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An aqueous solution is 8.50% ammonium chloride by mass. The density of the solution is 1.024 g/mL
Find: molality and molarity.
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mass percent molality

ASSUME A BASIS of 100 g solution. This means that there's 8.50 grams of ammonium chloride.
To start, convert 8.50 grams ammonium chloride to moles.

66303 NH%Cl\{\ o) N"lqél ~ OlSQC)DSZB@q o) NP/HC|
S3.U91, NH, (|

Find the mass of water by subtraction (the solution is ammonium chloride in water).

1004 Solo o = 650, MHq (1= 9‘1,303 H,0 = 0.09IS0 ky H,0

J

So the molality is ...

0158905256 mol MH4ll 10 oy 4 (]
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An aqueous solution is 8.50% ammonium chloride by mass. The density of the solution is 1.024 g/mL
Find: molality and molarity.
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We'll keep the basis we used for the last calculation (100 g solution). Doing that letfs us
take advantage of the fact that we already calculated moles of ammonium chloride.

0.1§890SZEEY mo] NH. (]

Find volume of solution using the given density of solution. (We already know solufion mass
.. 100 Q)

mL
,01LY

= 97,6502 mlL = 0.09765625L
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Find molarity ...

/\/\ _0.158905256Y mo) MH4 (1
T 0097265621 B
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COLLIGATIVE PROPERTIES

- properties unigue to solutions.

- depend only on the CONCENTRATION of a solution and not the IDENTITY of the solute™*
**jonic solutes: Remember that they dissociate into MULTIPLE IONS!

@ Freezing point depression

- The freezing temperature of a SOLUTION gets lower as the CONCENTRATION
of a solution increases.

@ Vapor pressure lowering

- The vapor pressure of a solution (pressure of sovent vapor over a liquid
surface) goes DOWN as solution concentration goes UP

@ Boiling point elevation

- The boiling femperature of a solufion increases as the concentrafion of
the solution increases.

@ Osmotic pressure

- The pressure required to PREVENT the process of osmosis
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FREEZING POINT DEPRESSION

ATe = Ky tCa

L concentration of solute (molality)

L Freezing point depression constant (for SOLVENT)

“— Freezing point depression: The amount the freezing temperature is LOWERED
by the solute.

- Applications: In chemistry, this effect is often used fo defermine the molecular weight of
an unknown molecule.
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A solution of 2.500g of unknown dissolved in 100.0 g of benzene has a freezing point of 4.880 C.
What is the molecular welgh’r of the unknown’P
- S LIgseC ( S0 9tk j

oC
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> K@ L \C /N >, mol unlens wn | Since molecular weight is
\_':, o C Ik . bentene| the mass of unknown
S.06¢ / J per mole of unknown,
we need to find
how many moles

—— S.4S¢0( -4 §80°C =0.875°C

First, calculate the MOLAL CONCENTRATION, Cm: unknown we have
0( in the solution. We already
0 - 0
0.$25°C ’(g' 65 /"‘)*Cm know the mass of
Con = O.113¢ IM]%SGM unknown is 2.500 grams.

The molal concentration, Cm, is the number of moles of unknown PER KILOGRAM benzene. To
find the actual number of moles of unknown, we need to multiply by the mass of benzene used!
|00.0 ﬂ beﬂ Yere — O, |000Lfg L@n}e’\e

O=|ODO L(g ‘OEn't(q{\@O ||?)S?.L4]c656mo Uv\knuw/\’O O\\%Sl"ﬂgémol
1(3 \oena-?"e onk,
Now find MOLECULAR WEIGHT...

MmuSS Unlfnowan 72, SOOS

M\/\)u Mo\ uerV\oLuv\1 O 0\ 36 2LY|BL mol
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VAPOR PRESSURE LOWERING _
o o | P, = Partialpressure of the
- Described by RAOULT'S LAW ° VAPOR of solvent

3 ° ° molecules.
AR, /7))
p P FPs A /
N mole fraction of component A
vapor pressure of pure component A (depends on

temperature)

partial pressure of component A in a solution

... but component "A" above is actually the SOLVENT. If we want to describe this as a

colligative property, we want to express Raolt's law in terms of the SOLUTE! Assuming a
two-component mixture, we get...

AP = Pt

\_ mole fraction of component B (the SOLUTE in @
two-component mixture)

Vapor pressure lowering. This is the DECREASE in

the vapor pressure of the solvent due to the presence
of solufe.
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BOILING POINT ELEVATION

- Since the vapor pressure is lowered by the presence of a solute, AND since boiling occurs
when the vapor pressure of a liquid equals the external pressure - solutes also cause
BOILING POINT ELEVATION.

- The equation for boiling point elevation looks almost exactly like the equation for the
freezing point depression, and is used in almost the same way.

ATy = Ky *Ca
L L concentration of solute (molality)

Boiling point elevation constant (for SOLVENT) PSOG !9 Hh
p<a9 , (oFh
“— Boiling point elevation: The amount the boiling temperature ts RAISED
by the solute.
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What is the boiling point of a solution that contains 2.817 g of molecular sulfur (S% ) dissolved in
100.0 grams of acetic acid?

TSR Koz 3,060 /m  (see SO0 R Aafn )

PEO‘}! Iy K
AT, = K, ¥ G (e + W0l Sq  solute
L/'L‘OQOC/”‘ )(3 AA solvent

Sgi §+%2.0)
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Find Cm, using the information given in the problem.

A S
2%\79 Sc[* Mo > 10,0\097‘7%(677MO\SS/
LS. S(;ﬁ g%

0,010979%677 mo| S g

O.\0o0o0 Vf) Ap
Find DELTA Tb... S ETI'ES\'/SATRSEO”'”Q point

ATy = (5,047, ) (0199 mse79s m)2 0.33¢°C —
To get the new boliling point, add the original boiling point (Tb) to the elevation ...

1%.5°C < 0.33¢°C= | 112, %°C

= 0.10979%¢77s m Z (p,




