AP Chemistry
Exam Review




Big Idea #6
Equilibrium




Source

+ What is chemical equilibrium? |I

B Systems that have reached the state where the rates of the forward
reaction and the reverse reaction are constant and equal.

M [t is a dynamic process where reactants continuously form Video
products and vice versa, but the net amounts of reactants and
products remain constant.

B The proportions of products and reactants formed in a system at a
specific temperature that has achieved equilibrium is represented
by K, the equilibrium constant.

In the reaction:
5 reactants 5 w : aA+bB = cC+dD
el = .
[} m .
£ B . — C d
8 equilibrium g equilibrium Kc [C]a [D]
5 S [A]® [B]P
products products [A] = concentration of A in moldm-3
> a = number of moles of A
Time Time

LO 6.1: Given a set of experimental observations regarding processes that are
reversible, construct an explanation that connects the observations to the reversibility

of the underlying chemical reactions or processes.


http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt
http://www.bozemanscience.com/ap-chem-064-equilibrium/

Source
+ Manipulating Q and K

B K (equilibrium constant) represents the relative amounts of products
to reactants at equilibrium at a given temperature.

B Q (reaction progress) describes the relative amounts of products to Video
reactants present at any point in the reaction at a given temperature.

B Q and K only include substances that are gases or in aqueous
solutions. No solids or liquids are ever included in these expressions.

P, (s)+ 6 Cl (2) 5 4 PCL (I B Similar reactions will have related K

values at the same temperature.
= - _ _ Inverse the value of K
(L] Reaction Runin. | 4 o saive it the -1
p= Ile : Reverse powas)
C12
. o Raise the equilibrium
2C0,(g) = 2CO0(g) + O2(g) K =16x10 Mulélplymg by a constant o the power
2H,0(g) = 2H3(g) + O2(g) Ky =1.8% 10710 GRARL that was multiplied by
COu(g) + Ha(g) = CO(g) + Hy0(g) Ks =7 Malplytie
Adding Reactions equiIibrium constant
Click reveals answer.

by one another
LO 6.2: The student can, given a manipulation of a chemical reaction or set of reactions (e.g., reversal of

reaction or addition of two reactions), determine the effects of that manipulation on Q or K.



http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch16/equilib.php
https://www.youtube.com/watch?v=cRPetSjUuUI

Source

+ Kinetics and Equilibrium

B Kinetics examines the rate at which reactions proceed. Rate laws are used to
describe how reactant concentrations affect a reaction’s rate. Rate constants (k)
in rate law expressions are determined experimentally at a given temperature.

B Equilibrium describes the state at which the rates of the forward reaction and Video
the reverse reaction are constant and equal.

B If the rates are initially unequal (the system is not at equilibrium), the faster
direction depletes its reactants, which feeds back to slow down that direction.

B At the same time, the slower direction accumulates its reactants, speeding up
the slower direction.

. . - e addé(::la;.ﬁis:-tir'n_e .
B These loops continue until the faster rate and the slower = i
rate have become equal. Ha

- NH4

(Equilibrium
| reestablished

B In the graph to the right, after equilibrium has been
achieved, additional hydrogen gas is added to the
system. The system then consumes both H; and N3 to -
form additional NH3 molecules, eventually reestablishing
equilibrium. e

LO 6.3: The student can connect kinetics to equilibrium by using reasoning, such as
LeChatelier’s principle, to infer the relative rates of the forward and reverse

Concentration
I



http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt
https://www.youtube.com/watch?v=bvtWqPRIhWg

Source

+Qvs. K

B Equilibrium is reacted when the rates of the forward reaction and the
rates of the reverse reaction are equal, which is when Q is equal to K.

B Comparing Q to K enables us to determine if a chemical system has Video
achieved equilibrium or will need to move towards reactants or products
to reach equilibrium.

- if Q <K, the reaction will proceed in the forward direction until Q = K

- if Q > K, the reaction will proceed in the reverse direction until Q = K

- if Q = K, the reaction is at equilibrium, and the concentrations of
reactants and products remain constant

Reactants —= Products Reactants and products Reactants <— Products
are at equilibrium,

LO 6.4: Given a set of initial conditions and the equilibrium constant, K, use the
tendency of Q to approach K to predict and justify the prediction as to whether the
reaction will proceed toward products or reactants as equilibrium is approached.


http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt
https://www.youtube.com/watch?v=pEuhbuV04u4&nohtml5=False

Calculating K

B Equilibrium constants can be determined using experimental
concentrations of reactants and products at equilibrium.

_ [COIH:0]

ke = Tco.H

Since K is being determined, check to see if the given equilibrium amounts are expressed in moles per liter
(molarity). In this example they are not; conversion of each is requried.

[CO,] =0.1908 mol CO,/2.00 L=0.0954 M
[H,] =0.0454 M

[CO] = 0.0046 M
[H,0] = 0.0046 M

Substitute each concentration into the equilibrium expression and calculate the value of the equilibrium consta

_ 0.0046][0.0048]

]

K. = 0.0049 or 49 x107

LO 6.5: The student can, given data (tabular, graphical, etc.) from which the state of a
system at equilibrium can be obtained, calculate the equilibrium constant, K.


mailto:http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt
https://www.youtube.com/watch?v=QsiGDZd1RF8&nohtml5=False
http://www.chem.purdue.edu/gchelp/howtosolveit/Equilibrium/Calculating_Equilibrium_Constants.htm#Kone

Source Source

o Write the equilibrium expression for the reaction.

_ INIHOF
~ INOHY

K

o Check to see if the amounts are expressed in moles per liter (molarity) since K, is being . In this example they are.

o Create an ICE chart that expresses the initial concentration, the change in concentration, and the equilibrium concentration for each species in the reaction. From the chart you can determine the changes
in the concentrations of each species and the equilibrium concentrations. From the example, we start with the folowing information.

NO H, N, H,0
Initial Concentration (M) 0.100 0

Change in Concentration (M) -2% -2x +x
Equilibrium Concentration (M) 0.062

¢ change in concentration of the NO was (0.062 M - 0.100M) = - 0.038 M. Thus -2 x =-0.038 and x = 0.019. Note: the negative sign indicates a decreasing concentration, not a negative concentration. The
hanges in the other specics must agree with the stoichiometry dictated by the balance equation. The hydrogen will also change by - 0.038 M, while the nitrogen will increase by +0.019 M and the water will
increase by + 0.038 M. From these changes we can complete the chart to find the equilibrium concentrations for cach species.

NO Hy N, H,0
Initial Concentration (M) 0.100 0.0500 0
Change in Concentration (M) -0.038 -0.038 +0.019
Equilibrium Concentration (M) 0.062 0.012 0.019

o Substitute the equilibrium concentrations into the equilibrium expression and solve for K_..

_ [0.019]0.138F

———— 2
K=o = 650 0r 6510

LO 6.5: Given data (tabular, graphical, etc.) from which the state of a system at
equilibrium can be obtained, calculate the equilibrium constant, K.


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjTtt-og4LMAhWJph4KHZqyA1AQjRwIBw&url=http://philschatz.com/chemistry-book/contents/m51112.html&psig=AFQjCNGlffYQaU8IHlsrZSN2D8Z6lnOM5w&ust=1460307443839934
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjTtt-og4LMAhWJph4KHZqyA1AQjRwIBw&url=http://philschatz.com/chemistry-book/contents/m51112.html&psig=AFQjCNGlffYQaU8IHlsrZSN2D8Z6lnOM5w&ust=1460307443839934
mailto:http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt
https://www.youtube.com/watch?v=QsiGDZd1RF8&nohtml5=False
http://www.chem.purdue.edu/gchelp/howtosolveit/Equilibrium/Calculating_Equilibrium_Constants.htm#Ktwo

Source

. Calculating Equilibrium
Concentrations with K

B Equilibrium concentrations can be calculated using a K expression, the
K constant, and initial concentrations or partial pressures of substances.

B Steps: Video

1) Write an equilibrium expression for the reaction

2) Set up an ICE table and fill in “initial” quantities

3) Determine “changes” in the system in terms of x needed for the
system to achieve equilibrium

4) Determine the “equilibrium” values for the system by adding the
“initial” and “change” values together

8) Solve for x using the K expression and the “equilibrium” values.
Verify if the change in initial concentrations is negligible using the

5% rule.
6) Determine all equilibrium quantities using the value of x

B Example: Given the following reaction at 1373 K: Cla(g) = 2Cl(g),
determine the equilibrium partial pressures of all species if
0.800 atm Cl; is present initially. K = 1.13x10* for the reaction

at 1373 K.

Click reveals

answer.

LO 6.6: Given a set of initial conditions (concentrations or partial pressures) and K, use stoichiometric
relationships and the law of mass action (Q equals K at equilibrium) to determine qualitatively and/or
quantitatively the conditions at equilibrium for a system involving a single reversible reaction.


http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt
https://www.youtube.com/watch?v=tTO7UYeBSPk&nohtml5=False

Source

+ Magnitude of K

B For many reactions involving aqueous solutions, K is either very
large (favoring the forward reaction) or very small (favoring the
reverse reaction)

Video
B The size of K can be used to describe the relationship between the
numbers of reactant and product particles present at equilibrium.
Small Intermediate Large

(K<10 3 (1073 =K=10% (K> 10%)
000000 0000 666 0000090
000000 Q00009

® 0000 0000 (4]
00000 0000 0000 Q000000
000000 Q00000
Reactants Products Reactants Products Reactants Products
Mostly reactants Significant amounts Mostly products

of reactants and products

LO 6.7: The student is able, for a reversible reaction that has a large or small K, to
determine which chemical species will have very large versus very small
concentrations at equilibrium.


http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt
https://www.youtube.com/watch?v=v80DIk303Ns

Animation Source

+ Le Chatelier’s Principle

B This principle is used to describe changes that occur in a

system that has achieved equilibrium. There are three factors
that can cause shifts in a system at equilibrium: concentration,
pressure, and temperature.

Change Direction System Shifts to Reestablish Video
Equilibrium

Adding a reactant Shifts towards products

Adding a product Shifts towards reactants
Removing a reactant Shifts towards reactants
Removing a product Shifts towards products
Increasing pressure Shifts toward less gas molecules
(decreasing volume)
Decreasing pressure Shifts towards more gas molecules
(increasing volume)
Adding an inert gas No effect

Increasing the temperature Endothermic: shifts towards products

Exothermic: shifts towards products
Decreasing the temperature Endothermic: shifts towards reactants
Exothermic: shifts towards products

LO 6.8: The student is able to use LeChatelier’s principle to predict the direction of the shift
resulting from various possible stresses on a system at chemical equilibrium.


http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt
https://www.youtube.com/watch?v=PciV_Wuh9V8
http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/lechv17.swf

Animation Source

+ Experimentally Examining
Le Chatelier’s Principle

B Systems at equilibrium can be examined using Le Chatelier’s
Principle by measuring its properties, including pH, temperature,

Video

solution color (absorbance)

Fe*3(aq) + SCN-(aq) = FeSCN?*(aq)

A
CO(H20)62+{'aq} + 4 Clag) - - CoCly (o) 3 f_i f’ao_ @
| |
(pink)  + HEAT (blue) TAH= +!
Fe3t, SCN{g FeSCN %,
A

add some
3
Ee E;q)

add some
SCN(ag

= -

LO 6.9: The student is able to use LeChatelier’s principle to design a set of conditions
that will optimize a desired outcome, such as product yield.



http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt
http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/lechv17.swf
https://www.youtube.com/watch?v=PciV_Wuh9V8

+ Changes to Q and K for a System at

Equilibrium

Change

Adding a reactant
Adding a product
Removing a reactant
Removing a product

Increasing pressure
(decreasing volume)

Decreasing pressure
(increasing volume)

Adding an inert gas
Increasing the

temperature

Decreasing the
temperature

B Some changes that occur to a system at equilibrium will affect the
reaction’s current position (Q). Others will affect the value of K

Direction System Shifts to

Reestablish Equilibrium
Shifts towards products

Shifts towards reactants
Shifts towards reactants
Shifts towards products

Shifts toward less gas molecules

Shifts towards more gas molecules

No effect

Endothermic: shifts towards
products
Exothermic: shifts towards reactants

Endothermic: shifts towards
reactants
Exothermic: shifts towards products

Animation

Effecton Qor K Video

Source
Q decreases
Q increases
Q increases

Q decreases

Q can increase, decrease,
or remain constant
depending on ratio of gas
molecules between
reactants and products

Q doesn’t change

Endothermic: K increases
Exothermic: K decreases

Endothermic: K decreases

Exothermic: Kincreases . .
ining the


http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/lechv17.swf
https://www.youtube.com/watch?v=PciV_Wuh9V8
http://www.chemistry.mtu.edu/pages/courses/files/ch1120-sgreen/chap15_lec.ppt

General: 0+ @ — 9 + ¥

+ Acid/Base Particulates HA K RO
Strong: .+“-—..3+“ Weak: @9 + s—-.} ‘

A H.O ~HA -

Video

Strong: Since K, = w
[ ]

>> dr -
L at Weak: Since K, = w

< 1, at equilibrium
equilibrium strong acids are molecules
that essentially ionize to completion in
aqueous solution, disassociating

into H3O" ions and the additional anion.

weak acids are molecules that only partially
ionize in aqueous solution, disassociating into
few H3O* ions and the additional anion.

LO6.11: The student can generate or use a particulate representation of an acid
(strong or weak or polyprotic) and a strong base to explain the species that will have
large versus small concentrations at equilibrium.


http://www.wwnorton.com/college/chemistry/chemistry3/ch/17/chemtours.aspx
https://www.youtube.com/watch?v=rKqYE5sZi1s

Source

+ pH of Weak or Strong Acid

Note the similar pH values of
pH= 3.00 both monoprotic acids.
p ,

" 1L —

Video

HA + H,0 === A" + H,0" HALF 0 e 7 HeO™

» This is a particulate picture of a weak acid whose

« This is a particulate picture of a strong [HA] = 1.00M and K, = 1.00x10-S.
acid whose [HA] = 0.00100M. * pHis a measure of the [H*] in solution. More moles
« Note the 100% ionization of this acid. of a weak acid are needed to achieve equivalent

[H*] values of a strong acid of the same pH, since a
weak acid only partially ionizes.

If similar volumes of both acids above were titrated with the same strong base, the weak acid
would require a larger volume of base to reach its equivalence point.

LO 6.12: Reason about the distinction between strong and weak acid solutions with similar
values of pH, including the percent ionization of the acids, the concentrations needed to achieve
the same pH, and the amount of base needed to reach the equivalence point in a titration.


http://phet.colorado.edu/en/simulation/acid-base-solutions
https://www.youtube.com/watch?v=LS67vS10O5Y

This illustration shows the titration curvea
]

+ Titrati O nS of a strong acid with a strong base.

Titration of 40.00 mL of 0.100 M CH;CH;COOH

with 0.100 M NaOH

¥~ pH =8.80at

"] pK, of CHiCH,CO0H=4.89 equivalence
5 5 point
61 R
et region”
1= -85 ¥ Methyl red

[CHsCH,COOH] = [CH:CH,C007]

Phenolphthalein ‘r"

Volume of NaOH added (mL)

]

Titration of 50.0 mL of 0.10 M Acid

Equivalence point

0 100 200 300 400 500 60.0
Volume 0.10 M NaOH added (mL)

ENCSSM 2003

This illustration shows the
titration curve of
a weak acid with a strong

base with indicator changes.

! ENcssM 2003

This illustration shows the
titration curves

of several weak acids with
a strong base

See Source link to review
titration calculations.

pH

3.0+

7.0+

1.0+

50.0 mL of 0.100 M HCI with 0.100 M NaOH
Equivalence
s point
|
I
|
|
, :
0 25.0 50.0

Volume NaOH added (mL)

M 2003

Source

Video

Titration of HzA with NaOH

Titration of 40.00 mL of 0.100 M NH5
with 0.100 M NaOH

pH=119
12 =
), (a7] pOH of NH3 = 475
{ 2nd Equiv. pt.
pKa2 =97 10 | Buffer g
= —[HAT] = [a27) | S—_S0on
2nd Halt-Equiv. point /4

a

— [Hza‘\] = [HA_]
15t Half-Eguivaience paint

-—[HaT]
1st Equivalence point

4 [NHg] =[NHg*]

z. Methy! red

- Phenolphthalein

pH =527 at
equivalence
point

Moles of OH™ added

Volume of HCI added {mL)

1

ENCSSM 2003

ENCESM 2003

1

This illustration shows the titration

This illustration shows the titration curve of curve of a weak base with a strong

a polyprotic weak acid with a strong base.

acid with indicator changes.

LO 6.13: The student can interpret titration data for monoprotic or polyprotic acids
involving titration of a weak or strong acid by a strong base (or a weak or strong base
by a strong acid) to determine the concentration of the titrant and the pK, for a weak
acid, or the pKj, for a weak base.


http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Quantitative_Analysis/Titration/Titration_Fundamentals
https://www.youtube.com/watch?v=tvCyrBHJfBk

Source

+ Kw and Temperature
K, 6 =[H'][OH]=10x10"a

T(°C) Ky (mol? dm™) pH
0 | 0.114 x 10" | 747
10 0.293x 10" 7.27
20 | 0,681 x 10°" . 708
< 2 1.008x 10 700 —=x Z . [WZLLFW%
30 1471 x 10°M 6.92 € [Hj 7 @Lﬂ -
40 2916 x 10 | em > s o] | =
< 50 5.476 x 10" 66— e
100 513 10 . 614

The dissociation of water is
endothermic. An increase of
energy will shift the reaction
to the right, increasing the
forward reaction, and
increase the value of K.

» As T increases, pH of pure water decreases. The water is NOT
becoming more acidic. A solution is only acidic if [H+] > [OH-].

« At 50°C, the pH of pure water is 6.63, which is defined as “neutral”,
when [H*] = [OH"]. A solution with a pH of 7 at this temperature is
slightly basic b/c it is higher than the neutral value of 6.63.

LO 6.14: The student can, based on the dependence of K, on temperature, reason that
neutrality requires [H*] = [OH-] as opposed to requiring pH = 7, including especially
the application to biological systems.


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Acids_and_Bases/Aqueous_Solutions/The_pH_Scale/Temperature_Dependent_of_the_pH_of_pure_Water
https://www.youtube.com/watch?v=k6pWAoPxTkU

Source

+ Acid/Base Mixtures and its pH

A 25 mL sample of hydrofluoric acid (HF) is titrated with 25 mL of
0.30M sodium hydroxide (NaOH). At the equivalence point of the
titration, what would the pH of the solution be? Justify with a

reaction. Video

pH<T
pH=1
pH>1
pH = pK,

P oo

Click reveals answer and explanation.

LO 6.15: The student can identify a given solution as containing a mixture of
strong acids and/or bases and calculate or estimate the pH (and concentrations of all
chemical species) in the resulting solution.


http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Quantitative_Analysis/Titration/Titration_Of_A_Weak_Acid_With_A_Strong_Base
https://www.youtube.com/watch?v=WwqKvlE0zX4

Source

+ pH and Acid/Base Equilibria

1. Vinegar is 0.50M
acetic acid, HC2H3O3,
witha K, = 1.8 x 10-5.
What would be the pH
of this solution? 1t click reveals answer and
explanation.

Video

2. Identify and compare the relative strengths of the two acids and the two bases
in this neutralization reaction: OH-(aq) + NHs*(aq) S H20(J) + NHs(aq).

27¢ click reveals answer and explanation.

LO 6.16: The student can identify a given solution as being the solution of a monoprotic weak acid or base
(including salts in which one ion is a weak acid or base), calculate the pH and concentration of all species in
the solution, and/or infer the relative strengths of the weak acids or bases from given equilibrium.

concentrations.


http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch17/weaka.php
https://www.youtube.com/watch?v=MY7xKjdnxvg

Source

+ Acid/Base reaction species

i
Srrulier

Ask yourself: i i g s

Is it strong? Weak? A salt? A

buffer? What will it do in water?

: | | e ]
Deal w/strong A/B a0 0 3% ® % hm
first. These will react LT

to completion with the ) Q
available species. A 4(1{;(‘00 v @ :
CHLCOOH : / @
Q| °3 |73
S 0{:0

CH«COOH(aq) Added OH converts Acid completely No acid left 1o react
solution before titration CHyCOOH(ag) into neutralized by added with excess OH
CHCOO ™ (4g), base, CH:COONa(ag)
forming buffer solution salt solution results

LO 6.17: The student can, given an arbitrary mixture of weak and strong acids and
bases (including polyprotic systems), determine which species will react strongly
with one another (i.e., with K>1) and what species will be present in large
concentrations at equilibrium.


http://science.widener.edu/svb/pset/acidbase.html
https://www.youtube.com/watch?v=nTDvsXcodag

" How to Build
a Buffer:

Getting the pH correct:

B The pH of a buffer is primarily
determined by the pKa of the
weak acid in the conjugate acid-
base pair.

B When both species in the
conjugate acid-base pair have
equal concentrations, the pH of
the buffer is equal to the pKa.

B Choose a conjugate acid-base
pair that has a pKa closest to the
pH you desire and then adjust
concentrations to fine tune from
there.

LO 6.18:

Source

Estimating Buffer Capacity:

B A buffer is only effective as long
as it has sufficient amounts of
both members of the conjugate
acid-base pair to allow

e : : Video
equilibrium to shift during a
stress.
Weak Base — Strong Acid Titration
0.10 M NH, titrated with 0.10 M HCI
12
**-;,‘_“f Buffered regime in effect

Equivalence Pt

1 at25.0 mL
T 6 : 1
IHalf Equiv Ptat 12.5 mL |||

[NHy'] = [NH3] .-
4 s0...
pll=pKy \
For any acid-base conjugate pair, choose a pair }"'-"—u-_,h
that has a pK. near the target pH for the buffer. i e,

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Volume of Titrant / mL

«0= NH3 0.1 mol/L - titrant = HCI 0.1 mol/L

The student can design a buffer solution with a target pH and buffer

capacity by selecting an appropriate conjugate acid-base pair and estimating the
concentrations needed to achieve the desired capacity.



http://ph.lattelog.com/titrage
https://www.youtube.com/watch?v=rIvEvwViJGk

Source

+ Finding the Major Species

B A 50.0 mL sample of 0.50 M HC2H3O:, is titrated to the half equivalence point
with 25.0 mL of 0.50 M NaOH. Which of the following options shows the correct :
ranking of the molarities of the species in solution? Video

(pKa for HC;H;0; is 4.7)
a. [HC;H30;] > [C2H3O; -] > [H* ] > [ OH- ]
b. [HC;Hs0;] = [C2Hs50, -] > [H* ] > [ OH" ]
c. [HC;H30z] > [CzHsO; ] = [H* ] > [ OH- ]
d. [C;Hs0; 1] > [HC,H30;] > [ OH-] > [H* ]

Click reveals answer and explanation.

LO 6.19: The student can relate the predominant form of a chemical species involving
a labile proton (i.e., protonated/deprotonated form of a weak acid) to the pH of a
solution and the pKa associated with the labile proton.


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Equilibria/Acid-Base_Equilibria/2._Strong_and_Weak_Acids
https://www.youtube.com/watch?v=nTDvsXcodag

Source

-4+ The Buffer Mechanism

A buffer is able to resist pH change because the two components (conjugate acid
and conjugate base) are both present in appreciable amounts at equilibrium and
are able to neutralize small amounts of other acids and bases (in the form of H;O*
and OH-) when they are added to the solution. Take, for example, a fluoride buffer
made from hydrofluoric acid and NaF. A model fluoride buffer would contain
equimolar concentrations of HF and NaF. Since they are a weak acid and a weak
base, respectively, the amount of hydrolysis is minimal and both buffer species are ~ Video
present at, effectively, their initial supplied concentrations.

If a strong acid is added to the HF/F- If a strong base is added to the HF/F-
buffer, then the the added acid will buffer, then the added base will react
react completely with the available completely with the available acid, HF.
base, F-. This results in a nearly This results in a nearly unchanged
unchanged [Hs0*] and a nearly [H3O*] and a nearly unchanged pH.
unchanged pH HF(aq) + OH'(aq) 9F"(aq) + HZO(I)

H30%(aq) + F'aqy 2 HF(aq) + H20()

The slight shift in pH after challenge is governed by the hydrolysis equilibrium of HF,
based on the new HF and F- concentrations:

HFaq) + H20) = F~ (aq) + H30%(ag)

LO 6.20: The student can identify a solution as being a buffer solution and explain the
buffer mechanism in terms of the reactions that would occur on addition of acid/base.


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Acids_and_Bases/Buffers
https://www.youtube.com/watch?v=XR_0k8JIawY

Source

+ Ksp and Solubility Calculations

Question:
What is the maximum number of moles of AgBr that will fully dissolve
in 1.0 L of water, if the Ksp value of silver bromide is 4.0 x 10-12? Video

4.0 x 1012 b.2.0 x 10-12 c. 4.0x10° d.2.0x 10®

Click reveals answer and explanation.

LO 6.21: The student can predict the solubility of a salt, or rank the solubility of salts,
given the relevant Ky, values.


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Equilibria/Solubilty/Solubility_Product_Constant,_Ksp
https://www.youtube.com/watch?v=Dy0sK4jXddI

Source

+ Find a K, from solubility data

Using a conductivity meter and a pH probe, a student determined the molar solubility of saturated
solutions made by dissolving hydroxide salts in water. The student’s data is shown in the table below:

Compound Solubility (mol/L)
Ba(OH), 0.11 M :
Video
Ca(OH), 0.011 M —
Cr(OH); 1.3x10%M
Sn(OH), 1.1x10°M

Which of the hydroxide salts above has the smallest K, value?

a. Ba(OH), b. Ca(OH), ¢. Cr(OH); d. Sn(OH),

Click reveals answer and explanation.

LO 6.22: The student can interpret data regarding solubility of salts to determine, or
rank, the relevant Ksp values.


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Equilibria/Solubilty/Relating_Solubility_to_Ksp
https://www.youtube.com/watch?v=Y1CAdntcai4&nohtml5=False

Source

Common Ion Effect

The solubility of a sparingly soluble hydroxide can be greatly increased by the
addition of an acid. For example, the hydroxide salt Mg(OH): is relatively
insoluble in water:

Mg(OH)z) = Mg?*(aq) + 20H" (3 With Ksp=5.61%x10- 12

When acid is added to a saturated solution that contains excess solid Mg(OH)s,,
the following reaction occurs, removing OH- from solution:

H'@ag + OH™ (a9—H20q
The overall equation for the reaction of Mg(OH); with acid is thus
Mg(OH)z(s) + 2H" aq) = Mg? ag) + 2H20() (18.7.7)

As more acid is added to a suspension of Mg(OH)3, the equilibrium shown in
Equation 18.7.7 is driven to the right, so more Mg(OH): dissolves.

In contrast, the solubility of a sparingly soluble salt may be decreased greatly
by the addition of a common ion. For example, if MgCl. is added to a saturated
Mg (OH); solution, additional Mg(OH), will precipitate out. The additional Mg?*
ions will shift the original equilibrium to the left, thus reducing the solubility of
the magnesium hydroxide.

LO 6.23: The student can interpret data regarding the relative solubility of salts in
terms of factors (common ions, pH) that influence the solubility.


http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_General_Chemistry_(Petrucci_et_al.)/18:_Solubility_and_Complex-Ion_Equilibria/18.7:_Solubility_and_pH
https://www.youtube.com/watch?v=KcXrXvOJxcU
http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_General_Chemistry_(Petrucci_et_al.)/18:_Solubility_and_Complex-Ion_Equilibria/18.7:_Solubility_and_pH#mjx-eqn-17.17

+ Salt dissolution: AH and AS S

= Y PR e The enthalpy (AHson) of dissolution is
Talgflen e dependent upon the intermolecular
5 ted particl
—_— forces of the solute and solvent.
8 —o ”J; i 1l % ":5: Te hf:f*
* | Solute el S :
2 . Separated particles m
Wl s o . —_— .
2| st % Java Tutorial
w ot SEhe
Solvent '\..'r-: ]
99 g -
% etage T
@ e J-d L -
P e e _g_
Solution = : oy, ikl e 3
. g 3 +9 4o 0 &.“-r..\;
(a) Exothermic solution formation Solute . r
F
Jao q““' A :
i
Solvent

{b) Endothermic solution formation
Less randomness ———————— More randomness
{less entropy])

The entropy (ASsoin) of dissolution generally

increases the disorder of the system.
Solid

Solution

LO 6.24: The student can analyze the enthalpic and entropic changes associated with
the dissolution of a salt, using particulate level interactions and representations.


http://catalog.flatworldknowledge.com/bookhub/4309?e=averill_1.0-ch13_s01
https://www.youtube.com/watch?v=fS6AwXxrGhY
https://concord.org/stem-resources/solubility

Source

+ K, AG° and thermodynamic

favorability (36)= At - 1as°
Hy(g) +L(g) ——— 2HI(®) Q:LIF

G°reactants [Hg][[g] = —7n FE'*—"
AG°rxn <0 [H[]i
K,,=———— =495
(f G [Hl]uq[IZ]uq f440r"(..)
ree
energy) position of equilibrium corresponds

to the minimum of free energy

Gibbs free energy (G)

s free energy (G)

At the minimum, the system

Q> K is in dvnamic equilibrium | gt ’ G
kq LA el 5
':lﬂd r\{,‘ = “ Reactants reactonprogres Products T o ogess Products
1]
Extent of Reaction =
AG, = AG®_ + RTInQ

The key to understanding the relationship between AG® and K is recognizing that the magnitude
of AG° tells us how far the standard-state is from equilibrium. The smaller the value of AG?, the
closer the standard-state is to equilibrium. The larger the value of AG°, the further the reaction
has to go to reach equilibrium.

LO 6.25: The student is able to express the equilibrium constant in terms of AG ° and
RT and use this relationship to estimate the magnitude of K and, consequently, the
thermodynamic favorability of the process.


http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chemistry_(OpenSTAX)/16:_Thermodynamics/16.4:_Free_Energy
https://www.youtube.com/watch?v=U5-3wnY04gU&feature=youtu.be

Science Practices
Laboratory Exercises




+ Gravimetric Analysis

B What It Determines:

amount of analyte by mass
measurements

% composition

empirical formulas

B How It Can Be Done:

Dehydration of a hydrate

Forming a precipitate, which is then
isolated and massed

B Analysis:

Remember to ALWAYS go to moles!

use mole ratios to convert between
various components

Solid soluble salt containing
Pb'’(+) and other
chemical species ()

too small

Lose ion in filtrate — mass

Source

Video
Virtual Lab

({j

Solution with dissolved
Pb (=] and other
chemical species ()

Possible Source of Contamination in solid | Incomplete Solid not fully
Exrorx Precipitation dehydrated

measured mass too large

measured mass too large


http://www.chemcollective.org/chem/ubc/exp01/index.php
https://www.youtube.com/watch?v=gR1ZUlV3n5E
http://chemvlab.org/activities/activity.php?id=3

Source 1
+ Cas Laws Labs B

Gas
=
[

Question:

A sealed gas cylinder has a mixture of three gasses, 0.25 moles of He, 0.25 moles of Ne
and 0.50 moles of Kr. If the total pressure in the cylinder was 100 mmHg, what would
be the partial pressure of Ne in the cylinder?

a. 0.25 mmHg
b. 0.50 mmHg
¢. 25 mmHg
d. 50 mmHg
€. 100 mmiig
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http://www.kmacgill.com/lecture_notes/lecture_notes_gas_laws.htm
https://www.youtube.com/watch?v=tIwMFhzkAOU&nohtml5=False
http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chem1_(Lower)/06._Properties_of_Gases/6.4:_Kinetic_Molecular_Theory_(Overview)
https://www.youtube.com/watch?v=0UJXa9Hd88I&nohtml5=False
https://www.youtube.com/watch?v=Rf9j0ztzcs4

Source

+ ChIO ’ Click here to watch v |

animation
Chromatograph explaining column

All chromatographic techniques Chromatography N

flow the mixture, that is to be St =i b ¥

separated, through a material that S 5 )

retains some components more N\
Geneai . ﬂ

than others.

This causes different
components to flow through
the material at different
speeds, s0 they separate.

= lumn chromatography: technique that uses an adsorbent packed in a
glass column, and a solvent that moves down slowly through the packed
column.

Source (includes nice discussion of biological applications) S Ao ed  Bed i

solvent continuously
applied to the top of

B Main Error: Ly e
B Incomplete Separation Advantage: We i i
can collect and

B Can be caused by: use the fractions

B Inconsistent spotting

B Overloading

B Improper packing (column)
B Poor solvent choice

-_--I'
-

fractionated molecules
eluted and collected



http://chemsite.lsrhs.net/FlashMedia/html/paperChrom.html
http://www.slideshare.net/chem3221/chromatography
https://www.youtube.com/watch?v=SdYb6GgBQ7s
http://lifeofplant.blogspot.com/2011/05/chromatography.html

OH COMEON!IT'S ONLY A SIMPLE
BNSYNTHESIS!™

Source

+ Synthesis

B Inorganic Synthesis Examples: WE'LL GO INTOMOREDETAIL
|
B Synthesis of Coordination Compound LRTERONt 2 %
B Synthesis of Alum from aluminum B, ~OH & 5 Oy, OH )
J\j/DH L /u\@/u\ i r— Eﬂj/axm/ -+ )L"‘G‘H
B Organic Synthesis Example: b _ _ S 0 - Video
. .. Ealicylic acid Acetic anhydride Acetyl salicylic acid Acetic acid —_—
B Synthesis of Aspjrin £, H, C.HO, CH,0, CH.O,
MW = 138.12 KW = 102.08 MW =180 16 MW = B0.05
Virtual Lab

B Syntheses are done in solution, and require purification by filtration, recrystalization, column
chromatography or a combination

Source of aluminum is reacted
with KOH



http://www.chem.uiuc.edu/chem103/aluminum/alcrytallize.htm
https://www.youtube.com/watch?v=Y4NMpO1xI8U&nohtml5=False
http://www.rsc.org/learn-chemistry/resource/res00001644/aspirin-screen-experiment?cmpid=CMP00004907

+ Titration- Acid/Base

Question:

The graph below is of the titration of a weak base with hydrochloric acid. Based on the
graph which point would represent the region where the pH is dominated by the
molarity of the hydrochloric acid being added?

14,
1

11
10

E-
?a
E.
5;
T
3
z-
l-

=]
=

Wolume of HC
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http://shanimchemistry.blogspot.com/2015/08/titration.html
https://www.youtube.com/watch?v=sFpFCPTDv2w
http://slideplayer.com/slide/5667195/
http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chem1_(Lower)/12:_Acid_Base_Equilibria_Revisited/11.5:_Acid/Base_Titration
http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/acid_base.html

Source 1

+
REDOX Titration

ACID-BASE TITRATION .
VERSUS Applications/Methods
REDOX TITRATION off Titratioms: =

In an acid-base Redox titrations . . .
titvation. the ;lll‘e tll'lratltl)ns Vitamin C Video
species involved that take place Solution ofKIO, . _—
are acids and among .]'{"(]{)X Content of know concentration Vlrtual Lab
bases. species.
EEEEEANEENRENEEEEEER EEENENEEERNREEEEEREER
In an acid-base In redox titrations,
titration, the species the species react
take part in a through oxidation Food sample containing
neutralization and reduction ;f‘ﬁ'c'f'::;'g;lramed
reaction forming reactions Source
waler molecules. . ource
EEEEEEERENEEEEEEEEN II.IIIIIIIII-IIIII'II Concentratlon of
Wesk acids and Some redox species .
li:lh “‘_‘L!“_ “_.'“"_ d act as self- a redox speciles KMno KMno,
W Ld S hII\Lh _LII‘(_ 1ll.\.}( indicators and for 4
: __L."; 'I”' lcators lor b mog) cases special —
acid-base Litralions. redox md“ tors are
indicator
Acid-base titrations | Redox titrations are / X
are more common commonly seen ¢ ) - &S Source
as it can lake place among the ‘d’ block
between any form of elements. Back Titrations Done when the endpoint can be hard to ID -
acid and base/ weak PEDIAA CO add an excess, and then back titrate to
and strong.

determine how much is in excess



http://science.wonderhowto.com/how-to/classic-chemistry-colorize-colorless-liquids-with-black-magic-aka-iodine-clock-reaction-0139128/
http://chemcollective.org/activities/autograded/130
http://pediaa.com/difference-between-acid-base-titration-and-redox-titration/
https://www.youtube.com/watch?v=RX6rh-eeflM&nohtml5=False
http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/redoxNew/redox.html
http://staff.buffalostate.edu/nazareay/che112/chromate.htm

Virtual Lab 1 VirtualLab2 Video Source l

Question:
Which of the following would increase the rate of a chemical reaction.

a. decreasing the temperature

b. increasing the concentration of the products
c. decreasing the concentration of the products
d. increasing the concentration of the reactanits
e. decreasing the concentration of the reactants
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http://webpages.sou.edu/~chapman/Ch206/kinhelp.htm
https://www.youtube.com/watch?v=MyWKEivx6CA&nohtml5=False
http://www.onlinechemlabs.com/library-of-labs/learning-objectives/iodine-clock-kinetics.aspx
https://phet.colorado.edu/en/simulation/reactions-and-rates

Source 1

Application of Law of Conservation of Energy: All heat

produced/consumed during reaction (system) is
exchanged with the surroundings.

Applications:

Calorimetry

Coffee Cup Calorimeter | I—
B Specific Heat of

Applications Material .

A calorimeter is used to B Can be used to ID M
measure the heat 1

absorbed or released in e mmm unknown V]'rtua']' La'b
a chemical (or other)

process by measuring (R .

the temperature change g - H Heat Of IeaCtlon

of an insulated mass of cups

water. -

- B Energy content of
Constant P food
.. Source
M This is usually done
in a bomb

calorimeter

Reaction occurs in solution. (constant V) use wires
Temperature increases or decreases. 0 S\

Insulating cup traps heat or keeps

out heat from the surroundings. Temperature
Source Reader



http://www.slideshare.net/lurganbeach/lesson-enthalpy-and-calorimetry
https://www.youtube.com/watch?v=SAR-5wdQKSY
http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/thermochem/heat_metal.html
https://commons.wikimedia.org/wiki/File:Bomb_Calorimeter_Diagram.png
http://www.chem.purdue.edu/gchelp/howtosolveit/Thermodynamics/Calorimetry.html

Virtual Lab 1 Virtual Lab 2 Video Source

Qualitative Analysis | e e
roreTYYT| o
== QOO000 |88 I

\x,'ﬁj:‘ =7 || ‘ & ‘ ‘ ' ‘ Analysis of cations (positive ions)

Aflame test i alytical po are used by 2
chemists to detect the presence of particular
metal jons, based an the colour of the flame }
produced. :

ﬂ/?\ r . ."‘ | | | M a w
e i (R Add NaOH(a - inspect precipitate
(i\l \ e B " (aq) | coloured precipitate | pect precip
NG i b :
: iron{II) - green
When heated, the elecirons in the metal lon ‘ ‘ « R whit rECIpltate iron (III) - brown
gain energy and can jump into higher energy } \ A s ¥ \ )
levels, Because this is energetically unstable, § ) i o
the electrons tend to fzll back down to where § :
ing energy as H S
. Th i NErgy, i 1
from one metal i H L
: characteristic colours @ ;

copper(1l) blue
. excess NaOH
oy il SELENIUM ZING
SeSe™ ;
: ppt Tagissolves

| flame tests | nolchange |

-

no precipitate

given b;;' each met,

aluminium |

Remember that the lower the K, the

less soluble the substance. Qualitative | excess NHs(aq) © rediscolves
analysis then also allows a ranking of ‘ nchhangE

salts by Ksp, and demonstrates the | = [ e |
mlcium magnesium

effeCt Of pH on SO].ub].].ltY. ‘ lead(IT) }_KI(:E”_| vellow Pblz |



http://alevelchem.com/aqa_a_level_chemistry/unit3.3/331/analysis.htm
https://www.youtube.com/watch?v=xhO4goI_BRU&nohtml5=False
https://www.dartmouth.edu/~chemlab/info/resources/qual/soluble.SolubleAppletA.html
https://www.dartmouth.edu/~chemlab/info/resources/qual/soluble.SolubleAppletC.html

Now...
Just for Fun:
Some “Harry’ Problems




2Fe(OH)s (s) + 3H2S0: (aq) a Fez(SO4)s (aq) + 6HzO (1)

a. Ron Weasley had to perform the above reaction in Professor Snape’s potions class. Ron mixed
45.0 g iron III hydroxide with 45.0 ml 2.00 M sulfuric acid in a cauldron, leaving the lid off. The heat
capacity of his cauldron was 645 J/K.

1. What other information would Ron need to know or measure experimentally to determine
the molar change in enthalpy of the reaction, AH°rxn?

ii. Unbeknownst to Ron, Draco Malfoy dropped a 100 g sneakoscope (assume this is
unreactive and at room temperature) into Ron’s cauldron before Ron measured his temperature but
after the reaction was initiated. Explain in which direction this would alter Ron’s experimental value
of AH®rxn.

b. Hermione Granger also performed this reaction. She mixed 45.0 g iron III hydroxide with 450 ml
2.00 M sulfuric acid in her cauldron, and kept the lid on, using a spell to enable her to measure
temperature (revelio thermo).

1. How would you expect her temperature change to differ from Ron’s, if at all? For this
comparison, assume that Ron’s reaction was performed with the lid on and with no sneakoscope.

1i. Hermione repeated the experiment using all the same measurements, but used aluminum
hydroxide instead of iron III hydroxide. Assuming that both reactions have the same AH°rxn, would
her temperature change be smaller, the same, or greater in her second experiment.

c. Given the following values for absolute entropies, what would AS°rxn be?

I LTI T L 7 L

S motk {107 |31 {2008 |01 |69l




4 Just for Fun... Answers

al. Qrxn — ‘(CcalAT + C(mixture)m(mixture)AT); AH°rxn = Qrxn /
moles rxn

Ron would need to measure the starting and final
temperatures, know (or measure) the specific heat
capacity and mass of the reaction mixture, and the
number of moles of reaction. In this case,

45.0 g Fe(OH)3 / 106.8 g/mole = 0.421 moles; 0.045 L x 2
M = 0.09 moles H>SO4 (limiting), so 0.03 moles reaction
(to those who dislike this concept, I apologize).

aili. Because the sneakoscope would absorb heat,
AT would be lower, so the heat of the reaction
would appear to be lower as would AH°rxn.

bi. For Hermione, the Fe(OH)3 is now limiting, as
there are now 0.9 moles H2504. So, there are
more moles of reaction, about 0.21, a seven-fold
increase. This would increase the temperature
change. However, there is also a significant
increase in mass of the reaction mixture, from
about 90 g to 500 g. This would decrease the
temperature change. So the exact AT outcome,
increase or decrease, depends on the specific
heat capacity of the reaction mixture.

bii. 45.0 g A1(OH)3/ 18
g/mole = 0.577 mole. This is
still limiting, but now there are
about 0.288 moles of reaction,
so more heat is produced. As
the total mass doesn’t change,
and the specific heat capacity
is unlikely to change
dramatically, it is reasonable
to predict that AT would be
larger.

c. AS°rxn = sum product
S° - sum reactant S°

AS°rxn = 6(69.91) + 2(-
315.9) + 3(20.1) — 2(107)
—3(20.08) = -426.3
J/mole*K.




