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More on MOLARITY

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

Weigh out the appropriate amount of solute, then dilute to the desired volume with
solvent (usually water) o
= ”s‘l"ocl\/ solv Frong

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

- Use DILUTION EQUATION

The dilution equation is easy to derive with simple algelbra.

M % \/
Tﬁ! vy = males SD\JH
L
... but when you dilute a solution, the number of moles of solute
REMAINS CONSTANT. (After all, you're adding only SOLVENT)

= MW, \/
N\ \ \/\ L R Since the number of moles of solute stays
before after the same, this equality must be fruel

diution dilution
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M Vi = Mo\, . the DILUTION EQUATION:
N\\ ~ molarity of concentrated solution
\/ | "~ volume of concentrated solution

N\ 2 = molarity of dilute solution

\/’L = volume of dilute solution

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

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?

NV 2 MV, | M= 0.S00m Mg = 0,333 M
V=77 \V, 2 180-mL

(0.¢06m) V, = (0.333m )(1S0.mL )
X\/l = 99.9 mL cJP O:500M f‘equrlpgal/

Take 99.9 mL of 0.500 M stock solution, and add water until the total
volume of the mixture is 150. mL




“ MOLARITY and the other concentration units

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

molarity molality
moles A ~ moles A
\
L So\u'\_lflv\ kf’) Solutak

To perform this conversion, you can assume a liter of solufion, 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

s 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.



63Exomple: If a solutfion 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

H3CeHe 04 1100 1S gfmel Mea

0,668 mol CA N ?“"Ol CA
>
Rﬁ So{del\"' ? L Sol\}i—l-bh
ma\u\l]'7 (m) W\b\arl*y (M)

1 - Assume we have 1 kg of solvent. This makes the number of moles of CA = 0.688 mol

2 - We need to FIND the VOLUME of the solution. We can use density to convert mass
tfo volume, but we have to be careful. The mass we know right now is not the mass of
the SOLUTION; it's the mass of the SOLVENT. We must find the MASS OF SOLUTE to find

the mass of the solution.
192125 9LR -3, 1424 CA
el C&

131-\%13 CA + ‘.O()Oj ‘;oxven,r = Hgl.\%j—s SDlU'I-”fh

O.(,CGQ mol CA %

mauss Sol Uion =
Now find the volume (using density)
e 10'3 L

olut’ '
§|31,1%?_351 o i.ol-]ﬂs,))\ i

=1,6791%60

Molarity = moles / L solution

M - O.(,CGQ ma\ CA _ 0’9374@‘ (,A'
0790960




* An agueous solution is 8.50% ammonium chloride by mass. The density of the solution is 1.024 g/mL
Find: molality, mole fraction, molarity.

N}’\[,\ (,\_ S%,L_\Ql glvru)\ H'LO'- \%-O\Qahno\

I’Y\D\,htl{‘y %SOS MH"‘[ Ct mo\ MHUIGI
I - 7
|DOS Sol\”_l"Uf\ ]\f':j H’LD
mass percent molality

Find moles of ammonium chloride using formula weighf:

BusoghHy (] x A Vi o NH. O
$3.H91 4 MHa() $$F | mol MHy L

Find mass of water by subtracting out the solute mass!
100 Soluton — %.503 My = 71.804 He D= 0.07150 lrj H, 0

Find molality:

m

- O-15%F | mol NHqH B

0.0%150 Jrj H, 0

My L\

74w VL) |

il 3.50 9 My (| _ mol Why(!

§r. r.«d’ ) 0n
J—

. /
lDOS Solvotsu mol UHD]‘H £ ol H'LO
mass percent mole fraction of ammonium chloride



* An aqueous solution is 8.50% ammonium chloride by mass. The density of the solution is 1.024 g/mL
Find: molality, mole fraction, molarity.

NHL\ Cl 2 95,901 glmol  Hp 02 Y5010 g1 mo)

Find moles of water. Take the mass of water (found before) and convert it o moles using
the formula weight:

mol Hz O
91.C0 0 H2 D = S$.0788] mel Hy 0
g "o X %016, o0 b
0. He _ _

0-15%9 | mol MHy L] +5.0788] msl H O

... if we need mole fraction of water, it equals 1-(mole fraction of ammonium chloride)

molari by 2.0, Nty C o o Nyl
- 7/
IL)03 Selofsun L- soluten
mMass percent molarity

Find the volume of 100 grams of SOLUTION using the density:

- L o L
HOO Soldl’.(/r\ 2 @ " —
3 ow .\ o= 0.0976S625L,

9
N\ = 01581 mol MHaCT 1y (0wt

— 0.09765625L




* HOW THINGS DISSOLVE

- Let's look at how things dissolve into water, since aqueous solutions are quite common.

sucrose (table sugar) "
y!
Ci1H2.0y (s) — > (anO”(M‘)

... what happens?

- Water molecules pull the sugar molecules out of the sugar
crystal and info solution.

- Aftractions between sugar molecules and water allow this

0
0 Q © 0
0y OO0 o 6 <§’ RS to happen.

O4 0 @O 0 0 ° "
O 0000 080 o0 - The solubility of the sugar depends on how well water and
° 8 000 0%’0 0" sugar interact (HYDRATION) versus how well the

6 000000 o ¢ sugar molecules are held in the crystal (LATTICE ENERGY)

B GE8 W

0° o

- "like dissolves like": Substances held together by similar (or at least compatible) kinds of
aftractive forces can dissolve in each other. Substances that are held together by very
different kinds of attractive forces will not dissolve in one another!
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Consider WATER:

HYDROGEN BONDS

\>

SMALL (little
P(itAR London force)

\V

Water mixes well with other Water can dissolve

substances that can
hydrogen bond, like
ETHANOL!
H W r\
! ) .-
H - C-C-0-H-.0—H
‘ [}

|
S I

large and/or nonpolar

olar substances! .
P solutes do not dissolve well

(SUCRQOSE is polar!)

in waterl!
J (example: OILS and
Since IONIC BONDS are WAXES)

also interactions between

opposite charges (You can think

of an ionic bond here as an extreme
case of dipole-dipole interaction),
many IONIC SUBSTANCES will

also dissolve in water!

N =™ M
‘O-H
aWay O'-h’\/\o\_L -(-l)_' H
| WS
H 'C,) Moo
il

Hign-— ak|(1:)|-e " .m\—ffoxc,\-fu,\g



“ MOLECULAR AND IONIC SOLUTIONS

- MOLECULAR solutions:
Contain MOLECULES dissolved in one another.

(V) - Any mixture of GASES

- all gases mix with one another, since gas molecules (effectively) do not
interact with one another.

@ - Liquids

- Liquids dissolve well in one another only if they are held together
by similar kinds of forces

@ - Solids and liquids

- MOLECULAR SOLIDS will dissolve well in liquids if they are held
together by similar forces.

- IONIC SOLIDS will sometimes dissolve in POLAR liquids, but not
in nonpolar liquids

- COVALENT NETWORK solids don't generally dissolve well in
other substances



” IONIC solutions
- form when ions from IONIC SUBSTANCES interact with POLAR solvents -

offen WATER.
The charged ends of the water molecule
O" H HYDRATE the ions.
V\ O“,\/(/\ O H \/g Cl Nm~C|
I
H 'O"\"\ |—1 qu CI"’V"‘
l—'l

- The solubility of an ionic compound depends on whether HYDRATION
(attraction of water molecules for an ion) is greater than LATTICE
ENERGY - the attrraction of ions in a crystal latfice for one another..

- SMALLER IONS are usually easier to enclose in water than larger ones, and
ions with larger charges are aftracted to water molecules.

- But solubility is also determined by LATTICE ENERGY - which holds the solid

ionic compound together. lons with high charges tend o be strongly aftracted to
other ions in a crystal, meaning lattice energy is high. Smaller ions also tend to
have higher lattice energies. Lattice energy and hydroation are competing frends!



70 COLLIGATIVE PROPERTIES

- properties unique 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 gefts 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

ATy = K v ln
Z L concenftration of solute (molality)

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 determine the molecular weight of
an unknown molecule.



2 Asolution of 2.500g of unknown dissolved in 100.0 g of benzene has a freezing point of 4.880 C.
What is the molecular weight of the unknown?
- S LSS C

o
Kelbe’\%?ne = 5.063% /V" / TF:‘aen'uwe.

AT = |<F ‘&Cm — males vnkrown
/N v _]_ —\_/ kﬂ heaxeng
S,065 9C [ m 1wastiant

\\s.qgs%— H.%50°“=0.57€°C

We can calculate the MOLAL concentration based on the freezing point depression.

6.$25°C = 5,065 oc/m ¥ Co

Cowy = O IS LYIGSE o = moles va Hpown
Hg henten

So, we can find moles of unknown from molal concenftration, since we know the
amount of benzene used! { lob.04 = 0.lodoky)

O 1135215 m = mMoles v lnown
0.lo000 Vj

.. Solve for moles unknown!

O'OHBS'U'HE{{, N e ma\eg vaKnoun

Molecular weight is mass per mole, so

mass vh Kinoum _ 1.500¢ -\ g
mw - mel vun Hnow n h O'O“BS‘LUI\.S'Q wol —_X O‘ //J"udl




