Unit 10 Acid/Base: Name _____________________________________________________________________
	Code
	Unit 10-Acid/Base
Content Expectation
	Textbook Reference

	C5.7
	Acids and Bases Acids and bases are important classes of chemicals that are recognized by easily observed properties in the laboratory. Acids and bases will neutralize each other. Acid formulas usually begin with hydrogen, and base formulas are a metal with a hydroxide ion. As the pH decreases, a solution becomes more acidic. A difference of one pH unit is a factor of 10 in hydrogen ion concentration. 
	

	C5.7A
	Recognize formulas for common inorganic acids, carboxylic acids, and bases formed from families I and II.
	

	C5.7B
	Predict products of an acid-based neutralization.
	

	C5.7C
	Describe tests that can be used to distinguish an acid from a base.
	

	C5.7D
	Classify various solutions as acidic or basic, given their pH.
	

	C5.7E
	Explain why lakes with limestone or calcium carbonate experience less adverse effects from acid rain than lakes with granite beds.
	

	C5.7x
	Bronsted-Lowry Chemical reactions are classified according to the fundamental molecular or submolecular changes that occur. Reactions that involve proton transfer are known as acid/base reactions. 
	

	C5.7f
	Write balanced chemical equations for reactions between acids and bases and perform calculations with balanced equations.
	

	C5.7g
	Calculate the pH from the hydronium ion or hydroxide ion concentration.
	

	C5.7h
	Explain why sulfur oxides and nitrogen oxides contribute to acid rain.
	



           Vocabulary
	Acid rain
Acid/base reaction
Acidic
Alkaline
Basic
Bronsted-Lowry
Carboxyl group
	Hydrogen ion
Hydronium ion
Hydroxide
Ion
Kw,
Neutral
Neutralize
pH



BIG IDEAS: 

Acids and bases play a central role in much of the chemistry that affects daily life. In order to function properly the human body needs acids and bases. The environment is impacted by chemical reactions on Earth. Acids, bases and pH are systems developed by man to help describe natural phenomenon. Changes in matter involving natural systems can be measured by pH levels. On the pH scale, which ranges from 0 to 14, neutral solutions have a ph of 7. The farther away from 7 one moves in either direction the more toxic or caustic a solution becomes. 


· batcon.org. 2007. Bracken Cave Bat Emergence. Video. http://www.youtube.com/watch?v=baFUdA6_yIM

· youtube.com. 2007. The Bats of Bracken Cave. Video. http://www.youtube.com/watch?v=nkWq0SjB3to&feature=related


[image: ]  Bracken Cave, near San Antonio Texas is home to 20 to 40 million bats. Visitors to this cave wear goggles and respirators to protect them from the dangerous levels of ammonia (a base, a byproduct of the bats’ urine) in the cave.

Practice Skill: Anticipation Guide for Preconceived Notions about the Chemistry of Acids & Bases

	Directions: Put a check under “Likely” if you believe that the statement has any chemical truth. Put a check under “Unlikely” if you believe that it has no chemical truth. Be ready to explain your choices.



Likely          Unlikely

______         ______        Most acids have a hydrogen atom written in front of the formula.

______         ______        A Lewis base can donate a pair of electrons.

______         ______        pH is a number used to measure the concentration of hydrogen ions.

______         ______        pH levels range from -14 to 14.

______         ______        A pH meter can be used to measure the level of pH in a solution.

______         ______        pH can also be tested by using pH test paper.

______         ______        If a solution has a pH of 2 then it is considered a base.

______         ______        When you neutralize an acid one of the products is water.

______         ______        When oxides react with atmospheric water they produce acid rain.

______         ______        -log [.01] = 2.
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Arrhenius Acid/Base: https://youtu.be/y47upr76y20
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_________________________________________________________________________________________
Bronsted-Lowry Acid/Base: https://youtu.be/ZiokqP0aZ1E
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Lewis Acid/Base: https://youtu.be/u2Bd_U8YoO8

Acid Base Ionization: https://youtu.be/rKqYE5sZi1s
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Self Ionization of Water:  https://youtu.be/PVq6KdweowM
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Practice Skill: 
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9. 
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pH Scale: http://chemwiki.ucdavis.edu/Physical_Chemistry/Acids_and_Bases/Aqueous_Solutions/The_pH_Scale
http://www.bgfl.org/bgfl/custom/resources_ftp/client_ftp/ks3/science/acids/
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Practice Skill:
1. 
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2. 
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4. 
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6. 
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Practice Skill:
1.     
   [image: ]    

2.                                                                              3.
   [image: ]                                 [image: ]


4.                                                                              5.
Calculate the [H+] of each                                     Calculate the [H+] of each
solution.                                                                    solution.
a. pH = 7                                                              a. 4.55
b. pH = 14                                                            b. 3.2
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_____________________________________________________________________________________________

Practice Skill:
1.
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2.
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3.
Calculate the pH of the following:

a. [OH-] = 1 x 10 -2 M
b. [OH-] = 1 x 10 -8 M
c. [OH-] = 1 x 10 – 7 M

4.
[image: ]




Common Acids & Bases:

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

An inorganic acid is an acid that does not contain a carbon atom. 
An oxy-acid is an inorganic acid that contains oxygen.
A carboxylic acid is an organic acid that contains carbon and oxygen.
_____________________________________________________________________________________________
[image: ]       [image: ]

Hydroxides of alkali and alkaline earth metals contain elements from groups I and II respectively.

[image: 450px-Periodic_table]






Practice Skill: You will identify the three types of acids and give a scientific argument for your choices. You will also identify a base and give a scientific argument for your choice.

A Scientific Argument includes:

The Claim (an explanation or an answer to a phenomenon)

Example: Phosphoric acid (H3PO4) is an inorganic oxy-acid.

The Evidence (the evidence supports the claim made based upon data and or observations) 
Three pieces of evidence must be included.

Example:
1. It is a hydrogen containing compound.
2. In an aqueous solution it will ionize into hydrogen ions (H+).
3. It does not contain carbon but does contain oxygen.

The Rationale (the reasoning that shows how the evidence supports the claim and why the evidence should count as support)

Example: According to the formula H3PO4, Phosphoric acid is inorganic oxy-acid because it does not contain carbon but it does contain oxygen. In water it will release hydrogen ions; it can release three of them. 

Your turn:
1. Explain what kind of an acid hydrochloric acid (HCl) is.

The Claim: 





The Evidence:









The Reasoning: 







2. Explain why sulfuric acid (H2SO4) is an inorganic oxy-acid.

The Claim: 






The Evidence:







The Reasoning: 







3. Explain why carbonic acid (H2CO3) is a carboxylic acid.

The Claim: 





The Evidence:









The Reasoning: 






4. Explain why potassium hydroxide (KOH) is a base.

The Claim: 





The Evidence:








The Reasoning: 






5. Explain why sodium hydroxide (NaOH) is a base.

The Claim: 





The Evidence:








The Reasoning: 








As a reminder:
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A Salt:
A salt is neither an acid nor a base. Salts are formed when acids and bases neutralize each other forming the salt and water. Example: 
Hydrochloric acid (HCl) + Sodium hydroxide (NaOH)  Sodium chloride (NaCl) + Water (H2O)
The universal aqueous acid-base definition of the Arrhenius concept is described as the formation of water from hydrogen and hydroxide ions, or hydrogen ions and hydroxide ions from the dissociation of an acid and base in aqueous solution:
H+(aq) + OH−(aq) [image: is in equilibrium with]H2O
(In modern times, the use of H+ is regarded as a shorthand for H3O+, since it is now known that the bare proton H+ does not exist as a free species in solution.)
This leads to the definition that in Arrhenius acid-base reactions, a salt and water is formed from the reaction between an acid and a base.[6] In other words, this is a neutralization reaction.
acid+ + base− → salt + water
The positive ion from a base forms a salt with the negative ion from an acid. For example, two moles of the base sodium hydroxide (NaOH) can combine with one mole of sulfuric acid (H2SO4) to form two moles of water and one mole of sodium sulfate.
2 NaOH + H2SO4 → 2 H2O + Na2SO4

Practice Skill:
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Practice Skill:
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Acids in the Atmosphere
The burning of fossil fuels has worldwide implications. Scientists predict that every region on Earth will be affected, in some way, by increasing concentrations of carbon dioxide in the atmosphere. Unfortunately, this is not the only wide-ranging concern associated with fuel burning. The effects of fuel combustion can be experienced hundreds of kilometers away from the original source, when by-products of combustion (along with other air pollutants) combine with water to produce acid rain.
 [image: ]
 [image: Renewable Energy Cycle]            [image: ]

ACID RAIN
What is acid rain? To answer that question, it is worth noting that “acid rain” does not have to be rain; it can be any form of atmospheric precipitation. Acid rain is defined as fog, sleet, snow, or rain with a pH lower than about 5.6, which is the average pH of natural precipitation in the absence of air pollution. You probably recall that pure water is neutral, with a pH of 7. Why, then, does natural precipitation have a pH less than 7. Water samples, although they may be clean and healthful, are rarely pure. Even water that evaporates from Earth’s surface condenses and dissolves atmospheric gases, such as nitrogen, oxygen, and carbon dioxide. The pH of rainwater is normally slightly acidic, about 5.6, mainly due to the reaction of carbon dioxide with water, forming carbonic acid, H2CO3:

CO2 (g)   +   H2O (l)    H2CO3 (aq)

This dilute solution of carbonic acid then falls to Earth as rain, snow, or sleet. Other natural events can contribute to the acidity of precipitation. Volcanic eruptions, forest fires, and lightning bolts produce sulfur dioxide (SO2), sulfur trioxide (SO3), and nitrogen dioxide (NO2). These gases can then react with atmospheric water in much the same way that carbon dioxide does:
SO2 (g)   +   H2O (l)  H2SO3 (aq)
                             Sulfurous acid

SO3 (g)   +   H2O (l)  H2SO4 (aq)
                            Sulfuric acid

                2 NO2 (g)   +   H2O (l)  HNO3 (aq)  + HNO2 (aq)
                                                                                                               Nitric acid         Nitrous acid
	
The result, as the previous equations suggest, is the formation of acidic precipitation. If rain customarily is acidic, why does acid rain pose a problem? The fact that this precipitation is more acidic than normal leads to the problems associated with acid rain.

Impact of Acid Rain
Why should we be concerned about acid rain? The reality is that sulfur oxides and nitrogen oxides emitted from power plants, various industries, and fossil-fuel-burning vehicles react with water vapor to form acids that lower the pH of rainwater--- at times to 4.5 or lower in the northeastern United States. Similar changes in pH have been observed for precipitation in Scandinavia, Central Europe, and other areas downwind from large industrial centers and power plants. Excessively acidic rain can lower the pH of lakes and streams enough to kill fish eggs and other aquatic life. Acid rain also damages plants by leaching needed mineral from the soil.

Effects: http://www.teachersdomain.org/asset/lsps07_int_acidlake/

Problems caused by acid rain are not limited to effects on natural ecosystems. Most buildings and other structures contain metal, limestone, or concrete, which are all materials susceptible to damage by acids. Statues and monuments (such as the Parthenon in Greece) that have stood for centuries; show signs of significant surface damage, due, in part, to acid rain. Acid attacks calcium carbonate in limestone, marble, and cement according to this equation:  
                   H2SO4(aq)  +   CaCO3(s)     CaSO4(s)  +     H2O(l)  +    CO2(g)
                          Sulfuric Acid              Calcium 	              Calcium                    Water               Carbon
	          (in acid rain)               Carbonate                Sulfate                                               Dioxide
                                                                                     
Calcium sulfate is much more soluble in water than is calcium carbonate. Thus, as calcium sulfate forms, it washes away, uncovering fresh solid calcium carbonate that reacts further with acid rain, this is how the structures are damaged.
[image: ]

USGS Link:
http://pubs.usgs.gov/gip/acidrain/contents.html
Read through the ‘Introduction’ links to become more familiar with the issues of acid rain.

Read through a few of the links on ‘A Field Guide to Buildings in Our Nation’s Capital’ and choose one building or monument that is being destroyed by acid rain; you will write a Biopoem on one of these. Note because some of the buildings are made of granite they are not being destroyed by acid rain:

CaCO3(s) + H2SO4(aq)  CaSO4(s) + CO2(g) + H2O(l) 
			     (breakdown and deterioration) 

Granite(s) + H2SO4(aq)  No Reaction

Also note that acid rain effects are described in two ways:
	Dissolution
	Alteration

	When acid rain reacts with buildings or monuments made of marble, limestone, or concrete the calcite (CaCO3) in those materials reacts with acid rain and damages these structures.
	When buildings or monuments are exposed to acid rain, you see roughened surfaces, some of the material maybe broken off, and carved detailing lost.
Stone surface material may be lost all over or only in spots that are more reactive or exposed more to acid rain.



Practice Skill:
A Biopoem is poetry about someone that describes them in 11 lines. In your case you will choose a building or monument of our Nation’s Capital and describe the effects of acid rain on that building or monument.

Format: 

1. The first line will describe the building or monument.
2. The second line will describe four traits about the building or monument.
3. Third line will be of a relative of the building or monument.
4. Fourth line will describe what the building or monument cherishes: Lover of ____________
     (list 3 things or people)
5. Fifth line will describe what the building feels: Who feels ___________ (list 3 things)
6. Sixth line will describe what the building or monument needs: Who needs __________ (list 3 things)
7. Seventh line will describe what the building or monument fears: Who fears ___________ (list 3 things)
8. Eight line will describe what the building or monument offers: Who gives ___________ (list 3 things)
9. Ninth line will describe what the building or monument hopes for: Who would like to see __________ 
      (list 3 things)
10. Tenth line will describe where the building or monument is found: Resident of ___________ (where building or monument is found)
11. The eleventh line will proclaim the name of the building or monument.

Example:

I am Peace,
Carved sandstone, dark and igneous,
Born of Italians in Carrara.
I love for all to see me, take pictures of me, and to remember me.
I feel the acid pour down, lower pH; gnaw at my beauty and symbol.
I need care, protection, passed legislations.
Growing old, being forgotten, and crumbled ashes left behind,
Yet in my solitude I bring you peace, acceptance, and beauty.
Celebrate! Sing and Dance for me.
I am yours people of the United States of America,
I am the Peace Monument.






























References: 
Salts: http://en.wikipedia.org/wiki/Acid%E2%80%93base_reaction
Fossil Fuel Paths: www.enertech.com/environment/renew_energy.html
Chemistry Wilbourne 1993
Chemistry Wilbourne 2008
Chm Com NCS 2000
Titrations: http://ull.chemistry.uakron.edu/analytical/AB_titrations/
http://en.wikipedia.org/wiki/Titration
http://chemistry.about.com/od/acidsbases/Acids_Bases_and_pH.htm
http://chemistry.about.com/od/acidsbases/a/aa082304a.htm
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Activity
Effect of Foods on
Baking Soda
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VpH and Significant Figures

Calculating pOH pH

Increasing acidity & Increasing basicity
E
pH + pOH = 14 z
pH = 14 — pOH 10° 107" 1072 107 107 107 107° 1077 107° 107 107"°107" 102107 10"
pOH = 14 — pH ert [H*]

A neutral solution has a pOH of 7. A solution with a pOH less than 7 is basic.
Asolution with a pOH greater than 7 is acidic. A simple relationship between
pH and pOH allows you to find either one when the other is known.
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& In general, the reaction of an acid with a base pro-
duces water and one of a class of compounds called salts.
‘When you hear the word salt, you may think of the sub-
stance that flavors your French fres or serambled eggs.
‘Table salt (sodium chloride) is one example of a salt,
but there are many more. Salts are compounds
consisting of an anion from an acid and a cation from
abase.
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Table 19.9

Some Salts and Their Applications

Name Formula Applications
[Ammonium sulfate (NH,,SO, [Fertilizer

Barium sulfate BaSO, |Gastrointestinal studies; white pigment
Calcium chloride Cacl, [Devicing roadways and sidewalks
Potassium chloride Kl [Sodium-free salt substitute

Silver bromide AgBr [Photographic emulsions

Sodium hydrogen carbonate (baking soda) NaHCO, |Antacid

Sodium carbonate decahydrate (washing soda) | Na,CO, - 10H,0 |Glass manufacture; water softener
Sodium chioride (table salt) NaCl [Body electrolyte; chlorine manufacture
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Effect of Foods on Baking Soda

fromeach other. B sur to wipe any ke of the
ariety of s and voetables e. 3 calery stalk. kil sftercuting esch fut and vegetable,
banana.a grape, 3 tomto.3 lemon, an apPIeN 2. Sprinkle inch of baking soda on each sampe
orange. oapef, ke papartowel rga paper
plata and bakingsoda sodum hycrogen carbonate,
RaHCO,) 1. Whatdoyou observe?

28em 2. Whichfuts and vegetables showed 3 reaction

1. Carefully cut the fruits and vegetables into small with the baking soda and which ones did not?

pisces and place them on the plate Caution Never
taste anything n the laboratory including food
products. Make sure the pieces are wll separated
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. Whenanacid reacts with a base, what compounds are formed?

a  asaltemly . metal oxides only
b. water only d.  asaltandwater
. Whichof the following is a property of an acid?
a.  sour taste e. strong color
b. norelectolyte d. uneactive
. The formmla of the hydrogen ion is oftenwritten as
a HO* . H
b. OH' 4. HN*

. Whatis anacid according to Axherms?
a. asubstance that ionizes to yield protons in aqueous sohition
b. asubstance thatis a hydrogenion doncr
. asubstance that accepts an electron pair
d. asubstance that is a hydrogenion acosptor
. Whatis tramsferred between a conjugate acid-base pair?

a  anelecton . ahydroxide ion
b. aprotom d.  ahydrormam ion

. A Lewis acid is a substance thatcan____
a.  donate a pair of electrons c. donate a hydrogen ion
b. accepta pairofelechons d. accepta hydrogenion
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. What ae the acids in the following equilibriam reaction?
CN-+H O == HCN + OH~

a CNSHO c. CN-OH-
b. H.O,HCN 4. H.O,OH"

. Inaneutral sobation, the [H"is ___.
a 107 e 1x10M
b. zero 4. equalto[OH"]

. Whatis thebest description for a sohutionwith a hydroxide-ion concertrationof 1 <107 4?
a.  acidic c. neutnl

b. basic d. The amswer camotbe deternuned.
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10. Ifthe [H*) in asohtion is 1 X107 molL, what is the [OHJ?
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11. Calculate the hydrogen-ion conoentration [H*] for an aqueous solutionin which [OH i 1 X107 moliL. I
this solution acidic, basic, or neutral?
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12. If the hydroxide-ionconcenbation is 1 <10 M, what is the pH of the sohtion?
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13. If the hydrogen-ion concertrationis 1 <107 M, what is the pOH of the sohtion?
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14. Whatis the hydrogen-ion concertration if the pH is 377
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Titration
Acids and bases sometimes, but not always, react in a 1:1 mole ratio.
HCl(ag) + NaOH(ag) — NaCl(ag) + H,0(l)
1mal 1 mol Tmal Tmal
‘When sulfuric acid reacts with sodium hydroxide, however, the ratio is
1:2. Two moles of the base sodium hydroxide are required to neutralize one
‘mole of H,SO,.
H,50,(ag) + 2NaOH(ag) —> Na,SO,(aq) + 2H,0(l)
ol 2mol 1 mol 2mol
similarly, hydrochloric acid and calcium hydroxide react in a 2:1 ratio.
2HCl(aq) + Ca(OH),(aq) — CaCl,(aq) + 2H,0(])
2mol 1mol 1ol 2mal
‘You will notice in the preceding examples that the number of moles of
hydrogen ions provided by the acid are equivalent to the number of
‘hydroxide ions provided by the base. When an acid and base are mixed, the
equivalence pointis when the number of moles of hydrogen ions equals the
‘number of moles of hydroxide ions.

c]cnukpo it ) What is the equivalence point of a reaction between an acid
and a base?
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'Properties of Acids and Bases

@ What are the properties of acids and
bases?
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— Facts and Figures
Acids, Bases, and Curly Hair

Curly hair from a permanent wave involves  finsed to remove the excess base.Then a

an acid-base neutralization reaction. The  neutralizer is applied. The neutralzer is an
waving solution isbasic and has apHof  acid solution that has a pH range of 210 6.If
about 9.20.The active ingredient in the wav-  the har is exposed to the waving solution for
ing solution s often an ammonium com-  too long a period of time, the hair’stexture.

pound thatis applied once the hair has been  and appearance are damaged.

rolled. After aspecified time, the hairis

59299

Hydgroniumion  Kydroxide lon Water
Ho' o — e . e

The propertes of acids, bases, and sals help explain many diverse
‘henomena. The uscfulness of antacids,for example, depends on the pro-
cess of acid-base neutralzation. Farmers use a similar process to control
the pHof soil.

Figure 19:20 Inaneutralzaton
reaction, hydroniumions (H0°)
combine withhydroride ons
(OH") o form neutal water.
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You can determine the concentration of acid (or base) in a solution by
performing a neutralization reaction. You must use an appropriate acid-
base indicator to show when neutralization has occurred. As you can see in
Figure 19.21, the juice of the red cabbage is an acid-base indicator. In the
laboratory, phenolphthalein is often the preferred indicator for acid-base
neutralization reactions. Solutions that contain phenolphthalein turn from
colorless to deep pink as the pH of the solution changes from acidic to
basic. In slightly basic solutions, the

Figure 19.21 Red cabbage juice is
used as an acid-base indicator. As
the solution changes from highly
acidic to basic, the color changes
from red to violet to green to
yellow. Predicting Would the
yellow solution have a high or
lowpH?
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‘The steps in a neutralization reaction are as follows.

Figure 19.22 Thetitration of
an acid with a base is shown
here. @ A known volume of an
acid (plus a few drops of
phenolphthalein indicator) in a
flask is placed beneath a buret
filled with 2 base of known
concentration. ( Base s slowly
added from the buret to the acid
while the flask s gently swirled.
@ Achange in the color of the
indicator signals that
neutralization has occurred.
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Quick LAB

Indicators from Natural Sources

Purpose

To measure the pH of vari-
oushousehold materials by
using a natural indicator to
make an indicator chart.

Materials
knife
red cabbage leaves
1-cup measure
hot water
2jars
clean white cloth
teaspoon
tape
3 sheets of plain white
paper
pencil
ruler
10 clear plastic cups
white vinegar
(CH,COOH)
baking soda (NaHCO,)
household ammonia
dropper
various household items

procedure (B3 () B @d (3

1. Put 1 cup of finely chopped red cab-
bage leaves in a jar and add £ cup of
hot water.Stir and crush the leaves
with a spoon. Continue the extraction
untl the water is distinctly colored.
Strain the extract through a piece of
cloth into a clean jar.This liquid is your

Tape three sheets of paper end to end.
Draw aline along the center and label
itat 5-cm intervals with the numbers 1
to 14.This is your pH scale.

4. Pour your indicator to about 1-cm
depth into each of three plastic cups.
To one cup, add several drops of vine-
gar,to the second add a pinch of bak-
ing soda, and to the third add several
drops of ammonia.The resulting colors
indicate pH values of about 3,9,and
11, respectively. Place these colored
positions on your pH scale.

5. Repeat Step 4 for household items
such as table salt, borax, milk, lemon
juice,laundry detergent, dish deter-
gent,milk of magnesia, mouthwash,

toothpaste, shampoo, and carbonated
beverages.

Analyze and Conclude

1. What was the color of the indicator at
acidic, neutral, and basic conditions?

2. What chemical changes were responsi-
ble for the color changes?

3. Label the materials you tested as acidic,
basic,or neutral.

4. Which group contains items used for
cleaning or for personal hygiene?
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Fossil Fuel Path Steps
(3) Fosailfelswihsequestered s re excavated o the ground

(2) Thefossi s are ansperi o e combusion ity e ey are
usedto generae snergy

(3) The combustion releases the ssquestersd s it the stmosphere,
ading o th tota volume of O
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E-Fuel Cycle Steps

(1) 0yis shaotbcrom th smosphere dutinghe growth oyl ffood
prosucts and other biomass consfuents

(2 These consttuents are utiized and consumed by society.
(3) The waste products make heir way t e waste watr eatment plant.

&) Biesolts ae ransfered fom e wastevate rementplant o e
SlurryCarb™ facility.

(5 The biosolids are converted into E-Fuel using the SlumCarb™ process.

&) The E-Fust s renspored o e compuston sy ahere s used o
gencrats eneroy

(7 The GO, hatwas absorbed n step 1 s released back o e

atmosphere, readyto be reabsorbed by growing crops and plants in this
continuous, renewable cycle.
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Stone Conservator

Asmoreis learned about
the damaging effects of air-
bome pollutants, suchasacid
rain, there is a growing con-
cern to preserve historic
buildings and pieces of sculp-
ture from damage. Stone
conservators work (o prevent
and repair the damage to
stone used in buildings and
sculptures

Stone conservators must
clean statues properly to remove
pollution deposits. One method
they use s to apply a thin, clay
‘mudpack to the stone’s surface to
pull out the deposits. Lasers are
also used to remove pollution
from stone. When making repairs,
stone conservators sometimes use
surgical microscopes to examine
the surfaces of statues. If the stone

|

Stone conservators often
‘work for museums, universi-
ties, or private companies
that specialize n the cleaning
and restoration of stone
objects. They must have
knowledge of both chemistry
and art because they often
work closely with both chem-
ists and museum personnel.
Astone conservator's level of edu-
cation may range from a bache-
lor's degree to a doctorate.

was originally painted, the origi-
nal paintis chemically analyzed to
determine its composition. In
addition, conservators research
and apply methods to preserve
the stone once it has been
repaired. One preservation tech-
nique is to seal the stone to pre-
vent water, which carries
dissolved gases and salts, from
seeping into the pores of the
stone.
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Acids

@ Acids taste sour, will change the color
of an acid-base indicator, and can be
strong or weak electrolytes in
aqueous solution.
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Citrus fruits contain citric acid. Tea contains
tannic acid.
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Bases

@ Bases taste bitter, feel slippery, will
change the color of an acid-base
indicator, and can be strong or weak
electrolytes in aqueous solution.
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Antacids use bases to neutralize excess
stomach acid. The base calcium hydroxide is a
component of mortar.





image9.png
Arrhenius Acids and Bases

How did Arrhenius define an acid and
a base?
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@ Arrhenius said that acids are hydrogen-
containing compounds that ionize to
yield hydrogen ions (H*) in aqueous
solution. He also said that bases are
compounds that ionize to yield
hydroxide ions (OH-) in aqueous
solution.
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Hydrochloric Acid

—Ci(g) 2> H*(ag) + Cl(aq)

Hydrogen Hydrogen  Chloride
chloride ion n
(hydrochloric acid)

D 2 0

H,0 H,0*
Hydrogen chlonde Water Hydronium ion

(o
Chloride ion
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Arrhenius Acids
* Acids that contain one ionizable hydrogen,
such as nitric acid (HNO;), are called
monoprotic acids.
* Acids that contain two ionizable
such as sulfuric acid (H,SO,), are called

diprotic acids.

* Acids that contain three ionizable ,
such as phosphoric acid (H;PO,) are called

triprotic acids. ~
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Table 19.1

Some Common Acids

Name
Hydrochloric acid

Nitric acid

Formula
HCI
HNO,

Sulfuric acid

H,SO,

Phosphoric acid

H;PO,

Ethanoic acid

Carbonic acid

CH,COOH
H,CO,
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‘Arrhenius Bases

Hydroxide ions are one of the products of the
dissolution of an alkali metal in water.

2Na(s) + 2H,0(l) — 2NaOH(aq) + H,(g)

Sodium Water Sodium Hydrogen
metal hydroxide

NaOH(s) ELUN Na*(aq) + OH (aq)

Sodium Sodium Hydroxide
hydroxide ion ion
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Table 19.2

Some Common Bases

Name Formula Solubility in water
Potassium hydroxide KOH High

Sodium hydroxide NaOH High
Calcium hydroxide Ca(OH), Very low
Magnesium hydroxide Mg(OH), Very low

KOH(s) —2> K*(ag) + OH(aq)

Potassium Potassium Hydroxide
hydroxide ion ion
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Milk of magnesia is a base used as an antacid.
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Bregnsted-Lowry Acids and Bases

@ What distinguishes an acid from a base
in the Bregnsted-Lowry theory?
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@ The Bregnsted-Lowry theory defines an
acid as a hydrogen-ion donor, and a
base as a hydrogen-ion acceptor.
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Why Ammonia is a Base

oD 9

NHs H,0 NH,*
Ammonia Water Ammonium ion Hydroxlde ion

NH,(aq) + H,0(l) == NH,*(aq) + OH(aq)

Ammonia Water Ammonium  Hydroxide ion
(hydrogen-ion (hydrogen-ion ion (makes the
acceptor, Bronsted-  donor, Bronsted- solution basic)

Lowry base) Lowry acid)
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'Conjugate Acids and Bases

* A conjugate acid is the particle formed when
a base gains a hydrogen ion.

* A conjugate base is the particle that remains
when an acid has donated a hydrogen ion.

NH,(aq) + H,0(l) == NH,*(aq) + OH~(aq)

Base Acid Conjugate Conjugate
acid base
HCI(g) + H,0(/) == H,0%(aq) + Cl (aq)
Acid Base Conjugate Conjugate

acid base
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* A conjugate acid-base pair consists of two
substances related by the loss or gain of a
single hydrogen ion.

) 1
NH, (aq) + H,0(l) === NH,*(aq) + OH~(aq)

Base Acid Conjugate Conjugate
acid base
L J

* A substance that can act as both an acid and

a base is said to be amphoteric.
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Table 19.3

Several Conjugate
Acid-Base Pairs

Acid Base

HCI (ol
H,S0, HSO,~
H,0* H,0
HSO,~ ok
CH,COOH CH,CO0~
H,CO, HCO,~
HCO,~ CO,*~
NH,* NH,

H,0 OH~
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A water molecule that gains a hydrogen ion
becomes a positively charged hydronium ion
(H;0%).

Qe o

H,S0, H,0 H,0* HS0,~
Sulfuric acid Water Hydronium fon  Hydrogen sulfate ion
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Lewis Acids and Bases
@ How did Lewis define an acid and a

base?
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@ Lewis proposed that an acid accepts a
pair of electrons during a reaction, while
a base donates a pair of electrons.
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* A Lewis acid is a substance that can accept
a pair of electrons to form a covalent bond.

* A Lewis base is a substance that can donate
a pair of electrons to form a covalent bond.

t 4+ 0 — e 0.
H 0—H PN
Lewis Lewis H H
acid base
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Table 19.4

Type
Arrhenius
Brgnsted-Lowry

Lewis

Acid-Base Definitions

Acid Base

H* producer OH~ producer

H* donor H* acceptor

electron-pair acceptor electron-pair donor
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Identifying Lewis Acids and Bases

Ammonia is widely used in fertilizers, plastics, and explosives.
Identify the Lewis acid and the Lewis base in this reaction
involving ammonia.
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o Analyze Identify the relevant concepts.
The Lewis acid-Lewis base definitions,
which are to be used in solving the problem,
are based on the acceptance and donation of
a pair of electrons.
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o Solve Apply concepts to this situation.
Ammonia is donating a pair of electrons.
Boron trifluoride is accepting a pair of elec-
trons. Lewis bases donate electrons, so
ammonia is acting as a Lewis base. Lewis
acids accept a pair of electrons, so boron
trifluoride is acting as a Lewis acid.
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Wydrogen lons and Acidity

To test a diagnosis of diabetic
coma, a doctor orders
several tests, including the
acidity of the patient’s blood.
Results from this test will be
expressed in units of pH. You
will learn how the pH scale is
used to indicate the acidity of
a solution and why the pH
scale is used.
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'Hydrogen lons from Water

The reaction in which water molecules produce
ions is called the self-ionization of water.

H,0(/) === H*(aq) + OH~(aq)

Hydrogenion  Hydroxide ion
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In the self-ionization of water, a proton
(hydrogen ion) transfers from one water
molecule to another water molecule.

. -
2D 0 D
H:0 +  HO

i T HOH® 4 H:0:
H

H,0 + H:0 Hs0* i OH-
Water Water .
moloculs molocile Hydronium Hydroxide

ion ion
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'Ion Product Constant for Water

@ How are [H*] and [OH] related in an
aqueous solution?
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For aqueous solutions, the product of
the hydrogen-ion concentration and
the hydroxide-ion concentration
equals 1.0 x 1014,

Any aqueous solution in which [H*] and
[OH] are equal is described as a neutral
solution.

H*(ag) + OH™ (ag) ==H,0()
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The product of the concentrations of the
hydrogen ions and hydroxide ions in water is
called the ion-product constant for water (K,,).

K,=[H*] X [OH"]=1.0x 107"
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An acidic solution is one in which [H*] is
greater than [OH].

HCl(g) =25 H*(aq) + Cl™(aq)
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Unrefined hydrochloric acid, commonly called
muriatic acid, is used to clean stone buildings
and swimming pools.
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A basic solution is one in which [H*] is less
than [OH"]. Basic solutions are also known as
alkaline solutions.

NaOH(s) —2%> Na*(aq) + OH(aq)
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Sodium hydroxide, or lye, is commonly used as
a drain cleaner.
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SAMPLE PROBLEM

Finding the [OH] of a Solution

Colas are slightly acidic. If the [H*] in a solution is 1.0 X 107°M, is the
solution acidic, basic, or neutral? What is the [OH"] of this solution?
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SAMPLE PROBLEM 19.1

Analyze List the knowns and the unknowns.
Knowns
¢[H*] =1.0 X 10°M
¢ Jon-product constant for water:
K, =[H*] X [OH"] =1 X 107"
Unknowns
e solution = acidic, basic, or neutral?
*[OH"] =M
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SAMPLE PROBLEM

Calculate Solve for the unknowns.

[H*] is 1.0 X 107°M. Because this is greater than 1.0 X 1077M, the
solution is acidic.

By definition K, = [H*] X (OH"]. Therefore, [OH"] = [%]
Substituting the known numerical values, compute [OH™] as follows.

1o L0X 1074 _ -
[OH™] = 35510 = L0 X 107°M
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SAMPLE PROBLEM 19.1

Evaluate Do the results make sense?
If [H*] is greater than 1.0 X 10~"M, the [OH] must be less than
1.0 X 107"M. At 1 X 10~°M, [OH] is less than 1 X 10~"M.
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. What does a water molecule that loses a hydrogen ion become?

What does a water molecule that gains a hydrogen ion become?

The reaction in which water molecules produce ions is called the

of water.
In water or aqueous solution, are always joined to
as hydronium ions (H,0°).
s the following sentence true or false? Any aqueous solution in which [H'] and

[OH'] are equal is described as a neutral solution.
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N

®

Aln) solution is one in which [H'] is greater than [OH].
Aln) solution is one in which [H'] is less than [OH .

. Match the type of solution with its hydrogen-ion concentration.

acidic a. lessthan 1.0 x 107M
neutral b. greater than 1.0 x 107 M
basic € 10x 107M
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1f the hydroxide ion concentration of an aqueous solution is 1 x 104/ whatis the [H] in the solution? Is
the solution acidic, basic, or neulral?
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1. ANALYZE (continued)
‘The list of knowns and unknowns and the problem-solving strategy should include the following:

Knowns.
-+ [oH]=1x 100
© Ke=[H]X[OH] =10% 107

Unknowns.
- M
+ solution = acidic, basic, or neutral?

Use K. 1o calculate the concentration of [H']. If[H] s less than 1 x 1041, the solution is basic. If [ is
more than 1 x 10'M, the solution is acidic. The solution is neutral if[H'] equals 1 x 1074
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K,=[H*]X [OH]=1x10""
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‘The pH Concept

@ How is the hydrogen-ion concentration
used to classify a solution as neutral,
acidic, or basic?
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The pH of a solution is the negative logarithm of
the hydrogen-ion concentration.

pH = —log[H*]
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%alculating pH

pH = —log(1 X 1077)

= —(log1 + log1077)
—(0.0 + (=7.0))
=70

Il
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@A solution in which [H*] is greater than 1
x 10~7 M has a pH less than 7.0 and is
acidic. The pH of pure water or a neutral
aqueous solution is 7.0. A solution with a
pH greater than 7 is basic and has a [H*]
of less than 1 x 10~ M.
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Table 19.5

Relationship among [H*], [OH"], and pH

[H*] (mol/L)

[OH"](mol/L)

Aqueous system

Increasing acidity

Neutral

Increasing basicity

1x10° 110"
1% 107 1x 10"
1% 102 1x 10
1% 107 X107
1x 10 1x 1070
1% 105 1% 10
1% 10 1% 10
1x107 1x 107
1x10¢ 1% 10
1% 10 1% 105
1% 1070 1% 107
1x 107" 1x10°
1x 1072 1% 102
1% 1077 1% 107
1x107% 1x10°

MHCI
0.IMHC

Gastric juice
Lemon juice

Tomato juice
Black coffee

~—Milk
7.0 ——Pure water
8.0 “Blood

9.0 .Liu;ix;v‘\.k:iurbonn-,

~—Milk of magnesia

Housshold ammonia
Washing soda

0.1M NaOH
M NaOH
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Calculating pH from [H*]

What is the pH of a solution with a hydrogen-ion concentration of
4.2 X 107'°M?
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Analyze List the knowns and the unknown.
Knowns Unknown
e [H'] =4.2X107'"M e pH="?
¢ pH = —log[H*]
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Calculate Solve for the unknown.
pH = —log[H"]
Using a calculator, find log[H*].
log (4.2 X 1071%) = —9.37675
pH = —(—9.38)
=9.38
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Evaluate Do the results make sense?

The calculated pH is between 9 ([H*] = 1 X 10~°M) and

10 ([H*] = 1 X 107'°M). The pH is rounded to two decimal places
because the hydrogen-ion concentration has two significant figures.
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The of a solution is the negative logarithm of the hydrogen-ion
‘concentration.
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Match the type of solution with its pH.
acidic a. pH > 7.0
neutral b. pH = 7.0

basic e pH <70
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For pH calculations, in what form should you express the hydrogen-ion

concentration?
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Look at the pH scale below. Label where you would find acids, bases, and
neutral solutions.
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10° 107" 1072 107* 10=* 10=° 10° 10~ 107° 10=° 107" 10" 10~"2 10" 107"
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Calculate the pH of this solution: [H'] = 8.3x 10"°M.
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What is the pH of a solution with a hydrogen-ion concentration of
4.2 x 1071°M2
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What are the pH values of the
following solutions, based
on their hydrogen-ion
concentrations?

a. [Hf] = 1.0 X 107*M

b. [H*] = 0.045M
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What is the pH of a solution with a hydrogen-
ion concentration of 8.5 x 10-2M?

a. 12.93
b. 8.50
c. 5.50
d. 1.07
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Using pH to Find [H']

The pH of an unknown solution is 6.35. What is its hydrogen-ion
concentration?
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Analyze Listthe knowns and the unknown.
Knowns Unknown
*pH=16.35 o [H] =2?M
*pH = —log[H*]
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Calculate Solve for the unknown.
First, rearrange the equation for the definition of pH to solve for the
unknown.

—log[H*] = pH
Next, substitute the value of pH.

—log[H*] = 6.35
Change the signs on both sides of the equation.

log(H*] = —6.35

Finally, determine the number that has a log of —6.35, the antilog of
—6.35, using the 10 key on the calculator. The antilog of —6.35 is
4.5 X 107", Therefore, [H*] = 4.5 X 107M.
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Evaluate Do the results make sense?

The hydrogen ion concentration must be between 1 X 10~°M (pH = 6)
and 1 X 107"M (pH = 7). The answer is rounded to two significant
figures because the pH was measured to two decimal places.
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The pH of an unknown solution is 6.35. What is
concentration?
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Calculate [H"] for each
solution.

a. pH =5.00

b. pH = 12.83
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What are the hydrogen-ion
concentrations for solutions
with the following pH values?
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Calculating pQH

pH + pOH = 14
pH = 14 — pOH
pOH = 14 — pH
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VpH and Significant Figures

9 10 11 12 13 14
Increasing acidity Increasing basicity

0° 107" 1072 107 107* 107 107° 10~ 107® 107° 107"° 107" 1072 10" 107"
or’ [H*]




image77.png
Aneutral solution has a pOH of 7. A solution with a pOH less than 7 is basic.
Asolution with a pOH greater than 7 is acidic. A simple relationship between
pH and pOH allows you to find either one when the other is known.
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The pOH of a solution is the negative logarithm of the

concentration.
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What is the pOH of a neutral solution?
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For each of the following, fill in the concentration of the requested ion, the pH,
and the type of solution (acid, base, or neutral).

Concentration pH Solution Type

=1x10
b. [OH7]
¢ [H']=[OH]

1x10°°
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@ Arrhenius said that acids are hydrogen-
containing compounds that ionize to
yield hydrogen ions (H*) in aqueous
solution. He also said that bases are
compounds that ionize to yield
hydroxide ions (OH-) in aqueous
solution.
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Hydrochloric Acid

3 oo H,0 ~ -
H—Cl(g) —=> H*(aq) + Cl"(aq)
Hydrogen Hydrogen (I\Inmln
chloride ion
(hydrochloric qul
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Table 19.2

Some Common Bases

Formula

Name Solubility in water

Potassium hydroxide KOH High
Sodium hydroxide NaOH High
Calcium hydroxide Ca(OH), Very low

Magnesium hydroxide Mg(OH), Very low
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Hydroxide ions are one of the products of the
dissolution of an alkali metal in water.

2Na(s) + 2H,0(l) —> 2NaOH(aq) + H,(g)

Sodium Water Sodium Hydrogen
metal hydroxide

NaOH(s) —2> Na*(aq) + OH™(aq)

Sodium Sodium Hydroxide
hydroxide ion ion




