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Preamble

Credit and semester system (CSS) of the joint programme between Mahatma Gandhi

University and Kannur University airns at flexibility in curriculum dcvelopmcnt. objectivity

and critical approach in examination pafterns, use ol continuous evaluation for assessmcnt in

all joint programmes offered between the Universities. The CSS is also meant to provide

rreaninglul common criteria as per the national pattcrn to transfer credits when students

move from one institution to another within or outside the country.

'l'he universities follow the guidelines of UGC for irnplementation of the Joint CSS. The

joint MGU-KU-CSS is applicablc to all joint acadcmic programmes of the statutory

Depanments/Schools/Centres/lnstitutes of the Universities.

Regulation cnsures functional autonomy of statutory Schools/Centcrs/lnstitutes. Functional

autonomy inrplies academic flexibility in matters likc cu|r'iculum devclopment, course

dcsigning. course teaching. conduct of exantinations. planning and organization of research

activitics as well as administrative and financial powers to extent thc university

Statutc/Act/Regulations/Orders permit towards providing maxinrum of benefits in terms of

academic growth and developrnent.

Functional autonomy cnvisaged in the joint CSS is also meant to providc teachers and

students with a clear understanding of the curricu lurn/teach ing/leaming/evaluation,

preparation ol mark lists/certificates, and in the transfer of credits towards achieving

nraxilnum academic benefits out of the system ol postgraduate programmes in all the

statutorv Depadments/Schools/Centers/lnstitutesof the tJniversity. ioint CSS sceks to ensure

unit'urrnity to the possible extent (taking into consideration the unique requirernents ol each

Programme) with regard to the pattern of course design, course teaching. evaluation system.

academic calendar and examination time-table for alljoint postgraduate programmes. Joint

CSS also ensures that while all its autonomous Schools/Centre/lnstitutes enjoy academic

flexibility in the conduct of diverse academic programmes. they shall not conflict with the

rules and regulations stipulated by the University as well as by the UCC and othcr

conccrned Regulatory Bodies in the issue of degrees/d ip lornas/certificates. The joint CSS

Regulation can be revised from tirre to time in accordance with therequirements olchanging

curricular pattern. Revisions will be carricd out with a view to ensuring accountability.

transparency and fl exibility.



N'lajor components of Credit ancl Scmcsttr Sys(enr (loint CSS)

.loint CSS ol' Mahatrra Candhi University and l(annur University is designed as a

comprehensive package ol' curriculum management that enables laculties in

Schools/Centre/lnstitutes to enjoy autonomy and llexibility in thc design of divcrse

programmes in a pattern as per national/international norns or rules prescribed by UGC and

other Regulatory Bodies. which are mandatory. Major components of joint CSS are as

follows:

Admission to programmes

Conrmon Acadcm ic Calendar

Course and Scheme design

Course teach ing patterns

Student assessment patterns

Examinations and evaluations

Crading olstudents

Course Reappearance, Improvement, Readmission and Repeating

Grievance recording and redressal

lnter-school academ ic collaboration

Joint CSS envisages well designed academic prograr)mes with definite nunrber ofcourses.

which are rated in terms of thc credits they arc worth (number of hours ol-

theory/practical/sern inar/project training receivcd) and grading ol studcnts according to their

continuous and ovcral I perlbrmance.

Outcome Bascd Education (OBE)

Outconle Based Education (OBE) is an educational approach and a learning philosophy.

which envisages organizing the entire academic programmes (curriculum) and instructional

eflorts around clearly detined 'outcomes' that an institution wants all students to

demonstrate when they complete the programme. The purpose of outcome-based approach is

to ensure that students achieve learning expectations for the programmes in rvhich they

participate. The f'undamcntal premise undcrlying the learning outcomes-based approach to

curriculum planning and development is that higher cducation qualifications are awarded on

the basis ol' demonstrated achievcrrcnt ol' outconres (expressed in tcnns ol'knowledgc,

Lrnderstanding. skills. attitudes and values) and acaclcrnic standards expected. 'fhe expected
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leaming outcomes are used as reference points that would help formulate graduate attributes,

qualification descriptors. programme learning outcomes and course learning outcomes which

in turn will help in curriculurn planning and development. and in the design. delivery and

review of academic programmes. They provide general guidance lor articulating the essential

learnings associated with programrles olstudy and courses rvith in a programmc.

Key outcomes of curriculum planning and developmenl

The learning outcomes-based curriculum framework for undergraduate education is a

framework based on the expected learning outcomes and academic standards that are

expected to be attained by students of a prograrnme. The key outcomes that underpin

curriculum planning and development include Craduate Attributes. Qualification Descriptors.

Programme Learning Outcomes, and Course Learning Outcomes.

Grqduale allributes

The graduate attributes reflect the particular quality and feature or characteristics of an

individual. including the kno*ledge. skills, attitudes and valucs that are expected to bc

acquired by a student through studies at a higher education institution. The graduate attributes

include capabilities that help strengthen one's abilities lbr widening current knowledge base

and skills. gaining ncw knowledge andskills. underraking luture studies. perforrning well in a

chosen career and playing a constructive role asa responsible citizen in the society. The

graduate attributcs define the characteristics of a student's university degree programme and

describe a set of characteristics/competencies that are transferable beyond study of a

particular subject area and prograrrme contexts in which they have been developed.

Q ual ifi c at io n de sc r i pt o rs.

A qualification descriptor indicates the generic outcomes and attributes expected for the

award of a particular type of qualification. The qualification descriptors reflect both

disciplinary knowledge and understanding as well as generic skills. including global

competencies. that all students in diflerent academic fields ofstudy should acquire/attain and

demonstrate.

P rogro nt me I e arn i ng oul c onr a s

Prograrrme learning outcomes will include subject-specific skills and generic skills,

including transferable global skills and competencies. the achievement of which the students

of a spccific programme of study should be able to demonstrale lor the award of a Degree

qualification.
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Course leurning oulcomes

The programme learning outcomes are attained by leamers through the essential learnings

acquired on completion of selected courses of study within a programme. Course learning

oulcomes arc specitic tothe learning lbr a given course ofstudy related to a disciplinary or

interd isciplinary/mu lti-d isciplinary area. Some programmes of study are highly structured,

with a closely laid down progression of compulsory/core courses to be taken at particular

phases/stages of learning. Somc' programmes allow learners much more li"eedom to take a

combination of course; ol study according to lhe preferences rf individual student that rnay

be very dill'elcnt tiorr the courses o1' study pursued by another student of the same

programme. Course-level leaming outcomr:s will be aligned to programme learning

oulcomes. Course level learning outcomes are specific to a course of study within a given

programme ol study.

Definitions of terms

Course means the curricular content for teaching and learning.

Core Cowse means a compulsory course in a subject related to a particular programme

Course Code means a unique code attributed to each course of study with five abbreviated

components.

Credit mcans the unit by which a course is measured. lt is thc measure of total number of

hours ol'training received in a coursc during a week; Ihe crediI number indicates the total

curricular contcnt in terms of number of hours of teaching/learning in a course during a

semeste[.

Credit Point means the product of number ofcredits of a course and grade point obtained by

a student for the course

Cumuhtive Grade Point Average (CGPA) relates to the performance of a student for all

semesters ofthe programme. CGPA is a weighted average based on the SGPA earned by a

student in all semestersof the programme and the total number of credits required in the

programme. COPA calculatcd on the basis of SCPAs with the minimum required SCPAs of

all semesters rnay not bc suf'tlcicnt to obtain the minimum CGPA prescribed fbr a pass in thc

programme. Students need to overconre the lolv SGPA ofcedain semesters due to low grades

in courses in which they are weak, by obtaining better grades fbr cotrrses in other sernesters

in which they are strong, so that thc bctter SGPA scores of such semesters would cnable the

candidate to attain the minimum CGPA prescribed for a pass in the programme.
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Deparlment means the entity otLring programmes of stLrdy which may be a School/ Centre/

lnstitute.

Elective Course means an optional course. which can be selected from among a group of

electives in a qnrrq semester wise. as per the scheme of the programme. Elective courses in

related areas can also glouped together as specializations in specific areas ofthe subject, in

accordance with the scheme ofthe program.

Grade indicales the performance level of the student - the level of achicvement of a student

in ternrsol'the score obtaincd in cvaluations and exanrinations in a course.

Grade Lelter means an index ol pcrtbrmance of a studcnt in a particular course. Cradeletters

are: O. A plus. A only. B plus. t3 only. C, P and F

Grade Point means the percentage of'marks allotted to Grade Letter.

lmprovemenl course is the course registered by a student for improving grades in the end

scmester component of that particular course

MOOC Course means Massive Opcn Online Course.

Open Course means a course off'ered by a School/Centre/lnstitute other than the parent

dcpartmcnt. Every regular postgraduate student is required to choose an open course of 4

credits in the third scrnester.

Programme means a programme of study comprising Core courses. Elective courses, Open

courscs and MOOC courses.

Project The compulsory pro.iect/d issertation/gu ided ficld workJblock placement. 10 be

completed in the specified semester of a postgraduate programme shall be done by the

student underthe guidance ofa memberof the faculty or. in the case of subjects. which so

dcmand. an external guide. to be decided by the school's faculty council/ HOD in

consu ltation with teachers.

Repeol Course means a course that is repcated by a student in a semester for want of

su [ficient attendance.

Semester Grade Point Average (SGPA) refers to the perfomance of the student in a given

semester. SGPA is a weighted averagc bascd on the total credit points carned by a student

in all the courses in the semester divided by the total number of crcdits otfered in the

semestcr. SCPA will be computed as and when a student completes all the required courses

ola serncster with a minimum rcquired grade as per the respective curriculunr.
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Semester means a term consisting ola minimum of 90 working days including examinalion

days distributed over a minimum of l8 weeks with 5 working days in each week.

Features of Joint CSS

Course content ofeach programrlc is designcd to rneet the requirements of the society. A

post graduate student has a choice of selecting elective courses offbred lor a programme

in a panicular semester. Students can choose open course, which carries minimum 4 credits

in the third semester. Students get the choice ol pursuing open courses offbred by a

department other than their parent department, depending on their interests, needs and long-

term goals. Continuous evaluation of students in all the semesters is done througl Internal

Assessment as per the norms framed by the Department concerned. The student rnall dir a

project work as a part ofthe regular programme. Each course, seminar and project work are

assigned a specific number of credits and the percentage of marks secured by a studcnt is

converted into grade points and credit points. The pcrlormance ofa student in a semester is

expresscd as scmesler grade point average (SGPA) and the combined perlbrmance of a

student in all semesters ol the progralnme is expressed as cumulative grade point average

(cGPA).

Joint CSS Rules and Regulations

l. Student Ad m ission

Eligibility Criteria

For M.Sc. Chemistry (Nanoscience and Nanotechnology)

B.Sc. Chemistry with any two subsidiaries (Physics/Mathematics/computer Science) with not

less than 55% marks in part lll.

For M.Sc, Physics (Nanoscience and Nanotechnology)

B.Sc. Physics with any two subsidiaries (Chern istry/Mathematics/Computer science) with not

less than 557o marks in part III.

Admission for the joint PG programmes may be, decided by the Faculty Council of
joint programmes. Admission may be based on the written test alone or written test and

interview or on the basis ofthe marks obtained in the qualifying examinations as decided by

the Faculty Council of the joint PG programmes ftom time to time. The Faculty Council has
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to decide on the relative wcightagc to be given lbr each ol the components - entrance

examination. intervier.v and pcrcentagc olmarks at the qualil)ing degree prograrnrrc - forthe

preparation ol rank list lbr .joint PC progranrnres. 
.l he Faculty Council of joint PC

programmes. has to decide specific criteria fbr adrnission to a programme and shall get

approval of Vice Chancellors of the partner universities. prior to public announcement of the

notification for entrance examination for the joint programmes. The admission should be

done lollowing the general reservation rLrlcs for student admission. The students can be

admitted to Mahatma Gandhi University and Kannur tJnivcrsity simultaneously. The

University whcre the students are taking initial admission will be the parental University and

shall bc responsible for all the academic matters olthe student.

'fhe strcngth of the joint master's progranrmc can bc a total of 40 students u'ith 20 students

fiorr cach university consisting ol'l0 students lor physics strcam and I0 students for

chemistry stream. 'fhe first serncster of thc.joint programme can be conducted at both ccntres

u'ith students admitted fiom respective centres. The classes can be on hybrid rnodc with joint

online classes between MCU and KU. The second senrester can be conducted at KU with

total adrnifted students to a particular course. Third scmester can be conducted at MCU with

total adrnitted students to a parlicular coursc. Major pro.iect work will be donc by students in

the foLrrth semester rvhich can be outside the university in India or abroad. The above-

mentioncd design and centres of the course can be changed according to the curriculum of

respective courses and can be decided by the faculty council ofthejoint programme.

l-acultl Advisor: A Faculty Advisor rvill be assigncd to cach studcnt adrnitted to a

Progranrrne. 'Ihe Faculty Advisor shall advisc the studcnt on various academic mattcrs.

Programme Coordinator: A programmc coordinatoluriII be assigned in each university for

to deal with all the programme and student rnatters.

Registration with joint CSS: The list of students registcred for each senrestcr programme

should be forwarded to the concerned section in the respective university along with original

certificatcs (Degree Certificate + SSLC) immediately alter closing of admissions to the

programme.

'fhe flrst register number allotted to the student in the parent university should be treated as

the Pcrn]anent Register Number ofthe student throughout the course.
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2. Program me/Cou rse dcsign

The broad f'rarneworl< of the programnre and the courses - core courses. elective courses.

open course and project constituting the programme as well as the syllabi shall be designed

jointly by the course committee constituted for the joint master's programme between MGU

and KU. The scheme and syllabus should be fbrwarded to the conccmed sections ol- the

university. 'l-he duration of the joint PG programmes is two years consisting ol' four

semesters. A common academic calendar should be followed.

Courses and Credits:

In all the programmes. three kinds of courses are offered; Core Courses (3-4 credits for

theory and 2-4 credits fbr practical's), Elcctive CoLrrscs (2-4 credits), Open courses (4 credits)

and an Industrial internship (2-3 crcdits). Core courses and l]lective courses are oftbred b1'

the departments. A student is required to choose one course of 4 credits offered by another

Department of Mahatma Gandhi University or Kannur University in another

Discipline/Sub.lect. Such a course is called Open Course and has to be pursued in the third

semester. The total credits for eleclivcs registered tbr one semester shall not excccd 8.

Project worUdissenation work is a special course involving application of knowledge in

solv ing/analyzing/exploring a real-lif'e situation/problem. A project/d issertation work/guided

field work/block placement up to 4 credits is called minor project and that of 8 to 20 crcdits is

called major project.

A course o fI'cred may have diffcrcnt components associated with the teach ing-learn ing

process olthe course. narncly (i) Lecturc (ii) Tutorial (iii) Practical's, whcre: L stands for

Lecture session. T stands for Tutorial session consisting panicipatory discussion/ self-studyi

desk work/ brief seminar presentations by students. P stands fbr Practical session and it

consists of hands-on experience/ laboratory experiments/ field studies/ case sludies that equip

students to acquire the much-required skill of applying the thcoretically leamt concepts.

In terms of credits. every one-hour session per week ol a semester of L amounts to I credit

and a minimum of two-hour session of T or P amounts to I credit per semester; maximum

hours allofted lorl credit practical course/tutorial course/seminar course shall not exceed 4

hours. One I'ull semester is equivalent to l8 - 20 weeks of teach ing-learn ing-evaluation

process.

The minimum duration of a semester is 90 working days. A course may have lecture
componenl
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(L) or practical component (P) or tutorial component ('f) or cornbination olany two or all the

three components. l-he total credits earned by a studcnt at the end of a semester upon

succcssful completion ofa corrrsc are [- + T * P or as the case may be. ]'hc credit pattem ofa

course is indicated as L: l: P.

Course Code: Each course shall have a unique code nurnber with tlve abbreviated

components:

l. Joint Programme - MGKU

2. Master programmes - M P

3. Programme Code - Nanoscience (NS)

4. Course type (C- for core course; E- for elective course; O- for open course)

5. Course number in Arabic numerals - two-digit number.

Course Registration (OfflinciOnline)

A student must register for the required number olcourscs as per specific curriculum ofa

programme. after the comrnenccment ol class ot'that senrester. Each student shall have a

registration card for each semester. wherein the title of the courses and corresponding

course codes arc entered and signed bythe student. thc faculty nrember offering the coulse

and countersigned by Head ofthe Depafiment.

Based on this. a consolidated statement of courses to which registration is granted for the

semester is to be prepared by the department. This statement must be signed by the Head ol
the department and has to lrc submitted to the concerned examination branch of the

University within 20 days alier the commencement olclass ofeach sentester.

Credit Requirements:

For PC progranrmes" there shall be a mininrum of 80 and a maxiurunr of 88 credits spread

across 4 semesters. in accordancc with the schcmc of the prograrnme of the department

conccrned. taking into considclation of' credit requilements of thc regulatory agencies. if
applicable. Wherever Programmes are governed by Regulatory Agencies. the credit

requirements of such agencies must be complied with. The 80 - 88 credits stipulated for a

postgraduate programme shall bc spread across core courses. electives. open courses. and a

pro.ject/d issertat ion. A semesler shall have minimunr of l6 credits and maxirrum of 24

credits. In all two-year postgraduate programmes, there shall be a minimum ol56 credits for

Core courses, a minimum of I2 fbr Electives and 4 for Open courses and the total minimum
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credits as stipulated by the respective department (in the range 80 - 88). Minimum credits fbr

Core/Elective courses in courses with full semester or two semester dissertations can have a

ditferent pattern as stipulated by specific curricula for the same. The maximum credits fbr

core courses. electives and open courses in postgraduate programmes should be 64.20 and 4

respectively. Four (4) credits shall be set apart for open courses to be offered in the third

semester by thc departments.

Comprehen.sive Viva

Departments rvill have the option to conduct'Viva-Voce'with dellnite credits (3-4). as per

the scheme lonrulated lbr the respcctive Programnre. Viva voce should be included in

Semester III/lV.

Project

The project shall generally be oflered in the last semester, though the Faculty Council can

decide to have il in either Ihird or fourth semesters. The topic for the project shall be selected

by the student in consultation with the guide.

Credit transfer

Credits earned by students in respective universities will be transferred between each

university in due course. Crcdit transler allows transfcrring of credits earned by a student

l'rom another lnstitution/Un iversity. under specific conditions. lor the completion ol'credit

requirements lbr the joint programme of'Mahatma Gandhi University and Kannur University.

Credits transl'er is allowed for univcrsitl, approvcd online courscs done in MOOC or

SWAYAM. Courses ol poor quality and courses that have no relevance to the program

concemed will not be considered flor credit transfer. All credit transfers are to be approved

by an expert conrmittee constituted by the university for this purpose. This committee shall

have one senior t'aculty member from the department concerned and two other academic

experts in addition to the chairman. T'he committee shall go through the details submitted by

the student and assess their relevance from the perspective ol Mahatma Gandhi

University/Kannur university before approving the credit transt'er. lf the

Institution/Un iversity is lbllowing the UGC grade format. the grades will be transferred

directly. Otherwise, Universilies will decide on the grading lor the transferred programmes

after verilying all relevant documcnts.

Credit Transfcr in Joint Programme.

The first semester examination will be conducted at both center's as the students admitted in
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both thc universities remain in the parent universities for the theory and practical courses.

'lhereforc. there is no need to transfer the credits alvarded to students in first semester.

During second semester all the students admitted in both the universities undergo theory and

practical courses in Kannur University and the examinations should be held by Kannur

University alone. The credits awarded in semester II to the students adrnitted in M. G.

lJniversity will be transferred liorn Kannur University to M. G. iJniversity within one week

alter the publication of results. During third semester all the students adrnitted in both the

universities undergo theory and practical courses in Nl. G. University and the exantinations

should be held by M. G. llniversity alonc. Thc credits a*'arded in semester lll to the students

admitted in Kannur Univcrsity will be transferred from M. G. University to Kannur

LJniversity '"vithin one week afler the publication of results. In semester lV, students will be

sent to major project works in India or abroad under the co-supervision offaculty members of

parcnt universities. Final projcct cvaluation and comprehensive viva ofthe stLrdcnts should

be held by the parent universities. The credits awarded to students in semester IV should be

rnutually transferred within onc rveek after the conduct of project evaluation and

comprehensive viva. The parent university will be lesponsible for all the future

correspondence including transcript dctails with the students adrnitted to them.

3. Cou rse Com m ittee

Corse committee should bc constituted with following members.

I . Director/Joint Director ol Schools (MCU & KU)

2. Two teachers each from the concerned subject (MGU & KU)

Couse committee should handle all the Inatters regarding the conduction ofcourse such as

preparation of syllabus, joint tinre table. lndustrial intcrnship, exchange of students between

MCU & KU and the arrangement oflrna.lor project.

4. Assessment Committee

n ssessment committee should bc constituted with the following mcmbers.

L l)irector/Joint Director ol'Schools (MGU & KLJ)

2. '[wo teachers each lrom thc concerncd sub.iect (MGU & KU)

Assessment committee should handle all the mattels regarding the examination such as

preparation ofquestion bank. examination time table. cvaluation and analysis of results.
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5. Course Teaching

Courses shall generally be taught by the thculty member who designed the course. though the

FacultyCouncil is authorized undcr Lhcse regulations to assign the teaching ol'a course to

more than one t'aculty member. A dr'tailed tirne tablc shall be prepared and approvcd by the

t'aculty council and shall be publishcd at thc staft oleach scnrcster. Scparate lhculties should

be appointed and expertise of persorrs tiom industries and institutes fi'om India and abroad

can be utilized lbr teaching interd isciplinary subjects.

6, Attcndance

The minirnum requirement ofaggregate attendance during a semester tbr appearing at the end

semester-exanl ination shall be 75%. Condonation ofshortage ofattendance to a maximum of

l5 days in a scmester, subject to a maximum of two times during the whole period of the

programme may be granted by the University.

If a student rcpresents his i her institution. Universiti, State or Nation in Spons, NCC. or

Cultural or an\ other otlicially sponsored activities such as tJniversity Union, he / she shall

be eligible to clairn the attendance lbr the actual number ofdays panicipated, sub.lcct to the

aftendance cerlilicate fi'om conccrncd authorities and based on the specific recommendations

of the Head ol'the Department or teacher concerned. l'hosc who could not register lor the

examination ofthe particular semester due to shortage ofattcndance may repeat the semester

along with junior batches. rvithin 20o% increase ofthe sanctioned strength.

7. Examination, Evaluation and Grading

Question paper setting

The Assessment committee shall preparc the panel of question paper setters tbr each subject.

Question bank shoLrld be preparcd lbr the generation ofquestion papers.

Evaluation

The evaluation ot'course shall contain t\\,o parts olinternal evaluation.

(a) Continuous Evaluation tCEl (b) []nd Semester Evaluation lESEI.40% wcightage shall be

given to the Continuous Evaluation and the remaining 60% to End Semester Evaluation.

Both CE and t-lSE shall be carried out using Direct Crading systcm.

End-Semester Examination

The end semcster examination will account lor 60% ol the evaluation. The evaluarion ol
examination shall be done by the fhculty who taught the course.
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The Head ol the Schoo l/Departlxcnt/Ccnters/ln stitutes ra,,ill rnake arrangements for the

evaluation of the answer scripts. An industrial internship rvith a credit ol' 2 shall bc

conductcd during 2nd semester. The proj ect/d issertat ion in the 4rh semestcr shall be

cvaluated by the faculty member/s rvho supervised the projcct. Thc project viva-voce

must be canied out along with pro.ject evaluation.

Continuous Evaluation (CE)

The studcnt's pafticipation and classroom performance as well as the feedback received

from tcsts. tutorials, assignments and term papers shall form the basis for continuous

assessment (CE). It accounts for 40% of the evaluation in both theory and practical. This

assessment shall be based on a predetennincd transparcnt system involving periodic written

tcsts- assignments and seminars in respect oftheory courses and bascd on lests. lab skill.

records/viva and attendance in respect of practical courscs.

The perccntage of marks assigned to various components lor internal evaluation is as follows:

lior 'I'heorr, - Continuous l,l,r'aluation lCI,il:l

Cornponent o/o Of internal
marks

l. Test papers 50o/o

Assignrrents/Book review/debates

lll Sem inars/Presentat ion ofcasc study Z5o/c'

For each course there shall be at least two class tests during a semester. Average of the best

ol'the marks obtained in the tu'o tests (in the case of rnorc than t$o tests) or thc averagc of

the tests (ifthere is only two tests) will be counted as the internal test corrponent ofCE.

b. For Practical - Continuous Evaluation lCEl

Component o% of internal marks

Lab skill

. 25'/o

l I est papcr 40.,/n

l\. Viva lOYo

l.l

ll.

l.
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Test Paper:

Valued ansu'el scripts shall be made avziilable to the students for perusal within l0 working

clays lrom the date of the tests.

Assignments:

Each studcnt shall be required to do 2 ass ignrnents/book reviervs for each course.

Assignments/book review after valuation must be returned to the studenls. The teacher shall

define the expected quality of the above in terms of structure, content, presentation and the

like. and inform the same to the students. Punctuality in submission of assignments/records

is to be given a weightage in the internal evaluation.

Seminar:

Every sludent shall deliver one seminar as an internal component ofevery course and must

be evaluated by the respective course teacher in terms ofstructure, content, presentation and

interaction. The sotl and hard copies ofthe seminar repofi are to be submitted to the teacher

in charge.

Results of Continuous Evaluation (CIi)

The results ofthe CE counter-signed by Head ofthe school shall be displayed on the notice

board 5 days before the end sernester examinations. The marks awarded for various

components ofthe CE shall not be rounded otf, if it has a decimal pa(. The total marks of

the CE shall be rounded ofl to thenearest whole number. Relevant records ofcontinuous

Evaluation (CE) must be kept in the depaftmenl and that must be made available fbr

verification.

Proiect \\'ork:

There shall be a rna.jor pro.lect/d isse(ation to be undenaken by all students during lourth

semester. Thc project can be undcrlaken in the parent Schoo l/Ccntre/ lnstitutc or in

collaboration with well-known industries and inst itutes/u n iversit ies in lndia or abroad after

getting permission fiorn the Department Head. The dissertation entails field work, lab work,

report writing. presentation and viva voce. Il the project will be done outside thc parcnt

institute, one of the teachers from the schools/centers/inslitutes would be the co-

supervisor/internal guide and an expert liom the industry/research organ ization/un iversity

concemed shall act as supervisor/ external guide.

t5
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'Ihe evaluation ofthc project will be done at two stages:

i. Continuous Assessnrent: Supervising teacher/s will asscss the pro.iect and arvard Marks.

ii. Final evaluation: Final evalualion will be done b1 f'aculty membcrs based on the work

done by the student and a viva voce.

Grading System

Indircct Grading: Indirect grading is ernployed for the evaluation ofprocess.

The grading system followed is on a ten-point scale.

'['he following table indicates the perlormance range and the relative value ofthe grades

(grade points) on the scale.

Lettcr gradc Performance (i radc point

o
A plus

A only

B plus

B only

P

F

Ab

Outstanding

Excellent

Very Cood

Good

Average

Pass

Fail

Absent

l0

9

8

7

6

5

Less than 5

0

A minimum P gradc ((iradc point 5) is requilcd lbl pass in a ooursc.

Semestcr Grade Point Average (S()l'A) and Cumulative Grade Point Avcragc (CGPA)
Calculations.

Credit Points for the Course = Credits assigned for the Course x Grade Point secured for the

Course.

lhe S(iPA is the ratio ofsum olthe credit points of all courses taken by a student in the

serncstcr to the total credit for that semester. After the successful completion of a semester.

Semestcr Grade Point Avcrage (SCPA) ol a student in that semester is calculated using

t6



the lbrmula given belou,.

7'otal Credit Dotnts awarded in a semester
Total Credtts of the semester

Total Credit Potnts awarded. in all semester
Total Credits oI the programme

(CGPA obtained) x 100
Eouivalent Percen ta se

Maximum CGPA (= 161

This formula shall be printed on thc Grade Card issucd to thc student with a note that lt

could be usL'd to convert the grades into mark-pcrcentagcs. ('l hc dctails of thc grading

system as indicated above shall also bc printed on the Grade Card).

Conversion of SGPA/CGPA to Gradc

l0 o

9.0 - <10 A p lus

8.0 - <9 A only

7.0 - <8 13 plus

6.0 - <7 B only

5.0 - <6 I)

J:

Abscnt Ab

Conversion of CGPA to pcrccntage

The equivalent percentage shall be represented in a numeric fbrmat rounded to two decimal

digits accuracy ("99.99") and will not be rounded to the nearest integer.

8. Supplementary Examination

A Student rvho lirils [o securc a nrinirnrrnr grade ftrr a pass in a corrrse will bc pcrrrittcd to

write the sLrpplenrentary exarlinatior.r irnmediately alter annoLrncenrent of results within a

l7
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stipulated time ofone month (fee for supplementary examination ofany course shall be full

semester examination fee irrespective of number of courses involved).

Candidates who secured the grade of 'F' or 'Ab' in the I't, 2nd and 3'd semester examination

can reappear coursc wise along with the junior batch: but this has to be done before the

completion of the programrne.

9, Improvement

A candidate has to apply for registration lor improvement by paying the requisite fee.

Candidates are not pennitted to rcgister for improvenrent ofgrades for lndividual course.

Candidates who have secured SGPA lener grade 'P' or above in the end-semester

exarnination can improve their gradc by reappearing for all the semester courses. In such

cases a candidate will be awarded a new grade only ifthele is an improvernent in grade in the

new exanrination: otherwise, the candidate is eligible to retain the grade already awarded.

SGPA secured inthe 4th semestcr can be improved only for the purpose of lulfilling the

minirnum SGPA req uiremcnt.

I 0. Re-ad m ission

No students shall be readrnitted to thc lst scmester. Rcadmission to other semesters ofthe

programme will have to be recomnrended by the Head of the Depaftment within the limit of

the student strength ol the course semester. The student has to apply for Readm ission paying

the prescribed lee. The student may be permifted to complete the programme by taking the

required numbcr ol courscs within a maximum period of eight continuous sen'lesters

including the period of his.fter programme, providcd an amount equivalent to the semester

fees lbrallthe intervcning semesters have been rcgularll, paid and provided he/shc has not

been roroved tiom the rolls by issuing a fransler Cotificate.

In all cases of d iscorrtinuation and readrnissions. candidates must submit applications

countersigned by the IIOD to the Registrar and ohtain the required statutory order lor the

samc. Candidates who are readmitted to rcpeat a course must follow the then existing

syllabus lor the said programme. They need to attend classes along with new batch of

students and should obtain the required percentage of attendance as usual. Duration to

completc the course lbr discontinued students will be 4 years.

l8



I l. Consolidation and Declaration of Results:

All rvork pertaining to the examinations shall be held in the Departments of the concemed

university under the direct control and supervision of the Director/Joint Dircctor of thc

schools.'l'he Assessment Committee shall monitor the Continuous Assessment/End Semester

Exarninations and evaluations or nominate a tcacher as the chief examiner who will assist

him/hcr in the mattcr. Crievance ol' students regarding the result ol End Scmester

Examinations should be cleared within one wcek.

The rnarks arvarded for internal assessnrent will be displayed in the Depanment's notice

board / published in the Department Website at the end of each semester. Complaints from

students regarding the marks awarded in internal assessment should be reponcd to the

concerned l'aculty rnernber within 3 working days l-rom the date of publication of the sanre on

the notice board/website. The tabulated grade sheets will be lbrwarded afler cach end-

semester examination to the office ofthe Controller of Examinations. 'Ihe concerned scction

in the Controller's officc rvill check the Grade card forwarded ltom the

Depanmcnt/School/Centrc/lnstitute and MGtJ and KLJ notily the results jointly after

consolidating them and issue statcnrent ofcredits.

On cornplelion of'the flnalsenester a consolidatcd Crade Card showing the details ol'all thc

courses taken u,ill be prepared. Theconsolidated Grade Card containing lhe delails of all the

courses with their titles. credits, grades obtained, the total credits carned, the SGIrA and the

CCPA will be issued to students.

The MCU-KU joint certilicates lor the students admitted to Mahatma Gandhi University lor

Joint CSS programme will be issued by Mahatma Candhi tlniversity. The MGU-KtJ joint

ceftificates tbr the students admitted to Kannur University for Joint CSS prograrnme will be

issued by Kannur Un iversity.

12. G rade Card

Grade cards u'ill be issued to thc student atier the publication ofresults ofeach End Semester

Examination. 'l'he Grade Card rvill indicate the grades obtaincd lbr the courses as well as the

semester grade point average (SGPA) *,hich is thc rveighted average of the nunrcrical value

(grade point) obtained by the student in the semester. Weighted average is calculated by
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dividing thesum ofthe product ofthe grade point or numerical value obtained for each course

and the credits that it carries by the total number of credits earned. The Cumulative Grade

Point Average (CGPA) for thewhole programme will be calculated in the same way, which

will also be indicated in the Grade Card issued for the Final Semester examinations of the

programme.

Percentage Equivalence of Grade

Range of 7o of Grade Grade

Marks Lctler Point

95-<100 0 t0

85 - <95 A plus 9

75 - <85 A only 8

65 - <75 B plus 7

55 - <65 B only 6

50-<55 P 5

<50F0
Absent Ab 0

13. Arvard of Dcgrce

The university under its seal shall issue to the students. a consolidated grade card on

completion of the programme. The successful cornpletion of all the courses with 'C' grade

within the stipulated period shall be the minimum requirement for the award of the degree.

Separate Crade card will be issued at the request of candidates and based on University

Cuidelines issued from time to time. Details ofdescription ofevaluation process-Crade and

Grade Point as well as indicators. calculation methodology of SGPA and CGPA as well as

conversion scale shall be shown on the reverse side ofthe grade card.

I .1. Position Ccrtificate:

'[he University shall publish the list of top 3 candidates for each programmc after the

publication of the programme results. Candidates shall be rankcd in the order oi merit

based on the CCPA secured b,u. thcm. Grace grade points awarded to the students shall not

be counted for fixing the rank/position. Also. Students who have completed the course by

20



availing the oppoftunity of reappearance for a course will not be eligible lor Rank

certificate. The position certificate shall be given for the l't 3 positions based on the CGPA

secured by the students. Rank certificate and position certificate shall be signed by the

Controller of Exanr inations.

If Rank ceniflcate/Position certificate in a prescribed lormal is demanded by institutions for

awarding a specific fellowship/scholarsh ip such as for DST Inspire Fellowship etc.. the same

may be given for such students as a special case in the prescribed format.

15. Joint CSS Academic Advisory Commiltee

There will be an Academic Advisory Committee in both streams consisting of representalive

Heads of Departments/Teachers from the University Departments to oversee and coordinate

the conduct ofthejoint CSS work.

The following will be the composition of the.joint CSS Acadernio Advisory Committee:

Ex-Officio Members

Pro-Vice-Chancellors (MGU & KU)

Dean (M. C. University & KU)

Directors/Protbssors of University Departments (2 persons from both MGU &KU), one ol

them has to act as the Convenor

Nominated Mcmbers

University Teachers (2 teachers from MGU & KU)

Registrar (MGU & KU)

Controller olExaminations (MGU & KU)

External Experts

Two external expefis f'rom pioneer institutes like IlT" llSc, llSER. llSl'. Nll'.

The nomination ol the members of the Joint CSS Academic Advisory Committee will be

made by the Vice Chancellor. The committee will be reconstituted every three years. '['hc

Academic Advisory committee. apart from coordinating and sorting out inter-school matlers

pertaining to the joint CSS, will handle student grievances relating to semester examinations

that cannot be resolved at the Department. Only student grievances thal cannot be settled by

the laculty councilofthe Department need be forwarded to thejoint CSS Academic Advisory

Committee and the Vice Chancellor. Student grievances that cannot be senled by the joint

2l



CSS Academic Advisory Comrnittee and the Vice Chancellor should be dealt with by the

Syndicate. The.joint CSS Cornrnittee will also prcparc a unilomr examination schedule for all

the programmes between the universities. A common admission schedulc for both the

Departments in the Universities willalso be prepared by the Academic Advisory Committee.

All other work pertaining to the joint CSS will be conducted at the University

[)epartments/Schools of -feaching 
and Research involvcd.

16. Issuing of Certificates:

On cornpletion of a semester (when results are ready) the Heads of Departments of all

programmes shall forward tabulatcd grade sheets along with the minutes of the pass board

tneeting showing detailsto thc concerncd section: in thc case of final semester. consolidated

details of all semesters shorving total nurnber ofcandidates registered. appearcd and passed

in the prcscribed lonnat shall also be lurnished.

The Joint M. Sc. Physics (Nanoscience and Nanotechnology) and Joint M. Sc. Chemistry

(Nanoscience and Nanotechnology) will be awarded under Faculty of Science.

Grade cards to all students who havc undergone the courses under the joint CSS are issued by

the office of the Controllcr of Examinations through the Departments conccrned from the

respective university. Consolidated grade cards are also issued. Fee for the issue of grade

cards will be announced by the respective university from tirne to time.

All the official matters ofstudcnts staning lrom adnrission to issuc of degree certificates and

any f'urther formalities should be dealt rvith the university in which they are admitted.

17. Nilodcl Ccrtificatcs:

Certificates in the following model should be issued Io students by MC University and

Kannur Un iversity.
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18. Equivalency:

Joint M. Sc. Physics (Nanoscience and Nanotechnology) and Joint M. Sc. Chernistry

(Nanoscience and Nanotechnology) will be equivalent to the regular M. Sc. Programme in

Physics/Chem istry conducted by Mahatma Gandhi University and Kannur University.

Convenor, Joint CSS Programnte

Mahatma Candhi Un iversity

Convenor, Jo int CSS Programnre

Kannur Un iversity
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KANNUR ."&UNIVERSITY

(Abstract)

Regulations, Scheme, Syllabus & Pattern oi Question paper of MSc Chemistry (Nanoscience and

Nanotechnology) - Joint Masters Programme beNveen Kannur University & Mahatma Gandhi

University from 2022-23 Academic Year onwards -implemented - Orders issued.

ACADEMIC C SECTION

AcadlC4l2959l2021 Dated: 11.10.2022

Read:-1. Resolution ot the Syndicate ( vide item no 2021.544) held on 18.08.2021

2. Minutes of the meeting held on 26.08.2021,

3. Memorandum of Understanding (MoU) betvveen Registrars of Kannur University &

Mahatma Gandhi University, Kottayam, signed on 23.05.2022

4. U.O Acad All0544llUC in Data Science , Nano Science & lBl2O2L daled 3.8.2022

5. I\4inutes of the meeting held on 2A.O7.2022

6. Regulation, Scheme Syllabus forwarded by Dr. Sudheesh S, Convenor, Joint MSc

in Physics/Chemistry (Nanoscience and Nanotechnology), Kannur University dated

os.o8.2022

ORDER

1. As per paper read(1) above, the Syndicate resolved to approve lnter University collaboration

between Kannur University & MG University to offer Masters Programmes in Data Science,

Nanoscience and lndustrial Biotechnology.

2. As per paper read(2) above, the meeting was held between Kannur University & Mahatma

Gandhi University regarding the implementation of lnter University Masters Programme and

a Memorandum of Understanding (MoU) was signed beflveen the Registrar of Kannur University

and his counterpart at Mahatma Gandhi University, Kottayam as per paper read (3) above, to

formally express the mutual understanding to offer joint programmes in MSc Nanoscience &

Nanotechnology (Physics), MSc Nanoscience & Nanotechnology (Chemistry).

3.As per paper read (4) above, the Vice Chancellor accorded sanction for starting the joint

programmes in MSc Nanoscience & Nanotechnology (Physics), MSc Nanoscience &

Nanotechnology (Chemislry) by Kannur University & Mahatma Gandhi University, Kottayam during

the Academic Yeat 2022-23.

4.The meeting held on 28.07.2022 resolved to change the nomenclature of the programme

as M.Sc Physics (Nanoscience & Nanotechnology) and M.Sc Chemistry (Nanoscience &

Nanotechnology), respectively, as per the paper read (5) above,

5. The Convenor, Joint Programme in MSc Physics/Chemistry(Nanoscience and

Nanotechnology) forwarded the CSS Regulation, Scheme, Syllabus & Pattern of Question papers
of MSc Chemistry , Kannur University as per paper read (6) above, lor implementation w.e.f
2A22- 23 admission onwards.

6. The Vice Chancellor, after considering the matter jn detail and in exercise of the powers of the
Academic Council conferred under section 11 (1) Chapter lll of Kannur University Act 1996,
accorded sanction to implement the CSS Regulation, Scheme, Syllabus & Pattern of Question
Paper of N/.Sc Chemistry (Nanoscience & Nanotechnology), a joint Masters
Programme by Kannur University & Mahatma Gandhi University, Kottayam w.e.t 2OZZ-

23 admission, and to report to the Academic Council.

7.The CSS Regulations, Scheme, Syllabus & Pattern of Question paper of



MSc Chemistry (Nanoscience & Nanotechnology) are appended and uploaded on the University
website. (www.kan nuruniversity.ac. in ).

Orders are issued accordingly.

sd/-
BALACHANDRAN V K

DEPUTY REGISTRAR (ACAD)

For REGISTRAR

To: 1. The Head, Department of Chemistry

Swami Anandatheertha Campus, Payyannur

2. Dr. Sreekala M S, Convenor, Joint MSc in Physics/Chemistry (Nanoscience and

Nanotechnology), MG University, Kottayam

Copy To: 1. The Examination Branch (through PA to CE).

2. PS to VC / PAto PVC / PAto R

3. DR i AR 1/ AR ll (Acad), EXCI, SWC

4. The Web Manager (for uploading in the Website)

5. SF / DF /FC

t"r*lp By order

SECTION OFFICER
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Betwee n

SCHOOL OF NANOSCIENCE AND

NANOTECHNOLOGY,

MAHATMA GANDHI UNIVERSITY,

KOTTAYAM, KERALA

DEPARTMENT OF CHEMISTRY, KANNUR

UNIVERSITY,

SWAMI ANANTHATHEERTHA CAMPUS,

PAYYANUR, KANNUR
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PREFACE

We are happy to present the curricula and syllabi of the following Joint M.Sc. Chemistry

(Nanoscience and Nanotechnologv) Plogramme according to the OBE concept for

favour of approval by the Faculfy" and Academic Council of the Universitl'. The Board of

Studies has developed the curriculum as per the Outcome Based Education (OBE)

sy'stem. OBE, is an educational approach that bases each part of the educational system

u.ith respect to the goals sct for the students. OBE aims to equip the students

(learners)with knowledge, competency orientations required for achieving their goals

when they'depart the institution. Further OBE empo\\'ers students to choose rvhat they'

u'ould like to study and horr thel n'ould like to studv it. The teaching methodologies and

the er"aluation system are also modified in par u'ith the outcome-based approach. The

Programme Specific Outcomes (PSOs) and the Course Outcomes (COs) for joint M.Sc.

are presented in the syllabus. The PSOs and the COs are well correlated in the syllabus

of each course.

Dr. Sreekala M.S.
Convenor, Joint M.Sc. Programme in
Physics/Chemistry (Nanoscience and
Nanotechnology)
Mahatma Gandhi Universitv

Dr. Sudheesh S.

Convenor, ,Ioint M.Sc. Programme in
Physics/Chernistry (Nanoscience and
Nanotechnology)
Kannur Universi!.'



Xlahatma Gantlhi U n iversity

Convenor
Dr. Sreekala M.S,
Associate Professor, SCS

Joint Director, School ol
Nanoscience and

Nanotechnology

Prof. (Dr.) Nandakumar

Kalarikkal.
School of Pure and Applied

Phys ics

Prot'. (Dr.) C. SLrdarsana Kumar.

School ol'Pure and Applied
Physics

Prot'. (Dr.) Suresh Mathew,
School of Chemical Sciences

External Experts

Dr. Kuruvila Joseph,

Professor, llSl', Thiruvananthapuram.

Dr. I lareesh.

Principal Scientist, NllST.'l'hiruvananthapuram.

Kannur U n ir ersitl

Convenor
Dr. Sudheesh S.,

Professor & Head, School of
Chemical Sciences

Dr. Baiju K.V,
A sssistant professor,

School of Chcm ical Sciences

Dr. Nissamudeen K.M..
HoD, School of Pure and Applied
Physics

Dr. Deepak N.K, Associate Professor,

School of Pure and Applied
Physics

Dr. Shima P Damodaran, Assistant

Professor, School of Chemical Sciences

F]XPTiRI' COMMIT'tEI'



Programmc Outcomes (PO) of Joint M.Sc, Programme

PO l: Critical Thinking and Analyical Reasoning Capability to analyse. evaluare and

interprct evidence. arguments. clairns. belicl's on thc basis of crnpirical eviclence: rcllect

relevant implications to the reality; tbrmulate logical argurnents; critically evaluate

practiccs. policies and theories to develop knowledge and understanding: able to envisage

the rcflective thought to the implication on the society.

PO 2: Scientific Reasoning and Problem-Solving Ability to analyse. discuss. intcrpret and

draw conclusions from quantitative/qualitative data and experimental evidences; and

critically evaluate ideas, evidence and experienccs lrom an unprejudiced and reasoned

perspective: capacity to extrapolate from what one has learned and apply their competencies

tosolve trrroblems and contextualise into research and apply one's learning to real Iil'c situations.

PO 3: Multidisciplinary/lnterd isciplinary/'l'ransdisciplinary Approach Acquire interdisciplinary/

multidisciplinary/transdisciplinary knou'ledge base as a consequence of thc leaming they

engage with their prograrnrnc of study: develop a collaborative- multid isciplinary/

interd isc iplinary/tran sd isc iplinary-approach for formulate constructive arguments and rational

analysis lor achieving common goals and objectives.

PO {: Conrmunication Skills Ability to reflect and express thoughts and ideas et'fectivcly in

verbal and nonverbal way; Conrmunicate with others using appropriate channell confidently

share onc's views and express herself/h imselfl demonstrate the ability to listen carefully, read

and writc analfically. and prcscnt complex information in a clear and concise manner and

articulate in a specific context of communication.

P0 5: l.cadcrship Skills Ability to rvork cll'ectivell and lead respectfulll, with diverse

Ieams: setting direction. formulating a goal, building a team who can help achieve the goal,

motivating and inspiring team mcmbcrs to engage with that goal. and using management

skills to guide people to the right destination. in a smooth and elficient way.

PO 6: Social Consciousness and Responsibility Ability to contemplate of the impact of

research findings on conventional practices. and a clear understanding of responsibility

towards societal needs and reaching the targets for l2 attaining inclusive and sustainable

development.



PO 7: E,quity,. Inclusiveness and SLrstainability Appreciatc equity, inclusiveness and

sustainability and diversity; acquire ethical and moral reasoning and values of unity,

secularism and national integration to enable to act as dignified citizens; able to understand

and appreciate diversity. managing diversity and use ol an inclusive approach to the extent

possib le.

PO 8: Moral and Ethical Reasoning Ability to embrace moral/ethical values in conducting

one's life, fbrmulate a position/argunrent about an ethical issue from multiple perspectives,

and use ethical practioes in all work. Capable oldemonstrating the ability to identify ethical

issues related to one's work and liv ing as a d ign iticd person in the soc iety.

PO 9: Networking and Collaboration Acquirc skills to be able to collaborate and network

with scholars in an educational institution, prof'essional organizations. research

organizations and individuals in India and abroad.

PO l0: t,iftlong Learn ing Ability to acqu ire knowledge and skills, includ ing "learn ing how to

learn", that are nccessary for participating in learning activities throughout lile, through self- paced

and selt'-dirccted leaming aimed at pcrsonal development, meeting economic, social and

cultural objectives, and adapting to changing trades and demands of work place through

knowledge/skil I development/reskilling.



PROGRAMMP Joint M. Sc. Chemistry (Nanoscience and Nanotechnology)

r)t,ll{ATtoN : 2 y ears (2022 Adu issior, onwards)

'l otal credits : 87 (for 4 semesters) [Core:71 ; Elective: 12; Open: 4]

**The *student has to choose two electivc courses lor semester l. two elective
courses for semester ll and two elective courscs tbr semester IIl.
+*l'he sludent has to choose one open course ol4 credits for semester lll liom any
other School under the Faculty ofScience.

*** In the evaluation process internal -Continuous Assessment (CA) - accounts for
40oh and the End- Semester Examination will account for the remaining 60%.

Program Specific Outcomes:(Ps0s): At the complction of the M.Sc. Nanoscience
and Nanotechnology (Chemistry) program. the students from school of
Nanoscience and Nanotechnology will be able to:

6

PSO
Programme Specific C)u tconre MGTI & KU PO

No.

I Provide a strong foundation in Chernistry that cmphasizes scientific

rcasoning and analyical problem solving.

I .t

2 Provide students with the skills required to succeed in M.Sc.. also

enrich the students with a basic skill to perform in Chemical

industry especially in the ficld of Nanoscience and

Nanotechnology.

r .2.6

3 J. t)

{ Expose thc students to a level ol'experimcntal techniques using

modern instrumentalion.

l.l

r

6 l"l

7 Develop solid knou,ledge. understanding and expertise in the

domain of Nanoscicncc and Nanotcchnology.

lnspire the students to be committed to dclivcr good to the societv

by judicious application of scientillc skill sets they acquire doing

Chemistry at the nanoscale.

1.2. r0

-.r.7.8.9

9 2.4.5.9

I

I

u

I Promote rescalch intcrcst in studenls and cnable them touardd

I ptanning and cxccution of research in lronticr areas ol'chcrnicall

| ..i.n..J. 
I

f)emonstrate teamwork. communication. T'ime management andl +.S.Z.O

leadership skills across multicultural contexts. 
I

I Acquire the ability to synthesize and characterize compounds usingl

J 'onhisticated instrtrrnental lechniqucs and relatcd solt-uares. lor thel

I in-depth characteriTation ol nano rnalcrials 
I

I Nurture the qualily ol rationalitl and inquisitireness. so that thel

I srudents are capahle ol lree and critical thinking to steer clcarl

| .iudgmental and social biases. 
I
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SEMESTER I

Main group elements. the most abundant elements in the universc uere

arnong the first devclopcd in the modern era tbr diverse inter-disciplinarl,

applications. The study of Main Croup Chcmistry unravels the basic

composition. structures. and propeftics of elements. Through this learning.

it is possible to acquire relevant conceptual and procedural knowledge. to
develop understanding and appreciation of developments in various

scientific and technological fields. The course also aims to help the students

to detail out the bonding. structures and properties of coordination

complexes. The description of various bonding theories with emphasizes on

the spectral and magnetic properties of coordination complexes helps to

predict the characteristic properties of any transition metal complex.

Different reactions in transition rnetal complex with a supportive

mechanism will be discussed. The applications ofcoordination chemistly in

various field uill also be described at thc conclusion part to understand

importance of learning th is course

Programme Joint XLSc.

Course Name

Tr pe of Cou rsc

Coordination Chcmistrl

Core

Credit Value 1

Course Code

Coursc

Summary'&
Justification

Sernesler

Total
Student
Learning
Time (SLT)

Lcarn ing Approach Lecture Tutorial

60 .10

Practica

I

Other
S

.10

Ibtal
Learn ing

HoLrrs

0 t-10

Pre-
req uisite

llasic knowledgc about pcriodic table and arrangements of elcmcnts under

Groups and Periods. Basic knowledgc in Inorganic Chemistry

8

MGKUMPNSC3O

I

I

I



CO

No.
Expected Coursc Outcome

Leaming
Domains

PSO

No.

I Undersland the classification of elements in the periodic

table: general trends and propefties of elements and

structure o1' molecules

U t.5

1 Understand the Chemistry ol'group lll elcments and apply

Wade's rule and SI'YX number in rationalizing the

structure of main group clusters

U.A 5I

I Understand about the diversity ofl oxides, sulfides, halides

and hydrides ofgroup lV, V and Vl elements

U,R t.5

1 To understand the structure and bonding of coordination

complex

1.5

5 To predict the shape of coordination complexes using VBT
& cF't'

Ll )

6 l'o estirnate the CFSFI of an1 cornplc'x and prcdicts lou'

spin/h igh spin nalure

U.A t.5

7 To study spectral and magnetic propertics ol'coordination
complcxes

LJ. An )

8 Should be able to derive the term symbol lor any electronic

configuration
U, A. AN

9 Should be able to draw Orgel diagrams and recognise the

electronic transition in the spectra of any coordination
complcxes

U.A 5I

l0 To be able to describe the stability of coordination
complexes by the use of lormation constants and to
calculate thermodynamic pararnetcrs from them

U.A t.5

II To predict the products formed afier electron transler
reaction belween two coordination cornplexes

tJ 5I

*Renember (R), Unclersrand (U), Apply (A), AnalS'se (An), Evaludte (E), Creote (C'), Skill
(S), Inlerest (l) and lppreciation (Ap)

9

I

I

U



Module
No.

Chcmistry of Main group Fllcments
Ceneral trends in the propenies ol' the elernents. Occurrencc and
extractioni Group Iand ll elcrrents and their compounds. Chernistry of
group lll clements: lnorganic chains. rings and cages; Boranes. Boron
halides. Diborane. Borazines. Borates. Boron clusters. [Jigher boranes and
borohydrides. Organoboranes: carboranes and metallocarboranes. STYX
numbers and WnDE's rule.[solobal concept: ntolecular geometry and
molccular sym rnetry.lvlain group clusters: Cy'clic and crorvn ethcrs. Silicon-
oxygen compourrds. Silicatcs. Silicons. Zeolites. Silanes. Silylanrincs and
extended Silicon- Oxygen compounds. Carbides and Silicides. Complexes
ofGe. Sn and Pb. Diarnond. graphite and other lornts olcarbon. tlydrides
of group V and VI elements. Phosphanes. phosphorous halidcs and
phosphazenes. Oxohalides and Oxoacids ol P, S. Sc and Te. Oxoacids of
halogens" Interhalogcn cornpounds and polihalides.Chern istry of noble
gases. Corrpounds of Xenon (structurc and reactivity). Clathrates.

Spectral and Magnctic Properties of Metal Complexes
Electronic Spectra of complexes: Term sy'mbols of dn system. Racah

parameters. splitting of tcrms in weak and strong octahedral and

tetrahedral fields. correlation diagrams for d I and d9 ions in octahedral and

tetrahedral fields (qualitative approach). d-d transitions. selection rules for
electronic transitions.
Interpretation of clectronic spectra of complcxcs: Orgel diagrams and

demerits, Tanabe Sugano diagranrs. calculation of Dq. B and p

(Nephelauxetic ratio) values, spectra ol complexes with lower sl mrnctries.
charge transfer spectra. luminescence spectra.
Magnetic propertics of complexes-paramagnetic and diamagnetic
complexes. spin only magnetic moment. Temperature dependence of
magnetism- Curie's law. Culie-Weiss law. temperature indepcndent
paramagnetism ('llP). spin state cross over, antif'erromagnetism -inter and

intra molecular interaction. anomalou

I,2,3

CO
No.

{,5.6
1

Structu ral Aspccts and Bonding:
Structures and Isomers ol Coordination C'ornplexes. Classitlcation of
complcxes based on coordination nunrbers and possible gcometrics. sigrna
and pi bonding ligands such as CO. NO. CN. R3P, and Ar3P, Stabilit;- of
complexes, thermodynamic aspects of complex tbnnation- Irving William
order of stability. chelate efl'ect.Werners cordination theory,Valencc Bond
theorl,. Crystal Field fheory. Splitting of d orbitals in octahedral.
tetrahedral. square planar, square pyrarridal and triagonal bipyrarnidal
fields. LFSE. Dq values. Jahn Tellcr'(JT) effect, theoretical lailLrre of
crystal field theory, evidence of covalencl in the metal-ligand bond.
nephclauxetic effect. ligand ficld theory. molecular orbital theoq- M. O
energy level diagrarns for octahedral and tetrahedral complexes without
and with n-bond in i-bondin.cx rirnental cv idences tbr

7,8,9

3

10

tic rromcnts

I

I

I



{

Kinetics and Mechanism of Reactions in Metal Complexes
Therrnodynamic and ltinetic stability, kinctics and mechanism of
nLrcleophilic substitution reactions in square planar complexes- trans effect-
theo11 and applications. SLrbstitution in tctrahedral and tlve-coordinate
cornplexes .Kinetics and mcchanism of octahcdral substitution- watcr
exchange, dissociativc anci associative mcchanisnrs. base hydrolysis.
racemization rcactions. soli'olytic reactions (acidic and basic). Rcplaccmcnt
reactions involving multidcndate ligands- fbrmation ol chelates, eftect ol
H+ on the rates ofsubstitution ofchelate cornplcxes. metal ion assisted and
ligand assisted dechelation, Electron transfer reactions: Outer sphere
mcchan ism-Marcus theory, inner sphere mechan ism-'faube mechanism,
mixed outer and inner sphere reactions, two electron transfer and

i ntrarnolecrr lar electron transfer

l0.ll

Teaching and
Learning
Approach

Classroom Procedure (Mode of transaction)

Contact classes,'l'utorials. Seminar, Assignments, Authentic learning. [-ibrary
work. independent studies. Prcsentation by individual student

Mode of Asscssnren t

A. Continuous Intcrnal Assessment (CIA)
a. Surprise lest
b. Internal Test - Objective and descriptive answer type
c. Submittingassignments
d. Seminar Presentation - select a topic of choice

concerned area and present in the seminar
B. Semester End examination

in thc'

2

Asscssmcnt

T1'pes

REFEITENCtrS

F. A. Cotton, G. Wilkinson. Advanced lnorganic Chemistry: A Comprehensive 'l'ext, 3'd

Edn., lnterscience. I 972

J. E. Huheey, E. A. Keiter. R. A. Keiter. lnorganic Chemistry Principles of Structure and

Reactivity.4'r' Edn., Pearson Education lndia, 2006
K. [". Purccll. J. C. Kotz, Inorganic Chernistrl, Holt-Saundcrs, 1977

F. Basolo. R. C. Pearson. Mechanisms ol'lnorganic Reaction. John Wiley & Sons, 2006
E. Douglas. D. H. McDaniel. J. J. Alexander. Concepts and Models of Inorganic Chemistry.
3'd Edn.. wiley-lndia. 2007
R. S. Drago, Physical Methods in Chemistry, Saunders College. 1992

B. N. Figgis, M. A. Hitchman, Ligand Field Theory and its Applications, Wiley-lndia.20l0
J. D. Lee. Concise Inorganic Cherristry.4'h Edn.. Wiley-lndia,2008
R. G. Wilkins, Kinetics and Mechanisnrs of Reactions ofl Transition Metal Cornplcxes.
Wiley VCH, 2002
G. A. Laurance. Introduction to Coordination Chernistry, John Wiley & Sons Ltd. 2010
E. Housecroft, A. G. Sharpe. Inorganic Chemistry. Pearson,20l2
F. Shriver, P. W. Atkins, lnorganic Chemistry, s'hEdn., Oxlord University Press, 2010.
Organometallic Chemistry ( Coordination Chcmistry FLrndamentals), edited by Hiroshi
Nakazava, Julian Koc ISBN 9781839164064. published by Royal sociery of Chernistry 2021

3

4

5

6

7

8

I

10.

il.
t2.
t3.

11
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Programmc ,Ioint NI.Sc.

Cou rse Namc Structural and [\lolecular Organic Chemistr!

.l 
r pe of ('oursc Core

3

MCKIJMPNSC3I

Credit Value

Cou rse Cocle

Course
Summar-v &
J ustification

'l'he coursc is designed to address the lundamental concepls and mechanisms of
organic and photochcmical reactions. basic organic reaclion mechanisnrs.

stereochemistry and conformational analysis ol organic compounds. Through this

learning. the sludents will bc able to describe the chemical and rrolecular processes

that take place in organic chernical reactions. and to diflerentiate various types of
nucleophilic substitution and elimination reactions. They ale suggested to

understand the basic conccpts and various t)pes olaromaticitr. and also to have a

knou,ledge of stereoclremical aspccts olorganic reactions. A good undcrstanding of
typcs ol isomerisnr and stereochenrical notations are also advisablc. I'his course

would help the students to grasp the aforementioned domains with thorough learning

and practice.

Se mcstcr

Total Student
l-earning Timc
(sL'r')

I

Learn in g Approach l,ecture

40

lutorial

40

Pract ical Othe rs

Total

Leaming

Hou rs

0 :+0 120

I)rc rcq u isite Fundamentals of organic chemistry and stereochcmical notations

112



CO

No.
lixpectcd Course Outcome

Learn lng
Domains

PSO

No.

1

To revise and understand basic concepts of aromaticity and

electron d isplacement effects
R.U t.5

2
To illust|ate th€ reaction mechanism aspects in the context of
addition. elimination and substitution reactions

U, An, E t.5

To predict the mechanisms ofdilierent organic reaclions An. A. S t.5

-l R. U. Ap I.5

To demonstrate chirality in organic molecules using units such

as cenler. axial. planar. and helicity.
U. E, i

6
To predict E/Z configuration in organic molecules by applying
concepts o1' stereochem istry

A, An. S {

7

To learn

summalize

reactions

basic concepts of organic photochenr istry. and to
photochemical intermediates involved in organic U. An. I I 5

8
To learn the basic ditlercncc
thcrnraI reactions

between photochemical and
U, E, AP I 5

9
'fo gain knowledge on the synthetic applications ol organic
photochemical reactions

U.Ap It7

To develop skill to propose the possible mechanism of a given

photochemical reaction
A,S | .3.5

* Remember (R). Unclerstond (U), Appb, @), Analyse (An), Evaluare (E), Creare (C), Skill (S),

Interesl 0) and Appreciolion (Ap)

1.3

5.

I 
fo have a thorough knowledge ofdifferent types of isomerism

l0



Module
No,

Structural and Molecular Aspects of Organic Ohemistry
Revieu' of basic concepts in organic chemistrr': Bonding. hybridization. MO
picture of butadienc and allyl systcms. Elcctron displaccrnent eflects:
Inductive eff'ect. electrorncric effect. [esonance effcct. h yperconjugation.
stcric efflect. Bonding rleaker than covalcnt borrds.
Concept of' aronlaticit_r': I)clocalization of clcclrons lJiickcl's rule. critcria
lor arornaticity. cxamples of neutral and charged arontatic s)stcrns
ann u lenes. carbon nanolubcs and ra hene

2

l

.l

CO No.

I

2.,3

Organic Reaction Mechanisms I
Mechanism ofelectrophilic and nucleophilic aronratic substitution reactions
with examples, Arenium ion intermediates. SN I , Sr2, mixed SN I and Sp2,
S51Ar, Sppl. SNi. SEl. SFl2 and benzyne mechanisms, E1, Er and ErCB
mcchanisms. Hol'fman and Saytzcff modcs olelirnination. oricntation of the
double bond. Mechanistic and stereochemical aspects oladdition reactions
involving electrophiles. nucleophiles. regio- and chemo selectivity
orientation and reactivity. Markovnikov's and anti-Markovn ikov's
mcchanisnrs. Ellect of substrate. reagent. Icaving group. solvent and
neighbouring group on nucleophilic substitution (Sr.r2 and S^.'l) and
elimination (Et and E:) reactions.

Stereochemistry of Organic Compounds
Stcrcochemistrv of Organic Compounds: Stereo isornerisnr: Dctinition hascd

on symmetry and energl criteria. configuration and confbrmational
stercoisomerc, Ccntre of chirality: Molccules with C. N. S based chiral
ccntres. absolute configuration. enantiorners, raccnric modiflcations. R and S

nonlenclature using Cah n- lngo ld-Prclog rules. molecules with a chiral ccntre
and Cn, molecules with more than one centre of chirality. definition of
d iastereoisonr ers. conslitutionally symmetrical and unsymrrctrical chiral
molecules, l4rythron and threo nomenclature. Axial, planar and helical
chirality with examples. stcreochemistry and absolute configuration of
allenes. biphenyls and binaphthyls. ansa and clclophanic compounds.
spiranes, exo-cyclic alkylidene cycloalkanes. Topicity and prostereo

isomerism. topicity of ligands and laces as well as their nomcnclature. NMR
distinction of enantiotopic/diastereotopic ligands. Ceometrical isomcrism:
nonrcnclature. E-Z notation. methods of detennination of geometrical
isonrers. interconversion of gcometrical isomers.

{.5,6

7,8,9.t 0

Photochemistry of Organic compounds
Franck-Condon principle. Jablonski diagrarn. fluoresccnce and
phosphoresccnce. Singlet and triplet states. I)hotosensitization. Quanturn
efficiency, Photocherristry of carbonyl compounds. Norrish typc-l and typc-
II cleavages, Paterno-[]uchi reaction. Photorcduction, Photochemistry of
enones and para-benzoqu inones. Di r - methane rearrangement.
Photodynarric therapl'. Photochemical [4+2] c]cloaddition using singlct
Oxygen: Banon reaction

1,4

I

I

I

I



Teaching and
Learning
Approach

Assessment
Types

Mode of Assessment
A. Continuous lnternal Assessment (CIA)

a. Surprise test
b. Internal Test - Objective and descriptive answer type
c. Submittingassignments
d. Seminar Presentation - select a topic of choice

concerned area and prescnt in the sem inar
B. Semester End craminat.ion

in the

Classroom Procedure (Mode ol'transaction)
Contact classes, Tutorials, Seminar, Assignments, Authentic learning. Library
u,ork, independent studies. Presentation by individual student

ItET-T]IIENCES

J. Clayden, N. Creeves, S. Warren, P. Wothers. Organic Chemistry, Oxford University
Press,2004.

Jerry March. Advanced Organic Chemistry: Reactions, Mechanisms, and Structure.
T.H. Lowry. K.S. Richardson, Mechanism and Theory in Organic Chemistry, 2nd Fldn..

llarper & Row, l98l .

N.S. lsaacs, Physical Organic Chemistry, ELBS/Longrnan, 1987.

R. Bruckner, Advanced Organic Chemistry: Reaction Mechanisms, Academic Press,2002.
F.A. Carey, R.A. Sundberg. Advanced Organic Chemistry, Part A: Structure and

Mechanisms, 5th Edn.. Springer. 2007.
Nasipuri. Stereochemistry ol Organic Compounds: Principles and Applications, 3rdEdn.,
Ne,,r, Age Pub.. 2010.
D.C. Morris. Stereochern istry. RSC. 200 I .

E.L. Elicl. S.H. Wilcn. Stcreochern islrl of Organic Compounds. John Wilcy & Sons. 1994.

N.J. Turro, V. Ramamunhy, J.C. Scaiano, Principles of Molecular Photochemistry: An
Introduction, University Science books. 2009.

N.J. Turro. Modern Molecular Photochemistry, Benjarnin Cummings. 1978.

K.K.R. Mukherjee, Fundamentals of Photochemistry, New Age Pub., I 978

Harold H. Trimm, Organic Chemistry: Structurc and Mechanisms (Research Progress in

Chemistry), Apple Academic Press, 2021.

K. Peter C. Vollhardt. Neil E. Schore, Organic Chernistry: Structure and Function Eighth
Edition. 201 8.

Paula Yurkanis Bruice, Organic Chemistry - 8th Edition, Pearson Eduacation.2020

2.

J.

4.

5.

6.

C

7.

8.

9.

t0
.

12.

ti

1,1
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Prograrnrne Joint M.Sc.

Course Narne Advanccd Quantum Mechanics and Croup Theory

Type of Course

Cred it Value

Core

J

MGKUMPNSC.']2

Course

Summary &
J ustillcation

This course ainrs to eqLrip students with advanccd knoll'lcdge of quantum

mechanics necessary to conduct research arrd understand literature. l'his course

introduces basic concepts of molecular symmetry and group theory in detail.

Further it also discusses different aspects ofadvanced chemical dynamics

I

l-earn ing A pproach Lec tu lc Tutorial Practical Otlrcrs

Total

l-earn ing

Hours

Semester

Total Student

Learning Tinre
(SLT)

40 ,10 0 40 lt0

C-ourse Code

Pre-req u is ite Quantum theory" statistical mcchanics. thermodynamics (LJndergraduate level).

Strong mathematical skill in Dilferential [-)quations and I-inear Algebra.

CO
No.

Expected Course Outcome Learn ing
Domains

PSO
No.

I Describe advanced symmetry concepts of chemical molecules and

its applications.
L] I .5.7

'l-o idcntity thc concepl ofaris" plane- centre and thc point group L] 5I

.l 'l'o describe product of symmetry operation and character table of
chemical compounds.

U.A 1.5

.l Make use character table to predict thc spectroscopic propertics of
the molecule

U.A.E 1.5.1

Explain the application of Schrodingcr equation to rotational and
vibrational model systems

t l 5

6 Dcscribe the quantum mechanical explanation of orbitals and

chcm ical bonding.
[_r. R 1.5

*Remember (R), Understand (U). Apply (A), Analyse (An), Evaluate (E). Create (C). Skill (S).

lnterest (l) and Appreciation (Ap)

:t6

I

I



N{odule
No,

CO No.

I

Module I
Group Theory and Applications in Chemical Bonding and Spectroscopy
Sy mrnetrr elcments and sr mmctrl operalions.
I .2. Dcterrnination of point groups of nroleculcs and ions (organic / inorganic
/ cornplex) belonging to Cn. Cs. Ci , Cnv. Cnh. C"ov. Dnh, D.oh. Dnd. Td and

Oh point groups.
1.3. Syrnmetry in crystals:32 c rysta llograph ic point groups (no derivation).
Hermann Mauguin symbols. Screw axis-pitch and fbld ol screw axis. glide
planes, space groups(elementary idea only)
1.4. Mathernatical groups :Properties, Abelian groups, cyclic groups, sub
groups. similarity transformation.classes - C2v, C3v and C2h.
1.5. Croup multiplication tables (GMTs) - C2v, C3v and C2h, isomorphic
gro ups.
I .6. Matrix representation of elernents like E,Cn,Sn,l. o-matrix representation
ol point groups like C2v.C3v.C2h.C4v - trace /character. block lactored
matrices.
1.7. Reducible and irreducible representations. standard reduction lbrmula.
statement olgreat orthogonality' theorem (CO'l). . construction of character
tables lor C2v. C2h. C3v and C4v.
1.8. Application in chemical bond ing:Projection operalor. transformation
properties of atomic orbitals. construction of syrnmetry adapted linear
combination of atornic orbitals (SALCs) of C2v. C3v.D3h and C2h
molecu les.

1.9 Applications in vibrational spectra: transition moment integral, vanishing
ol integrals, symmetry aspects of molecular vibrations. Determination of the
symmetry of normal modes of C2v. C3v and C2h point groups using
Cartesian coordinates and internal coordinates. Complementary characler of
IR and Raman spectra determination of the number of active IR and Raman
lines irr Td. Oh and Square planar complexes

t,2.3,.1

2

Module 2

Quanlum Mechanics and Applications
Introduction to quantum mechanics, fbilure ol classical mechanics, need of
quantum mechanics, black body radiation, photoelectric effect, atomic
spectra. \\ave-particlc dualit,v. . Postulates of quantum mechanics. quantum
mechanical operators, Schrddinger equation and natLrre of its solutions, Born
intcrpretation of the r.l,ave tunction. Model s;,stcm: particle in lD box,
quantization of energy levels. zero-point energy, probability distribution
f'unctions. normalized and orthogonal wave functions. Extension to two- and
three-d imensiona I box problenrs. separation of variables and degeneracy of
wave f-unction. Qualitative treatment of hydrogen atom and hydrogen-like
ions. significance of quantum numbers. radial and angular wave functions for
hydrogen atom.

5,6

1,7

I

I

I

I



Tcaching and

l,earning
Approach

Classroom Proccdure (Mode of transaction)

Contact classes.'ILrtorials. Serninar. Assignmcnts. Authcntic learning.
Library work. indcpendent studies. Prescntation by individual student

Assessment

T,v-pcs A. Continuous lnternal Assessment (C IA)
a. Surprise test

b. lnternal Test - Objective and descriptive answer type
c. Subm itting assignments

d. Seminar Presentation - select a topic of choice in the

concerned area and present in the seminar

B. Semester End examination

ItE}'T]RI.]NCES

t0.

N. l,evine, Quanturn Chemistry, 7 th t;dn.. Pcarson Education Inc., 2016.
P.W. Atkins. R.S. Friedrnan. Molecular Quantum Mechanics, 4 th Edn.. Oxford University
Press.2005.

D.A. McQuarrie. Quantum Chernistry. University Science Books.2008.
R. Anathararran. Fundamentals olQuantum Chemistry. Macrnillan lndia. 2001.

F. A. Cotton. Chemical Applications of Croup Theory.3 rd Edn.. Wiley Eastern. 1990

t-. H. Hall. Group Theory and Symmetry in Chemistry. McCraw llill. 1969

V. Ramakrishnan. M. S. Copinathan. Group Theorl,in Chernistry. Vishal Publications. I992

S. Swarnalakshmi. T. Saro.ia. R. M. Ezhilarasi. A Simple Approach to Group Theory in
C hern istry. Universities Press.2008

S. F. A. Kettle, Symmetry and Structure: Readable Croup Theory lor Chcmists. 3rd Edn..

Wiley. 2007.

S. Kunju. G. Krishnan. Croup Theory and its Applications in Chernistry. PHI Learning,

20t0
A. M cQuarrie. J. D. Simon, Physical Chcm istry - a molecu lar approach. V iva Books, I 998.

N. [-evine. Physical Chernistry. 5th ud.. Tata-Mccrau.l {ill.
I'. Reif. Fundamentals of Statistical and 'Ihernral Physics. Waveland Press. 2009.

A. Vincent. Molecular Symnretry and Group 'l'hcory: A Programmed

lntroduction to Chemical Applications.2 nd Edn., Wiley.2000

Mode of Assessmcnt

I

2

l
4

5

6

7

8

9

il.
tz.
t3.

11.

18
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Programme

Course Name

Type of Coursc

Credit Value

Course Code

Joint M.Sc.

Physical Chemistry I

Core

J

MGKUMPNSC33

Course

Sunr rnary &
J ustillcation

ln a broader sense, physical chemistry can be defined as the application of
physics to chemistry.'l'he physics explains the world around us by building

various models.'l'he models such as kinetic theory ofgases, collision theory

of reactions etc. are purely classical-based. In contrast, for subatomic world,

one needs to go beyond classical world and invoke the laws of quantum

mechanics to describe small particles like electron. In classical and

quantum worlds alike, the physics necds the support of mathematics to

construct its r-nodcls. Thus. much of ph1'sical chemistry is inherently

mathematical and can be conceil'ed l'aster through exercises and problcrn

solving. 1'herefbre. a recommended approach to succeed in physical

chemistry is to solve as many end-of-chaptcr problcrns as possible.

l'his course introduces students to the core area of physical chemistry^

based around the themes of systems, states and processes. Topics covered

are Quantum mechanics. Classical thermodlnamics. Statistical mechanics

and Chemical kinetics. Throughout the coursc, the relationship bctrveen

physical phenomcna and the molecular structure and reactions underpinning

advanced materials will be highlighted. The general goal of learning

physical chemistry is to obtain an in-depth understanding ofwhy and how

chemical reactions occur. which in turn may enable us to accurately design

reactions leading Io novel molecules oflhe future.

Sem estL'r

Total Studcnt

Learn ing

Timc (SLT)
Learn ing A pproach Lecture l-utoria I Pract ica I Othe rs

Total
Leaming
Hou rs

rl0 40 0 40 120

Pre-rccluisite Quantum theory. statistical rnechanics, thermodynamics and kinetics
(Undergraduate levcl). Strong mathematical skill in Differential Equations
and Linear Algebra.

19
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CO

No.

Expccted Course Outcome Lcarn in g

Donr a in s

PSO

No.

I
'fo undcrstand the rate ofdiffbrcnt typcs of reactiotls L]

') To understand variab le

approximation etc

order rcactions. steady state u.A I

3 To study various theories associated with ratc ol'rcaction. r.l. R

1 Understand a comprehensive and rigorous treatment ofclassical
thermodynamics.

I 5

tl I 5

6 Evaluate Phase behavior ofone and two component systems U.A I .\

7 State and apply basic concepts of thennodynamics into

mixtures. Understand thermodynamics of ideal and non-ideal

solutions.

tJ. An

8 Find the connection betwccn statistics and thermodynam ics and

differentiate between dilferent enscmble theories used to

explain the behaviour of the systerns.

To understand the properties ol ntacroscopic systcrns using the

knowledge of the properties of individual particles,

thermodynamic probability. macroscopic and microscopic

states.

tl
n

t.5

s I. ]. A 1.5

l0 l-o understand various photophysical reactions. U.A r .5.7

+Remember (R), tlnderstarul (U), Appb'6). Anal)tsc (An), Et'oluate (E). Create (C), Skill

(S). lnterest (I) and Appreciation (Ap)

20
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t.5

1.5

L]

5 [Jnderstand transformations at the molecular levcl.

1.5
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Module
No.

CO
No.

Module I
Chemical Kinetics and Catall'sis
Reaction rates and order of reactions, determination of order ol reactions.
complex reactions (free radical chain reactions, branching reactions, hydrogen-
oxygen and hydrogen-halogen reactions). Reversible. consecutive and

opposing reactions. The Analysis of kinetics results: the method of integration.
graphical methods. hali:life methods. Guggenhiem's method, the diflerential
method. Reactions ol variable order, steady state treatment, free radical
reactions. Studies ol'fast reactions by flow method. relaxation method and

flash photolysis. Theories ol' unirnolecular reaction and their treatments
(l-indemann-Hinshelwood and Rice-Rarnspcrger-Kassel-Marcus (RRKM)
theory. Collision theories ofreaction rates. steric l-actors. Arrhenius equation.
activated complcx theory, Collision cross section and rcaction cross section.
Collision lhcory. Potential cnergy surl'aces and reaction coordinatc. Transition
statc theory.
Kinetic theory of gases, transport properties in gases. Kinctics ol'reactions in
solution. d il'lusion-controlled rcactions. eft'ect of solvent on rates of reactions.
kinetic salt ef-iect, homogeneous catalysis and heterogeneous catalysis.

1,2,3

2

Module 2

Classical'I'hermodynamics
Mathematical foundations lor thermodynam ics-variab les of thennodynamics,
extensive and intcnsive quanlities, equation lbr total difl'erential. conversion
formu las, exact d i flerent ials. general formu lation. reciproc i1y characteristics,
homogeneous l-unctions, Euler's theorem. Concepts of entropy and free
energy: Entropy as measure ot'randomness and unavailable energy. Entropy
changes in reversible and irreversible process and during various processes.

Clausius incquality. Variation of entropy with T and P. Helmholtz and Cibbs
lree energies. Thermodynamic critcria of' equilibrium and spontaneity.
Variation of free energy \\'ith tempcrature and pressure. Maxwell's relations.
Von't Hotls reaction isothcrrn and isochole. Cibbs-l Ielmholtz equation.
Detcnrination ol't'ree energy changes. Nernst hcat theorem and third law of
thermodynamics- calculation of absolute entropics and residual entropy.
Panial molar Propenies: Physical significance. Partial molar volume and
partial molar free energy (chemical potential). Determination of partial molar
quantities by intercept method and slope methods. Physical significance of
chemical potential. Variation of chemical potential with temperature and
pressure. F'ormulation of the Gibbs Duhem equation. Derivation of Duhem-
Margules equation.

r,5,6,7

I

2L

I

I

I

I

I



3

Module 3
Statistical Mechanics
Brief history about the rnacroscopic and microscopic approach in science.
permutation. probability. Stirling's approximation. macrostate and microstates.
equal a priori principle and thermodvnamic probability. therrnodynamic
probability and entropy. phase-space. ensemble. types ol' ensembles.
Boltzmann distribution la',v. partition function and its physical significance.
relation between molecular partition function and rnolar partition lunction.
distinguishablc arrd indistingLrishable particles. partition llnction and
thcrnrodl,namic firnclions. scparation o1' partition tirnction- translational.
rotational. vibrational. and clcctronic partition lirnclions. paftition tirnction fbr
hydrogen. Therrral de-Broglie wavelength. Calculation ol thernrodynamic
lunctions and equilibrium constarlts. Sackur-Tctrode equation. statistical
formulation of third law of therrnodynam ics. rcsidual entropy. heat capacity of
gases - classical and quantum theories. Heat capacity ofsolids: the vibrational
properties of solids. Dulong and Petit's law. Einstein's theorl and its
limitations. Debyc thcory and its limitations. Need for quantum statistics.
Bosons and I:ermions" Bose-Einstein statistics: llose- Einstein distribLrtion law.
Bose-Einstcin condensation. flrst order and higher order phasc transitions.
liquid heliurn. ['ermi-Dirac statistics: Fermi-Dirac distribution law. application
in electron s. thermionic em ission. Com arison of three statistic.
Module 4
Photochemistry
Photophysical processes of elcctron ically excitcd molecules- Franck - Condon
principle- quantum mcchanical treatment-[)issoc iation and pre - dissociation
of diatomic molecules Energy transler lrom electronically excited molecules-
Stcrn - Volmer mechanism onll Photophlsical pathwal,s: lluorcscence.
phosphorescence. E-lype and P- type delal'ed lluorcscence. Kinetic trcatment
of excimer and exciplex fbrmation- lasers in photochemical kinetics-
Photochemical splitting of water- organic light ernitting devices.

tt.9

l0
J

Teaching and

Learning
Approach

Classroom Procedure (Mode of transaction)

Contact classes. Tutorials. Seminar. Assignments, Authentic learning,

Library work. independent studies. Presentation by individual student

Assessment

T1'pcs A. Continuous Internal Assessment (ClA)
a. Surprise test

b. Internal Test - Objective and descriptive answer type

c. Subm itting assignments

d. Seminar Presentation - select a topic of choice in the

concerned area and present in the seminar

B. Semester End examination

N'Iodc of Asscssmcnt

,
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Programme

Course Name

Type of Course

Credit Value

Course Code

Joint M.Sc.

Introduction to Nanornaterials

Core

3

MGKUMPNSC34

The emphasis of the coursc is to understand the chcmistry of
Nanomaterials in detail and to explorc the wide application.'fhis course

providcs research-focused teaching and training lor post graduates

wishing to develop a career in nano and functional matcrials. Students

will gain an in-dcpth understanding ol'the principles governing nano and

functional materials properties. behaviour and interactions. Also. this
course aims to:

Understand and use the properties of Nano-materials in diverse fields.

Gain knowledge about the Nanomaterials. their properties. behaviour.

interaction and use ofthem over many disciplines ofscience.

The emphasis ol the course is to understand the Nanomaterials in detail

and to cxplorc the wide application.

llighlights of the course is to providcd virtual way of understanding the

courses materials. Specially the application-based approach.

Course

Sumnrary &
J ustitlcation

Se m estc r

Learn ing A pproach

F
.E

Total

Learn ing

llou rs

Total Student

Lcarning'fime
(sL'f)

.10 .10 0

Pre-req u isite Understanding of Solid state (Undcrgraduatc Ievel).

F-rpected Coursc Outconrc [,carn ing
Dornains

PSO No.

I tinderstand and use the properlies of Nano-rnatefials irr

diverse fields.

tl 5

l I 5

I

I

I

l-'l
r20

CO

l\ o.

I Cain knor.r lcdgc ahout thc Nanornatcrials. thcir propcrlics. | ( 1. n

lbehariour. interaction and use ol' thcrn ur., ,ron1 
|

I 
d iscinlines ofscience. 

I
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-) Understand the chemistry of Nanomaterials in detail and to

explore the wide application.

I.J. R 5

+ Understand the constituents of matter, nanomaterials,

properties and usefu lness.

U

) Able to learn how to understand the basic behaviour of
Nanomalerials.

U 5I

6 Undcrstand size and shapc dependcnt properties ol
Nanomaterials.

I.J. A t5

7 Gain knowledge about classiflcation of Nanorraterials U. An 1.5

8 Deep understanding on surface characteristics of
Nanomaterials

U, A. An 1.5

9 Able to understand dilferent surface energy minimization

techn iques.

U,A 1.5

*Remember (R), Understancl (U), Apply (A), Anolyse (An), Evaluate (E), Create (C), Skill
(S), lnterest (l) and Appreciation (Ap)

Module
No.

Fundamentals of Nanomaterials
Historl of Nanotechnologr,. [rcl nman's vision on Nano Science &
technology. bulk vs nanomatcrials. Central importance of nanoscale
morphology - small things making big differences. nanotechnology as natures
technology, clusters and magic numbers, nanoscale architecture. RecenI
developments, challenges and luture prospects of nanomaterials.

CO No.

1.2,3.,1,5

Size and shape dependent properties of nanomaterials
Size and shape dependent propefiies. Melting points and lattice constants.
Surf'ace 'fension. density ol'states. Wettability - Specific Surlace Area and
Pore - Composite Structure - Mechanical propefiies, Optical properties:
Basic principles o1' nanonratcrials- Increase in surl'ace area to volume ratio
and quantum confinement elfect. Surface plasmon resonance in metal
nanoparlicles and quantum size et-fect in in Sern iconductors, Electrical
conduclivity: Surface scattcring. change of electronic structure, quantum
transpon. clltct of m icrostnrcture.

6

Classification of nanomatcrials
Classiflcation based on the dimensionality, Zero-d imensional nanoslructures:
metal. semiconductor and oxide nanoparticles. One-dimensional
nanostructures: nanowires and nanorods, Two-dimensional nanostructures:
thin lilms, Three-d imensional nanornaterials, Special Nanomaterials: Carbon
fullerenes and carbon nanotubes, micro and mesoporous materials, core-shell
structures, organic-inorganic hybrids.

1

25
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I

I

I

l

2

I

t,

1.5
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{

Surface charactcristics of Nanomaterials
Surlace sciencc lor nanonraterials. surthcc encrgy. Surlace Iinergl
minimization: S;ntcring Ostwald ripening and agglorneration. llnergy
minimization by Isotropic and anisotropic surfaces, Wulff plot. Surface
energy. surface curvature and cherr ical potential. Surface energy stabilization
mcclranisms. Elcctrostatic stabilization - Point zero charge (p.z.c). Nernst
Equation. Electric double layer. Electric potential at the proximity o1'a solid
surface - Debye-Huckel Screening strength. Interaction between
nanoparticles - Van der Waals attraction potential. DLVO Theorl'. steric
stabilization and electro stcric stabilization. Nuclcation and groMh ol nuclei.
critical radius, homogcnous and heterogeneous nucleation.

ti,9

Asscss men t
Tl pcs

Rhl'liRENCES

Classroom Procedure (Mode of transaction)
Contact classes. Tutorials. Serninar. Assignmcnts. Authentic learning. Library
work, independcnt studies. Presentation by individual studcnt

Mode of Assessment
A. Continuous lnternal Assessment (ClA)

a. Surprise test
b. Internal Test - Objective and descriptive anslr'er type
c. Submittingassignments
d. Seminar Presentation - select a topic ofchoice in the concerned

area and present in the seminar
B. Semester End cxamination

G. Cao and Y. Wang. Nanostructures and Nanomaterials, 2nd Ed., lmperial College

Press,2004.

R. Kelsall. I. Hamley and M. Geoghegan. Nanoscale Science and Technology.

Wiley. 2005.

K. J. Klabunde. R. M. Richards. Nanoscale Materials in Chcrnistry.2nd Ed.. Wilcy,

2009.

T. Pradcep. A text book ol Nano Science and Technology. Tata Mccraw-Hill
Education. 2012.

G. Schmidt, Nanoparticles: from Thcory to applications, Wiley-VC11. 2004

G. Louis Horn yak, Introduction to nanoscience.

C.P. Poole. lntroduction to nanotechnology.

lntroduction to Nanoscale Science and Technology Edited By-Massimiliano
Ventra. Stephane Evoy, James R. Heflin; ISBN 978-l -4020-77 57 -9, Published by

Apple academic Press, 201 3

Characterization of Nanomaterials Advances and Key Technologics Ddited By-Sneha

Mohan Bhagyaraj, Oluwatobi Samuel Oluwafemi. Nandakumar Kalarikkal, Sabu

Thomas . /,SfN 9780081019733, Published by Elsevier, 2018

Teaching and
Learning
Approach
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Programme

Course Name

'l-ype of Course

Credit Value

Course Code

Joint M.Sc,

Practical I - Organic Chemistry

Core

2

MGKUMPNSC35

Course
Summary &
J ustification

This course is designed to give the student an awareness about the safety measures to
be taken in the lab, farriliarizing the dift'erent glassware and equiprnents used.

separation of the componcnts present in the given binary mixture organic compounds
using appropriate separation mcthods and analyzing the separated components using
standard procedures. Students will leam how to apply common laboratory techniques
to determine the structure, reactivity and analysis of organic compounds. Preparation
of different organic molecules from simple molecules is also included in the course.
'l-hey will become f'amiliar with the nomenclature and behavior of organic functional
groups through reactions and instrumenlal analysis. Characterisation of organic
compounds by means of spectroscopic methods (lR. NMR and UV-Visible) are also
included. Students rvill also be taLrght tools such as ChcmDraw / Chemsketch which
will be very handy in their lirturc'studies and career.

ISemester

'['otal Student
[,earn ing
Time (St.T)

Learn ing
Approach

Lecture
-lutorial

Plactical Others
'l otal
Hou rs

Leaming

'+0 40 80

Prerequ isite Basic knowledge in practical organic chcmislry

CO
No.

Expcctcd Coursc Outcome'
Lcaming
Domains

PSO
No.

I
To handlc organic chemicals, glassware and precautions lo be taken
for sallty in a chemistry lab

R.U.A 1.1.,+

2
'[o separate the components lrom a mixture using suitablc mcthods
and to analyse the components using various reagents and reactions

U. A. An, S I .3.,1

l
To perform experiments individually and to gain knowledge about
principles and techniques involvcd in various separation
experiments

An, A, S, I I .J.+

l To separal.c components in a mixture and its purity asscssment An. LJ. E. S l.-1.,+.7

*Remember (R), Understond (U), Apply (A), Anolyse (An), Evaluare (E), Create (C), Skill (S).
Interest (l) and Appreciation (Ap)

21



coNo.

1,2

J

{

PART I.
Organic analysis
a) Separation of two-component mixtures
b) Identification ol individual components
c) Separation. Purification and analysis ofthe components
d) Preparation of their derivatives

Dcterm ination of sical constants of the corl onents and its derivativcsc h

PART II.
General methods of separation and purification of organic compounds such as:

a) Thin Layer Chromatography
b) Column Chromatography
c) Solvent Extraction
d) Soxhlet Extraction

PART III.
Quantitative separation of organic rxixtures by colurnn chromatography and its
purity assessrnent by Tl-C.

'l'eaching and
Learning
Approach

Classroom Proccdure (lVIode of transaction)

Contact classes- Library work. 'Iutorials. Dcmonstrations. Workshops, Virtual
laboratory videos

I{ Ii FIililt N(_ r,r S

I . I. Vogel. Elementary Practical Organic Chemistry. l-ongman. 1958

2. I. Vogel. A Textbook of Practical Organic Chemistry. Longman. I 974

3. R. M. Silverstein. G. C. Bassler, T. C. Merril. Spectrometric ldentification of Organic

Compounds, John Wiley & Sons, I 981

4. Pasto, C.R. Johnson, M. J. Miller. Experiments and Techniques in Organic Chemistry.

Prentice Hall. 1992

5. F. G. Mann, B. C Saunders. Practical Organic Chemistry, 4th Edn.. Pearson Education

India.2009
6. R. Adams. J. R. Johnson, J. F.Wilcox, Laboratory Experiments in Organic Chemistry.

Macmillan, 1979

7. M. P. Doyle. W.S. Mungall, Experimental Organic Chemistry, John Wiley & Sons. 1980

8. Advanced Practical Organic Chemistry, Edited ByJohn Leonard, Barry Lygo, Garry
Procter 158N9781138494145 Published by CRC Press 2013

Assessmcn t
T1'pes

Mode of Assessment

Lab/Experiment skills

Lab record/Report

Viva-voce

Lab Discipline (participation. punctuality. accuracy)

28
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Programme

Course Name

Type of Course

Credit Value

Course Code

Joint M.Sc.

Practical ll- lnorganic Chemistry

Core

2

MCKUMPNSC36

Course

Summary

Justification

The laboratory practical course enables the students to understand

and apply the lab skills and laboratory sal'ety procedures needed to carry out

standard chemistry experimental techniqucs. This course will facilitatc the

students to apply the basic concepts ol- inorganic chemistry to analyze thc

metal ions in a given sample. Through this course the students will learn to

(i) separate and identify cations in a given mixture (ii) estimatc the metal

ions using colorimctry (iii) pc'rform conrplcxomctric titrations of metal ions

u,ith double burctlc method (iv) separate and estimate binary rnixture of
metal ions using combincd volLrmctric and coloritnetric methods and (v)

tabulate and analyze the results of all the cxperiments systernaticall)-. l'his

course will irrrprove the analytical skill and critical thinking including

observation, hypothesis development. measurement and data collection.

experimentation. evaluation of evidence, and employment ol' mathematical

analysis.

Semester 1

Total

StudentLearn ing
Tirne (SLT)

Lea rn in g

Approach

l,ecture Tutorial Practical

.10

Others

Total

Learn

ingHo

urs

80

Pre-requ isite The chemistry laboratory is a place of discovery and learning but at the

same time it can be a place of danger if proper common-sense of
precautions are nol taken care. So the students are expected to learn and

lbllow the general safety guidelines to ensure a safe laboratory environment.

Also a basic knowledge on inorganic salt analysis, colorimetric estimations

and complexometric titrations is pretbrred.

29
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Expccted Course Outcome Lcarn ing

Domains

PSO No.

I U I .1.4Perform basic chemical lab proccdures by lollou,ing appropriate lab

saf'ety measures & Infer the experimental results with mathernatical

and analytical reason ing.

Separation and identification of the rnixture of cations in a given

sanr p le

A. An. S I .3."1

-) Estimation of the amount of metal ion prescnt in the whole of the

given solution colorimetrically
A. An.S 1.3.4,6

Preparation and characterization complcxes using [R. NMR and

clectron ic spectra

U. An. S r .3"4.6.74

Develop the skills to carry out basic quantitative and qualilative

anal).tical techn iq ues

S 1.2.3.4.6

* Remember (R), Understand (U), Apply (A). Analyse (An), Evaluate (E), Creote (C), Skill (S),

lntere.tt (l) and Appreciation (Ap)

CO No.

1,2PART I
Separation and identification ofa mixture offour cations
n rnixture oltwo familiar ions such as Ag+. t{g2+. Pb2+, Cu2+. Bi2+. Cd2+. As3+,
Sn2+, Sb3+, Fe2+, Fe3+. AI3+, Cr3+, Zn2+ , Mn2+ , Co2+, Ni2+, Ca2+, Sr2+, Ba2+.
Mg2+. Li+. Na+ . K+ and NH4+ and two less familiar metai ions such as Tl. W. Se,

Mo. Ce. 1'h. Ti. Zr. Y, U and l.i). Anions which nced elimination not to be givcn.
Minirrurn ci ht m ixtures to be tv en.

-)

{,5

PART III
Preparation and characterization complexes using lR, NMR and electronic
spectra.}

a) Tris (thiourea)copper( I) cornplcx
b) Potassium tris (oxalate) aluminate (lll)
c) Hexammine cobalt (lll) chloride
d) Tetrammine copper (ll) sulphate
e) Schiffbase complexes olvarious divalent metal ions
f) B is(d imethylglyox imato) nickel (ll)
g) Prussian blue

30

CO

No.

I

5

I

I

PART TI

Colorimetric estimation of Fe. Cu, Ni. Mn, Cr. NH4+, nitlate and phosphate ions.



REFERENCES

l. A.l. Vogel, G. Svehla. Vogel's Qualitative Inorganic Analysis, Tth Edn, Longman, 1996.

2. I. Vogel. A Text Book ofQuantitative lnorganic Analysis. Longman. 1966.

3. M. Koltotl. E. B. Sandell, A'fext Book olQuantitative Inorganic Analysis,3rd McMillian.

1968.

4. V. V. Ramanujam, Inorganic Semimicro qualitative Analysis. 'Ihe National Public Co.

1974.

5. J. Singh.R. K. P. Singh,J. Singh. LDS Yadav, I. R. Siddiqui,J. Shrivastava, Advanced
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TeachingandLcar
ningApproach

Classroom Procedure (Mode of transaction)

l. Direct lnstruclion: Lecture, Fixplicit Teaching, E-learning

2. Interactive lnstruction: Active co-operative learning. Authentic learning

Assessmcnt T) pes Mode of Assessment

A. Continuous lnternal Assessment (ClA)
a. Two intemal tests

b. Lab skill
c. Attendance
d. Viva voce

e. Lab record
B. Semester End examination
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Programme

Course Name

Type ol Course

Credit Value

Course Code

Joint M.Sc.

Surf'ace Chemistry and Catalysis

Elective

4

MGKUMPNSE I2

Course

Summary &
J ustification

lntroduce the rlain techniqucs of sLrrlace science and to understand hou,
these techniques can be uscd to investigate the structure. cornposition and

reactivity of surfaces with a particular locus on systems of rclcvance to
heterogencous catalysis. l o introduce the impodant general concepts ofthe
chemistry of heterogeneous catalysis and to dcscribe and illustrate the main

types.

Scrnester

'fotal Student

Learning'l'ime
(sr,T)

I

Leaming Apploach .E
a
)F

60 .10 0 .10 140

Pre-req uisitc chenristl'y. uith phlsics and nrathcnratics asBachelor's degree in

subsidiaries.

CO

No.

Expected Course Outcome Learn ing

Domains

PSO

No.

l To irrtroduce the conccpts of adsorption and desorption tl 5I

l To cxplain many ol the proposed hypotheses of surf'aces in

terms ol I'undamental concepts.

-l Ap

.+ To study various characterisation techniques A,U

5 To understand the role of a catalyst in relation to

thermodynamics and to apprcciate the relevancc of catal;.. st

activity. selectivity. dcactivation and regencration.

t.5

*Remarnher (R), {-lnderstaru.l (U), lpply (A). Anal!'sc (An). Evaluula (E), ('reete (C). Skill
(S). lnterest.(l) and lppreciorbn (Ap)

32

I

1.5

a,)

J c_
-c
a

Total

[-earning

Hours

I

I 
Be able to apply the knowledge in order to predict and

I 
rationalize the properties ol'catallsts.

1.5

I



Module
No.

CO No.

I Adsorption at Liquid Surfaces
Adsorption at liquid surlaces - Gibb's equation
adsorption forces. Thertnodynamics of physical

and its verification,
adsorption, Heat of

adso tion and its determ ination

l,2.3

Adsorption on Solids
Adsorption on solids. Langmuir adsorption isotherm, Multilayer adsorption,
BFI't'and Polanyi models lor the adsorption. Electrical phenomena at

interlaces including electrokinctic potentials, Micelles. Critical Micelle
Concentration (CMC). Relevance of surl'aces and interf'aces: colloids.
nanomaterials & biology

1,2,3

I Characterization of Solid Surlhccs
Harkins and Jura equation and other methods lbr mL'asurements of surlace
area of solids, Diftiaction and thermal methods - Powder X-Ray diifraction-
peak broadening and particle size analysis, N2 adsorption -surface area, pore

size analysis, thermal analysis using TCA and DTA, Morphology and

particle size analysis - SEM. AFM and HR-TEM.

{

I Adsorption Behaviour of Porous Matcrials
Porous solids. Pore size distribution, Adsorption behaviour of porous
materials. hysteresis of adsorption, 1'heory of surf'ace reactions. Molecular
sieves, Capillary condensation, micro-pore analysis.

2

l

2

Catalysis
Homogeneous catalysis, Autocatalysis and oscillating reaction, Kinetics of
homogeneous catalysis, Hcterogeneous catall,sis. Kinetics of heterogeneous
catal sis, [)evelo mcnt of catal sts, Enz mij catal S IS,

REFERENCES

l. P. W. Atkins and Julio de Paula. Atkins' l'hvsical Chenristry. Oxford Universitv Press. 9th
Edition. Rcprinted 201 L

2. P. Atkins' Physical Chemistry,. I lth Edition by P. Bolgar. Il. Lloyd. A. North. V.
Oleinikovas, S. Smi1h, J. Keeler, Oxlbrd University Press, 2017

3. J. M. Thonras, W. J. Thomas, Principles and Practice ol- Heterogeneous Catalysis, Wiley, 2015
4. Chorkendorff. J. W. N iemantsverdriet, Conccpts olModern Catalysis and Kinetics, Wiley,2007

Teaching and
Learning Approach

Classroom Procedurc (Modc of transaction)

Contact classes. Tutorials, Seminar. Assignments, Authentic learning,
Library work. independent studies. Presentation by individual student

Assessment T) pes Mode of Assessment

A. Continuous Internal Assessment (CIA)
a. Surprise test
b. lnternal Test - Objective and descriptive answer type
c. Subm itting assignments
d. Seminar Presentation - select a topic of choice in the

concemed area and present in the seminar
B. Semester End examination
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,Ioint M.Sc.Program rne

Coursc Name Nanocomposites

Ty-pe of Course E lcct ive

Crcdit Value 4

IVICKUMPNSF- I]Course Code

Course Summary

& J ustification

sct'n cster

StLrdents rvill gain sorne knowledge of the rnain types of
nanocornpositc tnaterials and thcir specific physical and chemical
propcrties required in applications. Craduatcs rvill bccorne familiar
uith the rnethods ol preparation and character izat ion of specilic
physical propelties of nanocomposite matcrials. The current state o{'

theory and modelling ol nanoconrposites will be presented. At the end

of the course, students will have enough understanding of the main

concepts in nanocomposites physics to allow them read and understand

the most important research papers in this field.

C rcd it

'[otal

Learn ing
(sl_T)

Student

Time
l.earn ing Approach

A uthentic learn ing

Collaborative
learning

Case based learning

Lectur

e

Tutori
al

.10

Practi

cal

Other
S

Total
l-earn ing

t lours

60 '10 I .10

Pre-requisite Basics of Nanochemistry (Undergraduate)

Olhe r:- l-ibrary;. sentirut' and o.ssignmcnl preparalions. tcsl..ioltrnal. di.\cu.\.\ion elc

CO

No.

[:xpected Coursc Outcome Learn ing

Domains

PSO No.

L'pon complation of thi.s cour.se. .strulents vill he oble to

Understand Mctal based nanoconrposite: prcparation

techniques and their final propotics and lunctiorrality
(Module l)

I U.A

l Study of Ccramic based nanocomposites:

preparation techniques. properties and applications

sollt c U.A 7

34
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(Module 2)

-) Introduction of Polymer based nanocomposites,

Diblock Copolymer based nanocomposites: preparation,

properties and applications. Carbon nanotubes-based

nanocomposites: functionalization of CNTs will also be

discussed. (Module 3).

Introduction of new kind of nanocomposites, Design of
supcr hard rnaterials, Super hard nanocomposites, its

designing and improvements of mechanical properties

will also be discussed. (Module 4)

An, E 7

-l t" 7.9

*Remember (R), Understand (U). Apply (A), Analyse (An), Evoluute (E), Create (('), Skill
(S), lnteresl (l) and Appreciation (Ap)

Module
No.

CO No.

I Mctal based nanocomposites:
Metal- oxide or rnetal-ceramic composites: different aspects of their
preparation techniques and their tinal propertics and t'unctionality. Metal -
metal nanocomposites: some sirnple prcparation techniques and their nerv
elcctrical and magnetic propcfl ies

I

2 Ceramic based nanocompositcs:
Dilferent types of ceramic based nanocomposites, preparation techniques,
propcrties and applications.

Polymer based nanocomposites:
Thermoplastics, Thermosetting plastics and Elastomers
Diblock Copolymer based nanocomposites: preparation, properties and
app lications.
Polymer- carbon nanotubes-based nanocomposites: f'unctionalization of
CNTs, preparation. properties and applications.
Elastomeric polymer nanocomposites

2

J

{ Fractal based glass - mctal nanocomposites and Super hard
nanocomposites
Fractal blasted glass- mctal nanocomposites. its designing and fractal
dirncnsion analysis, Electrical property of f'ractal-based nanocomposites,
Core-shell stnrctured nanocorn posiles, Design of supcr hard materials,
Super hard nanocomposites, its designing and improvements ofmechanical

fo e rt ies

{
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'Ieaching and
Lea rn in g

Approach

Assessmcnt

Tl pes

Classroom Procedure (Mode of transaction)

Aulhentic learning. case-bascd lealning. collaborative learning. serninar.

group activities.

Mode of Assessment

Continuous lnternal A ssessment (ClA)

Senrinar Presentation - a theme is to be discussed and

prepare a paper and present in the seminar

Assignments

Semester End examination

idcntillcd to

REFERENCES

l. Nanocomposites Science and 'l'echnology - P. M. A-iayan, L. S. Schadler. P. V. Braum.

Wiley.2003

2. Physical properties olCarbon nanotube- R. Satio. Imperial College Press. 1998

3. Polymer nanocomposites, Edited by Yiu-Wing Mai and 7.hong -Zeng Yu, Woodhead

Publishing.2006

4. Processing and properties of Nanocomposites. Suresh Advani, World Scientific Publishing,

2007

5. Polymer- Layered Silicate and Silicate and Silica Nanocomposites. Y. C. Ke and P. Stroeve.

Elsev ier Science. 2005

6. Novel synthesis and characterization of NanostrLrctured materials. Annclise Kopp Alves.

Carlos P. Bergmann. Felipc Arnorim Berutti. Springer.20l3

7. Composites and Nanocomposites. klited /l;'-A. K. Haghi. Oluwatobi Samuel Oluwafemi.

Josmin P. Jose, Hanna J. Maria. ISBN 9781926895284, Puhlished by Apple academic Pres's,

20t3

8. NANOCOMPOSITE MATERIALS.Synthesis, Properties and Applications, Edited By

Jyolishkumar Parameswaranpillai, Nishar Hameed, Thomas Kurian' Yingfeng Yu. ;1SBN

13:978-l-4822-5807-3 , Published by CRC Press. 2017
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Programme

Course Name

Type ofCourse

Credit Value

Course Code

SEMESTER II

Joint M.Sc.

Organometallics and Bioinorganic chem istry

Core

4

MCKUMPNSC3T

ourse Summary

& J ustification
This course introduces the basic concepts oi organometallic chemistry with

emphasis on transition metal complexes. The students will understand the structure

and bonding of organometallic complexes bearing various o-bonded and r-bonded
ligands. They will learn about the unique reactions shown by organometallic

compounds and its mechanism. 'lhis course highlights the application ol
organometallics in catalysis that is indLrstrially important

'l his course provides thc students a detailed knowledge on lundamental aspects ot'
the bioinorganic chemistry. The students will understand the role of metal ions and

inorganic complexes in biological processes. 1'hey will learn about rnetal toxicity as

well as the application olinorganic complexes as therapeutics. This course will give

a strong foundation to carry oul research on metalloenzyme applications, inorganic

biomaterials and pharmaceutical developmenl.

Semester II

Total Student
Learning Time
(sL]) l-earn ing A pproach

a

C

Total
Learn ing
ll ou rs

Authentic learn ing

Col laborative learning

Independent learn ing

6l) l0 0 .+0 l:10

Pre-requ isite Basic knowledge in lnorganic Chernistry

CO No Erpectcd Course Outcorne Learn ing
Dornains

I Understand the lundamental concepts of organometallic
complexes such as l8 clectron rules.

5
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I

I

PSO No.

U



: U I 5

I 5

1

Dxplain and rationalizc thc structure and bonding ol'
organometallic compounds rvith o- and:r-bonilcd ligands

Apply spectroscopic techniques to charactcrize organonretallic
compounds

ldentify the fundamental reactions of organornctallic compounds
and its mechanism.

U.A

U.A I 5

5 Describe the application o I' organometallics in catalvsis U 1.5

Apply the basic principles in inorganic and general chemistry to
bio inorganic chem istry.

U.A l 56

1 U I 5[]nderstand thc irnportancc of mctals in hiological systems.

Remernber the structure and functions of mctalloproteins and
metalloenzymes

TJ. I{ 5

U

IO

8

9 Explain the role of nretal ions which are involved in electron
transfer reactions in biological systems.

Identily the metal centers involved in oxygen transpoft in living
organisms and conrprehend the rrechanisrn of'this process.

L] I 1

I 7U. It

* Remenrber (R). Understand (U). Apply (A). Analyse (An), Evaluale (E). Creale (C). Skill (S),

Interest (I) and Appreciation (Ap)

biological rolc of Iron. coppcr. zinc and[-lnderstand the
rnolybdenum

lodule
No,

Reactions of Organomctallic Com pounds-Sy nthesis, Structurc and
Bonding
Ilaptonomenclature of organorletallic compounds. organornetallic
compounds with linear pi donor ligands-olelins. acetylenes, dienes and allyl
complexes-synthesis, structure and bonding. Synthesis and structure of
corlplexes with cyclic pi donors. metallocenes and cyclic arene complcxes.
bonding in ferrocene and dibenzene chromium. carbene and carbyne
complexes. Metal carbonl,ls: CO as a z-bonding ligand. syncrgism.
prcparation. propenics. structure and bonding ol sirnple mono and binuclear
rnctal carbonyls, metal nitrosyls, metal cyanides and dinitrogen complexes,
Polynuclear metal carbon)'ls with and without bridging. Carbonyl clusters-
I-NCCS and HNCCS. Isoelectronic and isolobal analogy. Wade-Mingos
rules- cluster valence electrons. IR spectral studies of bridging and non-
bridging CO ligands.
Substitution reactions: Nucleophilic ligand substitution. nucleophilic and

elcctrophilic attack on coordinated ligands. Addition and elimination
reactions-1.2 additions to double bonds. carbonylation and decarbonl,lation.
Oxidative addition- concefted addition. SN2. radical and ionic mechanisms.
Reductive elirrination- binuclear reductive elirnination and o-bond
mctathesis. Oxidative coupling and reductive decoupling, Insertion
(rnigration) and elimination reactions - insertions of CO and alkenes,
insertion into M-H versus M-R, a. B. y and 6 elinrinations, Redistrihution

l. c

CO No.

I,2,3,.1

rcactions. fluxional isornerism o l'a ll

38
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Catal.v-sis b5, Organometallic Compounds.
llomogeneous and heterogeneous olganonrctallic catalysis:'Iolman catalytic
loops. alkene hydrogenation using Wilkinson catalyst. Reactions of carbon
monoxide and hydrogen-thc water gas shift reaction, the FischerTropsch
reaction (synthesis of gasoline). Hydroformylation of olefins using cobalt
and rhodium catalysts, Polymerization by organornetallic initiators and

templates for chain propagation Ziegler Natta catalysts. polymerisation by
metallocene catalysts. arbonylation reactions: Monsanlo acetic acid process.

olefin hydrofbrmylation- oxo process. carbonylation of alkenes and alkynes
in the presence ofa nucleophile- the Reppe reaction, Carbonylation ol'aryl
halides in the presence of a nucleophile.
photodehydrogenation catalysl ("Platinum Pop"). Oxidation of olellns:
Palladium catalyzed oxidation of ethylene-the Wacker process. epoxidation
of olefins, hydroxylation by metal-oxo complexes. Asymmetric catalysis-
Asymmetric hydrogenation. isomerization and epoxidation, C-H activation
and lirnctionalization of' alkanes and arenes: Radicaltype oxidation.
hl,droxy,lation. dehl'drogenation. carbony'lation and regioselective borylation
ofalkancs and cl,cloalkanes. Radicaltype reactions, electrophilic reactions.
carbon lation and bor lat ion o l'arenes.

Other important mctal containing biomolecules:
Vitamin B I 2 and the vitamin B l2 coenzl'mes, photosl nthesis-chlorophyll a.

PS I and PS II. Role of calciLrm in nrusclc contractiot'I. blood clotting
ntechanism and biological calcillcation. Metals in med ic ine-therapeutic
applications olcis-platin. radioisotopes and MRI agcnts.

2 5

3 Bioinorganic Compounds
Essential and tracc elemcnls in biological systems. toxic elfccts of metals
(Cd, Hg, Cr,Pband As). struclure and functions ol'biological membranes.
mechanism of ion lransport across membranes, sodium pump. ionophores.
valinomycin. Phosphate esters in biology, Redox metalloenzymes.
c),tochromes-c)tochrome P450. Oxygen carriers and oxygen transport
proteins: Structure and tunctions of haemoglobins and rnyoglobin, oxygen
transpon mechanism, cooperativity. Bohrelf'ect, Structure and functions of
haemerythrinsandhaemocyanin. Biochcmistry oizinc and copper: Structure
and f'unctions of carbonic anhydrase, carboxypeptidase A and superoxide
d ism utase

6.7.tt.9

{

Teaching and

Learning Approrch
Classroom Procedure (Mode of transaction)

Contacl classes. Tutorials. Seminar. Assignments, Authentic learning.
Library r,"'ork. independcnt studies, Presentation by individual student

Assessment T)'pes \Iorlc of Assessment

A. Continuous lntemal Assessment (CIA)
a. lnternal Test - MCQ based and descriptive answer type
b. Serninar Presentation - the students will be given

individual topics for seminar presentation
c. Assignrnents
d. QLrizzes

B. Semester End examination

39
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Programme

Course Name

Type of Course

Credit Value

Course Code

Joint MSc

Organic Reaction [Vlechan isms

Core

.)

MGKUMPNSC38

Course Summarl'

& J ustification

Staning from the verl basic ideas, and moving towards the classification

using diff'erent approaches. this course deals with advanced organic

reaction mechanisms. The course guides through the involvement of
reactive intennediates. their strtrcture and reactivity through various organic

reactions, as well as the basic concepts in molccular rearrangement

reactions. The course is designed to acquaint the students with a detailed

knowledge ol physical organic chemistry. and ensures the students to

understand and acquire knowledge on pcricyclic reactions and namc

reactions, and their lurther applications in organic synthesis.

Semester II

Total Student
Learning Time

(SLT)

Learning
Approach

Lecture Tutorial Practical Others
l-otal

[-earnin
g IJours

,10 .10 0 ,10 t20

Prerequisite Basics of organic chemistry, stereochem istry. reaction mechanisms and

pathways

CO No Expected Course Outcome
Learn ing
Domains

PSO No.

I

To revise and analyse the role of reac(ive intermediates

such as carbocations. carbanions and non-classical

carbocations in chemical reactions

R.U )

2.
To assess the reactivity pattems of enolates and their
mechanisms

A. An
I 5

.l To synthesize moleculcs using popularly named reactions A,C,S 5

4
To describe reaction mechanisrns in tenns of encrgctics,
rcaction kinctics. and thcrmotll narn ics

An. ll
5

)
To predict suilable reaction conditions to carry out
organic reactions

E,C,S 7

41,
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6 U I 1.7

1 1'o lcarn basic conccpts ofpericyclic reactions u. I I.5

To have a thorough knowledge about catalysis by acids,

bases and nucleoph iles

Module
No.

CO
No.

Organic Reaction Mechanisms 2

Formation. structurc and stability ol carbanions: Reactions of carbanions: C-X
bond (X = C. O. N) lonrations through thc intenncdiary of' carbanions.
Chemistry of enolates and enarnines. Aldol and Michael rcactions. alkylation
and acylation of enolates.
Nucleophilic additions to carbonyls groups: Name reactions under carbanion
chem istry-mechanism of Claisen, Dieckmann. Knoevenagel, Stobbe. Darzen
and acyloin condensatiorls. Shapiro reaction and Julia olcfination. Favorskii
rearrangement.
Ylides: Chernistry of phosphorus and sulphur ylides - Wittig and related
reactions- Peterson olefi nation.
Formation, structure and stability of carbocations. Classical and non-classical
carbocations. C-X bond (X = C. O. N) forrnations through thc intcrmediary of
carbocations. Molecular rcarrangements including Wagner-Meerwcin. Pinacol-
pinacolone. Semipinacol. Dienone-phenol and Benzilic acid rearrangements.
Noyori annulation. Prins reaction. C-C bond lormation involving carbocations:
O\ymercuration. I lalolactonization.

1,2

J2 Named reactions in Organic Chemistry
Reimer-Tiemann. Cannizzaro. Mannich. l)emjanov and Mitsunobu rcactions.
Aldol condensation. Robinson annu lation
Addition reactions: Addition olGrignard reagent. Michael addition
Reduction reactions: Clemmensen, Wolf-Kishner, MPV
Rearrangement reactions: Wolfl, Hoffmann. Curtius. Lossen, Schrnidt and

Beckmann, Fries and Fischer-l Iepp.

{.5.6Physical Organic Chemistry
[inergy profiles, Kinetic versus thermodynamic control of product formation.
Hammond postulate. kinetic isotope eflects u,ith examples. l-inear free energy
relationships-l Iammet equation, Tafl equation.
Catalysis by acids. bases and nucleophiles with examples from acetal.

cyanohydrin, Ester lormation and hydrolysis reactions olesters - A.qr'2. Aacl.
Aer l. Bec2 and Br1.l nrechanisms. Hard and sofi acids. base s - HSAB principle
and its a Iication s (o nic rcactions onl

J

42

* Rentenrber (R). Understond (U). Apply (A). Anolyse (An). Evaluate (E). Creote (C), Skill (S).

lnrerest (l) und Apprectution (Ap)

1

I

I

I
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Pericl'clic reactions
Introduction to pericyclic reaction. Cycloaddition and Diels -Alder reactions,
Electrocyclic reactions, Sigmatropic reactions. Chelotropic reactions.
Thermal and photochemical pericyclic reactions, Conrotation and disrotation;
Electrocyclic closure and opening in 4n and 4n+2 systems. Woodward-
Floflmann selection rules fbr electrocyclic reactions. Explanation lor the
mechanism of electrocyclic reactions and examples. Cycloaddition reactions:
Suprafacial and antarafacial interactions. 1n + 2t and 4n + 2a cycloadditions.
Diels-Alder reaction. Woodrvard-llolllnann selection rules for cycloaddition
reactions and examples. Mechanism by orbital symmetry correlation diagrams.
FukLri lrrontier Molecular Orbital (l-'MO) theory. [indo-exo selectivity in Diels-
Alder reaction and its explanation bI FMO theory. Sigrnatropic reactions:
mechanism of sigrnatropic reactions. Cope and Claisen rearrangements

1

a ntl Classroom Procedure (Mode of transaction)

Contact classes, l-utorials. Seminar, Assignments, Authentic learning,
Library work. Interactive instruction: Active co-operative, Presentation by
ind iv idual student

Asscssment Types Mode of Assessment

A. Continuous Internal Assessment (CIA)
a, Surprise test
b. Internal 1'est - Objective and descriptive answer type
c. Submittingassignments
d. Seminar Presentation - select a topic of choice

concerned area and present in the seminar
B. Semester End examination

in the

5

6

7
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3. J. March, M.B. Smith, March's Advanced Organic Chemistry: Reactions Mechanisms, and

Structure, 6thEdn., Wiley, 2007.
4. W. Carruthers, I. Coldham. Modern Methods of Organic Synthesis, Cambridge University

Press.2005.
Fleming, F'rontier Orbitals and Organic Chenrical Reactions, Wiley, 1976.
R.T. Morrison, R.N. Boyd. S.K. Bhatacharjee, Organic Chemistry, 7thEdn., pearson. 201 l.
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Programme

Course Name

Type of Course

Credit Value

Course Code

Course Summary

& J ust illcation

Sernester

l'otal Student

l-earn in g

Time (Sl-T )
[.ecture 'l rrlorial Pract ical

Joint MSc

Spectroscopic Methods in Chemistry

Core

4

MGKUMPNSC39

Over the last lew decades. spectroscopic techniques have grown into
a vital instrutxent lor chemical analysis. structure deterntination. and

the studl' of dynamics in organic. inorganic. rnaterial science. and

biological systerrs.

Spectroscopic techniques are widely used to correctly invesligate the

chenrical structure ofan anal),Ie. In each spectroscopic mathods (eg.

UV-Vis, lR, microeave, NMR. Mass. ESR etc.) the electromagnetic
radiation is allowed to interact with the molecule. 'fhe electric and

magnetic property of lhe l"diation is interacted with the atomic.

molecular. and structural properties of the substance. Hence, the

analy,te is identified and characterized lor the presence of atoms,

bonds. functional groups, basic nucleus, nuclear spin, electron spin,

rnolecular formula. and molecular weight.

II

[,eaming
A pproach

Othcr's

'l 
otal

l,earn ing

llours

6r) 40 0 40

Pre-requ isite Basic knorvledge about the interaction of electromagnetic radiation with

matter involving either absorption. emission, or scattering ofradiation.

co
No.

Expected C-ourse Outcomc Learning
Domains

PSO

No.

[:lucidate the structure of an unknou'n organic cotrpound using

data from various speclroscopic techniques.

Basic principles of spectroscopy. interaction ol-elcctromagnetic

radiation with nratter. aton'ric and molecular spectroscopy

u.A

Ll

1.5

I

44
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Selcction rules and allowed transilions. fhctors efl'ecting the

molecular and

electronic transilions

J U,A

U,R 1.1 Different laws and principles like Beer-Lamberts Law. Frank-

Condon principle. Woodu,ard- Fieser rules. Raman Effect.

Miissbucr et'fect ctc

5 Understand the basics oi UV-Visible spectroscopy

Leam to derive structural inlonnation from the UV-Vis. Spectra

of various molecules

Understand the applications of this UV technique fbr various

purposes.

U t.7

6 Become aware ofstarching and banding ofvarious bonds.

Understand the role of Vibrational spectroscopy in functional

group identification.

Interpretation of organic and inorganic compounds using IR

spectra.

Characterization of various mole cu les.

Understand the role of Raman spectroscopic techniques for the

characterization of materials

Leam the applications of Raman spectroscopy.

L} 6.7

7 U.A 6.7

8 Understand the basic principle of NMR spectroscopy. able to
interpret the NMR speclrum of organic compounds.

U, AN 1.6.7

*Remember (R), Unclerstand (U), Apply (A), Analyse (An), Evaluote (E), Create (C), Skill
(S), Interest (l) und Appreciation (Ap)

Module
No.

CO
No.

I

l'oundations of Spectroscopic Techniques and Electronic Spectroscopy
lJ lectromagnetic radiation. intcraction ol-electromagnetic radiation with matter.
Rcgions of thc electrornagnetic radiation. origin of spectrum. Jablonski
diagram, intensity ol absorption, transition probabilities, Born Oppcnheirner
approxirnation. Terrn symbols ol diatornic molecules, selection rules,
vibrational coarse structure and rotational flne structure oIclecrronic spectrlrn.
l"ranck-Condon principle, predissociation, Factors intluencing the Llcctronic
Spectroscopy. Application in uv-visible spectroscopy, Woodward-Fieser lules.
calculation of heat oldissociation, Birgc and Sponer method, electronic spectra
of polyatomic nrolecu Ies.

45
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I nfra red and llaman Spectroscopy
Morse potential energy diagranr. filndamental vibrations. ovcrtones and hot
bands. detennination of lbrce constants. Factors inlluencing thc !'ibrational
liequency. Vibrations in simple nrolecules (ll2(). CO2) and their s\mmetry
notation for ntolccular vibrations - combined uses of lR and Raman
spectroscopy in the structural elucidation ol'sirnple molecules. Vibrational
spectra ofpolyatonric molccules. normal modcs ol'vibrations. combination and
diflerence bands. Fermi resonancc. FT tcchniclLrc. introduction to FTIR
spectroscopy, scattering of light. polarizability and classical theory of Ratnan
spectrum. P. Q. R bmnches. rotational and vibrational Raman spectrum.
com plementarities of Raman and lR spectra. rnutual exclusion principle.
polarized and depolarizcd Rarnan Iines" rcsonance Raman scattering and
resonance fl uorescence.

Mode of Assessment
A. Continuous Internal Assessrnent (ClA)

a. Surprise test
b. lnternal Test - Objective and descriptive answer type
c. Subm itting assignments
d. Serninar Presentation - select a topic of choice

concerned area and present in the seminar
B. Serrester End examination

in the

Microwavc, ESR, and Mass Spcctroscopy
l'rincipal moments of ineflia and classification (linear. symmetric tops.
spherical tops and asvmmetric tops). selection rules. intensity of rotational
lincs. relative population ofenergy levels. derivation of .lmax. elfect of isotopic
substitution, calculation ol intclmolecular distance, spectrum oI non-rigid
rotors. Rotational spectra of polyatomic molecules. Iinear and symmetric top
nrolecules. Stark eflect and its application. nuclear spin and clectron spin
interaction. chemical analysis by microwavc spectroscopy. E.lernentary idea
about Mass and IrSR spectromctr). interpretation ofdata and solving problems
with spectroscopic techn iques.

NMR Spectroscopy:
lll NMR, Spectral parameterc - irtensity. chemical shift, rnultiplicity. coupling
constant. factors aflecting chemical shift. characteristic chemical shifts of
common organic compounds and functional groups. Analysis of first order and

sccond - orderspectra - shift rcagcnts - structure determination ol organic
compounds by lH NMR spcctra. Classification of molecules. (AIl. ABX.
AMX. ABC. AZBZ ctc. types). spin decoupling. Chemical shifts and coupling
constants (spin-spin coupling) involving different nuclei (lH. l3C).
Combined problems o1'UV. lR and NMR Spectroscopy.

Classroom Procedu re (Mode oftransaction)
Contact classes.'['utorials. Serrinar" Assignments, Authentic learning.

t,ibrary work. Interactive instruction: Active co-operative. Presentation by

ind iv idual student

Tcaching and
[,carning
Approach

Assessment Typcs

7

3

1

I
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Rr,_l'ERriNCr.-s

l. Banwell C. N.; McCash, E. M.. Fundamentals of Molecular Spectroscopy, 'l-ata Mccraw

Hill (2006).

2. Lampman. C. M.: Pavia. D. L.: Kriz. C. S.; Vyvyan, J.R., Spectroscopy. 4 th Ed..

Cengage Learning (20 I 0).

3. Drago. R. S., Physical Methods for Chemists, Saunders Company (1999).

4. Dyer. J. R., Applications of Spectroscopy ofOrganic Compounds, Prentice Hall (2004).

5. Kemp, W., Organic Spectroscopy. Macmillan (2011).

6. Aruldas, C., Molecular Structure and Spectroscopy, 2 nd Ed., Pre ntice Hall India (2001 ).

7. Nakamoto, K., Infrared and Raman Spectra of lnorganic and Coordination compounds,

W iley- lnterscience. New York (2008).

8. Cunther, H.. and NMR Speclroscopy: Basic Principles, Concepts and Applications in

Chemistry. 2 nd Ed., John Wiley & Sons ( 1995).

9. Viswanathan B.l Kannan S.: Deka, R. C.. Catalysts and Surfaces Characterization

Techn iques. Narosa Publishers (2010).

10. D. H. Willianrs and I. Fleming. "Spectroscopic nrethods in organic chemistry." 6'h

Edition, Tata McGraw Hill, 201 |

I l. R.M. Silverstein, F.X. Webster. Spectrometric [dentification of Organic Compounds.

John Wiley Publications. 2009, 6th Edition

12. D. F. Taber, Organic Spectroscopic Structure Determination: A Problem Based Leaming

Approach. Oxford Un iversity Press.2007.
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Progranr m e

Course Name

Joint MSc

Nanornale ria ls and characterizatiitns

Type of Course Core

I\1C K L]]VlPNSC.10Course Codc

Course Summary

& J ustification
l-his course provides research-focused teaching and training fbr post-

graduates wishing to develop a career in nano and f'unctional

materials. Students will gain an in-depth understanding ofthe various
nanofabrication techniques, synthesis strategies. and different
characterization techniques.

Senrester II Cre dit

I-earn ing Approach
a

J c-

A uthcntic learn ing

Collaborat ive

learn ing Casc based

learn ing

40 ,10

Total Student

Leaming Time
(sl-'r)

.c
c

Total

[,eaming
Hours

120

Pre-req u isite Basics ol Nanochcm istry.

Other.s- Library, seminar ond ossignment prepurotions. lest. journdl, di.scus.sion clc

Learn ing

Domains
PSO No.

Expected Course Oulcome

L'pon completion ol lhi.s course. sludcnt.s rrill he able lo.

U.A

I.J. A

117

l)'1

I

2

Students will get an understanding ofdifferent Synthesis

strategies: Boltom up and 1'op-down approaches.

(Modu le I )

Students will learn physical. chemical and biological

characterization methods (Module 2)

An. [r 2.4J

9Itr.I
Students will Iearn in detail about X-ray difliactometry.

Scanning probe microscopy and scanning tunnelling

rnicroscopy, C)ptical microscopy- SFIM. TEM. AFM.

UV-Vis-NIR spectrometry and FTIR (Module 4)

* Rememhar (R), Llnderstand (U.1, Apply (A), Anal),se (An). Evaluate (E), ('rcate (C)'

(S), lnreresr (l) and Appreciation (Ap)
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skill

I

-)

?

,+0

I

CO

No.
I

I

I

Students r.r ill learn A[M. S[M. Deep UV and X-ral 
I

based lithography techniques (Module 3). 
I

I



Module
No.

CO
No,

I Synthesis strategies
Bottom-up approaches- sol- gel technique-co-precipitation hydrolysis:

sonochemical method- combustion technique- colloidal precipitation-

template process-spinning- Chemical reduction

Top-down approach: solid state sintering- grain growth-electric arc method-

ion beam induced nanostructures- grinding-ball milling-control of grain size-

Laser

I

1 Module 2

Physical, chemical and biological methods

Types of Nanomatcrials: Carbon Nanotubes, I'-ullerene, Quantum dots,

nanou irc. nanocones. graphcnc and metal nanopanicles

lnen gas condensation -llF plasrra-lon sputtering- laser ablation- laser

pyrolysis-molecu lar beam epitaxy -chemical vapour deposition - electrode

deposition- solvothermal synthesis -metal nanocrystals by reduction-arrested

precipitation -photochemical synthesis-liquid -liquid interface-cluster

compounds.

Biological methods: use of bacterial fungi actinomycetes lbr nanoparticle

synthesis. magneto tactic bacteria for natural synthesis of magnetic

nanoparticles- mechanism of tbrmation - role of plants in nanoparticle

synthesis

2

3 Module 3
Lithographic techniques
AFM based nanolithography and nano manipulation, E beam lithography and

SEM based nanolithography and nano manipulation. ion beam lithography.
oxidation and metallization. Mask and its application. Deep UV lithography.
X-ray based graphy

J

{ Module 4

Characterization Techniqucs
X-ray diftiactometry- fundamental of X-ray dilf'raction, powder dilfraction
method, small angle x-ray scattering and wide-angle x-ray scattering.
quantitative determination of phase. strain and pafiicle size, Scanning probc

microscopy and scanning tunnelling n:icroscopy- basic principle and

instrumentation and application, Optical microscopy- SEM, TEM, AFM:
operation principle, instrumentation and application, UV-Vis-NlR
spectrometry and FTIR - basic principle

{
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'Ieach in g and
l,earning
Approach

Classroom Proccdure (Modc of transaction)
Contact classes. Tutorials. Seminar. Assignments, Authentic learning,
l.ibrary work, lnteractive instruction: Active co-operative. Presentation by
ind iv idual student

Asscss mcnl Tl pes Mode of Asscssment
A. Continuous Internal Assesstnent (ClA)

a. Surprise test

b. Internal Test - Objcctive and descriptive answcr type
c. Submittingassignments
d. Seminar Presentation - select a topic of choice

concerned area and present in the seminar
B. Semester End examination

in the

REFERENCES

I. Chemistry of nano materials: synthesis. properties and applications by C. N. R. Rao et. al,

Wiley-VCH,2004

2. lntroduction to Nanoscience and Nanotechnology by K. K. Chattopadhyay and A. N.

Banerjee. Plll Leaming View A11.2009

3. Nanoparticle technology handbook b1'Masuo Hosokawa et. Al, Elsevier Science" 2007

4. Handbook of nanoscience, enginecring- Coddard ct. A l. CRC Press. 20 I 2

5. Nanomaterials handbook -Yory Gogotsi. Taylor & l'rancis. 2006

6. Springer handbook ol nanotechnologl - Bharat Bhushan. 2004

7. Scanning probe microscopy: Analyical methods (nanoscience and technology)-Roland

Wiesendanger, Springer, I 994

8. Advanced x-ray techniques in research and industries-A. K. Singh, New IOS Press

Publication.2005

9. X- ray diffraction procedures: for polycry'stalline and amorphous materials. 2nd edition -
Harold P. Klug. Leroy E Alexander. Wiley- Interscience, t,974

10. Transmission electron microscopy: A textbook for materials science (4- vol set)-David B.

Williams and C. Barry carter, Springer.2009

ll. Introduction of X-ray crystallography-M. M. Woolfson. Cambridge LJniversity Press. 1970

12. Physical principles of e lectron microscopy: an introduction to TEM. SEM and AEM - Ray

13. F. Egerton. Springer. 2005

14. Nanomaterials Synthesis. Characterization. and Applications Edited By A. K. Haghi, Ajesh

K. Zachariah, Nandakumar Kalarikkal. 158N9781774632581 Published by Apple Acadernic

Press 2021

15. Handbook of Synthetic Methodologies and Protocols of NanomaterialsEd itor-in-

chief: Yadong Yin. ISBN: 978-981-3277 -78-6 PLrblished by World Scientiffic series in

Nanoscicnce and Nanotechnology 20 l9
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Programme

Course Name

Type of Course

Credit Value

Course Code

Joint MSc

Practical III - Organic Chemistry

Core

2

MGKUMPNSC4I

Course

Summary &
Justitlcation

This course is designed to give the sludent an awareness about the safety

measures to bc takcn in the lab, t'arniliarizing thc different glassware and

equipments used, separation of the components present in the given binary

mixture organic compounds using appropriate separation methods and

analyzing the separated components using standard procedures. Students

will learn horv to apply common laboratory techniques to dctermine the

structure, reactivity and analysis ol organic compounds. Preparation of
dilferent organic rnolecules from simple molecules is also included in the

course. They will become lhmiliar with the nomenclalure and behavior of
organic lunctional groups through reactions and instrumental analysis.

Characterisation of organic compounds by means of spectroscopic methods

(lR. NMR and UV-Visible) are also included. Students will also be taught
tools such as ChemDraw / Chemsketch which will be very handy in their
future studies and career.

Semester t1

Total Student

Leaming-lime
(SLT)

Le aming Approach l-eclu re Tutolial I)ractical Othcls

Total

Leaming

[]ou rs

40 40 80

Prerequ isite Basic knowledge in practical organic chemistry.

Expected Course Outcome
l-caming

Domains

PSO

No.

l
To handle organic chemicals. glassware and precautions to
be taken for safety in a chemistry lab

R.U,A 1,5.7

l
To perlorm experimenls individually and to gain knowledge
about principles and tcchniques involved in various
expcrirnents

An. A. S. I t.3

J
To evaluate the properties ofsynthesized compounds through
spectroscopic and analytical data

E, An r..+.6

51
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To analyze the mechanisms ofthe
experitnent performed

reactions in the.t An. tl. E. S I .4.(r

To characterizc organic compounds by means of
spectroscop ic analysis tech n iques

R, U. A" An.

S. Ap

U, A. C. S.

l.Ap
6

To demonstratc organic rcaction schcmes using ChemDraw /
Chemsketch

4.6

6

*Remember (R). Undersrand (U), Apply (A), Analyze (,,1n), Evaluare (E), Creute (C). Skill (S),

lnterest (l) and Appreciation (Ap)

I. Multistep synthcsis and cha ractcrization oforganic compounds 1,2

Il, Characterization of Compounds
Infra-Red Spectroscopy
NMR Spectroscopy
UV-Visible Spectroscopy

3

'1..i.(r

Il. Drawing the reaction schemes of the following reactions by ChemDraw, Symyx
Draw and Chemsketch.

Condensalion
l. Dieckmanncondensation
2. Claisencondensation
3. Darzen condensation
4. Aldol condensation

0xidation / Reduction
5. Ozonolysis
6. Baeyer Villiger oxidation
7. Cannizaro reaction
8. Clemmenson reduction

Rearrangement
l. Benzilic acid reanangement
2. Pinacol - Pinacolone reanangement
3. Dienone - Phenol rearrangement
4. Wagner - Meerwein rearrangernent

Pericyclic reactioo
l. Diels - Alder reaction
2. Cope reanangement

Teaching and
Learning
Approach

Classroom Procedure (Mode of transaction)

Contact classes. l.ibrary work. Tulorials. Demonstrations. Workshops. Virtual
laboratory vidcos

Assessment

Tl pes

Mode of Assessment

Lab/t:xperiment skil ls

Lab record/Report

Viva-voce

Lab Discipline (participation. punctuality. accuracy)

52
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Programme

Course Name

Type of Course

Credit Value

Course Code

Joint MSc

Practical lV - Physical Chemistry

Core

2

MCKUMPNSC42

Cou rse

Summary &
Justification

To have hand-on experiences of techniques for verifying physical and

chemical properties

Semester II

Total Student

Learning Time
(SLT)

Learn ing
Approach

P:,

J -F c-

s

Total

Learn ing

Hours

0 40 40 80

Bachelors degrec in chemistry, with physics and mathematics as

subsid iaries.

Pre-req Lrisite

CO

No.

Expected Course Outconre Leaming
Dornains

PSO

No.

I To conduct the experiment on various instrumental

techn iques.

.+.6

2 To measure various physical and chem ical propenies. 6

To describe the principles behind the experiment performed

in the laboratory.

np 7

4 To interpret the experimental results obtained by various

techniques.

An 6

) To undersland the principles behind the experiment
perlonned in the laboratory.

tl 7

6 7.7

*Remember (R), Understand (U), Apply (A), Analyse (An), Evaluate (E), Creote (C), Skill
(S), Interest (l) ond Appreciation (Ap)
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I

I

3

I

The students will acquire knowledge of experimental 
I 

C

techniques for controlling the chemical reactions. 

I



CO No.

Module I
Su rface Chemistry

. Sludy the adsorption of acetic acid by activated charcoal and verily the
[,angmuir and Freundlich adsorption isotherms.

Chemical Kinetics
. Study the kinetics of the acid-catalysed hydrolysis ol nrcthyl acetate and

evaluate the value ofthe rate constant.
. Evaluate the activation energy lor thc acid catalysed hydrolysis of rrethyl

acetate.
Phase Equilibria

o Determinc the transition temperature olthe given salt hydrate.

Module 2
Thermodynamic Propertics of Solution

o Determine the partition coelllcient lbr the distribution of succinic acid
between water and l-butanol.

. Determination of partition coefflcicnt of benzoic acid betwecn toluene and
water.

Conductometry
. Deterrnination of cell constant
. Verification ofOnsager equation and detennine the equivalent conductance

at infinite dilution ofstrong electrolyte
o Determine the conccntration of the given strong acid by conductometric

titration with a strong base

1.2,3,{,5,6

r,2,3,{.5,6

1.2.3.{.5.6

Modulc 3
Optical Measurements in Chemistry

o Dctermine the refractive indcx of the given liquid b1' Abbe refractomeler.
and hence the specitic and molar refraction

. Determine the molar refi'activity of water. mcthanol, acetic acid. ethyl
acetate, I.4-carbon tetrachloride and calculate the refraction equivalents ofC.
H. O and Cl.

o Determine the specific. rnolecular and intrinsic rotations of the given
optically active substance.

o Determine the concentration ofthe unknown solution of thc optically active
compound by polarimetric measurements.

. 'l-o study kinetics ol inversion ofcane sugar by optical rotation measurement.

54
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Module 4
Absorption Spectroscopy

r Verify the Beer-Lambert's law and determine the unknown concentration
ofa given solution.

o Simultaneous estimation of manganese and chromium in a solution of
dichromale and permanganate m ixtures.

. Study the effect ofextended conjugation on the wave length of maximum
absorption of

organic compounds.
. Characterize the given organic compounds by IR, and UV-vis.

Spectroscopic techniques.

Mode of Assessment

Continuous lntemal Assessment (ClA)

Experiments done in the laboratory and recording the results

Seminar Presentation - theory of each experiment to be discussed and

present in the sem inar

Aftendance and punctuality

Viva-voce exam ination

REFERENCES

1. Shoenraker. Garland and Steinl'eld Experimenrs in Physical Chemistry, Third Editon. ,

McGraw-H ill.l967.

2. Viswanathan and P. S. Raghavan. Practical Physical Chernistry, Bviva Books Pvr. L.rd., N.
Delhi. 2005

3. J. B. Yadav, Advanced Practical Physical Chemistry, 29'h edn., 2010, Krishna Prakashan
Media Pvr. Lrd.. Meerut.

4. R.C.Das and B. Behera ,Experimental Physical Chernistry, McGraw-Hill Education, 1984.

5. Haghi, A. K.; M., Praveen K.; Pai, Avinash R.l Thomas. Sabu. l-heoreticat models and
experimental approaches in physical chemistry: research methodology and practical
melhods, Apple Academic Press lnc, 2019.

I,2,3,,1,5,6

Teaching and
Learning
Approach

Classroom Procedure (Mode of transaction)

Interactive Instruction: Active co-operative learning, Seminar, Group

Assignments Authentic learning, Library work and Group discussion on the

theoretical back ground oflhe experiments to be carried out. Presentation

b1 indir idual studcnt/ Croup reprcsenrati\ c

Assessmen t
'rypes
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Program nre

Course Name

T ype ol Course

Course Code

Chemical llonding and Computational Cherristry

[-]lect ive

i\4CKL]MPNSE I4

The learners should be able to apply. analyse and evaluate group theoretical

concepls in spectroscopy. extent thc ideas of quantum mechanics from one

electron system to many electron systems and various theories of chemical

bonding.

Course Summary

& J ustification

Sern ester

Total

Learn ing
(sL])

Student

T ime

II

[-earn ing Approach

Authe ntic learn ing
Collaborative
learn ing
Casc based learn ing

Cred it 4

C -c
C

l otal

Leaming

Hours

.l (l .10 l,+0

Pre-req u isite Quantum chemistry. Strong mathematical skill in Diflerential

Equations and Linear Algebra.

I'.xpected Course Outcome l-earn ing

Domains

PSO NoCO

No.
Upon completion qf lhi.s cutrse, students v,ill be uhle to:

UUnderstand various approximation methods which

includes variation theorem. perturbation method.

Hartree Fock method etc.

1.7L.t. A') Ljnderstand the quanturn mechanical aspects olchemical

bonding. Student will deeply learn about thc Molecular

orbital theory. hybridisation and Huckel Molecular

orbital theory.

An. E 7Understand the various aspects of computational

chemistry such as Ab initio method, HF' rnethod. SCF

method. Roothens theorem etc. Also. Icarners get a
strong knowledge on various computer applications like

GAMESS. f'irefly etc.

* llencnrber (R), Ltndcrstand (U). Apply (A), Analr"se (An1. Evaluote (E), Creute (L.)' S

(S). lnlare.st (l) and Appreciation (Ap)

kill
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Joint MSc

60

I

lOtners- 
Librory. :;cminar and ossignmenl preporalions, lesl, journal, discussion etc.

I l
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Module
Nn,

co
No,

I Approximation Methods in Quantum Mechanics
Many-body problem and thc need of approxirnation methods, independent
particle model. Variation method: Variation theorem with proof, illustration o1'

variation theorem using the trial function x(a-x) for particle in a lD-box and

using the trial function e-ar fbr the hydrogen atom, variation treatment for the
ground slate of helium atom.
Perturbation method, tirne-independent penurbation method (non-degenerate
case only), first order correction to energy and wave function, illustration by
application to particle in a lD-box with slanted bottom, perturbation treatment of
the ground state of the helium atom. Qualitative idea of Hellmann-Feynman
theorem.
Hartree-Fock method, rnulti-electron atoms. Hartree-Fock equations (no
derivation). The Fock operator. core 5Tarniltonian. coulomb operalor and

exchange operator. Qualitative treatment ol' llartree-I'ock Self-Consistent Field
(llFSCIr) method. Roothan's concept ol'basis tirnctions. Slater type orbitals
(S'fO) and Gaussian type orbitals (C'l-O). skctches ol STO and CTO.

I

2 Chcmical Bonding
Schrbdinger equation fbr molecules. []orn-Oppcnhe imer approximation, valence
bond (VB) theory. VB theory ol112 molecule, singlet and triplet state functions
(spin orbitals) of H2.
Molecular Orbital (MO) theory. MO theory of tl2 + ion, MO theory of H2
molecule, MO treatmenl of homonuclear diatornic molecules Li2, Be2, N2, ()2
and Ir2 and hetero nuclear diatomic molecules LiH, CO, NO and HF-,bond order.
Correlation diagrams, non-crossing rule, spcctroscopic term symbols for diatomic
nrolecules, comparison of MO and VB theories.
Hybridization, quantum mechanical treatment of sp. sp2 and sp3 hybridisation.
Semiempirical MO treatment ol planar conjugated molecules, Hiickel MolecLrlar
Orbital (HMO) theory of ethene, allyl systems, butadiene and benzene.
Calculation ofchargc distributions. bond orders and free valency.

2
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Conrputational Quanturn Ch cm istry

I lntroduction and scope of corrputational chemistry. potential encrgy surface.

I conformational search. global minimum. local nrinima- saddle points.

I Ab initio methods: A review of llartee-Fock method, self-consistent field (SCF)
procedure. Roothan concept basis f'unctions. Basis sets and its classiflcation:
Slater type and Gaussian tvpe basis sets. minimal basis set. Pople style basis sets.
HoftreeFock limit. I)ost I lanree-Fock methods - introduction to Moller Plcsset
perturbation thcoly. ronliguration interaction. coLrplcd cluster and serni empirical
methods-

Introduction to Densitl [runctional Iheor; (Dl]'l) methods: Hohcnberg-Kohn
theorerns. Kohn-Shanr orbitals. exchange corrclatior.r functional. local density
approximation. generalized gradient approxirnation. hybrid lunctionals (only the
basic principles and ternrs need to be introduced).
Comparison of ab initio. serni cmpirical and DFT rnelhods.
Molecular geomctry input: Cartesian coordinates and internal coordinates. Z
matrix. Z-matrix of single atom" diatomic molecule. non-linear triatomic
molecule. lincar triatornic molecule. polyatornic molecules like amrnonia.
rncthane and ethane. Cenelal format of CAMESS / Firefly input file. single point
energy calculation. geornetry optimization. constrained optimization and

frequency calculation. Koopmans' theorcm.
Features of molccular rnechanics force field-bond stretching, angle bending.
torsional tcrms. non-bonded intcractions and clcclroslalic inlcractions.
Comrnonly used force llclds- AMIIER and CIIARMM

'fcaching and

Learning
Approach

Classroom Procedu re (Mode oftransaction)

Contact classes. Tutorials. Seminar. Assignments. Authentic leaming.

Library lvork. Interactive instruction: Active co-operative. Presentation by

ind ividua I student

RETERENCES

l. N. Levine, Quantum Chemistry. 7thEdn., Pcarson Education lnc.. 2016.

2. P.W. Atkins. R.S. Friedman. Molecular Quantum Mechanics. 4thEdn.. Oxlord University
Press.2005.

3. D.A. McQuarrie, Quantum Chemistry, University Science Books.2008.

4. J.P. Lowe, K Peterson, Quantum Chemistry, 3rdEdn., Acadernic Press.2006.

5. R. Anatharaman, Fundamentals of Quantum Chemistry, Macmillan lndia,2001.

3

Assessnrcn t T)'pcs

A. Continuous Intemal Assessment (CIA)
a. Suryrise test

b. lnternal Test - Objective and descriptive answer type

c. Submittingassignments
d, Seminar Presentation - select a topic of choice

concerned area and prcsent in the sem inar

B. Semester End examination

Mode of Assessmcnt

in the
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6

7

8

I

R.K. Prasad, Quantum Chemistry,3rdEdn., Nerv Age Inlemational, 2006.

T. Engel, Quantum Chemistry and Spectroscopy, Pearson Education, 2006.

H. Metiu. Physical Chemistry:Quantum Mechanics, Taylor & Francis, 2006.

L. Pauling, E.B. Wilson, lntroduction to Quantum Mechanics, McGraw-Hill, 1935.

M.S. Pathania, Quantum Chemistry and Spectroscopy (Problems & Solutions). Vishal
Publications, 1984.

K.l. Ramachandran, G. Deepa, K. Namboori, Computational Chemistry and Molecular
Modeling: Principles and Applications, Springer. 2008.

Hinchliffe. Molecular Modelling tbr Beginners.2ndEdn., John Wiley & Sons,2008.

C.J. Cramer. Essentials olComputational Chemistry: 'lheories and Models,2ndEdn.. John

Wiley & Sons. 2004.

D.C. Young. Computational Chernistry: A Practical Cuide for Applying Techniques to

RealWorld Problems, John Wiley & Sons. 2001.

10.

il.

12.

t3.

14.
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Nanoelectron ics and e lectrochcm istrr

E lective

MCKUMPNSD I5

Prc-req Lrisite Solid state devices" Semiconducting nanostructures" VI-SI

Others- Liltrury, .sentinor ond assignmenl preporuti(lt.s, lc.sl..journal, discu.ssion elc

Ixpected Coursc Outconre

2

Plograrn nrc J oint NlSc

Course Name

1'ype of Course

CoLrrse Codc

C oursc

Sunrnrary &
J ustification

T'he students rvill be able to understand thc basic concepts of nanoelectronic

devices and nanotcchnology. This course enables the Iearners to be capable of
understanding the fu ndanrentals ol c lectrochem istry.

Crcd il -1Se nr esl cr

Total Student
l.earning Time
(sr.T)

Learn ing Approach

II

l.cctu re TLrtorial Pract ica I

Total
Learning
Hours

Authe ntic learning

Collaborativc
learn ing

Case based

learn ing

60 40 40 140

Iipon completion of this toursc. students v'ill he uble to

Learn ing

Domains

I'SO No.

I understand the basic and advance concepts of
nanoelectron ics.

LJ i 5

understand the methods o1' Ihbrication of nano-lar crs TJ -)

llnderstand the basic plinciples o1'Electrochcnristry tl 1,3

U

l

1 Understand the working of 2 dimensional nanoelectronic

systern and basic nanoelectronic dcvices

aRemenher (R), Under.stand (U). Applv (A). Anoly.,;c (,,1n). Etaluate (E). ('reotc (C), ,;kill (S)

lnterusl (l) und ApprecidliL,n (Ap)

I
I

I 
co No.

I

Others

1.3
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Module
No.

CO
No.

I Module I
Introduction to nanoelectronics:
Introduction to nanotech no logl'. lmpacts, Limitations of conventional
m icroelectron ics, l rends in m icroelcctron ics and optoelectronics
N4esoscopic physics. trends in rnicroelectronics and optoelectron ics,
characteristic lengths in mesoscopic s)'stems. Quantum mechanical
coherence- Classitlcation of Nano stmc(ures. Low dimensional structures

Quantum wells, wires and dots, Density of states and dimensionality, Basic
propenies of two dimensional semiconductor nanostructures, square
qrrantum wells of finite depth, parabolic and triangular quantum wells,

Quantum wires and quantum dots. carbon nano tube. graphene

I

2 Module 2
Introduction to methods of fabrication of nano-layers:
lntroduct.ion to methods ol'fabrication of nano-layers. dilfcrent approaches.
physical vapour deposition, chemical vapoLrr deposition, Fabrication ol nano
particle- grinding with iron balls. laser ablation, reduction nrethods, sol gel,
selt'-assembly, precipitation of quantum dots. Molecular Beam Epitaxy, Ion
lmplantation, Formation of Silicon Dioxide- dry and wet oxidation lnethods

2

J Module 3
Fundamentals of Electrochcmistrl':
Fundamental EqLrations - Nernsl equation. Equiliblium constant. Mass-
transfer Iimiting current. Cottrell equation. Faraday's law, Equations
governing modes ol'mass transt'er - Nernst-Planck equation, Fick's Iaws ol'
dilflsion, Ceneral ccll designs, [ilectlochem ical cclls and its applications.
Electrochern ical cells, concentration cclls and activity coef-ficient
determination. Iiquid.Fuel cells- 'fheory and working of fuel cells- methanol
luel cell, H2-O2 fuel cell and solid oxide fuel cells. Corrosion and methods
olprevention, Pourbaix diagram and Evans diagrams.

3

{ Module 4
Two-dimensional nano electronic system:
Two-dimensional behaviour, MOSFE'l structures, Heterojunctions.
Transport ofl charge in Nanostructures under Electric field - parallel
transpolt, hot electrons, perpendicular transporl. Quantum transport in
nanostructures, Coulomb blockade. Transport olcharge in rnagnetic field -
Ef}'ect of magnetic tleld on a crystal. Aharonov-Bohm effect, the Shubnikov-
de Hass ell'ect, thc quantum Hall ctlbct.The, concept ofsuper lanices Kronig
- l)c.n4eyrnodel of'su per latt ice

{

Module 5
Nanoelectronic devices:
MODFIIT'S. heterojunction bipolar transistors, Resonant tunnel effect, RTD,
RTT, Hot clectron transistors,Cou lomb blockade effect and single electron
transistor, CNT transistors.Heterostructure semiconductor laser,Quantum
well laser, quantum dot LED, quanrum dot laser, Quantum well optical
modulator, quantum well sub band photo detcctors, principle ofNEMS

I
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Assess ment Types Mode of Assessmcnt
A. Continuous Internal Assessment (C IA)

a. Surprise tcst
b. Internal Test - Objective and descriptive answer type
c. Submittingassignments
d. Seminar Presentation - select a topic of choice

concerned area and prcsent in the scminar
B. Semester End examination

in the

'Ieach ing
Learning
Approach

and Classroom Procedure (Mode of transaction)
Contact classes.'futorials. Scminar. Assignrnents. Authentic learning,
Library work. lnteractive instruction: Active co-operativc. Presentation by
ind iv id ual student

REFERENCES

l. Chattopadhyay. Baneriee. lntroduction to Nanoscience & Technology. PHl. 2012

2. George W. Hanson, F'undamentals of Nanoelectron ics, Pearson Education,2009.

3. K. Goser, P. Glosekotter. J. Dienstuhl. Nanoelcctronics and nanosystems. Springer

2004.

4. Murty. Shankar. 'fext book of Nanoscience and Nanotechnologl'. Universities

Press.20l2.

5. Poole, Introduction to Nanotechnology, John Wiley. 2006.

6. Supriyo Dutta, Quantum Transport- Atom to transistor. Cambridge.20l3.

7. S. Classtone. Introduction to Electrochem ishy, Biblio Bazar.20l I

8. R. Crow, Principles and Applications of Electrochemistry. 4th Edn.. S. Thomes. 1994.

9. K. Sharma. Electrochem istry. Krisna Prakashan. 1985

10. John O'M Bockris and Amulya K. N. Reddy. Modern E lectrochern istry Vol I&amp;

I I Springer International Edn.,

I l. Loutfy H. Madkour. Nanoelectronic Materials: Fundamentals and Applications,

Springer, 2019.

12. Vinod Kumar Khanna. Integrated Nanoelectronics. Springer.20l6.

1 3. Brajesh Kumar Kaushik, Nanoelectron ics, Elsevier' 201 8.

14. John O'm. Bockris And Amulya K.N Reddy. Modeln Electrochem istry 2Ed Vol 2A

Fundamentals of Electrod ics, Springer India . 2018.

15. Chatterjee Sananda. Introduction to Electrochem istry, Discovery Publishing House

Pvt Ltd, 2020.
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Joint MSc

lndustrial I n ternsh ip

Course Credit 2

'I'ype of Course CORE

Course Codc MCKUMPNS(]4]

The candidate shall do an industrial visit in anv of the research

institute.

Course Summary'
&.Iustification

Semestcr I
Total Student
Learning Time
(SLT)

Leaming Approach
?,-
J

c
=F

.t

-l-otal

Leaming

lJou rs

Library urrrk, lab

work, Team work.
independent

learn ing

CO
No,

Learning
I)omains

PSO

No.

At thc end of the course the students are cxpected to

research

results and

To clearly present and discuss the

objectives, methodolog). analysis.

conclusions effectively.

,lc \

2 Acquire a comprehensive knowledge ofthe area subject

ofstudy
Ap 7

3 Gain deeper knowledge of methods in the topic of
study.

6

1 Able to contribute to researclt and developrnent nork.

Undcrtake independent, original and critical research

on a re levant topic.

Able to plan and use aclcquate mcthods to conduct

specific tasks in given fianterrorks and to evaluatc this
rvork.

U

i t.

6 U 6

7 Create, analyse and critically evaluate diflerent
problems and their solutions.

C 7

8 Cain a consciousness of the ethical aspccts olresearch tl 6

li xpectcd Cou rse Outcome

63

Programme

Cou rse Namc

I

I

Pre-requisitc 
I



'Icach ing and

[,ea rn ing

Approach

Mode of Assessment

Evaluation ofthc presentation by both internal and external exarniners.

Assessmcnt

Typcs

Classroom Procedurc (Moclc of transaction)

Ii-learning. intcractivc lnstluction: Seminar. Authcntic lcalning.

[,ibrary work. laboratory work. l'cam r.vork. independent learning and

Croup discussion. Prcsentat;on ol' rcsearch qolk.

t
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SEMESTER III

Joint MSc

Advanced Synthetic Organic Che mistry

Core

4

MC KU MPNSC.I.I

Programme

Course Name

Type ofCourse

Credit Value

Course Code

Course Summary &
J ustification

J'he coursc describcs diflcrent types of advanced organic reactions and

reagcnts as tools lbr the synthesis of organic compounds. Principles of
protecting group chemistry and retrosynthetic approach towards organic

synthesis arc also dealt with. Analysis and interpretation of molecular

recognition and supramolecular chemistry are also aimed at, along w'ith the

understanding of basic principles ofgreen chemistry. The course also aims at

acquainting studcnts with the role of reagents and catalysts in organic

synthesis.

Semester III

Total

Leaming
(SLT)

Student

Time [,earning
Approach

I-cctu re lirtorial Pract ical Others

Total
Leam ing

Hou rs

60 .10 0 l0 I .10

Prercq u isile Knowledge in oxidation and reduction reactions in organic chemistry.

Fundamental understanding of green chemistry.
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CO

No.
Expected Course Oulcome

Learn ing

Dornains

PSO

No.

I

To apply the basic oxidation and reduction rcactions on organic

nro lccu les

To describe protective groups in or-tanic synthcsis

To equip the students to synthesize cornplex natural and unnatural

compounds of importance by practicing retrosynthetic analysis

ti. A

ti. r

1.5

1.5l

l A.C.S

+ To anall'se the difference in the basic types of synthetic approaches An. [.

5 To understand the lundamentals of supramolecu lar chcmistry u. l

To distinguish and synthesize cation. anion and neutml molecule

binding host molecules

To dcmonstrate the applications ol suprarnolccular chenr istry

To understand grccn chernistrl and sustainability devcloprncnts that

afltct society. environment and econonric dcvclopnrcnt

To analyse and compare chem ical/ind ustrial proccsses based on their

relative "greenness"

U.A.C
I 5

1 tj. Ap

l.Ap

1.5

8
1.5

9 An. E. S 1.5

t0 To understand the role olreagcnts and catalysts in organic synthesis [] 7

* Remernber (R), Understand (U). Apply (A), Analyse (An), Evaluate (E), Create (C). Skill (S). Interest

(l) and Appreciotion (Ap)

66
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l5

1.5

I

I
I
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Module
No.

CO No.

I Module l: Organic Synthcsis via Oxidation and Reduction
Metal based and non-metal-based oxidations of
Alcohols to carbonyls
Chrornium based reagents (John's oxidation. Collin's oxidation, Sarrett
oxidation)
Manganese, aluminium and DMSO based reagents (Swern oxidation,
Mot-fbtt-Pfitzner oxidation. Komblum oxidation, Corey-Kim
oxidation)
Alkenes to epoxides (perox ides/perac id s based) - Sharpless asymmetric
epoxidation, Jacobsen epoxidation. Shi epoxidation
Alkenes to diols (manganese and osmium based) - Prevost reaction and
Woodrvard modi llcation
Alkenes to carbonyls rt'ith bond cleavage (manganese based.

ozono lysis)
Alkenes to alcohols/carbonyls without bond cleavage - hydroboration -

oxidation, Wackcr oxidation. selenium based allylic oxidation
Ketones to ester/lactones - Baeyer -Villiger oxidation
Catalytic hydrogenation
Heterogeneous: Palladiu m/Platinum/Rhod iLrm and Nickel
Homogcneous: Wi lkinson
Metal based reductions: Birch reduction. pinacol fbrmation. acyloin
formation
Enzymatic reduction using Baker's yeast

I

Module 2: Modern Rcagents and Retrosynthetic Analysis
Reagents in organic synthcsis: Metal hydride reductions using NaBH1,
LiAlHr. DIBAL. K-sclectridc. Sodiunr cyanoborohyd ride, Lithium
d iisopropylam idc (t-l)A). Dicyclohexyl Carbodiirnide (DCC).
G ilman's reagent. DDQ
Protecting group chenristry: Protection. activation and deprotection
process in organic synthesis, protcction and deprotection of hydroxyl,
carboxyl, carbony l and amino groups.
Retrosynthetic analysis: Basic principles and terminology, Synthesis ol'
aromatic compounds, One group and two group C-X disconnections,
One group C-C and t\\o group C-C disconnections. Retrosynthesis of
D-lucit'erin, Funclional equivalcnts and reactivity - Umpolung /
polarity inversion reaction ( lre land-C laisen rearrangement).

2,3,1

3 Module 3: Advances in Organic Chemistry
Supramolecular Chemistry: lntroduction to supramolecular chemistry:
Host. Guesl, Host-Cuesl complex, Lock and key principle.
Preorganisation, Complcmcntaritl.
Cation binding hosts (Crown ethers, Podands. Calixarenes), Anion
binding hosts (Cyclophancs), Naturally occurring cyclic host
(C),clodextrin ). Molecular cle'lls and tweezcrs. Macrocyclic polyamines
(Nitrogen based cyclic hosts), Naturally occurring Siderophores,
Rhodopsin - A Supramolecular photonic device.
Introduction to Crcen Chemistry: 'l welve principles of Creen
Chernistry. Green Solvents: lonic liquids, supercritical CO2, fluorous

5,6,7,8,9
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{ l0

solvents. PEC. Green Alternativcs to Organic Synthesis (Microwave
assisted and Sonochemical synthesis) with exarrplcs (Synthesis ol
adi ic acid fi'onr c lohexene. s nthesis of Ibu ro len )

Modulc 4: Catalysis in Organic Chemistry
Baylis-Hillman reaction. Henry reaction. Nef reaction. Kulinkovich
reaction. Ritter reaction. Sakurai reaction. l'ishchenko reaction. Brook
rearrangement. Tcbbe olefination. Metal nrediated C-C and C-X
coupling reactions: Heck. Stillc. Suzuki-Miyaura. Negishi.
Sonogashira. Nozaki-l Iiyama-Kislti. Buchr,',ald-l lar1*,ig. Ulhnann and
Claser coupling reactions. Click reactions (Huisgcn 1.3-dipolar
addition). Ugircaction. Passerini reaction and Biginelli rcaction.

Assessment Tvpes

Classroom I)roccdure (Mode of transaction)
Contact classcs. Tulorials. Seminar. Assignments. Authentic learning.
Active co-operative learning. l.ibrary rvork. fi-learning Ciroup discussion.
Presentation b ind ividual student
Mode of Asscssment

A. Continuous Internal Assessment (CIA)
a. Internal Test - Objective and descriptive answer type
b. Submittingassignments
c. Seminar Presentation - select a topic of choice

concerned area and present in the seminar
B. Semesler End examination

in thc

I

2

REFEITI.]NCES

M.B. Smith. Organic Synthesis. 3rdEdn.. Wavel'unction Inc., 201 0.

J. Clayden. N. Greeves. S. Warren.P. Wothcrs. Organic Chcmistly. Oxford University
Press. 2001.

F.A. Carey, R. l. Sundberg. Advanced Organic Chemistry, Part A and B.5thEdn.,
Springer.2007.
S. Warren. P. Wyatt. Organic Synthesis: The Disconnection Approach, 2ndEdn.,

wiley,2008.
W. Carruthers. l. Coldham. Modern Methods of Organic Synthesis. 4thEdn..

Cambridge University Prcss. 2004.

R.O.C. Norman, J.M. Coxon, Principles of Organic Synthesis, 3rdEdn., Chapmann

and IIall, 1993.

www.arkat-usa.org(Retrosynthesis of D-luciferin).
J.M. Lehn, Supramolecular Chemistry: Concepts and Perspectives. VCll. 1995.

F. Vogtle. Supramolecular Chemistry: An lntroduction. Wiley. 1993.

V.K. Ahluwalia. Green Chenristrl'. Ane Books.2009.
V.K. Ahluwalia. Green Chemistry. Narosa Publishing llouse. 2013

L. Kueni. B. Czako, Stralegic Applications of Named Reactions in Organic Synthesis,

Elsevier Academic Press. 2005.

George S. Zweifel. Michael H. Nantz. Peter Somfai. Modern Organic Synthesis: An
Introduction, Wiley. 20 I 7.

Dennis G. Morrell. Catalysis of Organic Reactions. CRC Press. 201 9.

l

4

5

6

7.

8.

9.

l0
ll
t2

t3

l.t
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15. Nandkishor Chandan, Advanced Organic Synthesis, Mahi Publication,202l

Programme

Course Name

Type of Course

Credit Value

Course Code

Joint MSc

Physical Chemistry -ll

Core

4

MC KUM PNSC.I5

The course describes dill'erent types ofadvanced organic reactions and rcagents

as tools for the synlhesis of organic compounds. Principles of protecting group

chemistry and retrosynthetic approach towards organic synthesis are also dealt

with. Analysis and interpretation of nrolecular recognition and supramolecular

chemistry are also aimed at, along with the understanding of basic principles ol'
green chemistry. The course also aims at acquainting students with the role of
reagents and catalysts in organic synthesis.

Course Summary

& Justification

Sem este r III
Total Student

Leaming Tirne
(SLT)

') a--:<
.)

a

Total

Learn ing
Hours

,+0 0 40 140

Prereq u isite

Expected Course Outcome
l-earn in g
Domains

I Understand ing ofadvanced concepts of thermodynamics

Illustrates application ol'pahse rulc to three component syatems.

U,A t.5
,)

t.5

) Describes general principles and classification preparation of
solids

Dcscribe the imponance and properries o1'def'ects in solid

tJ t.5

,+ U,A I )
5 Dcsclibe the ll'cs clcction . band thcories ol solids

IllLrstrate the optical magnetic and elcctrical propcrtics of
so lid s

u,l{ t.5

6 tl I 5

7 I.JDesign and development ol solid materials *,ith pre-required
propcrties based on thc structure o1'solids.

bv

I

I

60

Knowledge in solid state chemistry, thermodynamics and electrochem istr)
(Graduate Ievel).

CO
No. [)SO No.

1.5



8 7

9

U,A

U.R 7

l0 U. I.A 2.3.4

Analyze the plrysical-chcrrrcal .uniqLre optical. electrical.
magnetic. therrnal, and mechanical properties oI solids.

Understanding and analysis oladvanccd electrochem istry

Introduced machine learning approaches in nanoscicnce

*Remember (R). Under.stand (U). Apply (A). Analyse (An). llyaluate (E), (reate (C). Skill (S).

lnterest (l) and Appreciation (Ap1

Thcrmodynamics II
Fugacity: Relation betrveen tirgacity and pressure. detennination of
fugacity ofgases. Variation o1'lugacitl with tenrperature and pressure.
Activity and activity coelficients. Variation of activity with ternperature
and pressure. Determination of activity coelficients by electrical
methods. Thermodynamics of dilute solutions: Raoult's law, [1enry's
Iaw. Ideal and non-ideal solutions. Discussion and thermodynamic
derivation ofthe laws of osmotic pressure, cryoscopy and ebullioscopy.
Determination of molecular weights. Therrnodynanric treatment using
thc concept of chemical potentials. Phase Rule Studies:'Ihemodynamic
derivation ofphase rulel application ofphase rLrle to the two component
systems: simple eutectic type, cornpound forrnation with congruent
melting point and incongruent melting points, systems involving the
lormation of a continuous series of solid solutions. Application ofphase
rule to three component systcms: Systems of three liquids and systerns
oltwo salts and a li uid"

Solids State and Advanced Materials
Structure - 'fypes and classification of solids. distinction bctrvcen
crystalline and amorphous solids. lJnit cell. Blavais lattice, syrnmetry
elements, Millcr indices. tsragg's law. Classiflcation of crystals based on

bond type and packing in crystals. Lnperlections in crystals - Types of
defects. stoichiornetric delects - Schotky and Frenkel. Non-stoichiomctric
delects - Metal excess and metal deficient. consequences of tretal
deficiency defects. Inorganic crystals - Coordinalion number, radius ratio

rule and shapes of ionic crystals. Structule of Pcrvoskite. spinels and

inverse spinels, structures of ionic crystals - AX type: CsCl. ZnS (Zinc
blende, Wurtzite), AX2 type: CaF2, TiO2, Cd2. lixperimental rnethods ol
crystal structure detcrmination: X - ray diffractiort, electron diffraction and

neutron diffraction. Comparative study of the thrce diffraction methods.

Electrical, Magnetic and Optical Properties:
Band theory of solids, significance of band gap, conductors, semi-
conductors and insulators. Eiectrical & optical propefties: Electrical
conduction in nrctals. Super conductivity. origin of superconductivity.
type I and type Il superconductors. meisner effect. Bardeen, Cooper and

Schrief'er (BCS) theory, Coopcr pairs. Iligh temperature
superconductors. super conducting cuprates - YBaCu oxide system.

Josephson's Junction. conventional supcrconductors. organic
superconductors. Electrical properties: therrroclcctric effects. Thomson
effects. Peltier effect. seebeck effect. thermo

Module
No.

I

2

CO No.

1,2

3,4,5,6,7

70

couples. Hall Eft'cct
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Magnetic propefties: Oligin of rnagnetic dipoles in solids. I'errimagnetic
materials. spontaneous lnagnetization. Dielectric materials, ferro, pyro,

iczo electrici and their relations, a lication s.

3 8,9

{ l0

Electrochemistry Bnd l.llectromotive Force
Theories of ions in solution. Drude and Nernst's electrostriction model
and Bom's rnodel, Deb1,e-Huckel theory. derivation ol Debye-Huckel-
Onsager eqLration. validity of DI lO equation tbr aqueous and non-
aqueous solutions, Dcb1,e-Falkenhagcn cffect. conductance with high
potential gradients. activit)' and activit)' coefllcients in electrolytic
solutions, ionic strength. Debye-lluckel limiting law and its various
lorm s, qualitative and quantitative tests of Debye-Huckel limiting
equation, deviations fiom the DHLL, ion association, triple ions and

conductance minima. Uectrochemical cells. concentration cells and

aclivity coefficient delomination. liquid junction potential, evaluation
of thermodynamic properties. the clcctrode double layer, electrode-
clcctrol)te interf'ace. diflerent nrodels of double layer. theory of
multilayer capacity, electro capillary. Lippmann equation. membrane
potential. Fuel cells-'l'heory and working offuel cells- methanol fuel
cell, H:-Oz fuel cell and solid oxide fuel cells. Corrosion and methods
of prevention, Pourbaix diagram and Evans diagrams. Overvoltage:
hydrogen and oxygen overvoltage. theories of overvoltage, Tafel
equation and its signiticance, Butler-Volmer equation for simple
electron transt'er reactions. transt'cr coefflcient. cxchange current
dcnsit '- rate constants.

Machine learning in Nanoscience
Inlroduction - workflorv. Data prcprocessing and leature engineering.
Basic ML Algorithnrs - Regression analysis, Naivc Bayes classifiers,
Support vector machine (SVM). Decision tree and random forest,
Artificial neural network (ANN), Deep leaming. Cross-validation. The
theoretical basis of assisting DFT rvith ML. Machine Leaming to
Analyze Large Data Sets- Analysis ol Spectra, lmages. and Biological
Outcomes, Deconvoluting Components in Mixed Signals. Machine
l-eaming for Metrology of Nanoelectronics. Machine Learning for
Design and Discovery- lnverse Design and Adversarial Networks in
Nanophotonics. Active Learning. Automated Experimentalion,
Prediction of new 2D Materials and Heterostructures, Nanoscience to
Advance Hardware for Machine Learning. Challenges and
Opportunities fbr Machine l-earning and Nanoscience.

Teaching and
Learning
Approach

Assessmcnt
Types

Mode of Asscssment
A. Continuous lnternal Assessment (Cln )

a. Internal 'fest - Objective and descriptive answer type
b. Subminingassignments
c. Seminar Prcscntation - select a topic of choice in the

I

I

I

I

Classroom Procedure (Modc of transaction)
Contact classes,'futorials. Scminar, Assignments, Authentic lcarning.
Active co-operative learning. Library work. E-learning Group discLrssion,
Presentation by individual student
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conccrned area and plescnt in the serrinar
B. Scmester End exam ination

I . F. Reif. Fundamentals of Statistical and Thernral Ph1'sics. Waveland Press. 2009.

2- P. Atkins and J. Paula. Physical Chernistry. lOth lldition. Oxford University Press.

Oxford 2014.

3. A. McQuarrie and J. D. Simon. Molecular Therrnodynam ics, University Science

[]ooks. Cal i lornia 2004
4. It. S. Berry. S. A. Rice and J. Ross, Physical Chernistry. 2nd F-dition, Oxford

University Press, Oxford, 2007

5. A. McQuarrie. Statistical Mechanics, University Science Books. Califolnia 2005

6. Widom. Statistical Mechanics - A Concise Intr(xfulction for Chemists. Cambridge.

[Jn ivcrsity Press. 2002

7. Reif, Fundamcntals ofStatistical and Thermal Physics. Waveland Press.2009.

8. P. Atkins and J. Paula. Physical Chernistry. lOth Ildition. Oxlord University Press,

Oxfbrd 2014

9. R. S. Berry. S. A. Rice and J. Ross. Physical Chemistry. 2nd Edition. Oxford
IJ n iversity Press. Oxlbrd.2007

10. A. McQuarrie. Statistical Mechanics. University Scicnce Books. California 2005

I l. Widom, Statistical Mechanics - A Concise lntroduction for Chemists. Cambridge.

[Jniversity Press, 2002
12. A.R. West. Solid State Chernistry and its Applications. John Wiley and Sons, 2003.

I3. F.A.Cotton, C.Wilkinson and P.Caus - Basic Inolganic Chemistry. 3rd Edn. John

Wiley and Sons 2003.

14. W.E. Addison, Structural Principles in Inorganic Chemistry. Longman.l96l.
I 5. M. Adams, Inorganic Solids. John Wiley Sons. | 974.

16. Kittel. Introduction to Sclid Slate Physics. Wiley and Sons, 8th edition, 2004.

17. R. J. Silbey. R. A. Alberty. M. G. Bau,endi. Phlsical Chemistry, 4th Edn.. Wiley.

2005.

18. M. Barrow. Physical Chemistry.5th Edn.. Tata Mc(iraw Ilill,2007.
19. K. J. Laidler, J. . Meiser'. B.C. Sanctuary. Physical Chemistry.4th [ldn., Houghton

Mit'flin.2003.
20. P. w. Atkins. Physical Chernistry. FlLIlS. 1994.

21. W. Castellan. Physical Chemistry. Addison-Wcsle1. 1983.

22. S. Glasstone. lntroduction to Ele ctrochemistry. Biblio Bazar.20ll.
23. R. Crow, Principles and Applications of Electrochem istry, 4th Edn.. S.Thornes, 1994.

24. K. Sharma, Electrochem istry, Krisna Prakashan, 1985.

25..lohn O'M Bockris and Amulya K.N. Reddy. Modern Electrochemistry Vol I & ll
Springer International 8dn.2006.

26. 
-l'irn AIlen, Machine l-carning in Chemistry: Thc lmpact of Artitlcial lntelligence.

l'heoretical and Computational Chemistry Series: Volume 17 [l ed.]. 2020.
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Programme Joint MSc

Application o I' Nanomaterials

Cred it Value -)

Course Code MCKUMPNSC]6

Course Summary

& J ustification

This course provides research-tbcused teaching and training for post-

graduates wishing to develop a career in nano and functional

materials. Students will gain an in-depth understanding of the varioLrs

application of' nanomaterials in the field of rnedicine. agriculture. fbod,

textile. deferrce. aerospace etc.

Semester I C rc'd it

Total Student

Leaming Time
(SLT)

l-carn ing A pproach
.!
C)F

.c

Total
Learning

Horrrs

Authentic learn ing

Collaborative
learn ing

Case based learning

40 .10
'10 120

Strong background in basic quantum mechanics and condensed matter
physics.

Others- Library, senrinar and assignment preparotions, test,jotrnol, discttssion elc

CO
No.

Expected Course Outconrc

Lpon contplcliort of this tour.st. students xill ba ublc lo;

Learn ing
Domains

PSO No

I
Understand the
medical field

applications of nanotechno logy IN U,A ?5

2

Student will
nanotechnology
sector

learn about the applications of
in the lleld of agriculture and food U,A 2.5

J
Understand the imporlance of nanotechnology in textile
and cosmetics sector

A.E

,1
Understand the applications of nanotechnology in
defence and aerospace field.

A.E 5.7
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Course Name

Type ofCourse I Core

I

I

I

I

Pre-rcquisite 
I



*Rementber (R), Understond (U), Apply (A), Analysc (An), Evaluate (E), Create (C), Skill
(S). lntere:;t (l) ond Apprc('iution (Ap)

Biomedical Applications
Nanoparticles and Micrc{rganism- Biosensors- Bioreceptors and

their propeflies - Biochips-
Intcgrated nanoscnsor networks for detection and response- DNA
based biosensors and

diagnostics- Natural nanocornposite systems; spider silk, bones,

shells - Nanomaterials in

bone substitutes and dentistry - Implants and Prosthesis -Tissuc
Engineering - Neu roscience
-Neuro-electronic lnterfaces -Nanorobotics- I'hotodynamic Therapy

- Protein Engineering
Nanosensors in Diagnosis-Dmg delivery - Cancer therapy and other
therapeutic applications.

Agricultural and l'ood Sector Applications
Nanotechnology in Agriculture -Precision farming, Srnart delivery
systems - Insecticides
using nanotechnology - Potential of nano-fert ilizers - Potential
benefits in Nanotechnology
in Food industry - Global Challenges- Product innovation and

Process improvement-
Consumer benefits- Food processing - ['ackaging- - Packing
nraterials: physical properties-
Improvements ol rnechanical and barrier properties- Antimicrobial
functionality- Active
packaging materials- -lnformation and communication technology-
Sensors- RF
identification- Food safety- Nanomaterial bascd Food diagnostics -
Contaminanl detcclion -
Intelligent packaging- Nanoengincered l--ood ingrcdients- Potential

risks to Nanolood to
consumers

Module
No.

I

2

CO No.

I

2
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3 Applications in Textile and Cosmetics Sector
Nanofiber production - Electrospinning and charge injection method

- morphological conn'ol-
yarns and polymide nanofibers- Carbon Nanotube and Nanofiber
Reinforced Polymer Fibres-
multifunctional polymer nanocomposites- hnprovement of polymer
functionality- Nylon-6
nanocomposites fronr polymerization- Dyeable Polypropylene -
nanocoatings and surlhce
modifications - Nano-filled polypropylene fibers - UV resistant,
antibacterial, self-clean in g,

flame retardant textiles - Lightweight bulletproof vests and shirts,
Colour changing property,
Waterproof and Gerrn prool. cleaner kids clothes. Wired and Ready
to Wear textiles-
Cosmetics: Fonnulation ol' Ccls. Sharnpoos, Hair-cond itioners-
Nanomaterials in Sun-screen
UV protection - Coltrur cosmetics

l

{ Defence and Aerospace Applications
Pathways to Physical protection- Detection and diagnostics of
chemical and biological
agents, methods- Chernical and Biological counter measures-
Dccontam ination- Post
exposure and prc-exposure protection and decontamination-
Nanotechnology enabled bio
chcmical weapons- Influence operations- Evasion of medical
countermeasures-
Nanotechnology based satellite communication system- Guidance,
Navigation and control-
Spacecraft thermal control- mini. micro. nanosatcllite concepts- Fibcr
optic and Cherrical
microsensors for space craft and launch suppon- Micro.Nano
pressure and temperalrrre
sensors for space m issions.

{

Teaching and
Learning
Approach

Classroom Procedure (Mode of transaction)

Authentic learning. case-based learning, collaborative Iearning, seminar.
group activ ities.

Asscssment

Types
Mode of Assessment

A. Continuous lnternal Assessment (ClA)
a. Scrninar Presentation - a theme is to be discussed and

identified to prepare a paper and present in the seminar
b. Assignrnents

B. Sernester End examination

I

I
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3. Neelina. H. Malsch (Ed.). "Biomedical Nanotcchnology-. CRC Press 2005.
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Programme Joint MSc

Course Name Practical V - 51'nthesis of Nanomaterials

Type of Course Practical

Credit Value 'l

Course Code MCKUMPNSC4T

Course
Name

Synthesis of d illcrent Nanomaterials.

Semester l

Total
Student
Learning
Time (SLT)

Learn ing Approach =
E
c
-F

.E
c

'l'otal

Learn ing
Hou rs

0 .10 .10 80

Pre-requ isite

CO
No.

Expected Course Outcomc

To Acquire sound knowledge about the l'undamentals
and imporlancc of Nanomaterials.

Lcarning
Domains

l'SO No.

R. tJ. An 3.4.5

l To compare and correlate various Nanomaterials
synthesis techniq ues.

U, A. An I .3.4.5.6.7

To learn the handling of dili'ercnt chernicals (lbr
nanomaterial synthesis). glassrvarc. and precautions to
be taken lor salety in a chernistry lab

R,U.A 3.4,5

4 To learn the synthesis of different nanomaterials (bio-
based nanomaterials, grecn synthesis of nanomaterials,
etc.)

U, A, An. S 4.5

5 To perfbrrn experiments individually and to gain
knowledge about principlcs and techniques involved in
various experiments (nanomaterial synthesis)

An, A, S, I 5.6.7

*Remember (R), Understand (U), Appb' (A), Analyse (An), Evaluate (E), Creute (C), Skill
(S), Interest (I) und Appreciation (Ap)

77

Basic knowledge in practical chemistry (Undergraduate level).

I

I



CO
No.

Module
No.

I 1.2.3,,1.

5

1.2.3,{.
5

2

Module I
Extraction of Nanocellu lose. Extraction ol'Nanochitin, Synthesis of
diflerent sized Ag nanoparticles by aqueous method. Synthesis of
different sized Au nanopafiicles by aqueous method. Chemical

nthesis of CdSe Quanturn dots with different sizess

'feaching and

Lcarning
Approach

Module 2
Sol-gel synthesis ol ZnO nanoparticles. Creen s),nthesis ol ZnO
nanoparticles. Coprecipitation synthesis of rragnetic (iron oxide)
nanoparticlcs. Synthesis o1' rnetal oxide nanotubes.
llydro/So lvotherrnal synthesis of metal oride nanostruclures of
different morphology by varying parameters, Synthesis ol SnO:
nanostructures, Hydrothermal synthesis of Ti02 nanoparticles.
Synthesis of Craphcne and Graphene Oxide. Synthesis of
nanosilica.

Classroom Procedurc (NIode of transaction)

Contact classes. Library work. Tutorials, Demonstrations, Workshops,

Virtual laboratory videos

Mode of Assessment

A. Lab/Experiment skills

B. Lab record/Report

C. Viva-voce

D. Lab Discipline (participation. punctuality, accuracy)

E. Semester End examination

Assessmen t
Types

78

REFERENCES

l. Nanostructures and Nanomaterials- Synthesis. Properties & applications by

Guozhong Cao. hnperial college Press, (2006).

2. Nanoparticles and Nanostructured Films- Pleparation Characterization and

Applications by Janos H. Fendler. WILEY-VCH Verlag CmbH. D-69469 Weinheim
(Federal Republic of Cermany), ISBN-13: 978-3527294435 . 1998.

J. Nanomaterials and Nanochemistry by C. Brechignac.P. Houdy M. Lahmani,

Springer-Verlag 2007. (l'or Unit III-Part I Chapter t). 2007.

4. PAt)INJAKKARA A. Scarinzi G, Santagata G" Malinconico M. Razal JM. l'homas
S, Salirn NV. Enhancement ol Adhesive Stlength of Epoxy/Carboxyl-Term inated

Poly(butadiene-co-acrylon itrile) Nanoconrposites LIsing Waste Hemp Fiber-Derivcd
Cellulose Nanofibers. ACS Industrial & Engineering Chemistry Research. 59. 23,

r0904-109r3. 2020.



Joint MSc

2

lixpectcd Course OLrtcornc

Programme

Course Name Practical VI - Characterization of Nanomaterials

Type of Course Practical

Credit Value

Course Code

Course
Summary &
Justiflcation

Charactcrization of ditlerent nanonraterials

Semester

Total Student
Learning
Time (SLT)

,

J
o E

III
-fotal

Learn ing
Hours

0 .10 40 80

Pre-requisite Basic knowledge in practical chemistry (Undergraduate level)

CO
No.

Learn ing
Domains

PSO No.

l 1'o acquire sound knou,ledge about the l'undarnentals

and importance of different characterization
techniques (chemical. morphological, thermal,

e lectrical etc.) Ibr nanomaterials.

R. [-J. An 2.3.4.6.7

2 To compare and correlatc various characterization
techn iques for nanomaterials.

U. A. An 4,7

J

'l'o learn the basic/ r.vorking principle of diflerent
characterization techniques f or nanomatc.rials.

R,U,A
2.3.4.6.7

4
U. A, An. S

2.3,4.6.7

5 To perform experiments (characterizations)

individually and to gain knowledge about instrument

opcrat ion and analysing ofdata.
An. A, S. I. Ap

2.3,4,6,7

*Remember (R), Undersrund (U), Apply (A), Analyse (An), Evaluate (E), Create (L'), Skill
(S), lnterest (l) and Appreciation Clp)

MCKUMPNS(]48

I
I

I

I
I

I Leaming Approaeh

I

I

I

I

To learn the handling of different characterization

techniques for nanomaterials and precautions to be

taken lbr safety.
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CO
No,
I

2

Studics ol (synthesizcd) difTerent nanonraterials using: Optical
microscope. Scanning electron micloscope. transmission electron
microscope. confbcal laser scanning microscopy. and atomic lorce
microscopc.
Studies of different nanomaterials using X-ray diffraction. UV-visible
spectroscopy, F'f-lR spectroscopy, Nuclear Magnetic Resonance
Spectroscopy, Raman spectroscopy. Absorption and emission
Spectroscopy.

Characterization of different nanornaterials using:'fhermogravimetric
analyser (TCA), Diflerential Scanning Calorimetry (t)SC). and Vibrating
sample magnetomete[.

Classroom Procedurc (Mode of transaction)

Contact classes, Library rvork, Tutorials. Demonstrations, Wolkshops, Vinual

laboratory videos

N'lode of Assessmcnt

A. Lab/Experiment skills
B. Lab record/Report
C. Viva-voce

D. Lab Discipline (panicipation. punctualily, accuracy)

E. Semester End exam ination

REFE,RENCES

I. Introduction to Nanoscience and Nanotechnologl. by K K Chattopadhyay'. PHI

Learning Pvt. Ltd. New Delhi, ISBN- I 3: 978-8 I -203-1608 -7. 201 9.

2. Characterization of Materials Vol I &2. by Elton N. Kaufmann, John Wiley and Sons

Publication. New Jersey. 2003.

3. Principles of instrumental analysis. Douglas A Skoog, Donald M West, Saunders

College. Philadelphia. Publisher: Cengage; 6 edition ISBN-13: 978-81-315- 25579.

2014.

4. NANO: The Essentials- Understanding Nanoscience and Nanotechnology, by T

Pradeep. Tata Mccraw Hill f:ducation Pvt. Ltd. New Delhi ) ISBN- l 3: 978-0-07 -

061 788-9

Ilodulc

1,2,3,4.5

1,2,1,{.5

Teaching and

Learning
Approach

Assessment

Ty pes

80
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5

6

l

X-Ray Dilfraction Procedures: For Polycrystalline and Amorphous Materials, 2nd

Edition - ]-larold P. Klug. l.eroy E. Alexander, Publisher: Wiley-Blackwell; 2nd

Revised edition edition (l January 1974) ISBN-13:978-0471493693

Transmission Electron Microscopy: A Textbook fbr Materials Science (4-Vol Set)-

David B. Williams and C. Ilarry Carter, Publisher: Springer; I st ed. 1996. Corr. 6th

printing ed ition ( I 5 April 2005) lS IIN- I 3: 978-0306453243

Physical Principles of Electron Microscopy: An lntroduction to TEM, SEM, and AEM -

Ray F. Egerron, Publisher: Springer: Softcover reprint ofhardcover lst ed. 2005 edition

( l2 October 2010) ISBN- I 3: 918-1441938374

Springer handbook of Nanotechnology ed. Bharat Bhushan (Springer), Publisher:

Springer-Verlag (15 May 2006) ISBN-13: 978-3540343660

Nanoparticles and Nanostructured Films- Preparation Characterization and Applications

by Janos H. Fendler. Wll-EY-VCIl Verlag Gmbfl. D-69469 Weinheim (Federal

Republic of Cermany). l99tl. Publisher: Wiley VCI I (28 May 1998) ISBN-13: 978-

3527294435

8

9
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Programme

Course Name

'11'pe 
o I Course

Credit Value

Course Code

Course Summary

& J ustillcation

Semester

Joint MSc

Chemistry of Natural Products

Elective

4

MCKUMPNSE I6

Leaming this course will provide a strong foundation in natural
products such as carbohydrates. proteins and peptidcs. latty acids.

nucleic acids. terpcnes. steroids and alkaloids. A lso provide knorvledge
about biogenesis of terpenoids and alkaloids. Students will be able to
study the synthesis of a scries of constituents such as camphor,
atropine, papaverine. quinine. cyanin. quercetin. p-carotene.

testosterone along with biosynthcsis ol PGE2 and PGF2a. structure of
protcins. nucleic acids and mcthods lor primary structure determination
of pcptides. 'l his course aims to irnpart basic knouledge on the

replication of DNA. florv of genctic information. protcin biosynthesis.
transcription and translation. genetic code. regulation of gene

expression. DNA sequencing, The lluman Genome Project, DNA
profiling and the Polymerase Chain Reaction (PCR).

III

40

Basic knowledge about natural products and DNA

CO
No.

Learn in g

Domains

PSO

\o-

U I

U.A

The student should be able to undersland the natural
products such as carbohydrates, proteins and peptides, fatty
acids. nucleic acids, terpcnes. steroids and alkaloids-

Understand the biogenesis ofterpenoids and alkaloids

Leaming Approach
?
= -a

'fotal

Leaming
Hours

['otal Student

Learn ing

Time (SLT)

Authentic learn ing.

collaborative
learn ing.

independent learn ing

60 t) 40 140

Pre-req u isite

I

I

I

I

I I

Expected Course Outcome

I

t.5



J I.J,R 1.5

,+ Understand basic knowledge on the replication of DNA,
flow of genetic information, protein biosynthesis,

transcription and translalion, genetic code, regulation of
gene expression

U t.5

Able to understand DNA sequencing, The Human Genome

Project. DNA profiling and the Polymerase Chain Reaction
(PCR).

U,A 7

6 Able to understand different classifications and nutritional
values of lipids

tl 1.5

7 Study the cherrical properties of fatty acids and its reactivity

towards various reagents

tJ 5

+ Remember (R). Understancl (U1, Apply (A). Anoly.se (An). Evaluate (E), C'reote (C), Skill
(S), Interest (l) and Appreciation (Ap)

i\I od u le CO
No,

I Natural products. Carbohydrates, proteins and peptides, latty acids,
nucleic acids, terpenes, steroids and alkaloids, Biogenesis of
terpenoids and alkaloids.

I

2 Syntheis: Synthesis of camphor. atropine, papaverine, quinine.
cyanin. quercetin, p-carolene. testostcrone, biosynthesis of PGE2 and
PGF2a. 5. 3 Struclure of proteins. nucleic acids and methods for
prirrary structure dctermination of peptides (N-terminal - Sanger's
method and Edmond's nrethod; C-terminal - Akabora method and
carboxy peptidase method).

2,3

3 Replication of DNA, flow ol genetic inlormation, protein
biosynthesis, transcription and translation, genetic code, regulation ol
gcne expression, DNA sequencing, The Ilurnan Cenome Project,
DNA profiling and the Polymerase Chain Reaction (PCR).

t,5

{ Lipids
Classification of lipids * Sources and classification of oils and flats,

nomenclature of triglycerides.
Nutritional functions of fats and oils, Caloric and non-caloric
funclions. Non nutritional functions of edible fats.

6

83

Gather inforrnation about to the synthesis of a series of
constituents such as camphor. atropine. papaverine, quinine.

cyanin, quercetin. B-calotenc. lestosterone along with

biosynthesis ol PCE2 and PGF-2a, structure of proteins,

nucleic acids and methods Ibr primary structure

determination of peptides.

5

I

I

I



7Physical and Chemical Propcrtics of FatQ- acids
Physical propertics of fatty acids: Crystal propedies. therrnal
propefl ies arrd spcctral properlies
Chcmical propcrtics: Salt lormation. estcrillcation. hldrogcnation.
oxidation using various oxidising agcnts like potassiurn
permanganatc. ozone. peroxide. chronric acid. periodic acid. lcad tctra
acetate- Halogcnation and addition reaction to double bonds.

Classroom Proccdure (Modc of transaction)

Contact classes.'Iutolials. Serninar. Assignments. Authcntic Iearning.

Library work, independent studies. Presentation by individual student

Modc of Assessmcn t

Teaching and
Lea rn ing

Approach

Assessnren t
Types A. Continuous Intemal Assessment (ClA)

a. Surprise test

b. Internal Test - Objective and descriptive answer type
c. Subm itting assignments

d. Scrninar Presentation - select a topic of choice in the

concerned area and present in the seminar

B. Semester End exanr inalion

84

REFERENCES:

l. [, Finar. Organic Chernistry. Volume 2: Stercochcmistry and The Chemisry Natural
Products.5/E

2. W. Carruthers. I. Coldham. Modem Methods of Organic Synthcsis. Cambridge
University Press. 2004

3. A.L. Lehninger, D.L. Nelson, N4.M. Cox, Lehningel Principles of Biochemistry, 5 th
Edn., W.H. Freeman, 2008

4. S.V. Bhat. B.A. Nagasampagi. M. Sivakumar, Chernistry of Natural Products. Narosa,

2005

.5. Introduction to Natural Products Chemistry, Edited 8.,- Rensheng Xu. Yang Ye,. Weimin

Zhao: ISBN 9781139860762, Puhlished hy CRC Prass, 201 I

6. Chemistry of Natural Products, by Sujata V. Bhat. B.A. Nagasampagi. Meenakshi

Sivakumar: Published by Springer. 2005.

7. Chemistry of Biomolecules. Second Edition. By S. l). Bhutani; ISBN 9781032337951.
Published by CRC Press, 2020

8. Biochemistry, 4th Edition. Donald Voet, Judith G. Voet; ISBN: 978-0-470-57095-lt
Published by Wiley. 2010

9. General, Organic. and Biochemistry - 9th edition. lry Katlrerine J. Denniston. Joseph

J. Topping and Danae Quirk Don; ISBNI3: 9780078021541, ISBNI0: 0078021545;
Published by McGraw-Hill Publishing Company. 2017.



Joint MSc

Nanomedicine and Drug Delivery Systcrn

* Rentember (R), Understond (Ul, Apply (A). Analyse (An), Evaluate (E), Create (C), Skill
(S), lnterest (l) and Appreciation (Ap)

Programme

Course Narne

Type of Course E lectivc

MCKUMPNSIIlTCourse Code

Course Summary

& J ustification

Semester

Total

Learning

(SLT)

Student

Time

This course provides research-focused teaching and training for post-

graduates wishing to develop a career in nano and functional

materials. Students will gain an in-depth understanding of the various

application o1' nanomaterials in the field of medicine.

Learn ing Approach

L- c
=

J

4III Credit

Total
Leaming
Hou rs

Authentic learning
Collaborative
learning
Case based learning

60 .10 l.l0

Pre-req uisite Strong background in basic quantum mechanics and condensed matter

physics.

Others- Library, sentinar and assignmenl preparations, lesl, journal, discussion etc

CO

No.

Learn in g

Domains
PSO No

Expected Course Outcornc

Upon conrpletion of this tourse, strdents v'ill be ublc to;

U,A )aUndcrstand the history ol nano mcdicine

U.A 2.5

3

Learn about various sensors and its applications

Understand the basics ol-nano drug delivery systems A,E 5.7

I

Understand about various nano drug carriers and

nanocarriers targeting dil'flerent parts of body also about

the role of nanocarriers in treatmcnt and imaging of
in fect ions.

A,E 5.7

I

loo

2
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Module
No,

1

2

3

I

CO
No.

Prospect of Nano-Medicine
History ol thc idea - The Biological and Meclranical Traditions - Nano-
medicine - Taxonomy - B io-Phannaceuticals .- lmplantable Materials -
lrnplantable Devices - Surgical Aids Diagnostic l'ools - (lenctic 'l csting -
lnraging - Nanoparticles Probe - Case Analysis - l) Rcsiprocytes -
Mechanical Artiflcial Red Cells - 2) tJsing DNA as a construction medium

Nanoscnsors
Chernical and Molecular Sensors - Displacement and Motion Sensors - Force
Nanosensors - Pressure Sensing - Thermal Nanosensors - Electric and
Magnctic Sensing - Cellular Bioscanning - Non-invasive Neuroelectric
Monitoring - Macrosensing - Acoustic Macrosensing - Electric and Magnctic
Macrosens ing - Neural Macrosensing

Basics of Drug Delivcry Systcm
Needs and Requirements - Nanoparticle Flow: Implications for Drug Delivery

- Polyrreric Nanoparticles as Drug Carriers and Controlled Release Implant
Devices - Cenctic Vaccines: A Role for [,iposornes * Polymer Micelles as

Drug Carriers - Recent Advances in Microerrulsions as Drug Delivery
Vehicles - Lipoproteins as Pharmaceutical Carricrs - Solid Lipid
Nanoparticles as Drug Carriers

Nanocapsules
Nanocapsules - A New Drug Delivcry Systcm Nanocapsules preparation.
Characterization and Therapeutic Applications - Dendrimers as

Nanoparticulate Drug Carriers - Cells and Cell Ghost as Drug Carriers -
Cochleates as Nanoparticular Drug Carriers - Acrosols as Drug Carriers -
Magnetic Nanoparticles as Drug Carriers - Nanoparticulate Drug Delivery to
the Reticuloendothelial System and to Associated Disorders - Delivery of
Nanoparticles to the Cardiovascular System - Nanocarriers lor the Vascular
Delivery of Drugs to the l,ungs - Nanoparticulate ('arriers for Drug Delivery to
the Brain - Nanoparticles for Targeting Lymphatics - Polymeric Nanoparticles
for Delivery in the Gastro-lntestinal Tract - Nanopafticuiar Carriers for Ocular
Drug Delivery - Nanoparticles and Microparticles as Vaccines Ad.iuvants -
Pharmaceutical NanoCarriers in Treatment and Imaging of Infection.

I

2

3

{

85

I

I

I

I



Teaching and
Learning
Approach

Classroom Procedure (Mode of transaction)
Authentic leaming. case-based learning, collaborative learning. serrinar.
group activities.

Assessment
Types

Mode of Assessment
A. Continuous Internal Assessmenl (CIA)

a. Seminar Presentation - a theme is to be discussed and
identified to prepare a paper and present in the seminar

b. Assignments
B. Semester End cxam ination

a

8l

REFERENCES

l. Nano Medicines Edited by Dr. Parag Diwan and Ashish Bharadwaj, Pentagon

Press(2006) ISBN 8l -8274- I 39-4

2. Nanopaniculates as Drug Carriers Edited by Vladimir P.Torchilin, Imperial College

Press. North Eastem Universiry, USA (2006) ISBN l-86094-630-5

3. Nanomedicine and Drug Delivery Edited By Mathew Sebastian, Neethu Ninan, A. K.

Haglzil, SBN 9781774632352, Published by Apple Academic Press 2021

4. Nanomedicine in Drug Delivery Editecl By Arun Kumor, Heidi M. Mansour, Adam

Friedman, Eric R. Blough, ISBN 9781 138072619. Published by CRC Press 2017



SEMESTER 4

Joint Nl Sc

Dissertation

CORE
M(lKtlMPr-SC49

l'he candidate shall do a rcsealch pro.lect in any ofthc research institute

This lollous discussion with the Examination Board consisting of th

Chairrnan. thc lntcmal Lxanrincr and the l].xtcrnal [-.xaminer.

hould complete semester l. II and Ill.

Erpectcd Cou rsc Outconrc

n t the end olthe coursc the sludents are expected to

To clearly present and discuss the rescarch objectives.

methodology. analysis" results and conclusions eff'ectively.

Acquire a comprehensive knowledge of the area subject o
study

Able to plan and use adcquate mcthods to conduct specifi

tasks in given frameworks and to evaluate this work.

Create. analysc and critically evaluate diflcrent problems and

their solutions.

Cain a consciousness ofthe ethical aspects ofresearch.

Programme

Coursc Name

Course Credit

Type of Course

Course Code

&
Cou rse

Summary
J ustification

Total Student

Learning Time
(SLT)

Liblarl ri'ork. lab

work. Team work.

independent Iearning

Pre-req u isitc

c

c-

Total

Learnin

Hours

co
No.

Learning
l)omains

PSO

No.

1

)
2 Ap I 7

J 6

.l Able to contribute to research and developmcnt u'ork U

) U 5

6 U 6

7 C 7

8 F._ 6

88

I

I

l2

I Semestcr I I

[-earn ing Approach

I

I

I

I

I
Cain deeper knorvledge ofmethods in the topic ofstudy.

I

Undertake independent. original and critical research on al

relevant topic. 
I



I

Teaching and
Learning
Approach

Classroom Procedure (Mode of transaction)
E-learning, interactive Instruction: Seminar. Authentic learning. .

Library work. laboratory work, Team work, independent learning and

Croup discussion, Presentation of research work.

Assessment

Types
Mode of Assessment

Evaluation of the presentation by both internal and extemal examiners.

t

A,

89

I



Joint MSc

Viva-Voce

{
CORI'
MGKLIMPNSf]50

The comprehensive viva-voce shall be conducted by the Examination

Board consisling of the Chairrnan. the lnternal Exarniner and the

External Examiner. Thorough underslanding of all the M.Sc. level

course contents

and recent trends in the broad area ofchen:ical sciences are evaluated

-
-c,

C

Basic as well as in-depth knorlledge in the courses he/she studied

Programme

Course Name

Course Crcdit
'fype of Course

Course Code

Cou rse

Summary &
Justification

Semester

Total Student
Learning Tinre
(SLT)

l,ealnin-rl

Approach c-

Total

Learn ing

Hours

C lassroom

stud ies. lab

work. library

Library work,

independenl

learning etc.

-
.j

Prc-req uisite

Learning
Domains

CO
No.

Expccted Course 0utcomc

I

1.2.3.4.5.6.7Ap

I 4

At the end of the course the students are e\l)ccted

Achicve lirndanrental and in-depth knowlctlgc

Acquire more in-depth knowledge ofthe nrajor

subject of study

Deeper knowledge of methods in the ma.jor

subject ol study.

to

TJ l4 Able to contribute to research and development

work.
*Remember (R), Undcrstand (U), Apply (A), AnalS'se (An), Evaluute (E)' Creste (C)' Skil'
(S), Inleresl (I) md Appreciotion (Ap)

90

l3

I

PSO No.



Teaching
Learning
Approach

and Classroom Procedure (Mode of transaction)
E-learning. interactive InstrLrction: Seminar. Authentic learning.. Library
rvork

, laboratory work. Team work. independent learning and Group

discussion. Presentation of research work

Assessment

T1'pes

Mode of Assessment

Thorough understanding of all the M.Sc. level course contents and

recent trends in the broad area of chemical sciences are evaluated. The

candidate will be asked questions based on the whole syllabus he/she

studied in the entire programme. How he/she ansrvered or responded

the questions asked will be

considered for evaluation.

,
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ADD.ON COURSES

ln addition to Core, elective and practical courses, School of Nanoscience

and Nanotechnology. Mahatma Gandhi University will offer add-on courses

such as,

> Nano catalysis

) Social, ethical and legal issues of Nanoscience and Nanotechnology

i Nano sensors

i Advanced nanobiology

i Waste management, and Water purification through Nanoscience and

Nanotechnology.

The course structure and syllabus will be announced before commencement

of each semesters. The lectures will be delivered by reputed Professors/

Scientists from other Universities/ lnstitutions in lndra or Abroad.
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MODEL QUESTION PAPER

93



Reg.No:
Name:

.IOINT NL Sc. PItO(l llA \I\l Ir.

MAIIATMA GANDHI UNIVERSITY & KANNUR UNIVEITSI'IY

SEMES'TEIT

END SE,MIiSI'ER EXAMINA'TI()N (YI'AR/ NIONTII)

Time: 3 Hou rs

COIIRSE CODE: COURSE NAME

Max. Marks: 60

Part A. Answcr any l0 Questions (Each question carries 2 marks)

I

2

3

4

5

6

7

8

9

t0...
11...
12...
l3
t1.

Part B, Ansluer any 4 Questions (Fl,ach question carrics 5 marks)

Part C. Ansrrer an1' 2 Question (l,ach qucstion carries l0 marks)

I

2

J

I
5

6

7

I

2

3

.l
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