Unit 10 Notes and ICP

Unit 10

General Equilibrium

Chemical equilibriumis the condition reached, in a chemical reaction, when the concentration of reactants and products no
longer change, or are constant. This condition is attained when therates of the forward andreversereactions are equal.
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Ke s the equilibrium constantin which the concentration ofreactant and products are expressed in tems of malarity. Ky

is the equilibrium constant in which the amounts of reactant and products are expressed in temms of partial pressures
measuredin atm ormm Hg

The equilibrium constant is a number whose valuereflects whether the amount of productsis greater or less than the
amount of reactants at equilibrium. When K is >1, the amount of productsis greater thanreactants; the reaction favars
products. When Kis <1, the amount of products s less than reactants, the reaction favorsreactants.

The equilibrium constant expression s the quotient of product equilibnum concentration to reactant equilibrium
concentrations as detemnined by the balanced chemical equation.
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1. The followingreaction is at equilibrium at a particular temperature
Hylg)=Tylg) <> 2HI/g)

and the [H ] =0.012 M, [I]eq =0.15 Mand [Hl}gq =0.30 M. Calculate themagnitude of Ko for the reaction.

Relationshipof Kp to Ke¢:

Consider the reaction
A(g) = B(g) =-> 3C(g)

The Kp expression for this would be:
P’

Kp = |

PaPg
But remember that conc. is molL, and if you rearange the ideal gas law:
PV=nRT

P = {nV)RT = [conc]RT

. _ (IR’ e’ 1 1
Kp = = ——— (RT = Ke (RT
{[AIRT} ([BIRT} [A] [B] (RT) ¢ (RT)
This reduces to the general
Kp =Ke (RT) **

Where An is the change in the Z if moles of a gas. You don't
memolrize this formula..its given to you on your sheet, but do
use it.
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3. At1100K, Kp=0.25 for the reaction: 2502(g) =02 (g) <-> 2503
Calculate K at this temperature.

Changing reaction form

Ifthe reaction is changedin anvwav,
determined algebraically.

Consider the following reaction

If the reactionis written as

If the reaction is written as

the value of the equilibrium constant will change. but this changed can be

Harg) +I2ig) =--= 2HI/g)

i
Ke 001 =

Lh

0.

2HIfg)<-->H)(g)~Iafg)

,I;H*- fg) + 1—13@) =--> Hl/g)

When the coefficients in thereaction are changed. the new equilibrium constant expression becomes;

" [HI] e
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Adding equations
If two reactions are added. the resulting constant of the equation will be the products of thetwo equations that are added.

Consider the following reactions:

B

A<.> B Ke, = u
A
l

C<aD Kiy= o
[C]
[B] 0]

A+C<> D+B KC3= — =HC1}{K1'.2
[A[C)
4. Equilibrium constants for the following reactions have been determined at 350 °C:

CoOrs)~H2(g) <-->Cofs) +H20/(g) Ki=67
CoOrs) +COfg) =->Cofs)+~CO2(g) K2 =490
Calculate K (at the same temperature) for the commerciallv important water gas shift reaction

H>Org) +COrg) =-->H2/g) - CO2(g) K3j=?
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5. Calculate K for the reaction
Nao/g) - 02/g) <--> 2NOf(g)

if K¢ for the reaction

[

(TR

N2(g) =5 02(g) <->NO(g)

is1.3x10%

RICE Tables:

6. 1.00 liter container holds 1.06moles of Hy and .37 moles of CO ata temperature of 162 °C. Atthis temperature, the
following reaction occurs,

2H)(g) = COfg) <> CH30H/g)

After equilibrium s established, analvsis shows 0.200 moles of CH30Hin the container. Caleulate the
[COeq. [Ha]eqand K.
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1. Avesselminallyhas a arilpresure of NO equel o 0.3262m nda partl presse of Br) equalto 039, A
equlibrun the paral resre of Br) 150,203 atn. Calelate Rpforthereaction
IN0/g/ = Bry(g) <> INOBrg

1.The following reaction,
JHlfg) <> 1)(g) = H)fg)

occurs at 298K. If 2.00mal of Hl are placedinto a 1.00iter container and permitted to react, at equilibrium itis found
that 20.0 % of the HI has decomposed. Calculate K andKp.
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8. The equilibrum constant, K, forthereaction PCls(g)<->PCl3/g) - Clyfg

i533.3at 760°C. I£0.400mol of C1s are placed ina 2.00litercontaner, calculatethe equiibrium coneentraions of al
Species.

9. The equilibrium constant, K., for thereaction
PCls(g) <> PCl3(g) = Clofg)

i33.3at 760 °C. If 0.400mol of PCl5 and 1.0mol of Cly are placedin a 2.00 liter container, calculate the equilibrium
concentrations of all species.
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L Chatelier's princinle

Ifa chemical reaction at equilibrim is subjected to  change in conditions that isplaces it from equilibrium, then the
reaction proceeds toward a new equilibrium stae In the directionthat offsetsthe change in condiions.

Three factors which can affect a reaction at equilibrium

| Concentration of a reactant or product

When a system s at equilibrium, increasing the concentration of a reactant or product will cause thereactiontore-
establish equilibrium by shifting the reactionin a direction whichrelieves the stress. For example, in the simulation
reaction,

Alg) - Byg <> 1ABg

When the reaction is at equilibrium and the [By ] is increased the reaction proceeds from left-to-right to relieve the stress.
When By is added the reaction shiffs in a directionto relieve the stress, by trvingto decrease the amount of By. Sothe

reactions proceeds from lef-to-nght Similarly whenthe reaction is at equilibrium, addition of AB shiftsthe reaction from
right-to-Jeft to relieve the stress.
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» Reaction volume or pressure

To understand the effect of volume on a reaction, consider the following reaction.
BClsfe) —~2Chle)~ Chig

Assume the reaction s at equilibrium in a sealed container. Ifthe volume of the reaction container is lowered, molecules
in the container are pushed closer together and the intemal pressure increases. To relieve this stress the reaction shifts in
the direction to decrease the crowding of themolecules. It proceeds fromright to left becausethe left side of the reaction
has fewer gas molecules compared to theright

If the volumeis increased the reaction proceeds from left-to-nght. The increase in volume means there are fewer
molecules per unit volume and the reaction proceedsin a direction to increase the number of molecules per unit volume
and thus maintain constant pressure.

+3 Temperature

To understand how temperature effects a reaction at equilibrium consider the equilibrium of NO» and N»04. The
reaction is endothermic;

heat = X)04/g) — INOy(g
colorless orange-brown

When the reaction is cooled the color of the sample becomes lighter, indicating mare N10/g) was formed. Heatis

removed from the reaction system when the reactionis cooled. As the reaction is cooled it proceedsin the directionto
offset the stress, in a direction to produce heat, fromrightto left. In general for endothermic reactions decreasing the
temperature shifts the equilibrium towards the left and adding heat shifts the equilibriumto the right. Itis just the

opposite for exothermicreactions.
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10. The reaction
2HyS8(g) +307(g) <-=>2H70(0) +2803(2)

hasa AH=-1036kJ. Giventhe reactionis at equilibrium, predict the direction the reaction will shift when disrupted by each
of the following

1) the amount of HyO Is increased
i) the temperature of thereactionis increased
i) the volume ofthe container is decreased

£ e

iv) the amount of H)S is decreased

The non-gquilibrium reaction quotient, Q

The reaction quotient for the chemical reaction,
aAlg) * 2Blg) <> ¢Clg) - D)

is defined s,
_[cpmye

¥ appp

The concentration used in the quotient, can be nonequilibrium concentrations. When equilibrium concentrationsare used Q
= Kc.

The direction the reaction will proceed to establish equilibrium depends on the companison of the magnitudes of Q and
K.

A guide line for predicting the direction a reaction will proceed to reach equilibrium again is as follows:

10
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IFQ<Kc,, the concentration of products will increase so that Q will increase

IF Q=Kc, the concentration of reactants will increase so that Q will decrease

IF Q=Kc, then no concentrations will change as the system is already at equilibrium

11. Thereaction

. 1
NOBrfg) <-->NOfg) =5 Br2fg/

has been carefully studied at 350 °C and the K¢is 0.079. Which direction will the reaction proceed to establish equilibrium
under each of the following initial conditions?  j  [xoB]o =0.100 M: [NOJo =0 : [Brzlo =0

i)  [NOBi]g=0:[NOJo=0.100 M: [Br2]o=0.100 M

i)  [NOBtlg=0.100 M:[NOJo=0.100 M: [Br2]o=0.100 M

iv)  [NOBr]g=0.200 M: [NOJo=0.0500 M: [Br2]o=0.100 M

11
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12 Ke=199forthereaction: ~ Cly(g) = Fr(g) ~ 2CIF(g)
Find the equilibrium concentrations of all species if the niial concentration of [Cly] is 0.4M. [Fy}is 0.2 M, and [CIF] is
13M

13. Ke=170at 298K for the following reaction: 2N0, (g) = N:0:(g)
a) Suppose the nitial concentration of NO,is 0.013 Mand the concentration of N;0: 15 0.023 M. Determine the
equilibrium concentrations of all species.

12
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14. Kc for the decomposition of ammeonium hydrogen sulfideis 1.8 x 10+ at 298K
NHHS(5) < NHi(g) - HS(g)
a) When the pure salt decomposes in a flask, what are the equilibrium concentration of NH; and H,S?

b) IfNH:HSisplacedin a flask already containing 0.020 mol L of NH; and then the system is allowed to come to
equilibrium, what are the equilibrium concentrations of NH; and H,S?

Relationship of Kinetics to equilibrium

casel

casell

2 z

4 T

ko

progress of rxn.
progress of rxn.
caselll

energy
»

progress of rxn.
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Considerth following above situaions

Cast [ The enengy of actvaion o the forwardreaction (the amount of enereymecessaryto gofrom eactants to thetop
ofthe hll s much smalethanthe energy of acivationoftherevrsereaction. Thismeans tha forthereversereacion
tohappenatthe samerate astheforwadreacton (the conditonmeeessaryfo equlibram o ocer, youmusthave alarge
concentatonofproducs, anda much suallerconcenteionofeactnts. Since Ko calclated s productsover
reactants case] will esultn  equlbrum constan langerthan |

Case [I: Inthiscase, th actvaion enegy of the eversereacton s much smaller, meaing vouwill need morereactant
tomake the reactions ocow atan equalrae. Since you willavemorereactants atequlibrnan, Keq willbeless thanone
Case 11 nthis casethe activation energes forthe forward and the reverse reactons reaboutthe seme,thereforeyou
would expeet approximately equel concenratonsforthetwo, and Keq willbe closeto a value of 1

Now lets look athow equilibrium can affect the measured rate law. Consider the following mechanism:
(1) A = B <> C equilibrium, fast

)c->D slow

(3)D->E fast

Since we know thatrate law for a given mechanism is based on the slow step, the rate law expression for the above

reaction would be:

rate =ky[C]

But notice here that C is an intermediate and is not easilymeasured. To find measureable species, weneed to lock at the
equilibrium step:

ratet£=ratet, ke1[AlBI=kn[Cl solving for C.

[c1= —L [AlE]

now we can sub this backin our original rate law expression, and get a rate in terms of only A and B.
rate=k z"kk% [Al[B]
1

Normally all the k's are lumped into one big constant, since they are all constants themselves.

14
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15. The formation of nitrosyl bromide, NOBr, hasthe following proposed mechanizm:
(1) NO = Br; < NOBn fast, eq.
(2} NOBr; - NO = 2NOBr slow

Determine the Rate law!

16. The svnthesis of HBr proceeds via the following steps in the gaseous state:

frterts -3

(1) Br. & 2Br fast, eq.
(2) Br - HH = HBr - H slow
(3) H - B, = HBr - Br fast

Determine the Rate law!
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17. Determine the Rate law!

(1) A-B
(2) Cc =
(3) D =

fast, eq.
slow

fast

16
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