Chemistry 12

Unit II - Dynamic Chemical Equilibrium
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I) General Characteristics

Many chemical reactions are _Yeversio le. . They have the ability
to react in both the forward and reverse direction. One must be careful,
however, to distinguish between simply reversible reactions and reactions
that are not only just reversible, but simultaneously reversible (ie.
reversible reactions that can achieve MVW Liorium ).

Eg. 1: discharging and recharging a car battery

Discharging: Pb +PbO2 + 2H* + 2HSOs = 2PbSOs4 + 2H20 + energy

- mainly utilized to_Start _the car; can also power other things without
the motor running (wipers, stereo, power windows etc...).

Recharging: 2PbSO4 + 2H20 + energy = Pb + PbO:z + 2H* + 2HSO«

- the car’s _al*ernator does this while the engine is running — it
converts the engine’s mechanical energy to electrical energy able to
recharge the battery (you will learn much more about this in the
Electrochemistry (Redox) unit of Chem. 12).

** while these reactions are reversible, they do NOT occur simultaneously,
meaning ZIVE Wb rium cannot be attained.

Eg. 2: dinitrogen tetroxide and nitrogen dioxide ina _los¢d system
N204(g) + energy = 2NOx(g)
2N Oz = N2Ogg) + energy
** these reactions are not only reversible, but they are able to occur
simultaneously, thus, equilibrium will eventually be attained.
Knowing this, we can combine the two equations to get:
N204g) + energy < 2NOx)

™ double arrows

Closed system: Sealed o From SwrrowWVjQ.

Open system: opLn o gurr—oW'V\jg <1|{, will é~§c¢r¢>.



Eventually, if left undisturbed in a closed system, the rate of the forward
reaction will become wv vk.aj'\ to the rate of the reverse reaction.

When the rates of the forward and reverse reactions become Q(M , the

reaction is said to have achieved _ ¢4 .\ b i
[.!.

The Six Characteristics of an Equilibrium System:
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Regardless of the initial concentrations of reactants and products,
equilibrium concentrations will always be _Constamt or
(Ao i na .
eg. Graph [Nz&;] and [NOz] vs. time for the following reaction:
N204g) + energy < 2NOx)

Suppose we start the reaction with only N2« (the “_reactomt " in our

equation due to the way the reaction is written down).
* Stoichiome tr Y _affects the
amplitude of [ ] change (see Note).
*the final [N204] and [NOz] is
— dependent upon temperature; beyond
the scope of Chem. 12 to figure this out

[NO2] # >
time
Note: Coefficients refer only to the moles of species actually
reoct vy , not the moles of species merely __exis+i g

Graph rate vs. time for the previous reaction:

Again, forward and reverse
reactions (and rates) are defined
by how the rxn is written down.

fwd. rate

X For RATE graphs, pay no_
e : » attention to st01ch10metry

rev. rate

What if we started with NO: (the “product”) rather than N2O4 ?

conc. vs. time rate vs. ime
A
[NCz) rev. rate \ ) JJH s ol
S e
N/ > fwd. rate |/ -

time time



Questions:
1. Consider the following:
I. forward and reverse rates are equal
II. macroscopic properties are constant v PR A
III. can be achieved from either direction v =7 / =
IV. concentrations of reactants and products are equal y
Which of the above are true for all equilibrium systems?
A. Iand Il only
B. Iand IV only
(C)L 1L, and Il only
D. II, III, and IV only

2. Consider the following equilibrium:
Nag + 2024 < 2NO2 |
Equal moles of N2and O2 are added, under certain conditions, to a
closed container. Which of the following describes the changes in the
reverse reaction as the system proceeds toward equilibrium?

| Rate of Reverse Reaction [NO:]
' A-.A) increases increases
B. decreases increases
C. increases decreases
D. decreases decreases

3. Consider the following equilibrium:
Hag + be <——> 2Hlp

colourless  purple ) colourless

Which of the following would allow you to conclude that the system has
reached equilibrium?
A. The pressure remains constant ¥ & wh  moles of aaS  will adwaegs
B. The reaction rates become zero | e covsiaat
@The colour intensity remains constant
D. The concentrations of all the gases become equal



Quantitative Example of Equilibrium (not testable)

-- students tend to struggle to understand the fact that within an
equilibrium reaction, forward and reverse reactions are able to occur at
the same rate while [reactant(s)] does not equal [product(s)] (unless AH
= Q).

-- the concept of Ea is involved with proving that equilibria exist.

Eg. The following simple equilibrium exists:

A & B AH = positive
Assume that the reaction begins with 500 molecules of A and 0 of B.

Also, 10% of the A molecules attain Ea per minute (collide effectively) while

25% of the B molecules attain Ea per minute. Sketch the PE curve for this

reaction. Using your calculator and a table, prove the equ111br1um theory.
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Assignment 0: Read pp. 38-39 - Do Qs 3, 5; Read bottom p. 41 — Do Qs 12-13.
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IT) LeChatelier's Principle
£ « ‘5\154’0"\«\ at eﬂlvi!(br’iwm [ Sub\scc&ed +o
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new e,p\‘/{“‘t)v’iwm e aehigved.

aﬁoncentration Change 2HIg) < Hag + L

What will happen if more HI is injected into the above equilibrium?

Firstly, since Hlis a_943 , increasing the moles (amount) of HI also
increases the [HI]; this is also the case for Aqutous solutions up to their
saturation points (next unit), but not for So lids and l\’qvu ds .

So, if more Hl is injected into the system, [HI] _increases  and there will
immediately be _more  HI collisions, thereby initially
InCreas ing the forward rate. The reverse rate initially

romoins Yl Samie . At this point, we are no longer at

¢auilibriwm  because the forward rate is temporarily greater than the
reverse rate (ie. they are no longer equal, which is the definition of
equilibrium). Because H2 and > are now being produced at a faster rate
than they are reacting (ie. forward rateis faster), we say that a shift to
the  R\GHT ortothe products  occurs (the counteraction of the
addition of a substance to the left or reactants’ side). Eventually
(translation: after the initial changes in rates — meaning time passes), more
H> and Iz are produced, causing the reverse rate to gradually _ | ncrease
and because HI reacts faster than it is produced, the forward rate will
gradually _decvense (after its initial increase) until the rates are
equal again and equilibrium is __atained . However, the rates of the
forward and reverse reactions at this ‘new’ equilibrium are __h yq}hbr/ inereased
*General rule: when [ ] increased on either side, rates go up (more
molecules = more collisions); when [ ] decreased on either side, rates go
down (less molecules = less collisions).
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Shift -- chm,»o oy dx(lpe/ma e In [fafs (w.g.J i lVlL’frupr{J)a shift
will always occur in the same dlrectlon as the faster rate.
Rate Graph:

Lod k_
rasd .-
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I >
add

HI + Yol
In terms of the concentrations of the reaction’s species, [HI] initially
IngreaseS  (due to the addition), then gradually dgg ases (dueto
the shift), but overall slightly _1ncceases | [He] gradually

nereoses (due to the shift), and [I2] gradually _1nereases  (due to the

shift). *Immediate/initial [ ] changes caused by stresses to rxn ([ ] and pressure changes
only); gradual [ ] changes due to shift.

Using the same example above: if HI is removed from the system, [HI]
Aecreases , resulting in less collisions and an initial
Olecrease in the forward rate. The reverse rate initially
remains The swwie . Atthis point, we are no longer at equilibrium.
Because the reverse rate is temporarily ‘F aster  than the forward
rate, a shift to the_LEFT  occurs. Since HI is being produced faster
than it is reacting, the forward rate gradually _|ncreases ; since H
and L are reacting faster than they are being produced, the reverse rate
gradually _(\tcveases  until both become equal (albeit at a
lower rate) — establishing __ ¢4 v1libriwwm
Rate Graph: " |

(Ve 8
i -f\W\L



In terms of concentrations: [HI] initally deveases , then
gradually _ \\(vepSeS , but overall slightly decveaces . [Hy
and [I2] both gradually Je,i;/r ¢nSe.

Multiple-Choice Time-saver Hint: Increasing the concentration of a
substance causes a shift to the opposite side. Decreasing the
concentration of a substance causes a shift to the same side.

eg. Consider the following equilibrium:
H2@ + Loy <——== 2 Hlg

How will the forward and reverse equilibrium reaction rates change when
additional Hz is added to the system?

Forward Rate Reverse Rate
A. Increase Decrease
B. Decrease Increase
( C) Increase Increase .
D. Decrease Decrease
E. No Change No Change

*Warning!!! Pay attention to nuances in-the language of LeChatelier-type
questions, such as:

Using the same equilibrium equation above, how will the forward and
reverse equilibrium reaction rates change after the addition of H as the
system approaches equilibrium? Use the same table of answers provided
above to get your answer. |

YA(MWW Huis Fime  will be B

—
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b) Temperature Change
2NOg) + Clg < 2NOClg + 76k].

We can subject the above equilibrium to a change by increasing the
temperature and subsequently the amount of heat energy in the system.
Because the reverse reaction is ENDO thermig, it relies on energy more in
order to react (higher Ea to overcome). An increase in temperature will

lrncrease  both rates, but the reverse rate will _inarease toa
greater extent relative to what it once was. Since the rate of the forward
reactionis Slower than the reverse rate, there is a shift to the

LE £ T  side (the counteraction, in simple terms) until rates
eventually become equal again, establishing a new equilibrium. What has
happened to both rates, and why?

Forward Rate: '\V\\"Hallv, iner eaSe ) %fadwwfq veal Meve = QVUM%'I\

Overall: polln vates A (ow( u)w‘f>

Reverse Rate: iniHally Lkww%;o&mdmu/idbww% = ovewall T

Rate Graph: r//,____.

K Aves

N

Tewmp.,

*know the difference between immediate (default in language) and gradual (must be mentioned
in question) temperature changes (re: rate graphs)...

Due to the shift, what will happen to [NOJ]? T )
- - [CLp 1 ( shift (D)
All of these [ ] changes are NOCI?
GRavY AL . There [ 7y /

are no _ImmeniAve [ ]
changes with temperature
changes.
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Suppose the temperature is decreased - the amount of heat energy in the
system decreases. Both forward and reverse rates will _dew eace | but
the reverse rate will _dtwease to a greater extent relative to what it
once was, as it is more dependent on energy. Since the reverse rate is now
S\owex~  than the forward rate, there is a shift to the
KleHT side (the counteraction) until a new equilibrium is
established. What has happened to both rates, and why?

Forward Rate: ’ln«')n‘abl«? decrease 3 cﬂ-.fad,ume&; Aeeveate wmove = overail 7

i \
Overall: pet rades \b (awi Cog-waf )
Reverse Rate: iAiJh'auA,) diereace | %,M nrease =5 gveradl

Rate Graph: q\
1 '.
J

Rie L

P

| [

I s
. ey He
Because of the shift, what will happen to [NOJ? ( )
@ 4 st (©)
Nocl? 1 )

What is the only instance where a temperature change would NOT result
inashift? Whwe AH= 0O LT

Multiple-Choice Time-saver Hint: Decreasing temperature results in a
shift in the _ Zxo-thov i ¢ direction. Increasing temperature
results in a shift in the _ {4\ 0lotev wic direction.

11



, ©) Pressure Change ‘

' Pressure changes affect only qas eoVsS  substances. Pressure can be
altered by altering the __ v o me _of the reaction vessel.

A decrease in volume =an __intvease in pressure and vice versa.

If pressure is increased, then the concentrations of all gases will
initially/immediately _ [N Créase

\ .
Wiy Concentraton = M\j ) V ¥ : Fhon Cone. 0

Similarly, a decrease in pressure will cause an immediate decroace inall
gas concentrations. Why?

BE m! o VT e T

A change in pressure nght (not will) also result in a shift in the
equilibrium. An increase in pressure will cause more total collisions for
both the forward and reverse reactions, so both rates will increase.
However, the side of the reaction involving more gas molecules (or moles)
ReplT\ NG (see stoichiometrir) will increase to a greater extent,

causing one rate to be temporarily higher than the other.

Eg. “The Haber Process”: Nag) + 3Hze < 2NHsg)
An increase in pressure initially (immediately) causes all gas
concentrationsto _incveas e  thus inceeasi wd_ both forward and
reverse rates. The reactants possess more gas molecules reacting, therefore
the forward rate will increase more than the reverse rate, causing a shift to
the_ KIGHT side. Asthe system approaches equilibrium, the \
forward rate gvadmalls,  , while the reverse rate _graduall., T (""”:‘)

until they become equal again, albeitata __juo ey " rate.
Rate Graph:
N
RATES

L_ —> 12

T pressuce _h w3



In terms of concentrations of reactants and products, [NHs3] will initially
Ingvease , then gradually _\n(rease M9ve - overall
lnovease . [N2] and [Hz] will initially _1ncveace , then gradually
decvease 2 overall __inivease

A decrease in pressure will initially reduce all gas concentrations, and a
shift to the side with more gas molecules reacting will take place. More
specifically, a decrease in pressure _Jd¢creases both rates, but decreases
the _tTorword  rate more as it involves more gas molecules reacting.
Thus, the (¢ yenvce rateis faster causing a shift to the LE aln

As the system approaches equ1hbr1urn the forward rate Quadardiley 1

and the reverse rate 4 roduo U,u v until they become equal again at a
new equilibrium U

Rate Graph:

- .j

L " =
\p press L nng
In terms of concentrations of reactants/products, [NHs] will initially

;))\,_E'.-(-r' Lase , then gradually Aecreose wmere = overall
dlerense . [N2] and [Hz] will initially Adeveace |, then gradually
g LR SE S overall  deereace

eg. Why would an increase in pressure not affect the equilibrium of the
following reaction? Hag + COxg < H2Og + COg

What would happen to both rates? What would happen to the
concentration of all species?

'5) Eq\mfl weeles T rea Ch oo ater cide .
H\ both rodes wewld  jnazase : oy 2 ma,(:&w vu{’wa,@,b?
'“> A\/L L‘]c ? dume Tr e Fre%we owL«a

S ! 485
i bt ate i , Wo *M‘M‘L 4 clram L Uw SWit J

V
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Addition of an inert (Unreactve ) gas to an equilibrium system will
not affect the [reactants] and [products] AND will not _S i £t the
equilibrium (results in no increase/decrease in collisions between
reactant/product molecules).

Multiple-Choice Time-saver Hint: An increase in pressure will cause a

shift to the side with ___ | ¢ << gas molecules reacting (to lower
overall pressure in chamber - the counteraction). A decrease in pressure
will cause a shift to the side with gas molecules

reacting (to increase overall pressure in chamber - the counteraction).
Addition of an inert gas will NOT affect the equilibrium.

d) Addition of a Catalyst N
Catalysts speed up both the forward and reverse rates__ €4 wiily~ |
therefore __ NMaenr __ is favoured over the other and theré is

in the equilibrium.

Other important points to consider:

- Equilibrium shifts will only affect the concentrations of gaseous and
aqueous substances. Solids and liquids have maximized concentrations.
The amount of solid and/or liquid in an equilibrium reaction is affected by
a shift, but not the concentration. Recall that the concentration of a
liquid/solid is its density; if you increase its mass, you also increase its
volume (and vice versa).

- If solid or liquid is added to an equilibrium mixture, NQ shift will
occur;__¢avili briwmm w111 be maintained, since no concentration
change was introduced, only an amount change. However, if solid/liquid is
added (Surface Area for collisionsis _|ncxeate d ), then both forward
and reverse rates increase 64 waddy and

(v1ce versa if solid/liquid is reduced (S.A. is

decreased)) - thereforg, no

14




eg. Consider the following equilibrium:

NH:Cls) =~ NHs + HClg
Solid Ammonium chloride is added to the above equilibrium reaction.
What will happen to both the forward and reverse rates?

Forward Rate | Reverse Rate

A. | No Change No Change

@ Increase Increase enlmikl ound 5¢MK]W"$17
C. | Decrease Decrease

D. |Increase Decrease

E. Decrease Increase

REMEMBER: A shift to the right (favouring products) means that for a time the
forward rate is _ FASTER. _ than the reverse rate, and a shift to the left (favouring
reactants) means that for a time the reverse rateis_ FASTER  than the forward
rate. If the system is left undisturbed, the rates will eventually become even again,
signaling a new equilibrium.

Assignment 1: Le Chatelier Exercises (Arrow Diagrams — not to scale)

1)  2S0:2@ + Oz & 2SOs) AH = -192K]

Stress Shift | [SO:] | [0 | [SOs] | Fwd. | Rew.

Rate Rate
Increase temperature L Tt =T V= | MMM =1
Decrease pressure L VI [V W=l [V =y W=V
Inject more O2 R L= [ Te=T] <T=1 N=1 -1 1
Remove SO L VI=b | = ==y dt=d [ ==y
Add a catalyst — = . = T-=T 1=

Inject Ar()
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2.  AgCrOss + heat & 2Ag'ag + CrOs(ag
Stress Shift | [Ag2CrO4] | [Ag'] | [CrO4*] | Fwd. | Rew.
Rate | Rate
Add Ag>CrOu — = — | - ™~ =1
Decrease temperature L — R P P (7 N A R 2
Increase pressure — = - = ~ —
Decrease Ag*aq) R — Vi=y| = T=T ==y 7=V
Increase CrOsg) L - SR 70 TR T o S o WP
3. CHsg + 2H2S@) + heat & CSg) + 4Ha(g)
Stress Shift | [CH4] | [H2S] | [CS2] | [H2] | Fwd. | Rew.
' Rate Rate
Increase temp. B[ =L=u| =4y = T4 =14 tV=1] 111
Decr. Pressure R Yo=g | besd | bty | W=y YV = 4| UF=y
Add Catalyst — ~ — — — Ty 1-=7
Remove H R R A R A I e R R AR,
Decrease Volume | L TR I O O
4. COg + H:Op < COxg + Hagy AH=-41K]
Stress Shift | [CO] | [H20] | [CO:] | [H2] | Fwd. Rew.
Rate Rate
Add COxzp) " A e T | =Ry A T
Decrease temp. o=V =v=y|=Tet ==t l=y [ {P=1)
Remove H2O¢) Lo ==t W04 -] =424 ¥t= 4 | —d-
Increase volume | — [V==¥| ==y V=] V=hl-=4]| V-=V
Add Hag) L | =4=1 =T=1 ==y 1= -t=-1F | TL=1
Incr. pressure — e I | O e R | B R P
Remove COx) R A R A AR R e R A A R AR

Assignment 2: Hebden p. 54 #17-23

—q)ulz 1
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1) Equilibrium Concentration Graphs

Equilibrium concentration graphs show how a stress affects the
concentration of species in an equilibrium in a graphical manner, with
respect to [reactants] and [products]. Changes are to relative scale, unlike
arrow diagrams. Do not confuse with rate graphs!

Rules:

1) Solid and liquid concentrations always remain __ (01 5+ ox

2) Changes due to temperature are all 0\ ¢ o.dnal

3) Changes in pressure result in equal (in ratio (see rule 4 below)), rapid
changes in all gas concentrations initially, and then possible gradual
changes (based on stoichiometry).

4) Immediate changes due to pressure changes do NOT depend on
stoichiometry, but rather the initial molarity before the volume change.
The ot o of the change is the same (since Keq remains constant
during pressure stresses).

eg. double the volume of 3M and 4M solutions:

- Mo ' ‘
354 sm (dowv\>'H = 20M (dewn 2w

15m
bvd:' rato of l‘/‘\a«v\ﬁe SOML = d..oww Lv] hadf

—

5) Changes due to addition or removal of substances (gaseous and/or

aqueous) are first \mwmediote for that substance only, and then
(4 r a.douad for all substances, including the originally altered
substance.

6) Label your gradual concentration changes on your graphs using the
stoichiometry as your guide (eg. 1x, 2x, 3x, etc...).

17



RELATIVE CHANGES

Example: Graph the result of the stresses applied to the following

equilibrium system: 25025 + Oz & 2503p) + energy
a) increase in temperature c) add a catalyst
b) add SOz ‘ d) decrease volume

Use an arrow diagram to help (optional):

STRESS SHIET N (e,] Uses]
T demp. L R N A
t(s0,] R ty=1 —vsy =1=1
& fa"f;‘-\u.jg-g" . — = - | .
{ Voluwe R ty=t1 M=t et
A {/2;‘"'_ S

Os , | S—
[50:] \.2x F

A\ X
(01 1N s
& |
2x
2»
[SOz]
a b C d

Time where stress applied

i. Stoichiometry does NOT affect  |MMEDIATE  changes;
ii. Stoichiometry DOES affect _ GRADUAL-  changes.

18



Assignment 3: Draw concentration graphs for each.

1) 2Ce) + Oz & 2CO AH =-97K]
stresses: a) decrease volume c) add CO
b) add Oz d) increase temperature

2)  SOsg + NOg < NOzg + SOz2g + energy
stresses:  a) increase temperature c) decrease pressure
b) remove some NOz()

3) CaCOs ) + 2HFg < CaFa) + H2O) + CO2g
stresses:  a) remove some CaCOss) c) add HFg
b) increase volume

4) CHyg + H:Op < COg + 3Hzp AH = +50k]

stresses:  a) increase temperature  d) decrease volume
b) decrease temperature e) add something which reacts
c) decrease pressure with H20

Assignment 4: Hebden p. 55 #24-28

IV) Predicting Whether a Reaction Will Go to Completion, to Equilibrium,

or Not React At All '
Relies upon two fundamental principles:
i) Enthalpy (Heat): the energy in the system
An endothermic reaction displays maximum or increasing enthalpy
because energy has been gained.

N20: + energy < 2NO2

This equilibrium is endothermic in the forward  direction.
Therefore, NO2 has a larger enthalpy (PE — lower stability) than N20x.
Similarly, the above equilibrium is exothermic in the reverse direction
because energy is being re leased . Therefore, enthalpy is minimum
or decreasing in the exothermic direction.

Reactions naturally tend toward minimum or decreasing enthalpy,
meaning they tend toward the EXOTHERMIC direction. Why? |Lowes Eo

19
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ii) Entropy: measure of disorder/chaos
The universe is always increasing its entropy as there are many more
disordered arrangements compared to ordered arrangements.

eg. there are more ways for your room to be messy than clean.

MAXIMUM gases >> solutions (aq) >> liquids >> solids ~MINIMUM
ENTROPY ENTROPY

|
-

INCREASING ENTROPY

The side of the reaction possessing the most particles (moles) in the higher
entropy phase will be the side displaying maximum entropy.
Ag + Be & 2Ce + De

Maximum entropy is in the forword direction.
‘ Aw + By < 2Cop + Do
Maximum entropy is in the __ rey¥ S¢ direction.
A@g + B & 2Co + Do
Increasing entropy is in the revewse  direction.

Ag + Be < Cg + Dy
Increasing entropy is in the unable to predict direction.
* in the last example, it is beyond the scope of Chem 12 to predict which
species (reactants or products) exhibit greater stability.

Reactions naturally tend toward maximum or increasing entropy.

'So...to summarize:

Reactions naturally tend toward __ Minimwwi  or Jlecvias g
enthalpy and _ Moy imuwnwl or [ACVEAS: ng entropy. |
Making Predictions

1) Areaction will ‘spontaneously go to completion if the forward reaction
displays minimum or decreasmg enthalpy and maximum or increasing
entropy. ¥ arcom: ¥ thalpy
H2S040) + H200 = sto4<aq> + 1501<] M wrvou s T enbropy
deor enthalpy 5 |
BO‘H/\ o v WS Fuvwa.vi . e ‘}0 500379 Com .o{Q Hom. 20



2) A reaction will not occur if the reverse reaction displays minimum
enthalpy and maximum entropy.
C2Hz + Ca(OH)aq = CaCas + 2H200 AH = 185k]

—— ¢

3) A reaction will come to equilibrium if the tendencies toward minimum
enthalpy and maximum entropy oppose.
CoHsg) & CoHa + 2Hag AH=311k]
%.—
. ¢ \ WL B oW,
Assignment 5: Reaction Predictions + T1y p. 48 Qs 14-16.
State whether the following reactions will
(C) — go to completion ’—

u}li oS ,:. v W S

e Y

i IF 1* arrow: toward min. enthalpy
(E) —reach eqlﬂhbrlum 2™ arrow: toward max. entropy
(NR) — not react

1. 4NHsg + 5029 = 4NO + 6H:0p AH=+115k] —> _E
2. N2Ousg + 58.9k] = 2NOwy S _E

3. N2 + 3Hag = 2NHse & AH = +100k] NR

4. 2Bi**aq + 3H2S@) = BiSss + 6H*ag + energy 227 _E

5. CaCOs = CaOg + COxg + energy _C

6. Ci + H20@) = COg) + Hap) + energy = C

7. 2Agi + Cle = 2AgClsy AH=-254k] 2> B

8. 2H:O2aq) = Oz + 2H200 AH=-189k] =3 C

9. H:Og + Ci = COxg + Hz(g) AH = +31.3k] __"‘_’; E

10. 3C2Hag = CeHse + 143k] 2> E
" 11. NaOH@g + 2.4k] = NaOHg 2_: NR
12. 2Mge) + Ozg = 2MgOe) + 76k] &2 _E
13. CSa + 302 = COxp + 2502 + 66k] =— _E

14. A student predicts that the following reaction will go to completion. Do
you agree or disagree? Support your explanation with enthalpy and

entropy changes.
COp + H2Oqp ?¢<>? CO2g + Hag AH=42kK]
—3 ‘D\‘;&t&.vbt) N\H reach u!ll’o(-;{{w\.
6“%\04‘)‘;% i{)t’;fa wot S\JP@BY



15. For the following reaction, in which direction is enthalpy increasing? In
which direction is entropy maximized? Will the reaction reach
equilibrium?

2CsHiog + 1302 ?¢>? 8CO2p + 10H20() + Energy

'|) Reverse

"ﬁ) For wavrd
\'\i) No -

)

16. In order for a chemical reaction to go to completion, how must the
entropy and enthalpy change?

Entropy | Enthalpy
A. | increases | increases
(B.)| increases | decreases
C. | decreases | increases

D. | decreases | decreases

17. In which of the following reactions do the tendencies for minimum
enthalpy and maximum entropy both favour reactants?
3029 ?<3? 205 AH = +285k]

B. N2 + 3H2g ?<>? 2NHsg AH =-92K]

C. 2BrCl ?¢>? Brag + Clag AH=-29.3K]

D. CaCOsis ?7¢3? CaOp) + COzg AH =+175K]

V) Haber Process
The Haber Process for making ammonia (NHs) was developed by German
chemist Fritz Haber prior to World War . Previously, Germany was
receiving nitrates from Chile in order to make explosives (TNT). However,
these shipping lines were to be cut off once the war began. Haber
developed the process to make ammonia using inexpensive N2 and Ho,
which could then be easily converted into nitrates, and subsequently
converted into explosives.

N2 + 3Hze & 2NHsg + 92.4KkJ

22



What should the temperature and pressure conditions be in order to
maximize the NHs produced?

decvensed  temperature and __Inereased pressure
Problems with associated with these conditions:

Low MP = Slow rxn ralec ¥ ComPpomise = medium MP
(200 -400°c"

afogh! presswre = EXpemSive Q{.?uipw'uﬁﬂol v@im‘r-edg

What are two other things Haber did to maximize NHs production?

- Rdded cat Wé&‘l«-g't' :
- Lngfomd Ly ramoved NH, as 1 was ?Néi*“fd‘

A
[H2] G N2 <
N
N2 N>
N2 R - I
2
| /
e o
) / £
[NH;] > Pos
w1 b{ C‘L
lower higher remove ;
temp pressure NH;

Assignment 6: Hebden Read p. 56. Do Questions 29-30.
-1z L -
VI) The Equilibrium Constant (Keq)

A_K eq EeXPressiovy can be created by dividing the
[products] by the [reactants] in an equilibrium. The resultis a
ca_ Cons tont (no units requlred).
e.g. 2Hlg < I + Hag Keq = [products] = ﬁ_’]f”i
: [reactants] [H l:]g )
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If the equilibrium is disturbed, it will eventually return to equilibrium, and
though the concentrations of each substance may be different than they
originally were, the equilibrium constant value (Keq - the ratio of [products]
to [reactants]) will remain the same, UNLESS the disturbance is due to a
Teanp ta ot € change (in which ALL of the concentration changes

aite a@kmd ).

Effects of Changing Conditions on the Value of Keg:
Change in Concentration: ___\0__( haw 48

Change in Volume: M Chowmge

Change in Pressure: NG _Chow

Addition of a Catalyst: ho _cloma e

Change in Temperature: ___ (houpec Ko, (wnless At = O kd )

| 174
o

Because Solids and 124%5 e |ve 1w d s have constant

concentrations, they are not included in the Keq expression. When only one
liquid is involved in an equilibrium, it is _pure : when two or more

liquids are involved, they are _imp wve , and included in the Keq

expression. Therefore, only goses , 0queovs substamas, and

M puwe | \ﬂVV‘ s are mcluded in a Keq expressmn

Write Keq expressions for the following:
a) 2Hze) + Oz < 2H:0¢) iy

b) 3Sn%*aq) + 2POsPaq < Sns(PO4)2s) l

c) N2 + 3Hzg & 2NHs) #L,L o &] ui]: 3 i
N
d) 2N2) + 6H2g) < 4NHasg oy
| . ]
* dm reduce s W's \m ' LN
| ‘ | v k2 6
how 14’ wr.Hw, L A [H;]

‘H\W{ W0 t‘ir{/vg {Cu*{
\

\id .
’
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e) CaCQOs@)+ heat & CaOg) + COzp K“L _ L(/Oa] . [(/U;—]

\

Would the addition of CO2 change the value of Keq? _NU NO Would a
pressure change alter the value of Keq? M 0
Would a temperature change alter the value of Keq? _YES

Stress Shift | [CaCOs] | [CaO] | [CO:] | Fwd. | Rew.
B Rate | Rate
Add COz L = - == =T=1T4=1
Decrease volume L - - | M==| =TTt
Decrease Pressure R — - V= = | ==ty
Increase Temperature R = = "p=T -F'T =t T4:1
I

Assignment 7: Write Keq Expressions for the following reactions. v

2ICl) & g + Clag

N2 + Oz & 2NOg)

302 < 203

2Bi%*@aq + 3H2S < BixSsis) + 6H*ag)
CaCOsp) & CaOp) + COzp)

CaCae + 2H20) < CaHag + Ca(OH)z)
CsHsy + Br2gy < CsHsBrg) + HBr
Cup) + 2Ag g < Cu*ag + 2Age

. 4NHsp) + 502 <& 2H0E + 4NOg)

10. 2H2g) + Oz < 2H20q

11. 35n%**aq) + 2P0 g < Sn3(PO4)z)

12. 4FeSz2s) + 1102 < 2Fe203:) + 850a2p)
13. 2Nai) + 2H200 < 2INaOHs) + Hag)

14. CaCOse + 2HF < CaFas + COzg + HaOg)
15. 4NHs@q + Oz < 2N2Hag + 2H20g)

\°.°°.\1.°\.U't'>9°!\’r"

Assignment 8: Hebden p. 60 #31, 32, 35 abce
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The Size of the Keq Constant:

If the Keq constant is small (less than 1), thereisa L OWE K
concentration of products compared to reactants

If the Keq constant is large (greater than 1), thereisa _ H\GHER

concentration of products compared to reactants
in terms of the ‘pooling’ of reactants/products

Do the following reactions favour reactants or products?

a) 2HBr@ < Hzg + Brag Keq= 7.0x10% REACTANT S
b) CaHag) + Hag < CHsg Keq = 1.2 x 107 PRoDuUCT S
c) Si) + Ozg < SiO2g Keq = 2.0x 101! REACTAWTS

For the following reaction:
Hag + Fa < 2HF(
a) Write the Keq expression. The Keq=0.25

Key - 0.25. Lwel”

b) Write the Keq expression and find the Keq for this reaction:
2HF@g & Hag + Fag

vy wIeT - |
feq - el = IL,L.O |
v [H’F] 0.25% 7

c) Write the Keq expression and find the Keq for this reaction:
2Hog + 2F2g & 4HF(g

26



VII) Temperature and the Keq Constant

Remember: An increase in temperature increases both reaction rates, but
increases the ___evndothermic reaction more (ie. an increase in
temperature favours the _endothesmic reaction). A decrease in
temperature decreases both reaction rates, but decreases the

endother mic reaction more (ie. a decrease in temperature
favours the __exother mic reaction).
If there is a shift to the right due to temperature change, then the ratio

[products]/[reactants] will __increase and therefore the Keqwill
INSreose
If there is a shift to the left due to a temperature change, then the ratio
[products]/[reactants] will _decrease and therefore the Keq will
decrease.

If the temperature is decreased in the following system, will Keq increase or
decrease? Explain. (
2HIg < Hag + g AH=+500Kk]

Wlbw\p- VY = both rates {4 = ando H\wd\) v MRre = vreverse rode
Shft (D = Eﬁi V= | Kew U ]
Te] Lo V]
Given the following equation and data:
XY + ZM & YM + XZ
Keq = 60.0 at 300°C
Keq =45.0 at 500°C
Is the forward reaction endothermic or exothermic? Explain.

?J'W\P = Ku‘, = N %’% = skl (L) S reusse

A Yesier,

u | | A T rewwse
1 'RM() D poth rates T = ndo. T meve .



Assignment 9: Temperature and Keq Exercises

1. Given the following equation and data:
CB + R < CBR
Keq=12.0 at 200°C
Keq =20.0 at 300°C
Is the forward reaction exothermic or endothermic? Support your
answer with explanations.

1\ J‘OMP = 1\ KaL => T EP] '“’; 5%‘*1‘,@ ~> 'Q\Md. 'C"LSW

Tdemp. =5 T both rates -> Tendo wove €L

} 1yt C )
,j\,ﬁ./‘l‘
-’CM'A

2. Given the following equation and data:
CHayg) + 2H2S) < CSag + 4Hap
Keq =1.0 x 102 at 500°C
Keq=2.4x103 at 800°C
a) Is the forward reaction endcthermic or exothermic? Explain.

Tewp = U Kag = U > shift® = revese faster
i) k/mp < hoti rates 1 “” ods T owere, & r’;vusc 15 emdv

N wd .
b) What effect will increasing the [H2S] have on the value of Keq? \ exy w—'{v’\*—f"

NoN&E (qua deanp . Chamses aflect Kaq,\

3. For the following reaction:
COzp + Hog & COw + HaO AH =-96 k]
What effect will decreasing the temperature have on the value of
Keq? Support your answer with explanations.

\l/ -lwa@ = bbo th ratkes || = eo (re,vusc) I woe = orward dasier =
. [P]
it @ > |

Assignment 10: Hebden p. 62 #36-41 and #44-46 -

QUl% 5 -
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VIII) Type I Keq Problems

1. For the following reaction:
2502p) + Oz < 250s3(g)
Equilibrium concentrations were measured to be as follows:
[SOz] =2.0M, [Oz] = 0.50M, [SOs] = 1.6M

Calculate the value of Keq.

. Gedt () . [13]
Gl lo) (07 (o)

ho wmts ’

Keq

2. A 2.00L vessel at equilibrium contained 0.750mol CO, 0.276mol H20,
~ 0.600mol CO, and a Keq = 0.986. Calculate the moles of Ha at
equilibrium.
COg + H20p) < COsg + Hag

[CO]' "'\To/_ 20 el = 0.33s M (O [‘U«’z} w2 = 0.300 M (0,

2.00 Lo 2.00L
(” O] 023wl hizgm W0
‘ 200\.
RN
0 - i _
r [w]ln,0]
Tle K 610 (1) o e (w000
Y(/oy] 0-300 M
= 0 R M

mols M= (00 w) (2001) = 0340 wel B,



Assignment 11: Type I Problems

1. For the following reaction at equilibrium:
CHsg + H20p) < COg + 3Hxg

[CH4] =0.600M  [H20]=0.060M

[CO]=0.200M  [H2]=0.700M

Calculate the Keq for this reaction. Are the reactants or products
favoured?

2. For the following reaction at equilibrium:
Axg) + By & A + ABg)
a) Write the equilibrium expression.
b) Calculate the [A] if Keq = 1.5 x 103, [A2] = 2.5 x 10M and
[AB] =1.2 x 10“M.
c) Predict the effect of removing some ABg) on the value of Ke.
d) For this reaction, are the reactants or products favoured?

3. For the following reaction:
COw + H200n <& COxg + Hag
At equilibrium in a 1.0L container, 0.020mol of CO, 0.010mol H20, 0.030
mol COz, and 0.010mol of H2 are present.
Calculate the Keq and state whether reactants or products are favoured.

4. For the following reaction:
COw + 2H2 < CH3OHg Keq=1.00
At equilibrium in a 2.0L container, 0.420mol CO and 0.100mol H2 are
present. Calculate the number of moles of CHsOH present.

5. A 4.00L flask contains 6.00mol NOz), 3.0mol NO), and 4.0mol of Oz at
equilibrium. Write a balanced equation and calculate the Keq for the
reaction in which NO reacts with Oz to produce NOs.

6. Consider the following reaction:

30



N2 + 3Hog ¢ 2NHosg
An equilibrium mixture of these gases in a 2.0L container contains
0.10M NHs, 0.440M N2, and 0.080M H2. What is the Keq ?

7. For the following reaction at equilibrium and data:
N2 + 3Hzg < 2NHsp

[Na]eg M) | [Ho]eg (M) | [NHs]eq (M)
Trial 1| 0.200 0.400 0.500
Trial 2 ? 0.300 0.600

Find [Nz] in Trial 2.
8. Do Hebden p. 71 #56.

IX) Type II Keq Problems
1. At a certain temperature, a mixture of H2 and I was prepared by
placing 0.100mol of H2 and 0.100mol of I» into a 1.00L flask. At equilibrium,
the > concentration dropped to 0.020M. Calculate the Keq. ™ol = M (1oL contaim)

Hag  + Ly 2HI) *C"”“M w] sighgs!
Initial O.\00M O.100 M OMm ‘
Change - 0.0%0 M - 0.030 M + 0.6 M
Equilibrium D.020 M D.020M D.16 M
X, Sfo i i omv@r.] céow,mg, Hal  chhan 5 : “

Ky DL (016)° bM
arei S Gl
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Ass\' nwment Wl o Type T Problewms
3 ,

(.4 > |

I ey = [:(,o] [H;T (o. zoo)(o.‘-‘moys :
% — D .
- = [.9 .. PRODUCTS

[cuﬂ[}\zo] (0-¢00) (0-060) * FAVOURED

2.0 Keq = __EA] [AB;I_ SEERTY O{%) (A.] (\.suo“)(zsuo"'m)
[A) (Al Ul2xio"
‘&_]_:-__‘ 3.0 x102 M |

¢) NO EFFECT d) Lexlo* < | ' REACTAMIS FAVOURED

3, mol = M (m o 1.0 L CO-dw‘w)
: H, f '
KUV [C/Os][ ] ) (0.05Q)(0.0l O) i } l_ 5y )0—2] REACTANTS

[(‘,0] - 0.020 FAVOURED
4. 0.420 wo
Leo] - ;fL - 0.210M w7 01“’::‘" . 0.050M
‘4% z [C/\"HOH] - = 5 E“aQH] = (K%> [CD]CH;}L
[Coj C”‘*j :(\,oo\)(O.Z\o\) (0'05031

= §.25 x |lo™" ™M

wmol CH,OH= MV = (’5~2-5 x 1o~ M)(Z-D L) =U.\ x 1673 mel

' N '.M 3.00 me
5. B Tooo - \som [l g0t oM [ Lt;iowtl. : 1.0 M
oy Oy = 2N, Kqo Ll (sor

S CIN Y, Bre] * it 132
INJO]E 5 (0 wo)(o.090)*
3 No domp. change o Koy romans unchanged |
Triak 1: }(% (0.500)" .

G luu)(O 400\! E

Triadk 20 14.53) - 0600) (N ] '\vail) m\

v, ] [o 300)’




2 Nag + 3Hag < 2NHsp
Given: [N:]i=0.32M
[Hz]i = 0.66M
[NHs}i = OM
[Hz2]eq = 0.30M
Calculate the value of Keq.
N2y + 3Hyy & \ 2NH3s(g
I 0.32m 0.66 M OM

C -0.42M -0.26M + 0.24 M

E ©O.20wm 0.20 M 0.2v% M

Ky = _[wd" _MCO‘7’4>L
AL N D (R0

T |

Assignment 12: Type II Exercises; Also do pp. 70-71 Qs 47-49, 57.

1. 0.0740mol of PCls) was introduced into a 1.00L container and
- allowed to come to equilibrium. |
PCls) < PClsg + Clag)
At equilibrium, the [PCls] = 0.0500M
a) What is the value of Keq for this reaction?
b) What is the equilibrium [Cl2] and [PCl5] ?

2. A mixture consisting of 1.00mol COg) and 1.00mol H2Og,) is placed
in a 10.00L container. At equilibrium, 0.665mol COxe) and
0.665mol Ha) are present.

COwp + H2Op < CO2g + Hg
Calculate the Keq for this reaction.
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3. When 1.00mol of HBr is placed in a 1.00L flask, the following
equilibrium is achieved:
2HBrg <& Hag + Brog)
At equilibrium, 0.140mol of Hz is present. Calculate the Keq.

4. A 5.00L vessel was initially filled with 6.00mol SOz, 2.50mol NO,
and 1.00mol SOs.
SOz + NO2) ¢ SOz + NOg)
At equilibrium, the vessel was found to contain 3.00mol SOs.
What is the Keq for the reaction?

5. 0.50mol of NOCI was introduced into a 1.0L flask and allowed to
come to equilibrium:
2NOClg ¢ 2NOg + Clag
‘At equilibrium, there was 0.10mol of Cl.. What is the Keq ?

- vz Y -

X) Type III Keq Problems

1. Hog + Iz & 2HIg Keq=55.6
[Hz]i = 0.200M, [L]i = 0.200M
What is the equilibrium [HIJ? '

| Let x = ALK ]
Heg + L << 2HIg
I O.2zoumn Q.2000A Ot

C - - v 2>

E 0.200-x 0.200-1T 22

ey, - ] - 55.4 = (=) 7 |3 = qHsesvy
[A;J[l.»] ((0.200—1{:)? xL = 0. !giq o

FTusesy = 2x S YH']‘—ZL'-tiﬁ‘;‘S:M

0.200 -



ASs\anMt |2 - ’r\;pe/ Exercises

{
Ir PC/Qg(S) — PC/@ Cq) + CQ?— (‘]) VV\O[ < M (IOL Cov\.*cs.ivu,l;
' 0.034oM o o
c - 0.0500 +0.0500 + 0.0500
E o0.02v0 0.0500M 0.05co M
e ’4 = 0.0600)( 0.0500
) 67 “(——— >( > s {OJOL‘- = |.04% «x o~
0.0140 -

L) [C‘QL]"; 0.0S00 M CPC,@;]%: 0.02%0 M

2. o 1,00 wol 1,00 mol co : ALY O .
[ ] 10.00L 0.100 M [H’O] lo.oo L = O-tco M [ z]“’l .00 L - O-0K5M
5 [[.].’ B 0.665 ml
CO(‘!) ! H10(9) — C/Oz(” + HL(e) ,Jo‘ lb.opL. = 0:066SM
\ O.loom 0.100M o o
¢ -0.0bb% -0.066< +0.066¢  +0.066%
E  0.033% 0.033S 0.06bSM 0.066TM

S

2 Z svq fas

K% = (0.0605 ) 35

o : = « 9

(o.oaag) /

3. Mol = M (\-OL C,on“o.inu'>

2 HE"U}) ::-—A HL(,)4 B'z 1) ‘Ke’ = [-“1—] [B'J ) !D.lQOY

¢ - 0,280 10140 +0.40 -
E 0.32M O.14om  O.1%0m ' : O 03%
4. [s0,) = 00 =l . 2.50 mel S0y |, = Lo0wsl
[ “] S-OUL = l'zOM [NOZ—] - S-DDL - OASOOM ( 3]l Q.DDL = D.ZDO M
SO2uy* NOy gy —=—— SOy * N Oy E";j . 3.00ml
t }.20m 0OSooM D.200M oM soorL ° 0.booM
. -0Moov -DMOOM +0.Yo0 +0.400 K . Colvoo)iio o6
E 0.30Mm D.iooM 0.boOM  0.YooM “1 (Co %350 lOD; :l S.OJ

5. melz M (\.OL M*Mhﬂ) Zl\‘ou(g) ‘-_—'—..-__---> ZNO(” & ux(!)
' 0.50 M 0 0 K“V" (0.10)(0:20)"

¢ -~0.20M +0.20 +0.0 (0‘3071

E ( 0.20 M 0.10M -
e [= 410




2. CO(g) + H?_O(g) = COZ(g) + HZ(g) I(eq =4.06
[COJi = 0.10M, [H20]i = 0.10M
What are the equilibrium concentrations of all species?

Let x = A[w]
COp + H0p << COxag + Hap
I O.loM ©O.ioM oM O M
E D0 0.0 -x p2 x*
2
. Leo 10w, - z 2z
) [?_’1‘_:_11 = B0, = , = 20149 = T
(eo1TH0) O lo-n) —
Ly EUD] (] - ooeqﬁ
0.2014q = P, 0149 ¢ r"_—‘”
X = 0.066%3 [‘"’] (+.0]]- 0.10 ™
—s.oaml " 0. oessaM

5. L3I M
3. A certain amount of H20 was placed in a 2.00L closed flask. When

equilibrium was reached, the [Hz2] was 0.500M. If Keq=16.0 at this
temperature, how many moles of H.O were originally placed in the

flask?
+ - ,O0 1.
2H20(,g) L= 2H2(g) + Oz(g) L'/ [:H ] \
I x », O
C -o0%00M +0.500M  +0.2C0 M

E %-0%00M 0.5oo0M D.avo M

g > 1e0= D] 'Lo ] L 160 = (0500)” (o250)

Yﬂyﬂj x - 0.500
> (x - O.wo)l-. (o.:;:)o(o.m) $>' (i‘ 0S®Q)= 0.0039062%

L-0.500 = 0.0625
~ x = [W0)i = 0.5625 M
pol= MV = (0.Se25M)(2.00L): l L3 wel 505



Assignment 13: Type III Exercises; Also do p71-72 Qs 52-53, 58, 60-66

1.

For the following reaction:

Hog + COze & H2Og + COg) Keq=0.771
If 0.0100mol of H2 and 0.0100mol of CO2 are mixed in a 1.00L
container, what are the concentrations of all substances at
equilibrium?

. For the following reaction:

2IBrg < Ixg) + Brag) Keq=8.5x 103
If 0.0600mol of IBr is placed in a 1.0L container, what are the
concentrations of all three substances at equilibrium?

. For the following reaction:

FeOs) + CO@r < Fei + COxg Keq =0.403
If 0.0500mol of CO and excess solid FeO are placed in a 1.00L
container, what are the concentrations of CO and CO2when
equilibrium has been attained? '

For the following reaction:

2HClg) < Hag + Clag Keq=4.00
An unknown [HCl] was added to a 2.00L flask and allowed to
reach equilibrium. Atequilibrium, [Hz] =0.200M. How many
moles of HCl was originally placed in the flask?

. For the following reaction:

N202) + Hag & N20@ + H20) Keq=1.00
If 0.150mol each of N20 and H20 are introduced into a 1.00L
flask and allowed to come to equilibrium, what concentration of
N20: will be present at equilibrium?
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XI) Type IV Keq Problems

These problems use a TRIAL Keq (‘Q" in Hebden), which is used to test if
the present (‘person-made’) conditions indicate the existence of an
equilibrium, or if a shift in a certain direction still has to occur for the
reaction to attain equilibrium. If a shift must occur, the relative magnitude
of the TRIAL Keq, compared to the actual Keq, can be used to determine
whether the shift will be to the right or to the left.

1. Is the following reaction at equilibrium? If not, in which direction must
the reaction shift to reach equilibrium?
COp + HOpy & COxgy + Hag Keq=10.0

0.80M  0.050M 0.50M  0.40M
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2. The following reaction occurs in a 2.0L contamer: (fud . facter.
Brag + Clyg < 2BrClyg Keq=3.2x 10?2
Quantities of gases were found to be as follows:
Br2=0.60 mo], Cl2=0.80 mol, BrCl =2.20 mol
What will happen to the [Br:] as the system approaches equilibrium?
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1. For the following reaction:
2HF g < Hog + Fap) Keq=4.0
Predict the direction in which the equilibrium will shift when the
following systems are introduced into a 5.0L vessel.
a) 3.0mol HF, 2.0mol Hz, and 4.0mol F2
b) 0.20mol HF, 0.50mol Hz, and 0.60mol F2
¢) 0.30mol HF, 1.8mol Hz, and 0.20mol F2

2. For the following reaction:
203 < 302y Keq=75
Predict the direction in which the equilibrium will shift, if any,
when the following substances are introduced into a 10.0L.
container?
a) 0.60mol Os and 3.0mol Oz
b) 0.050mol Os and 7.0mol Oz
c) 1.5mol O3 and 0.20mol Oz

3. For the following reaction:
Hzg + Cly < 2HClg Keq=0.15
Equal moles of each of the three gases are in a 1.0L vessel. What
direction will the reaction shift in order to reach equilibrium?

4. Consider the following reaction:
2502 + Oz < 2503 Keq=75
A student places 0.50moles SOz, 0.080mol Oz, and 1.0mol SOs into
a 1.0L flask. The student predicts that the [SO:] will decrease as
equilibrium is established. Do you agree with the student’s
prediction? Explain using appropriate calculations.



5. Consider the following reaction:
2Ces + Oxg < 2CO Keq=1.20 x 102
If 2.0mol C, 0.800mol Oz, and 0.600mo! CO are placed into a 1.0L
flask, in which direction will the equilibrium shift in order to
achieve equilibrium? What will happen to the [C]? Show all
calculations.

6. Type Il & Type IV hybrid question ©
Consider the following reaction:
N2 + Oz < 2NOg) Keq=1.20 x 104
If 0.060mol N2, 0.060mol Oz, and 0.00025mol NO are mixed in a
1.0L container, in which direction will the reaction proceed in

order to achieve equilibrium? What will be the equilibrium [Nz],
[O2], and [NO] ?
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