Experiment 11 1018100

MOLAR MASS DETERMINATION BY FREEZING-POINT DEPRESSION

MATERIALS: 25 x 200 mm test tube, 600 mL beaker, 50 mL graduated cylinder, thermometer, cyclohexane,
unknown solute, ice, NaCl, metal stirring rod.

PURPOSE: The purpose of this experiment is to determine the molar mass of a compound from freezing-point
depression data.

LEARNING OBJECTIVES: By the end of this experiment, the student should be able to demonstrate the
following proficiencies:

Define solute, solvent, solution, and molality.

Interpret a phase diagram.

Experimentally determine the freezing points of pure liquids and solutions.

Calculate the approximate molar mass of a compound from freezing-point depression data.
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DISCUSSION:

When a nonvolatile solute is added to a solvent, the vapor pressure of the resulting solution is lower than that
of the pure solvent. In Figure 1, curve AB represents the temperature and pressure conditions at which a pure liquid
solvent will be in equilibrium with its vapor (gaseous) phase. The equilibrium pressures are called “vapor pressures”,
and the equilibrium temperatures are called “boiling points.” Curve AC represents the equilibrium between a pure solid
solvent and its gas phase at their various equilibrium vapor pressures and “sublimation points.” Curve CD represents
the equilibrium between the vapor phase of the solvent and a liquid solution. The presence of the solute clearly shifts
the line of the boiling point from AB (pure solvent) to CD (solution).

The normal freezing pointT,, of the pure
solvent is the temperature at which the vapor pressures of | 4 1,
the solid and liquid phases of the solvent are equal under
conditions where the total pressure of the systemis 1 atm.
The addition of a solute lowers the vapor pressure and
reduces the freezing point tg, The temperature at which
the vapor pressures of the solvent solid phase and solution
are equal at 1 atm pressure.
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The magnitude of the vapor-pressure lowering of
a solution depends only on the number of solute particles
in the solution, not upon their identity. If one mole of
nonvolatile solute particles is dissolved in 1000 grams of
water, the freezing point is lowered 1°86 If one mole
of nonvolatile solute particles is dissolved in 1000 grams
of cyclohexane, the freezing point is lowered 2Q.0
This depression of freezing point by the addition of one

mole of solute to 1000 grams of solvent is calledchtiaéal freezing-point depression constant is given the symbol

K:. The value of Kdepends on the particular solvent. For dilute solutions, the freezing-point depeEgsisrirectly
proportional to the molality, m, of the solutioiolality is defined as the total number of moles of solute particles
dissolved in 1000 grams or 1.000 kg of solvent.
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Figure 1: Phase Diagram
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PROCEDURE:

Sdety Note: Cyclohexane is hazardous. Dispose ofa@ohexane in the proper waste container.

1.

Prepare an ice-water batly bdding_iceand waterto a 600mL beaker. The ice-water level should be
approxmately to the 500mL mark on the beaker.

Obtain a 50nL graduatedyinder and a clean, grlarge test tub&romthehood Pour approxnately 40mL

of cyclohexane into the graduateginder. Weigh the glinder and its contents on a top-loading balance.
Cardully pou thecyclohexarinto thelargetest tube, then weigh thenpty graduatedylinder. Record these
masses in the Data Section. RETWRHE GRADUATED CYLINDER TO THE HOOD. (This procedure
will insure thatflammable gclohexane vapors are ventiedm the lab.)

Place a thenometer andnetal stirring rod into tated tube Place the test tube injour ice-water bath. To
ensureslowcoolingof the liquid, movethemetal stirring rod to keep the contents of the test tube in constant
motion while in the ice-water bath. Reve the test tub&om the ice-water lath as recessarto keep the
temperaturérom dropping todast. When theyclohexane has reachedfiteezing point, snow-ligcrystals

will appear in the liquid. (Sue freezing on the interior walls of the tube shon@d be mistaken as the
freezing point. Constastirringof thecyclohexamshoul preventhisfromhappening.) Record tlieeezing

poirt of the pure gclohexane. Raove the test tublgom the ice-water and allow it to waruntil all thesolid

is melted.

Repeathe coolingprocess until consistent resuflis thefreezing point opure cyclohexarm are obtainel (two
successie values shouldgree within 0.2C). Save the test tube ofatohexandor the next step.

If the contents of the test tube are not kept in constant motion during the cooling pro€ehs kaguid is
cooled too fast, it is possible to lower the temperatogw the freezing point without having any
solidification Inthiscasetheliquid is known as supercooled. More vigorous stirring will usually cause the
liquid to solidify partially; this is accompanied by an abrupt rise in temperaturestodimd freezirg point.

Obtain a saple ofan unknown solid from your instructor Record the unknown mber in the Data Section
and weigh thergall sanple tube with its contentsn an analytical balance. Pour appromately half of the
sanpleinto theteg tube ofcyclohexane and reweigh thengale tube. Record athasses in the DaSection.
Stir the cyclohexane solution, using theetal stirring rod, until the solid (solute) israpletely dissolved.
Waming the solution wittyour hand will help the solute dissolfester.

Detemine thefreezing point othis solution, Solution I, using thersa method as that wesl for the pure
cyclohexane. Again, two successive valoesst agree within 0°C.

To prepare Solution I, pouregiemaining unknown into Solution I and weigh the enpty sample tube. Record
thismass in the Data Section. Detémne thefreezing point of Solution II.

If Solution Il does nofreeze in the ickath, add sme sodium chloride, NaCl, to the ice bath to lower its
temperature below TC.

Clean up:

Return the uknown sanple tube, unwashed, y@ur instructor.

Pour Solution Il inb the wase containe in thehood Rinsethe tube with about 2L of cyclohexane and
pour the rinses into the container. DO NOT USE WATER. Pladarpetubeinthedrying rack in the hood.
Wash all other glassware. Return all equept to their proper locations.
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Name Section

Partner Date

DATA SECTION
Experiment 11

Unknown number:

Mass of graduated cylinder + pure cyclohexane

Mass of empty graduated cylinder

Mass of pure cyclohexane

Mass of sample tube + original contents

Mass of sample tube + %2 original contents

Mass of empty sample tube

Mass of unknown in Solution |

Mass oftotal amount of unknown in Solution Il

Trial Number 1 2 3

Average of last
two trials

Freezing Point of
cyclohexane

Freezing Point of
Solution |

Freezing Point of
Solution Il

Freezing-point depression of SolutioT;

Freezing-point depression of SolutionAll;
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DATA TREATMENT
Experiment 11

Be sure to include appropriate units and use the correct number of significant digits.

Solution I:

1. Fromyour expennental data, calculate tihaolality of Solution 1 The K of cyclohexane is 20%C-kgimol. This

can also be expressed as 20/Mholal.

Molality =
2. Calculate the nmber ofmoles and thenolar mass of the unknown solute.
Number of moles =
Molarmass =
Solution II:
1. From your expennental data, calculate tmaolality of Solution II.
Molality =
2. Calculate the nmber ofmoles and thenolar mass of the unknown solute.
Number of moles =
Molar mass =
3. Calculate the averageolar mass of the unknown, detainedfrom Solutions | and 11
Unknown number: Averggemolarmass=
4, Optional: To checkyour results, enter the into the “Data Input and Feedback” sectionMOLS at

http://walnutmathsci.usna.edu/~hwx/labs/login.hmnl.
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http://walnut.mathsci.usna.edu/~lomax/labs/login.html

QUESTIONS
Experiment 11

If the thermometer consistently displays a temperature d€0aver than the actual temperature throughout
the experiment, what effedt,e., too high, too low, or no effect) would this have on the calculated molar mass
of the unknown? Explain your answer.

If the freezing point of the solution had been incorrectly read a€ @ erthan its true freezing point and the
freezing point of the pure solvent was correctly read, what effectd@o high, too low, or no effect) would this
have on the calculated molar mass of the unknown? Explain.

Calcium chloride, CagGlis commonly used as road salt. If one mole of CeGlissolved in 1 kg of water,
would the freezing point of the solution be greater than, less than, or the same as a solution prepared by
dissolving one mole of table sugar (or sucrosehi£0,,, in 1 kg of water? Explain.
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Name Section

Date
PRE-LAB QUESTIONS
Experiment 11

1. Define the following terms:

Solute

Solvent

Solution
2. a. Look up the safety information for cyclohexane (i.e., MSDS). Why is cyclohexane a hazard in our lab?

http://chem.mathsci.usna.edu/plebechem/Safety.html

b. Cyclohexane, #,,, is a nonpolar solvent. Which of the following solutes would dissolve in cyclohexane?
Circle your answer(s) and provide a brief explanation.

NaCl CoHs K,SO, CH,COOH
Explanation:
3. In an experiment carried out to determine the molar mass of a unknown compound, 1.07 g of the unknown was

dissolved in 27.00 g of cyclohexane. The freezing point of pure cyclohexane was determined tthar@i50
the freezing point of the solution was determined to be 0G00

What is the molar mass of the compound? Show your work.

Molar mass =
4, In the phase diagram, what is the normal boiling point?

B e m o e .____' _ 1
What is the normal freezing point?

Preseurs (akm)

In what state is the material at 300K and 260 atm?

Below what temperature and pressure conditions will the material 0 100 0 300 400
sublime (s—g) rather than melt (s1)? Trmguratars ()
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