67

More on MOLARITY

To prepare a solution of a given molarity, you generally have two opftions:

Weigh out the appropriate amount of solute, then dilute to the desired volume with
solvent (usually water)"

/\"sTock solution”

Take a previously prepared solution of known concentration and DILUTE it with
solvent to form a new solution

- Use DILUTION EQUATION

The dilufion equation is easy to derive with simple algebra.

M x \/

'_“,‘)I vy o= moles SD\JH

L
... but when you dilute a solution, the number of moles of solute
REMAINS CONSTANT. (After all, you're adding only SOLVENT)

= WM, \/.
N\ \ \/\ L R Since the number of moles of solufe stays
before after the same, this equality must be frue!

diution dilution
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N\\\/\ = IV\fL\/?_ .. the "DILUTION EQUATION"

N\\ ~ molarity of concentrated solution

\/ | = volume of concentrated solution

N\ 2. = molarity of dilute solution
\/’L = volume of dilute solution £ (TOTAL VOLUME, NOT the volume water added!)

The volumes don't HAVE to be in liters, as long as you use the same volume UNIT for
both V, and V=

Example: Take the 0.500 M sodium sulfate we discussed in the previous example and dilute it
to make 150. mL of 0.333 M solution. How many mL of the original solufion will we need to dilute?

M= MV~ M\~ 0.590 M
[ Vit s
0. V> (0.3} 1S0.mL

oum) Vi > ¢ MY (150l ) M2 0.333Mm

QZZ)T& oF 0.506m , Uo = 180 mL

Measure out 99.9 mL of 0.500 M sodium sulfate, then dilute to 150. mL with DI water. (You can
do this in a single 250 mL graduated cylinder if you're in a hurry!)



69

MOLARITY and the other concentration units

- To convert between molarity and the other three concentration unifs we've studied, you
have to know more about the solufion. 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 solufion, which will give you
the number of moles present. Butf you've then got to have a way fo convert the
volume of SOLUTION to the mass of the SOLVENT. How?

>t

N> You need DENSITY (which depends on temperature). 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.
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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 1100 1S gfmel Mea

0.6%8 mol CA o wmel (A
/
}{ﬁ S oWENT L golu'l' r(ln
molality (definition) molarity (defintion)

To start the problem, ASSUME A BASIS of sone amount of CA solution. This will work because
concentration is a RATIO and doesn't actually depend on the amount of solution we have,
ASSUME A BASIS of 1 kg of solvent. This means that we have 0.688 grams of CA and only have
fo figure out what volume of solution we have.

We can calculate the volume of the solution using DENSITY, but we first need to know what the
solution weighs. The solution is made of solvent and CA, so let's find the mass of CA.

O 6%8m\ (Ax 911185 CA |51v\%7‘fj(f:\

ol CA
So the solution weighs ... N
1000 Solyent4 DL 161, (H = \I%Z.I%zg Solof o
Use DENSITY ... nL = 162%4.29(1ml =1.679 2464723 L

||%'L\<61{j Sv\U+r0AY
Find I\/IOI_(ARITY...
mol Cf _@.G%%’MH(A - (')_6"57/Y\C.Pr

L solotion  1.679296473L

) G
|G"[j
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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.

VHY CL s S5 G1 glmal  HaOs 1601 g 1ol
Find molality. Start with defintions.

%.56 g NF L mol MHy(|

|Uaj Salvl‘:'m 4 |<7 H'LO

Mass percent

molality
ASSUME A BASIS of 100 g solution. That means we have 8.50 grams of ammonium

chloride. We can change 8.50 grams of ammonium chloride to moles to find the top

half of molality, then we just hc:vée to figure out the mass of water to get the bottom half
MHY (|
%504 NHY (| ¢! = 0.15%90$23%Y ol NHy( |
J L |x§3.‘“\‘i|6/\)“l4(| 1o 1

Now find mass water. Subtfract.

|o()j Solution — §.504 NHy(| - 9’(,§o5 H,0 :o.cﬁlSJr3 N0
FiInd MOLALITY.

mol MHy( | :O.\S‘ZC)OS'Z—B@q mol NHq“:' .74 in ]\/Hbl(|
k? H’LO O.OQISJ(S H'Z_O
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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}'\ﬁ\(/\ M S'B,L'\(H glw\d\ H'LO'- \g .olC 9 |mo\
olari

Find ty. Start with defintions.
CS.SO?)IU"]:,,L\ N mol NHl,,[|
A / ~
0o solution L soluTion
mass percent molarity

As before, assume 100 g solution as our basis. This means we have 8.50 grams
of ammonium chloride. We'll need to calculate moles of ammonium chloride (which
we dlready did to find molality), then find the volume of solution.

0.15%90$25CY ol MNHy (| (from previous page)

FInd volume of solution. L
|003g0\\,+r0,\\k :477,(,g(,1§,n1,:o.0976862$l,

.02 l’\g
FInd MOLARITY

mol NH"I[| 3 0.16%90S230Y nol NHq“ -
L solution  0.0976S615 L

.63 m A/Hc,t(,|
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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

P g‘oq {o b
ANTe = L(F “Cim | {( Gm el nkmoon
\__r I_L_—LS 068°</m X ‘o?/\’&{’ne |
We want“to find Cm and then use it to
$,U859 —Y,%epb = 0.575°C find moles unknown.

0.57¢9L ‘;&S,OGQOC/W\)(CVH)

0.11%524) «S6 wm 2 Cm
Now find moles unknown. Do that by multiplying the amount of benzene used (in kg) by the

molality. _—_—-
O, | Vo0 ‘(3 bQﬁ"(-el\'Q Y\OJ\F))S L'\l Y’\U\UV\ }‘lI"U"un
Ng benrent

- 0.0 [13SUNE6 mp\ un Khown

Since we know both the moles and mass of the unknown, we can calculate molecular weight.

/Y\w ~ 9 Unl(huw.q ~ 'LHSUO3 UnY(nuwn

M| Unknown O,O|\3S1L’\\%(9 mo\ un)(y\owh

—_\zw. 9 /ol
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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.
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What is the boiling point of a solution that contains 2.817 g of molecular sulfur ($% ) dissolved in
100.0 grams of acetic acid?

Tb _ \\q SOL \\/\o - 3 ' D%OC/m (SZC PSOO r’ar a{o\,r’mB

pSod, fak
ATb = Ko X (i | { tn= el S¢
3.,06°L/m kf] A (2Hy0,
We need to calculate Cm. To get that, we need to find out how many moles of sulfur
was dissolved and ;r:i lmgi: of acefic acid. 0 ; . S% 1 C-€ % 2%2.0)
2. 617 ,.¢ =0,610979 8¢/ 7) mo\ S PR =, 1S

Cop ~ 0.0 135S mg) unknown - 0. 16979%6)7S m Sg
O.1000 kg HgH 0y

Now find boiling point ELEVATION.

ATL = (3.04°¢,, ) (0.10979%627C m S¢) = 0.23¢°C

Find the new boiling poinf.

Th=11%. % + 0.33¢°C =[] €.%°C|




79

OSMOTIC PRESSURE permits flow of solvent, but not solute

M’ricles

|
- OSMOSIS: the flow of solvent molecules through a SEMIPERMEABLE memlbrane 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 intfo their component ions. Each ion formed can act as
a solute and influence the colligative properties!

NaCl (5) — /\/0\{_(“‘1) + (| F(“‘I)

... S0 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 solution, 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 solufions are dilute enough so that
we can use the concentration of the ions in solution to determine the colligative properties!



