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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.

NHY L 2§55 91 glmel a0 V601 g1 mo)

Cé.g()cj/\/Hb,(J mol /V/‘}LIC| ®
|()Oa solution : }\/5\] H?_O @
mMass percent (defintion) molality (defintion)

Assume a basis of 100 grams solution, meaning we have 8.5 grams ammonium chloride.
So we need 1o find (1) moles of ammonium chloride and (2) mass of water,

For (1), just convert 8.50 grams ammonium chloride to moles, Use FORMULA WEIGHT.

280g WAy (1 y el BHull - 0,19¢9052364 mol Ny (]
$3,49 Iy MAy(

For (2), subtract the mass of ammonium chloride from the total mass of solution. That will give
the mass of water since the solution contains only ammonium chloride and water.

100 4 Soluh'ah -~ <€AS07NH¢,C| 2 SZI,,QO3 Hoo= 0.07I¢0 J\fﬁ H,0

After converting mass of water to kg, just divide to get the molality...

mol MAy (| 0.1549051364 mol NHy (] 'ﬂ U g MH C |
— - - Im
}\/6\] Ho O 0.09[So J(ﬁ H,0
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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.

N}'\L‘ (/\- S'B,L'\(H glw\d\ H'LO'- \%-O\Gahno\

4,50 NHyC | mol Ny (] ©
N

IOOj solution 7 L solution@

mass percent (defintion) molarity (defintion)

As before, assume a basis of 100 grams solution. This lets us know the mass of ammonium
chloride (8.50 g) and gives us a place to start.

For (1), we convert 8.50 g ammonium chloride to moles. (We did that already on the last page)

0.158905 1364 ol /\/HqC|

For (2), we need to convert 100 g solution to volume. Use DENSITY.

100, Solvt Tony —E = 97.6562C L= 0.0976561SL
J |.oY

After changing the volume to liters, just divide to get the molarity.
mol /V/"}L, C| ~ 0.15690SLY6Y ol /\/Hqﬂ
Lsolotion  0.0976$61SL )

.63 M NHqC|
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COLLIGATIVE PROPERTIES

- properties unigque 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 solufion (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 concentratfion of
the solution increases.

@ Osmotic pressure

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

ATe = KptCa

[— 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 to determine the molecular weight of
an unknown molecule.
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A solutfion of 2.500g of unknown dissolved in 100.0 g of benzene has a freezing point of 4.880 C.
What is the molecular welghT of the unknown'?

|\( bef\"c?ne - S O6S /Vr\ ) TFI'J(’I\‘!-M\L“ § LLSS C ( Sae a9+n j

pgoq {o b
ATF e %l ,, Cyn = mol UnKnown
—[—l \’EJS O(;go(/ A(j hen? ev’\{\\_ ( )
) o O:lovd k- V0
SHS$( ~Y. 8% 0% < O WANE | We need to find Cm so we can find emolgs

of unknown (heeded for molecular weight)
Start by finding molal cocnentration of unknown, Cm:

(O,Q')SOL) - (S,OGSOC/m)Y(_W\
O.H'BQ'Z“H%S(, wm unknoun= Cu,
Plug into definintion of Cm to find the MOLES UNKNOWN: ol Unlho wn
0
- /
Cin = el e — 0.N3EINES 6w vnknoun= "5 5 004, hentent
/‘(3 hent éng N

mol Un¥nown = .0 113521 S6 mol

Now, find the molecular weight.
muSS UnKnow 1 2,500 —
My = = J =220 9 Imo)

mol vnKhowin 0,61135241 %6 mol
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VAPOR PRESSURE LOWERING

. . 2 partfial pressure of the
- Described by RAOULT'S LAW ° VAPOR of solvent
© © molecules.
-!q 7\/\M
AR /7))
P P FPs i /
N mole fraction of component A
vapor pressure of pure component A (depends on

femperature)

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 mixfure, we get...

AP = Pt

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

Vapor pressure lowering. This is the DECREASE in

the vapor pressure of the solvent due to the presence
of solute.
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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.

AT, = ﬁ * Cay
L L concentration of solute (molality)

Boiling point elevation constant (for SOLVENT) PSOG l‘9 Fh
pSa9, (oFh
— Boiling point elevation: The amount the boiling temperaturets RAISED
by the solute.



