BITS PILANI, DUBAI CAMPUS

IYFAR SECOND SEMESTER, 2012-2013

COMPREHENSIVE EXAMINATION-CLOSED BOOK
Course No: CHEM F111

Total Marks: 80
Weightage: 40%

Course Title: General Chemistry
Date: 02.06.2013
Time: 3Hrs

1. Answer all questions sequentially. Part-A, B and C separately
2. Show stepwise calculation indicating the units wherever it is required
3 Useful data: 1eV=1.602x10""J, h = 6.626 x 10~ J.s, ¢ = 3 x 10'° em/s, Rp=109677 cm™', R=8.314 J/K/mo!,

Mass of electron = 9.1x 10° kg, Mass of hydrogen = 1.67x10°% kg, 1 atomic mass unit = 1.66x107"kg. Atomic Number
of H=1, He=2, C=6, N=7, 0=8, P=15, 8=16, C1=17, Cr=24, Mn=25, Fe=26, Co=27, Cu=29, Br = 35, I=53. Atomic

masses: [=127, C1=35

PART-A
L. (i) Estimate the wavelength of an electron accelerated from the rest through a potential difference

0f20.00 kV. |
(it) Calculate the wavelength of the line with n = 4 in the Balmer series of the hydrogen spectrum. -

(iti) Why the electron affinity of Clis higher than that of §? [3+3+2 M]

2. (i) Calculate the zero point energy for an electron that is confined to a one dimensional box of

length 2 A°.
(if) How many orbitals are there in a shell with = 3 and what is there designation?

(1i1) Describe the bonding in a PCls molecule in VB terms. [3+2+2 M)
3.0 How many modes of vibration are there in
(a) Xylene (CsH,g). (b) Fluorine.
(ii} Vibrational frequency of 27 1%C1is 384 cm ", Calculate the force constant.
(iii) Write the gross and specific selection rule for vibrational transitions, [2+3+2 M|

(i) Give an account of source and detectors used in IR spectrophotometer.

(i1} Calculate the bond order of Oy ion |
(iii) Explain the differences between the bonding and anti-bonding molecular orbitals, [2+1+2 M]

PART-B

1. (i) Give the wedge representation of (R)-2-butanol.
(ii) Draw the structure of (i) trans-1,2-dimethylcyclohexane and (ii) cis-1,3-dimethyleyclohexane

and state which one is more stable? [2+4 M;




2. (i) Llustrate how the structure of the substrate and the nature of the leéving group affect the rate of
Syl and Sy2 Reactions?
(1i) Write a note on conformational analysis of Butane. [4+4 M]
3. (i) How much heat is required to vaporize liquid butane from its boiling point (-1° C)
(ii) Calculate the standard enthalpy of formation of ethane (CaHs) at 298 K from the following
data. Enthalpy of combustion of ethane is -1560 kJ/mol.
AH¢ 295 (H20) = -286 kJ/mol, AH %95 (CO-) = -393.5 kJ/mol.
(ii) Formulate the rate law for the reaction, 2 NOg) + Oyg) - —» 2 NOyy), using steady state

approximation. [2+5+6 M]

PART-C

———

1. (i) Suggest a reaction mechanism for the formation of 2-methyl propene from t- butyl chloride

(i) Give addition reaction of hydrochloric acid to propene and justify the product formed.
[4+4 M]

2. (i) Identify from the following compounds which is aromatic /anti aromatic? Justify your answer.

(a) Cyclopenta dienyl anion (b) Cyclo octatetracne.

(i) Write the state of hybridization of the central metal atom, magnetic behavior and geometry of
the given complexes using VB theory (a) [Cu(NH3),J** (b) [Mn(CN)e]* [4+6 M]

3. (i) Draw the structure of oxalate ion and ethylene diamine tetra acetate anion ligands and indicate

the coordination sites in the ligands.

(i) Predict on the basis of CFT whether the folIoWing complex is planar, tetrahedral or octahedral.
Show the distribution of d-electron of the central metal atom in the splitted d-orbitals.

[CoNH;)s]™* [4+4 M]
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PART-C

1.(i) a reaction mechanism for the formation of 2 —methyl propene from
t- butyl chloride. [4M]

(ii) Addition of hydrochloric acid to propene and justify the product formed [4M]

CH, H H H Ot €2 H H
O/ o - NG (2
meG\ — GHSW%T;W{;JMH or -Cﬂgmgm?mﬁ .
¥ 3 H i } . t
H] Th H ¢l i H d»w\‘ tabion (2M)
g Ot i-chioropropane 2-chloropropane
propeng gt

2.(i)(a) Cyclopenta dienyl anion - aromatic It obeys Huckel’s rule-contains 611
electrons —planar-stable [2M]

cycloociatetraene

Cyclopentadienyl anion b) anti aromatic




Compounds With 4n 7t Electrons are Not Aromatic or Antiaromatic

O If the ring is larger, it will distort out of planar and behave like an ordinary
alkene .Jt has 8- electron (four double bonds )and are not delocalized

(single and double bonds)
O Cyclooctatetraene has four double bonds, reacting with Br,, KMnQy, and

HCI as if it were four alkenes

(il) Write the state of hybridization of the central metal atom, magnetic behavior

and geometry of the given complexes using VB theory (6M)
2+ 4-
[Cu(NH3)4]"  [Mn(CN)¢]
Electronic configuration of Cu ** Doz ana QO,,,UL\%L.

@
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(ii) Predict on the basis of CFT whether the following complex is

i




planar, tetrahedral or octahedral. Show the distribution of d-electron of the central
metal atom in the splitted d-orbitals. (4M)

[Co(NH3)*" Co’" is having 3 dé configurations - geometryoctahedral (2my
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1. Answer all questions sequentially.
2, Show stepwise calculation indicating the units wherever it is required.
3, Only prescribed text book and original hand written class notes are allowed.

{a) Find the theoretically possible number of vibrational absorption bands in the IR spectra of

(i) Aniline (ii} OCS _
(b) What do you mean by the term charge transfer complexes? Give suitable examples.
(c) Write the different types of electronic transitions in the order of increasing energy - .
(dy How will you arrive at the rate law implied by the mechanism of the following reaction?

[4+2+2+5 M]

2 INO(g) -+ Bra(g) — 2N OBr ()

{a) The entropy of vaporization of methanol 1s 35.27 IJmol ™! at its boiling pOiht of 64.1°C.

Calculate
i) The entropy of vaporization of methanol at this temperature and
[3+1 M]

if) The entropy change of surroundings.

(b) Calculate the entropy change involved in thermodynamic expansion of 2 moles of a gas from a
volume of 5L to a volume of 50 L at 303 K. [3 M]

c¢) Calculate the standard reaction Gibbs energy and the equilibri.um constant at 25°C for the

reaction,

CHyg +3Ch (g) CHCL;(I) + 3HCl(g)
(Standard Gibbs energy of formation of CHCls, HC! and CHjy are -73.66, -95.30, -50.72 kJmol™
[3+3 M]

respectively).

(a) In a class room of dimensions 10m x 8m x 6m, there are twenty students attending the class of
a thermodynamics lecturer. On the average, each individual in the room occupies 0.5 m’and
produces 100 W heat. Initially the room was at standard temperature and pressure, then sealed
and insulated. Calculate the rise in temperature of the air after 15 minutes.

(Cvain= 0.717 kJ/kg/K; Reain = 0.287 kl/kg/K).
(b) One mole of an ideal gas is at 0 °C during an expansion process from 3 L to 10 L. Calculate

i) Work done during expansion ii) heat transfer with surrounding iii) the work required to
[747 M]

retumn the original volume through an isobaric process.

EX Rt A ok
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Fast Initial Step
2 NO(a) + Bra(g) — 2NOEr (o)

The rate law for this resictiom ims Fouirigd
{(experiment=ily) 1o bae ) .
rerte: === XA [NO]2 (25 ] K!M)

-

Because termolaeciil=r (= trirmiolecular)
PrOCesSSaes mra rares, thiss rate fzmaww
Buggesis a two-sten mechanisro.

Fast initia! Steo
- A proposed mechanism s
Step 1 1 IO - FBro = INCO FZ oy ( Feast)
NI ER - —— IN D s DN ET o (slerwes)

Step 1 is @ @il ricrrrr— .
it inmciudces thae Formasmra LI M e TE e rersaaticomes

Fast initial Step
Step 1 : N + FBr.o = INOBre (Ffast)
Step 2 : NOBrs 4 N — 2N I (2o

The rate of the overall reaction depends
uUpon the rate of the slow step.
- The rate law for th=mt step would be

( I hA

raltes = Ko [INOBro] [V ]

= But how can we find [NOBr,]7

Fast Initial Step
Stap L 1 INCF -+ Fye = N Bra (Fast)

Step 2 1 NOLyrs - N — 2INVEIIZr {5
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UVt NG Eo form. MNORr
=By decomposition to reforrmm NO @smeict Br,
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Rate, = Rate,. ‘ [ /
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TEST-I-CLOSED BOOK

Course Title: General Chemistry Course No: CHEM F111 .
Date: 04.03.2013 Total Marks: 50
Time: 50 Min Weightage: 25%

1. Answer all questions sequentially,

2. Show stepwise calculation indicating the units wherever it is required.

3. Useful Data: h= 6.626 x 10 J.s, ¢ =3 x 10" cm/s, m= 9.110 x 10 Kg; Rg=109677 cm’', R=8.314 J/K/mol,
R=0.0821 litre atm K 'mol”, Atomic number: N=7,C=6,P =15,0=8,Na =11, Ne =10, Li=3, Be =4

1. (i) Light of wavelength 200nm strikes a certain metal which has a photoelectric work function
of 2.13eV. Find out the maximum kinetic energy and the velocity of the ejected photoelectron.

(i) A moving electron has 5x10™ joules of kinetic energy. What is the de-Broglie wavelength
of the electron? [6+5M]

2. (i) Write the salient features of Born interpretation that helps to understand the physical
significance of wave function.
(ii) Write the boundary conditions for an acceptable wave function. [2+4M]

-r/2al0

3. (i) How much it is more probable for an electron of wave function e™“", to be found in the

nucleus and at a distance of r = 2ay, confined 1n a small volume dV?

(ii) Describe (with a diagram) the experiment by which the existence of electron spin was

confirmed. [4+4M]

4, (i) Calculate the energy of an electron confined in a box of length of 10 pm at n=4.
Show that 9/4™ of this energy is for the same system at n=6.

(ii) List the various series of lines obtained in a hydrogen spectrum and present the respective

expressions for the wave numbers. [4+4M]

5. (i) The atomic radius of nitrogen is lesser than that of carbon while phosphorous has higher
value of atomic radius. Justify.

(i)} Using Hund’s rule, predict the ground state electronic configuration of
a) Oxygen
b) Phosphorous {4+4M]

6. (i) Why the ionization energy of sodium is substantially lower than that of neon?
(ii) Why the shielding effect of lithium is greater than beryllium?

(iti) Discuss the effect of atomic number over spin-orbit coupling. Justify your answer.
[3+3+3M]
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2, ‘\ The probability of finding the particle in a small region of space of volume
dv is proportional to ¥* dv, where W is the wave function in the region,

In other words ¥ is the probability density

L3

i

1. It must be single valued {that is, have only a single
value at each point}): there cannot be more than
one probability density at each point.
It cannot become infinite over a finite region of
space: the toral probability of finding a particle in

a region cannot exceed 1.

[~

3. Thewavefunction is continuous everywhere.

4. It has a continuous slope everywhere.
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BITS, PILANI - DUBAI CAMPUS
SECOND SEMESTER 2012 - 2013

First Year Sections 1,2 & 3

Quiz 2 (Closed Book)
Course Code: CHEM F111 Date: 16-05-2013 Name:
Coﬁt_:_r_,s_,e_,_,fi_‘itie: General Chemistry Max Marks: 14 ID.No:
'-.Duration: 20minutes Weightage 7% Sec.:

Instructions: 1. Attempt all questions

1. Calculate the specific rotation, if 0.90g of an opiically active compound dissolved in 20 ml of
water in a 200 mm cell gave a rotation of +4.50°. (M)

2. Assign R/S designation for the following compound indicating the priorities of groups.(2M) -

T
Corrrrennr.CHs
/
C(CH3) CH = CH,
3. Classify the following molecules as chiral or achiral. (2M)

(1) 2,3 — pentadiene (ii) 2-methylbutane.




4. Draw the potential energy diagram for various conformational isomers of 1-choloropropane (no
need to give actual values of potential energy -trend should be shown properly) (3 M)

5. Ofthe two conformers of Cyclohexane (viz., chair and boat)- which is more stable - What is the
reason? _ (2 M)

6. The hydro_lysis of (8)-3-Bromo-3-methylhexane produces both (R) and (S) 3-methy1h3-hexanol
Why? - (ZM)

7. What is meant by “Concerted Reaction” and this follows which mechanism? { 2M)
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First Year Sections 1,2 & 3
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ANSWERING SCHEME

1. Calculate the specific rotation, if 0.90g of an optically active compound dissolved in 20 ml of

water in a 200 mm cell gave a rotation of +4.50°. (1M)
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2. Assign R/S designation for the following compound indicating the priorities of groups.(2M)

3. Classify the following molecules as chiral or achiral. ' M)
(1) 2,3 — pentadiene (ii) 2-methylbutane.
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4. Draw the potential energy diagram for various conformational isomers of 1-choloropropane (no

need to give actual values of potential energy -trend should be shown properly) 3M)
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5. Of'the two conformers of Cyclohexane (viz., chair and boat)- which is more stable - What is the
(2 M)

reason?
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6. The hydrolysis of (S)-3-Bromo-3-methylhexane produces both (R) and (S) 3-methyl-3-hexanol
Why? | 2 M)
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7. What is meant by “Concerted Reaction” and this follows which mechanism? (2M)
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BITS PILANI, DUBAI CAMPUS A

I YEAR SECOND SEMESTER, 2012-2013
QUIZ-I-CLOSED BOOK

Course No: CHEM Fii1

Course Title: General Chemistry

Date: 28.03.2013 Total Marks: 16

Time: 20 Min Weightage : 8%
Sec:

Name: I, No. 2012A

Useful Data: At No: H=1, P =15.C=6,N=7, =9

1. Write the valence bond wave function for HI molecule. (2M)
2. Schematically represent the potential energy curve for a hydrogen molecuie. {(2M)
3. Give the VB description of PHs, (2M)

(3M)

4. Give the orbital model of ethfne molecule showing scheme of overlaps and bonds.




5. With a suitable example depict sp hybridization of carbon showing scheme of overlap and bonds (2M)

6. Write the electronic configuration of oxygen molecule and deduce its bond order. (3M)

7. Which one of the following has higher bond dissociation energy No or F2? Why? (2M)




BITS PILANI, DUBAI CAMPUS
IYEAR SECOND SEMESTER, 2012-2013
QUIZ-I-CLOSED BOOK

Course Title: General Chemistry

A

Course No: CHEM F111
Total Marks: 16

Date: 28.03.2013
Time: 20 Min Bt 2 WER) WL QQH[EQ'\E— Weightage : 8%
Name: o ID. No. 2012A Sec:

Useful Data: At. No: H=1, P =15.C=6,N=7, F=0

1. Write the valence bond wave function for HI molecule.

(2M)

Y- (U2 = P ¢ TP @ wo (O

2. Schematically represent the potential energy curve for a hydrogen molecule.

(=]
'

R Internuclear distance, R —s

Molecular patential energy, V

i
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3. Give the VB description of PH3,

(2M)

(2M)

Woyen = (P23 P bords

. .
4. Give the orbital mode] of ethx‘ne molecule showing scheme of overlaps and bonds.

" Orbital tnodel of sthene molecule. (d) shows scheme: of overlaps; and
- (b} shuws bonds, sigma bonds indicalcd-b}‘slruight lines.

(3M)




5. With a suitable example depict sp hybridization of carbon showing scheme of overfap and bonds

o e by
Formition of ethynz molecyle, {a} slxiws scheme of overlaps, and

(b &hows Lhe honds, & bonds Being ndicated by straiphi lines.

6. Write the electronic configuration of oxygen molecule and deduce its bond order.
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7. Which one of the following has higher bond dissociation energy No or F2? Why?

%Bfo f’/w’ NJ_ PR 3 d— F;_ RS l

[T

(2M)

(2M)




