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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 1190 1S gfml Mea

0.63%Ma|(A- X'-?P‘r\o\ CA‘
Ky solvent L Solvtion
molality definition molarity definition

To solve the problem, we'll ASSUME A BASIS of 1 kg of solvent. This means we now know the
moles of CA (0.688 mol) dissolved and we can start working the problem from there. We
now just need to calculate the volume of the solution! To figure that out, remember that
we assumed 1 kg (10009) solvent. If we add the mass of CA to that, we'll have the MASS of
the solufion. Then we can use density to find volume.

Db m o) CAwTEr1E82 (R 132.151, (A

mo| CA

0064 Solu ent 1324182 g (A =) |%7_1|E§?/3 sy |vFion

L0
Molarity equals the moles CA / the vglume solution
6.688 mo\ CA :\O'é?)?(y) CA \
| .07927¢4723 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 01 glmal a0 V601 g1 mo)

‘6.303 NMH X ol MU C
/

1004 Salvtion l\fj Hq O

mass percent molality

Assume a basis of 100g solution. This means that the solution contains 8.50 grams of
ammonium chloride. We can convert the mass of ammonium chloride to moles:

F.500 AMMYC] ¥ mal MAGE) 5 1689052 2L myl VAo
S3 YGle MHYL]
Now that we have moles ammonium chloride, find the mass of water:

~ _ Q
00 4 59lubem = &5 GVl = G150 o Hed = 0.09150 kg 1,0

So the moldality is:
¢ = O NSB0SUIE ml Wbl Ty 9y, WA, C
"“ 0.09150 kg Hho
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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\

%.505 NHy(\ _ msl NHy(l
/ .
100 4 $6lvFoh L gslution
molarity

Mass percentage
Again, assume a basis of 100 g solution. That means we laready know the mass (8.50 g) and
moles of ammonium chloride, and all we have to do is change the mass of solution
fo volume using density.

0.AS%90S$ 2364 mo) NHL,C | (calculated on previous page)

mb 97 = 0.09
o 77.6S6LSmL 0TS 62S (.

Molarity equals moles ammonium chloride / volume of solution in L

0.\5%90< 1364 msl NAY(|
=11.62 M NHy (]
0.09 7S 615 (. 42 MHy W

|O()3 $olvtion 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



74

FREEZING POINT DEPRESSION

ATe = Kp*Ca

[— 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

- L
|\( bm"c?ne = 5.063 /V'\ ) TFIBM‘H”\L g §s7C (P?:Jqo ‘:j—l j

= X To find molecular weight,
ATe=Ke Cim we need fo know the MOLES
Ce06¢ bc/m of the unknown. Then , we

just divide 2.500 g / ?? mol

SUSso(— Y, 656°C = 0.575°C

We can calculate the molal concentration, Cm:

0.5755( =(S+065°Fm) (m
Cpn= O3S 2H| S 6 mol unK kg bensene oW We neectio find moles

Calculate moles unknown from the amount of benzene actually used! (100.0 g, or 0.1000 kg)

,1000K O-13S2UIS(6 mol UNK
o1 Kﬂ benzenc X Kq benseng = 0.0l1352Y4|%( mg| onk

Now find the molecular weighf:

9 UhKV‘bww B 1;5003 ur X _ — ‘
OI3$24|%L mg| vnk
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VAPOR PRESSURE LOWERING

. . 2 partial pressure of the
- Described by RAOULT'S LAW ° VAPOR of solvent
© © molecules.
-!q 7\/\M
AR /7))
P P FA 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 1o express Raolt's law in ferms of the SOLUTE! Assuming a
two-component mixture, 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.

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

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

Tb - 1\q .SOL \\/\o - 3 0 & OC/m (SZ@ PSOO r’ar AO\'I—“B

PSO‘}! Iy K
ms\ S . ]
ATh = Kp xCm | ‘HgHO Sgv §x32:07
3,06 Kghtalisls ’L%Igéjsg:mélgg
First, find moles sulfur and mass (in kg) of acefic acid used... That will give us Cm.
7,.,%|7 g % ms| Sg — 0,0109796%7 ) msl Sa
387 25656454

\Ob.oﬁ HCQ_Hs()?—: O.«\Odo Kj H(1H302

C;m= 0-010917%%7 ) msl S‘g: O,|0979%€77Sm, Sg
01006 Ky HGHsO,

Now, we cagn find delta To:

AT, (3,06 %I )(0.10979%€15S n Sg) = 0-338°C

Calculate the new boiling tfemperature: 6
16.59C +0.33°C = [ N$.87C |
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OSMOTIC PRESSURE permits flow of solvent, but not solute

M’ricles

|
- OSMOSIS: the flow of solvent molecules through a SEMIPERMEABLE membrane to
equalize concentration of solute on each side of the membrane.
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The rate of solvent migration towards the RIGHT is greater than that towards
the LEFT.

If you apply enough pressure to the piston, osmosis will not occur. This
pressure is called the OSMOTIC PRESSURE

T = N
N m RT* _‘—\’/ temperature

ideal gas constant

molar concentration of solute
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IONIC COMPOUNDS and colligative properties

- lonic compounds DISSOCIATE in water info their component ions. Each ion formed can act as
a solute and influence the colligative properties!

NaCl (5) — /\/0\{_(“‘1) + (| F(“‘I)

... 50 the concentration of IONS here is TWICE the
nominal NaCl concentration.

CG»C\'LfCD > (az*[u$)+zc|~d(”‘£ﬁ)

... SO the concentration of IONS here is THREE TIMES
the nominal calcium chloride concentration.

- lons inferact with each other in solufion, so unless an ionic solution is DILUTE, the effective
concentrations of ions in solution will be less than expected. A more advanced theory
(Debye-Huckel) covers this, but we'll assume that our solutions are dilute enough so that
we can use the concentration of the ions in solufion to determine the colligative properties!
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If you are at an altitude high enough for the boiling point of water to be 95.00 C, what amount of
sodium chloride would you need to add to 1.000 kg of water to raise the boiling point to 100.00 C?

’\/b = 0.5 1L Oc/m MaCl? 58,443 glmel

AT = Kb % (
\—’—lo sr;,"é/m

L 166,069¢=9¢,06% =S, 06°C

Let's find Cm first ... (concentration of ions, not the same as concentration

Q,oo"(,—_(o,s|7,“¢/m)»<cy,1 \/ofNoCI!)
Cn = (7 76561 m lonsg

Now, find how many moles of ions need to be dissolved...

000K Hy0y T-76sers mel nS 95005 ol long
|‘<3 H?,O

The ions are formed from NaCl dISSO|VIR?| ll\/a(,| — /\fa, +(C| (’L |0h5./)

7.76SC2S ms) 16hs X me| =H,88L €| 1S mel Mol
Lme\ Llong

Find the mass of NaCl:
6428128 mol Nall y 2€. 4439 Nael Zggcj Na (|
mo| N, o\




