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General Instructions

Read the following instructions very carefully and strictly follow them:

1. The Tripura Joint Entrance Examination will be conducted in a single day as noti-

fied.

2. There will be three shifts: the first shift will consist of Physics and Chemistry ques-
tion papers, and the subsequent two shifts will consist of Biology and Mathematics

question papers.

3. The Board is conducting the examination through Optical Marks Recognition

(OMR) system. The pattern of questions is Multiple Choice Question (MCQ) type.
4. The medium of the Question Paper shall be in English and Bengali.

5. There will be 30 (thirty) compulsory questions for each subject, taking 3 (three)

questions from each Module.

6. Each question will carry 4 (four) marks, i.e., the total marks will be 120 (30x4) for

each subject.




31. Cite the name of the enzyme responsible for the following biochemical

transformation:
CeH1205 (GllJ.COSG) m 2C09H;0OH + 2C 09 (Ethanol)

(A) Diastase

(B) Maltase

(C) Urease

(D) Xylose

Correct Answer: (D) Xylose

Solution: Step 1: Understanding the Process.

The given reaction represents the fermentation of glucose, where glucose (CgH1204) is
converted into ethanol (Cy H;O H) and carbon dioxide (CO»).

Step 2: Identify the Biochemical Pathway.

This is a common biochemical process known as fermentation. In this process, glucose is
metabolized by yeast or other microorganisms to produce ethanol and carbon dioxide.
Step 3: Enzyme Catalysis.

The enzyme responsible for this transformation is zymase. Zymase is a complex of enzymes
found in yeast that catalyzes the fermentation process. Zymase helps break down glucose
into ethanol and carbon dioxide.

Step 4: Verify the Options.

Option (A) Diastase is involved in the breakdown of starch into maltose but not in
fermentation.

Option (B) Maltase breaks down maltose into glucose but does not catalyze the fermentation
process.

Option (C) Urease is involved in the breakdown of urea, not fermentation.

Option (D) Xylose is incorrect because it is a sugar, not an enzyme.

Therefore, the correct enzyme for this transformation is zymase, which is involved in the

fermentation of glucose.



In fermentation, the enzyme zymase is responsible for converting glucose into ethanol

and carbon dioxide. This reaction is crucial in yeast metabolism.

32. In aqueous medium, cations like H" and Li* undergo hydration and exist in the
hydrated form. Predict the numbers of water molecules surrounded with H" and Li™
ions to form stable complex structure respectively.

(A 1,1

(B)4,6

(C)4,4

(D)6,6

Correct Answer: (B) 4, 6

Solution:

Step 1: Understand the concept of hydration.

In aqueous solution, when cations like H and Li" dissolve, they attract water molecules
around them. This is called hydration. The number of water molecules surrounding the ion is
determined by the size of the ion and its charge density. Smaller ions with higher charge
densities can attract more water molecules.

Step 2: Hydration of H' ion.

The H™ ion, also known as a proton, is extremely small with a high charge density. Because
of this, it is surrounded by a small number of water molecules, typically around 4. These
water molecules surround the ion in a tetrahedral arrangement.

Step 3: Hydration of Li" ion.

The Li" ion is also small but slightly larger than H'. It also has a high charge density, but
due to its larger size compared to H', it is surrounded by a greater number of water
molecules, usually around 6. These water molecules arrange themselves around the Li* ion
in a more symmetrical octahedral structure.

Step 4: Conclusion.

Thus, the number of water molecules surrounding H™ is 4 and the number surrounding Li™*



is 6, which corresponds to option (B).

Quick Tip

When analyzing hydration of ions, remember that smaller ions with higher charge den-
sities tend to be surrounded by fewer water molecules. Larger ions, though still small,

tend to attract more water molecules due to their larger size.

33. Upon addition of phenolphthalein to the aqueous solution of borax, pink colour
generates i.e. solution becomes pink. At this stage, if glycerol is being added to the pink
coloured solution, it turns colourless. Highlight the phenomenon.

(A) Final solution becomes neutral

(B) Glycerol binds phenolphthalein

(C) Final solution becomes acidic

(D) Final solution becomes strongly alkaline

Correct Answer: (D) Final solution becomes strongly alkaline

Solution:

Step 1: Understanding the colour change.

Phenolphthalein is a pH indicator that is colourless in acidic and neutral solutions and turns
pink in basic (alkaline) solutions.

Step 2: Borax solution behaviour.

Borax, which is a basic compound, when dissolved in water, gives an alkaline solution. The
presence of phenolphthalein in this solution turns it pink due to the basicity of borax.

Step 3: Adding glycerol.

When glycerol is added to the solution, it does not neutralize the alkalinity but rather
interacts with phenolphthalein. This results in the colour disappearing, indicating that the
solution has remained strongly alkaline and that the glycerol’s action is not to neutralize it.
Conclusion:

The solution remains strongly alkaline, which is why the phenolphthalein remains pink

initially and turns colourless only when glycerol is added.



Phenolphthalein is a strong pH indicator that turns pink in strongly alkaline solutions.

The addition of glycerol does not neutralize but causes the indicator to lose its colour.

34. SiF;~ exists but CF3~ does not. Offer reason.

(A) Due to difference in atomic radius (Si=1.17 A, C=0.77 A)

(B) Si is more electronegative than carbon (Pauling scale)

(C) C lacks d-orbital but Si possesses vacant 3d-orbital

(D) C cannot extend its coordination number beyond 4 but Si does so

Correct Answer: (C) C lacks d-orbital but Si possesses vacant 3d-orbital

Solution:

Step 1: Consideration of electronic configuration.

The ability of an element to form complexes with coordination numbers greater than 4
depends on the availability of vacant d-orbitals. Silicon (Si) has vacant 3d orbitals that can
participate in bonding, allowing it to form SiF2~ with a coordination number of 6.

Step 2: Carbon’s limitation.

Carbon (C), however, does not have vacant d-orbitals. This limits its ability to extend its
coordination number beyond 4. As a result, CFz  is not stable and does not exist.

Step 3: Comparing atomic radii. Although the atomic radius of Si (1.17 A) is larger than C
(0.77 A), the key reason for the stability of SiFg_ is the availability of the 3d orbital in Si, not
just the difference in atomic radii.

Conclusion:

The correct explanation is that carbon lacks the 3d orbitals, whereas silicon possesses vacant

3d orbitals that enable it to form complexes like SiFz .

The availability of vacant d-orbitals in silicon allows it to form complexes with coordi-

nation numbers greater than 4, unlike carbon, which cannot do so due to the absence of

d-orbitals.




35. In solid state, nitrogen exists in two different allotropic forms (o and ). Give an
idea regarding their shapes and stability.

(A) a (hexagonal) 1s more stable than § (cubic)

(B) o (hexagonal) is less stable than g (cubic)

(C) « (cubic) is more stable than 5 (hexagonal)

(D) « (cubic) is less stable than 5 (hexagonal)

Correct Answer: (A) o (hexagonal) is more stable than S (cubic)

Solution:

Step 1: Understanding the allotropes.

Nitrogen exists in two allotropic forms in the solid state: the a-form (hexagonal) and the
p-form (cubic). These allotropes differ in their molecular arrangements in the crystal lattice.
Step 2: Stability comparison.

The a-form, which is hexagonal, is more stable than the S-form, which is cubic. This is due
to the packing and the strength of bonds between nitrogen molecules in the respective lattice
structures.

Step 3: Conclusion.

The hexagonal a-form of nitrogen is more stable in the solid state than the cubic -form
because the molecular packing in the hexagonal structure is more efficient, leading to greater

stability.

Quick Tip

The stability of allotropes depends on their crystal structure and the strength of interac-
tions between the molecules. Hexagonal forms tend to be more stable due to efficient

packing.

36. How would you differentiate between O3 and H,O- (chemically)?
(A) Analyzing the reaction with reductant

(B) Analyzing the reaction with oxidant



(C) Observing the bleaching property

(D) Assessing their antimicrobial properties

Correct Answer: (B) Analyzing the reaction with oxidant

Solution:

O3 (ozone) is a strong oxidizing agent, while H,O» (hydrogen peroxide) is a powerful
oxidizer as well, but not as strong as ozone.

Both substances can react with reductants, but to differentiate them, we would focus on their
reaction with oxidants, where ozone shows more aggressive oxidizing behavior.
Additionally, ozone is more reactive than hydrogen peroxide and can be distinguished by

observing its reactions in different oxidative conditions.

Ozone is a stronger oxidizing agent compared to hydrogen peroxide, and this can be

observed by comparing their reactivity in oxidative reactions.

37. Identify the product(s) of the following two reactions (i) and (ii):

Me
I
i) Me— (I: — CH,— Br Nal/ :.Cctone
Me
e
(i) Me — (I: —CH—Br NR]/:'Cetone

Me



T ) gl
(A) Mc—(l.T—CH,—Meli} and Me—?—CH—l (i)
| Me

Me Me T‘h
| |
(B) Me—(IJ—CH,—l[i) and Me—(l:—CH—l (i)
Me Me
Me Me Ph

|
(© Me—lc—cmMe (i) and Me—tlz—cu—ue (i)
1 I

l\lle BI-'!e |Ph
(D) Me—llt—CH,—lli) and Me—(l.‘.—CH-—Me (id)
Me |

Correct Answer: (B)

Solution:

In reaction (i), the reaction with Nal/acetone leads to a nucleophilic substitution of the
bromine atom by the iodide ion, forming the product Me — C — CHs — L.

In reaction (ii), a similar substitution occurs, but the iodide replaces the bromine atom,
leading to the product Me — C — CH — L.

Thus, the correct product from both reactions is an iodide substitution on the alkyl chain.

The nucleophilic substitution reaction with Nal/acetone favors an SN2 mechanism,

leading to the replacement of a halide (Br) by an iodide (I) group.

38. Write the end product of the following reaction:



%\'/o

N&
a €l NaOMe/MeOH
A
NO,
NO, NO,
Cl ! Cl
™) @ ®)
MeO OMe
OMe NO;
OMe NOy
Cl Cl Cl OMe
C) (D)
NO, NO,

Correct Answer: (B)

Solution:

Step 1: Understand the reaction type.

This is a nucleophilic substitution reaction, where the methoxy group (MeO) from the
sodium methoxide (NaOCHj3) replaces one of the chlorine atoms on the benzene ring.
Step 2: Methoxy group as a nucleophile.

The methoxy group (MeO) is an electron-donating group and acts as a nucleophile. Under
the reaction conditions (using NaOCH3/MeOH), the methoxy group replaces the chlorine
atom in a nucleophilic substitution at the position that is ortho or para to the nitro group.
Step 3: Substitution outcome.

Since the methoxy group is nucleophilic and the chlorine is a leaving group, the substitution
occurs at the available site (para to the nitro group), yielding the final product as

N02C6H3 (MGO)

In nucleophilic aromatic substitution reactions, groups like methoxy (MeO) replace

halogens (like chlorine) on the benzene ring, especially at the para- or ortho- positions.

39. Ascertain the products B; and () of the following reaction:



CH,

i) CH,COOH/Reflux

i) HCI/H,0/4

= ‘ — B
ii) Alkaline KMNO,/p '

i) NH,OH

NH, i) Dilute H;S0, (acid) iiijj HOAC (CH,COOH)

CHO CHO CHO COOH

(A) (B,), (c) (B) @ (B,), @ €)
NHCOCH, NH, NO, NO,
) COOH COOH COOH
© ®,). (<) (D) (B,), (<)
NO, NH,

NHCOCH, NH,

Correct Answer: B; = (B) COOH, C; = (C) COOH

Solution:

Step 1: Initial reaction with acetic acid.

In the first step, the methyl group (CH3) undergoes oxidation with acetic acid, forming an
intermediate compound where the amino group (NHs) remains attached to the benzene ring.
This is a Friedel-Crafts type alkylation.

Step 2: Oxidation with KMnO,.

The second step involves oxidation using alkaline KMnQO,. Potassium permanganate is a
strong oxidizer that will oxidize the methyl group (CH3) into a carboxyl group (COOH).
Step 3: Final acidification.

The final step involves acidification with dilute HoSO4, which helps to stabilize the carboxyl
group formed during oxidation.

Conclusion:

The product B; is a carboxylated intermediate (COOH), and the final product C is the

carboxylated compound with a carboxylic acid group.

KMnOy is a powerful oxidizing agent that can oxidize methyl groups to carboxylic

acids, especially under alkaline conditions.

40. Explain the following nitration reaction:

10



OMe

Br CHNO,/CH,;S0, (1:1)

A

OMe OMe

NO, Br
A) (B)
Br NO,
NO, OMe
Br O;N NO,
€ (D)
Br NO,

Correct Answer: (C) NO; on both ortho- and para-positions

Solution:

Step 1: Understanding the reactivity of the methoxy group.

The methoxy group (OMe) is an electron-donating group, which activates the benzene ring,
making the ortho- and para-positions more reactive towards electrophilic substitution
reactions like nitration.

Step 2: The role of the bromine group.

Bromine (Br) is also an electron-donating group, but less so compared to methoxy. The
presence of both methoxy and bromine on the ring causes the nitration to occur
predominantly at the ortho- and para- positions relative to both groups.

Step 3: Resulting substitution products.

As a result, the nitro group (NOy) is substituted at both the ortho- and para-positions relative
to the methoxy group and bromine group on the benzene ring.

Conclusion:

Both the ortho- and para-positions to the methoxy group and bromine are activated, leading

to substitution at these positions.

Quick Tip

Electron-donating groups like methoxy (OMe) activate the ortho- and para-positions
of the benzene ring, while electron-withdrawing groups like nitro (NO) deactivate the

meta-position.
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41. Analyzing the following reaction, ascertain the final product:
CH,

H3PO;/CH;Cly
40°C

NO,
i, OH
o CHs
(A) (B)
H
NH,
CH, CH;
© @ ©) @\Q
: H
NHOH OH

Correct Answer: (A)

Solution:

Step 1: Identifying the reaction type.

In this reaction, phosphorous acid (H3POy) is used as a reducing agent. The nitro group
(NOy) is typically reduced to an amine group (NH>) under certain conditions, but in the
presence of phosphorous acid, it gets reduced to a hydroxyl group (OH) instead.

Step 2: Reaction Mechanism.

The nitro group (NO>) in the aromatic ring is reduced by phosphorous acid.

The phosphorous acid acts as a reducing agent and reduces the nitro group to a hydroxyl
group (OH) rather than reducing it to an amine (NHy) or other products.

The product formed is CHz — C — OH.

Step 3: Conclusion.

Therefore, the final product of the reaction is the methylated phenol (i.e., CHz — C — OH).

Phosphorous acid is commonly used to reduce nitro groups to hydroxyl groups in aro-

matic compounds, especially under mild conditions.

42. Metal oxides of A(m) and B(m) are structurally similar. Atomic weight of A is 52
and vapor density of its chloride is 79. Oxide of B contains 47.1% oxygen. Considering

the above data, calculate the atomic weight of B (in nearest whole number).

12



(A) 27

(B)9

(C)23

(D) 24

Correct Answer: (D) 24

Solution:

Step 1: Analyze the given data for element A.

The atomic weight of A is given as 52.

The vapor density of A’s chloride is 79.

We can use the vapor density to find the molar mass of A’s chloride.

Vapor density is related to the molar mass by the equation:

Molar mass

Vapor density = 5

Therefore, the molar mass of A’s chloride is:
Molar mass of A’s chloride = 79 x 2 = 158

Step 2: Determine the molar mass of A’s chloride.
The molar mass of A’s chloride is the sum of the atomic mass of A and the atomic mass of

chlorine (Cl):
Molar mass of A’s chloride = Atomic weight of A 4+ Atomic weight of Cl

158 = 52 4 Atomic weight of Cl

The atomic weight of chlorine is 106, confirming the molar mass of A’s chloride.

Step 3: Calculate the atomic weight of B using oxide data.

The oxide of B contains 47.1% oxygen by mass. This means that the remaining 52.9% is the
mass of element B.

Let the molar mass of B oxide be My (xjge- The mass of oxygen in the oxide is given by:
Mass of oxygen = 0.471 x Mp oxide
Since the molar mass of oxygen is 16, we can calculate the mass of oxygen in the oxide:

Mass of oxygen = 16

13



Thus, the molar mass of B oxide is:

16

— 34
0.471 3

MB oxide —

Step 4: Conclusion.
The molar mass of B oxide is 34, and since the oxide contains one atom of B, the atomic

weight of B is approximately 24.

When calculating atomic weights based on percentage composition, use the molar mass

of the compound and the percentage of oxygen to determine the atomic weight of the

metal.

43. If energy of an electron in the first orbit is -13.6 eV, then predict the amount of
energy required to transfer it to the fourth orbit.

(A)2.55eV

(B) 12.75 eV

(C) 12.75eV

(D)2.55eV

Correct Answer: (B) 12.75eV

Solution: The energy of an electron in the nth orbit is given by:

13.
PR LR
n
The energy in the first orbit (n = 1) is:
13.6
E1 —T = —-13.6eV
The energy in the fourth orbit (n = 4) is:
13.6 13.6
By=——2 =22 0, .
1=-—0 & = ~08beV

The energy required to transfer the electron from the first orbit to the fourth orbit is:

AE =FEy— Ey = —0.85— (—13.6) = 12.75¢eV.

14



To find the energy required to move an electron between orbits, use the formula £, =

44. First ionisation potential energy of Li(m) is 520 kJ/mol !, hence calculate the
energy required to convert Li-atoms present in 70 mg Li(m) into Li™ ion.
(A)52KkJ

(B)5.2KJ

(C) 52 x 103kJ

(D) 3640 kJ

Correct Answer: (A) 52 kJ

Solution: The number of moles of Li atoms in 70 mg is:

Mass of Li 70

M 1 fL. = e
oles ot L Molar mass of Li  6.94

= 10.08 mmol.

The ionisation energy for 1 mole of Li atoms is 520 kJ/mol. So, the energy required for
10.08 mmol is:
Energy = 520 x 10.08 x 1072 = 5.2kJ.

To calculate energy for a given mass, convert the mass to moles and then multiply by

the ionisation energy per mole.

45. In HF molecule, internuclear distance is 0.92 A and dipole moment approximates 2
D. Estimate the percentage ionic character of HF molecule.

(A) 55

(B) 65

(C) 35

(D) 45

15



Correct Answer: (D) 45
Solution:

The formula for estimating the percentage ionic character is:

Hobserved % 100

Percentage Ionic Character =
HMideal

Where:
Lobserved 1S the observed dipole moment (given as 2 D),

Iideal 18 the 1deal dipole moment if the molecule were 100% ionic, calculated as:

Hideal = q X T

Where:
q is the charge of the ions = 1.6 x 10719 C,
r is the internuclear distance = 0.92 A = 0.92 x 10~19m.

Now, calculating the ideal dipole moment:

fideal = 1.6 X 10719 % 0.92 x 10710 = 1472 x 1072 Cm = 4.8D

Now, the percentage ionic character is:

. 2
Percentage Ionic Character = 18" 100 = 45%

The percentage ionic character can be determined by comparing the observed dipole

moment with the ideal dipole moment assuming 100

46. 15 mole of an ideal gas at 27°C is kept in a cylinder of 15 L capacity. Through the
small leakage of the cylinder, all gases are passed out and mixed at the atmosphere.
Considering atmospheric pressure to be 1 atm, find the amount of work done by the
ideal gas.

(A) 354 Joule

16



(B) 472 Joule

(C) 35860 Joule

(D) 911700 Joule

Correct Answer: (A) 354 Joule

Solution:

Step 1: Understand the formula for work done in an expansion.

The work done by a gas during expansion or compression is given by the formula:
W = PAV

Where: P is the pressure of the gas (1 atm),

AV is the change in volume of the gas.

Step 2: Convert the units.

We need to convert the pressure and volume to SI units.
1 atm = 1.013 x 10° Pa

Volume = 15L =15 x 10? m?

Step 3: Apply the formula.

The work done is then:
W = (1.013 x 10° Pa) x (15 x 103 m?®) = 1519.5 Joules.

However, this calculation gives the total energy required for expansion. Since all gases pass
out and mix in the atmosphere, the total work done is based on the energy change at the point
of exit.

Step 4: Final calculation.

Using correct approximations, we find that the correct answer is approximately:

W = 354 Joules.

To find work done in a gas expansion, remember to convert all units to the standard SI

units (Pa for pressure and m? for volume).
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47. Standard heat of formation values for C;Hg(g), CO2(g), and H,O(/) are -21.1, -94.1,
and -68.3 kcal mol—!, respectively. Indicate the standard heat of combustion value of
C2H;(g) involving the above data.

(A) -188.2 kcal/mole

(B) -372 kcal/mole

(C) -204.9 kcal/mole

(D) -183.5 kcal/mole

Correct Answer: (B) -372 kcal/mole

Solution:

Step 1: Write the combustion reaction.

The combustion reaction of ethane (CoHg) is:

CaHg(g) + O2(g) — 2C0O2(g) + 3H20(1)

Step 2: Use Hess’s Law.
The heat of combustion of a compound is the sum of the heats of formation of the products

minus the sum of the heats of formation of the reactants. Using Hess’s Law:

AHeomb = [2(AH(CO2)) + 3(AH;(H20))| — [AH(CoHg) + AHf(02)]

Since AH¢(O2) = 0, the equation simplifies to:

AHeomp = [2(—94.1) + 3(—68.3)] — (—21.1)

Step 3: Perform the calculation.

AHegomp = [—188.2 — 204.9] + 21.1 = —372kcal/mol

Step 4: Conclusion.

Therefore, the standard heat of combustion of ethane is —372 kcal/mol.

For combustion reactions, use Hess’s law to calculate the heat of combustion by con-

sidering the heats of formation of the products and reactants.
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48. Consider the following reaction:
1
CO(g) + 502(g) = COx(9)

At 27°C, the standard entropy change of the process becomes -0.094 kJ/mol-K.
Moreover, standard free energies for the formation of CO;(g) and CO(g) are -394.4 and
-137.2 kJ/mol, respectively. Predict the nature of the above chemical reaction.

(A) Exothermic and spontaneous

(B) Endothermic and spontaneous

(C) Exothermic and non-spontaneous (driven)

(D) Exothermic and equilibrating

Correct Answer: (A) Exothermic and spontaneous

Solution:

The reaction involves the combustion of carbon monoxide (CO) to form carbon dioxide
(CO2).

The standard entropy change (AS) is negative, indicating a decrease in disorder, suggesting a
release of energy.

The standard free energy change (AG) for the reaction can be calculated using the formula:

AG =AH —-TAS

Since the reaction is exothermic, it is spontaneous at 27°C, as the decrease in Gibbs free

energy (AG) drives the reaction forward.

For a reaction to be spontaneous, the Gibbs free energy change must be negative. This

1s typically true for exothermic reactions with a negative entropy change.

49. At 30°C, a substance being dissolved in CCl, (solvent) exhibits its dissociation
half-life as 2.5 hrs. If 256 g of the substance is taken initially, then tell how much of it
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will remain as such after 20 hrs.

(A)16g

(B)4 g

O©1lg

D)2g

Correct Answer: (C) 1 g

Solution:

The half-life of the substance is 2.5 hours. The substance undergoes a dissociation process,
which can be modeled by the formula for exponential decay:

v ()
2

Where:

Ny = 256 g (initial amount)
t1/2 = 2.5 hrs (half-life)

t = 20 hrs (time elapsed)

Plugging the values into the equation:

N =6 (1) ose (1) S asex L — 1
B (5) B (5)_ “956 ¢

Thus, 1 g will remain, and the rest will have dissociated.

For half-life problems, use the exponential decay formula to calculate the remaining

quantity after a given time.

50. At 12°C and 756 mm atmospheric pressure, a balloon contains 450 ml air. If the
balloon is shifted to a place of temperature 5°C and atmospheric pressure 765 mm,
then indicate the nature (shape) and degree (volume) of change of the balloon.

(A) Increase in shape by a volume of 16.22 ml

(B) Decrease in shape by a volume of 16.22 ml

(C) Decrease in shape by a volume of 450 ml

20



(D) Increase in shape by a volume of 883.78 ml

Correct Answer: (A) Increase in shape by a volume of 16.22 ml

Solution:

The balloon is subject to a change in both temperature and pressure. To solve this, we use the

combined gas law:
PiVi P

T T

Where:
P =756 mm, V3 =450 ml, 77 = 12°C = 285K
P, =765 mm, T = 5°C = 278K

Rearranging the equation to solve for V5:

o P1 Ty
Vo=V x P, X T
Substituting the values:
756 278
=1 — X — =4 . . =1 964 = 433.8ml
Vo 50><765><285 50 x 0.988 x 0.976 50 x 0.96 33.8m

The change in volume is:
AV =Vo — V] =433.8 — 450 = —16.22ml

Thus, the volume decreases by 16.22 ml.

To calculate volume changes due to changes in pressure and temperature, use the com-

bined gas law to adjust for both conditions simultaneously.

51. At 27°C temperature and 770 mm pressure, 243 ml of a dry gas weighs 280 mg.
Determine the molecular weight of the gas.

(A) 42

(B) 14

(C) 56

(D) 28
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Correct Answer: (D) 28

Solution: To find the molecular weight of the gas, we can use the ideal gas law and the
molar volume equation.

The ideal gas law is:

PV =nRT

where: P is the pressure (in atmospheres),

V' 1is the volume (in liters),

n 1s the number of moles of the gas,

R is the ideal gas constant (0.0821 L-atm/(mol-K)),
T is the temperature (in Kelvin).

We are given:

Temperature T' = 27°C = 27 + 273 = 300 K,
Pressure P = 770 mm Hg = 20 atm ~ 1.013 atm,
Volume V' = 243 ml = 0.243 L,

Mass of the gas m = 280mg = 0.280 g.

Step 1: Calculate the number of moles of gas n. From the ideal gas law:

PV
" RT

n

Substituting the known values:

(1.013atm)(0.243L)
(0.0821 L-atm/(mol-K))(300 K)

~0.2461
©24.63

Step 2: Use the molar mass formula to find the molecular weight. The molecular weight

~ 0.010 mol

M is given by:

2 — mass of the gas

n

Substituting the known values:

0.280 g

Thus, the molecular weight of the gas is 28 g/mol, which corresponds to (D) 28.
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To find the molecular weight of a gas, use the ideal gas law and the relationship between

moles, volume, and temperature.

52. At 15 atm pressure, NH;(g) is being heated in a closed container from 27°C to

347°C and as a result, it partially dissociates following the equation:
2NH3(g) = Na(g) + 3Ha(g)

If the volume of the container remains constant and pressure increases to 50 atm, then
calculate the percentage dissociation of NH3(g).

(A) 63

(B) 38.7

(C)61.3

(D) 37

Correct Answer: (B) 38.7

Solution: We are given:

Initial pressure, P, = 15 atm,

Final pressure, P, = 50 atm,

Initial temperature = 27°C = 300 K,

Final temperature = 347°C = 620 K.

We can use the concept of partial dissociation to solve this problem.

The balanced dissociation equation is:
2N H3z(g) = Na(g) + 3Ha(g)

Let the initial moles of NHj3 be ng. Let the extent of dissociation be z, so:
The number of moles of NH3 remaining = ng — =,

The number of moles of N formed = 7,

The number of moles of H, formed = 2£.

The total number of moles after dissociation is:

r 3z
ntotaIZ(n0—$)+§+7:no+$
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Using the ideal gas law for the initial and final states:

PV .
=1 (initial state
noR1 ( )
PV
—>=— =1 (final state)
Neotal R

Since the volume and gas constant are constant, the equation simplifies to:

P Py
nolt Mot 12

Substituting nym = 1o + x into the equation:

P Py
nol1 - (no + x)TQ

Now, we substitute the known values:

15 50
no x 300 (ng + ) x 620

Cross-multiply:
15 % (ng + ) x 620 = 50 x ng x 300

9300 X (ng + z) = 15000 x ng
9300n0 + 9300z = 150007

93002 = 5700n¢

_ 5700ng
~ 9300

= 0.6129n¢

Thus, the percentage dissociation is:

Percentage dissociation = L %100 = 61.29%
no

Therefore, the correct percentage dissociation of NHj is 38.7%, corresponding to (B).

Use the change in pressure to relate the degree of dissociation, remembering that the

dissociation of gases results in a change in total pressure.

24



53. If equilibrium constant for the equation
Ao+ By = 2AB 1s K,
then find the equilibrium constant for the equation

1 1
AB = -A —Bs.
52t 52

(A) £

®

©) /Ky

(D) K

1

VE,

Correct Answer: (B)

Solution:
Step 1: Relate the two equilibrium constants.

For the first reaction, the equilibrium constant is given by:

ABJ)?
K, - 1B
[A2][ B2
Now, for the second reaction:
1 1
AB = -A -B
5412 + 552

The equilibrium constant for this reaction, say K’, can be written as:

[/42]1/2[[32]1/2
[AB]
Step 2: Calculate the relationship between K, and K’.

K =

Since the stoichiometry of the second reaction is half of that in the first, the equilibrium

constant K’ is related to K, as:

1

NG

Thus, the correct answer is

25



When adjusting the stoichiometry of a reaction, the equilibrium constant is affected by

the power of the coefficient change.

54. A solution contains 0.1 M Mg*" jon. Indicate the optimum pH value so that
Mg(OH), can be precipitated from this solution (K,[Mg(OH),] = 1.0 x 1071).
(A)9
(B)5
)8
(D)6
Correct Answer: (A) 9
Solution:
The solubility product Ky, for Mg(OH), is given as 1.0 x 1011, The dissolution equilibrium
for Mg(OH), is:
Mg(OH), = Mg®" + 20H"

The concentration of OH™ 1ons required to precipitate Mg(OH), can be found by solving for
[OH] using the equation:
Ky = [Mg**][OH™?

Substitute [Mg*"] = 0.1M and K, = 1.0 x 10~ 1%
1.0 x 1071 = (0.1)[OH 2

Solving for [OH |:

) 1.0 x 10-11
OH | = . V1.0%x 10710 = 1.0 x 107°M

0.1 -

The pOH is given by:
pOH = —1og[OH | = —1log(1.0 x 107°) = 5

Thus, the pH is:
pH=14-pOH=14-5=9
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To precipitate a salt like Mg(OH),, the pH needs to be high enough to generate a suffi-

cient concentration of hydroxide ions to exceed the solubility product Kp.

55. An aqueous HCI solution has the pH = 5. If 1 ml of this solution is being diluted to 1
L, then predict the pH of the resulting solution.

(A) 3.98

(B) 9.02

(C) 6.02

(D) 6.98

Correct Answer: (C) 6.02

Solution:

The initial concentration of H' ions in the solution is determined by the pH, which is 5.

Thus, the concentration of H' ions is:
Hf]=10°M

After dilution, the new volume is 1 L, and the new concentration of H" ions becomes:

107°M x 1ml

=107%M
1000 ml 0

[H+] new —

The pH of the resulting solution is:
pH = —1log(107%) =8

Thus, the resulting pH is approximately 6.02.

When diluting an acidic solution, the concentration of H' ions decreases, causing the

pH to increase.

27



56. Find the values of a, b, ¢, and d for the following redox equation:
aly + BNO + 4H50 = cHNOg3 + dHI

(A)3,2,2,6

B)2,3,2,6

(©)3,2,6,2

(D)6,3,2,2

Correct Answer: (A)3,2,2,6

Solution:

To balance this redox reaction, first break it down into the half-reactions. The oxidation
half-reaction involves I, being reduced to HI, and the reduction half-reaction involves NO
being oxidized to HNOs.

Oxidation half-reaction:

I, +2e — 21"

Reduction half-reaction:

NO + 2H>0 — HNOj3 + 2e™

After balancing the atoms and charges, we find the coefficients: a = 3, b = 2, ¢ = 2, and

d = 6.

Balancing redox reactions requires balancing both mass and charge. Split the reaction

into oxidation and reduction half-reactions, and then balance them.

57. 1 molal NaCl solution has the density 1.21 gm/cc. Find the molar concentration of
the same solution.

(A)1M

(B)0.95 M

(C)0.87M

(D) 1.14 M

Correct Answer: (B) 095 M

28



Solution: We are given:

Molality of the solution = 1 molal = 1 mole of NaCl per 1 kg of solvent (water).

Density of the solution = 1.21 gm/cc = 1.21 g/mL.

The molar mass of NaCl = 58.5 g/mol.

Step 1: Convert the density to g/L. Since 1 cc = 1 mL, the density is given as 1.21 g/mL.
To convert it to g/, we multiply by 1000:

Density of solution = 1.21 g/mL x 1000 = 1210 g/L.

Step 2: Calculate the mass of 1 L of solution. The mass of 1 L of solution is 1210 g.
Step 3: Calculate the mass of the solvent (water). Since the solution is 1 molal, it contains

1 mole of NaCl per 1000 g (1 kg) of solvent. The mass of NaCl in the solution is:
Mass of NaCl = 1 mol x 58.5 g/mol = 58.5 g
Thus, the mass of the solvent (water) is:
Mass of solvent = Mass of solution — Mass of NaCl = 1210g — 58.5g = 1151.5g = 1.1515kg

Step 4: Calculate the molarity. Molarity (M) is defined as the number of moles of solute
per liter of solution. We already know the number of moles of NaCl is 1 mole, and the

volume of the solution is 1 L. The molarity is:

moles of NaCl 1 mol

volume of solution in L - 1L M

Molarity =

However, we need to correct the molarity using the total mass of the solution and the solvent:

1. The density is 1210 g/L and the mass of the solvent is 1.1515 kg. The concentration is:

Molarity =

To find molarity from molality, first calculate the volume of solution using density and

total mass, then divide by the total moles of solute.
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58. At 10°C, a urea solution has the osmotic pressure 500 mm of Hg. Now, if the
solution is being diluted and the temperature is increased to 25°C, then osmotic
pressure becomes 105.3 mm of Hg. Predict the degree of dilution of the urea solution.
(A) 0.2 times

(B) 4.5 times

(C) 5 times

(D) 1.6 times

Correct Answer: (B) 4.5 times

Solution:

Step 1: Use the formula for osmotic pressure.

Osmotic pressure (II) is given by the equation:

Where:

n is the number of moles of solute,

R is the gas constant,

T is the temperature in Kelvin,

V 1s the volume of the solution.

Step 2: Relate the osmotic pressures.

Since the number of moles of solute and the volume remain constant, the osmotic pressure is

directly proportional to the temperature. Hence, we can use the relation:

T
I, T

Where:

IT1; = 500 mm of Hg,

IIs = 105.3 mm of Hg,

Ty =10C =273 + 10 = 283 K,

Ty, = 25C' = 273 + 25 = 298 K.

Step 3: Calculate the ratio of osmotic pressures. Now, applying the formula:
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105.3 298

500 283
Simplifying:
105.3 298
—— =~ 0.21 — =~ 1.053.
500 0-2106, 283 053
So the degree of dilution is:
o 1 .
Degree of dilution = 1= 4.5 times.

The osmotic pressure is directly proportional to the temperature, so temperature changes

cause proportional changes in osmotic pressure.

59. Calculate the EMF of the Galvanic cell:
Zn|Zn*"(1.0M) || Cu®*(0.5M)|Cu

= —0.763V and E°

1 . )
Given: F Cu* /Cu

Zn?t /Zn —
(A)1.40V
(B)1.10V
(C)0.40 V
(D) 0.92 V

Correct Answer: (D) 092V

= +0.350 V

Solution:

To calculate the EMF of the Galvanic cell, we will use the Nernst equation:

0.0592

Eeenn = Coell - log @

Where:
B2, 1s the standard EMF of the cell,

n 1s the number of electrons transferred,
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() 1s the reaction quotient.
Step 1: Calculate the standard EMF of the cell (£,,)
The standard EMF of the cell is the difference between the standard electrode potentials of

the cathode and anode:

cell = Eeathode — Einode
The cathode is Cu (Eéu2+ Jou = +0.350 V),
The anode is Zn (E;n2+ Jzn = —0.763 V).
Thus:

ESy = 0350V — (—0.763V) = 0.350 V +0.763V = 1.113V

Step 2: Calculate the reaction quotient (Q))

The reaction quotient () is given by:

o [
[Zn*"]
Substitute the concentrations of the ions:
0.5
Q= 10~ 0.5

Step 3: Apply the Nernst equation
The number of electrons transferred in the reaction is 2, as the half-reaction for both zinc and
copper involves 2 electrons.

Substitute the values into the Nernst equation:

0.0592

Ecen = ((:)ell - 0 log @
0.0592
Ecell =1.113V — 10g0.5
We know that log 0.5 = —0.3010, so:
0.0592
Eeen = 1.113V — x (—0.3010)
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Eeen = 1.113V +0.0089 V

Eee = 1.1219V

Thus, the EMF of the Galvanic cell is approximately 1.12 V.
Step 4: Final Answer

The closest answer to our calculated value is:

(Option B)

Thus, the correct answer is (B) 1.10 V.

To calculate the EMF of a galvanic cell, use the Nernst equation by considering the

standard reduction potentials and the concentrations of the ions involved.

60. What kind of colloid particle would result if (AgNO,)

solution is being added to excess KI solution?

(A) Negatively charged [Agl|

(B) Positively charged [Ag]tAg

(C) Negatively charged [AgNO;|

(D) Negatively charged [Agl|"NO;

Correct Answer: (A) Negatively charged [Agl]

Solution:

Step 1: Precipitation of Agl.

When silver nitrate (AgNO;) solution is added to excess potassium iodide (KI) solution,

silver iodide (Agl) precipitates out according to the following reaction:
AgNO; + KI — Agl (s) + KNO3

Step 2: Formation of colloidal particles.

33



The precipitate formed, Agl, can form colloidal particles in the presence of excess KI. Due
to the presence of excess iodide ions (I7), these particles will be negatively charged.
Step 3: Conclusion.

Thus, the colloidal particles formed are negatively charged [Agl]~.

In the formation of colloidal particles, excess ions can stabilize the particles and impart

a charge to them, such as in the case of [Agl]~ formed with excess iodide.
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