" VAPOR PRESSURE LOWERING

o R pA ~ partial pressure of the
- Described by RAOULT'S LAW ° VAPOR of solvent
° molecules.
-!q 7\/\’~/\
AN 7)
s FA Aks /
N mole fraction of component A
vapor pressure of pure component A (depends on
temperature)

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 @
two-component mixture, we get...

AP = Pt

\_ mole fraction of component B (the SOLUTE in @
two-component mixture)

Vapor pressure lowering. This is the DECREASE in
the vapor pressure of the solvent due o the presence
of solute.




" 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
A [— concentration of solute (molality)

Boiling point elevation constant (for SOLVENT)

-— Boiling point elevation: The amount the boiling temperature is 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 - ¢ .S°C K\o = ?) ) D%O(’/m (Se({ PSOO fr(,r p{“b\)

ATL= Kb+ Cm \ (o= moles Sg
| lo HqHqO
LB,U%"C/ N 372

™ \

0.0 = O, LU0 N,
1000 G

We need to calculate delta Tb, but to do that, we must first calculate cm. How?
Find moles of sulfur:

1%'7 g% 1§ rmol S% = 0.0loq7q9n‘w] Sg-
J 156.56 g S¢
Find cm:
" 0.0109799 mo) Sg__ 0109799 m ,5%
Find delta Tb

O
Th = (2.06°hn)(0- 109799 m Sg) = 0-33¢1%C
Find Tb by adding the elevation to the original boiling point

Ty = 116.8°C+0.33617C :\H%.%DL




" OSMOTIC PRESSURE

permits flow of solvent, but not solute

[ particles

- OSMQOSIS: the flow of solvent molecules through a SEMIPERMEABLE membrane to
equalize concentration of solute on each side of the memlbrane.
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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\_zN\*R‘ﬁ_{_’
- -

tfemperature

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!

Noll (83— Nalag)  Cl (ag)
KL (Ong',/

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

CG»C\1[§> > (o\z*(u%)‘l‘z[|f(mc{,)
N lo:nS ,/

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

- lons inferact with each other in solution, so unless an ionic solutfion 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?

Kb = 0.5 1L o(,/m NMaCl? 58443 glmel

ATk = Ko O (.~ moles lons
\ o ™7 Ka H20
Losin ™/, 9 \
\__\,ooohiﬁ

= 100.00°C = 95 06°C = §,00°C

Find cm (molal concentration of ions):

ATh = KgxCm: (5.00°C) 2 ( 0.517%m ) x In
Cw—,i?.76§615m l__gé‘_

Find moles ions:

Co ”:::-LLM $9.76561S w lons = m:‘QS ;;MH ; ymoles 1gas = 9. 765618 mo!
- 000 g Ny

1- —
Nall — Mo + C) . \] One mole of NaCl dissociates into

mot NeC | = L mo| toag 2 moles of ions!

Find mol NaCl, then mass NaCl: mo\ No- { \
9, 76S61LS mol 16ng % -
L mo) Loag

U 4LEI LS mel MeCl X 5%-‘4? 33:{‘“(’\ - ’2,‘653 N (]

2 UL G4LEILS Mol MeCl




" EXTERNAL FACTORS AFFECTING SOLUBILITY

- There are a few external factors that affect the solubility. (By external, we mean other than the
chemical identity of the solute and solvent).

(1) TEMPERATURE
-For gases dissolved in liquids, the solubility DECREASES as the temperature INCREASES

- This is why THERMAL POLLUTION is bad! Hot water holds less oxygen than
cooler water,

- For solids dissolved in liquids, solubility USUALLY increases with tfemperature. This is
not true for ALL solid/liquid solutions.

@ PRESSURE
- For gasses dissolved in liquids, solubility INCREASES when the partial pressure of
the solute gas over the solution INCREASES.

- Consider soft drinks. They go flat affer opening because the pressure of
carbon dioxide over the liquid goes down.

- No significant pressure effects for solid/liquid solutfions.
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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) concentration of a reactant or product over
fime. Usually, rate is defined in tferms of one of the REACTANTS

/L\ + B — C ...Let's look at a simple combination

/L
R o\\' o = A t A] /\ |: ,\] = "molar concentration of

substance "A",

A —6 Square brackets () are used
to denote MOLAR
A\ .
\ concentration
AL -
R whe » ————— change in time
AE

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




' THE RATE LAW
- We express the rate of reaction using an equation called the RATE LAW.

AN+ —rC
P
Rute = 7B R TAJALRY
|

This is The RATE CONSTANT. It depends on
TEMPERATURE, but does not depend on the
CONCENTRATION of any reactant or product.

'0" and "q" are called REACTION ORDERS. They indicate the effect a particular
reactant or catalyst has on the rafte of a reaction. Reaction orders may be positive,
zero (in which case the substance has NO effect on rate) and negative (in which
case the substance actually slows the reaction down).

- Rate laws depend on CONCENTRATION of reactants. Since the concentrations of reactants
CHANGE throughout the course of the reaction, so does the rate!

- RATE CONSTANTS and REACTION ORDERS are determined experimentally. If you do
experiment 13 (the iodine clock reaction), you will see how this can be done in the lab via

the INITIAL RATES METHOD.



INITIAL RATES METHOD

- To determine the rate constant and reaction orders in a reaction, it's possible 1o
monitor the rate of a reaction starting from fime zero to a short fime later where the
concentrations of the reactants haven't changed much. In other words, we look at

the INITIAL RATE.

- To deftermine the rate constant and orders, we need to perform several experiments - one
for each order to determine and one baseline experiment to determine the rate constant.

Example:

A +|3%C+D<L ]
Lre= B (AT [R]

... we want o find the rate constant k', and the orders 'g' and 'r'.

ALAT

o | LK) (R] Rate  ec

/) o456 o.-150

Baseline experiment

¢ Double (A) to find
7 1 o.300 | 0.\50 o
Double (B) to find
3 0.\%50| O .300 v




ALAT
wa | CKY | (B Rate  ~ec
al oAS6| 6.\50 0.0016875 Baseline experiment
S 0.0033750 Double (A) to find
7 0. 300 o, \>0 o
Double (B) to find
Y 0. \$o| O .3 00 0.0067500 .r.ou e (b)1o1n

1> {' .. so how do we use the data above fo find
Ro)fe_ = }{ [A ] [ \3] out the values of 'k','q', and 'r'?

We observe that in the second trial ((A) doubled), the rate has doubled!
(24EA1)b = 2% Rote ;50 q=1

We observe that in the third frial ((B) doubled), the rate has quadrupled.
(Q_*[B])r =Y % Rate 5 s0 r=1

Rate=f (AIT8T




Now, we'd like to know the value of 'k'. Solve rate law for 'k'.

Rate=k (A1TBT

B = Rote Plug in each set of data to this
E(—\:\Uﬂ" equation and calculate k'l

Trial [ P\] E Igj Rate Zietb’\:( Calculated k'
1 | odsélo-ls5o 0.0016875 | o.%00

7 10,300 | 0.\50 0.0033750 0.500

B 5.\560( O .3 00 0.0067500 0,506

The average of these calculated k' values equals the rate constant.,
(For real data, expect some experimental error in these numbers!)

Rate=0.S00 ALl 3]1
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2
FACTORS THAT AFFECT REACTION RATE

FewHCl > Te |, +H,
@ CONCENTRATION OF REACTANTS

Ye
il
(Z) SURFACE AREA OF CONTACT BETWEEN REACTANTS / om
/ He|
(%) CONCENTRATION OF / PRESENCE OF A CATALYST C, QoV her
)
[ em
1:’/ - HY
(4) TEMPERATURE T




