81

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 2 0.5 12 Oc/m MaCl? 58.443 glmel

ATh = Kev(n mol long
T T 0.5129%m Ks 'L,IGO
\00.06°C = 95,06 = S.00% LLOUOMﬂ
Find Cm ...

S 060 = (6.512°%m)*Cm
('Yh: qa7(7§<=15 m l) Uhg

Find moles ions

|.00()K3 H,0 x 126965 mal 1ons = 9,76562S ol 1oqs
g H,0
Change to NaCl... NaCl = )Va.'l' +CIT (2|'Un() me! Ny¢l = 2mol j ong

7.76562$ mel PEYR mal Mac| — H,642812S msl Myl

Find mass NaCl 2 mol Jyng

L
6428125 msl MaClx ii'l’z/ifz\mc‘ = 2954 Mac) '
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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 terms of one of the REACTANITS

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 time
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,




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

A+ 5— C

P e o1a
Rote = iim = AQi * [A]’{%}
|
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 rate 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.
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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 time later where the
concentrations of the reactants haven't changed much. In other words, we look af

the INITIAL RATE.

- To determine 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%B%C—BD

.. we want to find the rate constant 'k', and the orders 'q' and 'r'.

~> CAJ

o | CR)| TR Rate <

/\ o506 6-150

Baseline experiment

2. 0 150 ) \$ 6 Double (A) to find 'g'

B H.\50| O .300

Double (B) to find 'r'
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-~/ CAJ

Trial § P\Y] LR 1 Rate <

d 0,56 | 6-\S0 0.0016875

7T |o3s0| 0,156 0.0033750 4\
3 5.\%0| O .300 0.0067500

The rate law is:

0 1o AIAITB)

... SO how do we use the data above to find

out the values of k', 'gq’, and 'r'?

We observe that in the second trial ((A) doubled), the rate has doubled!

@wTaAD =2y Rate 5 g = 1

We observe that in the third tfrial ((B) doubled), the rate has quadrupled.

L‘lwiB])r = Yy Q»\/f'e// =7,

Quke =k CATLBY
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> CAT »
Trial [ P\Y] ' E £N 1 Rate < Calculated 'k
d oNSb| 6-\S0 0.0016875 O .$00

a—

0, \$0 0.0033750 O.500

fi 0,560
B b.1s06| O .300

0.0067500 ©.,%00

ROV’\'Q/ 2 JQ Ep{l E le

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

h = RW+Q Plug in each set of data to this
E 'er E B]" equation and calculate k'

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

Rate = OISOOEPA{QEL
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FACTORS THAT AFFECT REACTION RATE

Fe wHCl = Te (] +H,
Ye
il

(3) CONCENTRATION OF REACTANTS

1
(Z) SURFACE AREA OF CONTACT BETWEEN REACTANTS / / om
/ He|
(%) CONCENTRATION OF / PRESENCE OF A CATALYST C, QoV el
¢ A
fr 7 om
L. HY
@ TEMPERATURE VES T ]
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CONCENTRATION OF REACTANTS

- Usually, the reaction rate increases as you increase the concentration of a reactant. This is frue
if the order for that reactant is greater than zero!

Reate = ﬁ[/\]% /1
A’ Ay AT T

If the order is O the value of this If the order is -1, this term will get
tferm will be 1 no matter what SMALLER (reducing rate) as (A)
(A) is! gets larger!

Mipnhib,bor”

- In most cases, reaction orders ARE positive numbers!
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SURFACE AREA OF CONTACT BETWEEN REACTANTS

- If a reaction takes place at an INTERFACE, then the reaction rate will depend on the SURFACE

AREA of that inferface!
Consider a reaction between a liquid and

a solid. The reaction can only take
place where the liquid and the solid
TOUCH each other,

~—~——— ]
(( J ‘4 /:J‘-"\ *
Next, try the same reaction, ’,‘ o (7!
but break the cube into A
small fragments first! X " ",/."\/ £

[ I,’

:\_/ PR IR o
The reaction takes Here, the reaction takes

place only on the place on the surface

surface of the cube. area of each fragment.
In total, this is a much
LARGER surface than
the cube.

- The larger the SURFACE AREA of the INTERFACE between the reactants, the faster the
reaction will occur!

- This is not an important factor for reactions that take place IN SOLUTION, since there is no
interface.



“CONCENTRATION OF / PRESENCE OF A CATALYST

-a CATALYST is a substance that INCREASES the rate of a reaction without being consumed
in the reaction.

- Appear in the rate law equation, but are written as "reaction conditions" in traditional
chemical equations. Typically, the higher the concentration of catalyst, the faster the reaction.

At —=> D
Rote = REATCRTLCT

\_ The catalyst shows up in the rate law
like the reactants!

- Work via many different mechanisms. Some provide surfaces for reactants to bind to and
react. Some react with reactant molecules to leave them in a state more suitable for

the main reaction (and are then regenerated during the main reaction). Some catalysts
bind to and bend reactants into favorable orientations for reactions, efc.

- Biological catalysts are usually called ENZYMES.
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TEMPERATURE

- We observe that chemical reactions proceed FASTER at HIGHER temperatures.
... but sometimes reactions are run at low tfemperatures for other reasons - like safety,

decomposition of desired products at high femperatures, formation of competing undesirable
products at high tfemperatures, etc.

Note: Changing tfemperature affects the RATE CONSTANT, k !



