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Understanding Molar available, the technique of
calculating molar mass by

Mass by Free21ng freezing point depression stands

Point Depression out as both elegant and practical.
This colligative property method

In the field of chemistry, allows scientists and students alike

determining the molar mass of an to identify unknown compounds by

unknown substance is a fundamental oObserving how they alter the

task with wide-ranging applications. freezing behavior of a pure solvent.
i Thi rticl rovi
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comprehensive exploration of this
technique, explaining the underlying
principles, the experimental
procedure, the calculations involved,
and the common applications where
this method proves invaluable.

The Foundation: What
is Freezing Point
Depression?

Freezing point depression is a
colligative property, meaning it
depends on the number of solute
particles present in a solution, not
on the identity or chemical nature of
those particles. When a non-volatile
solute is dissolved in a solvent, the

freezing point of the resulting
solution is lower than that of the
pure solvent. This phenomenon is
observed in everyday life, such as
when salt is spread on icy roads to
melt the ice at temperatures below
0°C, or when antifreeze is added to a
car's radiator to prevent the engine
coolant from freezing in winter.

The fundamental equation that
governs freezing point depression is:

ATEf = Kf x m

Where:

e ATf is the freezing point
depression (the difference
between the freezing point of
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reezing point of the solution)

o Kf is the cryoscopic constant (a
property specific to each
solvent, measured in
°C-kg/mol)

e m is the molality of the solution
(moles of solute per kilogram of
solvent)

This simple relationship is the key to
unlocking the molar mass of an
unknown substance, as it directly
links a measurable physical change
(the freezing point shift) to the
concentration of solute particles in
the solution.

Depression is Ideal
for Molar Mass
Determination

The technique of determining molar
mass by freezing point
depression offers several
advantages over other methods,
such as vapor pressure osmometry
or mass spectrometry. It is relatively
inexpensive, requires only basic
laboratory equipment, and is
straightforward to perform.
Moreover, it is particularly effective
for compounds that are difficult to
vaporize or that decompose before
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boiling, making it a method of choice
for many organic and inorganic
substances.

Another major advantage is that the
experiment can be conducted at low
temperatures, minimizing the risk of
thermal decomposition of the
unknown sample. The method also
works well for both ionic and
covalent compounds, though careful
interpretation is required for
electrolytes due to dissociation
effects.

Key Solvents and Their
Cryoscopic Constants

Selecting the right solvent is a
critical step in any freezing point

depression experiment. The solvent
must dissolve the unknown
compound, have a well-defined
freezing point, and possess a
suitable cryoscopic constant.
Common solvents include:

e Water: Kf = 1.86°C-kg/mol. An
excellent solvent for many
polar and ionic compounds.

e Cyclohexane: Kf =
20.0°C-kg/mol. Ideal for
nonpolar organic compounds,
providing a large depression
for small amounts of solute.

e Camphor: Kf = 37.7°C-kg/mol.
Known for its exceptionally
high cryoscopic constant,
making it suitable for very
small sample sizes.
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Historically used for many
organic compounds, though its
toxicity limits its use today.

e Naphthalene: Kf =
6.94°C-kg/mol. Another
common choice for organic
solutes.

The choice of solvent significantly
impacts the sensitivity and accuracy
of the measurement. Solvents with
high Kf values produce larger
freezing point depressions for a
given molality, making the
experimental observation easier and
more precise.

Procedure Step by
Step

Performing an experiment to
determine molar mass by freezing
point depression involves careful
measurement and temperature
control. The following is a
generalized procedure that applies
to most laboratory settings.

Step 1: Calibrate the
Thermometer

Accurate temperature measurement
is essential. Use a calibrated
thermometer or a digital
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temperature probe capable of
reading to at least 0.1°C. Place the
pure solvent in a test tube and
immerse it in a cooling bath (often
an ice-salt mixture). Stir the solvent
gently and record the temperature
at which solid crystals first appear
and remain stable. This is the
freezing point of the pure solvent.
Repeat several times to ensure
consistency.

Step 2: Prepare the Solution

Weigh a precise mass of the
unknown solute (typically between
0.5 g and 2.0 g, depending on the
expected molar mass) and dissolve it
in a known mass of the pure solvent
(usually about 20-50 g). Ensure that

the solute completely dissolves to
form a homogeneous solution.

Step 3: Measure the
Freezing Point of the
Solution

Place the solution in the same test
tube and repeat the cooling process.
Stir continuously to prevent
supercooling. Record the
temperature at which crystals begin
to form. The freezing point of the
solution will be lower than that of
the pure solvent. Again, repeat the
measurement to obtain an average
value.
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Step 4: Calculate the M = mass of solute (g) / moles of
Freezing Point Depression solute

The result gives the molar mass in

Subtract the freezing point of the
g/mol.

solution from the freezing point of
the pure solvent to obtain ATY.

Worked Example:
Calculating Molar
Using the equation ATf = Kf x m, Mass from Freezing
solve for m: m = ATf / Kf. . .
Point Depression

Step 5: Calculate Molality

Step 6: Determine Molar
Mass To illustrate the process, consider

the following example. Suppose 1.20
Molality is defined as moles of solute g of an unknown organic compound
per kilogram of solvent. Therefore, is dissolved in 25.0 g of cyclohexane
moles of solute = m X mass of (Kf = 20.0°C-kg/mol). The freezing
solvent (in kg). The molar mass (M) point of pure cyclohexane is 6.50°C,
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is measured as 3.22°C.

1. Calculate ATT: 6.50°C -
3.22°C = 3.28°C

2. Calculate molality: m =
3.28°C / 20.0°C-kg/mol = 0.164
mol/kg

3. Calculate moles of solute:
moles = 0.164 mol/kg x 0.0250
kg = 0.00410 mol

4. Calculate molar mass: M =
1.20 g/ 0.00410 mol = 293
g/mol

The molar mass of the unknown
compound is approximately 293
g/mol. This value can then be
compared to known compounds to
aid in identification.

Common Sources of
Exrror and How to
Avoid Them

While the method of determining
molar mass by freezing point
depression is reliable, several
factors can introduce errors if not
carefully controlled.

e Supercooling: The solution
may cool below its freezing
point without solidifying. When
crystallization finally occurs,
the temperature may rise to
the true freezing point. To
minimize this, stir the solution
continuously and seed the
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solution with a tiny crystal of
the solid solvent if necessary.
Impure Solvent: Any
impurities in the solvent will
depress its freezing point,
leading to inaccurate baseline
measurements. Always use
high-purity solvents.
Incomplete Dissolution: If
the solute does not fully
dissolve, the effective molality
will be lower than calculated,
resulting in a smaller ATf and
an overestimated molar mass.
Ensure complete dissolution
before taking measurements.
Dissociation or Association:
If the solute is an electrolyte, it
will dissociate into multiple

ions, increasing the number of
particles and the observed
freezing point depression.
Similarly, some molecules may
associate in solution. To
account for this, use the van't
Hoff factor (i) in the
calculation: ATf =i x Kf X m.
For non-electrolytes, i = 1.

e Temperature Measurement

Errors: Even a small error in
temperature measurement can
significantly affect the
calculated molar mass,
especially when using solvents
with small Kf values. Use a
high-precision thermometer
and take multiple readings.
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Applications of Molar
Mass Determination
by Freezing Point
Depression

The ability to determine molar
mass by freezing point
depression has numerous practical
applications across different
scientific fields.

¢ Chemical Research and
Quality Control: Chemists use
this method to characterize
newly synthesized compounds,
verify the purity of substances,
and determine the molecular
weight of unknown fractions

from separation processes.

e Pharmaceutical Industry:
The method is employed to
determine the molecular
weight of active
pharmaceutical ingredients and
excipients, ensuring that
formulations meet required
specifications.

» Polymer Science: While
primarily used for small
molecules, the technique can
provide insight into the
number-average molecular
weight of certain low-
molecular-weight polymers and
oligomers.

 Environmental Chemistry:
Analyzing the composition of
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pollutants or identifying
unknown contaminants in soil
or water samples can involve
freezing point depression
measurements.

¢ Educational Labs: This is one
of the most common
experiments in undergraduate
chemistry laboratories,
teaching students about
colligative properties, solution
chemistry, and quantitative
analysis.

Limitations of the Method

Despite its advantages, the
technique is not without limitations.
It is less effective for very high

because the freezing point
depression becomes too small to
measure accurately. Similarly, if the
solute is only sparingly soluble in the
chosen solvent, the achievable
molality may be insufficient to
produce a measurable AT{.
Furthermore, the method assumes
ideal behavior of the solution, which
may not hold at high concentrations
or for certain solute-solvent
combinations.

Conclusion

Determining molar mass by
freezing point depression remains
a cornerstone technique in analytical
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predictable relationship between
solute concentration and freezing
point shift, this method provides a
simple yet powerful tool for
identifying unknown compounds and
verifying molecular weights. With
careful experimental technique,
accurate temperature measurement,
and proper consideration of solvent
properties and potential error
sources, the freezing point
depression method yields reliable

and reproducible results. Whether in
a research laboratory, a quality
control setting, or a teaching
environment, this classical approach
continues to demonstrate the
elegance of physical chemistry in
solving real-world problems.
Understanding and mastering this
technique is an essential skill for any
chemistry professional, offering a
direct window into the molecular
world.



