Big |dea #6

Big Idea 6: Any bond or intermolecular attraction that can
be formed can be broken. These two processes are in a
dynamic competition, sensitive to initial conditions and

external disturbances.



Enduring Understanding

* 6.A: Chemical equilibrium is a dynamic, reversible state in which rates
of opposing processes are equal.

* 6.B: Systems at equilibrium are responsive to external disturbances,
with the response leading to a change in the composition of the
system.

* 6.C: Chemical equilibrium plays an important role in acid-base
chemistry and in solubility.

* 6.D: The equilibrium constant is related to temperature and the
difference in Gibbs free energy between reactants and products.



Reviewing concepts

* What is an equilibrium constant and
how do | write out the expression.
* K=[P]/[R]
* Tracking concentrations. Pure solids

and liquids do not have a
concentration.

* All K values are temperature dependent

e Use coefficients to write out
equilibrium expressions
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Solubility Equilibrium - Ksp

* Ag,50, < 2Ag* +5* * Notice the difference:
* Molecular equation
* Ksp = [Ag*]?[S*] o AgNO, . + Na,S o < AgSy + NaNO,,

* |onic equation
e — * Ag*+NO;?! +2Na*+S2 < AgS,) + Na* +2NO;?

1 |  Net lonic
IF ] Eaz+ F ”}? |- [CEIE-'-] — '.':CEIFE o Ag+ +2S2 & Ags(s)
t /5 o 1
B F i
R ety F 1=20C
;FI;:a ”; CEEJ' [F] CaF,
B e e




Given Equilibrium concentrations determine K

* Ag,S) < 2Ag" + S%- * Given the molar solubility of Ag,S is .005M
at some temperature.

* Ksp = [Ag*]?[S?] * Be able to draw a picture of such a solution
* Determine the concentration of each ion.
* Determine Ksp.



Draw a picture

* Notice:

* Very often Relative Sizes are
important

e we have ratios of 2:1 in the
solution

e Solid on the bottom so
solution is saturated




Concentration and Ksp

* Ag,S <& 2Ag* +S* * Ag,S < 2Ag" +S*
* 0.005M is dissolved
* Ksp = [Ag*]*[S*] . [Ag*] = .010M

* [S*] =.0050M

* Ksp = [.010]?%[.0050]
* 0.00000050M



Reaction Quotient: How much can dissolve?

* Ag,Si) & 2AgT + 5%

* Ksp = [Ag*]*[S*]

Remember Ksp represent Max solubility.

[Ag*]?[S*] = can not exceed K (only so
much room)

Questions:

* |f some lons are already present, how
much more room is left?

e |f stuff is mixed together will the
maximum be reached causing
precipitation?



If some lons are already present, how much more
room is left? (common ion effect)

* Dissolve Ag,S in an aqueous solution of
.5M Na,S

* Ag,Si) & 2Ag"T + 5%

| - 0 .5

S - +2X X

E - 2X 5+X
Ksp = [2x]?[.5]

Solve for x.

* Ag,Si) & 2AgT + 5%

* Ksp = [Ag*]*[S*]



If stuff is mixed together will the maximum be
reached causing precipitation?

* Note: If you are mixing volumes than you will need to recalculate new
concentrations with new larger volume. (M = mol/l or MV, = M,\V,)

* Mix together 50mL of .1M Na,S and 50mL .01M AgNO,

 Answer: Calculate Reaction Q. Substituting in new concentrations and
compare to K.

* New Concentrations: In this case volumes are doubled so
concentrations are cut in half.

e Q =[Ag']?[S?] =[.05]%[.005] =.0000125 Compare to K
* If Q > K then reaction will precipitate



Kc vs Kp

* Write out the equilibrium expression for the following reaction using
pressures (ATM) instead of molarity.

Xis) T 2Y(aq) & £y + 2Wy
Kp = p(w)?



Can you convert Kc to Kp... yes
I

* This equation is no longer
available on the AP Exam. Relating K_ and K, +
* Note: If An =0 then Kc = Kp e Equation: (on formula sheet)

K,=K,(RT)™

) EX: e Where An = moles of gaseous products — moles
° Xg + Y(S) P Z(g) of gaseous reactants

* Moles of gas are equal

* Kc=Kp



Acid Base equilibrium

e Strong vs. Weak
e Strong acids go to completion — no K value is needed.
* Weak acids go to equilibrium — K is needed.

ALL K VALUES ARE USED WITH THE SAME CHEMICAL REACTION: HYDROLYSIS
HX 2y + H20() < H30% o + X+ (g Ka = [H;0*][X-1/[HX]

(aq)

X-(aq)+ H20() < OH (51 + HX () Kb = [OHI[HX]/[X]



Determine pH or [H*] or [OH"] from?

HX(aq) + HZO“) & H3O+(aq) + X- (aq) Ka = [H;07] [X-]1/[HX]
I - 0
S -X - +X +X

Notice:
* Anytime you want a K value you must have all E...
* Give | concentrations Find H,O0* = pH
* Give pH = H;0" determine K value



Vaporization equilibrium




Hyg) + Lig) & 2HI()

7. At450°C, 2.0 moles each of Hy(g), I,(g), and
HI{(g) are combined ina 1.0 L rigid contatner.

The value of K, at 450°C is 50, Which of the

following will occur as the system moves toward
equilibrium?

A) More Hy(g) and L(g) will form.

B) More Hi(g) will form.
C) The total pressure will decrease.

D) No net reaction will occur, because the
number of molecules 1s the same on both
sides of the equation,

Determine the answer

(
(B
(
(



Hyg) + Lig) 2 2HI(g)

7. At450°C, 2.0 moles each of Hy(g), I,(g), and
HI{(g) are combined ina 1.0 L rigid contatner.

The value of K, at 450°C is 50, Which of the

following will occur as the system moves toward

equilibrium?

(
(B
(
(

A) More Hy(g) and L(g) will form.

B) More Hi(g) will form.
C) The total pressure will decrease.
D) No net reaction will occur, because the

number of molecules 1s the same on both
sides of the equation,

The reaction will shift to
equilibrium based upon Q
= K.

Q=(2)°/(2) *(2) =1

Q will need to get bigger
which is a shift to more
product! >

B IS correct



Very common set of

Questions 14-17 refer to the following. q ye St | ons...
pH VERSUS VOLUME TITRANT ADDED
14 g 14, Atpoint R in the titration, which of the following
’ Y species has the highest concentration?

Z } A) HA
/{?T/ B) A7

4
210 )
0.0 200 400 600 80.0 100.

Volume (. 100 A NaOH Added (iml.) {B} ﬂH_

F

A 50.0 ml sample of an acid, HA, of unknown
molarity is titrated, and the pH of the resulting
solution is measured with a pH meter and graphed as
a function of the volume of 0.100 A7 NaOH added.



14, Atpoint R in the titration, which of the following

OQuestions 14-17 refer to the following. species has the highest concentration?

H VERSUS VOLUME TITRANT ADDED> 4

p.]_ . k}ﬂ HiA (s
i2 B st . -

U BlA

[0 / :I

s [ () B0

=6 j 3
4 (D) OH

r ST

210
%.0 20,0 40.0 60.0 80.0 100,

Volume 0.100 M NaOH Added (ml.) At (" S” A — A—

A 50.0 ml sample of an acid, HA, of unknown
molarity is titrated, and the pH of the resulting SO R h dS maore H A

solution is measured with a pH meter and graphed as
a function of the volume of 0.100 A7 NaOH added.




Which of the fofloming is the best particulate

repeesentation of the species (ocher than I, (0 that

41 preseed i Sigaiicant concenirations m the

sohtiom af peant £ in the tiratice?

& ©

(x) &

Big Idea 3: Reactions
Not an equilibrium
guestion but goes along
with this set so it is

included.
&) @@Q
()




At point U, All HA has

Which of the foflowing is the best particulaiz been converted to A- and
representation of the specias (other than H,0) that - €xcess OH™ s starting to
ar2 preser n significant concentrations in the build up.

solistion af pednt §F in the tiration? / B Is correct

v ®g®@ A
®@ Na““®
& SO RO




Big Idea 6

Questions 14-17 refer to the following.
pH YERSUS VOLUME TITRANT ADDED>»

14 — 16. At which pomt on the titration cutve 8 [A7]

P

o I closest 10 bvicethat of [FA]
* i

L B{

4
210

. 0
0.0 200 40.0 60.0 80.0 100. ,
Volume 0. 100 M NaOH Added (ml.) (D}

———

o

C~ —3 T

A 50.0 mL sample of an acid, HA, of unknown
molarity is titrated, and the pH of the resulting
solution is measured with a pH meter and graphed as
a function of the volume of 0.100 M NaOH added.



Big Idea 6

16, At which pomt on (he titraion curve is [A']
closest 1o twice that of [HA}?

Questions 14-17 refer to the following.

pH YERSUS VOLUME TITRANT ADDED>»

'
AR
s B [
2 e’ B) S
1o r ————
8 C T
e
6 } U
L
4
/R-’E.T/
210
% 0 20.0 40.0 60.0 80.0 100
Volume 0,100 M NaOH Added (ml.) Again, One should know that S is half equivalence
A 50.0 ml sample of an acid, HA, of unknown so at S HA = A" To answer that question T is the only
molarity is titrated, and the pH of the resulting Logical choice. The arrow | have added is where all HA
solution is measured with a pH meter and graphed as Is gone.

a function of the volume of 0.100 M NaOH added.



Big Idea 1

Questions 14-17 refer to the following. 17, A student carries out the same fitration, but uses
p.ﬁ VERSUS VOLUME TITRANT ADDED an indicator instead of a pH meter, If the indicator
12 s — changes color slightly past the equivalence point,
”; what will the student obtain for the calculated
B ﬁ concentration of the acid?
4 /’?‘T/ . .
210K (A) Stightly less than 0.0800 M
50 200 400 600 800 100, [B) ) Ig 1L}’ more than 0.0800 M
Yolume 0. 100 M NaOH Added (mml.) . ;
(C) Slightly less than 0.125 M
A SO.Q mL s_amplc of an acid, HA, of unkn9wn .
o e et D e e a5 (D) Slightly more than 0.125 M

a function of the volume of 0,100 A NaOH added.



Big Idea 1

Questions 14-17 refer to the following.

pH VERSUS VOLUME TITRANT ADDED
14
i2 Y ettt N

17
0 -

4
20
O

0.0 20.0 40,0 600 80.0 100,
Yolume 0. 100 M NaOH Added (mml.)

A 50.0 ml. sample of an acid, HA, of unknown
molarity is titrated, and the pH of the resulting
solution is measured with a pH meter and graphed as
a function of the volume of 0,100 M NaOH added.

17. A sludent carries out the same tifration, but nses
an indicator instead of a pH meter, If the indicator
changes color slightly past the equivalence point,
what will the student obtan for the calculated
concentration of the acid?

(A) Slightly less than 0.0800 M

(B) Slightly more than 0.0800 M (e
(C) Slightly less than 0.125 M

(D) Slightly more than 0.125 M

This is a proportional question: Notice it takes 50 mL of unknown
HA to reach equivalence with 40 mL of NaOH.

Moles are equal/Larger volume =.08 and not .125

Error occurred causing more moles to be added which raises the 0.08
To a value of larger then 0.08
B = the answer



2. Callite (G, N0, i wedk bis il K, Determine the answer

yalu of 4 107, The pH of 2 0.01 4 selution of

cafeine 15 in the range of



You can do all the math
but this is a weak base
and therefore there is

12, Calleme (CH N0y} 18 & weak base with a K, inly 3 de rHaﬂgfe that y
yalu of 4 107, The pH of 2 0.01 4 selution of neiuaed pr o .a wee
base. Answeris D
cafeine 15 in the range of

See next slide for
D) 1112 calculation.



Mathematical justification for answer A

12, Calleme (CH N0y} 18 & weak base with a K,
yalu of 4 107, The pH of 2 0.01 4 selution of

cafeine 15 in the range of
A

B
C

D

———— g —

|
|
)

1

[ e

-3

““‘“i

-4
-1

)

* X+H,0& HX+ OH-

| .01 - 0) 0)
S -X - +X +X
E .01 —x X X
4E-4 = X?/.01

Lets do the math... no calculator
.04 E-4 = X? or .000004 = x?

X =.002 (.logof.001=3and we are larger
so we will be more basic. Although very
close 2.68 is still must be less than 3. and
this is the pOH so the pH is nearly 11

Answer is D



PCls(g) <2 PCly(g) + Cly(g)

30. As the reaction progresses loward equilibrium, the
PCls(g) decomposes into PCly(g) and Cl,(g) fﬂlﬂ ﬂf {hﬂ fﬂ[Wﬂfd fﬂﬂﬂﬁﬂ'ﬂ

according {o the equation above. A pure sample of
PCls(g) is placed in a rigid, evacuated 1.00 L

container. The initial pressure of the PCly(g) is {A} iﬂﬂrﬂﬂﬁﬂﬂ- Hﬂﬂl il bﬂﬂ[}m thf: SAME 48 [hﬂ
.00 atm. The temperature is held constant until ' o R

the PCli(g) reaches equilibrium with its EVEISE I'ﬂ&[:tlﬂﬂ rﬂtﬂ it Ethhmﬂﬁ o
decomposition products. The figures below (B) stays constant before and afler equiltbriom 15
show the initial and equilibrivm conditions of the

system. I'Eﬂﬂhﬂd

(C) decreases to become a constant nonzero rate
at equilibrium
= 140 atm (D) decreases to become zero at equilibrium

PCls, PCl,, and Cl,

P

Leal

Figure 1; Initial ligure 2; Equilibrium



PCls(g) <2 PCly(g) + Cly(g)

30. As the reaction progresses loward equilibrium, the
PCls(g) decomposes into PCly(g) and Cl,(g) fﬂlﬂ ﬂf {hﬂ fﬂ[Wﬂfd fﬂﬂﬂﬁﬂ'ﬂ

according {o the equation above. A pure sample of
PCls(g) is placed in a rigid, evacuated 1.00 L

container. The initial pressure of the PCly(g) is {A} iﬂﬂrﬂﬂﬁﬂﬂ- Hﬂﬁl il bﬂﬂ[}m thf: SAME 48 [hﬂ
.00 atm. The temperature is held constant until ' o R

the PCli(g) reaches equilibrium with its EVEISE I'ﬂ&[:tlﬂﬂ rﬂtﬂ it Ethhmﬂﬁ o
decomposition products. The figures below (B) stays constant before and afler equiltbriom 15
show the initial and equilibrivm conditions of the

system. I'Eﬂﬂhﬂd

mmmmm) (C) decreases to become a constant nonzero rate
at equilibrium
PCls, PCl,, and Cl e 4
P = a0 aun (D) decreases to become zero af equilibrium

Figure 1; Initial ligure 2; Equilibrium



Questions 29-33 refer to the following.

PCls(g) 22 PCly(g) + Cly{g)

PCls(g) decomposes into PCly(g) and Cly(g)
according to the equation above. A pure sample of
PCls(g) is placed in a rigid, evacuated 1.00 L
container. The initial pressure of the PClg(g) is
I.00 atm. The temperature is held constant until
the PClq(g) reaches equilibrium with its
decomposition products. The figures below
show the initial and equilibrium conditions of the

system.

]}CIS, PCIB:. and Clg

P = 1.40 atm

Lesin

Figure 1: Initial Ligure 2: Equilibriumny

32, Which ofthe fllowing steements about £, te
equilibrium constant for the reaction, 15 comect!

(D) It cannot be etermined wheher K>,
K< L or KP = | without addtional
informatton,



32, Which ofthe fllowing serents about £, the
equilibrine constant for the eaction, 1 conect?

Kp = p(PCl;5)p(Cl,)/p(PCl5)

(A] K > l Think: What would it look like if
P PCl; < PCl; + Cl,
B) K <] e SR
E 1-x X X
(C) KP -1 Kp = x?/1-x

(D) It cannot be determuned whether K > 1, orieinat pressure -
p 1-1.4 = .4 difference

KP<L o Kp = | without additiona! Al pressures = 1.40
informatton,




33

(A)

M

Addiional Cldg) is injected imto the system at

equilibrivm. Which of ke followmngz prapis best
shows the rate of the reverse reacizon &5 a functiom
of timee {Assume thag the time for mjection and

miximg of the addiiona] Cl{g} is neghigible.}

.
==
snr®

Reverse Rate

N

Reverse Rate

T

CII Time I Time
2 Cly
Added Added

(D)

(e

Reverse Ra

Reverse Rate

Jir

I

Cl,
Added

Time

Time

Added

4

4



33, Addutional Cl,dg} is imjecied mtoe the sysiem at

D) 4
equilibrivm. Which of the following graphs best ;E
shows the rate of the reverse reacison 25 a fanction 2
of time? { Assume that the time for injection and E,
miximg of the addiiona] Cl{g} is neghigible.} T Time -
Cl,
A Added
E (B) ﬂ“ (C
0 b 9
& o o
» IE E
Cl [ Time Ti "
ime
Added CIE Clg
Added Added

PCl; < PCI; + Cl, Reaction, will shift to reactants bit we will still have to
come to a equivalent K balance. More product but more reactant as well.



Concentaion | i of pil | pilof | pil 48, For which acid is the value of the acid-
(M) | Audl | Acdl | Acd3 | Acid4 C )
; dissociation constant, K, the smallest’
0,010 40 | 2% Yl .
| (A} Acid |
0050 | 3 | 130 | 2% | L7 (B) Acid?
00 | a% | 10 |24 | 1 (C) Acid 3
| | (D) Acd 4
0,50 209 1 030 | 208 ¢ LI6
100 | 24 000 | 19 0% 49, Which of the four acids listed 1n the table 18
| . Tt anid
50. Of the following species, which has the greatest h}ﬂl’ﬂﬂh_-ﬂﬂﬂ tag
concentration in a |0 M solution of acid 1 at Y
equilibrinm? (A] Acid |
(A) OH" (B} Acid 2
(B) H0* (C) Acid 3
(C) Acid 1 D) Acid 4

(D} The conjugate base of acid 1



Concentration | pH of pHof | pHof E pH of
O | Addl Add? | Add3 | Addd
0010 | 344 W | 2% | 1
0050 | 300 130 | 238 | 18
00 | 1y 100 | 242 | 1S5S
00 |20 | 00 | 2 | 1is
0|24 0 | 19 § 038

48, For which acid is the value of the acid-
dissociation constant, K, the smallest?

(A} Acid | Co——
(B} Acd 2
(C) Acid3
D) Acid 4

For a given concentration, the weakest acid or smallest Ka will
be the least acidic.

So the weakest acid here is Acid 1.

Answer is A



Concentration | pH of pHof | pHof E pH of
(M | Acdl Acid? | Acid3 ; Acid 4

000 | 34 | am | 29 | 2y

0| 3 1% | 2 | 1

i

00 | 2% | 10 | 24| 1S

100 2440000 | 192 | 0%

050 260 1030 | 208 ] 116
;

49, Which of the four acuds listed 1n the table 18
ydrochioric acd?

(A) Acid

(BY Acid ] Co——
(€) Acid3
(D) Acid 4

* Again, Keep in mind a
strong acid 100%
lonizes. So a.01M
strong acid will have
a pH of 2.

* Acid 2 is the only
strong acid or HCI

e Answer is B



Concentration | pH of pHof | pHof E pH of
B) | A1) Acid] | Add3 | A
0 | 34| 10 |20 | 2
) [ 10| 2| 1
| 24 0 | 24| 15
00 |20 | 00 | 2 ] 118
o | |19 § 095

50. Of the following species, which has the greatest

concentration in a L0 M solution of acid 1 at
equilibrium?

[A) OH

(B Hﬁ"

(C) Acid 1 S

(D} The conjugate base of acid 1

Keep in mind, If Acid 1 was a
strong acid than the .01M would
have had a pH of 2. So this acid
is a weak acid and is only ionized
slightly.

e Answer is C HX or acid 1



UGN | Pt b | pndl g Pl
B) | Acl | Add) | Add3 | Adid
0o | 34 | 20 | 2 B
om0 | 3B | 10 | 2 % 17
| 2y LREYRRE:
00| 269 . 030 | 208 | LI6
0| 24 | o | 19 0%

51 If equal volumes of the four acids at a
concentration of 0.50 M are each titrated with
a strong base, which will require the greatest

volume of base to reach the eguivalence point?

(A) Acid |
(B) Acid 2
(C) Acid 3
(D) All the acids wil require the same volume of

base 10 reach the equivalence point.

52. A 25 mL sample of a 1.0 M solution of acid [ i
mixed with 25 mL of 0.50 M NaOH. Which of
the following best explamns what happens to the

pH of the mixture when a {few drops of 1.0 M
HNO; are added?

(A) The pH of the mixture mcreases sharply,
because HNO, 1s a strong acid.

(B) The pH of the mixture decreases sharply,
because H,0" ions were added.

(C) The pH of the mixtute stays about the same,
because the conjugate base of acid 1 reacts

with the added H,0" ions.
(D) The pH of the mixture stays about the same,

because the OH™ ions in the solution react
with the added H,0" ions.



CUHCLELRIVIL | prodl & prob |- podl ¢ padl
(M) [ Acdl | Acd? | Acid3 | Acidd

They all have the same volume and

il Rl el Rl e they have the same concentration... so

0050 | 30 130 | 258 ; Mg they contain the same number of

moles and therefore the same

i el Rl Bl equivalence point. The answer is D.
050 | 269 | 030 | 28 | 116 |
Although they will not have the same
L0 240013 0% pH at the end due to the acidicness of
SL If equal volumes of the four acids at a the conjugates.

concentration of 0.50 M are each tifrated with
a strong base, which will require the greatest
volume of base to reach the eguivalence point?

(A) Acd 1

(B) Acid?2

(C) Acid3

(D) All the acids wil require the same volume of
base 10 reach the equivalence point.



VOIGINAION | pOT - prde ) prtl ¢ padl
M) | A1) Acd2 | Add3 | A
0o | 34 | 20 | 2 B
om0 | 3B | 10 | 2 % n
| 2% 0 | 2 15
0 | 28 030 | 208 1 118
| 24 | i | 19 s 094

Acid 1 is a weak acid and half of it will be gone,
And half of it will get converted over to its conjugate.

This is a buffer. We will increase in pH but not that much.

52. A 25 mL sample of a 1.0 M solution of acid [ i
mixed with 25 mL of 0.50 M NaOH. Which of

the following best explamns what happens to the
pH of the mixture when a {few drops of 1.0 M
HNO; are added?

(A) The pH of the mixture mcreases sharply,
because HNO, 1s a strong acid.

(B) The pH of the mixture decreases sharply,
because H,0" ions were added.

(C) The pH of the mixtute stays about the same,
because the conjugate hase of acid 1 reacts

with the §@d H,0" ions.
(D) The pH of the mixture stays about the same,

because the OH™ ions in the solution react
with the added H,0" ions.

"



Acid Structure K,
HNO, H,O\ 29 4.0 x107
N

I.ﬁli
HC,H;0, H G CHy| 13 x 1075
0. CH;
H oo
HCIO *\0/ . 3.0 x1078
H
HOC¢H; 1.6 10710

55. The table above shows the values of K. for four weak acids.
Which of the following pairs of chemical species, when
combined in equimolar amounts, results in a buffer with a

pHclosestio 7.3 7

(A} HNO, and OH
(B) HG,H,0, and CHL0,

(€) HCIO and IO
) CH,0H and CHLO

-l0g of Ka gives buffer zone. This will be
Closest to 7.



COCl(g) & €O(g) + Clyg)

60. COCly(g) decomposes according to the equation
above. When pure COCly(g) 15 1njected into 2
rigid, previously evacuated flask at 690 K, the
pressure in the flask 1s imitially 1.0 atm. After the
reaction reaches cquilibrium at 690 K, the total
pressure in the flask is 1.2 atm. What is the value
of K, for the reaction at 690 K

) 0,040
) 0050



COClig) & €O(g) + Clyg)

60. COCly(g) decomposes according to the equation
above. When pure COCly(g) 15 injected into a
rigid, previously evacuated flask at 690 K, the
pressure in the flask 1s initially 1.0 atm. After the
reaction teaches cquilibrium at 690 K, the total
pressure in the flask is 1.2 atm. What is the value
of K, for the reaction at 690 K?



