Honors Text: Ch 17 (Rxn Rates) & 18 (Equilibriurm) Unit 10

Reaction Rates
Reactions can be ”FGS* or QIOUU

Expressing rxn rates in quantitative terms:

AVETAGE THC = NguAntry

A+ -
Example: Reaction date for the reaction between butyl chloride (C4H3C1) and water is given below.
Calculate the average reaction rate over this time period expressed as moles of C4H9CI con5umed per

liter per second. rﬁ\}ﬁd{){f [QC- AQ,UO an"H’L\ [_L*Hq(zl]ﬂml '[(‘r HGIC']miﬁ |

Table 17-1: Molar Concentration A+ )FF.ROLE -~ il

[C4HsCI] ot [CsHoCl] at —

120005 he400s “0I00 M - 0220 M -4 pial
0.220 M 0.100 M 4008 -0.00 S

Coliision Theory:
o Atoms, ions and molecules must (( \ H(-[ C in order to react.
o Reacting substances must collide with the correct orientation.
o Reacting substances must collide with sufficient energy to form the activated complex.

Activation energy and reaction: Only collisions with enough DT 6,\\ f) to react form products

Does A6 tell us anything about rxn rate? VYes
o If areaction is spontaneous, it does not follow that it is fast or slow.
o Thus, a new branch of chemistry.. kinetics

Factors affecting reaction rates:

1 ﬂCH’U r€ O{: [60 C+d f\wLS : Some elements/compounds are more reactive than others

2) Q()ﬁ( € MY(H_\O(\ i As concentration 1, frequency of collisions 1, and therefore rxn rate |
3) Rﬁ'ﬂ(\\) € ((m(e’\ (ﬂ“b : For gases, 1 pressure creates the same effect as {_concentration

YN e G Iy —

5)@@&1—\)(6 ! Generally, t temp = 1 rate

Whr? Higher temp = faster molecular motion = more collisions and more energy per collision = faster rxn

o (It

Catalyst: a substance that speeds up the rate of a reaction without being consumed in the reaction.
O  Provides an easier way to react
O Lowers the activation energy

Enzyme = biclogical catalyst

C
L}bTS . Adding a catalyst speeds up the rxn by lowering the activation energy

Reaction Rate Laws
o The equation that expresses the mathematical relationship between the rate of a chemical
reaction and the concentration of reactants is a rate law. .

For +he regcton- A = B
R(HC’K[A] 64
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Honors Text: Ch 17 (Rxn Rates) & 18 (Equilibrium)

“Unit 10

Rate Laws and Reaction Order

e}

o]

The reaction order for a reactant defines how the rate is affected by the concentration of that
reactant,

The overall reaction order of a chemical reaction is the sum of the orders for the individual
reactants in the rate law.
The rate law for most reactions has the % eneral form..,

are = KlredChanHIIreacdf+ 7
The exponents m and n are called [mmm_ Their sum (m + n) is colle-:d the

overall reaction order.
ér ré re.aEﬂon ] E f —products

Only if the rxn between A and B happens in a single step (with a single activated complex... which
is unlikely) does m=a and n=b

Thus, the values of n\fnd n must be determined (X ! X J H { X ‘ ﬂ (Hl% il
Rate laws Q(“-\“ be predicted by looking at @ balanced chemical equation.

Finding the rate law

o]

o]

The most common method for experimentally determining the differential rate law is the method
of initial rates.

In this method several experiments are run at different initial concentrations and the
instantaneous rates are determined for each at the same value of time (as near 1 = 0 as possible)

Example: A+ B > ¢
Exp # Initial [A] Initial [B] Rate (M/s)
1 JA00M JOD M 4x107°
2 100 H 200 M 4x10°
3 200 M 100 ™M 16x10°

7 = 1
From this datq, find the form of the rate law: Rate = k[A]"[B]" ratc K[Al

1} Calculate m 2} Cafculate n 3) Caleulate k
ELE 210 gl (o) BUEL g % Lol korate - 4xI0° 403
ROFET BT P cioo Aokl 4yi0% TwF  (AlEr o0
4=(.200J™ 1=(200]" TETY
T T 000" E(HC—A’X J

-2 n

Y;\?:Z =0 fade = KIATTRT

JEr
Rate=K(A]
Knowing rate laws and rate orders helps us predict how the reaction will proceed over time
Application: Radioactive decay is a first order reaction; Half life is constant over time; Allows us to date fossils, ete.
Reaction Mechanisms
o Most chemical reactions consist of a sequence of two or more steps (or simpler reactions). These
add together to create the averall reaction equahon

f—::e;iui szme s::z: :.:lflhl:;e fs‘r and of(hfg wi bfﬁ ﬁ\h G\ %*‘CD
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Henors Text: Ch 11.1-11.6,12.1-12 5, 16.1-16.3

Chemical Equilibrium (Ch. 12)

REVERSIBLE REACTIONS do not go to completion & can occur in either direction:
aA + bB €> C + db

Chemical equilibrium exists when the forward & reverse rxns. occur at exactly the same rate
“EQUiliprium

At equilibrium: i e (rém‘ﬁ()ﬁ P(nge%s —d’7 :
| 1€ OV PIAUCHS-4han GkINtSane PIOAUOHS dre Sid 10 bC Favored

- Hhevg
£ +NEIE Qre MOIe EOCKANS than produoisthe BactAnis dre SAId 10 e

covoved
The Eggilil:g'iuomfggns‘rom, Keq
cC + dD at equilibrium, the constant, K. or K.,

-for the reaction: acA + bB €=

= Cproduas] . CCIDl C 1 aenoes
(reackants]  (A°(RI CONCANatON

Keq is @ measure to extent to which a reaction occurs; it varies with temperature.

O concentiation ™

Ex: Write the K., expression for:
CI) PC|5 «<> PCI3
b) 4NH Yodes N0 + 6H,0
+ + 5
ONOPCH.O1

+ Clz

Keg =
(NH*LO 1P
Ex: One liter of the equilibrium mixture from example (a) was found to contain 0.172 mol PCl;, 0.086 mol

¢, and 0.028 mol PCls. Caleul
Rlae Pt C W wK?: ':(‘EPC\{([Q 0 Kz QI2MDO0BOM) e
(Pci) (0.02Z8M) '

When K, > 1, most reactants will be converted to products.
When K., < 1, most reactants remain unreacted.

Reaction Quotient (Q) is calculated the same as K., but the concentrations are not necessarily

equilibrium concentrations.
Comparing Q with K. enables us to predict the direction in which a rxn will occur to a greater

extent when a rxn is NOT at equilibrium. X . : _ .
cQek Y0 mmé( (ed'c'%\on eominGHES — regction (0CCEAS YO
When: Q< k: FOf gq,\)\\\bm)m 1S Ao

APE NANT (OO SYM
Q=K QUHCMIS G equtitnum

> K: ' doninHes -~ ([€OchonN 1QEEAS
: K&‘gﬁﬁr{\%ﬁ\( Cﬂo(r\\)rgg\ equiipnim s redcnce
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Honors Text: Ch 11.1-11.6,12.1-12.5, 16 1-16.3

Ex: Hag + Tog € 2HIy
Keq for this reaction at 450°C is 49. If 0.22 mol I,, 0.22 mol H;, and 0.66 mol HI are put intoa 1.00 L
container, would the system be at equilibrium? If not, what must occur to establish equilibrium?
“(H)" _ (0 bbHy
(F1Ci WMo M)

Q < Keg,» F0rUA (EAGHON DIEIOMINGIES UMK} EgitiDium 13 eached
Ex: PClyg) + Clagy € PClygy Keg=1.9

In a system at equilibrium in a 1.00 L container, we find 0.25 mol PCls, and 0.16 mol PCl;. What equilibrium
concentration of Cl; must be present?

ch": LPC“:}

(PCYC
9= 021
0.46) (L. ] Factors Affecting Equilibrium (Ch.12
E(:]t] :O%’F_ ﬂ ’ ors ilibrium (Ch.

* When a system is at equilibrium, it wili stay that way until something changes this condition.

- Le Chatelier's Principle: . o
When adf CSHESS) 5 apPHED 10 4 SUstem aF equilicriom e
?ﬁi&%}féﬁ?ﬁ%@? 5 SERUT TR S0y TP My

hanges in:
-concentrations (of reactants or products)
-temperature
-pressure

- Changes in Concentration: consider this reaction at equilibrium:
Hz@) + Iz@ > ZI'II@]

What will happen to the equilibrium if we:

eeOtHSNEiFrs, +o the Tignk (FOrms mote products)
-remove some H.? ,
ReACHON ENiFts 0 tne Ieft CForms mofe redcrans)
**when a substance is added, the stress is relieved by shifting the equil. in the direction that
consumes some of the added substance.
""when a substance is removed, the rxn that produces that substance occurs to a greater extent

- Changes in Temperature - consider this rxn at equilibrium:
2502{93 + Oz(g) €« 2503{9)4' 198 kJ

What will happen to the equilibrium if wa:
-increase the tem

CEUCHON SNIEFS LD +he lefr (Forms Mole edcHnts)

-decrease the Temgera‘ture?

ReacHON NS +o+he rgne (FOr NS mare Productks)

*Tincreasing the temp. always favors the rxn that consumes heat, and vice versa.



Honors Text: Ch 11.1-11.6, 12.1-12.5,16.1-16.3

- Changes in Pressure- consider this rxn ot equilibrium:
2NOz €2 N0y

What will happen to the eguiliorium st we:
REUCRON GRS, +0 He rigivt (FOrMS Mofe praduct)

-decrease The pressure?

REACHON SNIFS +0 A1 (65 (Forms MOYE YegCHINtS)

**increasing the pressure favors the rxn that produces fewer moles of gas, and vice-versa.

txampie: consider The rxn af equilibrium:
Nz@) + 3Hz@) «> ZNH;:,@) + 94 kJ

How would The equii. be infivenced by:
a) increasing the temp.: <—
U, degr eusiny i he fer (L7 P—
:_,J zr;g_.":_‘x:nug —ﬁf pressiure. —
d) adding more Hz: —=
€] removing some N T

1) decreasing the pressure: -

g) adding a catalyst: ﬂo Choan [r\ m)l“bﬂ\)m [m)hon

Example: How will ant increase in pressure effect the equilibrium in

G)4NH3 + 50y, €2 4NO(, +6H
, ”ﬁoﬁ’%mﬁi 7

ééoenon NS Tignt

Example: How will an increase in temperature affect the equilibrium in:

) 2NGyp, € NoQy; + heat

gﬁﬂﬁ 0NN h% e+
b 20q) * C!g(g) € 2HCl,y + 92 kT
Eﬁ(}C‘r\O(\ SNtk 160t

\..I C\Q; - J.C‘\Q)%# dH"lQ} AH = a.éb |_; T

geacton snits Ngnt



