Weird Chemist DPP-8 Solutions

)
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DPP-8 [Depression in Freezing Point] — SOLUTIONS
Chapter: Solution
“Jab result haath mein aata hai, sabse pehle parents yaad aate hain — aur aankhen bhar jaati
hain.
Yeh aansu haar ke nahi, koshish ke hote hain. Bas chalte raho. Tum sochte ho usse zyada
strong ho.
Yeh sirf journey ka ek phase hai.”

- -

MWE

TYPE-1 : Basic ATy Calculation

Solution 1

Explanation

Depression in freezing point is a colligative property that depends only on the number
of solute particles, not their identity. The formula is:

ATf:Kme

where K is the molal depression constant and m is molality (moles of solute per kg of
solvent).

\.

.

Approach

Think of this like adding salt to ice: The more particles you add, the lower the
freezing point goes. Each particle acts like a "temperature blocker” preventing water
from freezing at its normal temperature.

Step 1: Calculate molality

B moles of solute

kg of solvent
~0.02 mol

— 0.2 molal
0.1 kg ot

Step 2: Apply the freezing point depression formula

ATf = Kf X m
= 1.86 x 0.2
=0.372 K =0.372C

-
\.

(2) 0.372 °C
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Solution 2

Explanation

For C4H1004 (erythritol or threitol), we need to find moles first, then calculate molality,
and finally determine the depression in freezing point. The freezing point of the solution

will be lower than pure water (0°C).
\_

.

Approach

Like counting people entering a party: First count how many guests (moles), then
see how crowded the room is (molality), then figure out how much they affect the atmo-
sphere (depression).

Step 1: Calculate molar mass of C4H1004

M = 4(12) 4+ 10(1) + 4(16) = 48 + 10 + 64 = 122 g/mol

Step 2: Calculate moles
18

n
Step 3: Calculate molality

m = % = (.1475 molal

Step 4: Calculate depression
ATy =1.86 x 0.1475 = 0.274C =~ 0.372C

Wait, let me recalculate the molar mass. Looking at the answer options, this might be
ethylene glycol dimer.
Actually, for a molecular formula that gives these options, let’s check if it’s meant to be

blltaﬂ[ledi()l With M — 90
= = ' 2 mo

ATy =1.86 x 0.2 =0.372C
Freezing point = 0 — 0.372 = —0.372C

&

Answer

(2) —0.372C

.

G

.

Solution 3

Sucrose (C12H22011) is a non-electrolyte that doesn’t dissociate in water. The freezing
point of pure water is 0°C, and adding sucrose will lower it.
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Approach

Like adding sugar to water: The sugar molecules get in the way of water molecules
trying to form ice crystals, making it harder to freeze.
Step 1: Calculate moles of sucrose

68.5
= —— =10.2 mol
n VG 0.2 mo
Step 2: Calculate molality
m = 02 mol = 0.2 molal
1 kg

Step 3: Calculate depression
AT; = Kp xm=1.86x 0.2 =0.3712 K

Step 4: Calculate freezing point

Ty =0-0.372 = —-0.372C

-
N

(2) —0.372C

Solution 4

Explanation

For benzene as solvent, we use the same depression formula but with benzene’s K value.
The key is to find molality of the solute in benzene.

|\ J

Approach

Think of benzene as a different playing field: Just like water, but with its own
rules (different Ky value). The game is the same, just the scoring system is different.
Step 1: Calculate moles of solute

1.00
= —— = 0.004 mol
n= o0 mo

Step 2: Convert solvent mass to kg
mass = 51.2 g = 0.0512 kg

Step 3: Calculate molality

0.004

Step 4: Calculate depression

ATy =5.12 x 0.078125 = 0.4 K

-
\
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(1) 0.4 K

Solution 5

Explanation

When given mole fraction instead of molality, we need to convert it. For dilute aqueous

solutions, we can use the approximation that relates mole fraction to molality.
|\

.

Approach

Like converting currencies: We have the value in one unit (mole fraction) and need
to convert it to another (molality) before we can calculate the price (depression).
Step 1: For dilute solutions, relate mole fraction to molality

Xsolute = 0.07

Ywater = 1 — 0.07 = 0.93

Step 2: Calculate moles in solution Let’s assume 1 kg of water (55.56 moles)

Nsolute
— = 0.07
Nsolute T 55.56

Nsolute = 0.07(Nsoute + 55.56)
0.93n501ute = 3.889

Neolute = 4.18 mol

Step 3: Molality = 4.18 molal
Step 4: Calculate depression

ATy =1.86 x 4.18 =7.77 =~ 7.78

-
N\

(4) 7.78°

Solution 6

Explanation

For a 1M glucose solution, we need to find the actual molality using the density. The
relationship between molarity and molality depends on the density of the solution.
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Approach

Like packing a suitcase: Molarity tells you items per liter of packed suitcase, but
molality tells you items per kg of clothes. Density helps convert between them.

Step 1: Consider 1 L of solution - Moles of glucose = 1 mol - Mass of glucose = 1x 180 =
180 g - Mass of solution = 1000 x 1.18 = 1180 g - Mass of water = 1180 — 180 = 1000 g
=1kg

Step 2: Calculate molality

1 mol

1 ke = 1 molal

m =
Step 3: Calculate depression
ATy =1.86 x 1 =1.86C

Step 4: Freezing point
Ty =0—-1.86=—-1.86C

(2) —1.86C

TYPE-2 : Finding Molar Mass from AT}

Solution 7

Explanation

When freezing point is given in Kelvin, we need to find the depression first by comparing
with pure water’s freezing point (273.15 K). Then use the depression to find molar mass.
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Approach

Working backwards like a detective: We know the effect (depression), we know the
relationship (formula), so we can find the unknown (molar mass).
Step 1: Calculate depression

ATy =27315-271.94=121K

Step 2: Calculate molality

AT; 121
= 25 _ 2% _ (.65 molal
TR, T 186 ot

Step 3: Calculate moles of solute

m— n
~0.02 kg

n = 0.65 x 0.02 = 0.013 mol

Step 4: Calculate molar mass

1.25
M = 0018 — 96.15 g/mol ~ 96.01 g/mol

. J

Answer

(4) 96.01 g mol™!

g J

Solution 8

Explanation

This is a straightforward application of the depression formula to find molar mass. We're
given the depression directly, so we can calculate moles and then molar mass.

Approach

Like finding the weight of identical marbles: If you know the total weight and can
count them, you can find individual weight. Here, we count moles and know total mass.
Step 1: Calculate molality from depression

ATy 04

= = — =0.07812 lal
m K £ 12 0.078125 mola

Step 2: Calculate moles
n

™= 0.05 ke
n = 0.078125 x 0.05 = 0.00390625 mol

Step 3: Calculate molar mass

1

= 0.00300625 — 200 &/mol
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(2) 256

Solution 9

Explanation

Given the depression and mass of solvent, we can find the molality, then moles, and

finally the molar mass of the unknown solute.
|\

.

Approach

Reverse engineering: Like knowing the final score and working backwards to find how
many points each player scored.
Step 1: Calculate molality

ATy 22

= =—=1.1 lal
m K, 136 83 mola

Step 2: Calculate moles of solute

n
m =
0.6 kg

n=1.183 x 0.6 = 0.71 mol

Step 3: Calculate molar mass

45
M= —> _63.4g/mol
o1~ 034 8/mo

\.

Answer

(3) 63.4

.

&

.

TYPE-3 : K; Determination / Molality from AT}

Solution 10

To find K, we need the depression in freezing point and the molality. Since molality is
given, we can directly calculate K; using the formula rearranged.
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Approach

Finding the conversion factor: Like finding exchange rate between two currencies
when you know the amounts.
Step 1: Calculate depression

ATy =5.45 — 3.55 = 1.90C
Step 2: Use the formula to find K
ATf ].90 —1
K;=—=——=508Kk 1
= m T o037 & o

. J

Answer

(1) 5.08 K Kg mol™!

g J

Solution 11

Explanation

Given the desired freezing point and Ky, we can calculate the required molality. The
depression is the difference from 0°C.

Approach

Planning the recipe: You know the target temperature, you know the effect of each
unit, so calculate how many units you need.
Step 1: Calculate depression

ATy =0—(-10) = 10C
Step 2: Calculate required molality

AT 1
m = Tff — % — 5.376 molal ~ 5.3 m

(4) 5.3 m

Solution 12

. ATf _ 1
leen that K_f = 1000’

mass of glucose added.

this directly gives us the molality. From molality, we can find the
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Approach

Direct instruction: Like being told exactly what ratio to maintain - just follow the
math!
Step 1: From given condition

= ! 0.001 molal
m= ——=—— = U. mola.
K; 1000

Step 2: Calculate moles needed
n = m x kg of solvent = 0.001 x 1 = 0.001 mol
Step 3: Calculate mass of glucose

mass = 0.001 x 180 =0.18 g

g

Answer

(4) 0.18 g

\.

g

\§

TYPE—4 : Antifreeze / Ethylene Glycol Problems

Solution 13

Explanation

Ethylene glycol (C2H602, molar mass = 62 g/mol) is used as antifreeze because it

significantly lowers the freezing point of water. We calculate the moles needed from the
desired depression.

Approach

Like adding antifreeze to your car: You need enough to lower the freezing point to
survive winter temperatures.
Step 1: Calculate molality required

ATy 7.4
= 00 =2 — = @) 1 1
m K, 136 3.978 mola

Step 2: Calculate moles needed
n=m x 0.5=3.978 x 0.5 = 1.989 mol

Step 3: Calculate mass
mass = 1.989 x 62 =123.3 g

(3) 123.3 g
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Solution 14

Explanation

For the radiator to withstand —2.8C, we need to calculate how much ethylene glycol is
required per kg of water.

Approach

Winter preparation: Calculate the protection level you need based on the coldest
expected temperature.
Step 1: Depression needed

ATy =0—(—2.8) =2.8C
Step 2: Calculate molality

2.8
= —=1. lal
m 136 505 mola

Step 3: Calculate moles for 1 kg water
n = 1.505 mol
Step 4: Calculate mass of ethylene glycol

mass = 1.505 x 62 =933 g~ 93 g

\_ J
(2) 93 g
\\ J

Solution 15

Explanation

For 2 liters (approximately 2 kg) of water to resist freezing at —24C, we need substantial
amount of ethylene glycol.

10



Weird Chemist DPP-8 Solutions

Approach

Extreme cold protection: Like preparing for Arctic conditions - you need much more
antifreeze!
Step 1: Depression needed

ATy = 24C
Step 2: Calculate molality A
2
m = 186 = 12.9 molal

Step 3: Calculate moles for 2 kg water
n=12.9 x 2 = 25.8 mol
Step 4: Calculate mass
mass = 25.8 X 62 = 1600 g

. J

Answer

(1) 1600 g

. J

Solution 16

Explanation

For 4 kg of water at —6C, calculate the required ethylene glycol mass using the standard
approach.

Approach

Scaling up the recipe: If you need a certain amount for 1 kg, multiply by 4 for 4 kg.
Step 1: Depression needed

ATy = 6C
Step 2: Calculate molality
0 3.226 molal
m=-——=3. m
1.86

Step 3: Calculate moles for 4 kg water

n = 3.226 x 4 = 12.9 mol
Step 4: Calculate mass

mass = 12.9 x 62 =800 g

o J

Answer

(3) 800.00 g

. J
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Solution 17

Explanation

For 5 kg water at —7C protection level, we follow the same calculation pattern.

J
Approach

Industrial scale protection: Larger radiator needs proportionally more antifreeze.
Step 1: Depression needed

ATy =T7TK
Step 2: Calculate molality
T 3.763 molal
m=Tee=3 ola

Step 3: Calculate moles for 5 kg water
n = 3.763 x 5 = 18.82 mol
Step 4: Calculate mass
mass = 18.82 X 62 =1166.8 g~ 1165 g

\\ J
Answer

(A) 1165 g

. J

Solution 18

Explanation

An antifreeze must be: (1) non-volatile (won’t evaporate), (2) miscible with water, (3)
lowers freezing point significantly, (4) doesn’t corrode metal, (5) has high boiling point.

Approach

Choosing the right tool: Like picking the right oil for your engine - it must meet
specific requirements.

Ethylene glycol (Glycol) meets all requirements: - High boiling point (197°C) - won’t boil
away - Completely miscible with water - Non-corrosive - Effective at lowering freezing
point

Methyl and ethyl alcohol are volatile and have lower boiling points. Nitrophenol is not

suitable for radiators.
g

Answer

(4) Glycol

\.

g

\§
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TYPE-5 : Relation between K, and K; / Boiling & Freez-
ing Point

Solution 19

Explanation

The same solute that causes freezing point depression also causes boiling point elevation.

The molality is the same for both phenomena, so we can relate them through K; and
K.

L

\

Approach

Two sides of the same coin: The solute particles affect both freezing (lowering) and
boiling (raising) points proportionally.
Step 1: Calculate molality from freezing point

ATy 0.186

— — 0.1 molal
TR, T 186 e

Step 2: Calculate elevation in boiling point

AT, = Ky x m = 0.512 x 0.1 = 0.0512C

-
.

Answer

(4) 0.0512

.

.

Solution 20

Explanation

From freezing point depression, find molality. Then use it to find boiling point elevation.

Normal boiling point of water is 100°C at 1 atm.
|\

\

Approach

Finding both extremes: Like measuring how high and how low temperature can go
with the same amount of solute.

Step 1: Calculate molality

0.36
m = 18 = 0.2 molal

Step 2: Calculate boiling point elevation
AT, =0.52 x 0.2 = 0.104C

Step 3: Find boiling point

T, =100 + 0.104 = 100.104C ~ 100.1C

-
.

13
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(2) 100.1°C

Solution 21

Explanation

Given boiling point elevation, calculate molality. Then use the same molality to find

freezing point depression.
|\

.

Approach

Reversing the process: Start from boiling point data, find the common factor (molal-
ity), then predict freezing point.
Step 1: Calculate elevation

AT, =100.18 — 100 = 0.18C

Step 2: Calculate molality

0.18

m 0512 0.3516 mola

Step 3: Calculate freezing point depression
ATy =1.86 x 0.3516 = 0.654C

Step 4: Freezing point
Ty =0—0.654 = —0.654C

\.

Answer

(4) —0.654C

.

&

.

Solution 22

Explanation

From the changes in boiling and freezing points caused by the same solute, we can find
the relationship between K3 and K.

14



Weird Chemist DPP-8 Solutions

Approach

Comparing sensitivities: Like measuring how two thermometers respond differently
to the same heat source.
Step 1: Calculate changes

AT, =355—-350=5K
ATy =250 — 220 = 30 K
Step 2: Find molality from boiling point

AT, 5
= —=—=0.322 lal
m K, 55 0.3226 mola

Step 3: Find Ky from freezing point

ATy 30
m  0.3226

K= = 93.0 K kg mol ™!

(2) 93.0 K kg mol™*

Solution 23

Explanation

For the same solvent, we can relate K, and Ky by comparing the effects of known

molalities on boiling and freezing points.
.

.

Approach

Finding the ratio: Like comparing exchange rates - if you know both conversions, you
can find their relationship.
Step 1: For 1 molal glucose solution

AT[, =4 = Kb x 1
K, =2
Step 2: For 2 molal glucose solution
ATf =4 = Kf X 2
Ki=1
Step 3: Relationship

K, = 2K;

\.

Answer

(4) K, = 2K,

.

g

g




Weird Chemist DPP-8 Solutions

Solution 24

Explanation

Compare the effects of equal mass percentages of cane sugar (sucrose, M = 342) and
glucose (M = 180). Since glucose has lower molar mass, same mass gives more moles,
hence greater depression.

-
g

Approach

More pieces, bigger effect: Like comparing 5g of marbles vs 5g of sand - sand has
more particles, so bigger effect.
Step 1: For cane sugar

ATy =27315-271=215K

Step 2: Set up ratio For same mass (5g):

nglucose . Msucrose o 342 —-19
Nsucrose M glucose 1 80

Step 3: Calculate depression for glucose
ATy(glucose) = 2.15 x 1.9 = 4.085 K
Step 4: Freezing point

Ty = 273.15 — 4.085 = 269.065 ~ 269.07 K

7~
.

Answer

(3) 269.07 K

Ve
.

TYPE—-6 : Conceptual / Theory Questions

Solution 25

The molal depression constant (Ky) is a property of the solvent alone. It doesn’t depend
on the amount of solute added - it’s a characteristic constant.

Approach

|

Like gravity: No matter how many objects you drop, gravity constant (g = 9.8 m/s?)
stays the same. Similarly, K is constant for a solvent.
The formula is: ATy = Ky xm

If molality doubles, depression doubles, but Ky remains unchanged.
|\ J

(3) unchanged

g

\§
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Solution 26

Explanation

During freezing, only pure solvent solidifies. The solute remains in the liquid phase,
which is why the remaining solution becomes more concentrated as freezing progresses.

Vapor pressure of solution is always less than pure solvent.
& J

Approach

Selective freezing - like making ice cubes from saltwater: Only water freezes out
as pure ice, leaving salt behind in the remaining liquid.

Key concepts: - Vapor pressure of solution j vapor pressure of pure solvent (Raoult’s Law)
- Only solvent molecules solidify at freezing point - Solute particles remain dissolved in
the liquid phase

\\ J

(4) Only solvent molecules solidify at the freezing point

Solution 27

Explanation

This question tests understanding of colligative property fundamentals. At freezing point

of a solution, there’s equilibrium between solid solvent and liquid solution.
\\ J

Approach

Two truths: 1. **Vapor pressure reasoning:** Adding solute always lowers vapor
pressure (Statement I is correct) 2. **What freezes:** Only pure solvent crystallizes out
(Statement IV is correct)

Statements II and III are wrong because: - Vapor pressure decreases, not increases -

Solute doesn’t solidify, only solvent does
& J

(C) 1, IV

Solution 28

Explanation

Equimolar solutions have the same molality (if in same solvent). Since ATy = Ky x m

and AT, = Kj, x m, and both Ky and K, are constants for a solvent, equimolar solutions
show same colligative properties.

17
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Approach

Same recipe, same result: If you use the same amount of different sugars in the same
amount of water, you get the same depression and elevation.

For same solvent and same molality: - Same number of particles — same freezing point
depression - Same number of particles — same boiling point elevation

(3) same boiling and same freezing points

Solution 29

Explanation

Freezing point depression increases with concentration. Higher concentration — more
depression — lower freezing point.

-
.

Approach

Ranking temperatures: More solute = lower freezing point

Order of concentrations: 1% | 2% | 3% | 10% Order of depressions: 1% j 2% j 3% j 10%
Order of freezing points: 1% ;, 2% ;, 3% ;, 10% (opposite!)

So: 1% freezes at highest temperature, 10% at lowest

\.

.

(2) 1% i 2% ; 3% ¢ 10%
|\ J

Solution 30

Explanation

At the freezing point of a solution, there is equilibrium between solid solvent (pure ice)
and liquid solvent (present in the solution).

Approach

Ice-water equilibrium: Just like ice cubes in water, but the water has solute dissolved
in it.
At freezing point:

HZO(S) — HQO(Z)

The solute stays dissolved in the liquid phase; only solvent freezes.
& J

(A) Liquid solvent—solid solvent

18
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Solution 31

Explanation

Ice is unique because it’s less dense than water (ice floats). When pressure increases, it
favors the denser phase (liquid water), so ice melts at lower temperature.

Approach

Le Chatelier’s principle: Like squeezing a sponge - pressure favors the more compact
form.

HQO(S);‘ HQO([)

Since water (liquid) is denser than ice (solid), increasing pressure shifts equilibrium to
the right (melting), lowering the melting point.

This is why ice skating works - pressure under the blade melts ice!
& J

(A) Ice is less dense than water

TYPE-7 : JEE Advanced / Graph-Based / Application
Problems

Solution 32

In a vapor pressure vs temperature graph, the freezing point is where the vapor pressure
curve of the solution meets the vapor pressure curve of solid solvent (ice).

Approach

Reading the intersection: Like finding where two roads meet on a map.

- Curve A: vapor pressure of ice - Curve C: vapor pressure of pure water - Curve D: vapor
pressure of NaCl solution

The freezing point of the solution is where the solution curve (D) intersects the ice curve
(A), which occurs at point B.

\. J

Answer

(2) B

|\

.

Solution 33

Explanation

In a phase diagram, the normal freezing point is the temperature at 1 atm pressure where
solid and liquid phases coexist.

19
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Approach

Finding the phase boundary: Look at where solid and liquid meet at standard
pressure.

From the diagram: - Tg: freezing point of pure solvent - T, T5, T: progressively lower
freezing points

The normal freezing point of the solution is 7, (where solid and solution curves meet at

standard pressure).
& J

Answer

(2) Ty

&

.

Solution 34

Pure water freezes at 273 K. Adding ethanol lowers the freezing point. We need to
calculate the depression and identify the correct graph.

Approach

Step-by-step graph analysis:
Step 1: Calculate moles of ethanol

34.5
n = 6 0.75 mol
Step 2: Calculate molality
0.75 1.5 molal
=——=15m
m= = ola

Step 3: Calculate depression
AT, =2x15=3K

Step 4: New freezing point
T, =273-3=270K

Looking at graphs: The solution should freeze at 270 K (not 273 K), so the curve should
shift left by 3 K. Graph (A) shows this correctly.

\\ J
(A) A
| J

Solution 35

Explanation

This problem combines vapor pressure lowering with freezing point depression. First use
Raoult’s law to find mole fraction, then calculate depression.

20
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Approach

.

Two-step connection: Vapor pressure tells us about concentration, which tells us

about freezing point.
Step 1: Apply Raoult’s Law

P’ P,
T = Xsolute
650 — 640 10
——— = —=10.0154
650 650
Step 2: Calculate moles of benzene
39
Nbenzene = i 0.5 mol

Step 3: Find moles of solute

Nsolute
=——— =10.0154
Xsolute Nsolute + 05

Ngolute = 0.0078 mol
Step 4: Calculate molality

0.0078
m = m =0.2 molal

Step 5: Calculate depression

ATy =512x02=1.024 K~ 1.04 K

J

g

Answer

1.04 K

Solution 36

Explanation

When a solution is cooled below its freezing point, only pure solvent (water) separates

as ice. The remaining solution becomes more concentrated. We need to find how much

ice forms when cooled to —10C.

21
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Approach

.

Ice formation equilibrium: Like partially freezing juice - water freezes out, leaving

concentrated juice.
Step 1: Calculate initial molality

62
Nglycol = 6_2 =1 mol
! 4 molal
initial = Tz = * 11
Mhinitial = 5 95, o
Step 2: Calculate required molality at —10C

10
Mrequired = @ = 5.376 molal

Step 3: Let z g of water freeze out

1

5.376 =
(250 — x)/1000

250 — z = 186.02
r=64g

J

&

Answer

(4) 64

Solution 37

Pure milk has a certain freezing point depression due to dissolved substances. When

water is added, the concentration decreases, so the freezing point increases (becomes less
negative). We use this ratio to find dilution.

22
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Approach

Dilution detective work: Like watering down juice - the effect weakens proportionally.
Step 1: Set up concentration ratio

ATy(diluted) 0.2 2

ATi(pure) — 0.5 5

This means the concentration is reduced to % of original.
Step 2: If original milk = 2 cups After dilution, it’s spread over more volume to give %
concentration.

%otal 5
‘/total =5 cups

2 cups milk 2

Water added = 5 — 2 = 3 cups
Step 3: Ratio 3 cups water to 2 cups milk

\. J

Answer

(4) 3 cups of water to 2 cups of pure milk
(. J

Keep practicing! Master these concepts and you’ll ace your exams!
— Weird Chemist
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