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MOLARITY and the other concentration units

- To convert between molarity and the other three concentrafion units we've studied, you
have to know more about the solution. For example:

molarity molality
moles A ~ VHO\e’S R
- 7
L solotTion kf} Solutak

To perform this conversion, you can assume a liter of solution, which will give you
the number of moles present. But you've then got to have a way to convert the
volume of SOLUTION to the mass of the SOLVENT. How?

>t

N> You need DENSITY (which depends on tfemperature). The density of the solution
will allow you to find the total mass of the solution.

If you subtract out the mass of the SOLUTE, then what you have left is the mass

of the SOLVENT. Express that in kilograms, and you have all the information

you need to find molality!

You'll run info the same situation when you use any of the other mass or mole
% based units. DENSITY is required to go back and forth between MOLARITY and
these units.



70
Example: If a solution is 0.688 m citric acid, what is the molar concentration (M) of the solution?
The density of the solution is 1.049 g/mL

H3CoHe 04 1100018 g/mel e

O,(:@gr"\é\ CA{ \ P Mo' CA
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|<3 Selvent YL 50|U+|oh
definition of molality definition of molarity

To solve the problem, let's ASSUME A BASIS of 1 kg of solvent (the "boftom" of the unit that we
start with). If we do that, we know that there are 0.688 moles of CA, and all we have to do

is to find the VOLUME of solufion. To find volume, we'll need to use the DENSITY ... which means
we'll need to calculate the mass of the solution (the solven PLUS the CA).

Ic]z_l/lSﬂCA'_—Vho\Cﬁ(
0.6%¢ mol ( Ay N92:1269CA _ 137 149

( A Now find total mass!

(1 kgD mel ¢ h I

boog sdvent + \31~l%2ﬁ (A= \137”\%16 $olution

FInd volume! __ ) L
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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 Ol 2§55 91 glmel a0 V601 g1 mo)

%.50 4 NHyCl _mel M1 O
\Doﬂ SMH’TM ' /‘<j H’ZO @
mMass percent (definition) molality (definition)

ASSUME A BASIS of 100 g solution. This means we know we have 8,50 grams of ammonium

chloride. Find moles ammonium chloride by converting 8.50 grams (use formula weight).
Find mass water by subtraction,

| NHy (] B
G, S0, NHy (| y e VAY - 0,1$490S 1364 ms| V(] O
3 T T, W) ne

The mass of wateris ...

IOO?) 56|b+|‘on—(6-§03NHqC|: T -303 Hzo = 0.09]S l\/i'S H20 @
So molality is ...

H
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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.

H-LO"_ \%_O\G 0 |m-o\
mol NHlficl
/ LSo|U‘|’|DV\

molarity (definition)

NEly C) - SL,9 41 glwmol

\003 solutTen

mMass percent (definition)

Like before, assume 100 grams of solution as our basis. That means we have 8.50 grams
ammonium chloride (and that we know the moles of ammonium chloride, too ... since
we calculated it!). Now all we need to do is to find the VOLUME of solution. Use the

density along with the 100 g solution we assumed inifially.

m L = 97.(5¢2SmlL =04097h5¢2S L

| » 024 9
From our previous work, 8.50 grams of ammonium chloride is equal to ...

0,15%9 05 1344 msl MHyC
B mol NH"i(‘l Jof|§<6c70§7.3“/ W'\bl NML!C| ~I|.Q% m N'|“|QC|
T L soluTion 0,09 ¢¢2S L - |

|£)0$j Solution X
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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™
**ionic solutes: Remember that they dissociate info MULTIPLE IONS!

@ Freezing point depression

- The freezing temperature of a SOLUTION gets lower as the CONCENTRATION
of a solufion 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 osmaosis
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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 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 unknowrﬁ

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

(_)S‘oq {u Ha
ATe = Kp xCnm o) Cp = Mol UnKnotwiy
?\ S-065 7N Kﬂ benzene
0,874 =S Hggo( - 4. 660 °C




