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> Write the answer of the following questions : (Each carries 2 Mark)
1.
- n=2
[Ni*']
Ecell = E0cell — 0'(3159 log TP
[ag']
_ 0.059 0.160
=105 =757 1o g goap
een = 105 — 2052 1og (40000)
105~ 202 46021
=1.05-0.1358
=091V
2.
- Average rate Decrease in concentration of R
& time taken
_ AlR]
At
_ 0.02-0.03
- 25
_ 0.01
25
=4x107* M min!
4
Rate of reaction in terms of second = 4x10 "My 6.67X10-6 M s-1
60 sec
3.
- Manganese (, 5Mn) shows largest number of oxidation states because it has maximum number of unpaird electrons.
4.
- Potassium permanganate is used as a favourite oxidant in preparative organic chemistry.
w  Its uses are for the bleaching of wool, cotton, silk and other textile fibres and for the decolourisation of oils are also dependent
on its strong oxidising power.
- An aqueous solution of potassium permanganate is used for gargling to keep mouth germfree as it is antiseptic.
w It is useful as titrant in redox titrations to know the proportion of metal ions like iron (II) and organic compounds like oxalic
acid.
5.

- In [Ni(CO),] Ni is in the zero oxidation state. It’s Electronic configuration is

LoNi @ [Ar] 3d8 45 4p

[l e T T

w  But CO is a strong field ligand. Therefore, it causes the pairing of unpaired 3d electrons. Also, it causes the 4s electrons to shift

to the 3d orbital, thereby giving rise to sp3 hybridization.
,Ni © [Ar] 3d"
(el [ [ ]
4 Sp” hybrid orbitals




- Each CO donate electron pair to Sp3 hybrid orbital.
[Ni(CO),] : [Ar] 3d"
(e e e o] [nefnefnefny]
4 pairs of electrons form 4 CO
- Since no unpaired electrons are present in this case, [Ni(CO),] is diamagnetic.
6.
- Solution :
i (1) [Co(NH;3),(H,0),]1Cl;
(i) K,[Ni(CN),]
mmp (iii) [Cr(en)3]Cly
7.
- Propene to propan-1-ol
HBr Aquous
CH,-CH=CH - CH,-CH, -CH,-Br ———> CH,-CH, -CH, -OH
3 2 Peroxide 3 2 2 KOH } 2 2
Propene 1-Bromopropane Propan-1-O1
—-KBr
8.
w  2-Bromopropane to 1-bromopropane
Ethanol HBr
CH,-CH-CH, ——> CH,-CH=CH, 4 CH,-CH,-CH, — Br
i KOH, A Peroxide
I ’ 1-Bromopropane
Br —KBr
2-Bromopropane -H,0
9.
- (i) The major product of the given reaction is 2-methylprop=1-ene. It is because sodium ethoxide is a strong nucleophile as well
as a strong base. Thus, elimination reaction predominates over substitution.
CH, CH,
I I
(ii) CHs — C - ONa + CH;CH,Cl—— CH; = C = OCH; + Nacl
I
CH, CH,
10.
® gN - OH
-
ON
- () NNH %:>No2
11.
= Vitamins are classified into two groups depending upon their solubility in water or fat.
w (i) Fat soluble vitamins :

iy  Vitamins which are soluble in fat and oils but insoluble in water are kept in this group. These are vitamins A, D, E and K.
They are stored in liver and adipose (fat storing) tissues.
(ii) Water soluble vitamins :
m B group vitamins and vitamin C are soluble in water so they are grouped together. Water soluble vitamins must be supplied

regularly in diet because they are readily excreted in urine and cannot be stored (except vitamin By,) in our body.

m  Vitamin K increases blood clotting time.




14.

A polymer made up of pentose sugar, Heterocyclic bases and phosphate ion containing nucleotide is known as
nucleic acids.
Nucleic acids are responsible for protein synthesis in a cell. It is responsible for the transmission of inherent

characters from one generation to the next. This process of transmission is called heredity.

Write the answer of the following questions : (Each carries 3 Mark)

The direction of osmosis can be reversed if a pressure laiger than the osmotic pressure is applied to the solution side. That is,

now the pure solvent flows out of the solution through the semi permeable membrane. This phenomenon is called reverse

0SMOSIS.
@ Piston
Pressure > n
4
S Fresh water | Salt water
Pl
]
water N
outlet SPM

Reverse osmosis is used in desalination of sea water.
When pressure is more than osmotic pressure is applied, pure wateris,squeezed out of the sea water through the membrane. A

variety of polymer membranes are available for this purpose.

The pressure required for the reverse osmosis is quitethigh: A wotkable porous membrane is a film of cellulose acetate placed

over a suitable support. Cellulose acetate is permeable to water but impermeable to impurities and ions present in sea water.

These days many countries use desalination pldnts to meet their potable water requirements.

A=m? =3.14 x 0.5%cm>

=0.785 cm® = 0.785 x 10 * m?
/1=50cm=0.5m
pl

R:K or

_RA _ 555x10° % 0.785cm’
P 50cm
=87.135Q cm

Conductivity =k = é = (ﬁ) Scm |

=0.01148 S cm™
Molar conductivity,

Am= K28 X(I:OOO em3L!
_ 0.01148Scm™' X1000 cm® L™
0.05mol L'

=229.6 S cm” mol ™!

If we want to calculate the values of different in terms of ‘m’ instead of ‘cm’.

RA
pP=T




_ 5.55%10°Qx0.785X10* m?

0.5m
=87.135x102Qm
_ 1 _ 100 _ -1
K= b =~ 87.135 Qm=1.148Sm
K _ 1.148Sm”’
and A\ = — = ———
moc 50 mol m ™

=229.6 x 10*S m? mol ™!

14

Activation energy using graph :

Ea

Taking natural logarithm on both the side of Arrhenius equation k = Ae KT

14

E
=  Ink=__2 +InA....Eq(l
RT q. (1)

- The plot of In k vs 1/T gives a straight line as shown in figure.

<— Intercept = In A
EZI
T Slope = — R
Ink
0 T —>
E
- In figure, slope = _?a and intercept = In A. So, we can calculate activation energy (E,) and Arrhenius constant A using these
values.
- Formula of activation energy :
w ]t has been found from Arrhenius equation that increasing the temperature or decreasing the activation energy will result in an

increase in the rate of the reaction and an exponential increase in rate constant.

- Thus, at temperature Ty, equation (1) is

Ink, = — +InA.. .. Eq. (2)

RT1
- at temperature T,, equation (1) is

E
Ink, = —ﬁ +InA....Eq. (3)
2

(since A is constant for given reaction)

k; and k, are rate constant at temperatures T, and T, respectively.
- Subtracting equation (2) from (3), we obtain
EL B
RT, RT,

me BT
"kORITOT

Ink, —Ink; =

1 2

o k, B J1_1
£k 230R|T T,
kK, E [T,-T

a 2

log ~—~=55mn
k,  2303R| TT,

- From above formula activation energy can be calculate using measured values of rate constants at different temperatures.
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The transition metals and their compounds are known for their catalytic activity.
This activity is ascribed to their ability to adopt multiple oxidation states and to form complexes.

Vanadium (V) oxide (in Contact Process), finely divided iron (in Haber’s Process), and nickel (in Catalytic Hydrogenation) are

some of the examples.

Catalysts at a solid surface involve the formation of bonds between reactant molecules and atoms of the surface of the catalyst

(first row transition metals utilise 3d and 4s electrons for bonding).

This has the effect of increasing the concentration of the reactants at the catalyst surface and also weakening of the bonds in the

reacting molecules (the activation energy is lowering).
The Transition metal ions can change their oxidation states, they become more effective as catalysts.
For example, iron (111) catalyses the reaction between iodide and persulphate ions.
— 2— 2
217 +8,04" - 1,+2S0,
An explanation of this catalytic action can be given as :

2Fe 4217 - 2Fe 41,

2Fe?" +8,04% - 2Fe* +280,%

Sy 1 reactions are generally carried out in polar protic solvents (like water, alcohol,acetic acid etc.)

The reaction between tert- butyl bromide and hydroxide ion yields tert-butybhaleohol and follows the first order kinetics,
The rate of reaction depends upon the concentration of only one reactant, which, is tert- butyl bromide.
Rate = K[(CH;); C Br]
(CH3);CBr + OH ——— (CH;); COH + Br~
2-Bromo-2-methylpropane 2-methylpropane-2:01
It occurs in two steps. In step I, the polarised C=Br bond undergoes slow cleavage to produce a carbocation and a bromide ion.
Step 1 :

CH, CH,
| J
Cchlf Br — oW o (‘H_‘—("ea +:Br
CH CH,

3
tert-butyl bromide
The carbocation formed is then attacked by nucleophile in step II to complete the substitution reaction.

Step 2 :

CH cH,

3

\ |
CHS—C‘GB +:O0H —>CH,—C— OH
I
CH, CH,
tert-butyl alcohol
Step I is the slowest and reversible. It involves the C—Br bond breaking for which the energy is obtained through solvation of
halide ion with the proton of protic solvent.

Since the rate of reaction depends upon the slowest step, the rate of reaction depends only on the concentration of alkyl halide

and not on the concentration of hydroxide ion.
Further, greater the stability of carbocation, greater will be its ease of formation from alkyl halide and faster will be the rate of
reaction. In case of alkyl halides, 3° alkyl halides undergo SN! reaction very fast because of the high stability of 3° carbocations.

Reactivity order for Sy1 reaction

3° ~ halide > 2° - halide > 1° - halide > CH, - X




19.

20.

21.

-

-

(i) CH; — CH, — CH, — O - CH, + HBr - CH;CH,CH,0H + CH;Br

OC,H, OH

2775

(i) + HBr — + C,HBr
HI
(i) (CHz); C — OC,Hg ———> (CHj,); C — 1+ C,H;OH

(i) Butane-1,3-diol
Dil NaOH NaBH,

2CH,CHO —————> CH,CH(OH)CH,CHO ————> CH,CH(OH)CH,CH,0H
3-Hydroxy butanal Butan-1,3-diol
(ii) But-2-enal
Dil NaOH H,0"
2CH,CHO —— CH,CH(OH)CH,CHO TO CH, - CH = CH - CHO
But-2-enal
(iii) But-2-enoic acid
i) Dil NaOH [Ag(NH,),]"OH~
2CH,CHO O DINGOR .y CH=CHCHO — 2% 5 CH CH = CHCOOH
(i) H,0" 3 Tollens’reagent 3
Ethanal But-2-enoic acid

Replacement by hydroxyl group :

If the temperature of the diazonium salt solution is allowed to rise upte 283 K, the salt gets hydrolyzed to phenol.

+

ArN,C1 +H,0 - ArOH + N, + HCI

Replacement by nitrogroup : When diazonium fluroborate is;heated with aqueous sodium nitrite solution in the presence of

copper, the diazonium group is replaced by -NQ, group.

+ _ + _
N,CI NBF, NO,
‘/ﬁ NaNO,
+ HBF, 2 = + N, + NaBF
Cu, A 2 4
Fluoroboric \/ v
Acid

Direct nitration of aniline yields tarry oxidation products in addition to the nitro derivatives. Moreover in the strongly acidic
medium, aniline is protonated to form the anilinium ion which is meta directing. That is why besides the ortho and para

derivatives, significant amount of meta derivative is also formed.

© <o

1 %; @7%) (%)

However by protecting the -NH, group by acetylation reaction with acetic anhydride, the nitration reaction can be controlled

and the P-nitro derivative can be obtained as the major product.

NH NHCOCH, NHCOCH, NH,

2
(CH,C0),0 HNO,, H,S0,, 288K OH OR H'
Pyridine - * CH,COOH

NO NO

.y . 2 g . 2 g
Acetanilide P-nitroacetanilide P-nitroaniline
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Write the answer of the following questions : (Each carries 4 Mark)

Henry give a quantitative relation between pressure and solubility of a gas in a solvent which is known as Henry’s law.

“At a constant temperature, the solubility of a gas in a liquid is directly proportional to the partial pressure of the gas present
above the surface of liquid or solution.”

If we use the mole fraction of a gas in the solution as a measure of its solubility, then it can be said that the mole fraction of gas

in the solution is proportional to the partial pressure of the gas over the solution.

p=Kyx

Where, p = Partial pressure of gas.

Ky = Henry’s constant

x = Solubility of gas
If we draw a graph between partial pressure of the gas versus mole fraction of the gas in solution, then we should get a plot of
the type as shown in Fig.

1000

HCI / torr
wn
(=]
(=]
T

Partial pressure of

1 1
0 0.010 0.020
Mole fraction of HCI in its
solution in cyclohexane
Different gases have different Ky; values at the same temperature
Higher the value of Ky at a given pressure, the lower is the solubility of the gas in the liquid.

If temperature increases the value of Ky increases:sofSolubility decreases.

Values of Henry’s Law Constant for Some Selected Gases in Water (information only)

Gas Temperature/K KH / kbar
He 293 144.97

H, 293 69.16

N, 293 76.48

N, 303 88.84

0, 293 34.86

0, 303 46.82
Argon 298 40.3

CO, 298 1.67
Formaldehyde 298 1.83x 107
Methane Vinyl 298 0.413
Chloride 298 0.611
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24.

Applications :

(1) To increase the solubility of CO, in soft drinks and soda water, the bottle is sealed under high pressure.

(2) Scuba divers must cope with high concentrations of dissolved gases while breathing air at high pressure underwater.
Increased pressure increases the solubility of atmospheric gases in blood. When the divers come towards surface, the

pressure gradually decreases. This releases the dissolved gases and leads to the formation of bubbles of nitrogen in the

blood. This blocks capillaries and creates a medical condition known as bends, which are painful and dangerous to life.

To avoid bends, as well as, the toxic effects of high concentrations of nitrogen in the blood, the tanks used by scuba divers are
filled with air diluted with helium (11.7% helium, 56.2% nitrogen and 32.1% oxygen).

(3) At high altitudes the partial pressure of oxygen is less than that at the ground level. This leads to low concentrations of
oxygen in the blood and tissues of people living at high altitudes or climbers. Low blood oxygen causes climbers to become

weak and unable to think clearly, symptoms of a condition known as anoxia.

Cell B: AgNO; — Ag" +NO;~

Cathode : Ag™ +¢ - Ag

IF gives — 108 gAg

. 108 g Ag obtain by 1F

. 1.45 g Ag obtain by (?)
_ 145x1.

F= =g —001342F
_Ixt
= 96,500

15Xt

2.0.01342 = 96,500

(= 0.01342 X 96500

15 =863.73 sec.

Cell A: ZnSO, - Zn'2 + 50,7

Cathode : Zn"? +2¢™ - Zn
2F give - 65.3 gZn
.. 0.01342 F give - (?)

_ 0.01342X65.3

WZn 2

=0.438 g Zn
Cell C: CuSO, — Cu'?+50,7

Cathode : Cu™ +2¢~ - Cu
2F give - 63.5gCu
. 0.01342 F give - (?)

_ 0.01342 X63.5

WCu 2

=0.426 gCu

Average Rate

_ 1_{ A[NZOS]}Zi[ 2.08-2.33 mol L
27 At 2 184 min

=6.79 x 10~ mol L™ '/min

=(6.79 x 10 mol L™ min~") x (60 min/1h)
=4.07x 102 mol L '/h

=6.79 x 107 mol L™! x 1 min/60s

=1.13x 10 mol L™ s7!
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It may be remembered that

Rate = L{L[Noz]}
41 At

NO
¥ =6.79 x 10‘4 X 4 mol L71 mirfl
t

=2.72x 10 mol L™! min™"

In an octahedral coordination entity with six ligands surrounding the metal atom/ion, there will be repulsion between the
electrons in metal d orbitals and the electrons (or negative charges) of the ligands.

Such a repulsion is more when the metal d orbital is directed towards the ligand than when it is away from the ligand.

Thus, the dxzfy2 and d2 orbitals which point towards the axes along the direction of the ligand will experience more repulsion
and will be raised in energy.

The dxy, dyz and d,, orbitals which are directed between the axes will be lowered in energy relative to the average energy in the
spherical crystal field.

Thus, the degeneracy of the d orbitals has been removed due to ligand electron-metal electron repulsions in the octahedral
complex to yield three orbitals of lower energy, t,, set and two orbitals of higher energy, e, set.

This splitting of the degenerate levels due to the presence of ligands in a definite geometry is termed as crystal field splitting and

the energy separation is denoted by Ao.

Thus, the energy of the two e orbitals will increase by (3/5) Ao and that of the threg by will decrease by (2/5)Ao.

® — (@) — P
- L O
Energy
N Free metal ion
z
=
\ .
Metal S
d-orbitals -
d d d d_d_ . .
2oy O W Average energy of Splitting of d
Free metal ion the d orbitals in orbitals in octahedral

spherical crystal field crystal field

d-orbital splitting in an octahedral crystal field

The crystal field splitting, Ao, depends upon the field produced by the ligand and charge on the metal ion.
Some ligands are able to produce strong fields in which case, the splitting will be large whereas others produce weak fields and
consequently, result in small splitting of d orbitals.
In general, ligands can be arranged in a series in the order of increasing field strength as given below
I <Br <SCN <CI'<§* <F <OH <(,0,% <H,0 <NCS <edta* <NH; <en<CN < CO
Such a series is termed as spectrochemical series. It is an experimentally determined series based on the absorption of light by
complexes with different ligands.
Let us assign electrons in the d orbitals of metal ion in the octahedral coordination entities.
The single d electron occupies one of the lower energy by orbitals. Tn d and d* coordination entities, the d electrons occupy the
b orbitals singly accordance with the Hund’s rule.
For d* ions, two possible patterns of electron distribution arise:
(i) The fourth electron could either enter the the level and pair with an existing electron,

(ii) It could avoid paying the price of the pairing energy by occupying the e level.
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27.

Which of these possibilities occurs, depends on the relative magnitude of the crystal field splitting, Ao and the pairing energy, P

(i) If Ay < P, the fourth electron enters one of the e orbitals giving the configuration tzge:’,_ Ligands for which Ay < P are

known as weak field ligands and form high spin complexes.

(ii) If Ay > P, it becomes more energetically favourable for the fourth electron to occupy a the orbital with configuration
4 0
% . Ligands which produce this effect are known as strong field ligands and form low spin complexes.

(i) Acidic potassium dichromate or neutral/acidic/alkaline KMnO,.
(ii) Pyridinium chlorochromate (PCC), a complex of chromium trioxide with pyridine and HCI.
(iii) Bromine water Br,/H,O.

(iv) Acidic or alkaline potassium permanganate.

(A) forms 2,4-DNP derivative. Therefore, it is an aldehyde or a ketone. Since it does not reduce Tollens’ or Fehling reagent, (A)
must be a ketone. (A) responds to iodoform test. Therefore, it should be a methyl ketone. The molecular formula of (A) indicates
high degree of unsaturation, yet it does not decolourise bromine water or Bayer’s reagent. This indicates the presence of
unsaturation due to an aromatic ring.

Compound (B), being an oxidation product of a ketone should be a carboxylic acid. The molecular formula of (B) indicates that
it should be benzoic acid and compound (A) should, therefore, be a monosubstituted aromatic methyl ketone. The molecular

formula of (A) indicates that it should be phenyl methyl ketone (acetophenong), Reactions are as follows:

H olN

C H C 2
\CH, + N
H,NHN NO, % C=N-NH NO,

A)
CH,0 2,4-Dinitrophenylhydrazine 2¢"4-DNP derivative

(6}
COOH

|
O H,CrO, @» c TOH NaOH C — ONa + CHI,
L

B) @®)
C7H602




