Colligative Properties Practice Problems

CHEMISTRY COLLIGATIVE PROFPERTIES WORKSHEET
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COLLIGATIVE PROPERTIES PRACTICE PROBLEMS ARE ESSENTIAL TO UNDERSTANDING THE BEHAVIOR OF SOLUTIONS IN CHEMISTRY.
THESE PROPERTIES DEPEND NOT ON THE IDENTITY OF THE SOLUTE BUT RATHER ON THE NUMBER OF SOLUTE PARTICLES IN A GIVEN
QUANTITY OF SOLVENT. THE FOUR MAIN COLLIGATIVE PROPERTIES INCLUDE VAPOR PRESSURE LOWERING, BOILING POINT
ELEVATION, FREEZING POINT DEPRESSION, AND OSMOTIC PRESSURE. THIS ARTICLE WILL DELVE INTO THESE COLLIGATIVE
PROPERTIES, PROVIDE PRACTICE PROBLEMS, AND OFFER SOLUTIONS TO ENHANCE YOUR UNDERSTANDING. BY ENGAGING WITH
THESE PROBLEMS, YOU WILL REINFORCE YOUR KNOWLEDGE AND IMPROVE YOUR PROBLEM~SOLVING SKILLS IN THE CONTEXT OF
COLLIGATIVE PROPERTIES.

UNDERSTANDING COLLIGATIVE PROPERTIES

COLLIGATIVE PROPERTIES ARE CRITICAL IN VARIOUS FIELDS SUCH AS CHEMISTRY, BIOLOGY, AND ENVIRONMENTAL SCIENCE. THEY
ARE INFLUENCED BY THE NUMBER OF SOLUTE PARTICLES, WHICH CAN BE IONS OR MOLECULES, DISSOLVED IN A SOLVENT. THE
FOUR PRIMARY COLLIGATIVE PROPERTIES ARE:

1. VAPOR PRESSURE LOWERING

W/HEN A NON-VOLATILE SOLUTE IS ADDED TO A SOLVENT, THE VAPOR PRESSURE OF THE SOLUTION IS LOWER THAN THAT OF
THE PURE SOLVENT. THIS OCCURS BECAUSE THE SOLUTE PARTICLES OCCUPY SPACE AT THE SURFACE OF THE LIQUID, REDUCING
THE NUMBER OF SOLVENT MOLECULES THAT CAN ESCAPE INTO THE VAPOR PHASE.



2. BOILING POINT ELEVATION

THE PRESENCE OF A SOLUTE RAISES THE BOILING POINT OF A SOLVENT. THE INCREASE IN BOILING POINT CAN BE CALCULATED
USING THE FORMULA!

\[\DeLta T_e =1 \cooT K_& \cpoT ™ \]

\W/ HERE:

-\(\DeLTA T_8 \) = CHANGE IN BOILING POINT

-\(1'\) = van ‘T HorF FACTOR (NUMBER OF IONS/PARTICLES THE SOLUTE DISSOCIATES INTO)
-\(K_B\) = eBULLIOSCOPIC CONSTANT (DEPENDS ON THE SOLVENT)

-\(M\) = MOLALITY OF THE SOLUTION

3. FREEZING POINT DEPRESSION

SIMILAR TO BOILING POINT ELEVATION, THE FREEZING POINT OF A SOLVENT DECREASES WHEN A SOLUTE IS ADDED. THIS CAN BE
CALCULATED USING THE FORMULA:

\[\DeLTa T_F=1\cpoTK_F \cpoT ™M \]

\X/HERE:

- \(\DeLTA T_F \) = CHANGE IN FREEZING POINT

-\(1\) = VAN T HoFF FACTOR

- \(K_F\) = cryoscopic CONSTANT (DEPENDS ON THE SOLVENT)
-\(M\) = MOLALITY OF THE SOLUTION

4. OsMoTIC PRESSURE

OSMOTIC PRESSURE IS THE PRESSURE REQUIRED TO PREVENT THE FLOW OF SOLVENT INTO A SOLUTION THROUGH A
SEMIPERMEABLE MEMBRANE. |T CAN BE CALCULATED USING THE FORMULA:

\[ \Pi =1 \cpoT C \cpoT R \cooT T \]

W/ HERE:

-\C\P1'\) = osMoTIC PRESSURE

-\(1\) = vaN 'T HoFF FACTOR

-\( C\) = MOLAR CONCENTRATION OF THE SOLUTION
-\(R\) = ibeaL Gas consTaNT (0.0821 L-atM/(K'MoL))
-\( T \) = TEMPERATURE IN KELVIN

PrRACTICE PROBLEMS

Now THAT WE HAVE A SOLID UNDERSTANDING OF THE COLLIGATIVE PROPERTIES, LET’S DIVE INTO SOME PRACTICE PROBLEMS.

ProBLEM 1: VAPOR PRESSURE LOWERING

A SOLUTION IS PREPARED BY DISSOLVING 10 G oF UREA (MoLAR MASS = 60 G/MoL) IN 200 G oF wATER. CALCULATE THE
VAPOR PRESSURE LOWERING OF THE SOLUTION IF THE VAPOR PRESSURE OF PURE WATER IS 23.8 MMHG AT THE GIVEN
TEMPERATURE.



SOLUTION STEPS:

1. CALCULATE THE NUMBER OF MOLES OF UREA!

\[
\texT{MoLes oF urea} = \FRAc{ 10 \, \TexT{c}}{60 \, \Text{c/MoL}} = 0.167 \, \texT{moL}

\]

2. CALCULATE THE NUMBER OF MOLES OF WATER:

\l

\TexT{MoLes oF waTer} = \rRAC{200 \, \TexT{c}}{18 \, \text{c/MoL}} = 11.11 \, \texT{moL}

\]

3. CALCULATE THE MOLE FRACTION OF WATER:

\[
\cHI_{\TexT{waTer}} = \rRac{11.11}{11.11 + 0.167} \aprrox 0.985

\]

4. CALCULATE THE VAPOR PRESSURE OF THE SOLUTION:

\[
P_{\text{soLution}} = \cHi_{\TexT{waTer}} \cooT P*0_{\TexT{waTer}} = 0.985 \cooT 23.8 \, \texT{MMHG}
\approx 23.5 \, \texT{MMHG}

\]

5. CALCULATE THE VAPOR PRESSURE LOWERING:

\[
\DeLta P =P"0_{\text{waTer}} - P_{\7exT{soLuTion}} = 23.8 \, \texT{MmHG} - 23.5 \, \TexT{mMMHG} = 0.3\,
\TexT{MMHG}

\]

PROBLEM 2: BOILING POINT ELEVATION

CALCULATE THE BOILING POINT ELEVATION WHEN 5.0 G oF sobiuM cHLoRrIDE (NACL) 1s pissoLveDd IN 100 G oF WATER. THE
EBULLIOSCOPIC CONSTANT \( K_B \) ForR WATER IS 0.512 °C'kG/MOL.

SOLUTION STEPS:

1. CALCULATE THE NUMBER OF MOLES OF NACL:

\[
\TexT{MoLes oF NACL} = \rrAc{5.0 \, \TexT{c}}{58.5 \, \texT{c/moL}} \aprrox 0.086 \, \TexT{MoL}

\]

2. DETERMINE THE VAN T Horr FACTOR \(1\) FOr NACL, WHICH DISSOCIATES INTO Two 1oNs (NA\(*+\) ano CL\(*-\)):

\[
=2
\]

3. CALCULATE THE MOLALITY OF THE SOLUTION:

\[
M= \FRAc{0.086 \, \TexT{MoL}}{0.1 \, \TexT{kc}} = 0.86 \, \TexT{MoL/kG}
\]

4. CALCULATE THE BOILING POINT ELEVATION:

\[
\DeLTAa T_g =1 \cooT K_g \cooT M= 2 \cpoT 0.512 \cooT 0.86 \aprrox 0.88 \, \TexT{°C}

\]

5. THE NEW BOILING POINT OF THE SOLUTION:



\[
T 8=100\, \text{°C} + 0.88 \, \Tex7{°C} = 100.88 \, \tex7{°C}
\]

ProBLEM 3: FREEZING POINT DEPRESSION

IF 10 6 oF aLucose (C\(_6\)H\(_{123\)O\(_6\)) is bissoLveD IN 200 G OF WATER, FIND THE FREEZING POINT
DEPRESSION. THE CRYoScopPIC CONSTANT \( K_F\) For wATER IS 1.86 °C'kG/MoL.

SOLUTION STEPS:

1. CALCULATE THE NUMBER OF MOLES OF GLUCOSE:

\l

\TexT{mMoLes oF cLucose} = \rrRac{10 \, \TexT{c}}{180 \, \tex7{c/MoL}} \apprrox 0.056 \, \TexT{MoL}

\]

2. DETERMINE THE VAN ‘T HorF FACTOR \( 1'\) FOR GLUCOSE, WHICH DOES NOT DISSOCIATE:

\[
=1
\]

3. CALCULATE THE MOLALITY OF THE SOLUTION:

\[
M= \rRAC{0.056 \, \TexT{mMoL}}{0.2 \, \TexT{kc}} = 0.28 \, \TexT{moL/kG}
\]

4. CALCULATE THE FREEZING POINT DEPRESSION:

\l

\DeLTAa T_F =1 \cooT K_F \copoT M= 1 \cpoT 1.86 \cpoT 0.28 \aprrox 0.52 \, \Text{°C}

\]
5. THE NEW FREEZING POINT OF THE SOLUTION:
\l

T r=0\, \text{°C}-0.52\, \1ext{°C} =-0.52 \, \tex7{°C}
\]

ProBLEM 4: OSMOTIC PRESSURE

CALCULATE THE OSMOTIC PRESSURE OF A SOLUTION CONTAINING 0.1 MoLES of PoTASSIUM SULFATE (K\(_2\)SO\(_4\)) i
2 LITERS OF WATER AT 25 °C. ASSUME COMPLETE DISSOCIATION.

SOLUTION STEPS:

1. DETERMINE THE VAN ‘T Horr FacTor \(1\):

\[

1 =3 \Quab (\TexT{K} 2\1exT{SO} 4 \ricHTArRROW 2 \TExT{K}"+ + \TexT{SO} 4"{2-})
\]

2. CALCULATE THE MOLARITY OF THE SOLUTION:

\[

C=\rrAc{0.7\, \texT{moL}}{2 \, \TexT{L}} = 0.05 \, \texT{moL/L}

\]

3. CONVERT TEMPERATURE TO KELVIN:

\l



T=25+273.15=298.15\, \text{K}
\]

4. CALCULATE THE OSMOTIC PRESSURE:

\

FREQUENTLY AskeD QUESTIONS

\WHAT ARE COLLIGATIVE PROPERTIES AND HOW DO THEY RELATE TO SOLUTE
CONCENTRATION?

COLLIGATIVE PROPERTIES ARE PROPERTIES OF SOLUTIONS THAT DEPEND ON THE NUMBER OF SOLUTE PARTICLES IN A GIVEN
AMOUNT OF SOLVENT, NOT THE IDENTITY OF THE SOLUTE. THESE PROPERTIES INCLUDE BOILING POINT ELEVATION, FREEZING
POINT DEPRESSION, VAPOR PRESSURE LOWERING, AND OSMOTIC PRESSURE.

How DO YOU CALCULATE THE BOILING POINT ELEVATION OF A SOLUTION?

THE BOILING POINT ELEVATION CAN BE CALCULATED USING THE FORMULA! AT_B =1 K_B M, WHERE AT_B IS THE CHANGE IN
BOILING POINT, | IS THE VAN T Horr FACTOR, K_B IS THE EBULLIOSCOPIC CONSTANT OF THE SOLVENT, AND M IS THE MOLALITY
OF THE SOLUTION.

\WHAT IS THE FREEZING POINT DEPRESSION AND HOW IS IT CALCULATED?

FREEZING POINT DEPRESSION IS THE DECREASE IN THE FREEZING POINT OF A SOLVENT WHEN A SOLUTE IS ADDED. |T CAN BE
CALCULATED USING THE FORMULA: AT_F =1K_FM, WHERE AT_F IS THE CHANGE IN FREEZING POINT, I IS THE VAN ‘T HOFF
FACTOR, K_F IS THE CRYOSCOPIC CONSTANT OF THE SOLVENT, AND M IS THE MOLALITY OF THE SOLUTION.

WHAT IS THE VAN ‘T HOFF FACTOR AND WHY IS IT IMPORTANT IN COLLIGATIVE
PROPERTIES?

THE VAN ‘T HOFF FACTOR (1) REPRESENTS THE NUMBER OF PARTICLES INTO WHICH A SOLUTE DISSOCIATES IN SOLUTION. IT IS
IMPORTANT BECAUSE IT AFFECTS THE MAGNITUDE OF COLLIGATIVE PROPERTIES; FOR EXAMPLE, NACL DISSOCIATES INTO TWO
1ons (Na+ anD CL-), SO I = 2, WHILE GLUCOSE DOES NOT DISSOCIATE, SO 1 = 1.

How DOES THE ADDITION OF A NON-VOLATILE SOLUTE AFFECT THE VAPOR PRESSURE
OF A SOLVENT?

THE ADDITION OF A NON-VOLATILE SOLUTE LOWERS THE VAPOR PRESSURE OF THE SOLVENT DUE TO THE SOLUTE PARTICLES
OCCUPYING SPACE AT THE SURFACE OF THE LIQUID, WHICH REDUCES THE NUMBER OF SOLVENT MOLECULES THAT CAN ESCAPE
INTO THE VAPOR PHASE. THIS IS DESCRIBED BY RAOULT'S LAW.

WHAT ARE SOME REAL-WORLD APPLICATIONS OF COLLIGATIVE PROPERTIES?

REAL-WORLD APPLICATIONS OF COLLIGATIVE PROPERTIES INCLUDE USING ANTIFREEZE IN CAR ENGINES TO LOWER THE FREEZING
POINT OF THE COOLANT, USING SALT ON ROADS TO MELT ICE BY DEPRESSING THE FREEZING POINT, AND DETERMINING MOLECULAR
WEIGHTS OF SOLUTES THROUGH FREEZING POINT DEPRESSION OR BOILING POINT ELEVATION.

How DOES OSMOTIC PRESSURE RELATE TO COLLIGATIVE PROPERTIES?

OSMOTIC PRESSURE IS THE PRESSURE REQUIRED TO STOP THE FLOW OF SOLVENT INTO A SOLUTION THROUGH A SEMIPERMEABLE
MEMBRANE. |T IS DIRECTLY PROPORTIONAL TO THE MOLARITY OF THE SOLUTE IN THE SOLUTION, AND CAN BE CALCULATED USING
THE FORMULA: N =1 CR T/ WHERE N IS THE OSMOTIC PRESSURE, CIs THE MOLARITY, R IS THE GAS CONSTANT, AND T IS THE
TEMPERATURE IN KELVIN.



CAN COLLIGATIVE PROPERTIES BE USED TO DETERMINE THE MOLAR MASS OF A SOLUTE?
How?

YES/ COLLIGATIVE PROPERTIES CAN BE USED TO DETERMINE THE MOLAR MASS OF A SOLUTE BY MEASURING THE FREEZING POINT
DEPRESSION OR BOILING POINT ELEVATION AND USING THE FORMULAS FOR AT_F OR AT_B. BY REARRANGING THE FORMULAS,
YOU CAN SOLVE FOR THE MOLAR MASS OF THE SOLUTE BASED ON THE MEASURED CHANGE IN TEMPERATURE AND THE KNOWN
QUANTITIES OF THE SOLVENT.

W/HAT FACTORS CAN AFFECT COLLIGATIVE PROPERTIES IN A SOLUTION?

FACTORS THAT CAN AFFECT COLLIGATIVE PROPERTIES INCLUDE THE CONCENTRATION OF THE SOLUTE, THE NATURE OF THE
SOLUTE (SUCH AS WHETHER IT DISSOCIATES INTO IONS), THE TYPE OF SOLVENT USED, AND TEMPERATURE, AS COLLIGATIVE
PROPERTIES CAN VARY WITH CHANGES IN TEMPERATURE.
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The Blunder At Fort Douaumont And The Hundreds Of ...

Apr 27,2017 - By the time the Battle of Verdun was officially over, French and German casualties
may have reached higher than 700,000 people. Of these casualties, the French suffered 377,231,
with 162,308 either killed or missing in action.

19 Vintage Military Photos From the Battle of Verdun
Apr 5, 2025 - The Battle of Verdun was waged between France and Germany in 1916. It stands the

test of time as one of the longest and also most brutal battles of World War 1.

Battle of Verdun - Wikipedia

The battle was the longest of the First World War and took place on the hills north of Verdun. The
German 5th Army attacked the defences of the Fortified Region of Verdun (RFV, Région Fortifiée de
Verdun) and those of the French Second Army on the right (east) bank of the Meuse.

10 Harsh Realities Of Trench Warfare For French Soldiers During World War I

An examination of contemporary private reports written by a postal censor on the 22nd and 28th
July 1916 concerning soldier’s letters home provides an insight into the soldier’s morale immediately
after fighting at Verdun, and morale six days later.

Heroic Stand at Verdun - Warfare History Network

The outcome of the Battle of Verdun stands as a metaphor for the stagnant trench warfare of World
War I. By the time the terrible battle drew to a close in mid-December, the French had returned
roughly to their position before the battle began.

Verdun WW1: Shredded flesh and pulverized corpses - one French soldier ...

Feb 21, 2016 - Today marks the 100th anniversary since the Battle of Verdun began. Lasting 300
days and leaving an estimated 800,000 soldiers dead, wounded or missing, it has come to signify one
of the...
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Remembering The Slaughterhouse That Was Verdun In The First World War

Jun 15, 2016 - More than 70% of all French soldiers were ordered to fight at least once in the
trenches of Verdun for eight to 10 days. Someone from almost every family in France participated in
the battle, with the greatest numbers between February and June of 1916.

Verdun: Slaughter on the French Frontier, 1916 (World War I)

By the close of 1916, over 250,000 soldiers from both factions had perished in the trenches, mainly
due to artillery fire. The conflict was centered around a chain of forts near Verdun, a border town in
northeastern France.

Battle of Verdun - IN THE FOOTSTEPS OF GENERALS

May 7, 2020 - After the fall of Verdun, the Prussian force continued to advance slowly towards Paris,
allowing the French to gather a large army that defeated the Prussians at the Battle of Valmy on 20
September. The Prussians pulled back across the French border, and the French retook Verdun on
14 October.

First World War: Verdun and Fort Douaumont - Land Of Memory

However, it was conquered by the Germans in February 1916, at the beginning of the Battle of
Verdun. The German troops occupied it for eight months and used it as a base for their offensives.
Despite several attempts to reconquer the fort, the French did not ...

New Cars, Used Cars, Car Dealers, Prices & Reviews | Cars.com
Find the perfect car for your needs at Cars.com. Shop new and used cars, sell your car, compare
prices, and explore financing options to find your dream car today!

Used Cars for Sale Online Near Me | Cars.com
Browse cars for sale, shop the best deals near you, find current loan rates and read FAQ about
financing and warranties at Cars.com.

Cars for Sale - Used Cars, New Cars, SUVs, and Trucks - Autotrader
Explore new and used cars, trucks and SUVs with confidence. Autotrader is the one-stop shop for
everything you need in your car buying experience including expert advice, instant cash offers, ...

Buy & Sell Cars: Reviews, Prices, and Financing - CarGurus
5 Compared to major online automotive marketplaces in the U.S., defined as Cargurus.com,
Autotrader.com, Cars.com, and TrueCar.com. Based on YipitData as of December 31, 2023.

Carsforsale.com® | Millions of Cars, Free Credit Checks & History ...
Shop millions of new & used cars from 22,500 trusted dealers on Carsforsale.com. Get free history
reports, credit checks, fast online financing and expert car reviews.

Advanced Search: Find and Filter Cars for Sale | Cars.com
Advanced search allows you to filter 4.9 million new & used cars listings to find the exact car you
are looking for the first time. Narrow results by price range, exterior color and drivetrain.

Used Cars for Sale | with Free CARFAX
Used Cars for Sale Buy with confidence. Everything you need to browse nearby cars, all in one
place. Used listings include a free CARFAX Report!

New Cars, Trucks, SUVs & Electric Cars | Cars.com
Shop and learn about new cars, trucks, SUVs and EVs at cars.com. Find pricing, specs, incentives



and inventory, or customize a new vehicle.

Used cars for sale near Zachary, LA
Shop used vehicles in Zachary, LA for sale at Cars.com. Research, compare, and save listings, or
contact sellers directly from 2,203 vehicles in Zachary, LA.

New Cars for Sale Near Me | Cars.com

Shop new vehicles for sale at Cars.com. Research, compare, and save listings, or contact sellers
directly from 10,000+ vehicles nationwide.

Master colligative properties with our practice problems! Explore key concepts and enhance your
understanding. Learn more to boost your chemistry skills today!
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