13th December 2021. 
 
Roles and Responsibilities 

 

Intern will be responsible for submitting new projects for upliftment of marginalized 
people along with the responsibility of office work and field work required for project 
work. Drafting notes on legislation, preparing questions and notices that Member of 
Parliament can raise and study of Government projects also comes under the 
responsibility of the Intern. Interns will also be a part of disaster management team at 
the time of emergencies. 

 
Working Hours 

 

Office hours is between 10AM to 5 PM, reporting to office will be under the guidance 
of Internship Coordinator. 



 

 

 
Stipend 

 

You will be paid a monthly Stipend of Rs. 5000/- 
 
Termination 

 

Any discriminatory behaviour and unlawful act will be taken seriously and decision 
taken by Hon. Member of Parliament to terminate the Intern cannot be questioned. 

 
We congratulate you on your appointment and assure you full support for your 
professional growth and development. 

 
With Regards 

 
Hibi Eden 

 
 
To affirm your acceptance to the terms and conditions laid out in this letter please sign 
below 

 
Name : 

 
Signature : 

 
Date : 



 

 

 
 
 
 
 
 

Date: 10th December 2021 
 
 

To 
Hannah Grace Joseph 
Puthuparambil House 
Mallappally North P.O 
Pathanamthitta District 

 
 

Dear Hannah, 
 
We are pleased to inform you that you are selected for our Internship Programme 
under the following terms and conditions. 

 
Day of Commencement 

 

Your internship will be effective from 13th December 2021. 
 
Roles and Responsibilities 

 

Intern will be responsible for submitting new projects for upliftment of marginalized 
people along with the responsibility of office work and field work required for project 
work. Drafting notes on legislation, preparing questions and notices that Member of 
Parliament can raise and study of Government projects also comes under the 
responsibility of the Intern. Interns will also be a part of disaster management team at 
the time of emergencies. 

 
Working Hours 

 

Office hours is between 10AM to 5 PM, reporting to office will be under the guidance 
of Internship Coordinator. 



 

 

 
Stipend 

 

You will be paid a monthly Stipend of Rs. 5000/- 
 
Termination 

 

Any discriminatory behaviour and unlawful act will be taken seriously and decision 
taken by Hon. Member of Parliament to terminate the Intern cannot be questioned. 

 
We congratulate you on your appointment and assure you full support for your 
professional growth and development. 

 
With Regards 

 
Hibi Eden 

 
 
To affirm your acceptance to the terms and conditions laid out in this letter please sign 
below 

 
Name : 

 
Signature : 

 
Date : 









ANNA MARIA ALUKKA 

Stock Market from 5th November to 5th December 2021 

2003035 

RA1714035 









 

  

 

UMEED  INDIA 

FOUNDATION 
TRUST REGISTRATION S. NO. DEL UR25851-0802                                 Ref  No: UIF21/367 

                                                Date: 12-08-2021 

 
 

 Certificate of Internship 
We present this certificate to 

 

Ms. ANJANA 

 
In appreciation for your successful work as an intern at Umeed India Foundation                            

in the area of Social Work, HR, Marketing, Environment & Finance. 

The internship was conducted between  13-07-2021 and 12-08-2021. 

During the tenure of this internship the candidate was found to be dedicated, 
hard working and efficient. 

 

                                                                                                                                                                           

                      

 



Tel. +91 7737810357
info@lernx.in
www.lernx.in

To whomsoever it may concern

Pushkar Poonia
Founder Lernx

Vio Lernx Pvt Ltd

6PBN, Dulmana, Teh. Pilibangan

Hanumangarh, Rajasthan.

CIN: U80902RJ2021PTC075492 

This letter certifies that Jayalakshmi was an employee in the role of
HR recruiter with Vio-Lernx Pvt. Ltd. during the period beginning 27
January 2022 and ending 30 November 2022.
During her time with Lernx, Jayalakshmi has remained dedicated
and loyal to her work and responsibilities with our company. Her
responsibilities included team management, hiring and recruitment
processes. she has done an exemplary job in this role. Jayalakshmi
has always maintained a professional and courteous attitude and
appearance while working with our company.
Her decision to end her employment with our company is solely her
own decision, and we wish her all the best in her future career
opportunities.
Please contact us for any additional information.
Sincerely,



THE CERTIFICATE IS PROUDLY PRESENTED TO

CERTIFICATE
OF INTERNSHIP

For Completing 2 Months in Marketing Management Virtual
Internship at Violet Tech.

Pushkar Poonia
Founder Violet Tech

Pushkarpoonia
   UID   :    ITPW3090

DATE :   17/03/2022

Jayalakshmi T J
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Recognised by 

#startupingia 
. 

webRcom WebCRSTravel Technologies Pvt Ltd 
KERAL A STARTUP MISSION

To Whom It May Concern 

This is to certify that Ms. Aleen Sneha Paul, student of BA French Language and 
Literature, St. Teresa's College (Autonomous) Ernakulam has undergone internship in 

our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a 

lot of initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

ECHNO 
ROHI 38 

An eorge 

Corporate Ofice WebCRISTravel Technologies PM. Lid, 308, Poneer Towers, Kochi, Kerala, inda-682031. 

Tel: +91-633303463 emait: info@webcrs.com website : htp/hwww.webors.com 



Recognisedby 

#startupingia 
webRScom WebCRSTravel Technologies Pvt Ltd 

STARTUP MISSION

To Whom It May Concern

This is to certify that Ms.Aleena Johnson, student of BA French Language and 
Literature, St. Teresa's College (Autonomous) Ernakulam has undergone internship in 
our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a 

lot of initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

ECHNO EL TE 

KokHI 38 

Annd George 

Corporate Offie: WebcRSTravel Technodlogies PM. Ltd, 308, Ploner Towers, Kochi, Kerala, Indãa -682031. 

Tel: 491-963303463 email: info@webors.com website: htp/www.webcrs.com 



Recognised by 

#startupindio 
webRScom WebCRSTravel Technologies Pvt Ltd 

ARIUP MISSION

To Whom It May Concern

This is to certify that Ms. Ashitha TJ, student of BA French Language and Literature, 
St. Teresa's College (Autonomous) Ernakulam has undergone internship in our tour 

division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a lot of 
initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

EL TEC 

KOCH 38 

CHNO 

N 

Anna Geoórge

Corporate Office:WebCRSTravel Technologies PMt Lid, 308, PloneerTowers, Kochi, Kerala, India-682031. 

Tel: +91-63303463 emait infio@webcrs.com websile : htp:/www.webcrs.com 



Recognised by 

#startupindia 
webRScom WebCRSTravel Technologies Pvt Ltd s STANTUP MesSON

To Whom It May Concern

This is to certify that Ms.Diya P Kettinakath, student of BA French Language and 

Literature, St. Teresa's College (Autonomous) Ernakulam has undergone internship in 
our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a 

lot of initiatives to learn and improve her professional knowledge. We also found her 
sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

EL TEC 

KoI 38 

CHNO 

Arftaseorge 

Corporate Ofie: WebcRSTravel Technologes Pat.LId, 308, Ploneer Towers, Koch, Keral, ndia -68201.

Tel: -91-96303463 emait info@ebors.com webste tpc/www.webcrs.com 



Recognised by 

#startupindia 
webRScom WebCRSTravel Technologies Pvt Ltd 

STARTUP MISSION

To Whom It May Concern

This is to certify that Ms. Fiza Shifaz, student of BA French Language and Literature, 
St. Teresa's College (Autonomous) Ernakulam has undergone internship in our tour 

division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a lot of 

initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

N NO 
ELEC 

ocH 

AnnaGeorge 

Corporate Offie: WebCRSTravel Technodlogies PM. Ltd, 308, Ploneer Towers, Kochi, Kerala, India-682031. 

Tel: +491-9633303463 emait: into@webers.com webste: htp:/ww.webcrs.com 



Recognisedby 

ustartupinia 
webR com WebCRSTravel Technologies Pvt Ltd KERAD SSION STARTUP MISSION

To Whom It May Concerm

This is to certify that Ms.Hrithika CB, student of BA French Language and 

Literature, St. Teresa's College (Autonomous) Ernakulam has undergone internship in 

our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a 

lot of initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

NOL eL TEC 

Kod 38 

M 

Anna eorge 

Corporate Oice: WebCRSTravel Technologies P. Ltd, 308, Pioneer Towers, Kochi, Kerala, Inda-682031. 

Tel: 491-968303463 email inio@webcrs.com website : htp:/www.webcrs.com 



Recognised by 

#startupincio 
webR com WebCRSTravel Technologies Pvt Ltd 

sow STARTuP MISSION

To Whom It May Concern

This is to certify that Ms.Ima Margrete, student of BA French Language and 

Literature, St. Teresa's College (Autonomous) Ernakulam has undergone internship in 

our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a 

lot of initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

HNO, JEL TEC 

Ko 38 

Anna George 

Corporate Ofie: WebCRSTrawel Technoiogies PM. Ld, 308, Ploneer Towers, Kochi, Kerala, India-682081. 

Tel: +91-963303463 email: inio@webcrs.com website : htp:/ww.webcrs.com 



Recognisedby 

#startupindia 
webRS com WebCRSTravel Technologies Pvt Ltd 

KER ALA 
STARTuPMISSION

To Whom It May Concern

This is to certify that Ms.Ishrat Mohamed Subair, student of BA French Language
and Literature, St. Teresa's College (Autonomous) Ernakulam has undergone 
internship in our tour division of the Kochi office from 09/05/2022 to 21/05/2022. 
She displayed a lot of initiatives to learn and improve her professional knowledge. 
We also found her sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

TECHA 

CHI 38 

Annd George 

Corporate Office:WebCRSTravel Technologies Put.Lid, 308, Plionee Towers, Kochi, Kerala,Inda-62031 

Tel +91-96303463 email: info@webcrs.com website : htp/ww.xwebors.com 



Recognised by 

#startupinia 
webRcom WebCRSTravel Technologies Pvt Ltd 

EAMISSONT T'STARTUP MISSION

To Whom It May Concern

This is to certify that Ms.Mary Shemein, student of BA French Language and 
Literature, St. Teresa's College (Autonomous) Ernakulam has undergone internship in 

our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a 

lot of initiatives to learm and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

ECHN 
ELT 

KOHI 38 

Anhaeórge 

Corporate Office:ebCRSTrvel Technolboges PM. Ld, 308 Poner Towers, Kochi, Kera, Inola-68201. 

Tel 491-963303463 emait info@webors.com webste : htp:/iwww.webors.com 

OLOG 



Recognisedby 

#startupincia 
webR.com WebCRSTravel Technologies Pvt Ltd KERALAso STARTUP MISSION

To Whom It May Concern

This is to certify that Ms. Philosona, student of BA French Language and Literature, 
St. Teresa's College (Autonomous) Enakulam has undergone internship in our tour 

division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a lot of 
initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

ECHN ELIE 

EKCHI38

Anha déorge 

Corporate Ofic: WebCRSTravel Technoiogies PM. LItd, 308, PloneerTowers, Kochi, Kerala, India-682031. 

Tel+91-9633303463 emait nto@webors.com website htp:/www.webcrs.com 

SOLOG



Recognised by 

#startupingda 
camWebcRSTravel Technologies Pvt Ltd 

STARTUP MISSION

To Whom It May Concern

This is to certify that Ms.S Shivani, student of BA French Language and Literature, 

St. Teresa's College (Autonomous) Ernakulam has undergone internship in our tour 
division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a lot of 
initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

TECH 

KoHI 38 N 

Anna George 

Corporate Office: WebCRSTrawel Technologies PM. Litd, 308, PioneerTowers, Kochi, Kerala,Inda-682031 

Te: +91-463303463 emalt: intogwebors.com websle: htp:/ww.webors.com 



Recognised by 

webURScom 
#startupingio 

WebCRSTravel Technologies Pvt Ltd 
KERAASSION STARTUP MISSION

To Whom It May Concern

This is to certify that Ms. Sapna Jaleel, student of BA French Language and 

Literature, St. Teresa's College (Autonomous) Emakulam has undergone internship in 
our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayeda 
lot of initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

NEL T 1ECHNO 

38 Kot 

ArntalGeorge 

Corporate Office: WebCRSTravel Technologes Pr. Lid., 308, PloneerTowers, Koch, Kerala, india-682081. 

Tel: +91-963303463 emait inio@webcrs.com website : htp/www.weboars.com 



Recognised by 

#startupindia 
webRcom WebCRSTravel Technologies Pvt Ltd 

TSTARTUP MISSION

To Whom It May Concern

This is to certify that Ms.Shivani Sagar MP, student of BA French Language and 
Literature, St. Teresa's College (Autonomous) Ernakulam has undergone internship in 
Our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a 

lot of Initiatives to leam and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

EL 

TECHA 

KotHI 38 

IM 
Annd seorge 

Corporate Office: WebCRSTravel Technologies PM. Ld, 308, PloneerTowers, Kochi, Kerala, Ida-682031. 

Tel +91-963303463 emait nto@webcrs.com website : htp:/www.webcars.com 



Recognised by 

#startuping 
webRcOm WebCRSTravel Technologies Pvt Ltd 

RTUP MISSION

To Whom It May Concern

This is to certify that Ms.Varsha Hilary, student of BA French Language and 

Literature, St. Teresa's College (Autonomous) Ernakulam has undergone internship in 
our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayed a 

lot of initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

ECHN 

Koc38 

Anna George 

Corporate Offie: WebCRSTrvel Technodlogies PMt. Lid,308, Poneer Towers, Kochi, Kerala, Infa-682031. 

Tel491-96380343 emait iniogwebas.com website htp:/ww.webors.com 

OLS 



Recognisedby 

#startupindia 
webS com WebCRSTravel Technologies Pvt Ltd 

KERALA STARTUP MISsioN

To Whom It May Concern

This is to certify that Ms.Shysna Shirin VA, student of BA French Language and 
Literature, St. Teresa's College (Autonomous) Ernakulam has undergone internship in 

our tour division of the Kochi office from 09/05/2022 to 21/05/2022. She displayeda 
lot of initiatives to learn and improve her professional knowledge. We also found her 

sincere and hardworking. 

Wishing her all success in her future endeavors. 

WebCRSTravel Technologies Pvt Ltd 

HNO 

Anna George

Corporate Oie: WebCRSTravel Techndlogies P LId, 308, Poner Towers Kochi, Keaa, Inda-682031. 

Tel: 491-63303463 emait: infio@webcrs.com website : htp:/www.webcrs.com 

VEL







CHIHS/HR/932/22 
13 May 2022 

RD INTERNSHIP CERTIFICATE . . . 
Th. · h. · th Department of Clinical Nutnt1on, Cantas IS IS to certify that Ms. Amna Kamaru has undergone six months RD Interns 1P m e RD 
H . ' · · · · · M R mya Paul Mukkathu . osp1tal, Thellakom, Kottayam, Kerala under the guidance of Clinical Nutritionist s. e 
H ospital Internshio: 

No. of working hours/ week Supervisor RD 
Name of the institution Duration No. 

From To 
Caritas Hospital SRO 018/2012 8X6 

Thellakom, Kottayam 25 .10.2021 30.04.2022 

Clinical Dietetics Rotation 

ROTATION Duration Case category 

1 CLINICAL- I 4 weeks Infections- Dengue) Hypertension, CVA, COPD, Stroke, Renal calculi, ILD, 

Medicine 
Anaemia, Obesity, HIV 

2 CLINICAL II 2 weeks Diabetic RT (DKA), CKD on feed , Hepatic encephalopathy, Pancreatitis, TPN 

Critically ill 

3 CLINICAL III 3 weeks Gastroenterology-(Hepatitis, IBO, Cirrhosis). Oncology- (CA-buccal mucosa, CA 

Super-speciality 
tongue, leukaemia). Nephrology - (CKD, Nephrotic Syndrome). Neuromuscular-
GBS, PIH 

4 CLINICAL V 2 weeks General -(DKA, PEM, Nephrotic syndrome) 

Paediatric Surgical- ( MVR, Liver transplant) 

5 CLINICAL VI 2 weeks General - ( CCF, IWMI, RHO) 

Cardiac/ Nephro Surgical - ( CABG, VSD) 

6 CLINICAL VII 4 weeks 2 Type I DM, GDM, Diabetic foot, Renal DI diabetic, 2 uncontrolled DM on 4 doses 
Endocrinology& 

of insulin, DM on OHA, PCOS, Hypothyroidism 

diabetes 

7 Food service/ 4 weeks Acq~ired skills in food procurement, production, quality maintenance, pa_tient food 
general service. 
management 

8 Community 2 weeks Works in a community set up involved in community nutrition 
nutrition 

2 weeks Major project- Comparative study on nutritional status and life style patte f · h . mo 
9 Research projects women wit gestational diabetes mellitus with non-diabetic pregnancies 

/ ~ S He 
/ 

/ . 
Mini project_ - study on association of various risk factors leading to coro 

,~{ass grafting and nutritional status of CABG patients nary artery 

With all good wishes, !Y·/ \ ...... ' 
~ ~ 

::i / 

, .. )~ I 

Rev. Dr. Binu Kunnath ,, 
Ms.Remya Paul Mukkathu , ., 

Director ' I RD Trainer 

@ e @ Thellakom P.O. Kottayam-686 630. Kerala, India 
ml/ n\ T: +91481-279 00 25-29 . 

• •• • .~ E-mail: hr@caritashospital.orgIwww.caritashospital.org 

-Ji;ii-1·f■•=•l¥i·ll·lii44, •• ,... • .•• , •• ••••••- ·•a·:·1•■;1■·,-■;-·11•••;•·1aa"••--





KSCSTE-Kerala Forest Research Institute 
(An Institution under Kerala State Council for Science, Technology and Environment) 

Peechi - 680 653, Thrissur, Kerala, I ndia K F R I 

TO WHOM SO EVER IT MAY CONCERN 

This is to certify that Ms. Anagha R, Swathikam, Vadacode PO,Thevakkal, Ernakulam, 

682021 has successfully completed her internship at the Nodal Center for Biological 

Invasions {NCBI},Kerala Forest Research Institute from 24th to 30th August 2021. During her 

period of internship, she was given an opportunity to participate in field trips to invasive 

alien species invaded locations in Thrissur District; specially focussing on an aquatic invasive 

alien plant- Cabomba furcata. Based on the field observations and literature surveys she had 

prepared and submitted a fact sheet on Cabomba with a description on its impacts. She was 

found to be sincere and committed in her work during the internship programme. 

Wishing her all success in her future endeavours. 

~, 
NCBI Co-ordinator 

(25th April 2022) 

Dr. T. V. Sajeev

Co-ordinator 


Nodal Centre for Blologlcallnvaslons 

KSCSTE •Kerala Forest Research Institute, Peachl 


Ph : 0487-2690390 


Phone : 0487-2690100; Fax: 0487-2690111, e-mail: kfri@kfri.org, Website: www.kfri.res.in 

http:www.kfri.res.in
mailto:kfri@kfri.org








K.R.BAKES eUeroau
Baked with love. Since 1969 

Date: 24/12/2021 

TO WHOM IT MAY CONCERN 

This is to certify that Ms. ANKITA PRAMOD, D/O PRAMOD.K.NAIR, Reg: 

No-SB20NDO02 St. TERESA'S COLLEGE, ERNAKULAM has done her 
internship in KR Bakes PVT LTD Ernakulam, from 13/12/2021 to 

23/12/2021. 

During the internship she demonstrated good design skills with a self 
motivated attitude to learn new things. Her performance exceeded 
expectations and was able to complete the internship successfully on time. 

We wish her to all the best for her future endeavors.

Warm regards, 

PVT KR Bakes PVT LTD Ernakulam

PALARIVATTOM

For K. B,BAKES PV�. LTD. COCHIN-682025

Regional HR LA 

KR BAKES PVT. LTD. 
GROUP 
Sunce 1969 

32/1175-A, CIVIL LANE ROAD, PALARIVATTOM, COCHIN -682 025. PH. OFF: 2205066, 2349674 

CIN:U15412TZ2000PTCO09294| E-mail:krbakescvtm@gmail.com Web: www.krbakes.com 







FLORA 
AIRPORT HOTEL & CONVENTION CENTRE 

KOCHI 

21 January 2022 

TO WHOM IT MAY CONCERN 

This is to certify that Ms. Aslaha Azeez, doing B. Sc Nutrition and Dietetics, 
Women's Study Centre, St.Teresa's College, Ernakulam has completed the ten days 
hotel Internship training with Flora Airport Hotel, Cochin from 10th January 2022 to 

21st January 2022. 

During her tenure she was found to be hard working and sincere. 

We wish her success in all her future endeavors. 

For Flora Airport Hotel, 
FLORA NO 

Sakkeena Ashraf 2ZD 

Human Resources 
ViC 

NFAH HR -INT./2022/o04 

GST # 32AABCF3263A2ZDI PAN#AABCF3263A I MSME # UDYAM-KL-02-0005757 
Opp. International Terminal - Kochi Airport, Nedumbassey, Nayathode P.O, Kochi -683572, India T: +91 484 240444 I F: +91484 26115241

E: kochi.info@florahospitality.coml www.florahospitality.com 

FLORA HOTELS AND RESORTS INDIA PVT LTD 
CIN: U55101KL2008PTCO23056 

Reg. Address: Oberon Mall, NH Bye Pass, Edappally, Cochin-682024, Kerala, India 





NIK 
com 

27th April 2022 

TO WHOM IT MAY CONCERN

This is to certify that Ms. Aswathy Suresh. D/O Mr. Suresh CM. a student of 

St. Teresa's College, Kochi has undergone the Internship in General Business 

Activity including Reservation Documentation with My Picnik.com from 

6" April 2022 to 27" April 2022. 

During the internship. we found Ms. ASwathy, sincere, hardworking and 
result oriented. She was also found to be excellent with the tasks assigned to 

her. 

We take this opportunity to thank her and wish her all the best for her future. 

NIK 
com Regards 

TY 
KOO Sony Joseph VM 

CEO 

MyPicnik.com 

2nd floor, BcG City Gate, Vyttila Jn. Kochi 682019 
email: info@mypicnik.com | +91974 5555 787 | 0484 402 7177 

www.mypicnik.com



milma 
Ernakulam Regional Co-operative Milk Producers' Union Ltd. No. E-150 (D) 

Ernakulam Dairy, P.B. No. 33, Tripunithura -682 30 

ISO 9001: 2008 Certified

No. ED/P&A (1)/571/2022 //26 13.01.2022

CERTIFICATE

Certified that Ms.Aysha Hanan C Y, B.Sc Nutrition and 

Dietetics Student of St.Teresa's College (Autonomous)

successfully completed
Internship/Project Work in our Dairy as part of her curriculum. 

Ernakulam-682 011 has her 

The period of training was from 03.01.2022 to 13.01.2022. 

PRODUC 
AL CO-OP:MI PRO ww 

ERNAKULAM DAIRY 
TRIPUNITHURA 
PIN-682 301 

ONVNN3 

G1ONA 

SENIORMANAGER (1VC) NOINN 
aIn N 

To Whomsoever it may concern 

Phone 0484-2781894,2784696. 2780103, 2701680 (Plan) Fax 0484-2780103 Email ernakulamdairy@yahoo.co.in 





K.R.BAKES 
Baked with love. Since 1969 lebiat

Date: 14/01/2022 

TO WHOM IT MAY CONCERN 

This is to certify that Ms. BHAVANA MURALI, D/O MURALI K T, Reg: No- 
SB20NDO05, St. Teresa's College, Ernakulam has done her internship in 

KR Bakes PVT LTD Ernakulam, from03/01/2022 to 13/01/2022. 

During the internship she demonstrated good design skills with a self-
motivated attitude to learn new things. Her performance exceeded

expectations and was able to complete the internship successfully on time. 

We wish her to all the best for her future endeavors. 

Warm regards, 

eVT. LTO 
KR Bakes PVT LTD 

PALARIVATTOM 
82025 

CC 

1175A For K.R. BAKES PVT. LTD. CIV 

Regional HR 

KR BAKES PVT. LTD. 

32/1175-A, CIvIL LANE ROAD, PALARIVATTOM, COCHIN 682 025. PH. OFF: 2205066, 2349674

CIN:U15412TZ2000PTCO09294 E-mail : krbakescvtm@gmail.com Web: www.krbakes.com GRO 
Sirice 1969 







25.03.2022

CERTIFICATE

This is to certify that Ms. Ameya Babu, pursuing Masters in Botany at St.Teresa‘s

College, Ernakulam, has been successfully completed 2 weeks Hands-on Training on

Sanger Sequencing Technique (Isolation, Amplification and Sequence analysis),

Gene Expression (Isolation, cDNA synthesis, Real Time PCR analysis), gene

cloning and Important tools & techniques in molecular biology under the

guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd, Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Anagha Sreekumar, pursuing Masters in Botany at

St.Teresa‘s College, Ernakulam, has been successfully completed 2 weeks Hands-on

Training on Sanger Sequencing Technique (Isolation, Amplification and

Sequence analysis), Gene Expression (Isolation, cDNA synthesis, Real Time

PCR analysis), gene cloning and Important tools & techniques in molecular

biology under the guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd,

Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Anjana Ajayan K, pursuing Masters in Botany at

St.Teresa‘s College, Ernakulam, has been successfully completed 2 weeks Hands-on

Training on Sanger Sequencing Technique (Isolation, Amplification and

Sequence analysis), Gene Expression (Isolation, cDNA synthesis, Real Time

PCR analysis), gene cloning and Important tools & techniques in molecular

biology under the guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd,

Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Arathi.S.R, pursuing Masters in Botany at St.Teresa‘s

College, Ernakulam, has been successfully completed 2 weeks Hands-on Training on

Sanger Sequencing Technique (Isolation, Amplification and Sequence analysis),

Gene Expression (Isolation, cDNA synthesis, Real Time PCR analysis), gene

cloning and Important tools & techniques in molecular biology under the

guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd, Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Domnica Liyan Johnson, pursuing Masters in Botany at

St.Teresa‘s College, Ernakulam, has been successfully completed 2 weeks Hands-on

Training on Sanger Sequencing Technique (Isolation, Amplification and

Sequence analysis), Gene Expression (Isolation, cDNA synthesis, Real Time

PCR analysis), gene cloning and Important tools & techniques in molecular

biology under the guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd,

Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Emily Sandra Francis, pursuing Masters in Botany at

St.Teresa‘s College, Ernakulam, has been successfully completed 2 weeks Hands-on

Training on Sanger Sequencing Technique (Isolation, Amplification and

Sequence analysis), Gene Expression (Isolation, cDNA synthesis, Real Time

PCR analysis), gene cloning and Important tools & techniques in molecular

biology under the guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd,

Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Fathima Farzana P.M, pursuing Masters in Botany at

St.Teresa‘s College, Ernakulam, has been successfully completed 2 weeks Hands-on

Training on Sanger Sequencing Technique (Isolation, Amplification and

Sequence analysis), Gene Expression (Isolation, cDNA synthesis, Real Time

PCR analysis), gene cloning and Important tools & techniques in molecular

biology under the guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd,

Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Jayasree V.J, pursuing Masters in Botany at St.Teresa‘s

College, Ernakulam, has been successfully completed 2 weeks Hands-on Training on

Sanger Sequencing Technique (Isolation, Amplification and Sequence analysis),

Gene Expression (Isolation, cDNA synthesis, Real Time PCR analysis), gene

cloning and Important tools & techniques in molecular biology under the

guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd, Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Jennath Sherin A, pursuing Masters in Botany at

St.Teresa‘s College, Ernakulam, has been successfully completed 2 weeks Hands-on

Training on Sanger Sequencing Technique (Isolation, Amplification and

Sequence analysis), Gene Expression (Isolation, cDNA synthesis, Real Time

PCR analysis), gene cloning and Important tools & techniques in molecular

biology under the guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd,

Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. C S Keerthana, pursuing Masters in Botany at St.Teresa‘s

College, Ernakulam, has been successfully completed 2 weeks Hands-on Training on

Sanger Sequencing Technique (Isolation, Amplification and Sequence analysis),

Gene Expression (Isolation, cDNA synthesis, Real Time PCR analysis), gene

cloning and Important tools & techniques in molecular biology under the

guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd, Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Mary Olivia Robert, pursuing Masters in Botany at

St.Teresa‘s College, Ernakulam, has been successfully completed 2 weeks Hands-on

Training on Sanger Sequencing Technique (Isolation, Amplification and

Sequence analysis), Gene Expression (Isolation, cDNA synthesis, Real Time

PCR analysis), gene cloning and Important tools & techniques in molecular

biology under the guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd,

Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Neethu Robert, pursuing Masters in Botany at St.Teresa‘s

College, Ernakulam, has been successfully completed 2 weeks Hands-on Training on

Sanger Sequencing Technique (Isolation, Amplification and Sequence analysis),

Gene Expression (Isolation, cDNA synthesis, Real Time PCR analysis), gene

cloning and Important tools & techniques in molecular biology under the

guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd, Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Sharon Thomas, pursuing Masters in Botany at St.Teresa‘s

College, Ernakulam, has been successfully completed 2 weeks Hands-on Training on

Sanger Sequencing Technique (Isolation, Amplification and Sequence analysis),

Gene Expression (Isolation, cDNA synthesis, Real Time PCR analysis), gene

cloning and Important tools & techniques in molecular biology under the

guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd, Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Varsha Jayasankar, pursuing Masters in Botany at

St.Teresa‘s College, Ernakulam, has been successfully completed 2 weeks Hands-on

Training on Sanger Sequencing Technique (Isolation, Amplification and

Sequence analysis), Gene Expression (Isolation, cDNA synthesis, Real Time

PCR analysis), gene cloning and Important tools & techniques in molecular

biology under the guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd,

Kochi.

Dr. Beena P S, PhD.

Director



25.03.2022

CERTIFICATE

This is to certify that Ms. Aishwarya Raju, pursuing Masters in Botany at St.Teresa‘s

College, Ernakulam, has been successfully completed 2 weeks Hands-on Training on

Sanger Sequencing Technique (Isolation, Amplification and Sequence analysis),

Gene Expression (Isolation, cDNA synthesis, Real Time PCR analysis), gene

cloning and Important tools & techniques in molecular biology under the

guidance of Dr. Beena P S, at OmicsGen LifeSciences Pvt. Ltd, Kochi.

Dr. Beena P S, PhD.

Director



AMRITA Institute of 

VISHwA VIDYAPEE THAM Medical Sciences 
Hratthe arc. I due aton & Researeh 

March 19, 2022 AIMS/HRD/2022/528 

CERTIFICATE 

This is to certify that Ms Devika N P, PG Dietetics and Food Service 

Management student from St Teresa's College, Ernakulam has undergone 

Dietary internship in our Clinical Nutrition and Dietetics Department, from 

14.12.2021 to 15.03.2022. 

We wish her all success in her chosen profession. 

l Scienc 

Sources Reso 
s &Re 

In AMMA's service 

Medica/ 
Human 

For AIMIS 

uman Reso 

Cochin-
Addl. General Manager -HR 

AlMS Ponekkara P.O. Kochi, Kerala 682 041. Phone: +91-484- 285 1234. Fax +91-484-285 2020 Emailt: md@aims.amrita.edu 

S 



KSCSTE-Kerala Forest Research Institute 
(An Institution under Kerala State Council for Science, Technology and Environment) 

Peechi 680 653, Thrissur, Kerala, India 
KFRI SCSTC 

TO WHOM SO EVER IT MAY CONCERN 

This is to certify that Ms. Diya Maria Siril, Elenjickal (H), Chavara Road, Koonamavu, 

Varapuzha PO 683517 has successfully completed her internship at the Nodal Center for 

Biological Invasions (NCBI), Kerala Forest Research Institute from 24th to 30th August 2021. 

During her period of internship, field trips were conducted to study the distribution of the 

invasive alien plant Sphagneticola trilobata invaded locations in Thrissur District and has 

gained knowledge on the plant species and its environmental impact. As a part of 

internship, she prepared and submitted a fact sheet on Sphagneticola based on the field 

observations, discussions and references. I have observed her to be a hardworking, 

conscientious person of affordable manners having good character and conduct. It is my 

pleasure to wish her all the success in her career. 

TV Zajeev 
NCBI Co-ordinator 

(25th April 2022) 

Dr. T. V. Sajeev 
Co-ordinator 

Nodal Centre for Biological invasions 
KSCSTE-Kerala Forest Research Institute, Peschi 

Ph:0487-2690390 

Phone: 0487-2690100; Fax: 0487-2690111, e-mail kfri@kfri.org, Website: www.kfri.res.in 







milma 

Ernakulam Regional Co-operative Milk Producers' Union Ltd. No. E-150 (D) 

Ernakulam Dairy, P.B. No. 33, Tripunithura - 682 301 

ISO 9001: 2008 Certified 

No. ED/P&A (1 /571/2022 //2 8 13.01.2022 

CERTIFICATE 

Certified that Ms.Erin Benny, B.Sc Nutrition and Dietetics 
Student of St.Teresa's College (Autonomous) Ernakulam-682 011 

has successfully completed her Internship/Project Work in our Dairy 

as part of her curriculum. 

The period of training was from 03.01.2022 to 13.01.2022. 

lLM PRO GiONAL CO. 

ERNAKULAM DAIRY 

SENIORMANAGER (1/C) TRPGMITHURA 

NOIN 

To Whomsoever it may concern 

PIN-G32 303 

nyyNa3 

Phone 0484 2781694, 2784696, 2780103, 2731G80 (Plant) Fax 0484 2780103 Email ernakulamdairy@yaho0 co n 











• milma 
Ernakulam Regional Co-operative Milk Producers' Union Ltd. No. E-150 (D) 

Ernakulam Dairy, P.B. No. 33, Tripunithura - 682 301 
ISO 9001 : 2008 Certified 

No. ED/P&A (1)/57 1/2022 /;21- 13.01.2022 

CERTIFICATE 

Certified that Ms.Gladys Sunny, B.Sc Nutrition and Dietetics 

Student of St.Teresa's College (Autonomous) Ernakulam-682 011 
has successfully completed her Internship/Project Work in our Dairy 
as part of her curriculum. 

The period of training was from 03.01.2022 to 13.01.2022. 

-:":, 
,"' 

ERllAKUL 
T:, !PUMI 
P!N · 

~~V.\'<13 ~==~ 
To 'vVhomsoever it may concern 

SE~IOK1VIANAGER (1/C) 
c~ \ 

Phone 0484 2781684 2784696, 2780103. 2701680 (Plant) Fax 0484 2780103 Ema,I ernakula1T'da,ry@yahoo.ca 1n 



Date: 14/01/2022 

TO WHOM IT MAY CONCERN 

This is to certify that Ms. HELEN ROSE ANTO, D/O ANTOP JOHN, Reg: No-SB20NDO10, St. Teresa's College, Ernakulam has done her internship in KR Bakes PVT LTD Ernakulam, from03/01/2022 to 13/01/2022. 
During the internship she demonstrated good design skills with a self- motivated attitude to learn new things. Her performance exceeded expectations and was able to complete the internship successfully on timne. 

We wish her to all the best for her future endeavors. 

Warm regards, 

PALARIVATTOM COCHIN-682025 KR Bakes PVT LTD Ernakulam,AR 

For K.R. BAKES PVT. LTD. 
1175A CIVIL 

Regional HR 

A 

KR BAKES PVT. LTD. 

GROUP 32/1175-A, CIVIL LANE ROAD, PALARIVATTOM, COCHIN- 682 025. PH. OFF: 2205066, 2349674 
Since 1969 

CIN: U15412TZ2000PTCO09294|| E-mail : krbakescvtm@gmail.com | Web: www.krbakes.com
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FLORA 
AIRPORT HOTEL & CONVENTION CENTRE 

KOCHI 

21st January 2022 

TO WHOM IT MAY CONCERN 

This is to certify that Ms. Liya Lawrence, doing B. Sc Nutrition and Dietetics, 

Women's Study Centre, St.Teresa's College, Ernakulam has completed the ten days 

hotel Intemship training with Flora Airport Hotel, Cochin from 10h January 2022 to 

21st January 2022.

During her tenure she was found to be hard working and sincere. 

We wish her success in all her future endeavors. 

For Flora Airport Hotel,

LORA 
Sakkeena Ashraf 

Human Resources 

NFAH HR-INT./2022/002 

Opp. International Terminal Kochi Airport, Nedumbassey, Nayathode P.O, Kochi 683572, India T: +91 484 240444 I F: +91484 2611524 I 

E: kochi.info@florahospitality.com I www.florahospitality.com 

GST # 32AABCF3263A2ZD I PANHAABCF3263A I MSME# UDYAM-KL-02-0005757 

FLORA HOTELS AND RESORTS INDIA PVT LTD 

CIN: US5101 KL2008PTCO23056 

Reg. Address: Oberon Mall, NH Bye Pass, Edappally, Cochin 682024, Kerala, India























































Swiss International 
AL HAMRA DAMMAM 

21t December, 2021 

TO WHOMMSOEVER IT MAY CONCERN 

This is to certify that Miss. Mariam has done her internship in all departments at 

Swiss international Alhamra hotel Dammam KSA from 10th December 2021 to 21st 

December 2021 as a part of the curriculum of UG clinical nutrition and dietetics 

from St. Teresas College Ernakulam. 

During the tenure with us, Miss. Mariam was participative and inquisitive. 

We wish her all the best. 

General Manager 

Momen Tayser 

MAM 
CR. 2050133901 

DAMMA 

Swiss 

Part ot 

Swiss International 
HOSPITALITY COMMONS 

King Khaled Street, P.O.BOX 1411 Dammam 31431 Kingdom of Saudi Arabia 

Tel.: +966 13 8333444- Fax: +966 13 8330944 

International Quality- Local Affinity 



Swiss International 
AL HAMRA - DAMMAM 

FORMAT FOR EVALUATION 

DEPARTMENT OF CLINICAL NUTRITION AND DIETETICS 

B. Sc. NUTRITION AND DIETETICS 

S. Name of the Performance Involvement 

20 Marks) 

Total Punctuality Attendance 

(20 Marks) No. Student (20 Marks) (20 Marks) (80 Marks) 

Mariam Ismath 20 20 18 18 76 

Evaluation Sheet for Hotel Internship 

Place: Dammam, Saudi Arabia Momen Tayseer (General Manager) 

Date: 20/12/2021 Name & Signatureof the Evaluator 

AMRA OAMM 

Part of 

Swiss International Swiss 

HOSPITALITY COMMONS 

King Khaled Street, P.O.BOX 1411 Dammam 31431 Kingdom of Saudi Arabia 

Tel.: +966 13 8333444 Fax: +966 13 8330944 

CR.200 205013390 

AMMAM 
International Quality - Local Affinity 

























Lakesho$
Global Lifecare

Lakeshore Hospital & Research Centre Ltd.
XVI/612, Maradu, Nettoor P.O, Kochi - 682 O4O, Kerala, lndia. Tel:91- 484-27OtO32t2tOtO33

Fax : 0484 270L996. E rnail : info@lakeshorehospital.com Web: wwwvpslakeshorehospital.com
Toll free number 1800 -313-8775, ctN No ; U85110K11996p1C010260

FoT LAKESHORE HOSPITAL AND RESEARCH CENTRE LTD

This is to certify that Ms. Namiya P. S.

internship under the guidance of Ms, Manju

Nutrition, Lakeshore Hospital and Research

to Sth December, 2021..

has undergone Registered Dietitian

P. George in the Department of Clinical

Centre Ltd., Kochi from sth Iune 2027

Maniu P.Geroge, RD
Reg. No.: RRD-018/2OLS

Dt. Manju P. George, RD
Chief Dietitian - Clinical Nutrition
Reg.No.RRD-01812015

Lakeshore Hospital & Research Centre Ltd., Kochi'4n

--;[-;
s.K.
CHIEF EXECUTIVE OFFICER

Date: December 6,2021 ft
"49
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Baked with love. Since 1969 

Date: 14/01/2022 

TO WHOM IT MAY CONCERN 

This is to certify that Ms. NOUKHILA MOIDU, D/O ISHAQUE, Reg: No

SB20ND016, St. Teresa's College, Emakulam ha.s done her internship in 

KR Bakes PVT LTD Ernakulam, from03/0l/2022 to 13/01/2022. 

During the internship she demonstrated good design skills with a self

motivated attitude to learn new things . Her performance exceeded 

expectations and was able to complete the internship successfully on time. 

We wish her to all the best for her future endeavors. 

Warm regards, 

/ 0 ~PVT. t..;-, 
<?-~ ~ 
~ ~ ~ 

KR Bakes PVT LTD Ernakulq, , ,t,.."\"\o i s O \ 
. ~\" ~'I..~ <[ 

I ~ ,;>t,..\-~y_\~'~ [ 

m l ~ c,0 I.. 

For K. R. BAKES PVT. L: • -'-

~ 

KR BAKES PVT. LTD. 

32/1175-A, CIVIL LANE ROAD, PALARIVATTOM, COCHIN -682 025. PH. OFF: 2205066, 2349674 

CIN : U 1 5 4 1 2 T Z 2 0 O O PT C O O 9 2 9 41 E-mail : krbakescvtm@gmail.com I Web : www.krbakes.com 



K.R.BAKES 
Baked with love. Since 1969 

Date: 24/12/2021

TO WHOM IT MAY CONCERN 

This is to certify that Ms. OSHIN K DAISON, D/O DAISONKK, Reg: No- 

SB20NDO17 St. TERESA'S COLLEGE, ERNAKULAM has done her 

internship in KR Bakes PVT LTD Ernakulam, from 13/12/2021 to 

23/12/2021.

During the internship she demonstrated good design skills with a self- 
motivated attitude to learn new things. Her performance exceeded 

expectations and was able to complete the internship successfully on time. 

We wish her to all the best for her future endeavors. 

Warm regards, 

KR Bakes PVT LTD ErnakulamPALARIVATTOMCOCHIN-G82025

175A 
For K. R. BAKES PVT. LTD. 

Regional HR 

KR BAKES PVT. LTD. 

GRO 32/1175-A, CIVIL LANE ROAD, PALARIVATTOM, COCHIN-682 025. PH. OFF: 2205066, 2349674 
Since 1969

CIN:U15412TZ2000PTCO09294|E-mail: krbakescvtm@gmail.com | Web: www.krbakes.com



Guiders Mission Tours & Travels 
Approved by: Govt. of India Ministry of Overseas Indian Affairs 
Lic. No. B-2396/KER/PART/1o00+/6/93n8/2018 
61 /802- A 1, 2nd Floor, Susandhya., Old Thevara Road, Ravipuram, 
Cochin 682016. Kerala, India. 
gmttcochin@yahoo.com/ vdesk@gmttcochin.com www.gmttcochin.com 

JATA IAAI 
Phone 0484 2374292, 4028960 

Date: 25th April 2022 

The Head of the Department 

MTTM, ST. Teresa's College 

Ernakulum. 

Dear Madam, 

Sub: Certificate of Intermship 
This letter confirms that Ms.Parvathy Rajeev, D/o Mr. Rajeev. K.S, has undergone internship at our 

agency for a period of twenty days. She started the training on 05 Apr 2022 and completed it today, 

on 25 Apr 2022. 

During this period, she has gained good knowledge in Flight reservation (Using CRS Galileo), Passport 

online Application and the Documentation procedures to Schengen Member States. She has also 

learned about various steps involved in overseas recruitment process- from the very first step to 

contact the candidates over phone till the final process to get the work visa stamped on the passport 

and issuing one-way ticket (Electronic) to the destination airport. 

We have briefed about both in-bound and out-bound tour packages; how to prepare tour itineray; 

what are the different types of hotels; various types of rooms and the meal plan. 

Ms. Parvathy is a girl keeping high aptitude to learn more on these subjects. She can be a very 

prospective professional for this industry in future. 

Wish herall the bests... 

SSION RS MIS 

Ph:0434chn- 
T 
Jaipál Krishnan 

Managing Partner 
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CHAPTER 1 

INTRODUCTION 

 
Water is the foundation of human civilization. The absence of water will wipe out 

the whole life on earth. The existence and survival of all living things require water as life is 

dependent on water, hence for the smooth functioning of the ecosystem, water is inevitable[1]. 

The building material for cells, tissues, and organs which is 70% of the human 

body’s weight, also the most important constituent of blood and body fluid makes water an 

integral part of our existence. The balance of body fluids and body temperature is maintained 

by water and it also aids many biological processes and also has a major role in the production 

of lubricating fluids[1]. 

Freshwater which is fit for consumption is only 0.014 % of all water present on 

earth, of which 36 % of freshwater of 14,000 km3 is used by humans. In such a scenario, water 

fit for consumption is to be made available, to meet the needs of the whole world’s population. 

Uneven geographic distribution and unequal condition results in scarcity of fresh water in some 

parts of the world. The exponential increase in human population and quick urbanization along 

with followed industrialization had escalated the water scarcity issue[1]. 

Human-induced water scarcity along with the prevailing scarcity has become a 

major concern[1]. The pollution that is caused by water has not only affected the humans but 

also all living beings too. Water runoff, untreated after agricultural and domestic activities and 

industrial disposal result in the contamination of water bodies and that which are connected to 
[1]. 

There are several type of pollutants viz. heavy metals, pathogens, dyers and 

surfactants, and radioactive substances that contribute to water pollution and makes it unfit for 

consumption. Consumption of this water is hazardous to living organisms [1]. 
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  Fig 1.1: Contamination of water bodies by industrial effluents[2] 

1.1 HEAVY METALS  

1.1.1 Pollution and Effects 

A metal or a metalloid that has an atomic density higher than 4000 Kg/m3, is a 

heavy metal [1]. They have relatively high density and have toxic nature even at lower 

concentrations Their atomic density can vary from 4g/cm3 and it’s five times or more or even 

greater than water [3] within the permissible limits, heavy metals such as Fe, Zn, Ni, and Mo 

has growth enhancing ability in plants. Heavy metals viz. As, Hg, Pb, and Cd are not required 

for plant/ animal health, moreover its consumption beyond a safe limit has hazardous 

consequences on health [1]. Chromium is a carcinogen and is harmful even when it’s of lower 

concentration and is a threat to living beings [4]. Heavy metals are non-biodegradable in nature 

and hence elimination is difficult [1]. Hence, they reach every living organism through the food 

chain and bioaccumulate over a period of time [3]. 

1.1.2 Sources  

Heavy metal concentration increases in the environment through both natural and 

anthropogenic activities [3]. 

The natural occurrence of heavy metals in water depends on the plant’s geology, 

geochemical characteristics, and hydrology. Weathering and sedimentary rocks viz dolomite, 

sandstone, and limestone pollute the water by the release of heavy metals. Igneous rock 

interaction with water also contributes to heavy metals resulting in water pollution. The 
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dissolutions of minerals/ore of heavy metals also result in water pollution. Other factors that 

contribute to pollution are volcanic eruptions, vegetation, and forest fires [5]. 

Chemicals based on pharmaceuticals, fertilizers, paints, and pesticides produce 

wastewater rich in heavy metals. The manufacturing process includes electroplating, battery 

recycling, metal smelting, and other industrial causes that results in the release of heavy metals 

into the environment. Automobiles and other industries release combustion exhaust that 

contains lead (Pb), arsenic (As), chromium (Cr), and Mercury (Hg) in the soil. This reaches the 

water bodies and the surface runoff water contaminates the groundwater too [1].  In such a 

scenario, an increase in such activities will enhance the pollution to a great extent. Moreover, 

the concentration of the water distribution system also contributes to heavy metals in the water 

bodies [1]. 

1.1.3 Effect of Heavy Metal consumption on human health 

Inhalation, oral intake, and chemical exposure are the three main ways by which 

heavy metals reach the human body. Through oral consumption of heavy metal contaminated 

water, they find their way to get inside the human body. Consumption of heavy metals within 

a permissible limit causes no harm but results in various health issues if otherwise. It doesn’t 

mean that any one or few heavy metals beyond the limit value cause no harm, one or more 

heavy metals beyond the permissible limit is a threat to health. Chronic intake of heavy metals 

results in high risks of getting cancer, liver and kidney problems, heart disease, lung problems, 

bladder and gastrointestinal problems, etc. It even changes the blood composition and results 

in damage to internal organs. Heavy metal consumption also causes harm to cognitive 

development and the growth of the central nervous system, along with abnormal bone and brain 

development. Heavy metals have the capability of accumulating in lipids and result in fatal 

problems. An increase in the risk of stillbirth and congenital disabilities is seen in pregnant 

women due to the intake of heavy metals [1] The following fig shows some heavy metals, their 

source, their permissible value, and their impacts on human health is shown. 
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Fig 1.2: Contamination sources, guideline value, and effects on health of heavy metals[1] 
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The International Agency of Research on cancer declares chromium as the most 

powerful carcinogenic agent that can even modify the DNA transcription process which results 

in major chromosomal aberrations, chromium in water also causes serious environmental 

problems [6]. 

1.2 WHY CHROMIUM? 

Environmental pollution caused by chromium is a major issue in recent years [7]. 

Among all regulated toxic elements present in the environment, chromium stands out as they 

exist in two different oxidation states, [8] i.e., as a trivalent cation Cr (III) and as an anion in the 

hexavalent state Cr(VI) [7]. Also, they are regulated in different ways based on their toxicities. 

Other heavy metals viz Pd, Cd, and As are regulated based on their concentration not as per 

the oxidation state [8]. 

Cr (III) has a positive role in the functioning of living beings. They ensure the 

correct glucose metabolism in animals and undergo complexation with several substances 

present in the environment very easily. In contrast to this, Cr (VI) compounds are highly toxic 

and their intake caused many health issues. Pneumonia and asthma are caused as a result of 

inhalation. Skin contact with Cr (VI) causes allergies and dermatoses. The International 

Agency for Research on Cancer (IARC) has classified Cr (VI) compounds in the Bz group 

which implies that they are carcinogenic and mutagenic in humans. Cr (VI) is 1000 times more 

toxic than Cr (III) [9] and the United States Environmental Protection Agency (USEPA) 

classifies hazardous waste as of it consist of chromium ( 40 CFR 261.4) but excludes those 

from this if the leachable chromium is not chromium (40 CFR 261.94) [8]. 

The reduction of Cr (VI) to Cr (III) results in the formation of free radicals. This 

property along with its strong oxidizing properties roots for the toxic nature of Cr (VI). As Cr 

(VI) compound shows high mobility, and solubility along with its bioavailability, their toxicity 

is to be considered a major issue, hence it has to be amplified. Cr (VI) can easily penetrate into 

the cell membrane. Once they are inside the cells, they react with the enzymes that are 

responsible for phosphate and sulfate metabolism. The normal functioning of nucleic acid viz 

DNA and RNA are also disturbed by chromium. This results in cell anomalies [9]. 

 

 

 



6 
 

1.2.1 Environment levels and Human Exposure 

i) Water 

The average Cr(VI) concentration in drinking water samples in the USA was 0.2-

2g/L and that of the rainwater was in the range of 0.2-1g/L. The seawater has an average 

concentration of 0.04-0.5g/L. The total chromium concentration in groundwater is less than 

1g/L. But, the concentration of chromium in surface water was found to be 8g/L which 

indicates the influence of industrial activity on water pollution [10]. 

ii) Air 

Chromium concentration of air in remote areas is 0.005-2.6ng/m3 while ambient 

air showed very little concentration of chromium which is less than 300 ng/m3. Chromium 

concentration in urban areas was above 10 ng/m3. Tobacco smoke also contributes to a 

concentration of chromium in indoor air [10]. 

iii) Food 

Food is the main source of chromium exposure. It is found to contain a total 

chromium concentration of less than 0.0005-1.3g/g. Meat, seafood, cereal products, tea, 

cheese, and some fruits and vegetables show a high concentration of chromium i.e., greater 

than 0.1g/g. Drinks with beverage content viz beer, wine, and spirits have a much higher 

concentration of chromium viz 450, 300, and 135g/L respectively [10]. 

1.2.2 Guideline Values 

Guideline value is a proposal based on current analytical methods. It is based on 

current treatment technologies, measures done by various analytical methods, and toxicological 

values. The main intention of guideline value is to protect from both carcinogenic Cr (VI) and 

non-carcinogenic Cr (III) [10]. 

The guideline value for total chromium in drinking water is 50g/L. This level is 

assumed to be a safer level from health risks [10]. 

1.3  REMOVAL OF HEAVY METAL FROM WATER 

Several methods of wastewater management techniques that include physical, 

chemical, and biological procedures are employed to make contaminated water into water that 

is fit for consumption. This includes adsorption, electrochemical treatments, ion-exchange 

mechanism flotation, reverse osmosis, membrane filtration, evaporation, oxidation 
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precipitation, and biosorption. Out of these some may be efficient enough to remove pathogens 

but may fail to remove heavy metals and vice versa [1]. 

1. Ion exchange mechanism 

 In the Ion exchange mechanism, the exchange of ions between the substrate and 

the surrounding medium takes place. As this method is reversible, it is possible to reverse the 

exchanging material several times. Ion exchange resins are polymer matrices that are non-

magnetic and insoluble in most of the aqueous and organic solvents, that are used for this 

process. These are manufactured in spherical, stress and strain-free conditions such that they 

are resistant to physical degradation. The ion exchange resins have a cross-linked polymer 

matrix and the functional group gets attached to them through covalent bonding. There are two 

types of resins mainly cation exchange resins and anion exchange resins, that have cations and 

anions as counter ions [11]. So, the negative ion from the polymer is replaced by the positive 

charged heavy metal ions. The ion exchange resins are classified according to the type of 

functional group and exchange ions. They are: 

1) Strong acidic resins containing sulphonic acid groups and 

2) Weak acidic resins that contain carboxylic acid groups[11]. 

Strong acidic resins dissociate over a vast pH and attain maximum sorption, 

whereas weak acidic resins attain a maximum sorption capacity at a pH greater than 7. Another 

class of resins is amphoteric resins which can exchange either cations or anions as per the pH 

of the surrounding medium. The separation of ions is dependent on the minute differences in 

affinity of the ions and the result of this process is the separation of metal ions from solution. 

The efficiency of this process depends on the nature and characteristics of the resins [11]. 

2. Floatation    

 In the process of Ion floatation, surface active agents are used to turn the metallic 

ions present in the wastewater hydrophobic, and these hydrophobic species are removed by 

introducing air bubbles onto the medium. A typical surfactant molecule will have a polar ionic 

head that attaches to a metal ion and the nonpolar hydrocarbon chain which is hydrophobic 

gets exposed to the solution. The metal ion surfactant assembly float to the surface on the 

introduction of air bubbles onto the floatation cell. This occurs due to the interaction between 

the hydrocarbon chain and air bubbles. The complex that floats on the surface is removed as a 

froth, and thus the heavy metal removal is achieved. Therefore, the surfactant molecules are 

called collectors. For the floatation process to be effective, the size of the air bubble that is to 
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be introduced in the floatation cell should be in the range of a few 100 µm to provide the 

required surface area for collection. The size of the bubbles is controlled by the source 

detergents called frothers, that in turn reduce the air to water interfacial tension[12]. 

A large metal ion to water ratio in the froth phase implies a successful heavy metal 

removal, which means that the floatation process is evaluated not by just considering the metal 

content in the froth, but by considering the relative recoveries of metal ions and water from the 

floatation cell [12]. 

3. Reverse osmosis 

The process of reverse osmosis forces a solution using pressure to push the solvent 

through a membrane and the solute remains on one slide of the membrane. By applying a 

pressure in excess of osmotic pressure, the solvent is forced to move from a region of lower 

concentration to a higher concentration through a membrane. This process is the exact opposite 

of the normal osmosis process, where the solvent moves to a higher concentration region from 

a lower concentration region in the absence of external pressure. This process makes use of a 

semi-permeable membrane that only allows solvents, not the solutes to pass through it [13]. 

4. Bio sorption 

This process involves a biological technique for the removal of pollutants present 

in the wastewater. There, microorganisms are used, that settle down the solids in the solution. 

Activated sludge is the most common technique that uses microorganisms for the treatment 

process. They break down the organic material and this is followed by agitation. Then it is 

allowed to settle down[14]. 

As the name implies, biosorption includes adsorption and precipitation reactants. 

The ions from the solution phase are converted into a solid phase by a group of processes and 

are called sorption[14]. 

 Biological treatments are economical, environment friendly, and efficient for 

wastewater treatment [14]. 

5. Electrochemical treatments 

                  The different electrochemical method includes: 

1. Electrochemical reduction 

2. Electrofloatation 
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3. Electrooxidation 

4. Electrocoagulation[15]. 

Oxidation occurs at the anode and reduction occurs at the cathode in an 

electrochemical system. The electrons travel from anode to cathode. Simultaneous oxidation 

and reduction take place and this is meant by redox reaction, whose result is the purification of 

water and by the elimination of heavy metal ions[15]. 

The removal efficiency of specific metal ions depends on the type of method and 

the anode and cathode materials chosen[15]. 

1. Electrodeposition 

The surface of the cathode is the site for the deposition of targeted atoms or 

molecules. Carbon-based or sulfur mixtures under acidic conditions of various ratios are best 

for heavy metal removal from wastewater. Reactor design and operating conditions are the 

other factors that improve the efficiency of wastewater treatments. One of the major drawbacks 

of this method is the energy consumption required for this process[15]. 

2. Electro floatation 

In this technique, insoluble electrodes are used for the electrolysis of water, 

followed by the floatation method to aid the treatment process. The electrodes are insoluble, 

non-corrosive, and highly catalytic with the anions in the electrolyte. The oxygen evolution is 

a barrier to heavy metal removal[15]. 

3. Electrooxidation 

This technique has two approaches, direct and indirect. The direct method is simple 

whereas indirect oxidation depends upon the ion concentration but does not depend on current 

intensity. A polymeric layer is formed on the anode surface when electron exchange takes place 

between the anode and pollutants. As a result, the oxides of constraints will be there in the 

solution[15]. 

4. Electrocoagulation 

 In this method, usually steel or Al electrodes are used due to their non-toxic nature. 

The cations of the anodic metal are dissolved and this is followed by hydroxo complex 

formation. The phase separation of the aggregate is then carried out[15]. 

The drawback of this method is the largescale application using low, energy 

consumption [15]. 
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6. Adsorption 

 Recent studies in the field of heavy metal removal focus on a technique that make 

use of naturally occurring and synthetic adsorbents. The advantages and disadvantages of each 

technique to remove metal ions can be understood through this[16]. 

Removal of the adsorbents has been a major concern over time. Adsorption is 

considered the most suitable technique for water management because of its effectiveness and 

economical nature [16]. Adsorption ensures less expensive, efficient removal of heavy metals 

and simple treatment procedures. Another feature of the adsorption method is the regulation of 

the adsorbed metal ions [15] just by adjusting pH, which aids to obtain the adsorbents back after 

adsorption, and hence it can be recycled several times [16]. 

 

6.1 Mechanism 

 Adsorption by definition is a process of mass transfer that involves the 

accumulation of substances at the interface of two phases and this can be liquid-liquid, gas-

liquid, gas-solid, or liquid-solid [17]. The substance that gets adsorbed to the adsorbent is termed 

an adsorbate [18] and the material that adsorbs that substance is adsorbent [17]. Depending on 

these constituents in both adsorbents and adsorbates, their properties vary. The removal of any 

kind of pollutants from wastewater is based on the type of constituents of the adsorbent [17]. 

There are two ways by which the adsorption of molecules takes place on the surface 

of the adsorbent. They are physisorption and chemisorption [18].  If a physical nature is seen in 

the interaction between the solid surface of the adsorbent and adsorbed molecule, then this 

process is termed physisorption. In such a case Van der Wall’s forces are responsible for the 

interaction, which means they are reversible. A temperature close to the critical temperature of 

the adsorbate is required. For chemisorption, the interaction between the adsorbent and the 

adsorbate is due to chemical bonding clearly, the attractive forces will be high and hence it can 

be hardly removed. Physisorption and chemisorption can occur simultaneously under suitable 

conditions [17]. 

The adsorption process is affected by the following factors: 

1. Surface area 

2. Nature and initial concentration of adsorbate 

3. Solution pH 
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4. Temperature 

5. Interfacing substances 

6. Nature and dose of adsorbent[17]. 

 

Adsorption is a surface phenomenon. So, the area available for adsorption out of 

the total surface area has a huge influence on how much adsorption will occur. Moreover, the 

more porous the adsorbents are, the greater will be the adsorption process attained per unit 

weight of the solid adsorbent. The pores of the adsorbent molecular surface will be of molecular 

dimensions and hence so will the surface area [17]. There will be more sites for the adsorption 

to occur. Another major factor that influenced the extent of adsorption is pH. This is because 

the surface charge distribution can be altered by bringing a change in pH [17]. 

Adsorption processes are exothermic hence a great extent of the adsorption process 

is seen at lower temperatures [17]. 

 
6.2 Adsorbents: Various Types 
 

i. Carbon-based adsorbents 
 

Activated carbons, carbon nanotubes of graphene which are carbon-based 

nanoporous adsorbents, are used extensively in heavy metal removal techniques due to their 

large surface area. The heavy metal uptake by the surface functional groups is enhanced by the 

carbon surface charges. There are several modification methods to enhance the specific surface 

area, pore structure, and adsorption capacity, but somehow these properties are related to the 

nature of adsorbent materials. Surface modification techniques that are employed these days 

demand high temperature, pressure, strong acid-base conditions, and intensive oxidation-

reduction reactions. These conditions result in the cost of carbon base adsorbents as the 

preparation technique is complex. So, a more cost-effective, environment-friendly technique is 

much awaited [15]. 

 

ii. Chitosan based adsorbents 
 

Chitosan is a natural adsorptive polymer that has amino (-NH2) and hydroxyl (-

OH) groups and shows a greater affinity towards pollutants. But the regeneration is not 

sufficient because of its low mechanical strength and poor stability. Moreover, they are less 

porous which implies less surface area highly crystalline, and show resistance to mass transfer. 
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Therefore, they require structural and chemical modifications. A remarkable increase in the 

adsorption capacity by grafting, a method that involves covalent bonding of functional groups 
[15]. 

iii. Mineral Adosrbants 
 

Zeolites, silica, and clay are considered better adsorbents for water purification in 

an economical way. Clay shows extraordinary cation exchange selectively. Moreover, washing 

and thermal treatment enlarge the pore size, pore volume, and specific surface area thereby 

enhancing the adsorption efficiency. Though natural mineral adsorbents are less expensive 

after a few cycles, a decrease in their removal efficiency is observed. Difficult modification 

methods will enhance the cost, in addition to that few chemicals are also released as byproducts 
[15]. 

iv. Biosorbents 
 

The presence of various functional groups like carboxyl, amino, hydroxyl, etc. on 

the surface of adsorbents enhances the process of biosorption. Unlike others, the surface of bio 

sorbents and pollutant interactions can be aggregation, ion exchange, electrostatic interaction, 

and reduction /oxidation. The surface charge density of the biosorbent and the ionization of 

functional groups at the surface is affected by pH. Cations show more stability at lower pH 

levels and are prone to bonding at bio sorbent surfaces, but on higher pH levels, there are higher 

pH levels, and there are higher chances for precipitation[15]. 

Biosorbant materials offer more vacant sites which enhance the adsorption. But at 

higher temperatures, the removal efficiency reduces [15]. 

 

v. Magnetic Adsorbents  
 
Magnetic adsorbents are a class of adsorbent materials with Fe3O4 as its chief 

content. The adsorption process involving magnetic adsorbents can be influenced or controlled 

by an external magnetic field, thus by ensuring retrieval of the adsorbents and their reusability. 

Low cost, simple synthesis procedure, and abundant surface charge makes magnetic adsorbent 

an attractive class to be chosen as effective adsorbents [15]. 

Spinel ferrite nanoparticles have been a major attraction because of their cost-

effective and efficient nature [19]. Separation of the adsorbents after the waste treatment process 

is a major concern. But here in the case of spinel ferrite nanoparticles application of an external 
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magnetic field will retrieve the spent adsorbents because of the magnetic nature of spinel 

ferrites. Magnetic separation is far superior to conventional filtration and centrifugation 

processes. The spinel ferrite nanoparticle adsorbents mediated adsorption process can be 

considered as an improvised version of the adsorption mechanism [19]. 

Moreover, the adsorption process can be done by tuning the pH of the environment 

which enabled the recyclability property of ferrites. Properties of spinel ferrites depend on the 

synthesis technique, which can be done by several methods [20]. The co-precipitation technique 

ensures spinel ferrites nanoparticles of high purity with no aggregation and the magnetic 

property is assured [21]. 

Out of the investigated spinel metal ferrites, done by Nizam, Thanooja, et al. 

"Adsorption efficiency of sol–gel derived nano metal ferrites, MFe2O4 (M= Ni, Zn, Cu) on the 

removal of Cr (VI) ions from aqueous solution." Journal of Sol-Gel Science and 

Technology 101.3 (2022): 618-629. Zinc ferrites showed better performance in the adsorption 

of Cr (VI) ions [16]. 

 

1.4  FERRITES 

Ferrites are a class of magnetic oxides that contain iron oxides as their main 

constituent [22]. They are ceramic materials and exhibit ferrimagnetic behavior [23]. Magnetite 

(Fe3O4) was the first ever ferrimagnetic material known to man[22].. Ferrites are a unique group 

of compounds that comprises lanthanides and fast transition metals [24]. They are magnetic 

oxides that have insulating nature with high saturation magnetization, permeability, low eddy 

current, dielectric losses, and moderate permittivity. Ferrites have a great impact on 

technological aspects because of their electrical and magnetic properties [25]. The application 

of ferrites in the technical field is based on their saturation magnetization, curie temperature, 

and grain size [22]  high purity, chemical homogeneity, high density, and fine grain size are the 

important factors required for commercially important ferrites [22]. The basic properties of 

ferrites are based on the kind of metal atoms incorporated, their properties, and the geometric 

arrangement of its occupancy in the closely packed arrangement of oxygen atoms in the spiral 

structure [22]. 

Extensive studies are done on the iron-containing transition metal oxides phases 

because of their unique properties viz magnetic, magnetoresistive, magneto-optical, electrical 

thermal, and mechanical properties. These include radiation damage resistance, high electrical 

resistivity and thermal conductivity, moderate thermal expansion coefficients, and energy 



14 
 

transfer efficiency. These properties of ferrites make them suitable as an important component 

of the various device, and applications that include magnetic materials such as sensors, 

magneto-optic sensors, catalysis, etc. They are also suitable for biotechnological applications 

because of their noncytotoxic nature. 

Nanomaterial ferrites show different physical and chemical properties compared to 

their bulk counterparts because of their small size and large surface area. They are used in the 

field of magnetic storage, high-speed digital take, bioassay application, production of repulsive 

suspensions in levitated railway systems, biomolecules, ferrofluids, catalysis, and magnetic 

refrigeration system.  

The above-mentioned properties of ferrites highly depend on dopant composition, 

processing conditions [26] such as synthesis method [20] , initial reactants and ion portion, pH, 

and thermal treatments [27]. which tunes the crystallinity, crystal size and shape, crystal size 

distribution, and phase purity of the resulting powdered material [26]. Particle size and 

morphology greatly affect the material property [28]. 

The production of high purity ferrites in terms of morphology, stability, purity, and 

surface area is highly dependent on its synthesis method. Nanocrystals are synthesized by 

employing solution-based methods. Several methods are adopted for the synthesis of ferrite 

nanoparticles which have their own advantages and disadvantages. In the bottom-up approach, 

ions are combined together chemically to form tiny particles. Various synthesis techniques that 

come under bottom up are co-precipitation, hydrothermal, thermal decomposition, 

solvothermal, sol-gel, vapor deposition, micro emission, etc. In top down approach materials 

are brought down to tiny particles. Synthesis methods like ball milling and pulsed laser 

deposition come under top-down approach [29]. 

 

1.4.1  Classification of Ferrites 

Ferrites are classified on the basis of their magnetic properties and secondly by 
their structure. 

 

a) Classification Based on Magnetic Properties 

Ferrites are classified into soft and hard ferrites based on their magnetic coercivity 

and the resistance to getting demagnetized. Soft ferrites, after getting magnetized don’t retain 
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their magnetism, whereas hard ferrites can sustain their magnetism after being magnetized and 

are called permanent magnets [29]. 

1) Soft Ferrites 

Soft ferrites were first synthesized for commercial applications by Philips Research 

laboratories in the year 1945 though the research was started in the early 1930s. Soft ferrites 

are a class of ceramic electromagnetic materials which has a dark grey or black color and 

possess very hard and brittle properties. The name soft ferrites do not imply the physical 

properties of the material but represent its magnetic characteristics that do not retain significant 

magnetization. A class of ceramic and electromagnetic materials is generally coined by the 

term soft ferrites. Soft ferrites are inverse spinel and they belong to the cubic crystal. They have 

a homogeneous cubic spinel crystalline structure consisting of iron oxide and divalent metal 

oxides. Mn-Zn (MnZn Fe2O4) and Ni-Zn (NiZnFe2O4) are the most important soft ferrites. The 

interactions between the metallic ions that are present in particular positions relative to the 

oxygen ions in the spinel crystalline structure generate magnetic domains, as per the magnetic 

domain theory, and this results in the magnetic properties of the ferrites. The magnetic domains 

are microscopically magnetized within the material. In the absence of a magnetizing force, the 

magnetic domains will be randomly aligned which results in the zero net flux contribution 

through local domains are fully magnetized. In the presence of a magnetizing force, there will 

be a large net flux contribution. Soft ferrites are semiconductor materials. The inherent high 

resistivity of ferrites results in low eddy current losses over wide frequency ranges. High 

magnetic permeability and stability over a wide temperature range make them better than any 

other electromagnetic materials. Therefore, for inductor cases, transformed loses, soft ferrites 

are more suitable than other magnetic materials as these are to be operated at high frequencies 
[29]. 

2) Hard Ferrites 

A strong magnetization remains even after removing the applied magnetic field in 

hard ferrites. Even if a demagnetizing field of a certain strength is applied, the residual 

magnetization will be stable. They are a large class of ceramic materials that varies from dark 

grey to black in color and are hard and brittle. Magnetite is an example of naturally occurring 

weak hard ferrite. Hard ferrites will have a permanent magnetism therefore they have a major 

rule in the permanent magnetic market. They also have high chemical stability. They have a 

close packing structure with oxygen and metal ions with (Fe) Iron atoms occupying the 

interstitial positions [29]. 
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Hard ferrites have a larger coercive force when compared to other metallic 

magnetic materials, because of which very thin magnets can be manufactured by employing 

them. Hard magnets are classified into two as per the orientation, viz anisotropic or oriented 

and isotropic or non-oriented [29]. 

Barium ferrite (BaO6Fe2O3) and Strontium ferrite (SrO6Fe2O3) are the most 

important permanent magnetic materials used for many practical purposes [29]. 

b) Structural Classification of Ferrites 

Ferrites are classified into four as per their crystal structure, they are: 

1) Spinel ferrites 

 2) Garnet ferrites 

3) Hexa ferrites 

 4) Ortho ferrites [29]. 

1) Spinel Ferrites 

Spinel ferrites are a class of naturally occurring ferrites that crystallize as the cubic 

system [29] and have a general formula AB2O4, where A is a divalent cation A2+ and B is a 

trivalent cation B3+ [30]. Spinel ferrites are iron-containing transition metal oxide [26] so the 

structural formula of which can be written as AFe2O4 where A can be Fe, Ni, Zn, Co, Mn, Mg, 

Cu, Cd, or a combination of these [30]. A spinel ferrite unit cell consists of 56 ions in 8 formula 

units i.e. 32 oxygen ions ( 8 formula units x 4 ions), 8 M2+ ions ( 8 formula units x 1 ions), and 

16 Fe3+ ions ( 8 formula units x 2 ions). The charge on a unit cell as a whole is electrically 

neutral. There exist two types of crystallographic sites in the spinel structure as they are two 

different valence cations, the tetrahedral and the octahedral sites. The tetrahedral ‘A’ site is 

surrounded by 4 oxygen ions, called the network formers and the octahedral ‘B’ site is 

surrounded by 6 oxygen ions called the network modifiers. A spinel unit cell comprises 8 A 

sites and 16 B sites. Such a structure of spinel ferrites is the reason for its unique 

electromagnetic properties [30]. 
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   Fig 1.3(a): Spinel Ferrites [30]. 

Spinel ferrites are classified according to the distribution of cations on tetrahedral 

‘A’ sites and octahedral ‘B’ sites. They are: 

i) Normal Spinel ferrites 

ii) Inverse Spinel ferrites 

iii) Intermediate Spinel ferrites [30]. 

i) Normal Ferrite 

Spinel ferrites have 8 A sites that contain 8 divalent metal cations (M2+) and there 

are 16 B sites where all the 16 trivalent ferric (Fe3+) ions occupy. This can be represented by 

the formula (M2+)A[Me2
3+]BO4

2-. The up and down arrow shows the spin directions of the A 

and B sites respectively. Eg ZnFe2O4, CdFe2O4 [30]. 

  

  Fig 1.3(b): Normal spinel ferrite [30]. 
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ii) Inverse Spinels 

Spinel ferrites have 16 B sites of which 8 of them are occupied by 8 divalent metal 

cations. The remaining 8 B sites and the 8 A sites are occupied by the trivalent Ferric (Fe3+) 

ion. This can be represented by the formula (Fe3+)A[M2+Me3+]BO4
2-. The up and down 

arrow shows the spins of sites A and B sites respectively. Here, as the ferric ions are seen in 

both A and B sites they act as both network formers and network modifiers. Eg of an inverse 

ferrite is Fe3O4 [30]. 

 

Fig 1.3 (c): Inverse spinel ferrite [30]. 

iii) Intermediate Spinel ferrites 

The ionic distribution in intermediate spinel ferrites lies between normal and 

inverse and it is called intermediate or random or mixed spinel ferrite [31]. This distribution can 

be represented by the formula: 

 (M
2+ Me3+

1-)A[M2+
1-Me3+

1+]BO4 

where =1 for normal spinel ferrite, =0 for complete inverse spinel ferrite[31]. 

the  ranges between 1 and 0 for the intermediate spinel ferrites. =1/3 for a complete 

random spinel ferrite. As the name implies, a mixed ferrite will consist of an unequal number 

of cations on octahedral sites. Eg for this type of ferrites are MgFe2O4 and MnFe2O4 [31]. 

M represents divalent ions and Me represents trivalent ions. The parenthesis is generally 

used to represent tetrahedral and octahedral sites are represented in the square brackets [31]. 
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Fig1.3 (d): Intermediate Spinel Ferrite [32]. 

 

2) Garnet Ferrites 

Garnet ferrites consist of trivalent rare earth elements of large magnetic moments, 

they crystallize in the dodecahedral structure to the mineral garnet. The general formula of 

garnet ferrite can be written as Me3Fe5O12. The specialty of garnet ferrites is that all the metal 

ions in the structure are trivalent [29]. They have a total of 8 formula units and 3 sub lattices. 

Fe3+ ions occupy octahedral and tetrahedral sites in the ratio of 2:3 and the trivalent metal ions 

occupy diode octahedral sites [33]. Garnet ferrites are highly suitable due to the full occupancy 

of sites by cations [29]. Eg of a garnet ferrite is Y3Fe5O12 which shows ferrimagnetic behavior 
[33]. 

   

Fig1.4: Garnet Ferrite [34]. 
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3) Hexagonal Ferrites 

Hexagonal ferrites also known as hexaferrite, have tremendous growth nowadays. 

They are now inevitable materials in the field of commerce and technology because of their 

multitude of uses and applications. They are used as permanent magnets, magnetic recovering, 

and data storage, and also used as components in various electrical devices [35]. 

Hexagonal ferrites have a highly complex structure. The general formula can be 

written as MeF12O19 where Me can be Ba, Sr or Pb. They are further classified as M, W, T,, Z 

and U ferrites [35]. 

   

   Fig 1.5: Hexagonal ferrites [36]. 

4) Ortho Ferrites 

Ortho ferrites are also cubic ferrites with a slightly distorted and perovskite 

structure. The term perovskite is defined as the atomic arrangement of oxides in the RMO3 

structure. Materials that have cubic symmetry and a complicated molecular arrangement will 

have this structure. Orthoferrites are widely used as bubble memory structures [29]. 
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   Fig 1.6: Ortho ferrites [37]. 

 

1.4.2 Spinel Ferrites as Adsorbents 

The introduction of magnetic nanoparticles as a solution for environmental issues 

has become a breakthrough. Spinel ferrites have been used as a new class of adsorbent material 

for cleaning drinking water and wastewater management. Ferrites are an excellent class of 

pollutant removal through magnetic-assisted chemical separation. High surface area, adjustable 

morphology, ease of functionalization, and the superparamagnetic nature aids for its attractive 

efficiency in the removal of several pollutants in both batch or continuous system without 

generating secondary wastes thus by ensuring high economic as well as environmental 

potency[38]. 

Magnetite is the chief component of ferrites due to its high saturate magnetization. 

The ferrite Fe3O4 oxidizes into iron oxide as per the environment conditions and this affects its 

magnetic properties thus by influencing the efficiency of the chemical separation[38]. 

Ferrite-based nanoparticles with a general formula MFe2O4, M= Mg, Mn, Co, Ni, 

Zn, have an appreciable performance. They have higher chemical resistance and strong 

magnetic features when compared to magnetite [38]. The type of cation and their distribution on 

the sites in the crystal structure can be tuned because of which they show astonishing properties 
[39]. 

The magnetic nature of the spinel ferrite nanoparticles i.e. the superparamagnetic 

behavior at their nanometer size aids in the ability to remove them from a solution on the 

application of an external magnetic field [19]. 

Spinel ferrites are economical and they are also environmentally friendly because 

of which studies in this particular area are so vast. Spinel ferrites can be made with spinel 
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ferrites with tuneable size and shape, large surface-to-volume ratio, and appreciable magnetic 

property resulting in them being a long-lasting and efficient adsorbent material [40]. 

Zinc ferrite is a normal spinel structure with Zn2+ occupies tetrahedral sites and  

Fe3+ in the octahedral sites [41]. Bulk zinc ferrite with this structure, the tetrahedral sites are 

occupied with Zn2+ ions without magnetic moment and hence it is anti-ferromagnetic. The 

magnetic properties of nanocrystalline zinc ferrites can be influenced by the crystallite size and 

synthesis method. The reduction of iron and zinc cations in the octahedral and tetrahedral sites 

tunes its magnetic nature and tunes into ferrimagnetic [21]. 

Zinc substitution on ferrites has a crucial role in tuning the magnetic properties of 

a nanoscale system [40]. Zinc ferrites have a variety of wide applications because of their anti-

ferromagnetic and superparamagnetic behavior. ZnFe2O4 has a high specific capacity 

calculated theoretically when compared to Fe3O4 hence it is much apt for higher energy density 

applications [27]. 

Zinc ferrites ie in the spotlight in vast research because of the preference of the zinc 

ion to occupy the tetrahedral site in the spinel structure. This results in a simpler magnetic 

system for study. Such a structure is preferred to understand the location of cations, the 

magnitude of atomic movements, their orientation and interaction [42]. 

There are a number of methods for the synthesis of Zinc ferrite nanoparticles. They 

are co-precipitation, radio frequency sputtering, sol-gel, and hydrothermal synthesis [42]. By 

employing the co-precipitation method, ultra-fine ferrite particle formation is ensured [43]. The 

parameters viz the initial reactants, their composition, pH, temperature conditions, and the 

synthesis procedure will influence crystallinity, morphology, and magnetism [27]. 

Zinc ferrite nanoparticles show excellent electrical, optical, and magnetic 

properties as per their size, shape, and composition. These properties make ZnFe2O4 stand out 

from other spinel nanoparticles [44]. Zinc ferrite nanoparticles have a unique thermal and 

chemical stability and lower toxicity when compared to other ferrites [45]. 

Nizam, Thanooja et al [16] studied the removal of Cr (VI) ions from an aqueous 

solution by employing sol-gel derived Ni, Zn, and Cu ferrites and showed that ZnFe2O4 was 

the most efficient metal ferrite among others. This enhanced adsorption capacity promised by 

zinc ferrite is influenced by the content of zinc in it and also by its site occupation in the crystal 

structure [46]. 
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Various synthesis procedures are employed for the synthesis of nanomaterials and 

this includes both physical and chemical methods [47], still, the stability of such synthesized 

nanoparticles and the chemicals that are used in the synthesis procedure will be toxic which 

are used for metal reduction and for particle stabilization. As a result, the chemically 

synthesized nanoparticles will have functional groups which are much active and they may 

cause harm to biological systems because of their toxic nature[48]. The physical method requires 

conditions of high temperature pressure and other external forces for breaking down the 

material to the nano range. So, the toxic by-products that are produced as a result of employing 

these conventional methods are a threat to the environment and its beings. Moreover, the 

chemical solvents that are employed in the synthesis procedure make the extraction of the 

nanoparticles difficult. These problems are an obstruction in the field of using it for medical 

applications [49]. 

Biosynthesis is of great attraction in the research field as its non-toxic, cost-

effective, and environmentally friendly. Moreover, Biosynthesised nanoparticles have 

primarily physiochemical characteristics such as a large surface-to-volume ratio, better optical 

properties, and stable, surface functionalization [50]. Bio route of synthesis method offers an 

economical, environment-friendly procedure that does not require high temperature and 

pressure conditions without the use of toxic chemicals. Nanoparticles synthesized in such a 

manner will be biocompatible because of the use of bio residues which are usually plant 

extracts. These nanoparticles show less toxicity because of their natural origin and can be 

exposed to either body or bodily fluids. Properties such as less toxicity, bioavailability, and 

appreciable magnetic nature make them capable to get included in biomedical applications. As 

the surface of biologically synthesized nanomaterials is coated with non-toxic biomolecules, 

they will be biocompatible, and this coating also ensures stability, and thus metallic 

nanoparticles are not that easily oxidized in the presence of water and oxygen and this attributes 

to their capability to include it in biological applications. The surface hydroxyl groups present 

in the biomolecules act as the capping agents and form coating on the magnetic nanoparticles 
[45]. This also enhances the solubility and stability of the nanoparticles under a wide range of 

conditions [50]. 

The Green route makes use of any plant part, fungi, algae, bacteria, or the whole 

plant itself as the source of biomolecules [50]. A major advantage of green synthesis includes 

its simplicity in the procedure, high yield, low toxicity, low cost, and control over size by 

controlling the parameters viz pH and temperature. As the biomolecules act as the stabilizers, 
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there is no need of using additional stabilizers to prevent aggregation [47]. The chemical, 

physical and optical properties influence the morphological structure of nanoparticles [51]. 

The bio method of synthesis technique of nanomaterials employs a bottom-up 

approach involving the redox process of metal ions and stabilizing process in which the size 

regulation is done and the nanoparticles agglomerate. The three important steps for 

biosynthesis are: [52] 

i)The selection of reaction medium solvent 

ii) A correct eco-friendly reducing agent 

 iii) A non-toxic stabilizing agent as a capping  agent[52]. 

The plant mediate mediated synthesis can be either intercellular. As the name 

suggests, the intercellular synthesis occurs inside the plant whereas the latter occurs invitro, of 

which extracellular plant-mediated synthesis is better than the intra-cellular plant-mediated 

synthesis [53]. 

1.5 NANOMATERIALS IN WASTEWATER TREATMENT 

The growing demand for water and the scarcity of its source seeks attraction for 

researchers to find an ultimate solution for developing a sustainable water treatment method 

that results in obtaining safe and clean drinking water 

Adsorption of various pollutants through nanoparticles ensures economic and 

environmental benefits will be beneficial. Ideal adsorption systems are which can remove even 

slowly biodegradable or nonbio debiodegradable synthetic compounds. The presence of 

biomolecules on the surface of the nanoparticle enhances the number of adsorption sights 

thereby escalating the efficiency of the removal of pollutants[54]. 

1.6  PROJECT OUTLINE 

Waste water management is a serious issue of all time. All industrial process 

including agricultural, tanning, planting, and metal processing results in polluting the water 

due to an increase in the concentration of heavy metals. Here in the present work, adsorption 

is chosen for the removal studies of Zinc ferrite nanoparticles 

Chemically synthesized nanomaterials have proved their efficiency in heavy metal 

removal and this is evident from the literature review. Nizam, Thanooja et al have studied the 

adsorption studies of Chromium (Sol-gel derivative) Metal ferrites MFe2O4 (M= Ni, Cu, Zn) 
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and optimized the parameters that affect the adsorption process. It was found that zinc ferrites 

were the most efficient among the others. 

The present work is an attempt to investigate how the synthesis method plays a role 

in the adsorptive property of ZnFe2O4 nanoparticles. In this regard, a comparative study of the 

adsorptive property of both chemical and bio-synthesized ZnFe2O4 is conducted. For this, the 

optimized values of the previous study [16] are taken as the reference.  The experimental details 

and the results are discussed in the following chapters. 

1.7 LITERATURE REVIEW 

S. Hafez Ghoran et al synthesized ZnFe2O4 nanoparticles using hydroethanolic 

extract of Citrus aurantium flowers. The biomolecules present in the plant extract act as the 

stabilizing agent for the synthesized nanoparticles and offered better morphology and reduced 

crystallite size. Pure ZnFe2O4 nanoparticles with a non-toxic coating were achieved. [45] 

M. I. Din et al synthesized ZnFe2O4 nanoparticles using aqueous extract of Piper 

nigrum seeds. Ultra-pure ZnFe2O4 sample with a size range 60-80nm was obtained. The 

photocatalytic reduction of as-synthesized ZnFe2O4 nanoparticles towards methylene blue was 

studied. The factors responsible for the degradation phenomenon were also studied. [55] 

L. W. Yeary et al studied the microbial synthesis of ZnFe2O4 nanoparticles using 

the metal-reducing bacterium Thermoanaerobacter. The crystallite size, lattice parameters, and 

magnetic properties of the synthesized sample were studied and verified with previously 

reported literature. [42] 

V. A. Fabiani et al synthesized ZnFe2O4 nanoparticles using Antidesma bunius L 

fruit extract with Zn to Fe precursor ratio 1:2 via co-precipitation method and studied the 

characteristics by varying the calcination temperature. The formation of pure spinel ZnFe2O4 

nanoparticles was confirmed by employing characterization techniques.[56] 

Mohana Sriramulu et al synthesized ZnFe2O4 nanoparticles using Aegle marmelos 

leaves extract. The structural and morphological characteristics of the as-synthesized 

nanoparticles were studied. The applicability of the synthesized nano ferrites towards 

antibacterial activity and drug delivery was examined.[44] 

Manish Kumar et al reviewed recent studies in the last two decades in the area of 

health hazards caused due to the consumption of heavy metals through water and their removal 
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using magnetic nano ferrites and their derivatives. They also discuss the sources and effects of 

heavy metals in the environment.[1] 

Nizam Thanooja et al synthesized nano metal ferrites MFe2O4, (M = Ni, Zn, Cu) 

via sol-gel method and studied comparative adsorption efficiency on the removal of Cr6+ ions 

from the prepared synthetic wastewater. The factors affecting the adsorption process such as 

pH, temperature, contact time, adsorbate concentration, and adsorbent dosage were studied 

from batch adsorption studies. They reported that ZnFe2O4 showed the highest adsorption 

efficiency. [16] 

G.A.V. Magalhaes-Ghiotto ˜ et al. reported a review of research trends on green 

nanoparticles in water treatment. They also studied their applications, environmental aspects, 

and large-scale production. The use of nanoparticles in water treatment and commonly 

occurring problems are discussed in the review. [54] 

A. Kaur et al. synthesized  Iron hydroxide, Fe(OH)3, from aqueous extract of 

Acacia catechu leaves. Fe(OH)3 was annealed and highly crystalline α-Fe2O3 nanoparticles 

were formed. The crystallite size, porosity, size and shape of the prepared samples were 

investigated. The adsorptive removal of Cr6+ ions by varying pH, adsorbent dosage and initial 

ion concentration were studied. They reported that the presence of surface hydroxyl groups has 

a major role in the adsorptive properties of the ferrite samples[57]. 

H. Muthukumar et al synthesized AgFeO2 nanoparticles using Amaranthus blitum 

leaves extract. They compared the properties of biologically synthesized AgFeO2 and 

chemically synthesized AgFeO2 nanoparticles. They conclude that biosynthesis offers 

nanoparticles with reduced size, better morphology, less toxicity, and better surface area[58]. 
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CHAPTER 2 

 

EXPERIMENTAL TECHNIQUES 

 

2.1  SYNTHESIS METHOD: CO-PRECIPITATION METHOD 
 

Co-precipitation is an economically feasible method for the synthesis of spinel 

ferrites at low temperatures and also often without calcination at higher temperatures[1][2]. It is 

a simple and cost-effective technique making use of which the size and size distribution can be 

controlled by regulating the relative rates of nucleation and growth process during the synthesis 

procedure[3]. 

Co-precipitation is defined as the metal adsorption on the surface of the precipitate 

or the incorporation of the metal ions on the surface of the precipitate. The precipitation process 

is followed by the removal of the precipitate by centrifugation and filtration[4]. 

The three principal mechanisms involved in a co-precipitation process are surface 

adsorption, where the ions in the solution are attracted by the surface charge on the precipitate; 

inclusion, where the analyte is incorporated in the crystal structures of the precipitate 

isomorphically or non isomorphically; occlusion in which, before getting dispersed, the 

precipitate traps the ions[4]. 

When direct precipitation cannot obtain metallic species because of its lower 

concentration in the sample solution, co-precipitation is used and this is the apt method for the 

preparation of ultrafine spinel ferrite nanoparticles. For ensuring nanoparticles of high 

crystallinity, homogeneity, and fine textual properties, co-precipitation is employed with a 

constant pH[5]. The solid precursors are a homogenous mixture of cations that can be solid or 

a mixture of cations that can be solid or a mixture of multiple salts. The nuclei formed during 

the process grow uniformly to form a homogenous nanocrystalline powder. The prepared 

insoluble sample solution which is a mixture of cations is heated for decomposition and 

transformation to the required metal oxides[6]. 

As Co-precipitation promises the production of homogenous particles, it is often 

used as an ideal method for the synthesis of nano ferrites on a bulk scale. Ultrafine metal 

substituted ferrite nanoparticles are assured by employing this method[7]. Co-precipitation is an 
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attractive synthesis technique as it assures homogeneity, contamination-free, and provision to 

control the particle size of the synthesized spinel ferrite nanoparticle[1]. 

 

2.1.1 SYNTHESIS PROCEDURE 

i) Materials 

 Ferric Nitrate Fe(NO3)3 9H2O (98%), Zinc Nitrate Hexa hydrate Zn(NO3)3 6H2O (96%), and 

Ammonium Hydroxide (25%) were obtained from Nice Chemicals Pvt Ltd. All chemicals were used 

without further purification. Ultrapure water was obtained from the Bransted E-Pure deionization 

system. 

i) Methods 

The preparation of Zinc Ferrite nanoparticles was done by adopting the co-precipitation 

method. The extract of Zingiber officinale was used in the process. 

ii) Preparation of Plant Extracts 

 The plant part was collected and dissolved in a known amount of distilled water and 

magnetically stirred at 60ºC. The acquired color filtrate was stored in an airtight glass bottle 

and was kept in the refrigerator. 

iii) Preparation of Zinc Ferrite Nanoparticles 

 Zinc-doped magnetic nanoparticles were prepared by employing the co-precipitation 

method using an aqueous extract of Zingiber officinale. Zinc Nitrate Hexahydrate Zn(NO3)3 

6H2O and Ferric Nitrate Fe(NO3)3 9H2O were taken in the ratio of 1:2. The precursor solution 

was mixed together. This mixture and the plant extract were added dropwise simultaneously to 

a beaker with distilled water. This process was followed by making the pH environment of the 

solution basic. The solution was magnetically stirred for 6 hours and kept overnight for it to 

settle down. The sample solution is then centrifuged with distilled water several times till the 

pH becomes neutral and then it is filtered using Whatmann filter paper. The contents in the 

filter paper are collected on a petri dish and dried at 80ºC and then powdered using agate mortar 

and pestle. The Zingiber officinale mediated synthesized sample was named “C”. The XRD 

pattern of sample C was noted before calcination. The sample was calcined at 100ºC, 200ºC, 

300ºC, and 400ºC, and XRD were taken for each set to optimize the calcination temperature. 
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 The synthesized samples were studied by undergoing characterization techniques viz 

X-Ray Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR).  

 

2.2  PREPARATION OF SYNTHETIC WASTEWATER 

 Stoichiometric amounts of Potassium Dichromate (K2Cr2O7) were weighed and 

dissolved in distilled water to obtain the stock solutions of desired concentrations of Cr6+.  

 One part per million is defined as one part of the solute per one million parts solvent or 

10-6. The measurement of the relative abundance of a solute that is dissolved in water implies 

that 1 ppm is the amount of solute in mg dissolved in 1Kg of water and as the density of water 

is 1Kg/L, it is equivalent to the solute weighed in mg dissolved in 1L of water. 

 The Formula weight of K2Cr2O7  = 294.185 

 Atomic Weight of Chromium = 51.9961 

 There are two atoms in one formula unit of K2Cr2O7 

 i.e., there are (2 x 51.9961)g = 103.9922g of Cr(VI) present in 294.185g of K2Cr2O7. 

 Amount of K2Cr2O7 that contain 1g of Cr = 
1 𝑋 294.185

2 𝑋 51.9961
 = 2.8289g 

 A 1000ppm Cr(VI) solution is obtained by dissolving 2.8289g of  K2Cr2O7 in 1L of 

water. 

 For convenience, we can also prepare a 1000 ppm solution by taking 0.28289g of 

K2Cr2O7 in 100mL of water. 

 Stock solutions of lower concentrations can be obtained by applying the dilution 

formula: 

 C1V1 = C2V2 

 Where C1 = initial concentration 

            C2 = final concentration 

            V1 = initial volume 

            V2= final volume 
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i) Preparation of 100ppm Cr(VI) solution from 1000ppm Cr(VI) solution 

C1   = 1000 ppm 

C2 = 100 ppm 

V2= 200 mL 

V1 = 
C1 𝑉2

𝐶1
 = 

200  x 100 

1000
 = 20mL 

So by making up 20mL of 1000ppm Cr (VI) solution to 200mL, we get 100 ppm Cr (VI) 

solution. 

ii) Preparation of 25 ppm Cr(VI) solution from 100 ppm Cr(VI) solution 

C1   = 100 ppm 

 C2  =  25 ppm 

 V2  =   200 mL 

V1 = 
C1 𝑉2

𝐶1
 = 

25  x 100 

100
 = 50mL 

50mL of 100 ppm Cr(VI) solution is made up to 200 mL, and 25 ppm Cr(VI) solution is 

obtained. 

iii) Preparation of 10ppm Cr(VI) solution from 25 ppm Cr(VI) solution 

C1   = 25 ppm 

C2  =  10 ppm 

  V2  =   50 mL 

V1 = 
C1 𝑉2

𝐶1
 = 

10  x 50

25
 = 20mL 

20mL of 100 ppm Cr(VI) solution is made up to 50 mL, and 10 ppm Cr(VI) solution is obtained.  

2.3  ADSORPTION STUDIES 

Adsorption studies of synthesized ZnFe2O4 were done in reference to [8]. The 

concentration of Cr(VI) ions was found out using ICP MS.  
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2.4  CHARACTERIZATION TECHNIQUES 

 The world of nanoscale materials is a constant bustle of activity as they absorb, emit, 

break and make bonds. The small size of nanoparticles makes them difficult to catch them[9]. 

There are inherent difficulties in a proper analysis of nanoparticles compared to their bulk 

counterparts because of their small size and small-scale laboratory production[10]. To study 

these tiny structures, specialized instruments are the only chance.  

The invention of a number of high-resolution microscopic techniques in the 

mid1980s led to the advancement of nanotechnology to a larger extent. The synthesis methods 

of nanoparticles through the bottom-up approach where the structures are formed by 

assembling atoms and molecules got improvised after this[9]. 

The role of characterization techniques is generally to build a link between the 

structure, shape, and chemical composition of nanomaterials by processing their diverse 

properties[11]. The increased reactivity at the molecular level is observed in nanoparticles due 

to their large surface-to-volume ratio. Nanoscale materials show vast diversity in their 

chemical, electronic, optical, and mechanical properties and by making use of these, extensive 

studies about them can be made[10]. 

The important facts to be considered about characterization methods for 

nanoparticles depend on the type of information which is to be attained by making use of this 

technique. One or more techniques are employed to acquire the required information of each 

nanomaterial. 

Characterization methods are characterized by analytical and imaging techniques 

in which the former involves spectroscopy and the latter involves microscopy[11]. The primary 

step of characterization procedures is to reveal crystal structure and chemical composition. 

The size and shape of the nanoparticles are the other important parameters that are studied 

through characterization techniques. The size distribution, degree of aggregation, surface 

charge, surface area, and surface density are the other parameters measured. 

The synthesized nanomaterials are subjected to several characterization methods. 

An evaluation of nanomaterials is done by microscopy, optical microscopy, light scattering, 

surface scattering, X-ray scattering, Magnetic resonance, Mass spectrometry, and Thermal 

techniques. The characterization of synthesized nanomaterials is done based on their 

morphology, surface charge, and size. Several microscopic techniques are employed to study 
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morphology and it includes Scanning Electron Microscopy (SEM), Field Emission Scanning 

Electron Microscopy (FE-SEM), Transmission Electron Microscopy (TEM), High-

Resolution Transmission Microscopy (HR-TEM), Scanning Tunneling Microscopy (STM), 

Atomic Force Microscopy (AFM)[12]. 

2.4.1 X-RAY DIFFRACTION 

X-Ray Diffraction is the primary tool for the phase identification of materials. It is 

a non-destructive technique that gives us information about the lattice structure of a 

crystalline structure viz unit cell dimensions, bond angles, chemical composition, and the 

crystallographic structure of the synthesized nanomaterial. This technique is widely used for 

material identification. The synthesized material is examined by employing this method to 

check whether it is crystalline or amorphous in nature[9]. X-ray diffraction technique is often 

used for qualitative analysis though it is quantitative in nature and it extends to all crystalline 

solids viz ceramics, insulators, metals, polymers, organics, powders, thin films, etc. By 

introducing a variation in the infrastructure, an X-ray diffractometer can be used for a single 

crystal or powder. The molecular structure can be studied by using a single crystal 

diffractometer and the analysis of phases is done by using a powder diffractometer, which 

reveals further molecular information[13]. 

Theory 

X-rays come in the region between ultraviolet light and gamma rays in the 

electromagnetic spectrum with the wavelength in the order of 1Å. X-rays are produced by 

decelerating charged particles using metals which are termed Bremsstrauhlung radiation[13]. 

Electrons that are ejected by thermionic emission from a filament in a vacuum tube 

are collimated and accelerated by an electric potential of 20-45 KV. This electron beam is then 

directed towards a metallic anode, which results in electron energy loss and this is manifested 

as X rays. A small fraction of about 1% of the ejected electron beam gets converted as X rays, 

whereas the majority energy percentage is dissipated as heat in the metal anode. X-rays produce 

two kinds of radiation, one is the continuous spectrum comprising a range of wavelengths. This 

is because the electron that loose energy in a series of collisions with the atoms of the target 

anode. The nuclear charges in the target anode deflect the radiation emitted by the incident 

electrons and the continuous spectrum is a result of this[14]. The second type is the characteristic 

spectrum which is produced as a result of a specific electronic transition that takes place within 
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the individual atoms of the anode. For eg, the characteristic line Kᾁ, X-ray is produced when 

an electron from the L shell occupies the hole in the K shell and Kβ is produced when an 

electron from the M shell occupies the hole in the K shell[12].   

A monochromatic beam of a single X-ray wavelength is required and for this, the 

lines are to be filtered out before undergoing an X-ray spectra study. For this, a crystal 

monochromator is included in the modern X-ray diffractometer, with a known lattice spacing 

oriented in such a way that only Kβ radiation doesn’t go unaffected and diffracts only Kᾁ 

radiation[12]. As X rays are electromagnetic rays, they exhibit diffraction and interference. As 

their wavelengths are in the order of angstroms, ordinary devices like gratings cannot give 

observable effects. Laue, a German Physicist in 1912 suggested that a crystal consists of a 

three-dimensional array of regularly spaced atoms that act as grating which differs from the 

normal grating with the fact that diffracting centers in the crystal are not in one plane, ie., they 

act more like a space grating than a plane grating. On passing the X-rays, a diffraction pattern 

will be observed and it will be comprised of a central spot which is as a result of the reflection 

of some of the incident X-rays from different sets of parallel planes in the crystal which consists 

of a large number of atoms[15]. This is shown in the figure: 

 

Fig 2.1 (a): Reflection of X Rays from parallel crystal planes[16] 

a) Bragg’s law for diffraction  

W.L. Bragg, formulated Bragg’s law for crystalline materials that relates the 

wavelength of the X rays to the interatomic spacing which is given as: 

 Nƛ = 2dsinθ 

Where, 
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Θ is the angle between the diffracted wave and the atomic planes 

ƛ is the wavelength of the X-ray beam 

d is the interplanar distance 

N is the order of the reflection/path difference between waves scattered by adjacent 

planes of atoms. 

 Bragg’s condition is to be satisfied for the constructive interference to occur ie.., the 

path difference, which is a whole wavelength (ƛ) or its multiple, the two rays continuously 

interfere and produces a bright spot. 

As monochromatic X-rays fall on crystal each atom will act as a site for scattering 

radiations. In a crystal, there will be few planes that are rich with atoms. The scattered X-rays 

from these planes are manifested as reflections of these planes. These reflected rays from a set 

of planes will be in phase with each other, producing maximum intensity. For all angles other 

than this, the reflections from different planes will be out phase and destructively interfere 

producing either zero or less intensity[15]. Each crystalline material has its own line spectrum. 

The position and intensity of the line spectrum are used to detect the material. The crystalline 

phases of the synthesized material can be identified by comparing the XRD data with the 

fundamental data in Joint Committee on Powder Diffraction Standards (JCPDS)[9]. 

b) Estimation of crystallite size 

The diffraction peaks are usually broadened and this is due to inhomogeneous 

strains and this changes from crystals to crystals. This is in proportion with sinθ. The finite size 

of the crystal is another reason for peak broadening. Here it is independent of sinθ. The 

crystallite size to peak width can be calculated by the analysis of peak shapes. 

The crystallite size D can be calculated from the peak width using Debye-

Scherrer’s formula, provided there is no in homogenous strain. 

 D = 
𝐾ƛ

𝛽𝑐𝑜𝑠𝜃
 

 Where, 

 K is the Scherrer constant 

 ƛ is the wavelength of X rays 
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 β is the Full-Width Half Maximum (FWHM) of the diffraction peak 

 θ is the diffraction angle[12] 

Instrumentation  

The arrangement of an X-ray diffractometer consists of three elements viz X-ray 

tube, sample holder, and X-ray detector. The monochromatic X-ray beam from the X-ray tube 

is allowed to fall onto the crystalline material, which is fixed in the sample holder. The 

diffraction angle θ can be varied by rotating the X-ray tube and the detector. A spectrum of 

diffraction intensity versus the angle between the incident and diffracted beam is recorded by 

changing the incident angle of the X-Ray beam continuously.  The diffracted X-rays are 

detected by the X-ray detector. A receiving slit is included in the X-ray detector and it is 

mounted in front of the counter on the counter tube arm and a scatter slit is also included behind 

it, which ensures that the counter receives radiation only from the region of the sample, 

illuminated by the incident beam[16]. The sample is scanned for arranging of 2θ angles that give 

all possible diffraction directions of the lattice. An instrument called the goniometer maintains 

the angle and rotates the sample[18]. Goniometer which serves as the platform holds and moves 

the sample, optics, detector, sample holder, Receiving-side optics which gives the condition to 

the X-Ray beam after it has encountered the sample, Detector that counts the number of X-

Rays scattered by the sample. For a particular angle θ, Bragg’s law will be satisfied and the 

incident radiation produces constructive interferences.  
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   Fig2.1 (b): Basic components of X-Ray Diffractometers[19] 

The d spacing is unique to every element or compound hence it can be considered 

the fingerprint of materials. From the XRD data, the d spacing can be found by examining the 

diffraction peaks and is compared with the standard reference pattern so that the synthesized 

sample can be identified[17].  

2.4.2 FOURIER TRANSFORM INFRARED SPECTROSCOPY 

Fourier Transform Infrared Spectroscopy is a non-destructive technique that 

requires no external calibration and gives precise measurements [20]. All component frequencies 

can be varied simultaneously. Infrared spectroscopy is used as an important tool for the 

identification of the sample and elucidation of its structure. In Infrared spectroscopy, the 

sample is irradiated with IR radiation. A part of this is absorbed by the sample and the rest of 

it is transmitted. The resulting spectrum is due to the molecular absorption and transmission 

and can be attributed to the molecular fingerprint of the sample ie no two distinct and unique 

molecular structures can produce the same Infrared spectrum[21].  

Fourier Transform Infrared Spectroscopy is a characterization technique that is 

based on the measurement of the absorption of electromagnetic radiation lying within the 

middle infrared region. All molecules except monoatomic and homopolar diatomic absorb IR 

radiation whose frequencies affect the dipole moment of the molecule. The dipole moment 
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arises in a molecule due to the difference of charges in the electronic fields of its atoms. A 

homopolar diatomic molecule does not possess a dipole moment as its electronic fields are 

equal. Also, in the case of monoatomic atoms, there is no dipole moment associated with them 

as they have only one atom. Therefore, they do not absorb IR radiation. Molecules with a dipole 

moment can only interact with Infrared photons and this paves the way for the molecules to get 

excited to higher vibrational states. The position of bands that relates to the strength and nature 

of bands and the presence of functional groups is obtained from the recorded spectrum. Infrared 

spectroscopy allows the determination of components or groups of atoms that absorb in the 

Infrared region at specific frequencies from which the molecular structures can be revealed. 

The constituents in the sample under study vibrate with a frequency that lies in the Infrared 

region. The oscillations induced by certain vibrational modes provide a means for the matter 

to couple with radiation and to exchange energy with it when the frequencies are in 

resonance[12]. 

Theory 

In  Frequency Domain Spectroscopy, the radiant power G (ω) is recorded as a 

function of frequency ω whereas, in Time Domain Spectroscopy, the changes in radiant power 

f(t) are recorded as a function of time t. Fourier Transform Infrared Spectroscopy employs this 

idea where a time domain plot is converted into a frequency domain spectrum. The Fourier 

transform of the function f(t) is defined as: [22] 

 G(ω) = 
1

√2𝜋
∫ 𝑓(𝑡)𝑒𝑖ωt𝑑𝑡

+∞

−∞
 

 And the inverse relation: 

 F(x) = 
1

√2𝜋
∫ 𝐺(ω)𝑒−𝑖ωx𝑑ω

+∞

−∞
 

 They form the Fourier Transform Pairs. 

To explain this, consider the superposition of two sine waves, of the same 

amplitude with a slight difference in frequencies. The Fourier transform of the individual sine 

waves and the superimposed wave gives the frequency in the time domain. In this way, 

complicated time domain spectra could be transformed into frequency domain spectra. High-

speed computers are employed for this purpose[22]. 
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Instrumentation 

  

   Fig 2.2 (a): Michealson’s Interferometer[20] 

The basic components of Fourier Transform Infrared Spectrometer consist of a 

source, a beam splitter, plane mirrors, and a detector. The source which is used is the usual 

glower which is operated at very high temperatures. The Michealson Interferometer consists 

of a source S, a beam splitter B and two plain mirrors M1 and M2 mounted perpendicular to 

each other in which the mirror M1 is moveable. The purpose of the beam splitter is to split the 

beam into two, of equal intensities, and irradiate 50% of the radiation to M1 and the other 50% 

to M2. The two beams get reflected back to the beam splitter and recombine with 50% going 

to the source and the other 50% going to the sample. For a monochromatic source, if the path 

lengths differ by an integral number including zero of wavelengths, constructive interference 

occurs and if the path lengths differ by a half odd integral number of wavelengths, destructive 

interference occurs. The mirror M2 is moveable as it is moved towards or away from B, the 

sample and detector will see an alteration in intensity. If two different monochromatic 

frequencies are used, a more complicated interference pattern would follow as M2 is moved. 

The two originals with appropriate intensities are obtained from the Fourier Transform of the 

resultant signal. As an extension of this, when white light is employed, an extremely 

complicated interference pattern is transformed back to the original frequency distribution. As 
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the recombined beam is directed through a sample, the sample absorption will be shown as 

gaps in the frequency distribution whose transformation gives a normal absorption spectrum. 

The signal from the detector is fed to a multichannel computer as mirror M2 is moved. The 

computer does the Fourier Transform of the stored data and it is plotted[22]. 

    

    Fig 2.2(b): Schematic diagram of FTIR[20] 

Preparation of the sample for FTIR 

For a solid sample, the sample powder is ground with KBr and this is made into a 

pellet and introduced onto the FTIR instrument. KBr is used as a carrier for the sample as it is 

optically transparent for the light in the IR range. KBr has a 100% transmittance in the (4000-

400)cm-1 range of wavenumber. The sample under study clearly will not have this 100% 

transmittance and this helps us to take the absorption behavior of our sample under study.  

2.4.3 SCANNING ELECTRON MICROSCOPY 

Scanning Electron Microscopy is one of the resourceful techniques which is used 

for studying microstructure morphology and for chemical composition characterizations. The 

discovery of the new principle that the electrons get deflected in the presence of a magnetic 

field outscored light microscopy. The replacement of high-energy electrons over the light 

source has brought a new down to scientific research through electron microscopy [23]. The 

surface topography, crystalline structure, chemical composition, and electrical behavior of the 

material can be analyzed by the SEM technique. Despite the surface roughness, SEM ensures 

a large depth focus on the specimen [24]. The resolution of the SEM ranges in nanometers and 
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the magnification can go in the range from 10 to 300,000. The chemical composition at the 

surface of the sample can be known from the scanning electron micrographs in addition to 

topological information [9]. The specimen whose micrographs are to be taken is attached to a 

sample holder called the “Stub” and a very short preparation time is needed. Therefore, a 

nondestructive evaluation of the specimen is assured by SEM[24]. 

Theory 

1) Electron-Sample Interaction 

An image is formed from SEM by obtaining the signals that arise from the electron 

beam-specimen interaction. The interactions can be either elastic or inelastic. The specimen 

nucleus or outer shell electrons with similar energy to that of the incident electrons deflect them 

which attributes to a negligible energy loss during the collision and there is a wide-angle 

directional change of the scattered electron resulting in elastic scattering. Backscattered 

electrons are the electrons that underwent elastic scattering through an obtuse angle and are 

widely used for imaging the sample. Various interactions that take place between specimen 

atoms and the incident electrons result in a primary electron beam that transfers substantial 

energy to the atom and this attributes to the inelastic scattering. The amount of energy loss 

matters as to whether the excitation of electrons was done singly or collectively and also on the 

binding energy of the electron to the atom. The secondary electrons arise from the excitation 

of the specimen electrons by the ionization of the specimen atoms and they possess energies 

less than 50eV which is also used for imaging and analyzing the sample. Characteristic X-rays, 

Auger electrons, and cathodoluminescence are the other means by which the imaging is done 

by the resulting signals[23]. 
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Fig 2.3 (a): Signals generated by the interaction of specimen-electron beam in the Scanning 

Electron Microscope[23]. 

Whenever the incident electron beam strikes the specimen surface, most of the time 

the energetic electrons penetrate onto the sample for some distance instead of just bouncing off 

before they collide with the specimen atom. This results in the formation of the primary electron 

beam. This is called the region of excitation where several signals are produced. The electron 

beam energy and the electron density influence the size and shape of this region. When the 

accelerating voltage reaches a certain point, for a low atomic number specimen the shape of 

the interaction volume will be teardrop, and for a specimen with a higher atomic number, the 

shape of the interaction volume will be a hemisphere. The depth and volume of the penetration 

are directly proportional to the beam energy and inversely related to the atomic number. This 

is because as the number of electrons is high they act as a barrier to the penetration. On applying 

high accelerating voltage, the penetration length will be deep resulting in a large primary 

excitation region which results in the loss of surface resolution and the surface of the spheres 

will look smooth[23]. 

i) Secondary Electrons 

They are the most widely used signal for imaging. Secondary electrons are 

produced when the primary electron beam strikes the sample surface and ionizes the atoms of 

the specimen. This causes the loosely bound electrons to get emitted called the secondary 

electrons. Due to its low energy in the range of 3-5 eV, they can only escape only a few 
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nanometers distance from the proximity of the sample surface. This aids us to get the 

topographic information of the sample with a good resolution.  Therefore, an image produced 

in such a manner will depend on the number of secondary electrons that reach the detector. The 

secondary electrons whose way towards the detector is when obstructed result in casting 

shadows resulting in a darker region compared to other regions that had unobstructed electron 

path to the detector. Therefore, we can say that the imaging also depends on the position of the 

detector[23]. 

ii) Backscattered electrons 

The topological and compositional information of the sample is revealed from the 

signal generated from the backscattered electrons. A backscattered electron will have an energy 

greater than 50 eV that escapes from the sample surface after undergoing a single or multiple 

scattering event. The backscattering signal is higher for elements with higher atomic numbers, 

i.e.., the backscattered yield is proportional to the atomic number. BSE gives the deep surface 

information[23]. 

iii) Characteristic X rays 

The interaction of the sample with the primary electron beam results in characteristic 

X rays and its analysis is used to understand the chemical information which is widely used in 

the microanalytical technique in SEM. When the primary electron ejects out an electron from 

the inner shell an electron from the outer shell replaces the inner shell electron resulting in the 

release of an X-ray photon, bringing the ionized atom back to the ground state. The 

Bremsstrahlung radiation will constitute a background noise and this is usually removed from 

the spectrum before analysis though it contains the information for quantification of the emitted 

spectrum[23]. 

iv) Auger Electrons 

The excess energy released when an electron from the outer shell recombines with 

the inner shell hole of an ionized atom is carried by an Auger electron. Auger electrons are 

emitted near the surface due to low energy and are therefore used for surface analysis[23]. 

v) Cathodoluminescence 

When the specimen undergoes collision with the primary electron beam and the 

vacancy thus created is filled by electrons and the resulting excess energy is released as 

infrared/Ultraviolet/visible range photons. These photons are detected and used for energy 

stabilization. They have an image resolution of about 50nm[23]. 
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vi) Transmitted Electrons 

Transmission electrons are made used to obtain images of the ultrathin specimen 

where the primary beam electrons can pass through it. Thus this method allows us to understand 

the ultrastructure of thin specimens. The elemental information and distribution can be 

understood by integrating the transmitted electrons with X-ray microanalysis[23]. 

vii) Specimen current 

The difference between the primary electron beam and the sum of the 

backscattered, secondary, and Auger electrons is defined as the Specimen current. The 

emission current that a specimen has is inversely proportional to the specimen current. In this 

technique, the sample is itself its detector[23]. 

ii)    Specimen Preparation 

Most of the nanomaterials including carbon nanotubes, nanowires can be directly 

observed just by loading on carbon tape, and therefore the sample preparation is so simple 

whereas, in the case of nonconducting materials such as bio-organic nanomaterials, a metal 

coating is to be given which makes the sample preparation much difficult[23]. 

 

Instrumentation 

 A conventional SEM has a column structure that consists of an electron gun on 

top of the column, Electromagnetic lenses, apertures for collimating the beam onto the 

specimen, a high vacuum environment for the electron to travel with no scattering with the air, 

a processing system to obtain real-time observation and image recording of the specimen 

surface[23]. 



49 
 

         

        Fig 2.3 (b): Schematic of SEM [23]. 

1) Electron Guns 

The electron gun produces an electron beam with a high current that is stable, small 

spot size, adjustable energy, and small energy dispersion are the requirements of an SEM 

system. Various types of electron guns are employed in an SEM and the electron beams that 

are produced by them differ in their quality. Electron guns are chosen by giving importance to 

emitter lifetime. Field emission guns are used in the modern SEM system which is of 3 types, 

Cold Field Emission source in which the electron source act at room temperature, the thermal 

Field Emission source which is operated at higher temperatures, and the Schottky emitters[23]. 

2) Electron Lenses 

Electron beams are controlled by a magnetic field which ensures a small deviation. 

Electromagnets which are made by coiling the wire are used for magnetic fields and a current 

is applied to these coils which control the path of the electrons. As its strength can be varied 

they are capable of magnifying and de-magnifying the beam diameter by which the focal length 

can be adjusted. SEM needs a narrow beam to scan the surface of the specimen[23]. 

i)  Condenser lenses 

Condenser lenses are mainly two rotationally symmetric iron pole pieces with a 

copper winding that produces magnetic fields. The electron beam passes through the hole given 
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at the centre of the pole pieces. The electron beam that diverges after passing through the anode 

plate from the emission source is converged and collimated by this setup. The two pole pieces 

are separated by a lens gap where the focusing of the electron beam is done by the magnetic 

field. The condenser lens current is tuned to adjust the focal point. A condenser aperture with 

an appropriate aperture size is chosen to expel inhomogenous and scattered electrons. By 

including a second condenser lens, additional control over the electron can be achieved[23]. 

ii) Objective lenses 

Further  demagnification is  given to the  electron  beam  that diverges  below  the 

converging aperture  and  is focused  on  a  probe  point at the  specimen  surface. The  image 

resolution is enhanced by reducing the electron diameter by choosing the appropriate lens and 

its aperture size[23]. 

3) Column Parameters 

The image quality is influenced by various parameters viz, aperture, working 

distance, electron beam energy, lens current, chromatic, and achromatic aberration of electron 

lenses[23] 

i) Aperture 

Apertures are used to lessen the spherical aberrations of the final lens and also to 

eliminate the scattered electrons. In an SEM system, two types of apertures are seen viz real 

aperture which is at the base of the final lens, and the virtual aperture which is placed a point 

above the final lens. The real aperture shapes the beam and adjusts its edge whereas the virtual 

aperture limits the electron beam[23]. 

ii) Stigmation 

The shape of the cross-section electron beam profile changes shape due to the 

defects in the lens, and contamination in the aperture or column. So an elliptical cross-section 

instead of a circular one is formed and this imperfection in the electromagnetic lens is called 

astigmatism which results in the stretching of the image in different directions at over focus 

and under focus conditions. To overcome this, a series of coils are given surrounding the 

electron beam called the stigmator to obtain a high-resolution image[23]. 

iii) Depth of the field 

Depth of the field is defined as the portion of the image that comes under the focus 

and this is dependent on how small the convergence angle of the electron beam is. When it 

comes to observing a specimen with wide topological variation, depth of field matters[23]. 
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4) Image formation 

As an electron beam falls on the surface of the specimen, a number of complex 

interactions take place as a result of which a number of signals are produced. All the types of 

electrons are collected and analyzed to decode the information regarding the specimen[23]. 

i) Secondary Electron detectors 

As secondary electrons are of low energy, they are capable of giving information 

about giving information regarding the surface topography and chemistry. The collection of 

such low-energy electrons will result in noise and using an electron multiplier is a solution. So 

these electrons are directed toward the cathode and secondary electrons are produced. These 

electrons are then directed to a secondary cathode for further signal multiplication. This process 

is repeated several times, and amplified in such a way that the image can be processed[23]. 

ii) Specimen magnification 

Magnification is defined as the ratio of the scanning length of the cathode ray 

tube image to its scanning line on the specimen[23]. 

5) Vacuum System 

The scattering on the electron beam and the contamination of the electron guns is 

avoided by an ultrahigh vacuum system therefore it’s an inevitable part of SEM. Several types 

of pumps are employed to get the desired vacuum environment. The mechanical pumps and a 

diffusion pump bring down the chamber from atmospheric pressure[23]. 

2.4.4 INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY 

Inductively Coupled Plasma Mass Spectrometry (ICPMS) is a highly sensitive 

mass spectroscopic technique that can determine at a concentration of below one part of 1ppm 

of several elements including metals and nonmetals. This analytical technique is used for the 

separation of ions and elemental determination. This method offers high speed, precision, and 

sensitivity than what is seen in Atomic Absorption Spectrometer[25]. 

The plasma source in which the energy is given by the electric currents generated 

by electromagnetic induction is termed the Inductive Coupled Plasma (ICP) which has two 

geometries viz planar and cylindrical. The electrode will have a spiral shape for planar ICP and 

will be helical for cylindrical ICP. ICPMS is widely used in several fields such as wastewater 

treatment, hydrogeology, soil science, metallurgy, mining, and food sciences[25]. 
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Detection Limit 

This is shown in the following table: [25]. 

Element Detection limit (ppt) 

U, Cs, Bi Less than 10 

Ag, Be, Cd, Rb, Sn, Sb, Au 10-50 

Ba, Pb, Se, Sr, Co, W, Mo, Mg 50-100 

Cr, Cu, Mn 100-200 

Zn, As, Ti 400-500 

Li, P 1-3 ppb 

Ca less than 20 ppb 

Table 1 (a): Detection limit of various elements 

Elemental Analysis 

Elements with atomic mass in the range of 7-250 can be analyzed using ICPMS. 

Atomic masses viz 40, 56, and 80 are excluded because of too much content of Argon[25]. 

Principle of Operation 

ICPMS are of several designs. The chief components of an ICPMS instrument are 

a nebulizer, spray chamber, plasma torch, interface, mass spectrometer, detector, and mass 

separation device. The sample in its liquid form is pumped into a nebulizer which converts it 

into its aerosol form along with the argon gas. About 1-2% of this form enters the spray 

chamber. The pray injector pushes this fine aerosol onto the plasma torch. The plasma torch 

ionizes the gas with the aid of an intense magnetic field. The photons are prohibited from 

reaching the detector to prevent signal noise. The ions produced in the plasma enter the 

interface region which is kept in a vacuum state from which they are directed to the mass 

spectrometer. The interface region guides the ion towards the mass separation device[25]. 

The interface consists of a sampler and a skimmer that are two metallic cones. The 

role of the interface region is very crucial in that it has to guide the ions from a region of 

atmospheric pressure to a region of a vacuum of 10-8 torr. A potential difference of hundred 

volts is produced due to the capacitive coupling of the RF coil and the plasma. This is avoided 

as this would result in an electric discharge between the plasma and the sampler cone which 

aids in the formation of interfering species that makes the optimization of ion optics 

unpredictable by influencing the kinetic energy of the ion species that enter the mass 

spectrometer. This is done by placing a grounding strap between the coil and the interface 
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region, including a shield that is grounded between the coil and the plasma torch, and by using 

a double interlaced coil[25]. 

A series of electromagnetic lenses called ion optics directs the ions extracted from 

the interface region to the main vacuum chamber where the vacuum is maintained by a turbo 

molecular pump. The mass separation device allows the analyte ions of a particular mass to 

charge ratio to enter the detector such that the rest of the non-analyte, interfering, and matrix 

ions get eliminated. This can either be a scanning or a simultaneous process depending upon 

the design of the mass spectrometer. The ions are then converted to an electric signal by the 

ion detector which is usually a dynode detector that mainly comprises a series of dynodes along 

the length of the detector. When the ions touch a dynode they are converted to electrons and 

these electrons get attracted to the next dynode, this happens till the last dynode and there will 

be a high electron stream after this. The data handling system process this data and converts it 

into analyte concentration as per the ICPMS calibration standards[25]. 

 

 Fig2.4 (a): Ion source and interface in ICP MS[26]. 

 

Sample Preparation 

The International Standard is the chief component which also acts as the diluent. It 

consists of Nitric/hydrochloric acid along with deionized water along with Indium or Gallium. 

5mL of this and 10-500microlitres of the sample are taken and vortexed for several times and 

then loaded into the autosampler tray. The viscous sample is to be digested before analysis[25]. 
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Instrumentation 

 

   

Fig 2.4 (b): Schematic diagram of ICP MS[27]. 

i) Sample Introduction 

The sample is introduced as a part of the first step in the procedure. Solids and 

liquid samples are acceptable for the ICPMS analysis. The liquid samples are introduced onto 

a nebulizer which converts them into an aerosol which is then allowed to enter a spray chamber 

where a drain removes the larger droplets. Solid samples are introduced via a laser ablation 

system where the sample is exposed to a laser and it creates a crest of the ablated sample and 

this can be swept into plasma[25]. 

ii) Sample Ionization 

After the desolvation of the sample in the nebulizer, it gets mixed with more argon 

gas as it enters the torch body. A coil setup is given to produce an argon plasma by transmitting 

radio frequency to the heated argon gas. Any solvent that remains if any is removed by this 

argon plasma[25]. 

iii) ICPMS Interface 

The interface that exists between the Inductively Coupled Plasma and the Mass 

Spectrometer has a major role in creating a vacuum for the Mass Spectrometer region. The 

ionization occurs at atmospheric pressure and by creating a vacuum space, ions are allowed to 

move freely without any collision with air molecules[25]. 
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iv) Plasma Torch 

A partially ionizing gas Argon is used for creating plasma and the sufficient energy 

for this is given by the electric current from the wires around the Argon gas. The plasma torch 

consists of three concentric tubes which are made of quartz. There is an induction coil supplied 

with a radio frequency (RF) current into which the end of the torch is placed. An electric spark 

is given to the argon air that passes between two tubes and this results in the release of electrons 

onto the gas stream which is then influenced by the RF magnetic field and gets accelerated[25]. 

v) Mass Spectrometer 

A pump extraction system which is included in the first stage of the Mass 

Spectrometer expels the ions from the plasma. The ion beam produced is focused on another 

unit. The isotopes are removed as per their charge to the mass ratio by employing various types 

of mass analyzers. An example of such an analyzer is the quadrupole analyzer which is compact 

but for ions with the same mass to charge ratio it gives a low resolution. A quadrupole filter is 

to use and it consists of four metal rods that are aligned parallelly, in a diamond pattern. An 

electrical potential of combined AC and DC is applied to the rods of opposite potentials. A 

single ion with a specific mass to charge ratio will be allowed a path by setting a single value 

of AC and DC. A combination of these potentials allows an array of ions with different m/z 

ratios for detection[25]. 

vi) Detector 

A channeltron multiplier is often used as the detector in ICPMS. It is a corn-shaped 

tube with high voltage supplied and has an opposite charge to the ions which is to be detected. 

This enables the interior cone to attract and collect the ions that leave the quadrupole filter. 

Secondary electrons are emitted when they strike the surface. This process repeats[25]. 

 

     

Fig 2.4 (c): ICP MS Instrument[28] 
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CHAPTER 3 

RESULTS AND DISCUSSIONS 
  

Zinc Ferrite (ZnFe2O4) nanoparticles were synthesized by adopting a bio approach 

with plant extract mediated procedure. Zingiber officinale was used as the stabilizing agent. 

The synthesized sample was structurally and optically characterized using X-Ray Diffraction, 

and Fourier Transform Infrared Spectroscopy respectively. The morphology of the sample was 

examined by Scanning Electron Microscopy. Batch adsorption studies were performed and the 

percentage removal of Cr (VI) was calculated from the results of Inductively Coupled Plasma 

Mass Spectroscopy. The details of the results of characterizations are discussed as follows. 

3.1 PHASE IDENTIFICATION: X-RAY DIFFRACTION (XRD) 

The crystal structure, as well as the purity of the synthesized ferrite sample, was 

studied by recording the X-ray diffraction pattern (X’pert3 Powder model). XRD pattern of as-

synthesized ZnFe2O4 was recorded. Fig 3.1(a) represents the X-ray diffraction patterns of 

ZnFe2O4 samples calcined at different temperatures. In the figure, C0 represents a sample 

without calcination. C1, C2, C3, and C4 represent samples calcined at 100°C, 200°C, 300°C, 

and 400°C for 1 hour respectively.  

From the figure, it is evident that C0 and C1 shows broad XRD patterns indicate 

their amorphous nature. The sample becomes crystalline from calcination temperature 200°C 

(C2) and the complete phase formation is was identified at 400°C (C4).  
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   Fig 3.1 (a): X-Ray Diffraction pattern of ZnFe2O4 nanoparticles calcined at 
different temperatures 
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 Fig 3.1 (b): X-Ray diffraction pattern of ZnFe2O4 nanoparticles calcined at 400ºC (C4) 

The XRD pattern of the sample was compared and indexed with standard JCPDS 

data (JCPDS entry: 01-089-1011). Fig 3.1(b) shows the XRD pattern of ZnFe2O4 calcined at 

400 º C (C4). The characteristic peaks of the sample is observed at 2θ= 35.27 º, 62.17 º, 56.65 

º, 29.89 º, 42.88 º, 53.12 º, 73.84 º, and 18.21°  representing their respective crystal planes 

(311), (440), (511), (220), (400), (422), (533), and (111). The sharpness of XRD peaks 

indicates the good crystalline nature of the synthesized nanoparticles which could enable the 

adsorptive properties of the sample. No traces of any impure phases are obtained which 

confirms the formation of ZnFe2O4 of single-phase cubic symmetry with spinel structure  

3.1.1 Estimation of average crystallite size 

The average crystalline size of the samples was calculated from the XRD pattern 

using the Debye-Scherrer formula:  

    D = 
𝐾ƛ

𝛽𝑐𝑜𝑠𝜃
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 Where K is the Scherrer constant. 

  ƛ is X-Ray Ray wavelength (Cu Kᾁ radiation with a wavelength of 0.154 nm) 

  θ is the Bragg Diffraction Angle  

  β is the Full-Width Half Maximum (FWHM) of the XRD peak appearing at the 

diffraction angle θ. 

This was done by two methods,  

i) Single peak fitting  

For the calculations FWHM of the maximum intensity peak observed at 

35.27º,(311) plane was used. The crystallite size was calculated using the Debye Scherrer 

equation. 

 D = 
𝐾ƛ

𝛽𝑐𝑜𝑠𝜃
 

Here, K = 0.89 

 ƛ = 0.154 nm 

 2θ = 35.23 

 𝛽 = 1.023 

 D = 
0.89 𝑥 0.154

1.023  𝑥 
𝜋

180 𝑥 
cos (

2 𝑥 35.23

2
 𝑥 

𝜋

180
)
 = 7.67 nm 

ii) Multiple peak fitting  

For the calculations, FWHM of peaks observed at 2θ = 35.27°, 62.17°, 56.65°, 

29.89° with (311), (440), (511), (220) planes respectively were used. The crystallite size 

was calculated using the Debye Scherrer equation. 

K = 0.89 

ƛ = 0.154 nm 

1) 2θ = 35.23 

β = 1.057 

D = 
0.89 𝑥 0.154

1.057  𝑥 
𝜋

180 𝑥 
cos (

2 𝑥 35.23

2
 𝑥 

𝜋

180
)
 = 7.42 nm 
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2) 2θ = 62.21 

β = 1.391 

D = 
0.89 𝑥 0.154

1.391  𝑥 
𝜋

180 𝑥 
cos (

2 𝑥 62.21

2
 𝑥 

𝜋

180
)
 = 5.64 nm 

 

3) 2θ = 56.64 

β = 1.435 

D = 
0.89 𝑥 0.154

1.435  𝑥 
𝜋

180 𝑥 
cos (

2 𝑥 56.64

2
 𝑥 

𝜋

180
)
 = 5.47 nm 

 

4) 2θ = 29.91 

β = 0.997 

D = 
0.89 𝑥 0.154

0.997  𝑥 
𝜋

180 𝑥 
cos (

2 𝑥 29.91

2
 𝑥 

𝜋

180
)
 = 7.87 nm 

 

The average of these four values are is given by: 

7.42 + 5.64 + 5.47 + 7.87

4
 = 6.6 nm 

            The average crystallite size of the sample found was about 7.67nm (Single peak 

fitting) and 6.6nm (Multiple peak fitting). 

3.1.2 Determination of lattice parameters 
 

For the cubic phase, the lattice parameters are related as:  

 

𝟏

𝒅𝟐 = 
𝒉𝟐+ 𝒌𝟐 + 𝒍𝟐

𝒂𝟐  

 

And Unit Cell Volume is given by: 

 

V = a3 

 

The calculated value of a is: 
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a = √𝑑2(ℎ2 + 𝑘2 + 𝑙2) 

 

 

where d is the interplanar distance (Å) 

 a is the lattice parameter (Å) 

 (hkl) is the miller indices 

Bragg’s law is given by: 

nƛ = 2dsinθ 

d = 
ƛ

2 sin θ
 = 

0.154

2 sin(
35.27

2
)
 = 2.54 Å 

 

The lattice parameter was calculated with the data: 

a = √2.542982(32 + 12 + 12) 

 

 = 8.4341 Å 

For a cubic system, a=b=c 

 

a=b=c=8.43 Å 

 

Unit Cell Volume: 

 

V= a3 

 

 = 8.43413 

 

 = 599.9516 Å3 

 

The calculated values are in good accordance with the reported JCPDS data. 

In comparison with the chemically synthesized sample, the current sample has got 

increased crystallinity. The average crystallite size of the current sample was observed to be 

less than 10 nm (Average: 7.135nm) which is very small compared to chemically derived 

ZnFe2O4 nanoparticles synthesized under same conditions by sol-gel method, which aids for 

an increase in surface to volume ratio which is a catalyst for adsorption properties of ZnFe2O4. 
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It is also noted that both chemically and biologically synthesized ZnFe2O4 samples have 

comparable unit cell characteristics. 

 
3.2 IDENTIFICATION OF FUNCTIONAL GROUPS: FOURIER 
TRANSFORM INFRARED SPECTROSCOPY (FTIR) 

 

The FTIR spectra analysis was acquired in a frequency range of 400-4000cm-1. 

Jasco Ft/IR-4600 model instrument was used for the analysis. The functional groups attached 

to the synthesized material were found by studying the absorption peaks.                                                    

                             

 

Fig 3.2: Fourier transform Infra-red pattern of ZnFe2O4 nanoparticles 

 

The broad peak in the range 3420 cm-1 affirms the presence of (O-H) bond of 

surface hydroxyl groups of biomolecules, A weak peak around 1643 cm-1 represents (C=O) 

stretching vibration and a peak in the range of 1041 cm-1 represents (C-O-C) groups that 

resulted from the plant extracts[1][2]. The strong (Fe-O) absorption bands around 569 cm-1 and 
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(Zn-O) band at 415 cm-1 confirm that the main phase of synthesized particles is ZnFe2O4 
[3]. 

The peak located at 2351cm-1 indicates C=C stretching vibrations. The peak at 693 cm-1 

indicates Metal-Oxide (Fe-O) bonds[4]. 

Comparing the FTIR pattern with that of Sol-gel synthesized ZnFe2O4 sample, 

presence of characteristic plant extract bonds is evident in biosynthesized sample which is 

absent in the former. 

 

3.3 MORPHOLOGICAL STUDIES: SCANNING ELECTRON 

MICROSCOPE 

 

The morphology of ZnFe2O4 nanoparticles were recorded using GeminiSEM 

300 model SEM instrument. A better morphology with less agglomeration is seen which can 

be due to the biomolecules present in the extract that act as the stabilizing agent[5]. The particle 

size was found to be 22.97nm. 

 

Fig 3.3 (a): SEM image of bio ZnFe2O4 nanoparticles 
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Fig 3.3 (b): SEM image of Sol-gel synthesized ZnFe2O4
([6].   

Fig 3.3 (a) and Fig 3.3 (b) represent the morphology of biologically and 

chemically synthesized ZnFe2O4 samples. In comparison, it is evident that the biologically 

synthesized ZnFe2O4 particles are distributed uniformly with less agglomeration. The particles 

of bio ZnFe2O4 possess a spherical morphology whereas ZnFe2O4 (chemical) particles are of 

irregular shapes and sizes. The spherical nature of ZnFe2O4 (bio) plays a major role in their 

adsorptive properties. Due to this, bio ZnFe2O4 will possess more active sites for adsorption. 

Biosynthesis offers better particle size, stability, and mono dispersity[5]. 

3.4 ADSORPTION STUDIES: ICP MS 

 Batch adsorption studies were carried out for the ZnFe2O4 sample. The 

optimized values of [6] dosage of adsorbate and adsorbent were taken for the current study. The 

optimized value of the parameters such as temperature, adsorbent dosage, initial ion 

concentration, and contact time was taken and the adsorption efficiency and percentage 

removal calculated were compared with the result which is previously reported [6]. The whole 

experiment was done at room temperature (301 K), neutral pH for a contact time of 45 minutes.  

20mL of 25 ppm Cr (VI) solution was taken as the working solution. After the 

contact time, the beaker was taken out and kept on top of a magnet for speedy settling. This 

was followed by filtration of the working solution whose Cr (VI) concentration was determined 

using ICP MS (model: Agilent 7800). 
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The percentage removal, the adsorption efficiency of Cr(VI) by Zinc ferrites were 

calculated using the equation: 

% = 
(𝐶𝑖− 𝐶𝑒𝑞)

𝐶𝑖
x 100 

where Ci is the initial Cr6+ concentration and Ceq is the equilibrium concentration (mgL-1). 

This was compared with the reported data [6]. 

 

i) Contact time  

The working solution along with the ZnFe2O4 adsorbents of 0.1 g was agitated 

for 45 minutes in a magnetic stirrer. After the contact time, the filtrate was collected and 

labeled as “CT-C”.  

Ci = 25 ppm 

Ceq = 10.453ppm 

% = 
(25−20.453)

25
 x 100 

 = 58.18% 

ii) Temperature 

 0.25g of ZnFe2O4 sample was put in the working solution and it was stirred for 

a contact time of 45 minutes. The filtrate obtained was labeled “TP-C”. 

 Ci = 25 ppm 

Ceq = 3.046 ppm 

% = 
(25−3.046)

25
 x 100 

 = 87.81% 

iii) Adsorbent dosage 

 The adsorbent dosage to the working solution was 1 g which was agitated for 

45 minutes. The filtrate collected was labeled as “AD-C”. 

 Ci = 25 ppm 

Ceq = 0.982 ppm 

% = 
(25−0.982)

25
 x 100 

 = 96.07% 
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iv) Initial Ion Concentration 

 20 mL of 10 ppm solution was taken as the working solution onto which 0.25 g 

of ZnFe2O4 adsorbents were added. This was agitated for 45 minutes. The filtrate obtained after 

the contact time was named “IIC-C”. 

 Ci = 25 ppm 

Ceq = 0.559 ppm 

% = 
(25−0.559)

25
 x 100 

 = 94.41% 

The ICP MS data of equilibrium concentration of Cr6+ after the contact time is 

shown below: 

  

 

  

 

Fig 3.4 (a), (b), (c), (d): Equilibrium concentration of Cr6+ for contact time, 

temperature, adsorbent dosage, and initial ion concentration respectively. 

(a) 
(b) 

(c) 
(d) 
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The adsorption efficiency of bio ZnFe2O4 and sol-gel-derived ZnFe2O4 is compared 

in the following table: 

 

Parameters Adsorbent 

dosage 

in g 

Initial 

Cr6+ 

concentration 

in ppm 

Equilibrium 

Cr6+ 

Concentration 

in ppm 

Adsorption Efficiency (%) 

Chemical 

Synthesis: Sol-

gel method 

BIO 

SYNTHESIS

: Co-

Precipitation 

Method 

 

Contact Time 0.1 25 10.453 53.89 58.18 

Temperature 0.25 25 3.046 65.95 87.81 

Adsorbent 

Dosage 

1 25 0.982 92.62 96.07 

Initial Ion 

Concentration 

0.25 10 0.559 87.8 94.41 

            Table 2: Comparison of adsorption efficiency  

 

The adsorption efficiency of Cr(VI) of bio-synthesized ZnFe2O4 nanoparticles is 

greater than what is shown by the chemically synthesized samples. Crystallite size and the 

concentration of surface hydroxyl groups have a great influence on the adsorption capacity of 

metal ferrites. This is because of increased electrostatic interaction and intra-sphere 

complexation on adsorption behavior [7]. Materials with a small particle size will have a 

developed surface as most of the atoms occupies on the surface contribute much to the 

adsorption process[7]. The presence of surface hydroxyl groups aids the adsorption process[8]. 

The adsorptive behavior of a sample depends on various factors. They are 

crystallinity, morphology, crystallite size, and concentration of surface hydroxyl groups. In the 

present work, the sample possesses high crystallinity, a low average crystallite size of less than 

10nm, spherical morphology, and surface hydroxyl groups. The desorption analysis of spent 

adsorbents is in progress.  
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CONCLUSION 

 

 Water scarcity has become a major issue and several methods are being 

employed for the treatment of wastewater. One such effective method is by employing 

adsorption by metal ferrites. It’s previously reported that ZnFe2O4 nanoparticles show high 

adsorptive efficiency. The present work focuses on the biosynthesis of ZnFe2O4 nanoparticles 

and their adsorptive properties towards Cr(VI) ions which is a major heavy metal that causes 

water contamination.  

 ZnFe2O4 nanoparticles were successfully synthesized by the plant extract 

mediated co-precipitation method. The calcination temperature was optimized by analyzing the 

XRD patterns of the synthesized ZnFe2O4 nanoparticles calcined at different temperatures. The 

crystallite size was calculated and was found to be less than 10nm which is much less than that 

of the chemically synthesized ZnFe2O4 sample. SEM image confirmed that the ferrite 

nanoparticles are less agglomerated and have spherical symmetry.  

 The adsorptive properties of biosynthesized ZnFe2O4 nanoparticles were studied 

and compared with sol-gel-derived ZnFe2O4 nanoparticles. The optimized values of the factors 

that affect the adsorption process (Contact time, temperature, adsorbent dosage, and initial ion 

concentration) were taken and respective adsorption efficiency was calculated from the final 

concentration of Cr(VI) obtained from ICP MS after the adsorption process. The 

biosynthesized samples show higher adsorption efficiency than the chemically synthesized 

ferrite samples. This can be attributed to lower crystallite size, better morphology, and the 

concentration of surface hydroxyl groups due to the active groups present in the plant extracts. 
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FUTURE SCOPE 

 
 Bio synthesized ferrites have hence proved their efficiency in heavy metal 

removal. The present work is a comparative study with chemically synthesized ZnFe2O4 whose 

adsorptive properties are previously reported. As bio synthesized samples show high 

adsorption efficiency of Cr(VI) ions, the factors affecting the adsorption process(pH, contact 

time, temperature, adsorbent dosage, and the initial ion concentration) is to be optimized, where 

the maximum intake of the metal ions will take place. In the current work, the optimized values 

reported previously have been taken to study the adsorptive properties of the biosynthesized 

ferrite sample. 

 The high intake of the metal ions onto the ferrite surface has drawn attention to 

the porous nature and the surface area of the biosynthesized ferrites. This can be understood by 

employing Brunauer, Emmett, and Teller (BET) technique. The morphology of the ZnFe2O4 

sample has enhanced the adsorptive properties, so more studies based on its spherical 

morphology have to be made and all possibilities it offers. 

 Further studies is to be made to study the properties of plant-mediated 

synthesized ferrite samples, thus by making them the most efficient adsorbents which include: 

1. Optimization of all parameters affecting the adsorptive property of  ZnFe2O4 

2. Desorption studies  

3. Magnetic studies by employing Vibrating sample magnetometer (VSM) 

4. BET analysis which gives the porous nature of the ferrites.  
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PREFACE 

 

 Nano technology is the branch of science that deals with the matter of small dimensions. 

Their introduction leads to drastic change in the existing discoveries. Generally, when materials 

reduced to the nano dimension, they process different properties than the bulk. The mechanical 

properties, electrical properties, optical properties etc. are increases as we go down to the nano 

dimensions. Each nano structure shows unique properties depending upon the synthesis 

methods they follow. When materials are made into hybrid with other materials, it enhances 

the different properties of the whole system. 

 Among noble metals, silver has gained huge attention due to its tunable properties and 

wide range of applications. It is considered as superior than any other metal structures. The 

silver nano structure has gained attention due to its size and its applications in transparent 

conductive films, antibacterial activity, catalytic applications etc. The integration of metal nano 

particles on the suitable support stand can improve its efficiency by removing the 

agglomeration and coalescence of NPs. Here graphene oxide support is chosen due to their 

adsorption ability and the presence of more active sites. 

 This work is focused on the surface enhanced Raman scattering (SERS) application of 

reduced Graphene oxide/ Silver (rGO/Ag) nano composites and to study their antibacterial 

action. The thesis entitled “FACILE SYNTHESIS OF rGO/Ag NANOCOMPOSITES FOR 

THE DETECTION OF CHEMICALS AND ANTIBACTERIAL ACTION” is divided into six 

chapters. 

Chapter 1deals with the introductory concepts of nano science and nano technology. An 

account on silver nano particles and their incorporation on graphene oxide sheet with their 

application are also added. 

Chapter 2 describes the general synthesis methods of graphene oxide including synthetic and 

free-water oxidation methods. Physical, chemical, photochemical, biological method of 

synthesis of Silver nano particles are also included in this chapter. 

Chapter 3 describes the general characterization techniques used for the analysis of graphene 

oxide nano particles and the reduced graphene oxide/ silver nano composites. 
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Chapter 4 consists of the preparation method and characterization tools employed in the 

structural, morphological and optical analysis of as prepared samples of graphene oxide 

nanosheets and the reduced graphene oxide/ silver nano composites. 

Chapter 5 deals with the Surface enhanced Raman scattering (SERS) applications of reduced 

graphene oxide/ silver nano composites as a dye/pesticide detector and as an antibacterial 

agent. 

Chapter 6 includes the general conclusions drawn from the studies and the future scope of the 

work. 
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CHAPTER 1 

INTRODUCTION  

 

 When it comes to the basic requirements for human survival, food, clothing and shelter 

have always remained to be our top priority throughout history. The ever-increasing population 

levels has sustained a rocketing demand in food production and with it the use of pesticides 

have also increased considerably. According to the latest data by FAO, around 58160 tonnes 

of pesticides of thousands of varieties were utilized in 2018 [1]. Whereas a dauntingly large 

number of studies have shown that the over dosage of these pesticides including insecticides, 

fungicides and herbicides end up polluting the environment and ecology. And this which in 

turn imposes a threat to human health [2-4]. Despite regulations many banned chemicals are still 

in use all over the world. It is high time that we detect and monitor the usage of such chemicals 

even at low concentrations. However, the quest for an ultimate solution still remains 

unanswered. Analytical methods like gas chromatography- mass spectroscopy (GC-MS), 

liquid chromatography mass spectroscopy (LC-MS), high performance liquid chromatography 

(HPLC), etc., have been employed for pesticide detection in the past, however, they have all 

been met with some or the other limitations [5][6][7]. These methods are highly time consuming 

and require well-equipped laboratories and sample pre- treatments leading to them being 

replaced by some simpler, faster, reliable and effective methods for the quantitative detection 

of chemicals simultaneously [8][9][10].  

 It is reported that a simple and non-destructive technique- Raman scattering called as 

Surface enhanced Raman scattering (SERS) can partly remedy the limitations mentioned above 
[11-13]. Since the SERS spectra can provide ‘finger print like’ information about a particular 

analyte, it can be used as a sensitive technique for the on-site detection of trace amount of 

pesticides and other chemicals [14]. 

 There are two mechanisms electromagnetic enhancement (EM) and chemical 

enhancement (CM) that usually contribute to the SERS enhancement, of which the major 

player is electromagnetic enhancement. This relies on enhancement of the local 

electromagnetic field produced by the amplification of the light by the excitation of localized 

surface plasmon resonances (LSPRs). Chemical enhancement emerges from the modifications 

of external environment and is explained via the charge-transfer mechanism between the 

adsorbed molecules and metal surface [15]. 
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 As electromagnetic enhancement is the major contributor, most of the studies are 

oriented towards synthesizing SERS substrates with nano sized plasmonic structures of noble 

metals like gold and silver due to the location of their SPR bands in the visible and near infrared 

range. Another development is in terms of successfully fabricating reliable graphene based 

SERS substrates which contributes to strong chemical enhancement [16]. 

 

 The prefix ‘nano’ means ‘dwarf’ in Greek. One billionth of a meter or one thousand 

millionth of a meter or 10-9 m is called a nano meter (nm). In other words, ten hydrogen or five 

silicon atoms aligned in a line can give you a nano meter. Typically, a nano meter range is quite 

smaller than the micro meter and the material properties will show a drastic change from those 

at micro meter range. The material properties are varied from bulk to nano size. However, the 

particle at micro meter will have almost similar properties as that of bulk.  Most of the analysis 

detailed that particles at nano scale have enhanced material properties when compared to the 

micro meter sized materials as well as the bulk materials. The size of nano particles ranges 

from sub-nano meter to several hundred nanometers [17]. This field of science is now 

represented as a milestone in almost all branches of science including physics, chemistry, 

botany, zoology, computer science, medicine, and even in the field of engineering. The study 

that deals with the maneuvering of small sized materials; that is, at atomic and molecular scales 

is called as ‘nanoscience’ and the study that deals with the fabrication, assembling and 

commercialization of these small structures is called nanotechnology.  

 Its introduction led to drastic changes in the existing discoveries. Many unknown 

factors, the wonders that are visible in the nature are well explained from the perspective of 

nano structures. Why does the peacock feathers appear colourful? How do dolphins 

communicate under certain level in the sea? How did the lotus leaf get the ability to self-clean? 

How does the Gecko walk on the wall against gravity?  These were some of the questions 

which remained unanswered before the emergence of nano science. These questions are well 

explained using the nano structure present in its composition [18][19]. The anti-reflectiveness of 

moth’s eye, the fluid-drag reduction of shark- skin surfaces, etc. are also the examples that 

gained popularity in the last decade because of the discovery of nano science.  

 Nano materials have extremely high surface to volume ratios and large surface energy. 

These makes them more active in reactions than in the bulk state. In addition to those properties 

there is an effect called “quantum confinement” which is observed when the particle size is 

reduced much smaller than the wavelength of the electron. Another factor that gets affected by 
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the cluster size is bandgap. In case of bulk materials, the electrons are not confined.  When 

these particle size gets squeezed into a dimension that of exciton Bohr radius (exciton Bohr 

radius can be referred to the characteristic radius of electron mobility), they possess higher 

energy electrons. The confinement of these excitons in one or more dimensions within the 

material can show fascinating properties. When the size of particle is reduced to nano meter 

scale, there will be a remarkable change in their mechanical properties, electrical properties, 

optical properties, chemical properties, thermal properties, magnetic properties, acoustic 

properties, and so on. In short, one can say that the material properties of metals, 

semiconductors and insulators are clearly dependent upon the particle size. The classification 

of materials at nano scale can be done based on differences in dimensions, structures, 

morphology and so on.  

 

1.1 Classification based on the dimensionality of nano materials 

 Based on their structure the nano materials can be classified into four main groups as 

follows: 

  1.1.1 Zero dimensional  

  1.1.2 One dimensional 

  1.1.3 Two dimensional 

  1.1.4 Three dimensional 

 

1.1.1 Zero dimensional nano structure (Quantum dots): 

 In zero dimensional (0D) nano structure, all dimensions of that particular structure are 

in the nano scale, none of the dimensions are in the macro scale. In 0D nano structures, the 

electrons are confined in three directions. Quantum dots, fullerenes, nano spheres are some 

examples of 0D nano structures. The size of these particles is on the order of just a few nano 

meters. Because of their nano metred size, they show unique properties [20]. 

 

1.1.2 One dimensional nano structure (Quantum wires): 

 In 1D nano structures, the electrons are confined in two directions. In these structures, 

only one dimension is in the macro range, while the rest are in the nano range. Quantum tubes, 

rods, wires are some examples of these nano structures. The particles having this structure can 

be used in some applications where tunnelling transport is required [20]. 
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1.1.3 Two dimensional nano structures (Quantum well): 

 In two dimensional (2D) nano structures, two dimensions are in the macro range. In 

these nano structures the electrons are confined only in one direction, i.e., electrons can move 

in the other two directions. They are hence called two dimensional structures. Thin films, 

plates, sheets, layered structures, all these come under 2D nano structures. There is a particular 

kind of heterostructures in which a thin “well” layer is sandwiched by two barrier layers. The 

layer in which both electrons and holes are confined correspond to the perpendicular standing 

waves in the layers.  

 

1.1.4 Three dimensional structure: 

 The three dimensional structures are generally called as bulk systems. In this case, there 

is no restriction to the regular flow of electrons. In other words, the motion is not confined at 

all. Hence the electrical conduction is easy through them.  

  

1.2 Properties of nano materials 

 As mentioned earlier, when the material is converted to nano scale from the bulk, there 

occurs drastic changes in their properties. 

 

1.2.1 Mechanical Properties: 

 The mechanical properties of the nanomaterials including the hardness, elastic 

modulus, fracture toughness, scratch resistance and the fatigue strength etc. are different from 

that of bulk materials when the size is reduced. Along with the size, the internal structural 

imperfections such as dislocations, micro twins and impurity precipitations are also reduced, 

thereby it enhances the mechanical properties by lowering the cause of mechanical failure.  

 The internal imperfections in the nano dimension are highly energetic and will migrate 

to the surface to relax themselves under annealing, purifying the material and leaving perfect 

material structures inside the nanomaterials and thereby making it a defect free material [21]. 

High hardness is one of the novel properties that have been observed for many nano materials. 

This was mainly due to the super hard nano composites made up of nitrides, borides and 

carbides that are obtained by the plasma induced chemical and physical vapour deposition 

synthesis methods [21].  

 The mechanical properties of nanomaterials could lead to many potential applications 

in all the nano, micro and macro scales. These applications include mechanical nano-
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resonators, sensors, microscope probe tips & nano tweezers for nanoscale object manipulation, 

wear resistance coatings, tougher and harder cutting tools, etc.  

 

1.2.2 Magnetic Properties: 

 The magnetic properties of nano materials are due to the different magnetic coupling 

with neighbouring atoms. When the material is reduced to nano scale, ferromagnetic particles 

become unstable and become super paramagnetic as the surface energy supplies enough energy 

for the domains to switch the polarization direction spontaneously. But these paramagnets will 

behave indifferently than conventional paramagnets.  

 Magnetic nanoparticles are used in a range of applications including ferrofluids, colour 

imaging, bioprocessing, refrigeration as well as high storage density magnetic memory media. 

Giant magneto resistance (GMR) is a phenomenon observed in nanoscale multilayers 

consisting of a strong ferromagnet (e.g., Fe, Co) and a weaker magnetic or non- magnetic buffer 

(e.g., Cr, Cu); it is usually employed in data storage and sensing. 

 

1.2.3 Optical Properties: 

 The optical properties of nanostructured semiconductors are highly size dependent and 

thus can be tuned by varying the size alone, keeping the chemical composition intact. The size 

dependent emission spectra of quantum dot laser are less temperature dependent make it more 

suitable than conventional lasers in applications. The carrier confinement and nature of 

electronic density of states of the quantum wells, quantum wires and quantum dots 

nanostructures make it preferable than bulk lasers. Rather than semiconductor lasers, metal 

nano particles also show the same effect.  

 The optical properties such as absorption and emission occur when the electron 

transition occurs between highest occupied orbital and lowest occupied orbital, can also show 

a change than that of the bulk. Another important property of nano particle is the resonance of 

outer electrons excited by light wavelength can give coloured nano particle solutions. These 

are mainly due to the surface plasmon resonance effect. The properties like photoluminescence, 

electroluminescence, photoemission, photo catalysis, photoconductivity etc., are different in 

the low dimensional nano particles [40]. 

 

1.2.4 Thermal Properties: 

 Many properties of the nanoscale materials have been studied deeply, including the 

optical, electrical, magnetic and mechanical properties. However, the studies on thermal 
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properties of nanomaterials are less, which is partially due to the difficulties of experimentally 

measuring and controlling the thermal transport in nanoscale dimensions [21].  

 The structure of nanomaterial, including their interfaces, the use of nano fluids is up 

most important in studying the thermal conductivity of nano materials. Nano fluids are 

generally referred to the solid-liquid composite materials, which consist of nanomaterials of 

size in the range 1-100 nm suspended in a liquid. The use of nano fluid instead of base fluids, 

to enhance the thermal transport is another application of the thermal properties of 

nanomaterials. The nano fluids are used in solar systems [42], engine cooling systems, heat 

exchangers, etc. [41]   

 The grain size, grain boundary, surface interactions, doping, defects etc. can affect the 

thermal properties. The grain size effect is greater than grain boundary. The thermal 

conductivity of grain boundaries can have reduced at low temperature. But the metal decorated 

interfaces can create additional heat channel for effective conduction. The doping can also 

cause a change in the thermal conductivity of nano materials [41]. 

 

1.2.5 Electrical Properties: 

 In bulk materials, electron can move freely in all dimensions. It is delocalized. But 

when the material is reduced to nano range, the localization occurs and electrons get scattered 

by components present in it. The reduction in particle size are accompanied by two effects: the 

quantum effect and the classical effect. The quantum effect is one in which the energy bands 

are replaced by the discrete energy states; which causes the conductivity in nano materials. 

When the mean free path for scattering electrons becomes comparable with size of the system, 

it will reduce the scattering events. This is the classical effect [21]. 

 The electrical properties are different for different dimensional materials. For three 

dimensional and two dimensional nano material the ohmic contacts are possible. Whereas, One 

dimensional and zero dimensional nano materials have high contact resistance, which lead to 

the tunnelling of electrons. Thus, it makes the conductivity in nano regime. These are usually 

used in the electrical coupling of gold nano particles; where it is connected each other by 

organic molecule. [21] 

 

1.2.6 Acoustic Properties: 

 Many of the material properties like mechanical, optical, chemical etc. are observed in 

nano scales. Materials interact strongly with radiation that has a wavelength comparable with 

their internal structure and /or dimensions [21]. When the material is reduced to nano size, their 
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interaction with radiation within the visible region, ultra violet and x-ray regions are possible. 

The low dimensional nano materials can have superior piezoelectric properties and excellent 

mechanical properties can exhibit acoustic properties to some extent. To study the acoustic 

property, the study of the interaction of these nano particles with a high wavelength that ranges 

from microns to kilometre have to be done. Despite the rapid progress in the related field, 

discussion of acoustic properties is limited for the case of nanomaterial [43]. 

 But the properties of nanomaterials in many cases are different from higher dimensional 

materials, acoustic waves can have a distinct indirect effect such as the case of seismic waves 
[21]. 

 

Figure 1.2: Different dimensional nano structures (a) 3D nano materials (b) 2D nano 

materials (c) 1D nano materials (d) 0D nano materials [22] 

1.3 Synthesis of nano materials 

 Generally, there are two types of synthesis methods are available. They are ‘Bottom-

up’ method and ‘Top-down’ approach.  

1.3.1 Top-down method of synthesis 

 In this method, the bulk system is crushed to the nano scale by mechanical or chemical 

means. In this process, additional molecules can also be added to synthesis a compound nano 

material. Thermolysis, RF plasma, atomic force manipulation, lithography (electron beam 

lithography/ photo lithography/ two photon lithography), high energy wet ball milling, aerosol, 

etc. are various methods that fall under top-down approach. These type of synthesis methods 

are cheap and quick. It enables miniaturization of the bulk materials with desired structure and 

required properties. However, the processing time is very large and is not suitable for large 
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scale production. The end products may also bear some structural defects on its surface. The 

nanomaterials synthesised through such methods are extremely appropriate for high quality 

optical mirrors. [23] 

 

Figure 1.3: Schematic representation of ‘top-down’ and ‘bottom-up’ approaches of 

nanomaterial synthesis [24] 

1.3.2 Bottom-up method of synthesis 

 In bottom –up approach, the nano scaled materials are built up from the bottom, that is 

atom-by-atom, molecule-by-molecule or cluster-by-cluster. Here the materials are developed 

via self-assembly, which is triggered by some chemical or physical means. Though this 

synthesis method is more expensive, it is much faster than the top-down method. Hence it is 

used for commercial production of nano powders. Chemical method, pulse laser deposition 

technique, hydrothermal synthesis, sol-gel method, template assisted sol gel method, self-
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assembly technique, co-precipitation, etc. are some examples of bottom- up synthesis method. 

The as synthesised nano materials are well fit for creating display panels, experimental atomic 

or molecular devices, etc. [23] 

 

1.4 Application of nano materials 

 Due to their large signal to noise ratio and other feasible properties of nano sized 

materials, their interaction with other particles can pave a new route for the development of 

some important technologies both in the field of medical and non-medical. For a past few 

decades, several extensive studies have been carried out in the area of nano science and nano 

technology. This is because of their scope related to human health and existence of ones in the 

earth. They can have their diverse applications in the field of: 

•  Sensors 

• Anticancer properties 

• Electronics 

• Biomedicine antibacterial coatings 

• Photocatalytic activity 

• Water decontamination 

• Solar desalination 

• Drug delivery 

• Dye sensitization 

 

1.5 Silver nanoparticles 

 Among nano materials metal nano particles have promising applications. Silver is a 

noble metal with highest thermal and electrical conductivity, which make them appropriate for 

many fascinating applications. It can be used as interconnects in electronic devices including 

computers, mobile phones, automobile appliances, cosmetics, medical devices, imaging 

techniques, water and environment disinfectants [44] Several researches have already done to 

determine the material properties of silver nanoparticles. One of the most important property 

of preferring silver nano particles are due to their plasmonic property and reactivity towards 

SERS (Surface enhanced Raman scattering). Due to the excitation of localized surface plasmon 

resonance (LSPR), silver nano particles have high scattering efficiency, thereby they can 
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introduce diverse plasmonic applications [25]. These LSPR in turn depends upon the size of the 

particle, the shape and the environment at the resonance wavelength [26][27]. 

 

1.6 Silver nanoparticles integrated Graphene nano sheet 

 The increase in carcinogenic diseases are mostly due to the over dosage of pesticides 

and other chemicals. As a part of commercialization, millions of chemicals are produced every 

year. Most of these chemicals are banned by the countries due to their over dosage and to 

protect the life on the earth. Among these pesticides, thiram is widely utilized in agricultural 

production have caused serious pesticide pollution [29].   

 Here, the silver nanoparticles have been homogeneously integrated on the surface of 

the Graphene Oxide. It is based on the ability of graphene to vary the plasmonic properties of 

metal nanostructures. The prepared reduced Graphene oxide/silver nanocomposites act as a 

SERS substrate by a simple and efficient method, in which AgNO3 is reduced anhydrous 

ethylene glycol (EG) with (polyvinylpyrrolidone) as a dispersing agent. The mechanism and 

role of the (polyvinylpyrrolidone) (PVP) in the growth of rGO/Ag nanocrystals are given and 

discussed.  

   

                          

 

Figure 1.6: (a) GO nanosheet (b) Ag+ ions integrated on GO sheet 

  

 The integration of metal nano particles on the suitable support stand can improve its 

efficiency by removing the agglomeration and coalescence of NPs. The metals usually exhibit 

charge transfer ability, superior mechanical strength, exceptionally high surface area and 

thermal stability. When these metal nano particles are assembled on the sp2 hybridized 

graphene sheet, it can exhibit fascinating optical and electrical properties, extraordinary 

thermal stability due to the improved interaction between metal nanoparticles with the carbon 

(a) (b) 
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network. Since the graphene structure has already reported its efficiency in providing 

adsorption ability and more active sites, their interaction with metal nano particles can be seen 

enhanced than in bare nanoparticles [30-32].  

 The characterisation of as prepared GO/Ag nanocomposite can be done using X- ray 

diffraction, UV-Visible analysis, SEM-EDX, FE-SEM, HRTEM and Raman analysis.  

 

1.7 Scope of the work 

 

 Among various techniques, the Surface enhances Raman spectroscopy (SERS) plays a 

vital role in the plasmonic applications. In this project, the study of sensing nature of nano sized 

composites was carried out using highly sensitive technical analysis based on Surface 

Enhanced Raman scattering (SERS). Since SERS can trace of particles with enhanced 

mechanism. The graphene- metal nano composites can exhibit potential SERS capabilities due 

to the electromagnetic field enhancement from the metal nanostructures and the chemical 

enhancement arising as a result of the strong π-π interactions in graphene [34]. When we use 

silver integrated GO SERS substrate, it can enhance their activity towards the targeted 

molecule. The trapping capability of silver substrate on certain functional groups can also be 

incorporated to explore for the fruitful applications. Moreover, the SERS is a rapid and non-

destructive technique can give the ‘finger print like’ information about an analyte, it is 

considered as the best option for on-site monitoring of pesticides and such chemicals in real 

applications [9][37-39].  

 In this work, the SERS performance of the rGO/Ag nano particle against the chemical 

dye ‘crystal violet’ and the pesticide ‘Thiram’ as the probe molecules are examined, which 

indicates that the rGO/Ag as a SERS substrate have excellent sensitivity and reproducibility. 

The antibacterial activity of rGO/Ag nanocomposite against two bacterial strains: E. coli and 

staphylococcus are also studied.  
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CHAPTER 2 

GENERAL SYNTHESIS METHODS 

 

2.1 Synthesis of Graphene Oxide (GO) 

 The synthesis of graphene oxide and its derivatives with desired morphology and 

reactivity is mainly dependent upon properties like size, shape, functional groups attached to 

the surface, etc. The structure of one dimensional graphene consists of a single-atom layer with 

sp2 hybridized carbon strands. They usually possess fewer defects. While GO has a two 

dimensional structure with hydrogen, oxygen and carbon molecule in sp2 hybridization as well 

as sp3 hybridization.  The synthesis of reduced GO structures can be divided into two: top-

down method of synthesis or bottom-up approach of synthesis. The bottom-up approach is 

difficult for commercial applications as it consumes more time and is likely to have structural 

defects. In the case of the top-down approach, the synthesis of reduced form of GO with both 

sp2 and sp3 hybridized states is easier. Different synthesis methods are: 

2.1.1 Synthetic Methods for Graphene Oxide 

a) Brodie’s method 

 In Brodie’s method, the thermal treatment of graphene gives GO with conjugated epoxy 

and hydroxyl groups. Since it is a temperature assisted method, the incorporation of oxygen 

functional groups can prevent its complete restoration. The synthesis method is as follows: 

 Fuming nitric acid (200 mL) is added into a flask with a cooling jacket and cooled to 

0C in a cryostat bath. The graphite powder (10 g) is introduced into the flask and thoroughly 

dispersed to avoid agglomeration. Next, potassium chlorate (80 g) is slowly added for 1 h, and 

the reaction mixture is stirred for 21 h at 0C. Special caution is necessary during addition of 

potassium chlorate since explosions may occur [3]. Once the reaction is complete, the mixture 

is diluted in distilled water and vacuum filtered until the pH of the filtrate is neutral [1]. 

b) Staudenmaier’s method 

 It was in 1898 that Staudenmaier improved the Brodie’s reaction by adding H2SO4, to 

increase the acidity of the mixture, and several aliquots of solid KClO3, over the course of the 

reaction. Brodie and Staudenmaier method generates ClO2 toxic gas which rapidly decomposes 
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in air causing explosions. These modifications led to a more oxidized graphitic material and a 

simplification of the reaction [2]. 

c) Hummers method 

 In 1958, Hummers and Offeman proposed a simple, effective and faster way to oxide 

graphite, improving the safety of operational conditions with a drastic reduction in time, from 

10 to 2 days. They mixed graphite flakes with concentrated sulfuric acid (H2SO4), sodium 

nitrate (NaNO3) and potassium permanganate (KMnO4) to obtain a brownish grey pasty. The 

suspension was diluted with water. Hydrogen peroxide (H2O2) was added to get a higher 

oxidation degree and to eliminate manganese from the dispersion (yellow-brown mixture). 

Finally, the sample was filtered and washed with warm water. They achieved the same degree 

of oxidation reported by Staudenmaier, however, the amount of GO synthesised was very little. 

The drawback of this method is that it is rather time-consuming when it comes to the separation 

and purification process [3]. 

 

Figure 2.1: synthesis of rGO from graphite flakes 

 

d) Tour Method 

 It was in 2010, Tour’s group at Rice University proposed this method as an 

improvement of Hummer’s method. They substituted the sodium nitride with phosphoric acid 

in a mixture of H2SO4/H3PO4 (9:1) and increased the amount of KMnO4. Toxic gases such as 

NO2, N2O4 or ClO2 are not produced here. The authors claim that the presence of phosphoric 

acid generates a more intact graphitic basal plane. The advantage of the Tour method is that 
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produces graphene oxide having a higher hydrophilic degree, in contrast to the GO produced 

by Hummers method. Thus, the resultant graphene oxide is more oxidized and soluble [4]. 

 

2.1.2 Free-Water Oxidation Method 

 Free-Water Oxidation method relies on the reaction between expanded graphite and an 

oxidizing agent in a free-water medium. They are of 3 types. Since the inorganic carbon is inert 

at room temperature, its solubilization/dispersion in a solvent requires the presence of a strong 

protic acid or mixture of warm acids, such as sulphuric or nitric acid. Moreover, in this method, 

a strong oxidizing agent, such as potassium permanganate (KMnO4), ensures the bonding of 

oxygen functionalities to inorganic carbons [5]. 

a) Sun Method 

 In 2013, Sun and Fugetsu at Hokkaido University introduced a more direct method to 

produce graphene oxide. They used expanded graphite as carbon precursor. The potassium 

permanganate had twofold effects, acting as an intercalating agent as well as an oxidizing 

agent. The intercalation of KMnO4 between graphitic layers produced a further spontaneous 

expansion which looks like a foam of graphitic material. The reaction in carried out in an acidic 

medium with sulfuric acid. The ratio of Graphite:H2SO4 was reduced to 1:20 and additional 

reagents were eliminated from the reaction procedure. For this reason, Sun protocol can be 

considered as one of the first green procedure, among the wet synthesis methods [6]. 

b) Peng Method 

 It was in 2015, that Peng and co-workers proposed a scalable and green method to 

produce graphene oxide, using potassium ferrate (K2FeO4) as a strong oxidant. This compound 

avoids the introduction of heavy metals or the formation of toxic gases during the preparation. 

In this method, a mixture of graphitic flakes and K2FeO4 dispersed in concentrated sulphuric 

acid, are loaded into a reactor and stirred for 1h at room temperature. The product is washed 

through repeated centrifugation to obtain highly water soluble graphene oxide [7]. 

c) 4-Steps Method 

 This method is derived from the basic exfoliation-oxidation procedure and was 

improved by Pendolino and co-workers [8]. In this method the overall reaction consists of 4 

steps controlled by temperature. The reaction involves two paths. In the first step the KMnO4 
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dispersed in concentrated H2SO4 get oxidized, resulting in a pasty slurry. The second step 

(warm) consists of the exfoliation of graphite. Since the production of graphene oxide is limited 

by temperature, the entire process is done in a water bath around 30oC. The exfoliation is 

suppressed at a lower temperature resulting in the formation of graphite oxide (cold). The third 

step is hydrolysis which is carried out at 90oC for 1 h. Finally, the purification is performed by 

centrifugation using warm water. Through the 4-Steps method two different products can be 

synthetized by just controlling the temperature throughout the reaction. 

2.2 Synthesis of reduced Graphene Oxide/Silver (rGO/Ag) nano composites  

 An efficient synthesis method is of high interest in case of silver nano materials due to 

their extensive applications. The main challenge that one has to face during the synthesis of 

silver nano particles is in controlling their physical properties such as size, shape, morphology, 

chemical composition or type, crystal structure etc. There are numerous methods aimed at 

doing the same. 

2.2.1 Chemical method 

a) Polyol method 

 Reducing silver nitrate with ethylene glycol using the capping agent 

polyvinylpyrrolidone (PVP) for the synthesis of monodispersed solution of silver nanocubes is 

an example of polyol process [9]. Here ethylene glycol plays the role of both the reducing agent 

as well the solvent. The role of PVP and its relative molar ratio to silver nitrate along with 

additive formaldehyde, NaOH is important in finalizing the geometric shape and size of the 

product. It is evident that the size of silver nanocubes can be tuned by controlling the 

experimental conditions. 

b) Precursor injection technique 

 The injection rate and the reaction temperature play important roles for the production 

of uniform sized Ag-NPs [10]. Rapid nucleation can be induced effectively in a short period of 

time by injecting the precursor solution into a hot solution. This will ensure the reduced size 

and narrower size distribution of Ag-NPs. The synthesis of spherical Ag-NPs with controllable 

size and high monodispersity can be achieved by introducing this precursor injection technique 

to the polyol process. Particles of size 17±2 nm were obtained at an injection rate of 2.5 mLs -

1, carried out at 100oC. Monodispersed Ag-NPs have been prepared in a simple oleylamine-

liquid paraffin system [11] by using this technique. 
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2.2.2 Physical method 

  A common technique in this method is the evaporation-condensation process carried 

out in a tube furnace at atmospheric pressure. The drawbacks of this technique include large 

space requirement for the tube furnace, consumption of large amount of energy, raising the 

environmental temperature around the source material and large amount of time for achieving 

thermal stability. Powdered Ag-NPs with narrow particle size distribution can be prepared 

using thermal decomposition method [12]. It is noteworthy that Jung et al. [13] reported that a 

small ceramic heater with local heating area can be used for the synthesis of metal NPs by 

evaporating the source materials under the flow of a carrier gas i.e., air. The geometric mean 

diameter, geometric standard deviation and total concentration of the spherical NPs without 

agglomeration increases with increase in the heater temperature. Interestingly Tien et al. [14] 

has advocated for the synthesis of Ag-NPs using electrical discharge machining (EDM) without 

the addition of any surfactants where pure silver wires are submerging in deionized water and 

treated as electrodes.  

2.2.3 Photochemical method 

 The photo-assisted synthesis (photo-reduction) of silver is another method used for the 

preparation of Ag-NPs. It is a fast and efficient method for producing electrons. The 

preparation of stable nanoparticles of Ag-NPs can be done by irradiation of a reaction mixture 

with a light source (laser or lamp) in the presence of photoreducing agents or a photo active 

spieces. There is no need to add stabilizers or surfactants here [15−17]. Their size and the time 

needed for their preparation are directly proportional to the irradiation power of the light 

source. For example, with a low-power lamp (4 W), irradiation for 9 h is needed to produce 19 

nm diameter Ag-NPs,[17] while with a stronger source (150 W), the reaction takes only 45 min. 

However, in the latter case, the Ag-NPs are polydisperse and smaller than when they are 

prepared using a lower-energy lamp [17]. The efficiency of light source has prime importance 

in this method as it is the energy that gets absorbed by the catalysts to generate free electrons. 

2.2.4 Biological method 

 Recently biosynthesis (or Green synthesis) of the nanoparticles has received 

considerable attention. The green synthesis of inorganic materials are usually done using 

microorganisms such as bacteria [19], algae [20], yeast [21], and fungi [22] and plant extracts. 

Various bacterial strains such as Bacillus amyloliquefaciens, Acinetobacter calcoaceticus, 

Pseudomonas aeruginosa, Escherichia coli and Bacillus licheniformis have been used 
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effectively for the synthesis of silver nanoparticles. The ready availability of plants with large 

variety of active functional groups make them suitable for reduction of silver ions.  

 

Figure 2.2:  Biosynthesis of Ag nano particles with different shape and their antibacterial 

activity [23] 

 Each plant parts like leaves, stem, roots, seeds, bark etc can be used for synthesis. The 

procedure begins with the collection and cleaning of the plant part of interest. Then it should 

be dried in the shade for 10-15 days and pulverized using a blender. The powdered plant part 

is boiled in deionized water, to obtain the plant broth. Then is then filtered out in such a way 

that, no insoluble materials are seen. A few mL of this plant extract is added to silver nitrate 

solution with required concentration. The reduction of silver ion to silver oxide can be observed 

from the colour change accompanying them. The plants like Alternanthera dentate, 

Cymbopogon citratus, Argyreia nervosa, phlomis, Aloe vera , Carica papaya, Nelumbo 

nucifera, Moringa oleifera, Ziziphora tenuior, Centella asiatica, Vitex negundo, Swietenia 

mahagoni, Boerhavia diffusa, Cocos nucifera, Brassica rapa, Melia dubia, Pogostemon 

benghalensis, Garcinia mangostana, Psoralea corylifolia etc. are commonly used for green 

synthesis [18]. 
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CHAPTER 3 

GENERAL CHARACTERIZATION TECHNIQUES 

 

3.1. Structural characterization 

3.1.1. X-ray Diffraction (XRD)  

 X-ray Diffraction is one of the most important techniques used for the determination of 

structural deformities in any sample. It is a rather simple and non- destructive classical method 

which has been used for structural analysis rather than studying its chemical composition as 

well as elemental content. From the seventeenth century onwards the scientific investigation 

of crystal symmetry and their uniformity in a particular sample has been carried out. It was 

Nicolas Steno, a Danish scientist that carried out the first study in crystal symmetry in 1669. 

And by 1784 Rene Just Hawy had made the conclusion regarding the geometry of each crystal 

face which paved way for a drastic change in existing crystallography. Later in 1893 it was 

William Hallowes Miller that introduced three small integers as labels for the unique 

identification of each crystal face. They were called as ‘Miller Indices’. Till the end of 

nineteenth century, there were no valid conclusions regarding the various crystal structures. 

Later, in 1895, the discovery of X-ray by Wilhelm Rontgen led to the eventual development of 

X- ray crystallography.  Since then numerous scientists have undertaken various studies on the 

wave nature of X-rays. By the beginning of twentieth century, William Henry Bragg had made 

arguments regarding its electromagnetic wave nature. In 1912, Max Von Laue discovered the 

behaviour of crystalline substance as three dimensional diffraction grating for X-ray 

wavelength. And thereby proved that X-rays are a form of electromagnetic radiation by 

observing that they undergo diffraction [1]. 

a) X-ray diffraction 

 A crystal has different lattice structures and lattice planes. When a light beam of suitable 

intensity comparable to the atomic spacing falls on the crystal planes, the beam gets scattered 

and re-radiated from different planes of the crystal lattice. If the rays are in phase and falling 

at an angle 𝜃 upon a set of symmetrically arranged planes with a spacing ‘𝑑’, they will be 

constructively interfering and producing a diffraction pattern.  This happens only when the path 

length difference between the rays ie., 2𝑑 sin 𝜃 is equal to the integral multiple of wavelength 

𝜆, of the incident beam [2][3].  
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Figure 3.1.1.a: Schematic illustration of Bragg condition and Bragg’s law 

 

b) Bragg Equation 

According to Bragg’s law,  

𝑛𝜆 = 2𝑑ℎ𝑘𝑙 sin 𝜃𝐵  

Where, 𝑛 –integer which gives the order of diffraction 

 𝜆 – the wavelength of the incident X-ray 

 𝑑ℎ𝑘𝑙 – the lattice spacing of (hkl) or inter-planar spacing 

 𝜃𝐵- the Bragg angle, the angle between the incident beam and lattice planes.  

 ℎ𝑘𝑙 – Miller indices 

When sin 𝜃 = 1, 𝑛𝜆 = 2𝑑, that is the case of normal incidence.  

 The spacing,  𝑑  can be calculated if we know the wavelength of the incident X-ray.  

For BCC (Body Centred Cubic Structure) and FCC (Face Centred Cubic Structure) crystals, 

atoms occupy the face rather than the corners and creates extra scattering centres [2][3]. The 

lattice constants are given by, 

𝑎 =
𝜆

2
 
√ℎ2 + 𝑘2 + 𝑙2

sin 𝜃
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 A graph between diffraction angle and diffracted X-ray intensity gives the XRD pattern. 

The sample scanned through an angle 2𝜃 gives several peaks called as diffraction peaks. Each 

peak corresponds to a different order. The particle size can be determined from the ‘d’ value 

of each peaks. By comparing the obtained XRD pattern with the standard reference files 

(powder diffraction files (JCPDS)) we can easily identify the sample prepared as these files are 

unique for each element or compound.  

c) XRD Instrumentation and working 

 

Figure 3.1.1.b: Schematic diagram of X-ray diffractometer 

 

 Generally speaking, using an X- ray diffractometer is not a new technique. It evolved 

100 years ago and by now it has reached a much more refined form. Unlike earliest 

crystallographer, scientists can purchase the entire system or even can carry it as a portable 

unit. Normally, an X-ray diffractometer contains a source, Optics, a sample holder and a 

detector. The entire set up can be divided into two parts. The incident beam part which contains 

a source and a scanner while the diffracted beam part contains diffracted beam optics and 

detectors. The X-ray beam which emerges from the source is first passed through a collimator 

and then through a monochromator. There are of two types of monochromators, namely, crystal 

monochromator and filter monochromator (partially monochromatized). 

 The crystal monochromators are genrally made up of certain materials like sodium 

chloride, quartz etc., which reflects the incident beam suitably and splits it into the required 

wavelength [5][6]. The characteristic X-ray spectra has different components like 𝐾𝛼 and 𝐾𝛽 . 
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Here 𝐾𝛼 is used for analytical purpose and 𝐾𝛽 is filtered out. Once the beam is directed towards 

the sample, the sample holder will rotate the sample at angle of 𝜃, while the detector will rotate 

at an angle of 2𝜃.  This part is called a Goniometer.  The obtained X-ray signals will get 

analysed by the detector and is then recorded on the PC attached to it [2][3].  

 A graph between diffraction angle 2𝜃 and diffracted X-ray intensity gives the XRD 

pattern. Each peak corresponds to different order. The broadening of a peak is due to the 

deviation in crystallinity.  

 Using Debye Scherrer formula equation, the size of nano crystals can be estimated as,  

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 

where 𝐷 is the crystallite size 

 𝐾 is the Scherrer constant 

 𝜆 is the wavelength of incident X-ray 

 𝛽 is the full width half maximum (peak width) 

 2𝜃 is the of angle of diffraction 

 

3.1.2 Confocal Raman Microscopy 

 Raman spectroscopy is a non-destructive tool used for the characterization of samples. 

Confocal Raman spectroscopy is an improved version of Raman spectroscopy. It has same 

components as that of UV-Visible dispersing instrument and is often considered superior than 

infrared spectroscopy. 

a) Instrumentation and working 

 Raman spectroscopy consists of mainly three components: a laser source, a specimen 

illumination system and a suitable spectrometer.  

 The Source is always made up of a laser with sufficient intensity to produce Raman 

scattering, since it is to be measured with a reasonable signal to noise ratio. Laser sources with 

blue and green region of spectrum have an advantage of producing necessary Raman scattering 

when compared with other laser sources. 
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 Raman spectroscopy is often feasible with aqueous solutions, whereas infrared 

spectroscopy is severely limited due to the excessive absorbance of water [20]. Hence Raman 

spectroscopy can be used for the study of aqueous solutions, which is highly beneficial to the 

pharmaceutical industry. The sample holder in Raman spectroscopy can be an ordinary glass 

based material rather than crystalline halides as seen in other spectrometers. For liquid samples, 

a cuvette is used as sample holder. It can be made up of glass or quartz. While gas samples can 

be sealed in small capillary tubes.  

 Spectrometer which is used for the study of Raman spectrum should have large 

gathering power, must be provided with high resolving power prisms and a short focus camera. 

 

 

Figure 3.1.2: Schematic diagram of Microscopic Raman spectroscopy [14] 

 

b) Sample analysis 

 The light from the laser source is allowed to fall on the specimen and get scattered 

which is focussed by the entrance slit. Then it is allowed to pass through the analyser prism 

and finally through the monochromator. The radiations observed in Raman Spectra are of three 

types: The Stokes line, the anti-stokes line and Rayleigh line. A chopper is used in between to 

respond only to the Rayleigh line. Thus by rejecting intense Rayleigh scattering, it makes it 

possible to detect the weak Raman shift in components. Since the Stokes lines are more intense 

than the corresponding anti-Stokes lines, this part of spectrum is used for the analysis. The 
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magnitude of Raman shifts is independent of the excitation wavelength, as it is directly related 

to the vibrational energy modes of the analyte molecules. Thus Raman Spectroscopy is a 

potentially useful source for the study of structure, composition and stability of coordination 

compound.  

 SERS (Surface-Enhanced Raman Spectroscopy) 

Surface enhanced Raman spectroscopy functions in the same way as that of ordinary Raman 

spectroscopy. The only difference is that, in SERS, the magnitude of Raman depends upon the 

wavelength absorbed by the colloidal metal particles like silver, gold or copper on the surface 

of the sample. Prior research has shown that the resultant Raman lines may be enhanced by a 

factor of 103 to 106. [15] 

 

3.2 Optical Characterization 

 

3.2.1 UV-Visible absorption spectrophotometry  

 Ultra violet – visible absorption spectroscopy is one of the widely used refined optical 

spectroscopy methods in the field of science. It is used for quality checking , drug identification, 

bacterial detection, dye sensitization etc. Here, energy of the absorbed light promote or excite 

the electrons which are occupied in different bonding environment within the sample. Since 

each bond has different strength, corresponding ionization energy will be different. As shorter 

wavelength carries more amount of energy than the longer wavelength, their absorption range 

will also change. The relation connecting the frequency of light absorbed and energy is given 

as, 

𝐸 = ℎ𝜐 

Where 𝐸 is the energy, ℎ is the Planck’s constant and 𝜐 is the frequency of the photon. 

The advantage in UV- Visible spectroscopy is that the electrons with different bonding strength 

will absorb different amount of energy which will result in varying absorption peaks. Which in 

turn is useful for the analysis of different substance by specifying the maximum absorbance 

corresponding to the wavelength.  

a) Instrumentation and working 
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Figure 3.3: Schematic representation of UV-Visible spectrophotometry 

 

 The spectroscopy deals with the interaction of light with matter. There is  single beam 

spectroscopy as well as double beam spectroscopy. Ultra violet – visible absorption 

spectroscopy consists of a light source, wavelength selector, beam splitter (as it is double beam 

spectroscopy), sample holder (cuvettes for liquid samples), a detector (can be a photocell or 

photo diode) and a personal computer for signal processing.  

 It uses two lamps as the light source; one which supply visible light whose wavelength 

ranges from 400 nm to 700nm and other is ultraviolet light whose wavelength ranges from 200 

nm to 400 nm approximately. The beam passes through the monochromator, so that only a 

particular wavelength will be allowed at a time from a range of wavelengths for further 

characterization. This monochromatic light then gets transmitted through a beam splitter. The 

function of the beam splitter is to split the intensity of light into two equal halves. One of them 

passes through the test sample while the other passes through the blank sample (reference 

liquid). The reference liquid does not absorb any wavelength. As it transmits all the 

wavelengths (entire incident beam 𝐼0), its absorbance is taken to be 0 [3][10]. But the test sample 

will absorb some amount of light at a particular wavelength. Hence the transmission is not 

100% and the intensity of emerged light should be less than incident beam 𝐼0. These intensities 
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are then detected by the detectors and are get recorded by the system connected to them. They 

will display the absorption spectrograph corresponding to the sample placed [3][10][11]. 

 

b) Sample analysis 

 The output obtained from the detector gets recorded and processed by the personal 

computer connected to the spectrometer. Whenever the light passes through the blank sample, 

it will pass through the test sample as well. If the sample does not absorb light at that particular 

wavelength, then the transmittance become 100% or 𝐼 = 𝐼0.  

 

Consider the Beer-Lambert law, 

𝐴 = log
𝐼0

𝐼
 

Where 𝐴 is the absorbance 

 𝐼0 is the intensity of monochromatic light 

 𝐼 is the intensity of transmitted light 

i) When 𝐼 = 𝐼0, then 𝐴 = 0 

ii) When 𝐼 < 𝐼0, then 𝐴 > 0 

 

3.3 Morphological characterization 

3.3.1 Scanning Electron Microscope (SEM) 

 Scanning Electron Microscope (SEM), is an electron microscope, which can provide 

high resolution images. This characterization technique can be used for the determination of 

surface morphology of the samples. It was in 1937 that Manfred von Ardenne suggested the 

theory of SEM in comparison with TEM (Transmission Electron Microscope) [12]. 
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a) Instrumentation and working 

 

Figure 3.4: Schematic diagram of SEM [2] 

 

 A Scanning Electron Microscope consisting of an electron gun, two condenser lenses 

(called as first condenser lens and second condenser lens), an objective lens, detectors and 

deflection coils. 

 The electron gun is used to eject a beam of electrons. The emission of electron beam is 

made possible by heating a cathode, usually tungsten to a high temperature and by allowing 

these electrons to flow to the anode (metal plates). Such electron guns are thermionic in nature. 

Other types like upgraded or field emission guns and Schottky guns are also preferred in SEM 
[13]. 
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 Magnification in SEM images can be made using the lens. This can be controlled by 

changing the strength of the lens. A rotationally symmetric magnetic field is created when the 

current passes through the wire which is wounded over the coils. The condenser lens can focus 

the electron beam and direct it to the objective lens. The objective lens focuses the electron 

beam to the sample kept at the bottom.  

 The deflection coil (or scanning coil) helps scan the sample. Two sets of coils are used 

for raster scanning done over the specimen. The electron beam then reaches the sample taken 

in the sample holder. The sample can be tilted or rotated and fixed in the field of view. There 

are two electron detectors: one is for secondary electrons and the other is for back scattered 

electrons. The secondary electrons are collected by electrically attracting them towards a 

scintillator and then to a photomultiplier. The amplified analogue signals are then converted to 

a digital from. In a similar way there is a detector for back scattered electron. Both are recorded 

and the final resultant SEM image is displayed on the personal computer attached to it. 

b) Sample analysis 

 When electron beam interacts with sample or specimen, different types of signals are 

produced [13].  Some of the signals are produced by the interaction of electrons with the sample 

surface; since some of the electrons can only escape from the few nanometer thick surface 

layer. These electrons are called as secondary electrons (SEs). The another category of 

electrons called back scattered electrons arises due to elastic scattering, which gets reflected 

from the sample [12].  

 Secondary electrons are so called because when the electron beam is incident on the 

sample, the primary radiation will generate some ions, photons or electrons with high energy 

as an ionisation product. They are produced from the inelastic scattering of electron beam. The 

emission of valance electron usually keeps the energy of these secondary electrons to a 

minimum amount. The photoelectrons produced with high energy (>50 eV) are considered to 

be primary radiation.  

 Back scattered electrons are generated due to the elastic scattering of incident beam of 

electrons. These are higher energy electrons which are ejected from the depth unlike the 

secondary electrons which originated from layers which are a few nano meters deep on the 

sample surface. As the intensity of these back scattered electron are higher at that particular 

areas, it can be used to identify the surface irregularities and presence of heavier atoms etc. on 

the sample surface. 
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Figure 3.5: Various interaction processes inside a sample 

 

 Characteristic X-rays are produced when electron beam interacts with the inner shell 

electrons. As the electrons get excited and leave, the outer shell electrons (higher energy 

electrons) fill the spaces. This released energy causes characteristic X-rays.  

 

 FE-SEM (Field Emission Scanning Electron Microscope) 

 Field emission scanning electron microscope (FE-SEM) is an advanced form of SEM 

imaging. Here the analyte gets disturbed by the incoming beam and causes the emission of 

secondary electrons and back scattered electrons. This is usually carried out at high vacuum 

and low voltage [18]. High quality images are obtained due to the slight electrical charging of 

the sample. 
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 3.3.2 Transmission Electron Microscope (TEM) 

 

 Transmission electron microscope (TEM) is another technique used for morphological 

characterization. It uses a very high energy electron beam for scanning the specimen. TEM 

images can be modified either into a STEM (Scanning Transmission electron microscope) or a 

HRTEM (High Resolution Transmission electron microscope) image, depending upon the 

resolution obtained [2]. 

 

a) Sample analysis 

 TEM analysis can be done in the same way as that of SEM analysis. The only difference 

is that, instead of back scatted electrons and secondary electrons it uses the transmitted 

electrons for collecting information about the sample.  

 There are two modes of imaging: Bright field imaging and Dark field imaging [2]. When 

the electron beam falls on the specimen, it allows the beam to get transmitted through it and 

then directs it to the imaging system. Here the imaging system can be a Phosphor screen or any 

other fluorescent or light sensitive plate. The flow of these electrons are adjusted by condenser 

and objective lenses. The objective lens allows the direct beam to pass and contains a plate 

where the scattering of electrons occur. It then focus on a back focal plane.  So obtained images 

are called bright field images. Whereas, if the direct beam is obstructed and only diffracted 

beam is transferred to the back focal plane, it produces a dark filed image. This type of image 

can give the idea about crystal orientations as well [2]. 

 

b) Instrumentation and working 

 TEM consists of several components which include electron gun, condenser lenses, 

objective lenses, light sensitive sensor, sample grid and a project lens. The working principle 

behind all modified TEM versions are the same with differences in its image quality.   
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Figure 3.6: Schematic diagram of two TEM imaging 
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CHAPTER – 4 

SYNTHESIS AND ANALYSIS 

 

I. PREPARATION METHOD 

 

  The synthesis of graphene oxide (GO) constitutes the first part of this project. After the 

successful preparation of graphene oxide, the fabrication of reduced graphene oxide- silver 

(rGO/Ag) nanocomposites was done.  

 

4.1 Preparation of Graphene oxide  

 

 Graphene oxide nanoparticles were synthesised using “Modified Hummer’s method of 

synthesis” [1]. The chemical reaction involved here can be depicted as shown below: 

Figure 4.1: The schematic representation of synthesis of graphene oxide. 

 

Materials and apparatus required: 

 

 Graphite flakes- was purchased from Sigma Aldrich, whereas, Sodium nitrate (NaNO3), 

Sulphuric acid (H2SO4), Potassium permanganate (KMnO4), Distilled water and Hydrogen 

Peroxide were all purchased from Nice chemicals (P) LTD. And finally Hydrochloric acid 

(HCl)- was purchased from Merck life science Private Limited. 

 

Procedure: 

 

 Graphene oxide was synthesised via oxidation and exfoliation of 3 dimensional 

graphite sheets. The synthesis part was carried out with reference to Paulchamy, Balaiah, G. 
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Arthi,et.al [1].  2g of Graphite flakes and 2g of NaNO3 were mixed in 90 ml of H2SO4 (97%) in 

a conical flask which was kept under ice bath (of temperature 0o to 5oC) with continuous 

stirring. The mixture was stirred for 4 hours and 12 g KMnO4 was added to the suspension in 

a slow pace. The rate of addition was carefully controlled so as to keep the reaction temperature 

lower than 15oC. The mixture was then diluted with distilled water and stirred for 1.15 hours 

after which the ice bath was removed. The mixture was then once again stirred at 35oC for 1.15 

hours. It was then kept in reflux system at 98oC for 20 minutes. 40 ml of H2O2 was then added 

and the temperature was brought down to 25 oC while continuously stirring it for2 hours. The 

as prepared solution was then added to 400 ml of water taken in a beaker and stirred for 1 hour. 

It was then kept aside for 24 hours. The resulting mixture was repeatedly washed with HCl and 

followed by distilled water. The resultant precipitate was dried at 60oC for more than 10 hours 

to obtain GO powder.  

 

4.2 Preparation of reduced graphene oxide/ silver nano (rGO/Ag) composite 

 

 The synthesis of reduced Graphene oxide- silver nanoparticles was done by 

solvothermal synthesis method. According to Quocanh N. Luu, Joshua M. Doorn,et.al in order 

to prepare various low dimensional inorganic materials having different morphologies, the 

hydrothermal or solvothermal synthesis method is more convenient [2]. 

 

The chemical reaction involved is as follows: 

AgNO3 + NaCl + PVP  → Ag + NaNO3 +C6H9Cl + NO↑ 

 

Materials required: 

 

 Silver nitrate (AgNO3), Ethylene glycol (EG), Sodium chloride (NaCl), Isopropyl 

Alcohol (IPA), and Acetone which was purchased from Nice chemicals (P) LTD, and 

Polyvinylpyrrolidone K30 (40000 MW)- bought from Loba chemie Pvt. Ltd. 

 

Procedure: 

 Reduced graphene oxide -Silver nanowire can be synthesised using solvothermal 

method [2]. To begin with, 0.34 g of AgNO3 was dissolved in 30 ml of ethylene glycol. This 

was followed by dissolving 0.883 g PVP and 2.3 g NaCl in 20 ml ethylene glycol at 120oC 

while stirring at 600 ppm. Then the PVP, NaCl, Eg solution was added to the AgNO3/EG 
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solution drop by drop under vigorous stirring. After it was allowed to mix for 5 minutes, it was 

transferred into a100 ml autoclave. The autoclave was then heated at 160oC for 7 hours and 

allowed to cool at room temperature. The resultant was washed 3 times with isopropanol, and 

centrifuged with acetone at 5000 rpm to get the precipitate.  

 

 The obtained sample was filtered using Whatman grade 1 filter paper. It was then dried 

in the oven at 160oC for 4 hours after which it was ground it into fine powder using a mortar. 

 

 

4.3 Fabrication of rGO/Ag substrate 

 

 The preparation of rGO/Ag substrate for the SERS application is a simple process.   

 

Procedure: 

 

 0.01 g of rGO/Ag powder was weighed and added to 1 ml of ethylene glycol solution 

which was then sonicated using a digital Ultrasonic cleaner for 3 hours. 10 microliter of as 

prepared rGO/Ag solution in ethylene glycol was pipetted out on a cleaned glass slide/silicon 

wafer. Once it was dried in the oven for one hour at 50oC, a film was successfully obtained 

over the slide/wafer. The procedure was repeated until a desired thickness of the substrate was 

obtained. 

 

4.4 Preparation of rGO/Ag substrate for dye detection and pesticide sensing 

 

 The project was aimed at testing the efficiency of detecting certain dyes and chemicals 

using the rGO/Ag nanocomposite substrate prepared. While, chemical dye Crystal violet was 

used for dye detection, thiram (sodium diethyldithiocarbamate) was used for pesticide 

detection. Crystal violet solutions with different molar concentrations, ranging from 10−2 M 

to 10−11 M were prepared by series dilution method. Whereas, the bulk thiram was dissolved 

in isopropyl alcohol under vigorous stirring to obtain solutions of different concentrations 

ranging from10−5M to 10−8M. 
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4.5 Preparation of well for antibacterial action 

 

 The antibacterial test was done using well diffusion method in which the mean 

inhibition zone seen on disks prepared is measured.  

 

Materials required: 

 While Agar agar and bacteriological nutrient broth were purchased from Nice 

chemicals (P) LTD, Petri plates, Cotton swabs, Tetracycline (TE) 30 mcg susceptibility and 

Test discs were purchased from HiMedia Laboratories Pvt. Ltd. 

 

Procedure: 

 In order to check the efficiency of the prepared sample of rGO/Ag nanocomposites 

towards bacterial actions it was tested against two bacterial strains: Escherichia-coli (E. coli) 

and Staphylococcus-aureus (S. aureus) [3].  

 

 The inhibition was studied from the petri plates created using nutrient Broth and Agar 

agar bacteriological powder, which is capable of supporting the growth of these organisms. 

The bacteria were inoculated from a pure culture and were grown for 24 hours at 29oC. A media 

was prepared by dissolving 1.3g of the nutrient broth and 2g of agar agar in 100ml distilled 

water. Then it was autoclaved at 100oC and kept under UV light for 30 minutes. The plates 

were seeded with the inoculum (E. coli and S. aureus) using sterile cotton swabs. Using a steel 

borer of 8 mm, a well was created in each of the two petri dishes. Each of them were then 

further divided into two equal parts where the portion with the well was labelled as ‘rGO/Ag’ 

and the other was labelled as ‘control’. Both the setups were then placed in the incubator 24 

hours at 30 oC. The rGO/Ag solution prepared was then poured into the wells and the changes 

were studied and recorded  
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 II. ANALYSIS 

 

 The material properties including the structural, optical and morphological nature of 

the prepared rGO/Ag nano composites were analysed. The results obtained is presented and 

identified in this chapter. 

4.6 Graphene Oxide (GO) 

4.6.1 X-Ray diffraction analysis of GO 

 The structural characterization of GO was done using X-ray diffraction technique. The 

X-ray diffraction pattern gives the information about different crystalline planes present in the 

prepared sample. 

 

Figure 4.6.1.a: Powdered X-Ray Diffraction pattern of graphene oxide 

 

 Figure 4.6.1.a depicts the powdered X-ray diffraction pattern of Graphene Oxide. The 

PXRD pattern of GO exhibits a strong 2θ = 11.776° (with (d) spacing of 7.508 Å) peak value 

that corresponds to the plane (001). This indicates a complete oxidation and exfoliation of 

graphite flakes precursor. Additionally, a small peak at 2θ = 42.319° (with the (d) spacing of 

2.134 Å) was observed, corresponding to the (100) plane. The reflection from major graphite 

planes (002) and (004) are not observed which leads to the conclusion that a typical crystal 

(001) 

(100) 
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graphite structure is absent. In GO, the interlayer spacing increased as compared to graphite 

due to addition of oxygen-containing functional groups during oxidation of graphite. Also there 

is no obvious characteristic peaks of impurities in the pattern [8][9]. 

 

4.6.2 UV-Visible analysis of GO 

 Optical characterization was done via UV-Visible absorption spectrometer.  

 The result obtained from UV absorption analysis is shown in Figure 4.6.2. For graphene 

oxide two characteristic peaks are observed. The peak at 235 nm is due to 𝜋 → 𝜋∗ transition of 

aromatic C=C bond while the other peak seen at 297 nm is due to  𝑛 → 𝜋∗ transition of C=O 

bond [10]. 

 

Figure 4.6.2: UV-Vis absorption spectrum of GO 

 

4.6.3 SEM analysis of GO 

 The morphological analysis of GO nanoparticles was done by Scanning electron 
microscope.  
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Figure 4.6.3.a: SEM images of GO 

 Figure 4.6.3.a gives the morphology of sample GO examined by SEM and confirms the 

formation of GO sheets in the prepared specimen. The Field emission scanning electron 

microscopy (FE-SEM) image of GO sheets shows a flake like morphology. It can be seen in 

the figure 4.6.3.b. 

 

 
 

Figure 4.6.3.b: FE-SEM image of GO 
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4.6.4 Raman analysis of GO 

 

Figure 4.6.4: Raman spectrum of GO 
 
 
 Figure 4.6.4 illustrates the Raman spectra of GO with two bands in vibrational modes. 

One at 1321 cm−1 called D band, attributed to K-point phonons of A1g symmetry and the other 

at 1581 cm−1, called G band, attributed to zone- center phonons of E2g symmetry[1,2][11]. A1g 

vibrational modes are due to the lack of translational symmetry and are active only along the 

edges of GO sheets. Here the ID/IG ratio is calculated as 1.04 [16]. 

 

4.7 Reduced Graphene Oxide/Silver nano composite 

4.7.1 X-Ray diffraction analysis of rGO/Ag nano composite 

 The structural characterization of rGO/Ag nanocomposites was done using X-ray 

diffraction technique. The XRD pattern gives the information about different crystalline planes 

present in the prepared sample. 
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Figure 4.7.1: Powdered X-ray diffraction pattern of rGO/Ag nano composite; inset: unoxidized 

GO peak at 23.7o 

 

 The X-ray diffraction of rGO/Ag nanomaterial reveals that the peaks observed at 

38.280°, 44.466°, 64.595° and 77.523° are due to the reflection from (111), (200), (220) and 

(311) planes of AgNPs. While the broadened peak at 23.7o is due to graphene oxide, 

corresponding to the plane (002), which indicates the reduction of GO [17].  Using the peak 

positions, the calculated d spacing is 2.349 Å for rGO/Ag, whereas d002 of graphite is .335 nm 
[10]. 

 
 Particle size determination 

The particle size of a nanoparticle, D can be calculated using Debye-Scherrer equation: 

𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝐷 =
𝐾𝜆

𝐵 cos 𝜃
 

Where K is a constant which is nearly equal to 0.94 

 B is the full width half maximum measured in radian 

 𝜆 is the wavelength of X- ray = 1.54060 x 10-10 m 
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2𝜃 
(in degree) 

𝜃 
(in degree) 

𝜃 
(in radian) 

B 
(degree) 

B 
(radian) 

Particle size 
D 

(nm) 

38.283o 19.1415o 0.3339 0.314 0.005477 26.441 

44.467o 22.2335o 0.3878 0.376 0.006559 22.079 

 

Hence average particle size, D = 24.26 nm 

 

4.7.2 UV-Visible analysis of rGO/Ag nano composite 

 

Figure 4.7.2: UV-Vis absorption spectra of rGO/Ag 

 

 In addition to the peak observed at 287 nm, which is due to the presence of rGO, a new 

absorption peak is observed at 379 nm.  This peak is due to the presence of silver nano particles 

which indicates the deposition of silver nano particles on the GO sheets [18]. 
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4.7.3 SEM analysis of rGO/Ag nano composite 

 The morphological analysis of rGO/Ag nanoparticles was done by SEM analysis. SEM-

EDX image of rGO/Ag is given in the figure below. Fig.4.7.3.a gives data about the elemental 

content in it. 

 

Figure 4.7.3.a: SEM-EDX of rGO/Ag 

 The EDX spectrum of the composite in the figure 4.7.3.a confirms the presence of Ag 

nanoparticles and the high intensity peak corresponds to carbon while another appreciable peak 

of oxygen atom confirms the presence of GO.  

 FE-SEM images of rGO/Ag nanoparticles is given in figure 4.7.3.b. It confirms the 

results of XRD analysis. 

 
 

Figure 4.7.3.b: FE-SEM images of rGO/Ag nanoparticles  
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 The Ag nano particles are uniformly distributed on the surface of GO sheet with the 

average size of 50 ± 5 nm [12]. 

 

4.7.4 HRTEM analysis of rGO/Ag nano composite 

 The structure and morphology of as prepared rGO/Ag were examined by High 

resolution Transmission Electron Microscope (HRTEM). Figure 4.7.4 depicts the TEM images 

of reduced Graphene oxide/ silver nano particles.  

    

Figure 4.7.4: TEM images of rGO/Ag nano particles in (a),(b) and (c); (d): SAED pattern of 
rGO/Ag 

 From the TEM image 4.7.4 (a), it is clear that the graphene sheets are homogeneously 

exfoliated. The Ag nano spheres are arranged uniformly between the layers of graphene. The 

evenly distributed Ag nano particles without much aggregation, indicates that GO can act as a 

strong platform for the growth of silver nano particles [13]. Figure 4.7.4 (c) displays that the Ag 

nano spheres of diameter ~ 50 nm are dispersed uniformly over the surface of the graphene 

oxide sheets. The image in figure 4.7.4 (d) indicates the corresponding SAED pattern of Ag 

nano sphere, which gives an idea about its crystalline nature. 
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4.7.5 Raman analysis of rGO/Ag nano composites 

 

 The Raman peak shown in Fig. 4.7.5 confirms the integration of silver nanoparticles on 

the surface of graphene oxide sheets.  

 

Figure 4.7.5: Raman spectra corresponding to rGO/Ag nano particles 

 The GO/Ag was characterized by two bands. The D-band at 1345.7 cm−1 and G band 

at 1586.2 cm−1. Here the D band is due to lattice imperfections in at the grain boundary and G 

band is the characteristic peak due to the E2g1 [11]. The 2D peak at 2672.48 cm−1 is due to a 

double resonance intervalley Raman scattering process for graphene transferred on Ag nano 

particles [14-18]. Here the ID/IG ratio is calculated as 1.08 [16]. 
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CHAPTER 5 

APPLICATIONS 

 

 Surface enhanced Raman scattering technique (SERS) has reported some promising 

applications in fields like chemical detection, environmental monitoring, food safety and bio-

medical spheres.  It can provide a finger print like information of the target molecule, which 

makes it an appropriate tool for on-site testing of harmful chemicals [1-4]. 

 

5.1 Dye detection 

 

 Dyes are chemical compound that are mainly used for imparting colours onto textiles 

like silk, jute, cotton, wool and other articles like, leather, cosmetics, plastic utensils, paper, 

food, etc. [5-7] The most commonly used dyes are methylene blue, crystal violet (CV), malachite 

green (MG), congo red (MB), rhodamine B, rhodamine 6G (R6G), etc. Their cost and ease of 

use make them an attractive factor in food colouring as well [8]. Most of the above mentioned 

dyes are soluble in aqueous as well as in organic solvents. Due to their carcinogenic nature, it 

causes several serious health issues such as irritation to the skin, eyes, and respiratory system 
[9, 10]. Therefore, it is high time to track their presence in materials even at the very low 

concentration.  

 Crystal violet is a chemical compound with the molecular formula C25N3H30Cl. It is 

used on large scale as an anti-fungual agent especially in aquaculture [10]. It is a drug used 

against different fish diseases. However, due to their harmful effects on human health, these 

are banned in many counties including USA, Japan, etc. [10,11]. But in order to have export 

quality products, the illegal use of these kind of chemical dyes are still in effect. In order to 

ensure safety towards such aqua products, effective detection measurements should be taken.  

  

 Among the various detection methods like high performance liquid chromatorgraphy, 

fluorimety, electro chemical detection, etc. the surface enhanced Raman spectroscopic method 

is the most effective.  rGO/Ag SERS substrate can enhance their activity towards the targeted 

molecule, which makes them suitable for on-site dye detection. [1-4]. 
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5.1.1 rGO/Ag substrate as a Dye detector 

 Figure 5.1.1.a, shows the normal Raman spectrum of chemical dye crystal violet 

adsorbed on a glass slide without the SERS substrate.   

 
Figure 5.1.1.a: Raman spectrum of crystal violet  

 
 
 In the Raman spectrum of  crystal violet bulk, the band observed at 894 cm−1 is caused 

by C-H out of plane bending mode, whereas the medium band at 1165 cm−1 is attributed to 

the C-H in-plane bending mode [12][13]. The overlapped vibrational stretching of CCcentreC and 

stretching vibration of nitrogen and phenyl ring attributes to the band at 1374 cm−1  [12]. The 

prominent band at 1585 cm−1 is due to in-plane aromatic C-C stretching vibration [13]. 

 
 In order to study the enhancement factor, the efficiency in determining crystal violet in 

rGO/Ag SERS substrate is to be compared with those in GO as well as Ag nano particles. The 

corresponding results are shown in figure 5.1.1.b.  
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Figure 5.1.1.b: SERS spectra of crystal violet at 10-8 M concentration 

 

 SERS spectum of crystal violet with the concentration of 10-8 M obtained from the 

rGO/Ag nano composite substrate is given in Figure 5.1.1.b The inset shows the corresponding 

spectra obtained from GO and Ag nano particles respectively. Comparing the peaks, we can 

conclude that the sensing property on rGO/Ag nano composite SERS substrate is more 

enhanced than that on the GO or Ag nano particles substrates. This alludes to the charge transfer 

mechanism between the adsorbate and SERS substrate involved in the process [18]. 

 

 Later, the detection of crystal violet with concentration ranging from 10−11 M to 

10−2 M was examined on rGO/Ag nano composite SERS substrate. The results obtained have 

been depicted in Figure 5.1.1.c. 

 

 The three major peaks with small deviations at 880 cm−1 is attributed to σ(CCcenterC), 

while those at 1357 cm−1 is attributed to σ(CCC)rings, σas (CCcenterC) & σ(CH). The peak at 

1553 cm−1 is attributed to σas
 (C-C) or υ(Cring-N).  
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Figure 5.1.1.c: SERS spectra of crystal violet with different concentrations adsorbed on 
rGO/Ag substrate 

 

  Here, as the detection limit reaches 10-11 M, it ensures the high sensitivity of SERS 

substrate for crystal violet. 

 

5.2 Pesticide sensing 

 With the advent of commercialization, the practise of farming and cultivation has 

declined. Those engaged in agriculture now focus on yielding more quantity than better quality 

products. Thus pesticides including insecticides, fungicides, and herbicides became important 

players in agriculture. Nearly 1000 variety of pesticides are used all over the world. The most 

commonly used pesticides are chloropyrifos, thiram, ethoprophos, parathion-ethyl, 

methamidophos, thiabendazole, pATP, endosulfan etc. The over dosage or use of multiple 

pesticides are not only hazardous to human beings but also to the surrounding ecosystem [16][17]. 

The non- standard use of these chemicals should be detected and controlled with an effective 

technique.     
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 Here, the pesticide thiram with molecular formula C6H12N2S4 was used for analysis. It 

is also called as thiuram disulphide. It is commonly used as a fungicide and an ectoparasiticide. 

It is highly toxic and can cause serious health issues such as nausea, diarrhoea, gastrointestinal 

complaints etc. [21] The effective detection of the pesticide thiram was done using the rGO/Ag 

SERS substrate prepared.  

  

5.2.1 rGO/Ag substrate as a Pesticide Sensor 

 From Figure 5.2.1.a, the sensing ability of SERS substrate for the pesticide – ‘thiram’ 

can be studied.  

 

 

Figure 5.2.1.a: Raman spectra of Thiram 

 

 The band at 443 cm−1 corresponds to σ(CH3NC) or υ(C = S) and the prominent band 

at 560 cm−1 is attributed to υ(S − S). The other bands observed at 852 cm−1 and  976 cm−1  

are attributed to υ(CH3N).While the peak at 1147 cm−1 corresponds to ρ(CH3)  or  υ(C − N). 

And the adjacent bands at 1370 cm−1 and 1395 cm−1 are attributed to σs(CH3) or  υ(C − N) 
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and σas(CH3) repectively. The υ(C − N), σ(CH3)  or ρ(CH3) attribute the small peak at 1464 

cm−1 [14][15].  

 Figure 5.2.1.b indicates the sensing capacity of rGO/Ag SERS substrate with just the 

GO and Ag nano particles towards the pesticide thiram. The peaks at 586 cm−1, 1320 cm−1and 

1589 cm−1 are recorded at 10-8 M concentration of Thiram. By comparing the spectra, we can 

conclude that the rGO/Ag nano composite SERS substrate shows an enhanced sensing 

property.  

 

 

Figure 5.2.1.b:  Raman spectra of thiram at 10-8 M concentration 

 

 The SERS spectra of Thiram with different concentrations ranging from 10−9  M to 

10−5 M on rGO/Ag SERS substrate is shown in the figure 5.2.1.c.  

 

 Thus, the results indicates that the prepared substrate has good enhancement effect on 

sensing of the pesticide thiram even at a low limit of detection, that is at 10−9 M.  
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Figure 5.2.1.c: SERS spectra of Thiram with different concentrations adsorbed on rGO/Ag 
substrate 

 Measurements were taken at 8 random points to check the reproducibility and stability 

of the substrate. Figure 5.2.1.d illustrates the corresponding graphs. By taking into 

consideration the similarity in all cases, uniformity and reproducibility of the substrate can be 

vouched for.  

 

Figure 5.2.1.d: SERS spectra of Thiram on rGO/Ag at different spots (concentration 10-5 M) 
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5.3 Antimicrobial study 
 
 Trillion microbes are present in and on our body. They are the basic factors that drive 

our health by maintaining proper digestion, protecting from infections, regulating respiration, 

etc. These microbes can be generally categorized as bacteria, fungi, protozoa, archaea and 

algae. Most of these microbes are not harmful. While Saccharomyces cerevisia, Aspergillus 

oryzae, L. plantarum, etc. are considerd as useful microorganisms, those like Escherichia coli 

(E. coli), Staphylococcus aureus, Mycobacterium tuberculosis, etc. are harmful 

microorganisms that can damage the human body. Some of these microbes can even destroy 

food crops and clothing.  

 Now, the complete removal of these microbes by inhibiting their cell replication is of 

high importance. The efficiency of silver in deactivating the harmful microorganisms are well 

known. Therefore, in order to study the antimicrobial activity of as prepared rGO/Ag nano 

composite, it was assessed against two bacterial strains: E. coli and S. aureus.  

5.3.1 rGO/Ag nano composite as an Antibacterial agent 

 

 In order to understand the antibacterial activity of GO/Ag nano composite, two bacterial 

strains (Gram-negative bacterium, E. coli and the Gram-positive bacterium, S. aureus) were 

used. 

       

Figure 5.3.1: Antibacterial activity rGO/Ag nano composite on (a) E. coli (b) Staphylococcus 

 Here the method followed consists of measuring the zone inhibited in a disk diffusion 

test against E.coli and staphylococcus. The control used here was Tetracycline (TE) 30 mcg 

susceptibility Test discs, which is denoted as T in the figure 5.3.1. The zone inhibited against 
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E.coli for 0.01g/ml of rGO/Ag nano composite was measured as 12 mm, while the zone 

inhibition caused by the control in E.coli came upto 9 mm. Similar significant zone inhibition 

was also noted against S. aureus and it was found to be at 6 mm for the same quantity of GO/Ag 

nano composite. The zone inhibition made by control in S. aureus was 5 mm. The results from 

zone inhibition study confirmed the remarkable performance of the nanocomposite in 

destroying harmful pathogens [22]. These results are consistent with previous observations made 

by Bao et al., 2011; Ma et al., 2011 [23]. 
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CHAPTER 6 

CONCLUSION 

 

 In conclusion, we have designed an environment friendly substrate that aids in the 

easier detection of chemicals by employing a low cost solvothermal method. The fabricated 

rGO/Ag nano composites can act as an excellent SERS (Surface Enhanced Raman 

Spectroscopy) substrate for the detection of certain chemicals at subnanomolar levels. The 

detection of one of the most harmful and commonly used water pollutant – crystal violet, a 

chemical dye was done successfully. Traces of crystal violet at various concentrations ranging 

from 10 -2 M to 10 -11 M gave reliable peaks on SERS substrate. This result backs the claim 

that the substrate can be effectively employed in the detection of crystal violet at concentrations 

as low as 10 -11 M. The sensing capability of rGO/Ag against the pesticide thiram in iso propyl 

alcohol was also demonstrated. The study also noted that in the presence of the rGO/Ag SERS 

substrate, thiram molecules displayed an enhanced peak even at a low concentration of 10 -9 

M. Hence it is safe to conclude that this could be a promising technique for sensing the 

pesticide, Thiram in more practical situations. In addition, the antibacterial activity of rGO/Ag 

nano composite was tested against two bacteria: Gram-negative bacterium, E. coli and the 

Gram-positive bacterium, S. aureus. The observations made indicate a good scope for their 

applications in the bio-medical field.   
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ABSTRACT 

Metal oxides are widely used in photocatalytic applications mainly for the decomposition of 

toxic compounds and environmental pollutants. The degradation is pollution free and therefore 

helps in environmental protection and produces harmless by products.  

In the present study tungsten trioxide (WO3) based photocatalyst were synthesized which 

possesses excellent chemical stability. Tungsten trioxide based photocatalyst were synthesized 

by doping WO3 with Ag forming Ag-WO3 and doping WO3 with rGO forming rGO-WO3 using 

hydrothermal method. The ternary compound Ag-WO3-rGO was synthesized using a two-step 

hydrothermal method. The hydrothermal method was chosen as it was simple and efficient. 

The characterisation of the samples were done using XRD, SEM, EDX and Raman 

spectroscopy. 

 The photocatalytic activity of the above synthesized nanocomposites were evaluated by the 

degradation of Congo red dye and Rhodamine B dye. Pure WO3 was added to the dye and the 

degradation of the dye when exposed to visible light was noted after 60 min. It was seen that 

the dye has shown very less degradation. In further study pure WO3 was doped with silver and 

with rGO and the resulting sample was dissolved in Congo red dye. The % degradation with 

Silver doped WO3 was higher compared with rGO doped WO3 when exposed to visible light 

for 60 min. The experiment was repeated with ternary Ag-WO3-rGO also. The results show 

that Ag-WO3 and ternary nanocomposite show excellent degradation of Congo red dye under 

visible irradiation. 

The photocatalytic study was repeated with Rhodamine B dye also. The % degradation of the 

dye was more effective with Ag-WO3 and ternary nanocomposite. The degradation efficiency 

was observed more in the case of Congo red dye within a given time interval compared with 

Rhodamine B dye. 

The enhanced photocatalytic activity usually can be due to three aspects: the increased 

adsorption of dye molecules, the enhanced light absorption and the increased band gap after 

doping. When WO3 is doped with Ag, it is seen that Ag acts as an electron reservoir that 

effectively contributes for enhancing the photocatalytic performance of Ag-WO3. In the case 

of rGO-WO3 the addition of rGO into WO3 would increase the specific surface area of 

photocatalyst which will enhance the photocatalytic activity. 
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PREFACE 

Chapter 1 deals with the classification of nanomaterials. It describes the harmful effects of 

water pollution and the importance of waste water treatment in the present situation. It 

describes the importance of photocatalyst in various fields for waste water treatment and 

antibacterial applications. The importance of metal oxide nanoparticles and two dimensional 

layered materials are well explained. This chapter also explains the various methods adopted 

to synthesize 2D materials. 

Chapter 2 describes the experimental procedure for synthesizing the nanomaterials. The 

various characterisation techniques like XRD, SEM, EDX and Raman spectroscopy were 

explained. Each characterisation techniques have its own unique instrumentation and working. 

This chapter gives a detailed idea of the instrumentation and working of various 

characterisation techniques. 

Chapter 3 includes the results and discussions .The results from XRD, SEM, EDX and Raman 

spectrum were analysed and discussed. The mechanism of photocatalytic activity and 

adsorption effects of the prepared samples in Congo red dye and Rhodamine B dye are well 

explained in this chapter. 
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CHAPTER - 1 

INTRODUCTION 

Nanotechnology is the study of material of size less than 100 nm or smaller at least in one 

dimension. The term “Nanotechnology” was first defined by a well-known scientist “Norio 

Taniguchi” of Science University, Tokyo, in a 1974 paper [1]. 

Nanomaterials are materials having one or more dimensions in the range of 100 nm or less. 

The classification of nanomaterials is based on the number of dimensions of the material that 

are outside the nanoscale range. They are broadly classified as   

 Zero-dimensional 

 One-dimensional 

 Two-dimensional 

 Three-dimensional 

Zero-dimensional (0D) nanomaterials will have all the dimensions measured within the 

nanoscale and are generally termed as nanoparticles. One-dimensional (1D) nanomaterials 

will have one dimension outside the nanoscale. This includes nanotubes and nanowires. In 

two-dimensional (2D) nanomaterials, two dimensions are outside the nanoscale. This 

includes graphene, nanofilms and nano coatings. Three-dimensional (3D) nanomaterials 

are materials which are not confined to the nanoscale in any dimension. This includes 

bundles of nanowires and nanotubes.  

     Figure 1.1 shows some nanomaterials available in different morphological forms [1] 

      Fig 1.1     Nanotube                        Polymeric nanoparticle                     Nanosphere 

A nanocomposite is a multiphase material in which one of the phases has one or more 

dimensions less than 100nm. They have exceptionally high surface to volume ratio, exhibit 

quantum confinement effects and have enhanced electrical, magnetic and mechanical 

properties. It has increased ductility without decrease in mechanical strength and can be formed 
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by combining inorganic nanoclusters, clays, fullerenes, metals, oxides or semiconductors with 

various organic polymers and enzymes.  

Carbon nanocomposites are composite material made of carbon and nanoparticles in nanoscale 

size. Figure 1.2 shows various types of carbon nanocomposites. 

                                              

 

 

 

 

 

 

 

 

                                             Fig 1.2 Various types of carbon nanocomposites [2] 

The physical and chemical properties of nanomaterials differ measurably than those of the bulk 

materials. The importance of nanomaterials lies in their vast increase in the surface area to 

volume ratio, which results in the possibilities of new quantum mechanical effects. One such 

example is the change in the electronic properties of solids due to the large reduction in particle 

size. Quantum confinement effects can also change the electrical conductivity, specific heat, 

and band gap of the nanomaterials. Physical properties of bulk material also change when it 

reaches the nanoscale. In some cases the changes are not desirable. For example, ferroelectric 

materials smaller than 10 nm can switch their magnetization direction using room temperature 

thermal energy, and thus making it useless for memory storage[1]. Nanoparticles made up of 

metals, semiconductors, or oxides shows excellent photocatalytic activities which are of great 

interest in the field of research. 

Over the past few decades, billions of people are suffering from carcinogenic diseases, 

infections and allergies caused by impure water contaminated with harmful dyes and 

microorganisms. Lack of safe drinking water has put the human societies in trouble. Apart from 
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this it has created harm to the aquatic life also. This has compelled scientists working in this 

field to develop new materials with novel strategies to overcome this serious issue. The 

ultrafine nanomaterials have been used as photo catalysts in various fields for waste water 

treatment and antibacterial applications [3]. 

Photocatalysis has gained considerable attention over the years due to its applications in various 

fields. The most basic humanitarian goal is to provide pure water and to reduce and eliminate 

these non-biodegradable and toxic waste from water. Photocatalytic activity mainly depends 

on the ability of a catalyst to generate electron hole pairs. This process generates free radicals 

like hydroxyl radicals which undergoes secondary reactions. 

The unusual properties and applications of metal oxide nanoparticles have attracted the 

attention of researchers in the present time. The increased surface area in nanostructured metal 

oxides lead to increased reactivity. Therefore more molecules of metal oxide nanoparticles are 

available on the surface for reacting with incoming molecules. Due to large surface area they 

are more sensitive to external stimuli like light. 

TiO2 is a widely used photocatalyst. TiO2 based photocatalytic process is a low-cost, 

environmentally friendly process.  In the case of TiO2 the band gap is 3.2 eV, and it requires 

high ultraviolet radiation for excitation. This limits the application of TiO2 in visible light 

region. Further the photocatalytic activities of TiO2 is affected by the low quantum yield of 

excitons due to the fast electron-hole recombination and the recombination of radical 

intermediates on its surface. Several methods have been adopted for the improvement of 

photocatalytic activity of TiO2. This involves doping TiO2 with metals, non-metals, carbon- 

based nanoparticles and co-doping technique (simultaneous doping of two kinds of elements   

into TiO2). Surface modification of TiO2 with organic ligands also have proved to enhance the 

photocatalytic activity of TiO2 [4]. 

Many articles suggest that tungsten trioxide (WO3) and its nanocomposites have attracted 

popularity in recent years because of its outstanding properties. Tungsten trioxide (WO3), a 

transition metal oxide is an oxygen deficient n type wide band gap semiconductor material with 

band gap of 2.6 – 3.5 eV [5] and can be activated by visible light irradiation. It is nontoxic, 

chemically and photo chemically stable and has diversely tunable stoichiometry and structures. 

It can form different compounds like WO3, WO2 etc. due to the existence of multiple oxidation 
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numbers. The molecular weight of WO3 was generally observed to be 231.838 g/mol, density 

is 7.2 g/cm3, and melting point is about 14730C. It is soluble in water and ammonia [6]. 

WO3 nanoparticles have high specific area and good surface permeability which helps in using 

it for wide range of applications like gas sensors, photo catalyst and field emission devices [7]. 

The WO3 crystal structures can be dependent on temperature. It is tetragonal in structure at 

temperature above 7400C, orthorhombic from 3300C to 7400C, monoclinic from 170C to 3300C 

and triclinic from -500C to 170C [8]. The most common structure of WO3 is monoclinic. 

WO3 have some drawbacks due to relatively low energy density, smaller specific surface area 

and high recombination rate of photo generated electron hole pairs which limit its photo 

catalytic activity. These drawbacks can be improved by developing various WO3 – based 

composite materials to improve their performance. It can be done by doping it with two 

dimensional layered materials like graphene and transition metals [9]. 

Two dimensional layered materials are of great interest in the field of research due to its large 

surface active applications.  These materials consist of different layers and each of these layers 

are coupled through vander waals interactions. The electrons in these layers are free to move 

in the 2D plane. Any material can thin down till it has thickness of few atoms. Some materials 

which have bonds oriented in 3D requires cutting of these bonds. The 2D materials prepared 

by this method will have high density dangling bonds that are chemically unstable. Graphene 

(an allotrope of Carbon), phosphorene (P), silicene (Si), germanene (Ge), stanine (Sn) are some 

examples of 2D materials. Compound 2D materials include hexagonal boron nitride (h-BN), 

semiconducting Mo and W based transition metal dichalcogenides (TMDs), transition metal 

carbides and -nitrides (MXenes).  Graphene and h-BN have 2D crystal structures with the same 

plane covalently bound in a hexagonal lattice whereas TMDs have three atoms and make an 

X-M-X sandwich in the form of trigonal prismatic [10]. 

Graphene is an allotrope of carbon which exists in two dimensional sheet form. The carbon 

atoms in graphene are bound to each other by hexagonal bonds along planes within the bulk 

material. These planes are stacked one above the other and can be separated without leaving 

dangling bonds. Due to the absence of dangling bonds, the charge carrier scattering is reduced 

in the 2D materials as compared with the bulk material. Due to strong interlayer coupling, the 

electronic band structure of the 2D materials is highly dependent on the thickness of the layer 
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[10]. It has various properties like high surface area, high mechanical strength and excellent 

electrical and thermal conductivities [11]. 

Graphene oxide (GO) is the oxidised form of graphene. The structure of GO sheets is a 

continuous and atomically thin, two-dimensional (2D) array of carbon atoms that is 

functionalised with epoxy and hydroxy groups on the carbon basal plane, and carboxy groups 

around the edges. The major part of the basal plane consists of carbon domains which are 

relatively hydrophobic. The acidic edges are considered to be hydrophilic and hence GO is 

considered to have amphiphilic structure [12]. The various defects brought to graphene 

structure create on-plane functionalization defects and in-plane lattice defects in the GO’s σ‐

framework of the hexagonal lattice [13]. Due to these unique properties, GO has wide 

applications in photocatalysis, solar cells and hydrogen storage. 

GO can be synthesized from the oxidation and exfoliation of graphite. The most accepted 

method is the modified Hummer’s method. Reduced graphene oxide (rGO) is another form of 

GO in which the oxygen content is reduced by using chemical, thermal and other methods. The 

structure of graphene, GO and rGO is given in figure 1.3. 

 

 

 

 

 

           Fig 1.3 Structures of Graphene, Graphene oxide and reduced graphene oxide [12] 

Transition metals like silver also plays an important role in increasing the photocatalytic 

activity of WO3 due to the enhanced charge separation and electron hole recombination 

reduction. When WO3 is exposed to irradiation, electrons from the valence band moves to the 

conduction band thereby creating holes in the valence band. When the semiconductor WO3 is 

doped with transition metal like silver, electrons from the semiconductor shifts to the metal if 

the fermi energy level of the semiconductor is higher than that of the metal particle. The 

accumulation of the electrons on the metal surface drives the reactions on the catalyst. The 

metal nanoparticles also have better affinity to many reactants than semiconductor. The light 
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absorption property of fine silver nanoparticles is due to the localized surface plasmon 

resonance (LSPR) effect of the transition metal nanoparticles. LSPR is the resonant photon-

induced coherent oscillation of charges at the metal/dielectric interface, when the frequency of 

the photon becomes equal to the natural frequency of the oscillating metal surface electrons. 

For small particles, a resonantly enhanced uniform field builds up inside the particle producing 

a dipolar field outside the particle. This leads to enhanced absorption and scattering cross 

sections for electromagnetic waves [14]. 

Various methods are adopted to synthesize ultrathin 2D materials and it can be generally 

divided into two categories,  

 Bottom-up methods  

 Top-down methods 

Bottom-up approach deals with the build-up of a material from the bottom: atom-by-atom, 

molecule-by-molecule. It is more economical as it produces less waste. Bottom up methods 

include hydrothermal, solvothermal methods, sol-gel synthesis and colloidal precipitation.  

Top-down approach involves the breaking down of the bulk material into nanosized particles. 

It depends on miniaturization of bulk fabrication processes to produce the desired structure 

with suitable properties. Liquid exfoliation assisted by mechanical force, heat, oxidation and 

selective etching, electron beam lithography and atomic force manipulation are some examples 

of top down methods. 

In this work, a bottom up approach – specifically the hydrothermal method has been employed 

for the synthesis of WO3 and composites. The method involves the synthesis of substance by 

chemical reactions in a sealed and heated aqueous solution or organic solvent filled in a 

specially sealed container or high-pressure autoclave at appropriate temperature and pressure 

(1-100 MPa) [15].  

 

 

 

 

                               Fig 1.4 Schematic diagram of autoclave [16] 
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Rhodamine B (RhB) and Congo red are two dyes widely used in textile industry and effluents 

from the factories are reported to contaminate water to a great extent. RhB is a water-soluble 

fluorescent xanthene dye with a chemical structure of C28H31CIN2O3. The molecular weight of 

RhB is observed as 479.02 g/mol and the wavelength (λmax) at which maximum absorption 

occurs for the dye is obtained at 543nm [17]. It is widely used in industrial purposes, such 

as printing and dyeing in textile, paper, paints etc.  

 

 

                   

 

 

                                 Fig 1.5 Chemical structure of Rhodamine B [17] 

Congo red dye is a water-soluble azo dye with a chemical structure of C32H22N6Na2O6S2. The 

molecular weight of Congo red dye  is  observed as 696.665 g/mol and the wavelength (λmax) 

of maximum absorption is obtained at 497nm [18].  

 

 

 

 

                           Fig 1.4 Chemical structure of Congo red dye [24] 

                                 Fig 1.6 Chemical structure of Congo red dye [18 

Congo red dye shows a colour change from blue to red corresponding to pH value 3 to 5.2. and 

can therefore be used as a pH indicator also. It is used in cotton industry as a dye as well as for 

staining tissues for microscopic examination in the field of histology. 
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CHAPTER – 2 

METHODOLOGY 

This chapter describes the synthesis methods employed to prepare the samples and also the 

techniques used for characterisation of these samples. In this work, the following samples have 

been prepared  

 Graphene oxide (GO) 

 Tungsten trioxide (WO3) 

 Ag doped WO3 (Ag-WO3) 

 rGO doped WO3 (rGO-WO3) 

 Ternary compound (Ag-WO3-rGO) 

 
2.1 MATERIALS  

Sodium nitrate (NaNO3), Sodium tungstate dihydrate (Na2WO42H2O), and Silver nitrate 

(AgNO3) were obtained from Merck, India. All the solutions were prepared using deionised 

(DD) water in the laboratory. 

 2.2 SYNTHESIS 

Graphene oxide (GO) was synthesized using modified Hummer’s method [1]. Tungsten 

trioxide (WO3) and its nanocomposites, Ag-WO3 and rGO-WO3 were synthesized using 

hydrothermal method. Ternary nanocomposite, Ag-WO3-rGO was synthesized using two step 

hydrothermal method. 

2.2.1 GRAPHENE OXIDE 

Graphene oxide was synthesized using modified Hummer’s method. 2g of graphite flakes and 

2g of NaNO3 were mixed in 90ml of H2SO4 (98%) in 1000ml volumetric flask kept under ice 

bath with continuous stirring. The mixture was stirred for 4hrs at this temperature and 12g of 

KMnO4 was added to the suspension very slowly. The temperature was controlled below 15oC. 

The mixture was diluted with slow addition of 180ml water and kept under stirring for 2hrs. 

The ice bath was then removed and the mixture was then stirred at 35oC for 2hrs. 

The above mixture was kept on a magnetic stirrer and stirred at 980C for 10 minutes, after   

which the temperature was changed to 300C and the resulting solution changes to a brown 
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colour. Again after 10min the temperature was changed to 250C and maintained it for 2hrs. The 

solution was finally mixed with 40ml of H2O2 and the colour of the solution turned bright 

yellow. 

The prepared solution was then taken in two beakers and mixed with 200ml of DD water, kept 

without stirring for 3-4hrs and allowed the particles to settle at the bottom. The solution was 

washed with DD water for two to three weeks till its pH is 6 [1]. 

2.2.2 TUNGSTEN TRIOXIDE 

For the preparation of tungsten trioxide, 0.4g (400mg) of Na2WO42H2O was dissolved in 10ml 

of DD water. Then 5ml 35% HCl was then slowly added in 10ml of this mixture with 

continuous stirring. The mixture was then transferred to 50ml Teflon steel autoclave and kept 

at 1400C for 8h. After 8h, the sample was allowed to cool to room temperature, washed with 

DD water and ethanol several times. Then the sample was dried in an oven at 700C overnight. 

2.2.3 Ag - WO3 

For the preparation of Ag - WO3, 25ml Na2WO4 solution was prepared by dissolving 0.4g of 

Na2WO42H2O in 25ml DD water at room temperature under continuous stirring after which 

5ml nitric acid was poured to form a yellow suspension. Then 0.84g of Silver nitrate was 

dissolved in 50ml of DD water and stirred for 4h and transferred into a 100ml Teflon lined 

steel autoclave. The hydrothermal process was carried out at 1800C for 24h. After cooling, the 

solution was filtered several times with DD water and dried at 800C for 12h. 

2.3.4 rGO - WO3 

For the preparation of rGO - WO3, the already prepared GO was dispersed in DD water with 

the help of ultrasonicator forming a suspension of concentration 0.5mg per ml. 5ml of 35% 

HCl was added slowly and then transferred to a Teflon lined steel autoclave. The hydrothermal 

process was carried out at 1400C for 8h. After cooling, filtered several times with DD water 

and dried at 800C for 12h. 

2.2.5 TERNARY COMPOUND Ag-WO3-rGO 

For the preparation of ternary Ag-WO3-rGO, 200mg of GO was dissolved in 50ml of DD water 

and ultrasonicated for 10min.Then 100mg of already prepared Ag doped WO3 was added to 

the GO solution and sonicated for 5min to make a homogeneous suspension.  The mixture was 
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transferred into a 100ml Teflon lined steel autoclave and the hydrothermal process was carried 

out at 1800C for 24h. After cooling, filtered several times with DD water and dried at 800C for 

12h. 

2.3 CHARACTERISATION TECHNIQUES 

Characterisation is an important method for identifying the structure and chemical composition 

of materials. They include X-ray diffraction, scanning electron microscopy (SEM), 

transmission electron microscopy (TEM), X-ray fluorescence spectroscopy (XRF), NMR and 

other synchrotron techniques. X ray diffraction technique is one of the efficient methods for 

determining the structure of materials. Various other techniques such as Fourier transform 

Infra-red spectroscopy (FTIR), Raman spectroscopy etc. are used for structural analysis.  The 

characterisation methods employed in this study are discussed in detail below. 

2.3.1 X-Ray diffraction 

X-ray diffraction is one of the prominent techniques for determining the atomic and molecular 

structure of crystalline materials. This technique involves a scattering process in which X-rays 

are scattered by the electrons of the atoms present in the material without changing the 

wavelength. The resulting diffraction pattern, given by the positions and intensities of the 

diffraction effects gives an idea of the structure of the material. The diffraction of electrons by 

the crystal lattice is governed by Bragg’s law given by, 

                                    2𝑑 sin 𝜃 = 𝑛𝜆      ……………………………………………………………….. (2.1) 

where, d is the interplanar spacing of the lattice planes with Miller indices (hkl) 

          θ is the glancing angle 

           n is the order of diffraction 

          λ is the wavelength of X-rays 
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Fig 2.1 Geometrical condition for diffraction from lattice planes [2] 

The sample is scanned through an angle 2θ and a graph is plotted with diffraction angle 2θ 

along the X axis and diffraction intensity along the Y axis. The diffraction pattern will have 

various peaks corresponding to several planes of same order which satisfies Bragg’s law 

equation. The ‘d’ value can be found for each peak and then comparing the ‘d’ value and the 

angle 2θ with the standard reference JCPDS files, the material can be identified. 

2.3.2 Instrumentation and Working 

 

 

 

 

 

 

 

                                   Fig 2.2 Schematic diagram of a diffractometer [3] 

Most of the XRD devices work based on the reflection geometry which involves X-ray source 

and detector on the same side of the sample. The scattered X-rays from the X-ray tube are 

reflected from the sample and then incident on the detector. The scattered X-rays undergo 

constructive interference. 

The filament in the cathode ray tube is heated to produce the high energy electrons. These 

electrons are then collided with the target materials. The high energetic electrons now penetrate 

into the target material and remove the innermost electrons which creates vacancy in the 
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innermost shell. These vacancies are filled by the electrons in the outermost shell. This 

transition results in the release of X-ray photon. The wavelength of the X-rays depends on the 

target material. The transition of the electrons from the outermost shells results in different 

lines like K and K in the characteristic spectra of X-rays. The produced X-rays can be 

collimated and directed towards the sample. The sample can be rotated in the direction of 

collimated X-rays at an angle θ while the detector can be rotated at an angle 2θ. This device is 

called goniometer. The detector now processes the X-ray signals and sends the data to the 

computer. In general, the diffraction data are represented as intensity distribution as a function 

of the 2θ angle as represented by the figure 2.3. 

 

 

 

                              

 

 

                                    

Fig 2.3 Half width peak intensity [4] 

The crystalline structure of the material can be determined by the XRD. The broadening of 

peaks shows the deviation from crystallinity. The crystalline size is determined by the 

Scherrer formula given by, 

                                          𝐵𝑐 =  
𝐾𝜆

𝐿𝑐𝑜𝑠𝜃
  …………………………………………….. (2.2) 

where K is the Scherrer constant  

           λ is the wavelength of X-rays 

          L is the crystalline size 

         Bc is the peak width (full width at half maximum) 
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2.3.3 Raman spectroscopy 

Raman spectroscopy is a type of vibrational spectroscopy employed for the identification of 

elements in the sample. A monochromatic light source, usually from a laser in the visible, near 

infrared or near ultraviolet region can be used. When light interacts with the molecules of 

matter, majority of the photons are scattered at the same energy as that of the incident photon. 

This type of scattering is described as elastic scattering or Rayleigh scattering. Few number of 

photons scatter at a frequency other than the incident photon frequency and this process is 

called inelastic scattering or Raman scattering. When the change in the energy of the scattered 

photon is less than the energy of the incident photon, the scattering is called Stokes scattering 

while the change in energy is greater than the energy of the scattered photon, it is called anti-

Stokes. On the opposite sides of the Rayleigh line, the Stokes and anti-Stokes lines exists as 

mirror images. The difference in the frequency between the Raman lines and Rayleigh lines is 

used to measure the vibrational energy of the system. 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                

 

            Fig 2.4 Diagram showing the origin of Rayleigh, anti-Stokes and Stokes lines [5] 
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Raman spectroscopy is used for analysing low frequency modes in a system. It gives the 

information about the vibrational modes of system under consideration. It is more used as a 

structural characterisation technique than a chemical analysis technique. The detection of 

structural defects, alloy fluorescence etc. can be done with Raman spectroscopy. It can be used 

for detecting the stress in semiconductor materials and devices. 

2.3.4 Scanning Electron Microscope (SEM) 

Scanning electron microscope is a type of electron microscope that uses a focused beam of 

electrons to produce images of the sample.  The basic components of SEM are  

(i) An electron gun consisting of cathode and anode 

(ii) The condenser lens that controls the amount of electrons 

(iii) The objective lens focusing the beam of electrons on the sample 

(iv) Secondary electron detector that attracts the secondary electrons 

(v) Deflection coil to deflect the electrons 

 

 

 

 

 

 

 

                                          Fig 2.5 Schematic representation of SEM [6] 

(i) Electron Gun 

The electron beam is produced by the electron gun which consists of a filament made of 

tungsten wire which acts as the cathode. By heating the filament at a very high temperature, 

thermo electrons are produced. A metal plate which acts as an anode is maintained at a positive 

voltage up to 30 kV gathers the electron beam. A wehnelt electrode maintained at negative 
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voltage, kept between the cathode and anode adjusts the current of the electron beam and 

focuses it. Schottky – emission and field-emission guns can also be used as electron guns [7]. 

(ii) Condenser lens 

Condenser lens is kept below the electron gun and controls the diameter of the electron beam. 

A metal plate with a hole in the middle is kept between the condenser lens and objective lens. 

The electron beam when passes through the condenser lens illuminates the aperture plate. The 

adjustment of the excitation of the condenser lens helps to change the electron probe diameter. 

If the excitation of the condenser lens is decreased, the electron beam becomes narrower and 

most of the electrons pass through the aperture [7]. 

(iii) Objective lens 

Objective lens is used to find the electron probe diameter. It focuses the electron beam to the 

sample. 

(iv) Secondary electron detector (SED) 

The secondary electrons emitted from the sample are detected by secondary electron detector. 

The detector has a scintillator coating to detect the electrons. When the electron reaches the 

scintillator, it produces light flashes and the light guide directs the light to a photo multiplier 

tube which converts the light to electrons and amplifies it to electrical signals. 

 

 

 

 

 

 

                                          Fig 2.6 Secondary electron detector [7] 

(v) Deflection coil 

The deflection coils are used to deflect or tilt the electron beam. 
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Working 

A beam of electrons is produced on the top of the microscope using the electron gun which 

travels through the electromagnetic fields and lenses and is focused on the sample. When the 

beam of electrons hits the sample, electrons and X-rays are ejected from the sample.  The back 

scattered electrons, secondary electrons and the X-rays are collected by the detector and 

converted them into a signal that is sent to a screen. 

2.3.5 UV-Visible absorption spectrophotometry 

UV-Visible spectroscopy is an analytical technique in which the amount of light absorbed at 

each wavelength of UV and visible regions of the electromagnetic spectra is measured. 

Absorption spectroscopy deals with the wavelength ranging from 190nm to 800nm. The 

absorption of light by molecules results in molecular excitations thereby exciting the electrons 

from lower energy level to higher energy level. The relationship between the energy of light 

absorbed and the frequency of light is given by, 

                                           𝐸 = ℎ ...………………………………………………………………(2.3) 

where E is the energy of photon 

           h is the Planck’s constant 

          υ is the frequency of photon 

Beer-Lambert Law 

When a monochromatic light of incident intensity I0 is transmitted through a solution, the 

transmittance, T of the solution is given by, 

                                        𝑇 =
𝐼

𝐼0
 …………………………………………………… (2.4) 

where I is the transmitted intensity 

The absorbance, A, of the solution is related to the incident and transmitted intensities by, 

                                            𝐴 = 𝑙𝑜𝑔10
𝐼0

𝐼
=  −𝑙𝑜𝑔10 𝑇 ………………………………………(2.5) 

where I0 is the incident intensity 
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           I is the transmitted intensity 

The absorbance has a logarithmic relation to the transmittance. The transmittance is 100% 

corresponding to an absorbance of 0 and 10% transmittance corresponding to an absorbance of 

1. More combinations of absorbance of solution and transmittance are possible. 

The Beer-Lambert law gives a linear relationship between the concentration and absorbance of 

solution. So by measuring the absorbance, the concentration of the solution can be calculated. 

The absorbance of the solution is given by, 

                                               𝐴 = 𝑐𝑙  ……………………………………………………………………. (2.6) 

where  is the molar absorption coefficient 

          c is the molar concentration 

          l is the optical path length 

Construction and working 

The basic components of UV-Visible absorption spectrophotometer are  

(i) Light source 

(ii) Wavelength selector 

(iii) Sample analyser 

(iv) Detector 

(v) Computer 

                   

 

 

 

 

 

            Fig 2.7 Schematic diagram of UV-Visible absorption spectrophotometer [8] 
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Light from the source is focused to the slit of the monochromator which uses optical grating to 

separate the light by wavelength. Then the light is passed through a detector where the intensity 

of light at each wavelength can be measured. 

2.4 Photocatalytic Studies 

The photocatalytic activity of the prepared samples has been investigated by photodegradation 

study of Rhodamine B and Congo red dye under visible light illumination. The light source 

used was halogen light bulb (50W, 220V). The solution was prepared by mixing 1mg of the 

dye in 100 ml of DD water (10 ppm). Each photocatalyst sample (25mg) was added to 10mL 

of dye taken in a beaker, which was maintained at 250C by using ice cubes and cold water. 

Before exposing to light, the dye solution was stirred for 10 min in the darkness to reach an 

adsorption-desorption equilibrium. The mixture was then exposed to light. After each interval 

of 20 min, the mixture was centrifuged to remove the photocatalysts. The supernatant was used 

to monitor the photo-degradation efficiency (PDE) of the dye. The degradation efficiency of 

the dye was determined by the equation (2.7)  

                        𝑃𝐷𝐸(%) =
𝐶0−𝐶𝑡

𝐶0
× 100 =

𝐼0−𝐼𝑡

𝐼0
× 100 …………………………… (2.7) 

where C0 is the initial concentration of dye (mg/L) and Ct is the concentration of dye (mg/L)   

at a definite interval of time at the end of each experiment; I0 is the intensity of the maximum 

peak in UV-Vis spectrum of initial dye solution; It is the intensity of the maximum peak in UV-

Vis spectrum at a definite interval of time at the end of each experiment. The intensity of 

maximum peak corresponds to 501 nm in the case of prepared Congo red dye and 557 nm in 

the case of prepared Rhodamine B dye.  
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CHAPTER – 3 

RESULTS AND DISCUSSIONS 

3.1 XRD ANALYSIS 

XRD of the prepared samples were taken using the X-ray diffractometer Bruker AXS D8 

Advance. Fig 3.1(a) shows the XRD pattern of GO and fig 3.1(b) shows the XRD pattern of 

Graphite given for comparison from ref [1]. 
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                                            Fig 3.1(a) XRD of GO 

                                                                         

                                                                     

 

 

 

 

 

                                     Fig 3.1(b) XRD of Graphite [1] 
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The XRD spectrum of GO shows a high intense peak at 2θ = 11.590, indicating the formation 

of Graphene oxide structure. Comparing with the XRD spectrum of Graphite given in fig 

3.1(b), it can be observed that graphite shows peak at 2θ = 26.60[1] and the shifting of peak in 

the case of Graphene oxide towards the left is due to the oxidation of graphite. Fig 3.2 shows 

the XRD patterns of WO3, Ag-WO3, rGO-WO3 and the ternary sample Ag-WO3-rGO. 

      Fig 3.2 XRD patterns of WO3, Ag-WO3, rGO-WO3 and the ternary sample Ag-WO3-rGO 

In the XRD spectra of the ternary nanocomposite and rGO-WO3, the diffraction peaks were 

not observed in the range from 100 to 150 showing that GO was completely reduced to rGO. 

The XRD patterns of the samples WO3, Ag-WO3, rGO-WO3 and ternary Ag-WO3-rGO were 

identical to each other substantiating that the direct incorporation of Ag and rGO does not affect 

the crystal structure of WO3. The XRD peaks of WO3, Ag-WO3, rGO-WO3 and ternary Ag-

WO3- rGO is listed in table 3.1. This is in agreement with the monoclinic structure of WO3 as 

per the standard JCPDS file no.43-1035. Pure WO3, Ag-WO3, rGO-WO3 and ternary nano 

composites can be indexed to the standard pattern of monoclinic WO3 with the lattice constants 

a = 7.300 A0, b = 7.538 A0, c = 7.689 A0 and  = 90.892 A0.  Ag nanoparticles have XRD peaks 

at around 380, 460, 640 etc.  The monoclinic WO3 also possesses peaks around these values and 

they are not observed due to the overlap.               
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Table 3. 1. XRD peaks of WO3, Ag-WO3, rGO-WO3 and ternary Ag-WO3- rGO 

 

 

 

 

 

 

 

 

 

 

 

The particle size was calculated using Scherrer formula. The particle size of GO and WO3 and 

its nanocomposites is given in table 3.2. 

Table 3. 2. The particle size of GO, WO3, Ag-WO3, rGO-WO3 and ternary Ag-WO3- rGO 

 

 

 

 

 

 

 

 

 

 

Samples   WO3 Ag-WO3 rGO-WO3   Ternary 

hkl planes                                2θ 

(020) 23.700 23.750 23.580 23.580 

(200) 24.390 24.390 24.390 24.390 

(120) 26.650 26.750 26.650 26.650 

(112) 28.930 28.970 28.820 28.820 

(022) 33.460 33.460 33.650 33.650 

(202) 34.000 34.210 34.210 34.210 

(220) 35.560 34.510 34.480 34.480 

(222) 41.830 41.830 41.830 41.830 

(004) 47.440 47.440 47.440 47.440 

(040) 48.480 48.480 48.480 48.480 

(400) 50.230 50.040 50.040 50.040 

(420) 55.990 55.990 55.990 55.990 

SAMPLE PARTICLE SIZE (nm) 

 

GO 

 

2.3 

 

WO3 

 

6.52 

 

Ag-WO3 

 

5.56 

 

rGO-WO3 

 

5.64 

 

Ag-WO3-rGO 

 

4.66 
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The XRD analysis shows that the crystalline size has reduced in the case of WO3 nano 

composites. The decrease in the crystalline size will enhance the photo catalytic activity due to 

the increase in surface area thereby increasing the adsorption/desorption. 

3.2 SEM 

The morphology of the synthesized nanocomposites ws observed by SEM. Fig 3.3(a) to 3.3(e) 

shows the SEM images of WO3, Ag-WO3, rGO-WO3, ternary nanocomposite and GO 

respectively. The SEM image of WO3 and Ag-WO3 shows that it has spherical morphology. It 

was observed that WO3 nano particles were randomly distributed on rGO sheets in the case of 

rGO-WO3.The SEM image of GO shows that the graphene sheets are exfoliated in graphene 

oxide. 

 

 

 

 

 

Fig 3.3 (a) SEM image of WO3                                                  Fig 3.3 (b) SEM image of Ag-WO3                                          

 

 

                                                                                                                   

 

 

 

 

  

Fig 3.3 (c) SEM image of rGO-WO3                                     Fig 3.3 (d) SEM image of Ag-WO3-rGO 
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                                                    Fig 3.3 (e) SEM image of GO        

The crystalline size calculated by Scherrer formula using XRD will be always less than the 

grain size using SEM. Crystalline size is the size of a single crystal in powder form whereas 

grain size is the size of a grain which can be either a single crystalline or polycrystalline 

material present in bulk form. 

3.3 EDX 

The elemental information of the prepared nanocomposite was analysed by EDX. Fig 3.4(a) 

shows the EDX of WO3 which confirms the presence of elements tungsten and oxygen. Fig 

3.4(b) shows the EDX of Ag-WO3 which confirms the presence of silver in the synthesized 

material. It was observed that the intensity peak of tungsten was decreased due to the addition 

of silver ions in the tungsten site and intensity peak of oxygen remains constant for both pure 

and Ag doped WO3 [2]. As shown in Fig 3.4(c), the EDX spectrum of rGO-WO3 shows the 

existence of carbon, oxygen and tungsten indicating the formation of rGO-WO3 nano 

composite [3]. Fig 3.4(d) shows the presence of carbon, oxygen, tungsten and silver. 

    

Fig 3.4(a) EDX spectrum of  WO3                             Fig 3.4(b) EDX spectrum of  Ag-WO3 
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Fig 3.4(c) EDX spectrum of  rGO-WO3                        Fig 3.4(d) EDX spectrum of Ag-WO3-rGO 

3.4 RAMAN SPECTRUM 

Fig 3.5 shows the Raman spectrum of GO and fig 3.6 shows the Raman spectrum of WO3, Ag-

WO3, rGO-WO3 and ternary Ag-WO3-rGO. 
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                                                        Fig 3.5 Raman spectrum of GO 
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                                     Fig 3.6 Raman spectrum of WO3 and its nano composites 

The position of the characteristic Raman peaks of WO3, Ag-WO3, rGO-WO3, Ternary Ag-

WO3- rGO and GO are listed below in the table 3.3: 

         Table 3.3 Characteristic Raman peaks of WO3, Ag-WO3, rGO-WO3, Ternary and GO 

 Bonds WO3 Ag-WO3 rGO-WO3 Ternary GO 

δ(O-W-O) 272  270 272 247 - 

δ(O-W-O) 328 324 328 322 - 

υ(W-O) 716 716 708 710 - 

υ(O-W-O) 804 804 804 799 - 

 D band - - 1344 1341 1341 

 G band - - 1598 1595 1579 

         

According to table 3.3, the Raman peaks at 272,716 and 804 cm-1 confirms the monoclinic 

structure of WO3. Some peaks of WO3 were seen shifted to the lower wavenumber when WO3 
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was doped with Ag. This blue shift is due to the shortening of W-O bonds caused by the 

appearance of Ag. 

While analysing the Raman spectra of GO, the presence of D band and G band was observed 

at 1341cm-1 and 1579 cm-1 respectively.  

The Raman spectrum of rGO-WO3, exhibits two bands at 1344 cm-1 and 1598 cm-1 

corresponding to the graphite(G) and diamondoid(D) bands respectively. The same bands were 

observed in the case of rGO also. These bands are characteristic features of rGO nano 

composites. The G band corresponds to the tangential vibrations of the carbon atom and the D 

band is the standard sign of the presence of defective graphite carbon [2]. The same bands were 

observed in the case of ternary nanocomposite also. 

It was observed that when rGO was introduced to Ag-WO3, there is a red shift of the G band 

from 1579 cm-1 to 1595 cm-1 in the case of ternary Ag-WO3-rGO nano composite. The 

corresponding shift in the case of rGO -WO3 is 1598 cm-1. This may be due to the hole transfer 

between rGO and WO3/Ag which supplies the strong interaction between the components in 

the nanocomposite [4,5]. 

3.5 Optical properties 

The absorption spectra of WO3, Ag-WO3, rGO-WO3 and Ag-WO3-rGO samples are given in 

Fig.3.7. 

 

 

 

 

 

 

 

                            Fig 3.7 Absorption spectra of WO3 and its nanocomposites 



 
 
 
 

30 
 

It can be observed that the spectra of all the samples exhibit a characteristic absorption band 

around 400 nm, indicating the existence of highly crystallized WO3.  

Tauc’s diagram was used to calculate the optical band gap of the samples. The equation is given 

by  

                        (ℎ) = 𝐵(ℎ − 𝐸𝑔)𝑛……………………………………  (3.1) 

where  is the absorption coefficient calculated from absorbance using the equation( =
4𝑘

𝜆
) 

where λ is the wavelength of incident photon 

          h is the energy of the incident photon 

           n = ½ or 2 for direct and indirect recombination respectively 

          B is an arbitrary coefficient 

          Eg is the optical band gap of the sample 

Since WO3 is an indirect band gap semiconductor, the band gap energy have been calculated 

by plotting (h)1/2 as a function of the photon energy h. In the case of rGO-WO3, the plot 

was drawn with (h)2 as a function of the photon energy h. The extrapolated band gap of 

WO3, Ag-WO3 and rGO-WO3 are 2.2 eV, 1.4 eV and 1.3 eV respectively. 

Fig 3.8(a) and 3.8(b) shows the Tauc plot from which the band gap of WO3, Ag-WO3 and rGO-

WO3 were measured. 

                

Fig 3.8(a) Tauc plot of WO3 and Ag-WO3             Fig 3.8(b) Tauc plot of WO3 and rGO-WO3 
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3.6 Photocatalytic study and Adsorption effects of WO3 and its  

nanocomposites  

3.6.1 Photocatalytic study on Congo red dye 

The photocatalytic activity of the samples has been evaluated by measuring the absorbance 

changes caused by the degradation of Congo red dye for 60 min under visible light irradiation. 

For photodegradation of Congo red dye, 25 mg of the prepared samples, WO3, Ag-WO3 and 

rGO-WO3 were added into 10 mL of the prepared Congo red dye solution and kept under dark 

conditions for 10 min. After light illumination at regular intervals, the suspension was taken 

and the photocatalyst was separated by centrifugation. The absorption of Congo red dye was 

then measured by a UV-Vis spectroscopy. Fig. 3.9(a) to Fig. 3.9(c) shows the photocatalytic 

activity of WO3, Ag-WO3 and rGO-WO3 respectively. The degradation efficiency of the dye 

was determined by the equation (3.2)  

                        𝑃𝐷𝐸(%) =
𝐶0−𝐶𝑡

𝐶0
× 100 =

𝐼0−𝐼𝑡

𝐼0
× 100 ……………………………… (3.2) 

The degradation rate of Congo red dye with WO3 photocatalyst has shown 35.73% within 60 

min of illumination, whereas WO3 doped with Ag, exhibits a much higher degradation 

efficiency of 63.33%. Ag-WO3 has shown 71.96% degradation efficiency within 90 min of 

illumination. The incorporation of WO3 nanoparticles with rGO sheets also have increased the 

degradation efficiency by 56.86% within 60 min illumination.  

 For further study of photodegradation of Congo red dye, 10 mg of the prepared ternary 

nanocomposite, Ag-WO3-rGO was added into 10 mL of the Congo red dye solution and the 

process was repeated. The synergistic combination of adsorption and photocatalytic activity by 

Ag-WO3-rGO results in almost complete degradation of Congo red dye within 120 min under 

visible irradiation. This result indicates that Ag-WO3, rGO-WO3 and ternary Ag-WO3-rGO 

nanocomposite shows improved photocatalytic activity for the effective treatment of organic 

dye pollutants compared with pure WO3. The enhanced photocatalytic activity usually can be 

due to three aspects: the increased adsorption of dye molecules, the enhanced light absorption 

and the efficient charge separation. The photocatalytic activity of the ternary Ag-WO3-rGO 

nanocomposite is shown in figure 3.9(d). 
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                                (a)                                                                                              (b)                                                                                                                       

 

                                    

                                    (c)                                                                                           (d)                                                                             

Fig 3.9 Absorption spectra of Congo red dye in the presence of light (a) WO3 (b) Ag-WO3      

(c) rGO-WO3 (d) Ag-WO3-rGO  

Table 3.4 shows the degradation efficiency of the samples in Congo red dye. The degradation 

efficiency was observed as 63.33%, 56.86% and 35.73% for Ag-WO3, rGO-WO3 and WO3 

respectively within 60 min of visible light irradiation. 
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Table 3.4.Degradation efficiency of WO3, Ag-WO3, rGO-WO3 and Ag-WO3-rGO in Congo 

red dye 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10 shows the photocatalytic degradation of Congo red dye by WO3, Ag-WO3, rGO-

WO3 and ternary Ag-WO3-rGO under visible irradiation within 120 min. It was observed that 

the % degradation efficiency was 35%, 65%, 77% and 95% in the case of WO3, Ag-WO3, rGO-

WO3 and ternary Ag-WO3-rGO respectively. 

Samples              Time Degradation   efficiency 

 

TERNARY 

(10 mg) 

 

60 min 

 

53.4% 

 

120 min 

 

96.73% 

 

Ag-WO3 

(25 mg) 

 

60 min 

 

63.33% 

 

90 min 

 

74.96% 

rGO-WO3 

(25 mg) 

 

60 min 

 

56.86% 

                   WO3 

                  (25 mg) 

 

             60 min 

 

              35.73% 
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Fig 3.10 Photocatalytic degradation of Congo red dye by WO3 and its nanocomposites within         

120 min 

The degradation curve of Congo red with WO3, Ag-WO3, rGO-WO3 and ternary Ag-WO3-rGO 

under visible irradiation within 60 min is shown in Figure 3.11. In the figure time was plotted 

along the X axis, 
𝐶𝑡

𝐶0
 was plotted along the Y axis. C0 (mg/L) is the initial concentration before 

irradiation by light and Ct (mg/L) is the instantaneous concentration in the sample at time t. C0 

was measured as the intensity of the maximum peak in UV-Vis spectrum of initial dye solution, 

Ct was measured as the intensity of the maximum peak in UV-Vis spectrum at a definite 

interval of time at the end of each experiment. The plot of  
𝐶𝑡

𝐶0
 and time is a straight line. 

                     

 

 

 

 

 

 

 

Fig 3.11 Degradation curve of Congo red with WO3 and its nanocomposite              
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3.6.2 Mechanism of photocatalytic activity of WO3 and its nanocomposites on Congo red 

dye 

Under visible light irradiation, most of the •OH radicals are generated directly from the reaction 

between the holes and surface adsorbed H2O. The mechanism of photodegradation of Congo 

red dye is given by equations (3.3) and (3.4) 

𝑊𝑂3  +  h =  ℎ+ + 𝑒−………………………………………... (3.3) 

𝐻2O + ℎ+  = • OH + 𝐻+………………………………………. (3.4) 

                    Dye + • OH =  oxidation products   

Hole can also act as oxidant at higher concentrations 

                   𝐷𝑦𝑒 + ℎ+ =   oxidation products  

3.6.3 Photocatalytic study on Rhodamine B 

The degradation of Rhodamine B (RhB) dye was investigated by the prepared samples for 60 

min under visible light irradiation. Ternary, Ag-WO3 and rGO-WO3 have shown improved 

photocatalytic activity compared with pure WO3. Fig. 3.12(a) to Fig. 3.12(d) shows the 

photocatalytic activity of WO3, Ag-WO3, rGO-WO3 and ternary nanocomposites respectively 

on RhB. 

                     (a)                                                                                       (b) 
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                        (c)                                                                                  (d) 

Fig 3.12 Absorption spectra of Congo red dye in the presence of light (a) WO3 (b) Ag-WO3     

(c) rGO-WO3 (d) Ag-WO3-rGO  

Table 3.5.shows the degradation efficiency of the samples WO3, Ag-WO3, rGO-WO3 and 

ternary Ag-WO3-rGO respectively in RhB. 

Table 3.5. Degradation efficiency of WO3, Ag-WO3, rGO-WO3 and Ag-WO3-rGO in RhB 

 

 

 

 

 

 

 

 

 

 

 

 

Samples      Degradation efficiency 

                (60 min) 

 

TERNARY 

(10 mg) 

 

40.25% 

 

Ag-WO3 

(25 mg) 

 

46.85% 

 

rGO-WO3 

(25 mg) 

 

36.12% 

WO3 

(25mg) 

 

                      23.25% 
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Figure 3.13 shows the degradation RhB curve of WO3, Ag-WO3, rGO-WO3 and ternary Ag-

WO3-rGO under visible irradiation. . In the figure time was plotted along the X axis, 
𝐶𝑡

𝐶0
 was 

plotted along the Y axis. C0 (mg/L) is the initial concentration before irradiation by light and 

Ct (mg/L) is the instantaneous concentration in the sample at time t.  

 

  

 

               

 

 

               Fig 3.13 Degradation curve of RhB with WO3 and its nanocomposites 

3.6.4 Mechanism of adsorption and photocatalytic activity of WO3 and its   
nanocomposites on Rhodamine B 

When WO3 is doped with Ag, it is seen that Ag acts as an electron reservoir that effectively 

contributes for enhancing the photocatalytic performance of Ag-WO3. In the case of rGO-WO3 

the addition of rGO into WO3 would increase the specific surface area of photocatalyst. 

Moreover due to  -  interaction between the RhB and the benzene rings of rGO, there will 

be more interaction between the dye and rGO which could enhance the adsorption of RhB in 

rGO-WO3 [3]. The hydrogen-bonding interactions between H (δ+) of rGO and OH- (δ-) of RhB 

can also contribute to the enhanced adsorption [4]. 

The photocatalytic degradation mechanism of RhB dye solution by the WO3 photocatalyst 

under visible light irradiation can be discussed by Equations (3.5) to (3.10) 

𝑊𝑂3  +  h =  𝑊𝑂3 (ℎ+(vb) + 𝑒−(cb)………………………………….  (3.5) 

𝑊𝑂3(𝑒−(cb)) + 𝑂2  = 𝑊𝑂3  +. 𝑂2
−……………………………………….. (3.6) 

      . 𝑂2
−  +  H+  = . HO2……………………………………………………….. (3.7) 
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      𝑊𝑂3 (𝑒− (vb)) + . HO2  +  H+  =  H2O2……………………………… (3.8) 

      𝐻2𝑂2  +  𝑊𝑂3 (e− (cb))  = . OH + OH−……………………………… (3.9) 

       𝑂2
−/. OH +  dye =  products…………………………………………….. (3.10) 

When WO3 is irradiated with visible radiation, an electron in the valence band excites to the 

conduction band and a hole is created in the valence band. The electrons at the photocatalyst 

surface were prohibited by the molecular oxygen to produce the superoxide radical anion .O2 

as shown in equation (3.6). The superoxide radical anion .O2, further combines with H to 

generate .HO2.  Finally, the photocatalytic degradation of the dye takes place through equation 

(3.10).The active oxygen species (.OH, .HO2 or .O2 radicals) and the dyes were degraded 

gradually. The dye adsorbs the proton and protonates and this protonation continues and the 

degraded products are obtained after the certain period of time [7,8].     

When WO3 is doped with Ag, it has more defects on its grain boundary and the band gap of 

Ag-WO3 is lowered and can be excited more by the visible light, thereby exciting more valence 

electrons up to the conduction band and leaving holes in the valence band [9,10]. The holes 

remaining in the valence band can interact with the electrons from OH- or water molecules to 

form hydroxyl radicals (.OH). The electrons in the conduction band (or doped Ag) can combine 

with the dissolved oxygen to form O2
-. Then, both the .OH and O2

- can contribute to the 

degradation RhB molecules as given in equation (3.10). 

In the case of rGO-WO3 and Ag-WO3-rGO, the addition of rGO restricts the recombination of 

the photogenerated electron-hole pairs, thereby improving the photocatalytic activity of the 

ternary Ag-WO3-rGO nanocomposite [4]. 
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CHAPTER – 4 

CONCLUSION AND FUTURE SCOPE OF STUDY 

In this work, WO3, Ag-WO3 and rGO-WO3 were synthesized by hydrothermal method and 

ternary Ag-WO3-rGO was synthesized by two-step hydrothermal method. XRD patterns shows 

the formation of WO3 with monoclinic structure. The particle size of the samples were 

measured using Scherrer formula and the particle size lies in the nm scale. SEM images shows 

uniform nanoparticles and the SEM images of WO3 and Ag-WO3 shows spherical morphology. 

In the case of rGO-WO3 it was observed that WO3 nano particles were randomly distributed 

on rGO sheets. The SEM image of GO shows that the graphene sheets are exfoliated in 

graphene oxide. EDX shows the elemental information of the prepared samples and the 

presence of the doped materials Ag/rGO on WO3.  

Raman spectra gives an idea about the vibrational energy level of the samples. The observed 

Raman peaks confirms the monoclinic structure of WO3. Some peaks of WO3 were seen shifted 

to the lower wavenumber when WO3 was doped with Ag. The Raman spectra of GO shows the 

presence of D band and G band and these bands were observed in the case of rGO-WO3 also. 

It was observed that when rGO was introduced to WO3 and Ag-WO3, there was a red shift of 

the G band. 

The photocatalytic activity of WO3, Ag-WO3, rGO-WO3 and ternary Ag-WO3-rGO in aqueous 

Congo red dye solution and Rhodamine B solution were studied. The results show that Ag-

WO3 and ternary nanocomposite show excellent degradation of Congo red dye and Rhodamine 

B under visible light irradiation. The presence of Ag and rGO nanosheets in the WO3-based 

nanocomposites did not affect the morphology and crystal structure but have rendered the 

electron transfer and the optical absorption properties. The optical bandgap of the samples were 

reduced when WO3 was doped with Ag/rGO which enhanced the photocatalytic activities. The 

degradation efficiency was observed more in the case of Congo red dye within a given time 

interval compared with Rhodamine dye. 

WO3 have few drawbacks due to smaller specific surface area and high recombination rate of 

photo generated electron hole pairs. This has limited the photocatalytic activity of WO3. These 

drawbacks can be improved by developing various WO3 – based materials to improve their 

performance. WO3 can be used for various other uses like storage cells, gas sensors etc. Some 
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methods can be devised to improve its electrical properties and optical properties so that it can 

be used for making more efficient photodetectors, light-emitting diodes (LED) etc. 
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