Acids and Bases
NOTE:  This exercise is a modification of a module on the Active Learning site titled Designing an Acid-Base Titration written by David Harvey.  http://community.asdlib.org/activelearningmaterials/designing-an-acid-base-titration/
[image: ]Reading and Homework: separated by type below
· As a group write out generic expressions for acid dissociation and base hydrolysis including the appropriate equilibrium expression




· How do the expressions change if you denote the acid or base as strong or weak?





STOP
[image: ][image: ]
Strong Acid or Strong Base 
Reading: Chapter 8 (sections 1-4), Chapter 10 (sections 1, 4), Exploring Chemical Analysis 5th ed., D. Harris 
· What is the pH of concentrated (11.6 M) hydrochloric acid?




[bookmark: _GoBack]




STOP
Through the rest of this unit we are going to use an online tool to help us remember what we know about acid-base titrations and expand our understanding to more complex systems. It is important that one person in the group brings a laptop or tablet capable of running the website.
· Open a browser for your group and navigate to https://dthdpu.shinyapps.io/TitrationApp/

· Write a generic equation representing the titration of a strong acid with a strong base.





· Click on Investigation 1
· Uncheck the [titrant]= initial [analyte] box under Titrant before proceeding
· Monitor the change in the titration curve of a strong acid with a strong base and explain the effect of changing the following variables with the slider on the curve. Remember that you should only change one variable at a time.
· Initial analyte concentration (M)




· Titrant concentration (M) 


· Initial volume (mL)



· Which indicators are suitable for the titration of a strong acid with a strong base?



· How does the titration curve change if the analyte is changed from a strong acid to a strong base?


STOP


· Use the website first determine the answer to the following questions and then prove them mathematically. Be sure to write the relevant rxn for each of the 3 regions of the titration curve.
· How many mL of 0.05 M NaOH are needed to reach equivalence of the titration of 20 mL 0.01 M HCl?
website







· What pH would be observed at the equivalence point and what is the rxn occurring in the flask?


website







· What is the pH at 2 mL of NaOH added and what is the rxn occurring in the flask?



website







· What is the pH at 6 mL of NaOH added and what is the rxn occurring in the flask?


website


STOP
· [image: ]Draw the titration curve

· Which indicator would be suitable for this titration?





· What is the pH of water (by calc. not memory)?





[image: ]STOP




Weak Acid or Weak Base 
Reading: Chapter 8 (sections 5-7)
[image: ]Homework: Chapter 8: 10, 11, 14-16, 19-23, 25, 28, 30, 32, 33

[image: ]

· What is the pH of 0.100 M formic acid solution, Ka= 1.80×10-4?













STOP
[image: ]


[image: ]
· NH4+ Ka=5.7×10-10 what is Kb for NH3?




STOP
[image: ]

· Which acid is stronger dichloroacetic, Ka=8.00x10-2, or chloroacetic, Ka=1.36x10-3? How does Ka and pKa relate to strength?








STOP
· Find pKa of a weak acid 0.063 M hydrobenzene with a pH=5.60.





[image: ]STOP




















Buffers
Reading: Chapter 9 (sections 1-6), Exploring Chemical Analysis 5th ed., D. Harris 

· How would your group define a buffer? 









[image: ]
[image: ][image: ]


· What ratio of [A-]/[HA] will create an acetic acid (Ka=1.75x10-5) buffer with a pH=5.0?






STOP
· A buffer is made with 2.402 g of acetic acid (Ka=1.75x10-5, FW: 60.05) and 3.247 g of its conjugate, acetate ion (FW: 59.04), in 5L H2O what is the pH?







STOP
[image: ]
· What happens if a strong acid is added to a buffer soln.?



· What happens if a strong base is added to a buffer soln.?


STOP
· Add 1.276 g HCl (FW: 36.4609) to the acetic acid buffer example on the previous page and calculate the new pH. (*hint: ice table)
















· How does this relate to the pH before strong acid is added? What would the pH be if 1.276 g HCl was added to water without the buffer solution?




















STOP
[image: ]
· How many mL of 0.500M NaOH should be added to 10.0g of tris hydrochloride (pKa=8.07, FW=157.60g/mol) to give a pH of 7.60 in a final volume of 250mL?










STOP
[image: ][image: ]
[image: ]
· Yellow @ pH=3.7
· What is [B-]:[Y] when first yellow? 




· Blue @ pH=5.7
· What is [B-]:[Y] when first blue?




STOP
Quantitative Analysis: Titrations 

The rest of this unit will focus on the use of titrations to determine the quantity of an analyte. That will include acid-base with one equivalence point (monoprotic), acid-base with several equivalence points (polyprotic), and EDTA titrations. Along the way we will also consider how equilibrium can be affected by the presence of different ions.

By the end of this students should be able to:
1. Perform calculations to determine the quantity of an analyte via the following types of titrations: acid-base monoprotic and polyprotic and EDTA.
2. Determine the fractional composition of a system and be able to display that understanding in a principle species diagram.
3. Explain the concept of activities and the effect on equilibrium.
4. Calculate the activity of ions.
Monoprotic Titrations
Reading: Chapter 10 (sections 1-5), Exploring Chemical Analysis 5th ed., D. Harris 
We are going to combine everything we reviewed in the last few chapters on acids, bases, and buffers to determine the quantity of an unknown acid or base. For some of you this chapter will seem so familiar the tendency will be to not practice. However, we are going to do polyprotic titration in the next chapter so you need to be rock solid on this material! So practice practice practice!
We are going to generate a titration curve for each type of titration
· Weak acid with strong base
· Weak base with strong acid
Titration of Weak Acid w/ Strong Base (pg 210-213)
· Open a browser for your group and navigate to https://dthdpu.shinyapps.io/TitrationApp/

· Write a generic equation representing the titration of a weak acid with a strong base.







· Click on Investigation 2
· Uncheck the [titrant]= initial [analyte] box under Titrant before proceeding
· Monitor the change in the titration curve of a weak acid with a strong base and explain the effect of changing the following variables with the slider on the curve. Remember that you should only change one variable at a time.
· pKa



· Initial analyte concentration (M)


· Titrant concentration (M) 


· Initial volume (mL)


· Why was pKa considered a variable for a weak-strong titration but not a strong-strong?


· How does the titration curve change if the analyte is changed from a weak acid to a weak base?


STOP
· Use the website first determine the answer to the following questions and then prove them mathematically. Be sure to write the relevant rxn for each of the 3 regions of the titration curve.
· Generate the titration curve for the titration of 25.00 mL of 0.20 M HF (Ka =6.6×10-4) with 0.15 M NaOH
· How many mL of 0.15 M NaOH are needed to reach equivalence of the titration of 25.00 mL 0.20 M HF?
website







· What pH would be observed at the equivalence point and what is the rxn occurring in the flask?


website







· What is the pH at 20 mL of NaOH added and what is the rxn occurring in the flask?



website







· What is the pH at 60 mL of NaOH added and what is the rxn occurring in the flask?

website


STOP
· [image: ]Draw the titration curve

· Which indicator would be suitable for this titration?



STOP
· [image: ]Fill out table

Titration of Weak Base w/ Strong Acid (pg 214-215)

· Based on what we just learned can we predict the 4 regions and draw the curve?
[image: ]
Unit 2
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Polyprotic Titrations
Reading: Chapter 11 (sections 1,2, 4), Exploring Chemical Analysis 5th ed., D. Harris 
Many molecules have many proton donor or acceptor sites (such as amino acids and thus proteins!). Therefore, we need to know how they react, what can we know about concentrations when we know pH, and what would a titration look like. Often in biochemistry you will not look at the full titration only a piece, but you can’t understand a part unless you understand the whole!

[image: ]
· There is a pKa for both groups on the molecule (amino acid in this case), which group is going to act more like and acid and therefore which should have a lower pKa?


[image: ]STOP

· 
· [image: ]Which species above is the strongest acid? 
· Which species above is the strongest base?
· What is the corresponding relation when you have multiple Ka and Kb such as polyprotic systems?
· Derive the relation between K1a, K3b, and Kw.
















STOP

· Click on Investigation 3
· Uncheck the [titrant]= initial [analyte] box under Titrant before proceeding
· Monitor the change in the titration curve of a diprotic weak acid with a strong base and explain the effect of changing the following variables with the slider on the curve. Remember that you should only change one variable at a time.
· pKa1


· pKa2


· Initial analyte concentration (M)


· Titrant concentration (M) 


· Initial volume (mL)


· Why do we need to consider more than 1 pKa for a polyprotic titration?




· How does the titration curve change if the analyte is changed from a weak acid to a weak base?


STOP
· Draw a generic titration curve H2A+ with a strong base
Regions where we will identify the pH and the volume:
Unit 2
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B. Initial 
C. @ all equivalence points
D. @ ½ each equivalence point
E. Any point in a buffer region
F. [image: ]After the last equivalence point


· Use the website first determine the answer to the following questions and then prove them mathematically. Be sure to write the relevant rxn for each region of the titration curve.

· Generate the titration curve for the titration of 10mL of 0.200 M alanine (pKa1 =2.344, pKa2 =9.868 ) with 0.100 M NaOH by walking through the following questions
· What is the pH before any base is added? 
Initially (before any base added) the pH defining rxn is



website







· What is the volume to the 1st and 2nd equivalence?



website






· What is the pH at the first equivalence point?
At the first equivalence point the pH is defined byand the approximation .



website


· What is the pH at the last equivalence point?
At the last equivalence points the pH is defined by 







website






· What is the pH at halfway to each equivalence point?
½ way to each equivalence points the pH is defined by                          and the approximation




website












· What is the pH after 23.00 mL of NaOH has been added?
Any point before an equivalence point the pH is defined by                         


· 
website
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· What is the pH after  of NaOH has been added?
Any point after the last equivalence point the pH is defined by                         


· 







website
































From last semester’s second exam; worth 25% of the exam
Titration of 12.00 mL of fumaric acid requires 26.00 mL of 0.0300 M potassium hydroxide to reach the first equivalence point.  
Disregard significant figures and give all pH and volumes values with 2 decimal places.
Fill in the empty boxes on the titration curve and show the work in the space provided on this page and the next with the corresponding letter. A value provided without sufficient work shown will receive no credit.


				Vb (mL)

A.      pH at A









B.    pH at B







C.     pH at C 







D.     pH at D
















E.      Volume at E
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Acid and Bases: Arrhenius

* The Arrhenius equation defines

— acid as: a compound that increases the
concentration of H* (or H;0*) in solution

— base as: a compound that increases the
concentration of OH in solution

* As a group write out generic expressions for
acid dissociation and base hydrolysis

— How do the expressions change if you denote the
acid or base as strong or weak?
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Significant figures w/ log and antilog

Log: original # SFs = # of decimal places (mantissa)
log (5.403 x 10°8) = -7.2674

Antilog: original # dec places = # SFs
106142 = 1.39 x 106

Examples
pH = -log [H*] = -log [0.0153] = 1.815
[H] =10P"H =10474=1.8x 10"
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pH range

H* lon Examples of
Concentration Solutions

109 — —— 0 — Hydrochloric acid
10" —— 1 —
02 — —z—ﬂmziaog/ pH can be outside of the

108 — —— 3 — Vinegar, cola, beer

range of 0-14 but this
only occurs in very

104 — — 4 — Tomatoes

105 — — 5 — Black coffee
Normal rainwater
cp | AN e
10 6 — Utne concentrated strong
107 — — 7 — Pure water .
Blood L acids and bases
108 — — 8 — Seawater
109 — — 9 — Baking soda & o)
10-10 — —10 — Great Salt Lake
Milk of magnesia
10710 — — 11 — Household ammonia
10712 — —12 — Household bleach

— 13 — Oven cleaner
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Titration of a Strong Base w/ a Strong Acid

* Draw a generic titration curve
for the titration of a strong

15 4

base w/ a strong acid 3
— Be sure that the pH values are 11 1
reasonable 9 |

— Indicate the type of rxn
happening at each region

pH
~N

— Indicate what would be the pH
defining species at each point. 31
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Weak Acids and Bases

Only partially dissociates

Every acid or base not listed in the previous
table

Its conjugate is also weak

K, and K, are the equilibrium constants and
relates the concentration of products and
reactants ie. acid dissociation and base
hydrolysis constants respectively
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Quadratic formula

* Do | always have to do the quadratic formula?

— NO if it follows the 1% rule then the x in the
denominator can be neglected

K
—<107%
F
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Relation of K, K, and K,

K, X K, = K,
* You should know how to derive this
relationship (next slide)

* Important because if we know that K, or K, of
an acid or a base we can determine the K, of
K, of its conjugate respectively.

— Appendix B (and most tables of dissociation
constants) only list K,




image9.png
K, % K, =K,

[H*][A7]
—~ gt = -
HA=H"'+ A Kq [HA]
+* _ [HA][OH™]
A=+ Hy0 = HA + OH Kp=—ra—
[47]
H,0 = H* + OH~ K,y x K, = B HAORT _ 1py (o= = K,

[HA] (4]
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pK,and pK,

pX = —log(X)
pK, = —log(K,)
&
pKp = —log(Kp)
* This is just a more condensed form of the
equilibrium constant
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Prediction of acidic and basic solutions formed by salts

« Salts: solid that * Isthe aqueous solution of the salt

CH;NH,Cl acidic or basic?
results from an

acid-base
neutralization rxn

— Most are strong
electrolytes and
therefore
dissociate
completely in
H,O

— Metal ions with a
charge > 2 are
acidic
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Buffer & Le Chatelier’s Principle

HA= Ht+ A~

* Fraction of dissociation is
small for both the weak acid

and its conjugate
— From L.C.P. the dissociation of
HA into A" is hindered by the
fact that conjugate base is
added to solution; same

reasoning can be used for A
to HA
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Henderson-Hasselbalch Eqn.

H = pK, + log 2
PR =PRaTI08\ cid

* Know how to derive this (next slide)!!!

» Use: knowing the ratio of acid and base
conjugate pair and K, we can determine pH
* Important relationships:
— When base/acid=1 the log—>0 and . pH=pK,

— When ratio changes by a factor of 10 the pH goes
™ or ¢ by afactor of 1
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Henderson-Hasselbalch Egn. Derivation

=
=,

—log([H*]) = —log(K,) + log (A )

H =»K, +1 base
PR = PRa ™08\ i
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Using a buffer: application of L.C.P.
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Calculating how to preparing buffers

How many mL of 0.500M NaOH

should be added to 10.0g of tris

hydrochloride to give a pH of

7.60 in a final volume of

250mL?

1. Determine moles of tris
hydrochloride

2. Determine the # of moles of
OH- from the strong base
that should be added

3. Determine vol of the
0.500M NaOH soln. would

1. Weak 1. Weak need to be added to obtain

id # of moles from 2.
aci base
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Buffer capacity

* Buffer capacity is maximum

When pH=pK for. the buffer. 0'25:llllIIIII]IlllllIII[III!IIIII[IIIIIITTI:
a E =
— What does this meaninyour °%F 3
own words? 0.15F 3
* A buffer’s useful pH range o210y ccioneron 3
. . = | 3
is “pK, £ 1pH unit oosE ! 3
. Pk I 3
— Outside of thatrangenot = E [ 3
enough of the weak acidto & °F | 0 0000 0 3
react oosE 1 o~ | o, 3
. - 7/ _ -
— Capacity of the buffer o0f P Phy=5 Q\Q 3
increases w/ concentration of = _.13§;5Addmon of He N
the buffer I S b
— How do you pick a good 20 /| 3
buffer? _0_25:111?11111111111111111111111111111111111:
3 4 5 6
* pH of a buffer depends on il o

temperature and ionic

Figure 9.2
st rength Exploring Chemical Analysis, Fifth Edition

© 2013 W.H. Freeman and Company
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Preparing buffers in real life

Due to activities (later
lecture) pH does not
come out exactly as
expected -~ to get the
correct pH a pH
electrode is used to

determine when enough
been

conjugate  has
added

Steps for preparing the previous buffer

example

1. Weigh out 0.100 mol tris hydrochloride
and dissolve it in a beaker containing
~800mL H,0 and a stir bar on top of a
stir plate

2. Place a pH electrode in the soln. and

monitor the pH

Add NaOH soln. until pH is exactly 7.60.
Allow time for the pH reading to stabilize
after each addition of reagent

Transfer the soln. to a volumetric flask
and was the beaker and stirring bar a
few times and add to volumetric

Dilute to mark and mix
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Acid-Base indicators
. Bromocresol green
* ACId or base yellow protonated Mhlue deprotonated

whose y PRam=AT o
B~|[H*
various KHM:%
5] By oH
protonated sz,,KHmHOg(W> .

species have * @pH=47L1[B]M:green
* Yellow @ pH=3.7

different + Blue @ pH=5.7 ¢
colors that What is [B-]:[Y] when first yellow? Blue?

can be used

to indicate

change in pH
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Region

pH defining species and type of rxn

Before any titrant
Before eq. pt.

At eq. pt.

After eq. pt.
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Region

pH defining species and type of rxn

Before any titrant
Before eq. pt.

At eq. pt.

After eq. pt.
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Titration Reference Sheet

14 14
12 12 12
10 10 10
8 8 8
- - -
2 2 2
6 6 6
4 4 4
2 2 2
0 0 0
Vb Va Vb
Titration type Strong acid-Strong base Weak base —Strong acid Weak acid-Strong base
Region Type of rxn Relative pH Type of rxn Relative pH Type of rxn Relative pH

Before titrant

After some
titrant has
been added

At
Equivalence

After
Equivalence
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b
Amino group —= H,N H;N =— Ammonium group

CH—R —> CH—R
Carboxylic acid —= HO—C, ~O—C ~— Carboxyl group
N\ N\
o
Zwitterion

Figure UNEQ 11.1
Exploring Chemical Analysis, Fifth Edition
© 2013 W.H. Freeman and Company
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Table 11-1 Acid dissociation constants of amino acids®®

Carboxylic acid Ammonium Substituent Molecular
Amino acid Substituent pK, pK., pK, mass
Alanine (A) —CH; 2.344 9.868 89.09
Arginine (R) */ H, 1.823 8.991 (12.1) 174.20
—CHZCHQCHZNHC\
NH,
i
Asparagine (N) —CH,CNH, 2.16 8.73 132.12
Aspartic acid (D) —CH,CO,H 1.990 10.002 3.900 133.10
Cysteine (C) —CH,SH (1.7) 10.74 8.36 121.16
Glutamic acid (E) —CH,CH,CO,H 2.16 9.96 4.30 147.13
_ ]
Glutamine (Q) —CH,CH,CNH, 2.19 9.00 146.15

Glycine (G) 2.350 9.778 75.07

—H
N
o /NH
Histidine (H) —CH, J (1.6) 9.28 5.97 155.16
N
H
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