UNIT-1
Structure and Bonding Models

1. What is quantum mechanics?
Answer:
Quantum mechanics is the branch of physics that deals with the behavior of matter and

energy at microscopic scales (atomic and subatomic levels), where the classical laws of
mechanics fail.

2. What is the Schrodinger wave equation?

Answer:

It is a fundamental equation of quantum mechanics that describes how the wave function
(v) of a particle evolves in space and time.

H*y=Ey"

where H” is the Hamiltonian operator and E” is the energy of the system.

3. What is the significance of y (psi)?
Answer:

v represents the wave function of a particle and contains all the information about the
system’s quantum state.

4. What is the significance of y??
Answer:

y? (or |y[?) represents the probability density of finding a particle at a given point in
space.

5. What are the boundary conditions for a particle in a 1-D box?

Answer:
For a particle confined between x =0 and x = L,

v(0)=w(L)=0
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6. What is the expression for energy of a particle in a one-dimensional box?
Answer:
E,=n’h’/8mL” n=1,2,3...,

Where n is the quantum number, h is Planck’s constant, m is mass, and L is the length of
the box.

7. What does the quantum number 'n' signify in the 1D box model?

Answer:
‘n’ denotes the energy level or the number of half wavelengths fitting inside the box.

8. What is molecular orbital theory (MOT)?
Answer:

MOT explains bonding by considering the combination of atomic orbitals to form
molecular orbitals that extend over the entire molecule.

9. What is bond order and how is it calculated?
Answer:

Bond order = 2 (Number of bonding electrons — Number of ant bonding electrons)
It indicates bond strength and stability.

10. What is the bond order of O: molecule?

Answer:
Molecular configuration of O:

(c15)*(o%15)’(625)*(6%28) (62pz) (m2px)*(n2py) (m*2px)' (m+2py)'

Bond order =% (10 — 6) = 2.

11. Why is Oz paramagnetic?
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Answer:
O: has two unpaired electrons in ©*2p orbitals, making it paramagnetic.

12. What is the bond order of CO molecule?

Answer:
Electronic configuration of CO:

(o1s)* (0% 15)*(625)*(0%2s)*(02pz)*(m2px)*(n2py)*

Bond order ="' (10 —4) = 3.

13. Why is CO a stable molecule?

Answer:
Because it has a high bond order (3), indicating a strong triple bond.

14. What are © molecular orbitals?
Answer:

n-Molecular orbitals form by lateral (sidewise) overlap of p-orbitals, resulting in electron
density above and below the internuclear axis.

15. How many © molecular orbitals are present in 1,3-butadiene?

Answer:
1,3-butadiene (CsHs) has 4 T molecular orbitals formed from 4 p-orbitals.

16. What is the delocalization in benzene?

Answer:
In benzene, 6 p-orbitals combine to form 6 © molecular orbitals with delocalized
electrons spread over the ring.

17. What is the bond order in benzene?
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Answer:
Each C—C bond has a bond order of 1.5 due to delocalization of & electrons.

18. What is the energy order of molecular orbitals for homonuclear diatomic
molecules (Z < 8)?

Answer:

01s<co*15<62s<0*2s<(M2pXx=n2py)<c2pz<(n*2pX=m*2py)<c*2pz

19. What changes in energy order occur for O: and F: (Z > 8)?

Answer:
For heavier atoms (O, F2):

01s<0*15<625<0*25<02pz<(M2px=m2py)<(n*2pX=m*2py)<c*2pz

20. What is normalization of a wave function?

Answer:
It means the total probability of finding a particle in all space is

[* o lylPdx=1
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EASSAY QUESTIONS

1. Derive the Schrodinger Time-Independent wave equation?
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2. Derive the Energy equation for particle in one dimensional box and write
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3. Draw the molecular diagrams of O, and CO?
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4. Write the molecular orbital diagrams for 1-3 butadiene and benzene?
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MCQs
1. Schrodinger wave equation is a fundamental equation in:

A) Classical mechanics

B) Quantum mechanics

C) Nuclear physics

D) Relativity theory

Answer: B) Quantum mechanics

U] It describes the behavior of particles at atomic and subatomic levels.

2. In the Schrodinger wave equation, the symbol y (psi) represents:

A) Energy of the system

B) Wave function of the particle

C) Momentum of the particle

D) Potential energy

Answer: B) Wave function of the particle

3. The term y? (psi squared) represents:

A) Kinetic energy

B) Probability of finding the electron

C) Charge density

D) Wave amplitude

Answer: B) Probability of finding the electron

U1 w? gives the probability density function.

4. For a particle in a one-dimensional box, the allowed energy levels are
proportional to:

A)n

B) n?

C) 1I/n

D) 1/n?
Answer: B) n?

0 E, =n’h?/(8mL?)
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5. The lowest energy state of a particle in a box is called the:

A) Excited state

B) Zero energy state

C) Ground state

D) Forbidden state
Answer: C) Ground state

6. In Molecular Orbital (MO) theory, atomic orbitals combine to form:

A) Hybrid orbitals

B) Molecular orbitals

C) Crystal orbitals

D) Nodal planes

Answer: B) Molecular orbitals

7. The number of molecular orbitals formed equals:

A) Number of electrons

B) Number of nuclei

C) Number of atomic orbitals combined

D) Twice the number of atomic orbitals

Answer: C) Number of atomic orbitals combined

8. In MO theory, bonding molecular orbitals have:

A) Higher energy than atomic orbitals

B) Lower energy than atomic orbitals

C) Same energy as atomic orbitals

D) Zero energy

Answer: B) Lower energy than atomic orbitals

9. In O: molecule, according to molecular orbital theory, the bond order is:

A)1l

B)2

03

D)2.5
Answer: B) 2
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"l Bond order = % (Nb— Na) = % (10— 6) = 2

10. The magnetic nature of O: molecule is:

A) Diamagnetic

B) Paramagnetic

C) Ferromagnetic

D) None of these
Answer: B) Paramagnetic

"1 Due to two unpaired electrons in mzp orbitals.*

11. In CO molecule, the bond order is:

A)l

B)2

03

D)2.5
Answer: C) 3

"l Bond order = % (Nb— Na) = %> (10—4) = 3

12. The correct filling order of molecular orbitals up to O: is:

A)ols, ols, a2s, a2s, n2p, 62p, n2p, d2p

B) ols, 62s, 62s, n2p, 02p

C)ols,ols, a2s, n2p, o2s

D) n2p, cls, 62p, 625

Answer: A) ols, ols, 62s, 62s, n2p, 02p, ©2p, 6*2p

13. In 1,3-butadiene, © molecular orbitals are formed by the combination of:

A) 2 p-orbitals
B) 3 p-orbitals
C) 4 p-orbitals
D) 6 p-orbitals
Answer: C) 4 p-orbitals

"I Each carbon contributes one p-orbital — 4 total nw-MOs.
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14. The number of © molecular orbitals in benzene is:

A)3

B) 6

O) 12

D)2
Answer: B) 6

'l One from each of the six sp? carbons.

15. The delocalized m-electron system in benzene contributes to:

A) Its instability

B) Its high reactivity

C) Its aromatic stability

D) Its ionic character

Answer: C) Its aromatic stability

16. The bond order between two atoms can be calculated using the formula:

A) (Nb + Na)/2

B) (Nb — Na)/2

C) (Nb x Na)/2

D) (Nb/ Na)

Answer: B) (Nb — Na)/2

"1 Nb = number of electrons in bonding MOs, Na = in antibonding MOs.

17. In the O: ion, the bond order is:

A)1.5

B)2

)25

D)3

Answer: C) 2.5

| Extra electron enters m2p — bond order = 2 (10-5) =2.5.*
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18. In the O:* ion (peroxide), the bond order is:

A)1l

B) 1.5

02

D)2.5
Answer: A) 1

19. Which molecule is isoelectronic with CO?

A) N2

B) O

C)NO

D) CN-

Answer: D) CN™

[0 Both CO and CN™ have 14 electrons.

20. The nm—n* transition in conjugated molecules like butadiene occurs at:

A) Very low energy (long )

B) Very high energy (short 1)

C) Infinite energy

D) No transition possible

Answer: A) Very low energy (long )

'l Because the HOMO-LUMO gap decreases as conjugation increases.
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UNIT-1I
MODERN ENGINEERING MATERIALS

SEMICONDUCTORS
1. What is a semiconductor?
A semiconductor is a substance whose electrical conductivity lies between that of a
conductor and an insulator.
Example: Silicon (Si), Germanium (Ge).
2. What are the types of semiconductors?
e Intrinsic semiconductor: Pure semiconductor (e.g., Si, Ge).
o Extrinsic semiconductor: Doped with impurities to increase conductivity.
o n-type: Doped with pentavalent element (P, As).
o p-type: Doped with trivalent element (B, Al).
3. What is the band gap in semiconductors?
It is the small energy gap (about 1 eV) between the valence band and conduction band.

4. Give two applications of semiconductors.

e Used in diodes, transistors, and integrated circuits (ICs).
e Used in solar cells and LEDs.

4£SUPERCONDUCTORS
1. What is superconductivity?

It is the phenomenon in which a material shows zero electrical resistance and expulsion
of magnetic field (Meissner effect) below a critical temperature.

2. What is the critical temperature (Tc)?
The temperature below which a material becomes superconducting.
3. Give examples of superconductors.

e Mercury (Hg)

e Niobium (Nb)
e YBa:Cu;O7 (Yttrium barium copper oxide — high-Tc superconductor)
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4. Mention two applications of superconductors.
e Magnetic Resonance Imaging (MRI) machines.

e Maglev (magnetic levitation) trains.
e Superconducting power cables.

111 SUPERCAPACITORS

1. What is a supercapacitor?

A supercapacitor (ultracapacitor) is an energy storage device that stores electrical energy
between a capacitor and a battery, with higher energy density than conventional
capacitors.

2. What is the basic concept?

Supercapacitors store charge either by electrostatic double-layer formation or fast
surface redox reactions.

3. What are the types (classification) of supercapacitors?
e Electrochemical Double Layer Capacitors (EDLCs) — charge stored
electrostatically.
e Pseudocapacitors — charge stored by redox reactions.
o Hybrid supercapacitors — combination of both.

4. Give two applications of supercapacitors.

o Energy storage in electric vehicles (EVs).
e Power backup in electronic devices and renewable energy systems.

NANOMATERIALS
1. What are nanomaterials?
Materials having at least one dimension in the nanometer range (1-100 nm).
2. What are the classifications of nanomaterials?
e Zero-dimensional (0D): Nanoparticles, quantum dots.
e One-dimensional (1D): Nanowires, nanotubes.

e Two-dimensional (2D): Graphene sheets.
e Three-dimensional (3D): Nanocomposites.
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3. What are the important properties of nanomaterials?
o High surface area to volume ratio.
e Enhanced mechanical strength.
o Improved electrical and optical properties.

4. What are Fullerenes?

Fullerenes are spherical carbon molecules (Cso, buckyballs) composed of pentagons and
hexagons.

5. What are Carbon Nanotubes (CNTs)?

CNTs are cylindrical fullerenes with high tensile strength and conductivity.
Types: Single-walled (SWCNT) and multi-walled (MWCNT).

6. What is Graphene?

Graphene is a single layer of carbon atoms arranged in a hexagonal lattice; it has
excellent electrical, thermal, and mechanical properties.

7. Mention applications of nanomaterials.
e Drug delivery and biosensors.
e Nanoelectronics and solar cells.

o Strengthening materials (nanocomposites).
o (atalysts and coatings.
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EASSAY QUESTIONS
1. Write about super capacitors and classification applications of super capacitors?
s X /&
f?‘i&&_@i&z et IR | s X
TBQ&@ qre a0 called Wt¥a C‘qOﬂL ;Q &5 & A
¥ These ave addfifonal anor% ng&g olonteds i NN
¥To dire [ neb’fjg-fmﬂ Qgignaw{,ﬁ/e Bankfnﬁ

— RQ dw'ifﬂgd VLT ?u}aﬂkl

j_’z??__f?"g @P@J CopackBs € (toed &S pevated Ca%% \
et JpdLy

~ Relase lﬂ?fge amount o powe)
T T — “Sldieﬁ)a-%
| Dt ey |
, i 1A iR yp? *
-} | ) MA@ |
| @l o 2 -EfQCfWO%It@ Lot ¥
| I :rr -‘?—f;? rlh \(; r' 1 |, Dot stouj
" \ curent (ol HZG&EI /
ho ~Alum o froum
C:*éf”?/ U
L .-;-'ii___"’? L ._
i ,'._';':-,E; | ] \
,:'f; l%?-) f; i
| ligoe A
[ [P i ‘: Lﬂ_ i
|l e '4 i
e IR
-'}‘é{gc{‘»god@' 4 .:/
Suoface Alectsode S
Mea e
5 wo, ¥nowa Chahge connecied accspss the e@cémdg |
“ﬁﬁrﬁomw@eﬁtarég 10 !O?“ fivio the apacedi. \
4 —591@ ose Ve (80 —ve fon present fi ms?de elecfngfgf

G Scanned with OKEN Scanner



a4 fbuied Tﬂndﬂmlz 0UT0S5 f2.
o the thasgor bl
R Ebarlﬁa ft St attract )fonﬂmm P/é’ffdra/g/e

| = 1hen capm%? Knpwn a8 Pouble (ayehr (apacfiss

B 40 Chayges the (+) plethsook oty

f&m%g

ar éfm}’!m:g the 1) slacsaiok £5 chas € Wit ()5 ng anef giard

e (+) fonf from electvol yte fomh
ng anvther la: 2 Qo
+ The G238 of aHraHfm Yw electrooe & sy . :;;

EZQC‘EO‘CJ%MC -[{52)(‘@ do 7@8 ﬁf;ﬁﬂmgnt 0,&[—,{—)3)6 3 Céa
qeesoss the fcor/nda”g OF Elecespde Soln couse fz@ctxfcg@
double loyey.

+And this 1% PQSPOUS%EQ f& &‘&Q/S Eteﬂfbfw hase o8

—¢ The (apadité (¢D f6ymed alon whHf the aﬂoﬁé@‘i @mcﬁqf}
(&) whith oLt b ffl@g e (onnetded a5 sed/ey
Ciot A | Coop A o Azhigh durtace dhea
PR (BT A o= - OF Llecksooes |
U G Bmatd distarne by, p

cltce
Puiing @% chag n9
1 F! al i
b ;
1 i = f (P
| [ HH L,
—WQ ~VE2 e 4
v e w58 the Qlef&ffff’igfm the Ezectrcﬂe_ |

¥ lood connecte.d +0 afc,me

=

@Swﬁ?é% 10 1056 the ﬁhaﬁzg@and ffwzg@ ﬂo ws the ‘%ef’}’”ﬁ |

...... o 1% 9 - o el

G Scanned with OKEN Scanner



i B 09
P and then Ifa W arjey 10od L0 templele 1he C,@F/ < ¢
F eoth the dlectsodes (£)¢,( ) l02se the Y

Q(d can npt af'fra[{_'fﬁﬁ fb/zg Qﬁﬂ’fwu ﬁ‘% Qre 00’67’3/%4/ ~C0 N

. R
Qeesozs the QZ@L%&O}WG arfr way betde 1 bof, Cé,/mi’ h
APEHOC@JOQS N o0 i ”77&9\
~+ Bupdh Copake) 15 useas 08 op auslfes
o8 eoni of Bankfng, on aadiional powes dour
o

* Andalteo (tig used - aph-of powes- £ 7
_ _ | ey

~Pused M electwont s o ga PLOPIOMpL &, (3, phrinbio
(g}ea;a P.l N, hand hold 0’!??)1‘3%3 ongd Pf)g)fo vola4z Sihdo
10 pyoude, @acz 4P+ Bhed dbwh , pp 1, Sesom 4

2. Write about Nano materials classification properties and applications of Carbon
nano tubes and Fullerenes?

G Scanned with OKEN Scanner



Nano Moie fals
The m%ferf’alé fke metaly ) coramfy
(ompostie matesfaig o dfmens fp
e yangy, Of dnm to lbonm are.
+* one b ittt (1579 opq Mot o),
“ A m=3q fnchey |
Y. NM = Iouq m
Y =10t um
gﬂ AoH= H=0.4nm, Ho b2 4nm
s
¥ Que 1o thefr Sman sfz0
o Mp reactton rates, fono’uti'ﬁ'/fﬁf ) 0lo4S

- A nanopartte. (8 dotry oy o gy objeet thatr
bohauet ad awhole unfe Thsehns or 1% tansel o

G Scanned with OKEN Scanner



exhub‘ff anumbeh o+ fpeclal PYopAIes yeig e 4,
, nmatesf alp. (Inm -Lloon m) o
CIWJ#CC“%’? ( Baged op @fmgzﬁ; ﬁm«i’))

| _‘LD KD 1B
4D Tuo dammi’on Teouce d 4p, fzamomm 0

4
fprna:ﬂ)s Zarge movemenl 0f o~ 1% amoi
&9 wanowfves

f one p ﬁg
e diverttypn

ol 11004 9 directfons (76/5?0 are[aﬁzge,mew)mf
f;’?;] Nanpuwel $ , panpssimA =
3D ® There f§ no wnffnpmpnéfn nanorange .  movement
0f ¢~ long 3 divectons

- €4 - BUl N, an e powdehs
Based 017 mmg’g%”” = :
ﬂ lﬁ anfcn ML,[DmPOSQO' (U!?Lf? CM!?W? Wﬁ% df;?@fpﬂff[)‘}%

é‘gb C NT; fultehenes

Qank onfc n-m: - Compofaed wfz‘ﬁ metat &;m@gaﬁ oxFolo

pmﬁmn&mﬁuim,pémﬁ .
3) L_géb’afpd nm'~ ey hibft fombff’la%ﬁ or 5’2500% £ !fzﬁyaf;fg
n-m(o-0,0-3,3-7) |
ik Pofgmw
p'{gpaﬂm{fon of N M ' ' |
- doan T o method buk maupfagare ¥ |
wmf’ mnow.&%f@& bg rmzm% ug,pmc !ﬁf%m wpéf _

method § . e

G Scanned with OKEN Scanner



%
i ottt e

- @ g

Bulk powden

ijﬂmgaf-ed Wt NP

RN 00 A0 I Ii
o o > DI
Ao mg Custehs B ol
@M tr .
Bhrutue: s covaterrt bonds. # (yrqphenell an
ltotrope of e’ ¢ mg,%%gz? 0/a
wﬂ( A @Sf)ngle layeh o+ atoms
vand6io2 ; I :'30_5% - awanged 1 @ hextegoral
fo1e : MonoStru et

Prop e
+ Tt15 oxhfbf th 9p sm,

4 gmphene % Stvonged than Diamong/ e

# Tt Tough g highly flexfble

¥ weiht of Graphon 1oy tewer tana mpey

r'f_ (r_j:{' hﬂ}g E'iCQHQ‘E -Ffé'f@-};eﬂ:f%

g Tk Y
Bt

Botlom-yp.- Tn1hic very, dmall padtfele 0P fke iy
Molecutes are qsgembled 10 3@# (1us1eYs whith Fn 9 aho |

3 * Opvaphene
1) fiom grapbfig
+ ZH was in

t
l % Mipugselp :ﬁnted bY A dse Gref

nNobel pize ) 94,0 Jo0Y ¢, rece?veA

W@nee

A

A

K

£ died wHd

™ Having high flexfiiy e
up 0 ey
—£ Fthas mbie. duvoHili @% aﬂffﬁneﬁ,/

o

G Scanned with OKEN Scanner



p_tf_ﬁ_“affo/zg

Used fn opl feat plecivon (i ,35(#5 1em

M 1 usean urtva {firatfon ¥
“1 Used tn phots vorlafe cens o cell§
Ik.x Used ak  fonads

| Tuzed & gupd) capacit ik

L@ g b ~ |
T UBd N puclead veacths |
|- used [n Pf@para~tfan of powe) banks mobile ¢ aispl "7
B mited fn concrete 4o fncseade dtrength of cenpng
- in byf) a*’?nfa (ons truchon.s,.

Corbon Manp ke (enT) - -
ﬂba@m EE@S ave  Bhoct8 0 quaphite akout O-uny
in diareter rolled Up 10 make o tube pof Fovi rim fndféymg@p
+ (NT'§ are also called” buckyt ubes” ‘

@ pending on awerjaement theSe ghe -1yres, |
D) Qfngle wateo NT& -0 - n=m _pom, thofi ) bemep, |
209204, ¢.n == m, Chizo(, ' |

§) Bt waied NTS - onsis 8 murdf layad of gmp/ﬁ‘@
Di&‘%m 9 5.r9pbf’f@ .{a.ge?zs' fa 3.,3p° i

|

G Scanned with OKEN Scanner



R

propgig of CHT |

* NTlc'§ are hf h v fwrmal fondquron f—? |
X CNTIS? ha ve h% h Clectyfcay Condu {-ﬁf f“?/

2 NS have hr‘gh tendle dtyeng th

@ CNTO are h{g)ﬂt} fiexfble with put damasp

2 Haw gaw thesmal expansfon coefife'en ¢
£ CNT. p0S503 Toiclty LT

* eNT§ have unfque o pifeat Obsorption Prop%@;tléﬁiﬁ?ﬂ
dH1B Fsom I bk matehfals |

REEI.FmFon.g

¥ CNT'S ave useo 10 make fpace Cevat 53, $iab-paoo ¢

L CNTS are socently used 16 makfag plectsfirad @zé)e.z £,
wises bz 0p Ju’ﬂh onducuf ; ' | |
papeh batied/es - use a papel -+ Sheot 07 Cellutose
fn-fused Iwmnﬁ ~HOR cT Qct ak Clectsode .

Hydrogen | Sihage 1-CNT can ko gide hyohogen 1o bo .
naedddq fud Sourc - ¢ i

g rﬂ@ “AFUsed g3 dsug de/f’ueﬁ;y Mo teSFals |

#used 03 tumawr tasgeting maiestal fy hurmdr by
Texdle - (NTH tsed 18 coaffag & absfptononthp
duorace of F16e 16 manmm&frz; fabdlc whith f5

anhoctfad elettsonfe onduct C, Flame yeta)d oz

etC - | _

——

G: Scanned with OKEN Scanner



5 jtorenes,

o

'éf)

¥ fullerents, one allotiops of (dkol] .
T Tt (on ke prepured kg vopsraning 109 inthe ALm Déﬁpkeﬁe
4 o atems i funesenss ore wnnecte d b é@fngze
- ond doubiz konds ond {Hims closed mesh newwdy.
- The Jhape of {Ulzsene ma;d be a hatbw sphése,
| ¢ 4 slovened

I_ £ Be At e o bl

s onoll
f gk (shkon oo 14 EP2 bgbgdfsgﬁaftg 2 y
%ﬁgd (coth Codkon otom 73 ffnked with othegh ~ 3

" pplen o40M) |
a » 7 has Pg[%hgdﬁaﬂ Nedwbi i

§ o gthes 60 yathted & 2a fates o
|8 oo {02 90 pen-ta—gorzwf Q0 ale

:* P
h‘ﬁmﬁarzﬁj ﬂ"-"!j};.

(% scanned with OKEN Scanner



Propeities
* It @n ke fﬁmﬁ%&@o’ up 30°,, of b gﬁ Ubltime,
* T ls thewy — Buabie op 19 60% |
RIS Bolubl¥ T Bpzene  Bolutsh
¥ hag good Hensf) Btsength

ﬁpglfmgbnﬂ
Fused ab CIMT?Q wriesfp Batd rfey
<+ Alkall metal fullerences pre Used ‘gg e Gouc/py
* l&ﬁﬁ used s lubrftant Queto  Bphedical Shapo
¥ Us0d 10 (OMtvolgaowth of yn -7 UiSug i
* uved 4o make _hydoogen ¢

+ ysed @_makfn% (Osmete Selared mpenfals
N ¢

b L iR

G Scanned with OKEN Scanner



3. Define super conductor and discuss about their classification and applications?
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4. Define semi conductor and discuss various types and applications of semi
conductor?
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MCQs

1. Substances whose conductivity lies between conductors and insulators are called:

A) Conductors

B) Semiconductors

C) Superconductors

D) Insulators

Answer: B) Semiconductors

2. In an intrinsic semiconductor, conduction is due to:

A) Electrons only

B) Holes only

C) Electrons and holes both

D) Impurities

Answer: C) Electrons and holes both

3. Example of an intrinsic semiconductor:

A) Silicon (Si)

B) Copper (Cu)

C) Germanium (Ge)

D) Both A and C

Answer: D) Both A and C

4. In n-type semiconductors, the majority charge carriers are:

A) Holes

B) Electrons

C) Protons

D) Neutrons

Answer: B) Electrons

5. In p-type semiconductors, the majority carriers are:

A) Holes

B) Electrons

C) lons

D) Protons
Answer: A) Holes
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6. The process of adding impurities to increase conductivity is called:

A) Polarization

B) Doping

C) Deionization

D) Magnetization
Answer: B) Doping

7. A common application of semiconductors is:

A) Transformers

B) Diodes and Transistors

C) Heating elements

D) Capacitors

Answer: B) Diodes and Transistors

8. Band gap of silicon at room temperature is approximately:

A)l.leV
B)2.2eV
C)0.7eV
D)3.2eV
Answer: A) 1.1 eV

420 $uperconductors — Concepts and Applications

9. A superconductor is a material which shows:

A) Infinite resistance

B) Zero resistance

C) High resistance

D) Variable resistance
Answer: B) Zero resistance

(% scanned with OKEN Scanner



10. The temperature below which a material becomes superconducting is called:

A) Transition temperature (Tc)
B) Critical temperature

C) Both A and B

D) Melting temperature
Answer: C) Both A and B

11. The Meissner effect is related to:

A) Thermal expansion

B) Magnetic field expulsion

C) Photoelectric emission

D) Electrolysis

Answer: B) Magnetic field expulsion

U Superconductors expel magnetic flux below Tc.

12. Which of the following is a high-temperature superconductor?

A) Mercury

B) YBa:CusO7 (Yttrium barium copper oxide)
C) Tin

D) Lead

Answer: B) YBa.CusO-

13. One major application of superconductors is in:

A) Transformers

B) Magnetic levitation (Maglev) trains

C) Electric irons

D) LEDs

Answer: B) Magnetic levitation (Maglev) trains

14. The property lost by a superconductor above Tc is:

A) Conductivity

B) Diamagnetism

C) Luster

D) Elasticity

Answer: B) Diamagnetism
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43 @upercapacitors — Concepts, Classification & Uses

15. Supercapacitors are also called:

A) Chemical capacitors

B) Ultracapacitors

C) Quantum capacitors

D) Power capacitors
Answer: B) Ultracapacitors

16. Supercapacitors store energy mainly by:

A) Chemical reaction

B) Electrostatic charge separation

C) Magnetic induction

D) Nuclear reaction

Answer: B) Electrostatic charge separation

17. Supercapacitors are classified mainly as:

A) Electrochemical double-layer capacitors (EDLCs)
B) Pseudocapacitors

C) Hybrid capacitors

D) All of the above

Answer: D) All of the above

18. Which of the following is used as electrode material in supercapacitors?

A) Graphite

B) Activated carbon

C) Silicon

D) Copper

Answer: B) Activated carbon
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19. An important application of supercapacitors is in:

A) Long-term energy storage

B) Fast charge/discharge backup systems
C) Food preservation

D) Light emission

Answer: B) Fast charge/discharge backup systems

4@~Ianomaterials — Concepts, Types, Properties, and Applications

20. Nanomaterials have at least one dimension in the range of:

A) 1-100 pm

B) 1-100 nm

C) 1-10 cm

D) 0.1-1 mm
Answer: B) 1-100 nm

21. Fullerenes are:

A) Allotropes of sulfur

B) Allotropes of carbon

C) Allotropes of silicon

D) None of these

Answer: B) Allotropes of carbon

22. The most famous fullerene molecule is:

A) Ceo

B) C»

C) Cso

D) Ci2o
Answer: A) Ceo

'] Known as Buckminsterfullerene (buckyball).
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23. Carbon nanotubes (CNTs) are formed by:

A) Folding graphite sheets into cylinders

B) Melting diamond

C) Polymerizing carbon monoxide

D) Heating hydrocarbons in air

Answer: A) Folding graphite sheets into cylinders

24. Graphene is a:

A) 0D nanomaterial
B) 1D nanomaterial
C) 2D nanomaterial
D) 3D nanomaterial
Answer: C) 2D nanomaterial

25. The electrical conductivity of graphene is due to:

A) Localized n-electrons

B) Delocalized n-electrons

C) o-bonds

D) Ionic bonds

Answer: B) Delocalized n-electrons

26. Nanoparticles have unique properties mainly due to:

A) High surface-to-volume ratio

B) High temperature

C) Bulk density

D) Crystal defects only

Answer: A) High surface-to-volume ratio

27. An important application of carbon nanotubes is in:

A) Bulletproof vests

B) Nanoelectronics and sensors

C) Cement manufacture

D) Paints

Answer: B) Nanoelectronics and sensors
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28. Fullerenes are used in:

A) Drug delivery and lubricants

B) Nuclear reactors

C) Fertilizers

D) None of these

Answer: A) Drug delivery and lubricants

29. Graphene is used in:

A) Transparent conductive displays

B) Electrical insulators

C) X-ray tubes

D) Glass polishing

Answer: A) Transparent conductive displays

30. Nanomaterials are widely used in:

A) Medicine

B) Electronics

C) Energy storage

D) All of the above

Answer: D) All of the above
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UNIT III
ELECTROCHEMISTRY AND APPLICATIONS

1. Electrochemical Cell

Q1. What is an electrochemical cell?

A: An electrochemical cell converts chemical energy into electrical energy or vice versa
through redox reactions. It consists of two electrodes (anode and cathode) and an

electrolyte.

Q2. Differentiate between galvanic and electrolytic cells.
A:

e Galvanic cell: Spontaneous redox reaction, generates electricity.

o Electrolytic cell: Non-spontaneous reaction, electricity is supplied to drive the
reaction.

2. Nernst Equation

Q3. What is the Nernst equation?
A: It relates the cell potential to the concentration of ions:

E=E0-0.0591/n log Q
Where E = cell potential, Ey= standard potential, n = electrons, Q = reaction quotient.

Q4. Numerical example:
For the cell: Zn|Zn2+||Cu2+|Cu, [Cu2+]=0.01M, E0=1.10 V

E=1.10-0.05911og[Cu2+]/[Zn2+]
~1.10-0.059110g0.1/0.01

=1.10-0.0591(1)=1.041V

3. Potentiometry & Titrations

QS. What is potentiometry?
A: Measurement of the voltage of an electrochemical cell without current to determine
analyte concentration.

Q6. What is a potentiometric titration?
A: A titration in which the potential of the solution is measured as a function of titrant
volume. Example: redox titration of Fe** with Ce*".
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4. Conductivity & Conductometric Titrations

Q7. What is conductivity?
A: The ability of a solution to conduct electric current due to the presence of ions.

Q8. Conductivity cell:
A device with electrodes immersed in solution to measure conductivity.

Q9. Conductometric titration:
Titration based on changes in conductivity.

o Example: Strong acid vs. strong base (HCI vs. NaOH). Conductivity decreases
till equivalence point, then increases.

5. Electrochemical Sensors
Q10. Potentiometric sensor example:

o P" meter using glass electrode, measures potential due to H* concentration.
Q11. Amperometric sensor example:

e Glucose biosensor, current proportional to glucose concentration via enzymatic
reaction.

6. Primary Cells
Q12. Example of primary cell:
e Zinc-air battery
Reaction:
e Anode: Zn—Zn*"+2¢”

e Cathode: O,+2H,0+4e —40H
e Characteristics: Non-rechargeable, high energy density.

7. Secondary Cells

Q13. Example of secondary cell:
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e Lithium-ion battery
Reaction:
e Charging: LiCoO,+ C—Li; xCoO,+LiCq
e Discharging: Reverse reaction.
e Characteristics: Rechargeable, high energy density, long cycle life.

8. Fuel Cells
Q14. Hydrogen-Oxygen Fuel Cell:

e Anode: H,—>2H +2e—

o+ Cathode: O;+4H + 4¢ —2H,0

e Converts chemical energy directly to electrical energy, clean.
Q15. Polymer Electrolyte Membrane Fuel Cell (PEMFC):

e Uses proton-conducting polymer membrane as electrolyte.

e Working: H: at anode — H* moves through membrane, electrons via circuit; O:
at cathode reacts with H" — water.
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EASSAY QUESTIONS

1. Write about Potentiometric titrations and discuss various types
and write about conductometric titrations?

Potentiometric titrations:

The potential of electrode depends upon the concentration of the
ions to which it is reversible in accordance with Nernst equation. Thus in a
titration, the potential of an electrode is measured by the change in ionic
concentration.

The potentiometric titrations are those titrations which involve the
measurement of electrode potentials with the addition of the titrant. The
end point is detected by measuring the changes in the potential of a
suitable electrode during the course of reaction. No indicator is used in
this titrations. The end point of the reaction is indicated by a sharp change
in the potential of the system.

(i) ACID BASE TITRATIONS:
The acid solution whose strength has to be determined is taken
in a beaker and the hydrogen electrode and calomel electrode were
dipped in the solution. The electrodes were connected to the
potentiometer and the E.M.F is measured. A known volume of
standard alkali solution is added from a burette and stirred and the EMF of
the cell is recorded. Like this 10-15 readings are recorded by repeating the
procedure of the addition of standard alkali. On adding alkali solution
(NaOH) from the burette, the H' concentration goes on decreases, i.e.
pH of the solution goes on increases and hence the EMF of the cell
goes on

increases gradually, but at the end point the rate of change of potential will
be suddenly quite large. After the end point, further addition of NaOH
produces very little change in the H' ion concentration and hence there is
very little change in the EMF of the cell.

The complete cell may be represented as
Pt, H, (1atm) / H' (unknown) //KCl (sat. sol") / Hg,Cl,.Hg
The emf of the indicator electrode (hydrogen
glggtrode) is given@s Epomr = E°
+0.0591 log [H']
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A graph is plotted by taking volume of alkali added against EMF
observed. A sigmoid curve is obtained and the steepest portion of the
curve indicates the equivalence point of the titration

pH—>

From the graph, we draw the conclusion that the EMF increases with the
decrease in concentration of hydrogen ions because electrode potential of
indicator electrode depends on the concentration of H' ions.

(ii) OXIDATION- REDUCTION TITRATIONS:

The procedure adopted for oxidation titration is the same as in
acid-base titration; the only difference is that the electrode reversible to
hydrogen ions is replaced by a bright platinum electrode. The EMF of the
electrode is determined by the activity of ratio of the substance being
oxidized or reduced. For E.g.; Fe®' titrated against K,Cr,0O7. The Fe**
solution is taken in the beaker, treated with dil. H,SO,4 and Pt electrode and
calomel electrodes are dipped. The electrodes are connected to the
potentiometer and EMF of the solution after the addition of K,Cr,O7 is
recorded. On addition of K,Cr,O; from the burette, EMF of the cell
increase first slowly, but at the equivalence point there will be sudden
jump in potential, since change in ratio of Fe*'/Fe’" ion concentration. A
graph is plotted with EMF and volume of K,Cr,O;. A sigmoid curve is
obtained and the steepest portion of the curve indicates the end point of the
titration.

(iii) PRECIPITATION REACTION:

In precipitation reaction also an electrode reversible to one of the
ions involved is made use of, for e.g: titration of AgNO; with NaCl, where
AgCl precipitates out, Ag- electrode is used along with calomel electrode.
The silver nitrate is placed in the micro burette and added to sodium
chloride taken in the beaker, containing electrodes. The EMF of the cell is
measured and plotted against volume of silver nitrate added. The steep rise
in the curve shows the end point of the titration.

1. Real life applications
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Potentiometry represents a
powerful technique with a
myriad of different
applications in  biology,
physics as well as chemistry.
It was also used for the
respiratory gas analysis in
the hospitals consisting of
respired gas samples from
the patients undergoing
anesthesia. It can also be
used for the genomic studies

with potential applications

for clinical medicine. Due to
its speed and sensitivity,
potentiometry has played a
pivotal role in space related

applications, drug discovery,

geologic research for
petroleum composition
measurements,

carbon dating and some other research endeavors. Three most interesting uses

of potentiometry in real life are as follows:

e Food industry: Titration is a method or the process of determining
the concentration of a dissolved substance in terms of the
smallest amount of a reagent of known concentration required to
bring about a given effect in reaction with a known volume of the
test solution.

e Paper manufacturing: Atmospheric emissions from the pulp and
paper manufacturing industry can be determined by the
potentiometric measurements.

e Pharmaceutical industry: To determine the pH of given chemical
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agents and also in the detection of end point in potentiometry

titration of certain drugs like amoxicillin, propranolol.
Example: Determination of pH of blood for diagnosis of acidosis or alkalosis

Example: Determination of NOs, NO2 in meat preservatives.

Example: To determine the NaCl content in meat, fish, dairy products
and fruit juice Example: To determine the Ca content in dairy products,
beer, wines and brewing solutions Example: To determine the K

content in fruit juices, beer and wines.

CONDUTOMETRIC TITRATIONS: Titrations involving conductivity
measurements of electrolytes to get endpoint are called conductometric
titrations. The end point is generally found out by plotting the conductance
values on y-axis against the volume of electrolyte on x-axis. The
electrical conductance of an aqueous solution depends up on:

1. The number of free ions in the solution containing an electrolyte.

2. The charge on the free ions.

3. The mobility of the ions.

1. Strong acid Vs Strong base titrations:

In an acid-base titration, acid is taken in the conical flask and base
is added through the burette. Consider the titration of strong acid (HCI)
with strong base (NaOH). Before the addition of NaOH, the conductivity
is mainly due to the H' ions; hence the conductivity is high. On the
gradual addition of NaOH from the burette, the fast moving H' ions of
acid are replaced by OH™ ions. The conductivity of the solution decreases
progressively by the addition of NaOH till the equivalence point is
reached. The conductance again increases after the equivalence point.

HCl + NaOH — NaCl + H,O

Y
T rd
.
\\ //
e ™, s
= o 8 “ Fd
[}
= o /s
£ 5
=
g End point
X
Volume of NaOH ———
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2. Weak acid Vs Strong base titration:

When weak acid is titrated with strong base, the conductance of the
solution is low in the beginning, since the dissociation of weak acid is very
low. On addition of base, highly dissociated sodium acetate is formed.
Due to the common ion effect, the acetate ion tends to suppress the
ionization of acetic acid. Later the conductivity begins to increase due to
the conductivity power of the highly ionized salt exceeds that of weak
acid. After end point, the addition of NaOH contributes sharp increase in
the conductivity of the solution. The point of intersection of the two cures
gives the end point of the titration.

CH3;COOH + NaOH — CH3;COONa + H,O

Strong
base

Equivalence

:/‘ point

VYolume of base added{mi)}

Conductance(ms)

3. Strong acid Vs weak base titrations: When strong acid is
titrated against a weak base, the conductance of the solution first
decrease due to the replacement of fast moving H* ions with slow moving
NH." ions. After the end point, the addition of excess of NH,OH will not
result in any appreciable change in the conductivity.

HCI + NH4OH — NH4Cl1 + H,O

[,

End paint

e

Conductance

—_—
Volume of NMH,OH
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4. Weak acid Vs weak base Titration:

Consider the titration of acetic acid against ammonium hydroxide.
The titration of weak acid with weak base does not give sharp end point by
volumetric titrations. The initial conductance of the solution is low due to
the poor dissociation of weak acid, but starts raising as CH;COONHy is
formed. After the equivalent point, the conductivity remains almost
constant because the free base NH4OH is weak electrolyte. The end point
is quite sharp by conductometric titrations

CH;COOH + NH4OH — CH3;COONH4 + H,0O

Conductance

/ Endpomt
'

e
WVolume of WH OH

5. Precipitation titrations:

In precipitation titrations, sharp endpoint is obtained, e.g. The
titration of KCl against AgNOs. There is no sharp increase in conductance
after the addition of AgNO3, because the mobility of K™ and Ag © is one
and the same. After the end point, there is a sharp increase in conductance
due to an increase in the number of free ions in the solution.

KCl+ AgNO3;— KNO; + AgCl (ppt)

Y

onductanes

Vohune of AgNO; =——>

Advantages of conductometric titrations:

1. The results obtained by conductometric titrations are more accurate
because the end point is obtained graphically.

2. The titrations of a weak acid with a weak base do not give a sharp end
point with indicator in volumetric titrations. Accurate results are
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obtained in conductometric titrations.

3. Colored solutions where no indicator is found to work satisfactorily
can be successfully titrated.

4. Conductometric titrations can be used even in case of polybasic acids.

Precautions:

1. The temperature must be kept constant throughout the experiment.

2. In acid—base titration, the titrant should be about 10 times stronger
than the solution to be titrated so that the volume change is as little as
possible.

2. Define primary and secondary cells? Write about construction and working of
lithium-ion battery with neat diagram?

Primary cells are the ones which cannot be recharged and have to be discarded after the
expiration of the lifetime.

Secondary cells need to be recharged when the charge gets over.

Both the types of battery are used extensively in various appliances and these cells differ
in size and material used in them.

Difference between Primary Cell and Secondary Cell

Primary Cell Secondary Cell

Have high energy density and slow in

T s i S They have smaller energy density

These are made up of wet cells (flooded and liquid cells) and

UL G D IR [ 1 Gl (Enes) molten salt (liquid cells with different composition)

it is also called as dry cells

‘ It has high internal resistance ‘ It has a low internal resistance ‘
It has an irreversible chemical It has a reversible chemical reaction
reaction

19 clesbn BemnElErEe s ‘ Its design is more complex and heavier ‘

Its initial cost is cheap ‘

Its initial cost is high ‘

A lithium-ion (Li-ion) battery is a type of rechargeable battery that uses lithium ions as
the main component of its electrochemical cells. It is characterised by high energy
density, fast charge, long cycle life, and wide temperature range operation. Lithium-ion
batteries have been credited for revolutionising communications and transportation,
enabling the rise of super-slim smartphones and electric cars with a practical range such
as portable electronics and electrified transportation.
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M. Stanley Whittingham, John B. Goodenough, and Akira Yoshino received the Nobel
Prize in Chemistry for their contributions to the development of the modern Li-ion
battery in 2019.

Lithium-ion Battery Structure

A lithium-ion battery consists of an anode (negative electrode), cathode (positive
electrode), separator, electrolyte, and two current collectors (positive and negative).

PARTS OF A LITHIUM-ION BATTERY

ELECTROLYTE

POROUS
SEPARATOR

ELECTROLYTE

ANODE (-)

.
LITHIUM-CARBON
(GRAPHITE)

LITHIUM
ION

CATHODE (+)
METAL
OXIDE

Cathode: The cathode of a lithium-ion battery is typically made of a lithium metal oxide,
such as lithium cobalt oxide (LiC002), lithium manganese oxide (LiMn204), or
lithium iron phosphate (LiFePO4).

The choice of cathode material influences the performance characteristics of the battery.

e Anode: The anode is usually composed of graphite. During discharge, lithium
ions move from the anode to the cathode through the electrolyte, and
during charging, they move back to the anode.

e Electrolyte: The electrolyte is a conductive medium that allows the flow of
lithium ions between the cathode and anode.

o Itis typically a lithium salt dissolved in a solvent.

e Separator: The separator is a permeable membrane that keeps the cathode and
anode apart to prevent a short circuit while allowing the passage of lithium ions.

e Rechargeability: One of the key advantages of lithium-ion batteries is their
rechargeability.
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o They can be recharged hundreds to thousands of times, depending on the
specific chemistry and use conditions such
as overcharging or undercharging.

Working of Lithium-ion Battery
Working principle of Lithium-ion Battery based on electrochemical reaction. Inside a

lithium-ion battery, oxidation-reduction (Redox) reactions take place which sustain the
charging and discharging cycle.

DISCHARGING CYCLE
+—(€) <+« &) + e-\‘

()

CATHODE(+) ¢

Lithium ions can move through (intercalate)
the cathode and anode

e Discharging:

o During this cycle, lithium ions form from the ionization of lithium atoms

in the anode.
= Oxidation reaction takes place: LiC6 — C6 + Li+ + e-

o The lithium ions move from the anode and pass through the electrolyte
until they reach the cathode, where they recombine with their electrons
and electrically neutralise.

o The lithium ions are small enough to be able to move through a micro-
permeable separator between the anode and cathode.

o Li-ion batteries are capable of having a very high voltage and charge
storage per unit mass and unit volume owing to the small size of lithium.

CHARGING CYCLE
POWER SOURCE
+ -
e | e} <y
- '
o @ o G) 'e:%
i ke, e
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e Charging cycle:

o During the charging cycle, the process is exactly the opposite of the
discharging cycle. The lithium ions return to the anode from the cathode
and electrons are transferred from the anode to the cathode.

o Lithium ions flow from the cathode to the anode, and electrons flow from
the anode to the cathode, as the battery is charging.

o There is asteady flow of electrons as long as lithium ions are making
their way from one electrode to the next.

o Reduction takes place at the cathode -Co0O2 + Li+ + e- — LiCoO2 (
Cobalt oxide combines with lithium ions to form lithium-cobalt oxide
(LiCoQ2).

Lithium-ion Battery Significance

The excellent electrochemical properties of lithium such as highly reactive properties
give Lithium the potential for high-density batteries, enhanced standby power,
complacent design, etc.

o High charge density: Since lithium is the most electropositive element, it has a
high charge density, and can give a lot of energy without being very heavy. This
means they can store a significant amount of energy for their size and weight.

o Electropositivity is a measure of how easily an element can produce
positive ions or how easily an element can produce energy.

o Compact design: They can store a large amount of energy in a relatively small
and lightweight package.

e Low self-discharge rate: They also exhibit a relatively low self-discharge rate
when compared to other rechargeable batteries, allowing them to hold their charge
for extended periods.

e High-scale current: Lithium-ion batteries can deliver large amounts of current
for high-power applications.

o For example- Lithium-ion battery cells can deliver up to 3.6 Volts, 3
times greater than any present technology.

e No memory effect: Lithium-ion batteries have no memory effect, a detrimental
process where repeated partial discharge/charge cycles can cause a battery
to ‘remember’ a lower capacity.

o Free-form toxic materials: These batteries do not contain toxic cadmium, which
makes them easier to dispose of than Ni-Cd batteries.

o Fossil Fuel-free society: Modern society is completely dependent on fossil fuels,
and lithium-ion batteries have great potential to replace the internal combustion
engine and store solar energy, and wind energy, which will reduce dependency
on fossil fuels by providing sustainable renewable energy.

Lithium-ion Battery Application
The versatility and performance characteristics of lithium-ion batteries make them a

preferred choice in a wide range of applications, such as aerospace, electric vehicles,
electronics industries, etc.
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o Portable electronic devices: Lithium-ion batteries are predominantly used in
various portable electronic devices such as smartphones and laptops etc.

o High-end application: It can also be employed to power electrical systems for
aerospace applications and submarines.

o For Example, Aircraft-Boeing 787, where weight is a significant cost
factor.

e Hybrid electric vehicles: Lithium-ion technology so far has the best option for
potential applications in battery-powered vehicles with a practical range thereby
reducing dependency on fossil fuels.

o Example- Tesla’s Model S cars are using a P85 battery consisting of 18,650 Li-
ion cells, with an energy output of 80-90 kWh.

o Defence: Various submarines are using lithium-ion batteries as a source of power
back in emergency and enhanced stealth operation.

e Medical devices: They are used in cardiac pacemakers and other implantable
devices.

Lithium-ion Battery Disadvantages

Despite several promising applications of lithium-ion batteries, they have certain
limitations:

o Highly Inflammable: The batteries tend to overheat and can face insulation
failure at high voltages.

o In some cases, this can lead to thermal runaway and combustion.

e Performance constraints: Lithium-ion batteries face the situation of increased
weight and limited performance in some cases due to the requirement of safety
mechanisms to limit voltage and internal pressures.

o Low self-life: Lithium-ion batteries are also subject to ageing, meaning that they
can lose capacity and frequently fail after some years.

e Heavily dependent on imports: Another factor limiting their widespread
adoption is their uneven geographical distribution of lithium leading to higher
cost, which is around 40% higher than Ni-Cd.

3. Define Fuel cells? Write about construction and working of H,-O; fuel cell
and polymeric electrolyte membrane fuel cell with neat diagram?

FUEL CELLS

Definition: A fuel cell is an electrochemical which converts chemical
energy contained in readily available fuel oxidant system into electrical
energy.

Principle: The basic principle of fuel cell is as same as that of an
electrochemical cell. The fuel cell operates like a galvanic cell. The only
difference is that the fuel and the oxidant are stored outside the cell. Fuel
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and oxidant are supplied continuously and separately to the electrodes at
which they undergo redox reaction. Fuel cells are capable of supplying
current as long as reactants are replenished.

Fuel + Oxidant — Oxidation products + Electric Energy

Examples: 1. H,-0, fuel cell
2. CH;0OH-0O, fuel cell

Hydrogen oxygen fuel cell:

This cell is a common type of fuel cell. Similar to a galvanic cell,
fuel cell also have two half cells. Both half cells have porous graphite
electrode with a catalyst (platinum, silver or a metal oxide). The
electrodes are placed in the aqueous solution of NaOH or KOH which acts
as an electrolyte. Hydrogen and oxygen are supplied at anode and cathode
respectively at about 50 atmospheric pressure, the gases diffuse at
respective electrodes. The two half-cell reactions are as follows;

Electric circuit

* Electron
Proton

® CxEygen atom

Hydrogen inleg—™

> A— Cryeen 1nlet

P
P
ke

Fti B S0 R

—

At anode: 2H, (g) + 40H  (aq)
— 4H,0 (l) + 4e” At cathode: O,
(g) + 2H,0 (I) + 4e — 40H
(ag) The net reaction: 2H, (g) +
02(g) — 2H0 (1)

The EMF of this cell is measured to be 1.23V. A number of such fuel cell
are stacked together in series to make a battery.
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Advantages:
1. The energy conversion is very high (75-82%).
. Fuel cell minimizes expensive transmission lines and transmission losses.
. It has high reliability in electricity generation.
. The byproducts are environmentally acceptable.
. Maintenance cost is low for these fuels.
. They save fossil fuels.
. Noise and thermal pollution are very low.
. They have low maintenance cost.

O 00 3 O L B W N

. They have quick start system.

Disadvantages:
1. The major disadvantage of the fuel cell is the high cost and the
problems of durability and storage of large amount of hydrogen.
2. The accurate life time is also not known.

APPLICATIONS:

1. The most important application of a fuel cell is its use in space
vehicles, submarine or military vehicles.

2. The product H,O0 is valuable source of fresh water by the astronauts.

3. It is hoped that fuel cell technology will bring a revolution in
the area of energy production.

4. Fuel cell batteries for automotive will be a great boom for the future.

Limitations:
1. The life time of fuel cells is not accurately known
2. It cannot store electricity
3. Electrodes are expensive ad short lived.
4. Storage and handling of H, gas is dangerous because it is inflammable.

4. Derive Nernest equation and numerical problems?

Derivation of Nernst equation: Nemnst found that the single
electrode potential varies with the change in concentration of ions and
temperature and hence the EMF of the cell also varies. He derived a
mathematical relationship between the standard electrode potential,
temperature and the concentration of ions. This relationship is known as
the Nernst equation.

Consider the redox reaction: M"™ +ne” 2 M
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In the above reversible reaction the free energy change (G) and its
equilibrium constant (K) are related by the following equation which is
popularly known as Van’t Hoff reaction isotherm.

product
AG=RTIn K+ RTIn
reactant
0 roduct
AG=AG +R
reactant

When A G is the standard free energy change
The free energy change is equivalent to the electrical
energy —nFE Where n = valency

F = Faraday
(96500
coloumbs)
E=
Electrode
potential
R=8314 JoulesK™
mole'(Gas constant) T
= Temperature (K)

-nFE = - nFE + RTIn((M])/(IM™])  (Concentration of M is unity)

-nFE = - nFE’ — RTIn [M™]

=-nFE’ — RT2.303 log;o [M"]

Dividing the equation by — nF

2.303RT
E=E"+ oy logio [M™]

0.0591
{E=E°+ ~ logio [M™] J
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APPLICATIONS OF NERNST EQUATION:

4. It can be used to study the effect of electrolyte concentration on
electrode potential. E = E° — RT/nF In[1/M"]

5.1t can also be used for the calculation of the potential of a cell
under non-standard conditions.

MCQs

1. In a galvanic cell, which of the following statements is correct?
A) Oxidation occurs at the cathode

B) Reduction occurs at the anode

C) Electrons flow from cathode to anode

D) Oxidation occurs at the anode

MAnswer: D
Explanation: In a galvanic cell, oxidation takes place at the anode and reduction at the
cathode.

2. The standard electrode potential of Zn**/Zn and Cu?**/Cu are —0.76 V and +0.34 V
respectively. The EMF of the cell Zn | Zn?** || Cu** | Cu is:

A)0.10 V

B)0.42V

0110V

D) 1.50 V

EAnswer: C
Explanation: Ecell=E .,mode—Eanode=0.34—(—0.76)=1.10V

] NERNST EQUATION & CELL POTENTIAL

3. The Nernst equation for a half-cell reaction is given by:
A) E=E°+RTnF InQ

B) E=E°—RT/nF InQ

C) E=E°+nF InQ

D) E=E°—RT/Nf Q

EAnswer: B

4. For the cell reaction:
Zn + Cu*" — Zn* + Cu,
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if [Zn**] = 0.1 M and [Cu?"] = 1 M, the EMF at 25°C is approximately:
A)1.10V
B)1.12V
C)1.08V
D) 1.00 V

EAnswer: C
Explanation:
Ecellecathode_Eanode

e Ecwvo=10.34V
e Eznyza=—0.76 V
e Ecell =0.34—(—0.76)=1.10 V

E=1.10-20.0591 log(0.1)
log(0.1)=—1
E=1.10—20.0591%(—1)
E=1.10+0.02955

E=1.1295 V=1.13 V

L POTENTIOMETRY

5. Potentiometry is based on the measurement of:
A) Current at constant potential

B) Potential at zero current

C) Resistance at constant current

D) Conductance at constant potential

MAnswer: B

Explanation: Potentiometric measurements involve determining potential differences
under zero current flow conditions.

6. Which electrode is commonly used as a reference electrode in potentiometry?
A) Glass electrode

B) Calomel electrode

C) Silver electrode

D) Platinum electrode

EAnswer: B

Explanation: The saturated calomel electrode (SCE) is a common reference electrode.
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7. In potentiometric redox titration, the potential change is due to:
A) pH variation

B) Change in ion concentration

C) Electron transfer between oxidant and reductant

D) Change in temperature

EAnswer: C

1 CONDUCTIVITY & CONDUCTOMETRIC TITRATIONS

8. The unit of specific conductivity (k) is:
A)Qcm

B)Q'cm™

C)Sm

D) mho cm

MAnswer: B

Explanation: Conductivity (k) has the unit Siemens per centimetre (S cm™ or Q! cm™).

9. Molar conductivity (Am) increases with dilution because:
A) Ion concentration increases

B) Ion mobility increases

C) lon-pair formation increases

D) Temperature decreases

MAnswer: B

Explanation: On dilution, interionic attraction decreases — ion mobility increases —
Am increases.

10. In conductometric acid—base titration, the end point is determined by:
A) Sharp potential change

B) Minimum conductance

C) Maximum conductance

D) Constant temperature

EAnswer: B

Explanation: Conductance decreases, then increases — the minimum point corresponds
to the equivalence point.
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111 ELECTROCHEMICAL SENSORS

11. A glass electrode is an example of a:
A) Amperometric sensor

B) Conductometric sensor

C) Potentiometric sensor

D) Optical sensor

EAnswer: C
Explanation: Glass electrode measures pH via potential difference — a potentiometric
Sensor.

12. The Clark oxygen electrode is an example of:
A) Potentiometric sensor

B) Amperometric sensor

C) Conductometric sensor

D) Optical biosensor

EAnswer: B

Explanation: Clark electrode measures current produced by oxygen reduction at a
cathode (amperometric principle).

13. Amperometric sensors operate at:
A) Constant voltage, measuring current
B) Constant current, measuring voltage
C) Variable resistance

D) Constant power

MAnswer: A
Explanation: They maintain a fixed potential and measure the resulting current due to
redox reactions.

14. Which of the following is used in glucose biosensors?
A) Glass electrode

B) Clark oxygen electrode

C) pH electrode

D) Silver-silver chloride electrode

EAnswer: B

Explanation: Glucose oxidase enzyme reacts with glucose producing oxygen changes
detected by Clark electrode.
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15. Conductivity cell constant depends on:
A) Concentration of electrolyte

B) Geometry of electrodes

C) Nature of solvent

D) Applied voltage

MAnswer: B

Explanation: Cell constant = distance between electrodes / area of electrodes.

Electrochemical Cells MCQs

1. Primary Cells - Zinc-Air Battery

1. Zinc—air battery is a type of:
A) Primary cell

B) Secondary cell

C) Fuel cell

D) Electrolytic cell
EAnswer: A) Primary cell

2. In a zinc—air cell, the anode is made of:
A) Carbon

B) Zinc

C) Nickel

D) Platinum

EAnswer: B) Zinc

3. The cathode reaction in a zinc—air cell involves:
A) Reduction of Zn** ions

B) Oxidation of O: gas

C) Reduction of O2 gas

D) Oxidation of H.0

EAnswer: C) Reduction of O gas

4. The overall reaction in a zinc—air battery is:
A) Zn + 502 — ZnO

B) Zn + O: — Zn0O:

C)Zn+ 02— ZnO

D) Zn — Zn*" + 2¢-

EAnswer: C) Zn + O, — ZnO

5. Zinc—air batteries are non-rechargeable because:

A) Zinc electrode gets corroded
B) Electrolyte dries up
C) Reaction is irreversible
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D) All of the above
EAnswer: D) All of the above

2. Secondary Cells - Lithium-Ion Batteries

6. Lithium-ion batteries are:
A) Primary cells

B) Secondary cells

C) Fuel cells

D) Voltaic cells

EAnswer: B) Secondary cells

7. The anode in a Li-ion cell is usually made of:
A) Lithium metal

B) Graphite

C) Nickel

D) Zinc

EAnswer: B) Graphite

8. The cathode in a Li-ion battery is commonly made of:

A) Lithium cobalt oxide (LiCoO-)

B) Zinc oxide

C) Manganese dioxide

D) Nickel-cadmium

EAnswer: A) Lithium cobalt oxide (LiC00O2)

9. The overall cell reaction during discharge of Li-ion battery:

A) Li* moves from cathode — anode

B) Li* moves from anode — cathode

C) Electrons move through electrolyte

D) Lithium ions are not involved

EAnswer: B) Li* moves from anode — cathode

10. The electrolyte in lithium-ion cells is usually:

A) KOH solution

B) H2S0O4

C) LiPFs in organic solvent

D) NaCl aqueous solution

EAnswer: C) LiPFs in organic solvent

3. Fuel Cells - Hydrogen-Oxygen Fuel Cell

11. Hydrogen—oxygen fuel cell is an example of:
A) Primary cell
B) Secondary cell
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C) Fuel cell
D) Dry cell
EAnswer: C) Fuel cell

12. In a hydrogen—oxygen fuel cell, electrolyte used is:
A) Concentrated H2SOa

B) KOH solution

C) NaCl solution

D) HCI solution

EAnswer: B) KOH solution

13. The anode reaction in hydrogen—oxygen fuel cell:
A) O2+4H" + 4e- — 2H20

B) 2H. — 4H" + 4e”

C)H2+ Oz2 —» H20

D) O — 20*

MAnswer: B) 2H. — 4H* + 4e-

14. The cathode reaction in hydrogen—oxygen fuel cell:
A) 4H" + O2 + 4e- — 2H20

B) 2H. — 4H" + 4e”

C) Oz + 2H20 — 40H

D) O — 20*

BMAnswer: A) 4H' + 02 + 4¢- — 2H.0

15. The overall cell reaction is:
A) Hz + 202 — H20

B) H: + O — 2H-0

C) 2H: + O2 — 2H.0

D) H.O — H: + 202

EAnswer: C) 2H: + 0. — 2H:0

4. Polymer Electrolyte Membrane Fuel Cell (PEMFC)

16. The electrolyte in a PEM fuel cell is:

A) Aqueous KOH

B) Phosphoric acid

C) Solid polymer membrane (Nafion)

D) Molten carbonate

EAnswer: C) Solid polymer membrane (Nafion)

17. The working temperature of PEM fuel cell is typically:
A) 1000°C
B) 600°C
C) 80°C
D) 25°C
EAnswer: C) 80°C
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18. The anode reaction in a PEMFC is:
A)H, — 2H" + 2¢”

B) O: + 4H' + 4¢- — 2H-.0

C) 2H: + O, — 2H-0

D) H20 — Hz + 402

EAnswer: A) H. —» 2H" + 2¢-

19. The cathode reaction in a PEMFC is:
A) O:+4H" + 4¢- — 2H20

B) 2H. — 4H" + 4e

C) Hz + %202 — H20

D) H.O — Hz + 20-

BEAnswer: A) O: + 4H" + 4¢- — 2H.0

20. The main advantage of PEM fuel cells is:
A) High operating temperature

B) Fast start-up, compact design

C) Use of molten electrolytes

D) Low efficiency

EdAnswer: B) Fast start-up, compact design

5. Conceptual & Application-Based

21. Which cell is rechargeable?
A) Zinc—air cell

B) Lithium-ion cell

C) Dry cell

D) Fuel cell

EAnswer: B) Lithium-ion cell

22. Which of the following directly converts chemical energy to electrical energy

continuously as fuel is supplied?
A) Primary cell

B) Secondary cell

C) Fuel cell

D) Electrolytic cell

EAnswer: C) Fuel cell

23. In fuel cells, electrodes are:
A) Consumed in reaction

B) Permanent catalysts

C) Made of zinc only

D) Replaced after each use
EAnswer: B) Permanent catalysts

24. The byproduct of hydrogen—oxygen fuel cell is:

A) CO:
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B) SO:
C) H:0
D) HaS
EAnswer: C) H-0

25. The efficiency of a hydrogen—oxygen fuel cell is approximately:
A) 10-20%

B) 25-35%

C) 50-60%

D) 90-100%

MAnswer: C) 50-60%
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UNIT IV
POLYMER CHEMISTRY
1. Introduction to Polymers

Q: What is a polymer?
A: A polymer is a large molecule composed of repeating structural units called
monomers, linked by covalent bonds.

Q: Give examples of natural and synthetic polymers.
A:

e Natural: Cellulose, rubber, proteins
o Synthetic: Polyethylene (PE), Nylon-6,6, Polystyrene (PS)

2. Functionality of Monomers

Q: What is the functionality of a monomer?
A: Functionality is the number of reactive sites on a monomer molecule that can form
bonds during polymerization.

Q: Give an example.
A: Ethylene (C2Ha4) has a functionality of 2 (one double bond), allowing it to form
polyethylene.

3. Polymerization Methods

A. Chain Growth Polymerization

Q: What is chain growth polymerization?

A: Polymerization where monomers add to an active site on a growing chain, e.g., free
radical polymerization.

Q: Example and mechanism.
A: Polyethylene (PE)

o Initiation: Formation of radical by decomposing initiator (e.g., benzoyl peroxide)
o Propagation: Radical reacts with monomer — chain grows
e Termination: Two radicals combine — polymer chain ends

B. Step Growth Polymerization
Q: What is step growth polymerization?
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A: Polymerization where monomers with two or more reactive groups react stepwise to
form dimers, trimers, and eventually high molecular weight polymer.

Q: Example and mechanism.
A: Nylon-6,6

e Monomers: Hexamethylenediamine + Adipic acid
e Mechanism: Condensation reaction with release of water — amide bond
formation

C. Coordination Polymerization

Q: What is coordination polymerization?

A: Polymerization using metal catalysts (e.g., Ziegler—Natta catalyst) to control polymer
structure and stereochemistry.

Q: Example.
A: Polypropylene — isotactic polypropylene produced via Ziegler-Natta catalysis.

4. Plastics

Q: Differentiate thermoplastics and thermosetting plastics.
A:

o Thermoplastics: Soften on heating, can be reshaped (e.g., PVC, Teflon)
e Thermosetting: Harden permanently on heating, cannot be reshaped (e.g.,
Bakelite, epoxy)

Q: Examples, preparation, and uses:**

e PVC (Polyvinyl Chloride): Chain growth polymerization; pipes, flooring

e Teflon (PTFE): Free radical polymerization of tetrafluoroethylene; non-stick
coatings

o Bakelite: Phenol + formaldehyde; thermosetting; electrical insulators

e Nylon-6,6: Step growth condensation; fibers, textiles

e Carbon fibers: Pyrolysis of polyacrylonitrile; high strength, aerospace

5. Elastomers

Q: What are elastomers?**
A: Polymers that can stretch and recover their original shape.

Q: Examples:**
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e Buna-S: Copolymer of butadiene and styrene; tires, shoes
e Buna-N: Copolymer of butadiene and acrylonitrile; oil-resistant gaskets

6. Conducting Polymers

Q: What are conducting polymers?**
A: Polymers that conduct electricity due to conjugated double bonds.

Q: Examples and conduction mechanism:**
o Polyacetylene: Doping with halogens increases conductivity

e Polyaniline: Protonation/doping enhances conductivity
Applications: Flexible electronics, sensors, batteries

7. Biodegradable Polymers

Q: Examples of biodegradable polymers:**
A:

e Poly Glycolic Acid (PGA): Sutures, tissue engineering
e Poly Lactic Acid (PLA): Packaging, biomedical devices

Q: Why are they biodegradable?
A: They can hydrolyze or be metabolized into non-toxic products in the environment.
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EASSAY QUESTIONS

1. Write the addition polymerization and condensation polymerization? Write

specific examples with mechanisms?
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3. Write the Preparations of following Polymers

a) BUNA-S b) BUNA-N c) Bakelite d) Nylon 6,6 ¢) Teflon
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Polytetrafluoroethylene (Teflon)

Teflon is manufactured by free-radical polymerization of tetrafluoroethylene. The
catalyst used is per sulphate at high pressure. The reaction is given as:

n F,C=CF; — —(F,C-CF,),—~

Teflon is hydrophobic and is inert in nature. It is used in making a non-stick coating for
cookware and also as a lubricant in machinery to reduce friction.

4. What are Conducting Polymers and discuss various examples and
mechanism of conduction?
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MCQs
1. Which of the following statements about polymers is TRUE?

A) Polymers are always natural.

B) Polymers are made up of repeating structural units called monomers.
C) All polymers are biodegradable.

D) Polymers cannot be synthesized artificially.

EAnswer: B

Explanation: Polymers are large molecules formed by repeating monomer units through
polymerization.

1 2. The functionality of a monomer refers to:

A) Its ability to conduct electricity

B) The number of reactive sites present in the monomer
C) Its molecular weight

D) Its chemical stability

EAnswer: B

Explanation: Functionality = number of bonding sites that can form covalent links
during polymerization.
Example: Ethylene (CH>=CH2>) has functionality 2.

] 3. Which of the following polymerization reactions involves free radicals, cations,
or anions?

A) Step-growth polymerization

B) Chain-growth polymerization
C) Condensation polymerization
D) Coordination polymerization

EAnswer: B

Explanation: Chain-growth polymerization proceeds via active centers like free radicals,
cations, or anions.

'] 4. Nylon-6,6 is prepared by condensation of:

A) Adipic acid and hexamethylene diamine
B) Caprolactam
C) Maleic acid and ethylene glycol
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D) Phthalic acid and glycerol

EAnswer: A
Explanation: Nylon-6,6 = condensation polymer of adipic acid + hexamethylene
diamine — amide linkages.

"1 5. Which of the following is an example of coordination polymerization?

A) Polymerization of ethylene using Ziegler—Natta catalyst
B) Condensation of glycerol with phthalic acid

C) Polymerization of formaldehyde

D) Vulcanization of rubber

EAnswer: A
Explanation: Coordination polymerization uses transition metal catalysts (e.g., TiCls +
Al(C2Hs)s).

'] 6. PVC (Polyvinyl Chloride) is formed by the polymerization of:

A) Vinyl chloride

B) Ethylene

C) Tetrafluoroethylene
D) Styrene

EAnswer: A
Explanation: PVC is obtained by addition polymerization of vinyl chloride
(CH>=CHC(I).

'] 7. Teflon is known chemically as:

A) Polyethylene

B) Polytetrafluoroethylene (PTFE)
C) Polypropylene

D) Polyacrylonitrile

EAnswer: B
Explanation: Teflon = PTFE, obtained by polymerizing tetrafluoroethylene.

'] 8. Bakelite is a thermosetting plastic formed by condensation of:
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A) Phenol and formaldehyde
B) Ethylene and benzene

C) Styrene and butadiene

D) Adipic acid and glycerol

EAnswer: A
Explanation: Bakelite = phenol + formaldehyde — cross-linked phenol-formaldehyde
resin.

'19. Which of the following is a thermoplastic polymer?

A) Bakelite

B) Melamine

C) Teflon

D) Urea—formaldehyde resin

EAnswer: C

Explanation: Teflon (PTFE) softens on heating — thermoplastic.
Bakelite & urea-formaldehyde — thermosetting.

'] 10. Buna-S rubber is obtained by copolymerization of:

A) Styrene and butadiene

B) Styrene and acrylonitrile
C) Butadiene and acrylonitrile
D) Isoprene and butadiene

EAnswer: A
Explanation: Buna-S = butadiene + styrene — synthetic rubber.

(] 11. Buna-N is prepared by copolymerization of:

A) Butadiene and acrylonitrile
B) Styrene and butadiene

C) Ethylene and propylene

D) Isoprene and butadiene

EAnswer: A
Explanation: Buna-N = butadiene + acrylonitrile — oil-resistant rubber.
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'] 12. Conducting polymer among the following is:

A) Polyethylene
B) Polyaniline
C) PVC

D) Nylon-6,6

EAnswer: B

Explanation: Polyaniline and polyacetylene conduct electricity due to delocalized n-
electrons.

'] 13. Mechanism of conduction in polyacetylene involves:

A) Ionic conduction

B) Electron delocalization through conjugated double bonds
C) Proton conduction

D) Hole conduction only

EAnswer: B

Explanation: Polyacetylene conducts through delocalized n-electrons along conjugated
C=C bonds.

'] 14. Which of the following polymers is biodegradable?

A)PVC

B) Polythene

C) Poly(lactic acid) (PLA)
D) Nylon-6,6

EAnswer: C
Explanation: PLA and PGA are biodegradable polyesters used in medical sutures.

"1 15. Poly Glycolic Acid (PGA) is used mainly for:

A) Electrical insulation

B) Biodegradable surgical sutures
C) Textile fibers

D) Rubber materials

EAnswer: B

Explanation: PGA is a biodegradable polymer used for absorbable sutures and implants.
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"1 16. Thermoplastics differ from thermosetting plastics in that:

A) They soften on heating and harden on cooling
B) They are cross-linked

C) They cannot be reshaped after molding

D) They have high rigidity permanently

EAnswer: A
Explanation: Thermoplastics can be remolded; thermosets cannot due to cross-linking.

[117. Carbon fibers are made from:

A) Polyacrylonitrile (PAN)
B) Polystyrene

C) Polyethylene

D) Nylon

EAnswer: A
Explanation: PAN is pyrolyzed to form carbon fibers—Ilightweight, strong materials.

1 18. Step-growth polymerization is also called:

A) Addition polymerization

B) Condensation polymerization
C) Radical polymerization

D) Ionic polymerization

EAnswer: B

Explanation: Step-growth involves condensation with elimination of small molecules
(e.g., H20, HCI).

[119. In chain-growth polymerization, molecular weight increases:

A) Gradually throughout

B) Only at the end

C) Rapidly at the beginning and then levels off
D) After all monomers react

EAnswer: C

Explanation: Chain-growth polymerization forms high molecular weight early in the
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reaction.

[120. The monomer of Teflon is:

A) CF=CF;
B) CH.=CHCl
C) CH»=CH:

D) CsHsCH=CH:

EAnswer: A
Explanation: CF.=CF. — polytetrafluoroethylene (Teflon).
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UNIT V
INSTRUMENTAL METHODS AND APPLICATIONS

Electromagnetic Spectrum

Q1. What is the electromagnetic spectrum?

Al. It is the range of all types of electromagnetic radiation, ordered by wavelength or
frequency, including gamma rays, X-rays, UV, visible light, IR, microwaves, and radio
waves.

Q2. Which region of the electromagnetic spectrum is used in UV-Visible
spectroscopy?
A2. The UV (200400 nm) and visible (400—800 nm) regions.

Absorption of Radiation & Beer-Lambert Law

Q3. What is absorption of radiation?
A3. It is the process where molecules absorb specific wavelengths of radiation, causing
electronic or vibrational transitions.

Q4. State the Beer-Lambert law.

Ad4. A=¢ c 1A =\varepsilon \, ¢ \, [A=¢cl

Where AAA = absorbance, €\varepsilone = molar absorptivity, ccc = concentration, 11l =
path length.

QS. What is the significance of the Beer-Lambert law?
AS. It allows determination of concentration of a solution by measuring absorbance.

UV-Visible Spectroscopy
Q6. What is UV-Visible spectroscopy?
AG. It is a technique that measures absorption of UV or visible light by molecules,

causing electronic transitions from ground to excited states.

Q7. What are common electronic transitions in UV-Vis spectroscopy?
A7.t — nn*, n — n*, and d — d transitions.

Q8. Name main components of a UV-Vis spectrophotometer.
AS8. Light source, monochromator, sample holder (cuvette), and detector.

IR Spectroscopy
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Q9. What is IR spectroscopy used for?
A9. To identify functional groups in molecules by measuring vibrational transitions.

Q10. What are fundamental vibrational modes?
A10. Stretching and bending (scissoring, rocking, wagging, twisting).

Q11. State the selection rule for IR absorption.
Al1. A vibration is IR active if it causes a change in the dipole moment of the molecule.

Q12. Components of an IR spectrometer?
A12. IR source, sample holder, monochromator or interferometer, detector.

Chromatography

Q13. What is chromatography?
A13. A technique for separating components of a mixture based on differential
partitioning between stationary and mobile phases.

Q14. Name types of chromatography.
A14. Paper, thin-layer (TLC), column, gas (GC), and high-performance liquid
chromatography (HPLC).

Q15. What is the basic principle of chromatography?

A15. Components move at different rates due to differences in adsorption or solubility
between stationary and mobile phases, leading to separation.
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EASSAY QUESTIONS
1. Write about the UV Spectroscopy with applications?
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MCQs
Electromagnetic Spectrum & Absorption of Radiation

1. Which of the following has the shortest wavelength?

A) Infrared

B) Ultraviolet

C) Visible

D) Microwave

EAnswer: B) Ultraviolet

Explanation: Wavelength decreases from IR — Visible - UV — X-ray — Gamma.

2. The relationship between energy and wavelength is given by:
A) E=hc*)\

B) E=hc/A

C) E=hchA

D) E=hic?

MAnswer: B)
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3. Beer-Lambert’s law is represented as:

A) A=¢cl

B) A=ce/l

C) A=g+cl

D) A=1/gcl

EAnswer: A) A=¢cl

Explanation: Absorbance (A) is directly proportional to molar absorptivity (),
concentration (c), and path length (1).

4. Deviation from Beer-Lambert’s law occurs due to:

A) High concentration of solute

B) Monochromatic radiation

C) Constant temperature

D) Dilute solution

EdAnswer: A) High concentration of solute

Explanation: At high concentration, molecular interactions alter linearity.

-8:[1 UV-Visible Spectroscopy

5. In UV-Visible spectroscopy, transitions involve:
A) Rotational energy levels

B) Vibrational energy levels

C) Electronic energy levels

D) Nuclear energy levels

EAnswer: C) Electronic energy levels

6. 1 — m* transitions are observed in:

A) Alkanes

B) Alkenes

C) Alkynes

D) Alkanols

EAnswer: B) Alkenes

Explanation: m — m* transitions occur in compounds with C=C bonds.

7. Which component is used for wavelength selection in a UV-Vis spectrophotometer?
A) Detector

B) Grating or prism

C) Lamp
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D) Sample holder
EAnswer: B) Grating or prism

Explanation: Monochromators (grating/prism) select specific wavelengths.

8. A common light source for UV spectroscopy is:

A) Tungsten lamp

B) Deuterium lamp

C) Sodium lamp

D) Mercury lamp

EAnswer: B) Deuterium lamp

" IR Spectroscopy

9. IR spectroscopy deals with transitions between:

A) Electronic energy levels

B) Vibrational energy levels

C) Nuclear spin levels

D) Translational energy levels
EAnswer: B) Vibrational energy levels

10. The stretching vibration involves:
A) Change in bond angle

B) Change in bond length

C) Both

D) None

EAnswer: B) Change in bond length

11. A molecule will show IR absorption only if:
A) It has a change in dipole moment

B) It has a change in mass

C) It has & electrons

D) It contains hydrogen

EdAnswer: A) It has a change in dipole moment

12. The fundamental region in IR spectroscopy is:

A) 400-4000 cm*
B) 4000-10000 cm*
C) 40-400 cm!
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D) 1000040000 cm™
EAnswer: A) 4004000 cm™!

13. The IR spectrometer uses which radiation source?
A) Tungsten lamp

B) Nernst glower or Globar

C) Mercury vapor lamp

D) Sodium lamp

EAnswer: B) Nernst glower or Globar

Chromatography — Basic Principle

14. Chromatography is based on:

A) Difference in solubility

B) Difference in adsorption

C) Difference in partition

D) All of the above

EAnswer: D) All of the above

Explanation: Depending on the type—adsorption, partition, or ion exchange—different
principles apply.

15. The stationary phase in paper chromatography is:
A) Paper itself

B) Water trapped in paper

C) Mobile solvent

D) Ink

EAnswer: B) Water trapped in paper

16. The term Rf value represents:

A) Ratio of distance moved by solute to solvent front

B) Distance moved by solvent

C) Ratio of solvent to solute concentrations

D) Retardation factor

EAnswer: A) Ratio of distance moved by solute to solvent front

17. In gas chromatography, the mobile phase is:
A) Gas
B) Liquid
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C) Solid
D) Supercritical fluid
MAnswer: A) Gas

18. The main use of chromatography is:
A) Quantitative analysis

B) Qualitative analysis

C) Both

D) None

EAnswer: C) Both

19. In thin layer chromatography (TLC), the stationary phase is often:
A) Silica gel or alumina

B) Paper

C) Mercury

D) Glass beads

EdAnswer: A) Silica gel or alumina

20. The main principle behind HPLC is:
A) Partition

B) Adsorption

C) Both A and B

D) Electrophoresis

EAnswer: C) Both A and B
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