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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

pgog la b
i ATe = i(,gjfjb__/fvws_oes%/m Con 2 I8l unkrown
S.4$5°(~4,8%0°C=0.$780¢C Ky bentent

Solving for Cm (molality) will allow us to calculate how many moles of unknown are dissolved
in the benzene. Since we already know the mass of unknown, we'll then be able to find
the molecular weight (grams/moles).

0.$75°C = 5,065 %/m % Cim

cm = O- N334l &S 6 m unHnowwn = (),I\}S‘ﬂﬂ%Sé mol unX
Kﬁ benteng

To get moles, multiply the molality by the kilograms benzene!

© 1000 K bearene « 6.11352416S¢ mol un¥

- O:O\\'Sg'l"l \%L V'\U\ Un K
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Now, find molecular weight.
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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?

T Soo fu.,
Co s N6SoC K= 3.06%C/m (5 ﬁsfﬁﬁaf“h")
ATE = Kbx(m} _—m < mpl S¢
L—f’s_og()(/m Kﬁ H['}’Hfsol

FInd Cm by changing the 2.817 grams of sulfur o moles, then dividing by the kg of acetic acid!
Sgt S = &x32.00= 136,569 mo)

2.417,5x 20 2¢ . 0.010979€67) mel g
15066, ¢S
9%
Cy\-\"i 0010(7798877 m o) €8 _;O\Ocl7qg(6')-—)gh\ <
(|ou,033

Now calculate delta Tb...
ATl <(z.06%/m VO 10 IIFLENMIS 1 Sy = 0.33%°¢C
Finally, calculate boiling point.

TL = 11%.$% + 0-338%C = I)g/e"(_J
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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!
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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 = O.S | L Oc/m MaCl? 58.443 glmel

/5—“0 Kb YCm | Cpp= Mol \ons  <—NaCl is ionic, so the
| 7= colligative properties
| 0,511 Uc/n’a . )\rg H,0 are based on total

D0.00°C = 9§,00° = S.00% concentration of IONS
Find Cm ...

S.00°C = (0.§12°/m) *lm

cm= 9765625 m Tons = 7.7656 18 mo 16ng

FInd moles ions...

1.000 l(j V]_lo X 917(’§(,?S hu\ lun g

S 9SS mul ong

N 4 Hqo )
bot Mull = Mot 1= (2 10n¢) "~ Mmool Mull = Limpl tons
9.365¢1S mo) toag x A AT 6 gg12S ol Nec)

L) lvag

Find mass NaCl

Ve C\

SE .U Y g Mt “—11%89

H. v |1 N,
.64 29118 mel Mall X —
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KINETICS

- the study of the RATE of chemical reactions. Or, the study of the factors affecting how
fast chemical reactions proceed.

DEFINING RATE

- RATE is defined as the change in the molar (M) concentratfion of a reactant or product over
fime. Usually, rate is defined in tferms of one of the REACTANTS

A R — C ...Let's look at a simple combination

£
R 0\\- e = A E A] /\ |: ,\] = "molar concentration of

substance "A",

A —6 Square brackets () are used
N to denote MOLAR
\ concentration
ARNE
Reave = ——E—l change in fime
AE

You could ALSO define the rate in terms of the
disappearance of B or the appearance of
C over time! Our choice of A was arbitrary,




