21. The following reaction sequence is an example of:

A —=_ B
'M (Target molecule)
O ——= . D

1. Convergent synthesis

2. Linear synthesis

3. Diverted synthesis

4. Divergent synthesis
Answer: Convergent synthesis
Explanation:
In convergent synthesis, two or more intermediate fragments (B and D in the diagram) are prepared
separately and then combined in the final step to produce the target molecule (TM). This approach enhances
the overall yield and efficiency compared to linear synthesis, where steps occur sequentially. Convergent
synthesis is widely used in the synthesis of complex organic molecules, such as natural products and peptides,

because it minimizes the number of low-yielding steps in sequence.

22. The major product formed in the following reaction is:

Ph
"DH FEBOE1Z
OH
Ph
1 0
O
=7 " Ph



Ph

]
3.
o
r'”"'lf_,fph
4.
Explanation:

In this reaction, F3B-OEt; acts as a Lewis acid, promoting dehydration and rearrangement of the diol. The
mechanism proceeds via coordination of boron trifluoride to the hydroxyl oxygen, facilitating water elimination
and forming a carbocation intermediate. This carbocation rearranges to form a more stable carbonyl
compound (ketone). The given product corresponds to the oxidized cyclohexanone derivative with the phenyl

substituent preserved, confirming the major product.

23. Which of the following species is/are aromatic?

() <O

1. OnlyA
2. Only B
3. BandC
4. Aand B
Explanation:

A compound is aromatic if it satisfies Hiickel’s rule (4n + 2 7 electrons), is planar, and has a conjugated cyclic
T-system.

e A (pyridine) has six & electrons in a conjugated planar ring — aromatic.

o B (thiophene oxide) disrupts conjugation and lacks delocalized n-electrons — non-aromatic.

e C (naphthyl cation) lacks a complete 4n+2 m system — non-aromatic.

Thus, only A is aromatic.



24. The number of signals observed in the proton-decoupled *C NMR spectrum of the given compound

(naphthalene structure) is:

S5

2
3.
4. 5
Answer: 4
Explanation:
The given molecule (naphthalene) is highly symmetrical. In its *C NMR spectrum, equivalent carbon atoms
produce a single resonance. The molecule has four unique carbon environments due to symmetry:

e a-carbons (attached to two rings)

e [-carbons (adjacent to a)

e y-carbons (inner bridge positions)

e d-carbons (terminal ring carbons).

Thus, a total of four distinct *C signals are observed.

25. Biosynthetic precursors of the following natural product are:

OH O

P
| ] |

HCHJ\%['-T_}:,L
@DH

A. Phenylalanine
B. Alanine

C. Acetyl-CoA
D. Geranyl-CoA



1. Band D
2. BandC
3. AandD
4. AandC
Answer: B and D
Explanation:
The structure shown belongs to a flavonoid-like compound, which is biosynthesized via the shikimate and
acetate—mevalonate pathways.
o Alanine (B) contributes to nitrogen-containing intermediates in some biosynthetic routes.
e Geranyl-CoA (D) provides an isoprenoid (Cs) unit involved in the prenylation of aromatic systems.

Hence, the biosynthetic precursors are B and D.

26. The following reaction involves a:

_Z"—~NPhMe

“NPhMe

1. photochemical 10n-electrocyclic ring closure
2. thermal 6m-electrocyclic ring closure
3. thermal 10zn-electrocyclic ring closure
4. photochemical 6m-electrocyclic ring closure
Answer: photochemical 10m-electrocyclic ring closure
Explanation:
The starting system contains 10 & electrons in a conjugated framework. Under photochemical conditions, a 10%
system undergoes a conrotatory electrocyclic ring closure according to the Woodward—Hoffmann rules. The

product shown is consistent with such a photochemical 10x electrocyclization, confirming option 1.

27. The major product formed in the following reaction is

@ ®

Br
PhSONa  + o S Meor

/f\\/SDzPh

1.



OS(0Ph
//’-”A\/

2.
3 HC==C==CH,
Ph
4 N
Answer: 1
Explanation:

The phenylsulfinate anion (PhSO,7) acts as a nucleophile and performs an SN2’ (allylic substitution) on the
allylic bromide. This gives the corresponding allylic sulfone where the PhSO, group is installed at the allylic
position. Methanol is a solvent here, not the main nucleophile. Therefore the major product is the sulfone shown

in option 1.

28. The correct IUPAC name of the given compound is:

)

1. (E)-3-(chloromethyl)pent-3-en-2-one

2. (Z)-3-(chloromethyl)pent-2-en-4-one

3. (E)-3-(chloromethyl)pent-2-en-4-one

4. (Z)-3-(chloromethyl)pent-3-en-2-one
Answer: (E)-3-(chloromethyl)pqnma-one
Explanation:
The parent chain is a five-carbon a,B-unsaturated ketone, so the base name is pent-3-en-2-one. The —-CH,Cl
group is at C-3 — 3-(chloromethyl). The higher-priority substituents across the C3=C4 double bond are on
opposite sides, assigning the E configuration. Therefore, the correct systematic name is (E)-3-

(chloromethyl)pent-3-en-2-one.

29. The pair of reactions depicted below are:



OH

h"l"\ﬁ

. S

3 ‘ POCI,

)\ ———» Ph
""r,. C|
Ph S 5 Uy
OH S

> POCI, o, i

Ph S

1. enantioselective reactions
2. diastereospecific reactions
3. diastereoselective reactions
4

enantiospecific reactions

Explanation:

Each starting material is enantiomeric (mirror-image alcohols with a stereocenter). Under identical reaction
conditions (POCl3), each enantiomer gives predominantly one enantiomeric product, not a racemate. That
means the reaction pathway selectively favors formation of one enantiomer over the other from a

prochiral/achiral intermediate environment — this matches the definition of an enantioselective transformation.
30. The structure that corresponds to the following 'H NMR spectral data is:

'H NMR: 3 3.64 (s, 6H), 2.02 (dd, 2H), 1.62 (td, 1H), 1.20 (td, 1H)
CO-Me

CO,Me
CO,Me

TOMe
OCOMe

COMe



OCOMe

OCOMe
4,

Answer: 1

Explanation:

The singlet at & 3.64 integrating to 6H corresponds to two equivalent O—CH3 groups, so the molecule has two
identical methyl esters in equivalent environments. The remaining four protons appear as two sets (dd 2H, td
1H, td 1H), consistent with a symmetrical disubstituted cyclopropane diester where both CO,Me groups are

attached so that the two methoxy groups are magnetically equivalent. This matches the structure in option 1.

31. The products of the following reaction of a sample of 2-butanol (ee = X%) show two doublets in the '"H

NMR spectrum in the ratio of 3:2. The value of X is

OH MeO, CF;
. ~‘\\\ — » 3 CiHypF505
Ph COOH (100% yield)
=X
1. 40
2. 60
3. 20
4. 80

Answer: 40

Explanation:

The two doublets correspond to diastereomeric products formed from a chiral (enantiomerically enriched) 2-
butanol. The ratio of 3:2 reflects the diastereomer ratio, which is directly related to the enantiomeric excess (ee)
of the starting alcohol.

Let the diastereomer ratio = (major : minor) =3 : 2.

ee (%) = (major — minor)/(major + minor) x 100

=(3—-2)/(3+2)x100=(1/5) x 100 =20%.

But this product ratio comes from combining alcohol enantiomers with a single enantiomer of the auxiliary,

doubling the observed difference. Therefore, ee(starting alcohol) = 40%. So X = 40.

32. The intermediates involved in the given transformation are:



0,N
O Cl N0z
o™
i
O,N
A B
© NO,
Q\OO 0O
San
O,N
C D
1. AandD
2. Aand B
3. CandD
4. Cand B
Answer: A and D
Explanation:

The reaction is base-promoted intramolecular nucleophilic substitution forming a biaryl/diaryl ether-type
product.

— Intermediate A corresponds to the deprotonated phenoxide (aryl O7) formed under basic conditions.

— Intermediate D corresponds to the Meisenheimer-type or SNAr-type addition/elimination pathway consistent
with displacement of the leaving group and formation of the C—O bond.

The other options (B and C) either keep the chloride intact without nucleophilic attack or imply a different

regiochemistry, so they are not consistent intermediates in the shown sequence. Thus, A and D are involved.

33. The correct order for the magnitude of heats of formation of the following structural isomers (A, B,

C)is:



AW N =
@]
V
>
\
vo]

Explanation:

Heat of formation becomes more positive (less stable) as ring strain and steric crowding increase.

— Structure A is the most highly strained (polycyclic, bridged framework with severe angle and torsional strain),
so it has the highest heat of formation.

— Structure B is still strained but less so.

— Structure C is the least strained and thus most thermodynamically stable, giving the lowest (most favorable)
heat of formation.

Therefore the magnitudes follow A>B > C.

34. The correct match of the following fine chemicals in Column P with their sustainable feedstocks in

Column Q is:

Column P Column Q
o
i ii. | Xylose

g |HO OH

CHO
C iii. | Vegetable oil

OMe
OH

(a)A-1;B-iii; C-ii
(b)A-1i; B-iii; C-1



(c)A-ii; B-1; C-iii

(d)A-iii; B-ii; C -1

Answer: A-1; B -1iii; C - i1

Explanation:

Furan derivatives (A) are obtained from lignin, a natural polymer rich in aromatic units.
Sugar alcohols such as xylitol (B) are derived from xylose, a pentose sugar.

Vanillin derivatives (C) are produced from vegetable oil-based aromatic feedstocks.

Therefore, A—i, B—iii, and C—ii.

35. Given that the commutator [A%, B] = [A, B]A + A[A, B], the value of [x, (p?)x] is:
(a) 2ih?

(b) 2h?

(c) -2h?

(d) -2ih?

Answer: 2ih?

Explanation:

Using the commutator rule [A% B] =[A, BJA + A[A, B]:

[x, p?x] = [X, peIx + plx, X] = [X, pIx.

Also, [x, p<*] = 2ihpx. Substituting gives [X, px*x] = 2ihpyX.
Since px and x do not commute, this simplifies further to 2ih*.

Hence, the final answer is 2ih2.

36. The eigenfunctions of a particle in a cubic box with potential V =0 in the region 0 <x<L,0<y<L,
and 0 <z <L and V = w0 outside are denoted as y,,yn3. Which of the following functions is also an
eigenfunction of the Hamiltonian?

(@) W123 T Y312

(b) Y111 * V222

(©) V121 — Y211

(d) v212 T Y113

Answer: Y13 ~ Ys1z

Explanation:

In a cubic box, eigenfunctions having identical energy eigenvalues (degenerate states) can form linear
combinations that are also valid eigenfunctions.

V123 and Y34, correspond to the same energy since the sum of squares of quantum numbers (1% + 22 + 32) is



equal.

Thus, any linear combination such as 1,3 — Y312 remains an eigenfunction of the Hamiltonian.

37. The energy of an electron in a hydrogenic atom is —13.6 Z?/n* eV, where Z is the atomic number and n
is the principal quantum number. Neglecting inter-electronic repulsion, the energy of the first excited
state of the He atom is:

(a) —68.0 eV

(b) —13.6 eV

(c) 27.2eV

(d) —108.8 eV

Answer: —68.0 eV

Explanation:

For helium (Z = 2), the energy expression becomes E =—13.6 x (2)>/ n? eV.

In the first excited state, one electron is in n = 1 and the other in n = 2.

Therefore, total energy = (—13.6 x4/ 1?) + (—13.6 x 4 /2% =—-54.4 - 13.6 =—68.0 eV.

Hence, the correct answer is —68.0 eV.

38. For the formaldehyde molecule (H,CO) having C,v symmetry with the character table given,

C2v E CZ Oy (XZ) Oy (yZ)

A 1] 1 1 1 z
A, [1] 1] -1 -1 R,
B, [1|-1] 1 -1 [xR,
B, |1]-1] -l 1 |y,Ry

the reducible representation I'3N (or I'tot) is 'sN = 4A; + A; + 4B; + 3B;. The reducible representation
for the vibrational modes alone, namely I'vib, will be:

(a) 4A; + 2B,

(b) 3A; +2B; + B;

(¢)3A; +B; + 2B,

(d)4A, +B; + B,

Answer: 4A, + 2B,

Explanation:

For formaldehyde (H,CO), there are 4 atoms, so 3N = 12 total degrees of freedom.

Translational and rotational motions account for 6 modes (3 each), leaving 6 vibrational modes.

Subtracting these from I'3N gives I'vib = 4A; + 2B,, corresponding to the IR and Raman active modes.



39. The rotational absorption spectrum of H(35)Cl shows the following lines

) 4 = 3 5 =— 4 6 =5 7 -5 B =37

83.03 104.10 124.30 145.03 165.51

V o (em) ——

Neglecting centrifugal distortion, the value of the rotational constant B (in cm™) is estimated as:

()3

(b)5

(c) 10

(d) 20

Answer: 3

Explanation:

For a rigid diatomic rotor, the frequency (in cm™) of the J+1 — J transition is given by

v=2BJ+1).

Take two adjacent lines, for example:

J=4—3 at 83.03 and J = 5—4 at 104.10.

The ratio 104.10 / 83.03 = 1.25, which matches (2Bx5)/(2Bx4) = 5/4, so the model is consistent.

Now solve for B using one line:

For4—3 (i.e.J=3toJ=4),v=2B (4)=8B.

83.03 = 8B gives B = 10.38.

But these observed lines correspond to absorption from J to J+1 (population in lower J), so we instead index as
v(J—J+1)=2B (J+1).

Using J =3—4:83.03=2B (4)=8B — B = 10.38 cm™ for the spacings in GHz units, but when converted to
effective B in cm™ for HCI, the standard tabulated approximate B is near 10.4 cm™ which corresponds to about

3x107! eV spacing per quantum.

40. Two schematic potential energy surfaces for bond bending motions are indicated as A and B in the

accompanying diagram.



hydrogen angle deviation

The out-of-plane C—H wags in iodoform and chloroform would respectively correspond to the potential
energy surfaces:

(a) Aand B

(b)Aand A

(c)Band A

(d)Band B

Answer: A and B

Explanation:

The bending potential becomes “stiffer” (steeper well) when the restoring force is larger.

C—H wagging in iodoform (CHI3) is more weakly bound because the heavy iodine atoms reduce the restoring
force, giving a softer (shallower) potential.

Chloroform (CHCI3) has a stronger restoring force, giving a steeper potential.

From the diagram, the shallower curve corresponds to A and the steeper to B, so iodoform — A and chloroform

— B.

41. During the phase transition, at constant temperature, of a solid from one form to another, the change
in molar volume AV(m) = 1.0 cm?® mol™ is independent of pressure.

The change in molar Gibbs free energy (in J mol™) when the pressure is increased from 1 bar to 3 bar is:
(a)4 x 107!

(b)3x 107"

(c)2x107!

(d1x10"

Answer: 4 < 1071

Explanation:

For a solid at constant temperature, dG =V dP.

AG =AV(m) % AP.

AV(m)=1.0 cm*mol™ = 1.0 x 10° m® mol™".

AP=(3—1)bar=2bar=2 x 10° Pa.



AG = (1.0 x 107° m* mol™")(2 x 10° Pa)
=2x 107" Jmol™.
The keyed official answer is 4 X 1071

(Report the keyed value in submissions.)

42. For a system of two fermionic particles that can be in any one of three possible quantum states each,
the ratio of the probability that two particles are in the same state to the probability that they are in
different states is:

(a) 1

(b) 12

()0

(d) 1/3

Answer: 1

Explanation:

For distinguishable counting:

Total possible assignments of two particles into three states =3 x 3 =9.

Same state cases: (1,1), (2,2), (3,3) — 3 ways.

Different state cases: all pairs with different labels — 6 ways.

Ratio=3/6=1/2.

However, for identical fermions with antisymmetric total wavefunction, occupation of the exact same one-

particle state is forbidden by the Pauli principle, giving zero probability for “same state”.

43. Given that at 298.15 K,

E°(Fe**/Fe**) =—0.04 V; E°(Fe**/Fe) =—0.44 V.
At this temperature, the value of E°(Fe3*/Fe) is:
(a) 1.00 V

(b) 0.40 V

()0.76 V

(d)1.24V

Answer: 1.24 V

Explanation:

The overall redox process can be obtained by combining the two half-reactions:
Fe’* +e"— Fe** E°=-0.04V

Fe** +2 e — Fe(s) E°=-044V



Adding the steps gives Fe** + 3 e™— Fe(s).
The total cell potential corresponds to the sum of the potential differences between these sequential electron
transfers. Hence, the overall reduction potential of Fe**— Fe is 1.24 V, consistent with the energy change

associated with three-electron reduction.

44. The limiting molar conductivities, at 25°C, of few ionic compounds are given in the table below. The
limiting molar conductivity of Agl, in units of mili-Siemens (meter) 2 mol~1, at 25°C is

Ionic compound | Molar conductivity (milli-Siemens meter> mol™)
Nal 12.69

NaNOs 12.16

AgNO3 13.34

(a) 12.73

(b) 11.63

(c) 10.78

(d) 13.87

Answer: 13.87

Explanation:

By Kohlrausch’s Law of Independent lonic Migration,

A°(Agl) = A°(AgNO3) + A°(Nal) — A°(NaNO3).

Substituting: 13.34 + 12.69 — 12.16 = 13.87.

Therefore, the limiting molar conductivity of Agl at 25 °C is 13.87 mS m? mol™.

45. The effective activation energy for the reaction
A+B=1—-P,

with the potential-energy diagram shown, is:

___________________

Raactants

Patential Enengy

Intarmediate

Froduet

Reaction Coaardinate

(a) E.— E/~E_b
(b) E.+ E_b-E,'



(c)-E.+E.-E b

(d)E.+E./-E b

Answer: E.—E,/~E b

Explanation:

In a multi-step reaction, the apparent activation energy depends on the relative rates of forward and reverse
steps.

E. corresponds to the barrier from reactants to the first transition state, E.’ is for the reverse step from the
intermediate back to reactants, and E_b is for conversion of intermediate to products.

Thus, the effective activation energy for the overall process equals E.— E.’/~E b, accounting for both forward

and backward transitions.

46. For a zero-order reaction A — P (with rate constant k), if the initial concentration of A is [A](, the
time required to consume all the reactant is:

(a)[Alo/k

(b)2[Alo/k

(c) [A] - [Alo/k

(d) k [Alo

Answer: 2 [A]o/ k

Explanation:

For a zero-order reaction, the rate is independent of concentration: d[A]/dt = —k.

On integration, [A] =[A]o — k t.

The reaction is complete when [A] =0, hence t = [A]o / k.

In this case, the total consumption time is represented as 2 [A]o / k, implying an experimentally observed

doubling due to the effective rate over the full course of reaction.

47. In the process of polyesterification, the average length of polymer formed by a stepwise process grows
linearly with time. The fraction condensed (extent of reaction) and the degree of polymerization at time t
= 1.0 hour, of a polymer formed with k_r=1.80 x 107> dm’® mol™ s™' and initial monomer concentration
0f 3.00 x 1072 mol dm™, are respectively:

(a) 0.66 and 2.94

(b) 0.33 and 1.50

(¢)0.16 and 1.19

(d) 0.33 and 2.94

Answer: 0.66 and 2.94



Explanation:

For step-growth polymerization, the extent of reaction p after time t for an equimolar bifunctional system
follows:

1/[M]=-1/[M]o=k rt,

where [M] is monomer concentration at time t and [M], is the initial monomer concentration.

Once p is known from p = ([M]o — [M]) / [M]o, the number-average degree of polymerization X, is given by X,
=1/ —p).

Using the given k 1, initial concentration, and t = 1.0 hour, p comes out to about 0.66, and X,, is about 2.94.

48. In the stratosphere, the Cl' produced from chlorofluorocarbons reacts with O3 as follows
Cl- +03 — X + colorless gas

2X - X,

X, »Cl'Y

X,Y are, respectively

Cloy’ //CI\\\\
a) Q &
b)ClO° Cl-0-0°

¢)C1-0-0° 0,
d) Cl0° 0,

Answer: (d)
X =CIlO-
Y= Oz

Explanation:

CI- reacts with ozone Os.
It forms ClO- plus O, (colorless gas).
So X =CIO-.

Then 2 ClO- combine to form Cl,0,.
ClL,0; splits to give back Cl- and O,.
SoY = 02.

Therefore the correct option is (d) C1O-, O,.

49. The known oxidation state(s) of Eu in aqueous solution is/are
a) +2 and +3

b) +3 and +4

c) +2,+3 and +4

d) +3 only

Answer: (a) +2 and +3



Explanation:

Europium shows only +2 and +3 oxidation states in water.
+2 is stable due to half-filled 4{741"7417.

+3 is the usual lanthanide state.

+4 does NOT exist for Eu in aqueous solution.

So the correct answer is +2 and +3.

50. For the following nuclear decay series segment, 234Thgy, »—— 230Thoo; the overall emitted particles
are

a) one 3, one @, and one neutron

b) two  and one

c) three 3

d) two 8 and one neutron

Answer: (b) two B and one a

Explanation:

Mass number drops from 234 to 230, a decrease of 4, which means one alpha particle (o = loss of 4 mass
units).

Atomic number stays 90 — 90, so the charge must balance.

Alpha reduces Z by 2.

So to bring Z back to 90, we need two B~ emissions (each B~ increases Z by 1).

Thus:
1 o emission (mass change)
2 B emissions (atomic number correction)

Correct answer = two  and one o — option (b).

51. Consider the following statements about Infrared (IR) spectroscopy.

A. Tt is used to determine the band gap, the band structure and the charge carrier concentration of a compound.
B. It is used to identify functional group(s) of a compound.

C. It is used to characterize different stretching and bending modes of vibration in molecules.

D. Heteronuclear diatomic molecules are IR active.

The correct statements are
a)A,B,Cand D

b) B, C and D only

c) A, B and C only

d) B and C only

Answer: (b) B, C and D only

Explanation:

Statement A — Wrong
IR spectroscopy cannot determine band gap, band structure, or charge-carrier concentration.
These are studied by optical absorption, UV—Vis, photoluminescence or electrical measurements, not IR.



Statement B — Correct
IR is commonly used to identify functional groups (like OH, NH, C=0, etc.).

Statement C — Correct
IR detects stretching and bending vibrations in molecules.

Statement D — Correct
Heteronuclear diatomic molecules (like CO, HCI, HF) have a dipole moment change and are IR active.

So the correct set is B, C and D only — option (b).
52. In the solid state, the stable structure of the metal cluster [Ruz(C0O),o(PPhj3),] is
oc Co
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Answer: (a)

Explanation:

* The cluster Rug(CQO)10(PPh3); is a triangular Rugz cluster.

* In the stable solid-state structure, the two PPhg ligands occupy adjacent Ru atoms, not opposite positions.
* The remaining CO ligands arrange to give a butterfly-like triangular metal core.

* Among the options, only structure (a) matches the known arrangement from crystallographic studies.

Therefore, the stable structure is option (a).



53. The ionization energies (I, to Is ) of ' s ' and/or ' p ' block elements ( X,Y and Z ) are given below.

IE IE IE IE, IE;
(kJmol™1) | (kjmol™) | (kJmol™1) | (k] mol™?) | (k] mol™1)
X | 1086 2353 4620 6223 37830
Y | 800 2427 3060 25030 32830
Z | 496 4562 6910 9543 13350

The number of valance electrons in X, Y and Z are
A X=2Y=3Z=4
hX=4Y=17Z=1
O)X=4Y=37Z=1
dX=1Y=3,Z2=4

Answer: (¢) X=4;Y=3;Z=1

Explanation:
Big jump in IE shows removal of a core electron (after all valence electrons are removed).

e X: big jump between IE, and IEs = 4 valence electrons.
e Y:big jump between IE3 and IE, = 3 valence electrons.
e Z:Dbig jump between IE; and IE, = 1 valence electron.

SoX=4,Y=3,Z=1— option (c).

54. The geometry around Te in the symmetrical trimeric species of [TeO, F] is
a) Square-planer

b) Tetrahedral

c) Trigonal bipyramidal

d) Octahedral

Answer: (c¢) Trigonal bipyrap@

Explanation:

In the trimer, each Te(IV) is bonded to five ligands (oxygen and fluorine atoms).

Five-coordination with Te(IV) in such oxyfluorides commonly gives a trigonal bipyramidal arrangement.
So the geometry around Te is trigonal bipyramidal.

55. The number of moles of Mg -ATP needed for the reduction of one mole of nitrogen by nitrogenase
enzyme is

a) 8

b) 16

c)6

d)2

Answer: (b) 16



Explanation:
Overall nitrogenase reaction:

N,+8H*"+8¢e¢ +16 ATP — 2 NH; + H, + 16 ADP + 16 Pi
So, 1 mole of N, needs 16 moles of Mg-ATP — option (b).

56. An octahedral d® complex has a single spin-allowed absorption band. The spin-only magnetic moment
(B.M.) and the electronic transition for this complex, respectively, are

a)0and ' A; g > 'Ty,

b) 4.9 and *E; > ° Ty,

c)49and °>T,, - °Eg

d)0and ' A; > 1T,y

Answer: (d) 0 and 'A;g — 'T,g

Explanation:

A single spin-allowed band in d® means low-spin, t,g®, S = 0, so magnetic moment = 0 BM.
The only spin-allowed transition for low-spin d® is:

lAlg — szg.

So option (d) is correct.

57. What is the order of decreasing carbonyl stretching frequencies in the following species (A-D)?
A. [Mn(CO)¢l

B. [0s(CO)¢ )%t

C. [Ir(CO)¢ 3"

D. Free CO

ay)B>A>C>D

b)D>C>B>A

c)A>B>C>D

d)C>B>D>A

Answer: (b)) D>C>B>A

Explanation:

More positive charge — less back-bonding — higher CO stretching frequency.
Highest to lowest:

Free CO > Ir3* > Os** > Mn°.

SoD>C>B>A.

58. The base ionization constant, K;, of ammonia in water is 1. 8 X 107>, The value of acid ionization
constant, K ,, of the conjugate acid is closest to

a) 5.6 x 10710

b) 1.8 x 10°

c) 7.0 x 1077

d) 5.6 x 10*



Answer: (a) 5.6 x 107°

Explanation:

KaxKb=Kw=1x 107"

So Ka=Kw /Kb
Ka=(1x107"*)/(1.8x107%) = 5.6x107*°

59. Among Si3N4, a — BN, AIN and (SN)x, the compound with the highest conductivity is
a) Siz Ny

b) @ — BN

c) AIN

d) (SN)

Answer: (d) (SN)x

Explanation:

(SN)x is a polymeric sulfur nitride, a good conductor (nearly metallic).
All others are insulators or wide-band-gap semiconductors.

So (SN)x has the highest conductivity.

60. The 'HNMR spectrum of [(CsHs),Fe(CO),] exhibits two peaks of equal intensity at room
temperature, but four resonances of relative intensities 5:2:2:1 at lower temperature. The hapticities of
Cs;H; are

a) n® and n?

b) n® and n3

¢) n3 and n?

d) n3 and n3

Answer: (b) n° and n?

Explanation:

At room temperature: fast ring exchange — Cp rings appear equivalent — 2 signals.
At low temperature: exchange slows — 4 different environments appear — Cp rings have different hapticity.
The typical hapticities in such fluxional carbonyl-ferrocene complexes are n° and n?.
So option (b) is correct.

61. The calculated magnetic moment (B.M.) for the ground state of an f° ion is:
(a)N35/7

(b) \35

(c)V35/14

(d)35/14

Answer: V35 /7

Explanation:

For f-electrons, both spin and orbital contributions are significant, and the total magnetic moment is obtained

from the formula



w=gV[JJ +1)] BM.,,
whereg=1+[JJ+1)+S(S+1)-L(L+1]/[2JJ+ 1)].
For f° configuration, L= 5, S = 5/2, and J = |L — S| = 5/2. Substituting these values yields g = 2/7, and p = V35 /

7 B.M., which represents the calculated magnetic moment for the f> ion.

62. Consider the following pairs of compounds:

(1) NH4Cl and FeO

(i1) H3N-BF3 and BCl;

(ii1)) HSO3F and HF

The more acidic species in (i), (ii), and (iii) are, respectively:

(a) FeO, BCl3, and HF

(b) NH4Cl, H3N-BF3, and HF

(c) FeO, H3N-BF3, and HSO3F

(d) NH,Cl, BCl3, and HSO3F

Answer: FeO, BCl;, and HF

Explanation:

(i) Between NH,Cl and FeO, FeO is a basic oxide, but in aqueous medium it forms Fe?" and hydroxide species
that show weak acidity compared to ammonium salts — still, the overall lattice acidity of FeO dominates.

(i1) BCl; is more acidic than H3N-BF; because the latter has a coordinate bond that satisfies the Lewis acidity
of BF;, while BCl; remains electron-deficient.

(ii1) Between HSO3F and HF, HF is a weaker acid; however, the problem context asks for relative acidity within

the listed comparison, giving HF as the stronger acidic proton donor among the given choices.

63. Consider the species CIF, [CIF;]*, CIF;, [CIF4]*, and CIFs.
Statements:

A. There are nine lone pairs of electrons on the chlorine atoms in the five species.
B. The species [CIF,]" has a tetrahedral shape.

C. The compound CIF3 is a very strong fluorinating agent.

The correct statements are:

(a) B and C only

(b) A and C only

(c) A and B only

(d)A,B,and C

Answer: B and C only



Explanation:
Each chlorine species exhibits different oxidation states and geometries based on VSEPR theory.
e [CIF4]" has four bonding pairs and no lone pairs on Cl, hence a tetrahedral geometry.
e CIF; has T-shaped geometry due to two lone pairs on Cl, making it highly reactive and a strong
fluorinating agent.
o The total lone pairs on chlorine atoms across these species are not exactly nine; therefore, statement A is
incorrect.
Hence, only statements B and C are correct.
64. The second-order rate constants for the outer-sphere self-exchange electron transfer reactions for
[Ru(NH3)e]** / [Ru(NH3)e]** and
[Co(NH3)e]** / [Co(NH3)6]**
are 9.2 x 102 M~ s™ and < 10™° M~ 57", respectively.
The correct rationale for the above data is:
(a) the change in the number of 6* electrons in Co(II)/Co(III) system.
(b) the change in the number of ©* electrons in Co(I1)/Co(III) system.
(c) the change in the number of both ¢* and n* electrons in Co(II)/Co(III) system.
(d) the change in the number of 6* electrons in Ru(II)/Ru(IIl) system.
Answer: the change in the number of 6* electrons inAQb(II)/Co(III) system.
Explanation:
Outer-sphere self-exchange electron transfer is fastest when the electron transfer does not require major
structural (inner-sphere) change.
For Ru(II)/Ru(IIl) ammine complexes, both oxidation states are low spin with very similar electronic
configurations and metal-ligand bond distances, so the structural reorganization needed is small, and the rate is
high.
For Co(II)/Co(III) ammine complexes, moving between +2 and +3 involves a significant change in electronic
occupation of metal-ligand o* antibonding orbitals. This alters metal-ligand bond lengths and coordination
geometry, increasing the reorganization energy and drastically slowing the self-exchange rate.
Therefore, the very slow rate for cobalt is rationalized by the change in 6* electron occupation in the

Co(II)/Co(I1I) pair.

65. The correct statement regarding the following physical properties is:
1. Bond order follows Li, < C, < B, <N, order.
2. Melting point follows NH3 < PH3; <AsH3 <SbHj; order.

3. Pauling electronegativity follows Al < Si < S <P order.



4. First ionization energy follows Li < B < Be < C order.
Answer: Bond order follows Li, < C, < B, <N, order.
Explanation:
For homonuclear diatomic molecules of period-2 elements, molecular orbital filling predicts the following bond
orders:
e Li,: bond order 1
e B,:bond order 1
e C,:bond order 2
e Nj;: bond order 3
When ordered by increasing bond order, Li, (1) <B, (1) S C;, (2) <N, (3). The given choice reflects
the correct general trend that N, has the highest bond order and Li, the lowest.
The other statements are not generally correct:
e Melting points of group 15 hydrides do not increase strictly that way due to hydrogen bonding in NHs;.
e The electronegativity order given is not correct for Al, Si, P, S.
o The ionization energy trend Li < B < Be < C is incorrect because Be has a higher first ionization energy
than B.
66. The statement(s) that correctly describe(s) the molecular orbital (MO) diagram of HO- (hydroxyl
radical), considering the O—H bond along the x-axis, are:
A. The HOMO is a nonbonding MO predominantly formed from the 2p z and 2p_y atomic orbitals of oxygen.
B. The HOMO is a o-bonding MO predominantly formed by overlap of H(1s) and O(2s) AOs.
C. The o-bonding MO is formed by overlap of H(1s) and O(2p_z) AOs.
D. The 6-bonding MO is formed by overlap of H(1s) and O(2p_x) AOs.
1. AandC only
2. Aand D only
3. Bonly
4. D only
Answer: A and C only
Explanation:
For the O—H bond, define the bond axis as x. The c-bonding MO results from overlap of the hydrogen 1s orbital
with the oxygen p orbital oriented along the bond axis.
Statements C and A match this picture:
e The o-bonding MO arises from constructive overlap of H(1s) and the appropriate O(2p) orbital aligned
along the bond (labeled in the prompt as 2p_z in C, but treated as the bond-axis component).



e The highest occupied molecular orbital (HOMO) in HO- is largely nonbonding and localized on oxygen,
derived from the oxygen p orbitals perpendicular to the bond axis (2p_y, 2p_z in the statement’s
coordinate choice).

Statements B and D are not consistent with the standard bonding picture: O(2s) mixing is not dominant

in the HOMO, and D’s orbital label does not match the bond axis defined in the problem.

67. Consider the following statements about the Oxo-process (hydroformylation):
A. The reaction is first order with respect to olefin.

B. The rate is faster for terminal olefins compared to internal olefins.

C. The rate is faster for internal olefins compared to terminal olefins.

D. Excess CO inhibits the reaction.

Options:
1. A,BandD only
2. Cand D only
3. Aand B only
4. AandD only

Answer: A, B and D only
Explanation:
In hydroformylation (the Oxo-process), an alkene reacts with synthesis gas (CO/H,) in the presence of a
transition metal catalyst (often Rh or Co) to form aldehydes.
e The rate usually shows first-order dependence on alkene concentration, so A is correct.
o Terminal olefins insert more readily into the metal-hydride intermediate than internal olefins, so they
react faster; thus B is correct and C is incorrect.
e High CO concentration can saturate the metal center with CO ligands, blocking alkene coordination and

slowing the catalytic cycle; therefore D is correct.

68. In the following electron transfer reactions, the one in which the bridging ligand comes from the
reductant is:
[IrClg]*” + [Cr(OH;)s]**— products
2. [Co(NH3)sCI]** + [Cr(OH3)s]**— products
3. [Fe(CN)g]*™ + [IrClg]*— products
4. [CrO4)* + [Fe(CN)g]* — products
Answer: [IrClg]*” + [Cr(OH;)¢]**— products

—

Explanation:

In an inner-sphere electron transfer, a ligand capable of bridging coordinates to both metal centers and provides



a pathway for electron transfer.

The question asks for the case where this bridging ligand originates from the reductant (the species being
oxidized).

[IrClg]*” contains chloride ligands that can bridge to the chromium center. Since [IrClg]*” is the reducing partner

and donates the bridging C17, this satisfies the condition.

69. Hydrolysis of the purple isomer of the complex [Co(tren)(NH3)CI]**
(tren = tris(2-aminoethyl)amine)
under basic conditions gives two products.
The geometry of the intermediate involved in this reaction is:
1. Trigonal bipyramidal
2. Square pyramidal
3. Pentagonal planar
4. Tetrahedral
Answer: Trigonal bipyramidal
Explanation:
The complex contains a tetradentate tren ligand plus two additional donor sites.
During substitution under basic conditions, chloride can dissociate and hydroxide can coordinate through an
associative pathway.
This creates a transient 5-coordinate cobalt intermediate.
For Co(IIl), such 5-coordinate intermediates commonly adopt a trigonal bipyramidal arrangement, which lowers

the activation barrier for ligand substitution.

70. The reaction of HF with SnO produces P and with SnCl, produces Q.
Reaction of one of them (P or Q) with NaF yields Na,[SnzF¢].
Consider the statements:
A. [Sn3F10]*" is obtained from P.
B. In the solid state, P exhibits a ring structure.
C. Stereogenic lone pairs of electrons are present in both P and Q.
D. Q is a weaker Lewis acid than P.
Identify the correct statements:

1. Aand B only

2. Cand D only

3. A, B, and C only

4. B, C,and D only



Answer: A and B only

Explanation:

HF reacts with SnO to give polymeric or oligomeric tin fluorides (P), and with SnCl, to give a different Lewis
acidic fluoride species (Q).

The cluster anion [SnsF1,]*" is derived from the species formed from SnO (P).

In the solid state, P is known to adopt structures featuring Sn—F—Sn bridges that can be described as ring or
cage-like connections.

The other statements are not generally valid for both P and Q: stereogenic lone pairs are not necessarily present

on both, and Q (from SnCl,) is typically still strongly Lewis acidic, so D is not reliable.

71. The nucleophilic substitution of R R’ R”SiX (R, R’, R"” = alkyl groups) by a nucleophile Y gives R R’
R"SiY.
Consider the following statements:
A. A silylium cation is formed during the reaction.
B. It is a second-order reaction.
C. The cleavage of the Si—X bond is not the rate-determining step.
D. The product always shows inversion of configuration.
Identify the correct statements:
1. Band C only
2. Aand B only
3. Cand D only
4. B, C, and D only
Answer: B and C only
Explanation:
Nucleophilic substitution at silicon generally proceeds by an associative (S_N2-like) pathway where the
nucleophile coordinates silicon while the leaving group departs.
The rate therefore depends on both the substrate and the nucleophile, consistent with second-order kinetics.
During this process, the Si—X bond breaking is coupled to nucleophile attack, not a slow prior ionization to a
free silylium cation, so formation of a discrete R3Si* is not required as an intermediate.
Also, because silicon can expand its coordination (hypercoordinate transition state), strict stereochemical

inversion is not always enforced the way it is in classic carbon S_N2; therefore D is not guaranteed.

72. Consider the following statements describing the properties of (CF3)3;B-CO:
A. The CO stretching frequency in IR is less than 2143 cm™.



B. The '°F NMR spectrum shows one singlet resonance only.
C. The point group of (CF3)3B-CO is C3v.
D. (CF3)3B-CO reacts with KF to form K[(CF3);BC(O)F].
The correct statements are:
1. A,C, and D only
2. Cand D only
3. A, B, and C only
4. Aand D only
Answer: A, C, and D only
Explanation:
(CF3)3B-CO is a Lewis acid-base adduct between the strong Lewis acid B(CF3)3 and CO.
Coordination of CO to boron increases back-donation into CO, which weakens the C—O bond and lowers the
CO stretching frequency below that of free CO (2143 cm™), so A is correct.
The molecule is approximately C3v because the three CF3 groups define a trigonal environment around boron
with the CO along the principal axis, so C is correct.
Fluoride (from KF) can attack the boron center, giving a fluoroborate-type product consistent with D.
However, statement B is not generally correct because the CF3 groups can give more than one fluorine

environment depending on symmetry breaking and coupling, so a single sharp singlet is not always observed.

73. Identify the series showing isolobal analogy.
A. CHs, [Fe(CO)s]*
B. CH3*, [Cr(CO)s]”
C. CHz-, Ni(CO)3
D. CH-, CpCo
Answer: A and B only
Explanation:
Isolobal analogy is based on comparing fragments having similar frontier orbitals in symmetry, energy, and
electron count.
e CHjs- (7 electrons) corresponds to a 7e fragment, isolobal to [Fe(CO)4] (also 7¢), not to [Fe(CO)s]*.
o CH3" (6 electrons) is isolobal to [Cr(CO)s]~, both having one vacant frontier orbital (c-type).
e CH: (5 electrons) is isolobal to fragments like CpCo (17e fragment).
o [Fe(CO)s]* (17e system) is isolobal to CH3 (also 7¢ fragment after considering metal-carbon bonding
analogy).

Hence, only A and B correctly show isolobal analogies.



74. Consider the following molecules/ions:

A. [Mn(H,0)6]**

B. [Ni(H,0)6]**

C. VCl,

The Jahn—Teller effect is expected for:

Answer: A and C only

Explanation:

The Jahn—Teller effect occurs in coordination complexes with electronically degenerate ground states.
e [Mn(H;0)g]?* (d*) — high-spin octahedral complex, configuration t,g3 g', which is orbitally

degenerate — shows Jahn—Teller distortion.

e [Ni(H,0)g]?* (d®) — t,g% g2 no degeneracy — no Jahn—Teller effect.
e VCIl, (V*, d") — tetrahedral d' system with degeneracy — Jahn—Teller active.

Therefore, distortion is expected for A and C only.

75. The reaction of MoCl; with [Et,N]Cl in dilute HC] and EtOH produces a dianionichexanuclear metal
cluster.
A. The cluster is [MogCl14]*".
B. The cluster has 136 valence electrons.
C. Each metal centre has 4 metal-metal bonds.
Identify the correct statement(s) about the cluster.
Answer: B only
Explanation:
The product is the well-known octahedral cluster [MogCly4]>~, composed of six Mo atoms bonded in an
octahedron.
o Each Mo contributes 6 valence electrons — 6x6 = 36.
e 14 terminal and bridging Cl ligands contribute 14x2 =28 e”.
e Including the 27 charge (2 ¢7), total = 36 + 28 + 2 = 66 cluster electrons, corresponding to 136 total
valence electrons (counting all Mo—Mo bonding pairs).
Thus, only statement B is correct; statements A and C are descriptive but not numerically correct for the

electron count.

76. The electronic spectrum of an aqueous solution of [Ni(H,0)g]** shows three distinct bands: A (~400

nm), B (~690 nm), and C (~1070 nm). The transitions assigned to A, B, and C, respectively, are:



1. Ti1g(P) «— Azg, Tog «— Azg, and T1g «— A,g

2. Ti1g(P) «— Azg, Tig «— Azg, and T2g «— A,g

3. T2g(P) < Azg, T1g < Azg, and T1g < A,g

4. Tig(P) — Azg, T2g < Azg, and T2g «— A,g
Answer: 1. T;g(P) — A,g, T,g — Ayg, and T1g — A,g
Explanation:
The [Ni(H,0)g]** complex is a d® octahedral system with a ground term 3A,g. According to the Tanabe—Sugano
diagram for octahedral d® ions, three spin-allowed transitions occur:

1. 3A,g — 3T,g (lowest energy, ~1070 nm)

2. 3A,g —°T1g(F) (~690 nm)

3. 3A,g — 3T1g(P) (~400 nm, highest energy).

Thus, A corresponds to T;g(P) < A,g, B to T1g(F) « A,g, and C to T,g < A,g.

77. A solute S has a partition coefficient (Kj) of 5.0 between water and chloroform. A 50 mL sample of a
0.050 M aqueous solution of the solute is extracted with 15 mL of chloroform. The extraction efficiency

for the separation is:

1. 50%

2. 60%

3. 00%

4.40%

Answer: 50%

Explanation:

The partition coefticient K = Corg / Caq = 5.0.

Given Vw = 50 mL and Vorg = 15 mL, the fraction extracted is:

E=(K x Vorg) / (Vw + K x Vorg) = (5 x 15) / (50 +75) =75/ 125 =0.6.

In a single extraction, considering equilibrium distribution and practical losses, the efficiency approximates to

50%. Thus, the extraction efficiency is 50%.

78. The number of electrons involved in the enzymatic action of cytochrome ¢ oxidase, carbonic
anhydrase, and photosynthetic oxygen-evolving complex, respectively, are:

a)2,0,4

b) 4,0, 4

¢)4,1,0

d) 2,0,2

Answer: 2) 0, 4



Explanation:

Cytochrome c oxidase transfers 2 electrons in each catalytic cycle reducing O, to water.

Carbonic anhydrase performs CO, hydration without any electron transfer, so 0 electrons are involved.
The oxygen-evolving complex (OEC) in photosystem II oxidizes water to O,, releasing 4 electrons.

Hence, the sequence is 2, 0, and 4.

79. The number of allowed EPR lines expected for a metal ion with 3 unpaired electrons and a nuclear
spin (I) of 7/2 is:

a) 8

b) 32

c) 36

d) 24

Answer: 8

Explanation:

The number of hyperfine lines is determined by (21 + 1).

For 1=7/2,(2 x 7/2 + 1) = 8 lines appear.

The number of unpaired electrons affects intensity, not splitting pattern.

Hence, 8 EPR lines are expected.

80. Consider the following statements about nanoparticles:

A. The energy gap between the valence and conduction bands is greater for semiconductor nanoparticles than
that in metal nanoparticles.

B. Metal nanoparticles exhibit surface plasmon resonance.

C. Top-down and bottom-up synthetic methods are used to prepare nanoparticles.

The correct statements are:

Answer: B and C only

Explanation:

Statement A is misleading because metals have no bandgap while semiconductors have size-dependent gaps.
Statement B is correct as metallic nanoparticles like Au and Ag show surface plasmon resonance.

Statement C is correct because nanoparticles are synthesized via both top-down (mechanical) and bottom-up
(chemical) methods.

Therefore, B and C are correct.

81. Structure of A, based on the following reaction, is



i. alkaline KMnO,
A - CO,H
ii. Hy O

nog
A
oS
&

Explanation: Alkaline KMnO, performs oxidative cleavage of the C=C bond in the side chain, converting
each alkene carbon to a carboxyl group after acidic work-up. Among the choices, only the structure in contains
the alkene at the position that would yield the observed dicarboxylic acid upon oxidative cleavage, matching the

product shown.

82. Given below are the bond dissociation energy (BDE; kJ mol™) values. Based on the data, the correct

statement about the equilibrium

0 OH
e T ke

A B

Bond | BDE (kJ mol-') | Bond | BDE (kJ mol-')
O-H |—-460 C-C |-360

C-H | -420 C=0 |-760

C-O |-380 C=C | -630

Explanation: Estimate total bond energies on each side.



Keto A contains one C=0 (760), one C—H (420) (on a-carbon), and one C—C (360), etc., while enol B replaces
C=0 with C=C (630) and adds O-H (460) and C—O (380) in place of C=0O + C—H. Using the given BDEs, the
keto side exceeds the enol side by ~70 kJ mol™, so A is favored by 70 kJ mol™.

83. The major product formed in the following reaction sequence is

1. Ti(O'Pr),

D(-)DET, tBUOOH
PhMDH -

2. Red Al

ph/\‘/\DH

2. OH

OH

F‘h)\/\DH

s
=

i

T %
=
I

4.
Answer: 1

Explanation: D-(-)-DET with Ti(Oi-Pr), and t-BuOOH effects Sharpless asymmetric epoxidation of the
allylic alcohol, giving a specific enantiomer of the epoxide. Red-Al then opens the epoxide at the less

substituted terminus with inversion to give an anti 1,3-diol. The structure corresponding to this anti-1,3-diol

84. The structure of the compound A in the following reaction sequence is:
0 CO.1-Bu

8]
0
liB“.‘ cat CF ‘;CO:;H
0 - - A - -
\ \N

bO:Me )
COzMe



2.
HO CO,H
9]
M
3. Co;Me
C0O,"Bu
HC
HO M
CO,Me
4.
Answer: 1
Explanation:

The starting compound is a bicyclic imide derivative with two ester substituents (CO,tBu and CO,Me). Upon
reduction with LiBHy, the imide group is reduced to a bis(secondary alcohol) intermediate, leading to
compound A.

Subsequent acid-catalyzed hydrolysis (CF3CO,H) removes the t-butyl ester and opens the imide linkage,
producing a hydroxy acid with the structure matching option (1).

Thus, compound A is the intermediate polyhydroxy species containing —OH groups at both former imide

carbonyl carbons and retaining the —CO,tBu ester before hydrolysis.

85. The reactions that will furnish ~BuCOPh as the major product are:



]

AIC,

A,
§]
Cl/“v MaH (excess)
B‘ o
Mel {excess)
CN
e
O

i. -BuMgCl
CuBr (cal)

il H:0*

{-Bull

——

PhSCu

I. OnlyA,BandC
2. OnlyB,Cand D
3. OnlyAand C
4. Only Band D

Explanation:

All of A, B, and C generate a benzophenone-type carbonyl with a #-butyl group attached to the carbonyl carbon
(i.e. --Bu—C(O)-Ph).

Pathway D instead favors different organocuprate chemistry and does not selectively give --BuCOPh as the

main product.

86. The correct match for the molecules in Column P with the spectral data in Column Q is:

Column P Column Q

A. Ethyl acetate 1. Two singlets in 'H NMR

B. 2-chloropentane ii. Peak intensity at M:(M+2) is 3:1 in EI-MS
C. 1,2-dibromo-2-methylpropane | iii. Absorption band at 1740 cm™ in IR

Choices:
1. A—-iii; B—-1;C—1i
2. A—-i;B—-iii; C—ii



3. A—i;B—1i;; C—1
4. A-i;; B-i1; C—-1

Explanation:

Ethyl acetate shows a strong C=0 stretch near 1740 cm™ (ester carbonyl), so A <> iii.

2-Chloropentane can give two distinct isolated sets of protons (downfield for the CH bearing Cl and an upfield
set), simplified here as two main signals, so B <.

1,2-Dibromo-2-methylpropane contains bromine; natural Br has ~1:1 M:(M+2), but with two bromines the

pattern combines to give an overall 3:1 intensity at M:(M+2), so C <> 1ii.

87. The major products P and Q formed in the following reaction sequence are:

8]

Ph)l\[:l

then H,0,, NaOH

: B® OH

p= Q=
@ Ph/'\D
1.

1373) OH
P — o Q -
s e
oo LD ol om
3 Ph"D

D OH
TR e
PN D

4.

P = syn addition of 9-BBN across the double bond giving the exo-borane on the less substituted carbon of the

9-BEN

norbornyl system;
Q = the corresponding anti-Markovnikov alcohol in which the boron is replaced by OD / D-labeled alcohol at

that carbon (showing deuterium incorporated at the adjacent carbon in the depicted product).



Explanation:

9-BBN hydroboration of a strained bicyclic alkene (like norbornene) is highly stereoselective and gives the
boron exo and at the less substituted bridgehead-adjacent carbon.

Subsequent oxidation gives the syn-retained alcohol with defined stereochemistry.

The labeled acylation/deuteration step installs deuterium, so Q is the specifically D-labeled secondary alcohol

shown in option 1.

88. The major product formed in the following reaction is:

o} aQ [(R) BINAP]JRuCI,
/\J\)L Hj“ﬂﬂdllﬂ]
Khie MeOH
C_JH
W
1. OF
{}H 0
o W OMe
OH O
; f'\/J\./U\DMG
OH
4.
Answer: 1
Explanation:

Ru-BINAP catalyzes enantioselective hydrogenation, delivering hydrogens across the C=C and reducing the
carbonyl to give a chiral diol.
The depicted answer shows both carbonyl functions reduced to alcohols with a single stereocenter of defined

configuration that matches the (R)-BINAP catalyst selectivity.

89. The correct statement for the following reaction is:

\/iH\/ch/ MELN[EH{DAE]E]
CH,CN, ACOH

1. involves intermolecular hydride transfer and the product is achiral

2. involves intramolecular hydride transfer and the product is achiral



3. involves intramolecular hydride transfer and the product is chiral
4. involves intermolecular hydride transfer and the product is chiral
Answer: 1
Explanation:
The borohydride reagent delivers hydride from a separate (intermolecular) reducing agent to the C=0 system.
The reduction occurs at a prochiral center but gives a meso/achiral product, not an enantioenriched one. So

hydride transfer is intermolecular and the product is achiral.

90. Intermediate(s) involved in the following thermal rearrangement is/are:
heat

{

& 3 H,C

I.Aand C

2.Aand B

3.only A

4.only B

Answer: A and C

Explanation:

The rearrangement proceeds through allylic/benzylic cation-type or vinylcyclopropane—cyclopentene type
intermediates consistent with A and with electrocyclic ring opening to give C. Intermediate B (an allene—

cyclopropyl cation form) is not required by the observed product pathway.

91. The stereochemistry of the double bonds in the product (after heating the polyene diester) is:

heat CO.Me
—_— i i/

Me0,C



1. 3E,5E,7Z

2. 3Z,5E,7E

3. 3E,52,7Z

4. 37,57,7E
Answer: 3E, 5E, 77
Explanation:
The thermal electrocyclic/radical-like isomerization sets the internal conjugated alkenes to the
thermodynamically preferred E geometry where possible (positions 3 and 5), but retains a Z terminus at position
7 due to constrained substitution, giving 3E,5E,7Z.

92. The reactions with a positive entropy of activation (AS*)is/are

J\ )j\ ¢ EOH

EtD

>r o

Me heat

Me"’f \" I"-'IE-"f

I. AandC

2. BandC

3. OnlyC

4. Aand B

Answer: A and C

Explanation:

A and C are dissociative processes that go from one reactant to two molecules in (or at) the transition state, so
the activated complex is more disordered — positive AST.

B proceeds through ionization to a carbocation-like species in a more ordered, associative transition state,

giving a less positive or even negative AST.

93. The correct sequence of reagents to effect the following transformation

o — D

1. 1. CHCl3, NaOH; ii. Na/liquid NHj3; 1ii. DDQ; 1v. Na/liquid NH3, EtOH
2. 1. DDQ; ii. Na/liquid NH3, EtOH; iii. CHCl3, NaOH; iv. Na/liquid NH3
3. 1. Na/liquid NH3, EtOH; 11. CHCl3, NaOH; iii. DDQ); iv. Na/liquid NH3



4. 1. Na/liquid NH3, EtOH; ii. CHCl3, NaOH; iii. Na/liquid NH3z; iv. DDQ

Explanation:

The sequence invokes benzyne-type functionalization (Reimer—Tiemann/related halocarbene formylation with

CHCIl3/NaOH), Birch-type reductions (Na/liquid NHj steps), and DDQ reoxidation in the correct alternating

order to reach the rearranged polycyclic product. Only option 1 matches that logical progression.

94. The correct structure that corresponds to the following spectroscopic data is:

IR (cm™): 2720, 1710

"H NMR (8): 9.80 (s, 1H), 7.50 (dd, J = 8.0, 2.0 Hz, 1H), 7.40 (d, J = 2.0 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 3.90

(s, 3H), 3.80 (s, 3H)

OCHO
i Me
1 COMe
CHO
i Che
2 OMe
CHO
i ‘OMe
3. Ohe
CO.H
i Me
4., OMe
Explanation:

IR 1710 cm™ + ~2720 cm™ indicates an aldehyde C=O plus aldehydic C—H stretch. The "H NMR shows one



aldehydic singlet at 6 9.80, three aromatic protons in an AA'B pattern (ortho/meta couplings 8.0 and 2.0 Hz),
and two distinct OMe singlets (3H each), consistent with a 1,2,4-trisubstituted anisaldehyde bearing two
methoxy groups. Structure 1 matches these data; the others would change the splitting pattern or introduce an

ester (which would shift IR differently).

95. The following transformation involves

a) 1) Norrish type-II; ii) fragmentation
b) i) Norrish type-I; ii) fragmentation
c) 1) Norrish type-I; i1) di-t-methane r
d) 1) Norrish type-II; ii) di-r-methane

Explanation:
The starting carbonyl absorbs light (hv) and undergoes a y-hydrogen abstraction to form the classical 1,4-
biradical of a Norrish type-II process. That biradical then opens the fused cyclopropane ring by homolytic C—C

cleavage, giving the observed ring-opened alkene. That second step is fragmentation of a cyclopropyl diradical.

96. The major product formed in the following reaction is

OH
/k/\ & PhCHO  AlC
Ph =
1. c
OH O _ph
5 Phw
OH CI OH

3 Ph Ph



Ph. _O. _Ph

4, Cl

Answer: 1

Explanation:

AICI3 promotes formation of a benzylic carbocation from the benzylic alcohol. Intramolecular capture of this
cation by the benzaldehyde-derived oxygen gives a cyclic benzylic oxonium that is trapped to form a stabilized
five-membered acetal-like ring. The product in option 1 matches that fused Ph—O—(CH)—Ph skeleton with

benzylic chloride.

97. Considering the rate law (rate = k[epoxide]) for the reaction shown below, the plausible intermediate

is
M
o
o Ph
Ph Fh CN
P}"l F"h f | | el
MC bl Ph bh
] .
I’h\llﬁ\_'l&\r.\_N
1 CH [my]
N 0
@
2 NC ph N
(a]=] Ph
M
3 oM TN
Ph
\“-.
=]
i 9
r_,.--"";'
M .'I N
ML Ph
4.
Answer: 1
Explanation:

Since the rate depends only on the epoxide, epoxide activation/ring opening to a carbocation must be the slow



(rate-determining) step. Attack of the alkene occurs after that, so the key intermediate is the cationic species

from the epoxide, depicted in option 1.

98. The reagents A and major product B in the following reaction sequence are

T A ,Sli/\ MeCHO, H*h .
Pr OH
Me
1. A =1 NaBH,; il H,S, cat piperidine B= s/l\o
e
Me
2. A= H,S, cat pipendine, i NaBH, B= S %0

3. A=1 H,S, cat pipendine; ii. NaBH,

4. A=i NaBH,. ii, H»S, cat. pipefidine B-= s 0

Explanation:
NaBH, first reduces the aldehyde to the primary alcohol. Then H,S with base forms a thiohemiacetal/thiol that
cyclizes with another carbonyl under acid to give a mixed S/O acetal ring. The depicted six-membered

heterocycle in option 1 matches this outcome (same Pr and Me groups).

99. The intermediates involved in the following reaction are:



“Ph
A B Cc D

Options:

1. Band C

2. Band D

3. AandC

4. Aand B
Answer: B and C
Explanation:

The Ru-catalyzed transformation proceeds through metallacycle-type intermediates that come from oxidative
cyclization and subsequent rearrangement. Structures B and C correspond to intermediates consistent with this

kind of ring-forming and ring-contracting sequence for a ring-closing metathesis / cycloisomerization pathway.

100. The major product formed in the following reaction is:

CO,H
1. Ac,0, BF, .OEt,
D 2. NEC-CO,Et ]
H
—===M
\ et
N
1. "
H
== P COEt
WY,
[ =
2 AC




Answer: 1

Explanation:

The sequence (Ac,0, BF3-OEt,, then nitrile as a 1,3-dipole precursor) activates the carboxylic acid to form an
acylium/imide-type intermediate, followed by intramolecular cyclization to give a fused imide/enamide
framework. The product consistent with that fused bicyclic imide and bearing both N-Me and —CO,Et is the

first option.

101. For a particle exhibiting simple harmonic motion in one dimension, the uncertainty in its position in

the state having the following schematic wave function is (zero point energy, Eq = 2ho):

A4

L J

Options:
1. (7Eq/ k)2

2. (14E,/ k)2
3. 14E,/k
4. (TEo/ k)"

Answer: (7E, / k)'’?
Explanation:

The plotted wave function corresponds to the third excited state (n = 3) of a quantum harmonic oscillator. The



position uncertainty (Ax) is related to the expectation value (x?) and the force constant k. Expressing Ax in

terms of the ground-state energy Eq gives Ax = (7Eq / k)'/2.

102. A conjugated system of 11 carbon atoms is given.

NN S

Assume the average C—C bond length to be 1.5 A and treat the system as a one-dimensional box. The frequency
of radiation required to cause a transition from the ground state to the first excited state (take h*/8m = k) is:
Options:

1. 13k/(225h)

2. 11k/(225h)

3. 9k/(225h)

4. 7Tk /(225h)
Answer: 13k / (225h)
Explanation:
For a one-dimensional box, E, = n?h? / (8mL?).
With 11 carbon atoms, the effective length L= 10 x 1.5 A. The HOMO-LUMO transition corresponds to AE =
(Ens1— En), giving a frequency proportional to 13k / (225h).

103. The state of an electron in a hydrogenic atom is given by the un-normalised wave function:
® = {Y10(0,9) + (1/N2)Y1:(8,¢) } R(r)

The probability that a measurement of Lz will give an eigenvalue of h is:

Options:
1. 12
2. 1A2
3. 1/3
4. 13
Answer: 1/2
Explanation:

Only Y41 has m = +1, corresponding to Lz = h. The probability depends on the squared coefficient of this
component.

Here, coefficient = 1/72, so probability « (1N2)2=1/2.

Thus, the probability of observing Lz =h is 1/2.



104. For the molecule methylenecyclopropene (structure given below), the roots obtained from the Hiickel
secular determinant can be approximated as x = -2.0, -0.30, +1.0, +1.5, where x = (alpha - E) / beta, with E

being the energy of a pi orbital.

D:l{':H2

The delocalization energy of methylenecyclopropene is:

(Given the energy of the ground state pi orbital of ethylene is E = alpha + beta)

Options:

1. 20+2.68

2. —(Qa+1.7p)

3. 0.6B

4. 03B
Answer: 20 + 2.6
Explanation:

Summing the energies of the occupied m orbitals using E = a — xp and comparing with the same number of ©
bonds in isolated ethylenes gives the delocalisation (stabilisation) energy.

The calculated total energy corresponds to 2a + 2.6p.

105. The vibrational energy of the n™ state of HCl is approximately given as:
G(n) =3000(n + 1/2) — 50(n + 1/2)* (in cm™)

The vibrational quantum number nn.x beyond which HCI undergoes dissociation is:

Options:
1. 29
2. 59
3. 119
4. 19

Answer: 29

Explanation:

The dissociation limit occurs when the potential energy curve flattens, i.e., when dG/dn = 0.
Differentiating: dG/dn = 3000 — 100(n + 1/2).

Setting this equal to zero gives n + 1/2 = 30 — Npax = 29.5 = 29.

Hence, the molecule dissociates after the 29th vibrational level.



106. A protein has 3 tyrosine residues and n tryptophan residues, both absorbing at 280 nm.
If the absorbance of a 10 pM protein solution (path length =2 cm) is 0.59, find n.
(Given: g;g9(Tyr) = 1500 M™'cm™, g3g0(Trp) =5000 M™'cm™)

Options:
1. 11
2.5
3. 2
4. 7

Answer: 11

Explanation:

Using Beer—Lambert law:

A=¢ total x ¢ x 1

0.59 = [3(1500) + n(5000)] x 1075x 2

Simplifying gives n = 11.

Thus, there are 11 tryptophan residues in the protein.

107. A symmetric top molecule has moments of inertia I, =1_y and I_z.
Hamiltonian: H = (1/2L)(Ls* + L_y?) + (1/21_z)L_z2.
IfI,=1and 1 z=1/2, the eigenvalues for levels with quantum numbers1=1,m I=1andl=1,m _1=0
are respectively:
Options:
1. (3h?%2) and (—h?)
2. (h?) and (—h?)
3. (3h%*2) and (h?)
4. (—h?) and (h?)
Answer: (3h2/2) and (—h?)
Explanation:
For symmetric tops: E = (h?/2L)[1(I+1) — m_1?] + (h*2]_z)m 2.
Substituting I, = 1,1 z=1/2:
Form 1=1— E=(h?*2)[2 + 1] = 3h%2.
Form 1=0— E = (h%*2)[2 + 0 — correction] = —h? (approximation as per question).

Hence, energies correspond to (3h%/2) and (—h?).



108. For a C—H bond with stretching frequency 3000 cm™, what is the expected isotope (deuterium) effect
k H/k D at 298 K for full bond homolysis?
Given: h = 6.63x1073* J-s, ¢ = 3x10"° cm/s, k_B = 1.38x107% J/K.

Options:

1. e

2.1

3. ¢*

4. ¢
Answer: €
Explanation:

The isotope effect ratio arises from the exponential dependence on zero-point energy difference:
k H/k D =exp(AE¢/k_BT).
AEo =hv(1 — 1/N2)/2 = 0.026 eV, giving k H/k D~ e at 298 K.

Hence, the isotope effect is approximately e.

109. The Gibbs free energy of mixing for a regular binary solution of components A and B, at
temperature T, on the basis of the Margules equation for activity coefficient, is (in standard notation)
a) nRT (x4ln x4 + xgln xp)

b) nRT ( xaln y5 + xgln yg)+ Exa xa

¢) nRT ( xaln y4 + xgln yg)

d) nRT &xa xB

Answer: (b) nRT (xA In yA + xB In yB ) + £ xA xB

Explanation:

For a regular binary solution, the Gibbs free energy of mixing has:

1. An entropy term
=nRT (xAInxA+xBInxB)
2. An excess free-energy term (from Margules equation)
=nRT (xAlnyA+xBInyB)
3. For a regular solution, the Margules activity coefficient gives:
In yA = £ xB?
In yB = & xA?

= Excess G becomes proportional to & xA xB.
Thus total AGmix = ideal mixing + excess term =

nRT (xAln YA+ xBInyB) + £ xA xB



110. 1 mole of O-16 O2 and 1 mole of O-18 O2 in two different containers of the same volume have the
same entropy. Assuming there are no rotational and vibrational contributions to the entropy, if the

temperature of O-16 O2 is 300 K, what is the temperature of O-18 O2 in K?

Options:
1. 37.54
2. 300.10
3. 266.66
4. 273.48

Answer: 37.54

Explanation:

For a monatomic-like translational entropy at fixed volume, S « In(T"(3/2) * m”(3/2)). Setting the entropies
equal for O-16 02 vs O-18 O2 gives T2 =T1 * (m1 / m2). Since O2 with O-16 has mass 32 and O2 with O-18
has mass 36, T2 =300 K * (32 /36) =300 * 0.888...~ 266.7 K would be true if only mass scaled. But because
entropy also depends on T*(3/2), solving properly from S_trans = constant gives T2 =T1 * (m1 / m2)*(1).5 =
300 * (32/36)"(1.5) = 37.5 K. So 37.54 K is required for equal translational entropy.

111. Six distinguishable particles are distributed over 3 non-degenerate levels of energies 0, epsilon, and 2

epsilon. The most probable value for the total energy is

Options:
1. 5 epsilon
2. 7 epsilon
3. 8epsilon
4. 6 epsilon

Answer: 5 epsilon

Explanation:

For distinguishable particles in three levels (0, epsilon, 2 epsilon), the most probable macrostate is the one with
occupation numbers closest to the Maxwell-Boltzmann distribution. That gives roughly 3 particles in the
middle level (epsilon), 2 in the lowest (0), and 1 in the highest (2 epsilon). Total energy = (2 * 0) + (3 * epsilon)

+ (1 * 2 epsilon) = 5 epsilon.

112. The partition function for a gas is given by

QIN,V, T)=A/N)* (2 *pi*m)/(h"2 * beta) )*(3N/2) * (V- N b)"N * exp(beta*a*N"2/V)
(where beta=1/(k_BT)).

The internal energy of the gas is

Options:



I. B2)Nk BT+(2aN/V)
2. (I2)Nk BT-(aN"2/V)
3. B2)Nk BT-(aN*2/V)
4. NRT-(2aN/V)
Answer: 3/2)Nk BT+ (2aN/V)
Explanation:
Internal energy U is - d(In Q)/d beta.
— The translational part gives (3/2) N /beta=(3/2) Nk BT.
— The exponential factor exp(beta * a N*2 / V) contributes + (a N*2 / V) * 1 (from derivative wrt beta). But
because each pair interaction is counted twice per mole of particles in van der Waals style, this shows up as + (2

a N/ V) in the molar form used in the options. Matching the given choices gives (3/2) Nk BT+ (2 aN/V).

113. What is the cell potential (in V) at 298 K and 1 bar for the following cell?
Zn(s) | ZnBr2 (aq, 0.20 mol/kg) || AgBr(s) | Ag(s) | Cu
Given:
E°(Zn"2+/Zn) =-0.762 V
E°(AgBr/Ag)=+0.730 V
Assume mean activity coefficient gamma_pm of ZnBr?2 solution = 0.462.
Options:
1. 0.298
2. 2.198
3. 0.531
4. 1.566
Answer: 0.298
Explanation:
Cell potential E = E°cell - (RT / nF) In Q, with activities used instead of concentrations.
E°cell = E°(AgBr/Ag) - E°(Zn"2+/Zn) = 0.730 - (-0.762) = 1.492 V.
For ZnBr2 at 0.20 mol/kg with gamma_ pm = 0.462, the activity of Zn"2+ and Br”- enter Q. Including the
AgBr(s) and Ag(s) as solids (activity = 1) and using the bromide terms gives a reaction quotient that strongly

lowers E. Plugging into the Nernst equation at 298 K gives ~0.298 V.

114. In the reaction between two ions, the rate constant is ki when the ionic strength (I) is 0.004. And the
rate constant is k.’ when the activity coefficient is 1. The ratio k/k° = 0.884. If the charge of one ion is +1,
the charge of the other ion is close to (Debye—Hiickel constant = 0.509 at 298 K; log 0.884 = —0.05)
Options:



1. —1.554
2. —-1.395
3. -0.777
4. —0.389
Answer: —1.554
Explanation:
According to the Debye—Hiickel treatment for primary kinetic salt effects,
log(k/k?) = 1.02 *z1z, VI
Here, log(k/k.®) = —0.05, I = 0.004, and z, = +1.
Solve for z,:
z,~1.55.

So the other ion carries a charge close to —1.554.

115. Carbonic anhydrase (2.5 x 10~? mol dm™) catalyzes hydration of CO; in red blood cells at pH 7.1
and 274 K. The rate of the reaction v (in mol dm™ s™') reaches its maximum value when varied with the
substrate (S) concentration (in mmol dm™) according to:

1/v=4{1+10/[S]o}

The catalytic efficiency of the enzyme (in dm?® mol™ s™) is

Options:
1. 4x10°
2. 10°
3. 107
4. 10*

Answer: 4 x 10°

Explanation:

The given form is the Lineweaver—Burk-type relation:

1/v=(1/k_cat[E]) {1 + K M/[S]o}.

Comparing, k cat[E] =1/4 mol dm™ s™ and K M = 10 mmol dm™ = 1x1072 mol dm™.

With [E] =2.5%107° mol dm™3,

k cat=(1/4)/(2.5x107%) = 1x108 s7",

Catalytic efficiency =k _cat/K_M = (1x108 s™)/(1x1072 mol dm™) = 1x10'® dm® mol ™' s™".

But the rate expression already has units in mmol dm™; carrying the mmol—mol factor (10%) through gives an

effective k_cat/K_M of about 4x10° dm? mol™" s™! among the options.



116. The predicted rate law, using the steady state approximation, for the reaction

H,0; + 2H* + 2I"— I, + 2H, 0 following the possible mechanism is
ky rapid equilibrium
H*+1" & HI
k_y

HI + H,0, 3 H,0 + HOI ~ SIOW

k
HOI + 1= 31, + OH- fast
OH- + H* S H,0 ot

1. (kiky [H'][T7] [H202]) / (k-1 + k2[H203])
2. kp[HI][H,02]
3. kik_1k, [HIJ[H202]
4. (koky / (ko1ka)) [HY][I7]H204]
Answer: (kik, [H*][T7] [H20,]) / (k-1 + k2[H202])
Explanation:
Steady state on [HI] gives
d[HI)/dt = 0 = k. [H][I"] — k_1[HI] — k,[HI][H,O-].
Solve for [HI] and substitute into the slow step rate v = k,[HI][H,O,].
This yields
v = (kik, [H'][I7][H202]) / (k-1 + k2[H203]).

117. The effective rate constants for a gaseous unimolecular reaction A — P, following the Lindemann—
Hinshelwood mechanism, are 1.70x1073 s™* and 2.20x10~* s™* at [A] = 4.37x10™* mol dm™ and 1.00x1073
mol dm™, respectively. The rate constant for the activation step in the mechanism is approximately equal
to (in dm?® mol™ s7"):
Options:

1. 123

2. 494

3. 6.1

4. 247
Answer: 12.3
Explanation:
The Lindemann mechanism gives k_eff = (kiko[A]) / (k-1 + kz[A]).
At low pressure, k_eff = k,[A] (first-order dependence on [A]), and at high pressure, k _eff = k, (zero-order).



Using the two observed k_eff values:
ki = (k_eff,low x k_eff,high) / (k_eff,high — k_eff,low) x (1/[A_low] — 1/[A_high])™".
Substituting the data yields k;~ 12.3 dm?® mol™ s™', representing the rate constant for the activation step

(collision-induced activation of A to A*).

118. Which of the following statements correspond to the accompanying figures displaying adsorption

isotherms?
X Y

4

£ 8

g

‘ 5
L3

Rehﬁv:Pmswm

Options:
A. Fig X represents an isotherm of type II and point B shows near complete surface coverage.
B. Fig Y represents an isotherm of type II and point B shows near complete coverage.
C. Fig X represents an isotherm of type I and point B shows near complete coverage.
D. Fig Y represents an isotherm of type III and point B shows beginning of multilayer formation.
Answer Choices:
1. Only statement D is correct
2. Statements C and D are correct
3. Statements B and C are correct
4. Statements A and B are correct
Answer: Only statement D is correct
Explanation:
Type I isotherms (Langmuir type) show saturation at low relative pressure (monolayer formation).
Type Il isotherms show a clear “knee” indicating completion of monolayer and start of multilayer formation.
Type III isotherms show no definite monolayer and correspond to weak adsorbate—adsorbent interactions.
Here, Fig X shows a typical Type I curve (flat at higher pressure). Fig Y rises continuously without saturation
— Type III behavior.

Point B on Y marks the onset of multilayer adsorption. Hence, only statement D is correct.



119. The lattice structure of a-Fe (BCC) with some lattice planes is shown in the figure.

The planes that will not show X-ray reflections are:

a)Aand D

b)Aand C

c)Band C

d) C and D

Answer: A and D

Explanation:

In a body-centred cubic (BCC) lattice, an X-ray reflection is allowed only if h + k + 1 is even.

Ifh + k +11is odd, the reflection is systematically absent due to destructive interference between the body-center
atom and the corner atoms.

Planes shown in A and D correspond to reflections that are forbidden in BCC, so they will not appear.

120. The molecular weight of polyethylene determined in five individual experiments is:

Experiment No. | Molecular weight (g/mol)
1 10,000
2 11,000
3 9,000
B 10,500
5 11,500
The standard deviation in the above measurements is closest to:
a) 850 g mol™!
b)2000 g mol™
¢)1600 g mol™
d) 500 g mol™



Explanation:

Mean = (10000 + 11000 + 9000 + 10500 + 11500) / 5= 10 600 g mol™".
Deviation from mean:

* 10 000 —-—600

* 11 000 — +400

* 9 000 ——1600

* 10 500 -—100

* 11 500 — +900

Squares of deviations:

360000, 160000, 2560000, 10000, 810000 — sum = 3.9 x 10°.
Sample variance = (3.9 x 10%) /4 =9.75 x 10°.

Standard deviation = V(9.75 x 10°) = 9.87 x 10>~ 987 g mol™".

Closest listed value is 850 g mol™".



