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B Lesson E

indicator:

Arrhenius acid:

Arrhenius base:

Bronsted-Lowry acid:
Bronsted-Lowry base:

hydronium ion:

substance used to detect the presence of an acid or a
base; acids and bases cause indicators to change color

substance that produces hydrogen ions when it is in
water solution '

substance that produces hydroxide ions when it is in
water solution

a proton donor

a proton acceptor

a hydrated proton or H,O*

Observing the properties of acids and bases has led to two main theories. One is
‘ | the Arrhenius theory, which states that acids produce hydrogen ions and bases produce

hydroxide ions. The other is the Bronsted-Lowry theory, which states that acids are

proton donors and bases are proton acceptors.

Unit 6 Solutions

In recent years,
Some technicians are wor
Other workers are trying to cope with the effects

have already occurred.

Properties of Acids and Bases. Acids have the following observed properties:

acid rain has become a serious environmental problem.
king on ways to prevent acid rain from forming.
of acid rain pollution that

e  Adds dissolved in water are electrolytes, which conduct an electric current.

e  Acids have a sour taste. Examples are the acids in vinegar and lemon juice.

e Acids react with many metals to produce hydrogen gas.

e Acids change the color of some in
is a substance used to detect the

icators. An indicator (IN-duh-KAYT-uhr)
presence of an acid or a base. In the

presence of an acid, blue litmus turns red, and red phenolphthalein
becomes colorless.

e Acids neutralize bases to produce a salt and water.

Bases have the following observed properties:

e Bases dissolved in water are electrolytes.

e Bases feel slippery.




* Bases change the colors of some ﬁldicators. In the presence of a base, red
litmus turns blue, and colorless phenolphthalein turns red.

* Bases neutralize acids to produce a salt and water.

F?f y Whatcolorisl‘mnushmepresenceofanadd? : fﬁb@

z 2. Whatmisphenolphthaleinhmepresmofabase? i éé( bmf() : :

Arrhenius Theory. Arrhenius Proposed a theory to explain the behavior
of acids and bases. An Arrhenius acid (uh-RAY-nee-uhs) is a substance that
produces hydrogen ions (H") as the only positive ions in water solution,
Here is an example:

Equation 1 HCl (inH,0) —> H* + CF

An Arrhenius base is a substance that produces hydroxide ions (OH") as the
only negative ions in water solution. Here is an example: :

Equation 2 NaOH (in H,0) —> Na* + OH-

| 3. Which symbol represents the hydrogen ion? The hydroxide ion?
V] it oA

explain acid and base reactions that take place in either a water or a nonwater C

medium. According to this theory, a Blonsteglimid (BRAHN-stehd /
LOW-ree) is a proton donor. A Bronsted-Lowry base is 2 proton acceptor. a? OnateS
— — I8/8 -
Recall that the hydrogen atom consists of one proton and one Fig. 33-1 /# ¥+

electron. As shown in Fig. 33-1, when a hydrogen atom loses an .
electron, only a proton remains. Thus, a hydrogen ionisa proton. -7 e

/ A
Equation 3 shows HC] reacting with H,0 to produce hydronium '\ @ / @ :

e—

ion (H;0%). S
(Hydrogen (ProtorT (Electron)
Equation 3 HCl + H,0 —> H,0* + Q- atom)  hydrogen ion)
Fig- 33'9 ) mS‘Q
. 1 L N C
“Cl: + HiQ: — HiQ: + :Q): o
H H e

In the electron-dot diagrams shown in Fig. 33-2, you can see that a proton

moves from the HCl to the H,0. A hydronium ion—H,0*—is formed. The : Tea
hydronium ion (hy-DROH—nee-uhm) is also called a hydrated proton H
because the proton is attached to a water molecule. \S
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Unit & Solutions

| g it
V 4. whatismefomulaforﬂwehydronium ion? @ %0

An acid can give its proton to other substances besides water. In the Feact%on
below, HCI Ioses its proton to ammonia, NH,, forming an ammonium 10n
NH,*. This example shows that it is not necessary for the base to contain
hydroxide OH". See Equation 4 and Fig. 33-3.

Equation 4 HCl + NH; —> NH" + iy
Fig. 33-3 /’_\ HE® e

H::él: + HNH E——— H’-‘ISI:=H+ ;(_;:1:
H H

A base, such as NaOH, accepts a proton from an acid, such as HCL
Equation 5 NaOH + HCl —> HOH + Na* + CI”

It is not necessary for a base to contain OH". For example, in Equation 4 in
the reaction between HCI and NH,, the base is NH.

You've seen how electron-dot diagrams represent water molecules, hydroxide
jons, and hydronium ions. Fig. 33-4 shows how these particles can be
pictured as models made of spheres:

Fig. 33-4

) (+)

Water molecule Hydroxide ion Hydronium ion

H,0 OH- H30+

Indicators appear as different colors in acids and bases. The chart in Fig. 33-5 .
compares colors of various indicators.

Fig. 33-5 [— Table of Indicator Colors
Indicator Color
Acid Base

alizarin yellow yellow violet
bromthymol blue yellow blue

| litmus red blue

! methyl red red yellow |
phenolphthalein colorless red
phenol red yellow red




Check Yo

Fill in the blanks, Understandi
5. According to Arrhenius, an acid produces __ |y rid ;'*Ojlc’. ) _ ions
and a base produces __J yd rpx; €. ions.

6. The Bronsted-Lowry theory states that an acid is a(n)
Lopton {10 DO and a base is a(n) _,Df‘fﬂ-rm ac C@'QZD./\
’ -
7. Ahydrated proton is called a(n) 1/51 (00 ¢fy) jonand has the
+ J
formula __Hz2() -

L

On the lines under the following equations, write the word acid or base to
identify the substance as either a proton donor or a proton acceptor.

8. \HC;I * HO— HO* +
9. HO, + NH,; —> NH,* + OH-

Yo S Qsﬁ/

Write the correct term in each blank.
10. One property of acids is theiy S QUr taste.

11. In an acid solution, the color of litmusis __j égf " : Kn
12. Compounds that produce hydrogen ions in 2 water solution are
DCIAS . | .
13. In a base solution, the color of phenolphthalein is {0/ ¥a
14. One property of bases is their _< | | CCIA_ feel.

15. A(n) md Cotor Is any substance used to detect the presence of
an acid or a base.

write the word False.
o

16. _[CUE Acids and bases are both electrolytes,
—

7. 1 & Abase is a proton acceptor.
18. E Q Lﬁez The formula for the hydronium jon js OH-.
19. Fa,l € A hydrated proton is called a hydroxide,

7 : .
20. EQ Lﬁb An acid must always give its proton to water.
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Describing
Acid-Base Solutions

related acid-base pair:  acid and base that differ by one proton
| K,: ionization constant of an acid; it shows the relative
strength of acids
pH: scale that shows the concentration of H,O"

|

|
' i
| in acid-base reactions, protons—H*—move from one substance to another. Not all
acids and bases lose or gain protons to the same degree. The extent of proton transfer
determines acid or base strength. A pH number describes the concentration of hydrogen

jons—H*—or hydronium ions-—-H3O*.

|
—

Hurman blood is a slightly basic solution with a pH of about 7.4. Changes in
the pH of the blood may occur when the body does not function properly.
If the pH rises to near 8.0 or drops to below 6.8, the result can be fatal.

Proton Transfer. Recall that an acid is a proton donor. The proton, or 5 i
is accepted by a base, which is a proton acceptor. For example, in a reaction
between H,50, and H,O, a proton moves from the H,S0, to the H,0O,
forming H,O0* and HSO,".

Equation 1 H,SO, + H,0 —> H;0* + HSO,"
acid base ac Iha<e
‘ -1:;—_::?!%“ Jpese
The H,S0, is the acid because it donates a proton—H?. The H,0 is the base
because it gains a proton—H". As a result of the H,O gaining a proton, H,O"
is formed.

The reverse of this reaction can also occur. In this case, a proton moves from
the H,0* to the HSO,", forming H,O and H,S0,.

Equation 2 H,0* + HSO,- —> H,80, + H,0
acid base

The H,O" is an acid because it donates a proton—H"—to the HSO,~. The
HSO," is the base because it gains a proton—H"—from the H,0™.
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When the products of a chemical reaction react to reform the reactant;, the
reaction is called a reversible reaction, Equation 3 combines Equation 1
with Equation 2 as one equation, showing a reversible reaction.

Equation 3 H,S0, + H,0 = H;0" + HSO,-
acid  base acid base

Acid-base Pairs. The H,SO, became HSO,~ when it lost, or donated, a
proton. After an acid has donated a proton, the substance remaining is a
base. This base forms a related pair with that acid. So H,S0, and HSO,~ are
a related acid-base pair. The acid and base in this pair differ by only one
proton. (0,’)6 H "5

The H,0 became H;0* when it gained, or accepted, a proton. After a base
has accepted a proton, the substance remaining is an acid. This acid forms a
related pair with that base. So H;0* and H,0 are a related acid-base pair.
The acid and base in this pair differ by only one proton. Study Fig. 34-1,
which shows acid-base pairs for the reaction in Equation 3.

H0* HSO~ - (ridS have

Fig. 34-1 H,S04 + H,0
ACID BASE ACID BASE sne more
L/ , l n dhe bage/
e 4}”&{7 A
acid /base pairs in 14+<€ p(u.

@ 1. On the lines under each substance in the equation, write the word
: acid or base to identify the substance.

HC 4+ Hgo = H3°"' - Cr

(a)m ®base (g acd (@ base

- The related acid-base pairs in Equation are

ral’ i I
LT' O (64 ML T e w 0 ¢ /‘f30+

Substances That Act As Acids or Bases. Some substances can act as either
an acid or a base. When in the presence of an acid, such a substance acts as
a base. When in the presence of a strong base, however, the same substance
acts as an acid.

When water accepts a proton from HCl, which is an acid, the water is a base,
Equation 5 HCl + H,0 — H,0* + ¢I-

Lesson 34 DuabngAdd-husuuuom
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Water ionizes only slightly. When this happens, one water molecule donates a
proton to another water molecule. Water, therefore, acts as both acid and base.

H,0 + H0 = H0" + OF

Equation 6
acid base

P 3. What is one substance with which water acts as an acid? Whatis a
substance with which water acts as a base? ; Q) q
”-n L I : 4

Ha

Ionization Constants. AN jonization constant, K, is used to compare the
relative strengths of acids. To compute K, for an acid, the concentration of
the ions is divided by the concentration of the acid. A strong acid vields a
large concentration of ions. A weak acid produces few ions in comparison
to the number of acid molecules. S0 the K, values of strong acids are larger
than the K, values of weak acids.

The chart in Fig. 34-2 lists some acids, the bases with which they form
related pairs, and K, values. The strong acids are at the top of the chart.
Compare phosphoric acid—H,PO,—with acetic acid CH,COOH.
Phosphoric acid is the stronger acid and is higher on the chart. Also
compare the K, values of the two acids. The K, of Hy,PO, is 7.5 103. This
K, is larger than the 1.8 x 105 value for CH;COOH. Alarger K, means more
jons and a stronger acid.

——

Fig. 34-2 3

.i Strengths of Acids
[—_ Related acid-based pairs
| ACID BASE K,
! HCl = H* + CI large
| HNO, = H* + NO; large
H,S0, = H® + HSO,~ large
HSO,- = H* + S0~ 12 x 1072
H,PO, H* + H,POS 75 x 1073
HNO, = H* + NOS 46 x 107
HF = H* + F 35 x 107
CH,COOH = H™ + CH,COO™ | 18 x10°
H,CO, = H* + HCOy 43 x 107
HSO,;- = H* + S0O;7 11 x 107
HS = H" + “HS 95 x 108
H,PO, = H* + HPO/~ 62 x 10
NH* = H" + NH, 57 x 10710
HCOy = H' + CO5% 5.6 x 1071
HPO,- = H* + PO 22 x 101
HS- = H* + S 13 x 1014
| H,0 = H* + OH 1.0 x 107




4. Compare HF with H,s.vwmch acid is stronger? H F

Acidity as pH. The acidity of solutions can be stated in terms of pH.
Neutral solutions have a pH value of 7. Acidic solutions have PH values
less than 7. Basic solutions have values greater than 7.

PH < 7 Acidic Solution
PH = 7 Neutral Solution
PH > 7 Basic Solution

mean concentration in moles/liter.

Equation 7 PH = -log [H,0%]

When water ionizes, hydrorﬁum—H30+——and hydroxide—OH"—ions are _

formed. K., stands for the ionization constant of water. It has a value of
1.0 x 104,

Equation 8 K = [H;O*][OH] = 1.0 x 1014

In pure water, [H;O%] = [OH"] = 1.0 x 10714, Therefore, the [H;0%] and the
[OH'] must both be 1 x 107 because (Ax107)(1x107) = (1 x 10°14),

Substituting the concentration of 1 x 107 into Equation 7, you can calculate
the pH of water as 7.00.

and the following procedure shown in Fig. 34-3.

Fig. 34-3

L Enter LOEXp-7 2. Then push @ 3. Then push

Repeat the procedure to find the pH of 2 0.1 M H(J solution. See Fig 34-4,

Fig. 34-4

1 Enter0.1 2, Then push 3. Then push Answer is pH = 1.00

You can estimate PH using the system shown in Fig 34-5,

Fig. 34-5 1.0 x 103 ——-—
f l

|
If this number is exactly 1, then this number is the pH
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7f 5. (a)Whatis the pH of a solution with [H,0%] = 0X 10122 lé’;
: (o) s this solution an acid or 3 base? 180

TAKE

ANOTHER

The scale in Fig. 34-6 shows [H;0*] and pH. On this scale, you can see that a
LOOK solution with [F1,0°] = 1 x 107 has a pH of 7 and is neutral. Acidic solutions
have a pH less than 7. Basic solutions have a pH greater than 7.

Fig. 34-6

[H30-1] 1 x 100 1x10-1]1x10-2| 1x103 | 1x 104 1x10-5{1x10-6| 1x107 [1x10-8 lxm-"IXIO'“']XIO"Jlx]O‘ulxlD'le]U‘“

pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Neutral

Fig. 34-7 compares a strong acid and a weaker acid. The strong acid—HCl —
produces many ions in solution. The weaker acid— HF—produces fewer ions.

Fig. 34-7

Remember that pH is based upon the concentration of the hydronium (or
hydrogen) ion. Low pH numbers mean a high hydronium (or hydrogen)
ion concentration and a solution that is acidic. High pH numbers mean that
many hydroxide ions are present and the solution is basic.

166 Unité Solutions



~ Check Your
Use the key terms from the beginning of this lesson to fill in the blanks. Understanding
6. Anacid and a base that differ by only one proton are called ‘},{2' T

7. Relative strengths of acids are compared using _joni 2edion  (pnsta Ny

8. The concentration of H,0* in solution is expressed in terms of

pH

Circle the correct term.
9. The ionization constant, K, for acetic acid—CH,COOH—is

a. 12x102 b, 35x104 /% 1.8x10°. ) d. 56x101.

10. A sample of water contains

a. equal concen;;tions of b. greater concentrations of H,O*
H,O* and OH-, than OH-.

¢. lower concentrations of d. no H;O+ or OH-.
H,O" than OH-,

11. In the reaction H,0 + H,0 - H,0" + OH-, the water is acting as

a. both an electron receiver b. neither an electron receiver nor
and an electron donor. an electron donor.

¢. neither a proton donor nor [/ d. both a proton donor and a
a proton accepter. proton acceptor.

12. In the reaction H,S + H,O — H,0* + HS, a related acid base pair is
a. Hy,Sand H,0. b. H,Oand H,0*. )
¢. H;O"and HS-. d. H,Oand HS-.

13. What is the pH of a solution if the [H,0%]is 1 x 1082

a1l - b6 @ d 14

14. Pure water has a pH of

a. 1x107. c. 1. d. 1x1014,
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neutralization: reaction between an acid and a base to make a salt and

168

standard solution: solution of known concentration

phenolphthalein: indicator that is colorless in the presence of an acid and

water
salt: compound of a positive ion other than H* and a negative
ion other than OH"~

titration: process of finding the concentration of an unknown
solution by reacting it with a standard solution

end point: point in titration at which chemically equivalent
amounts of acid and base are present

red in the presence of a base

—

neutralize each other is known, titration can be used to find the strength of the second
solution.

Acids and bases neutralize each other. If the strength of one of two solutions that

Unit 6 Solutions

Technicians in medical and in environmental laboratories use titration to
analyze solutions. These workers need to be skilled in titration techniques
and must be able to interpret the results.

Neutralization. The reaction that takes place when an acid and a base
react to form a salt and water is neutralization (noo-truhl-ih-ZAY-shun).
Look at these reactions:

Equation 1 HCI + NaOH —> NaCl + H);0
hydrochloric  sodium sodium water
acid hydroxide chloride
Equation 2 HNO, + KOH —> KNO; + H,O
nitric potassium  potassium water
acid hydroxide nitrate

In each reaction, an acid and a base neutralize each other. In each reaction,
water and a salt are formed. A salt is a compound with a positive ion other
than the hydrogen ion—H*—and a negative ion other than the hydroxide
ion—OH".




N
1. What sait would form if HCl neutralized kow? K (. |

Titration. If the strength of only the acid or the base is known, Fig. 35-1
the strength of the other solution can be measured by titration.
Titration (ty-TRAY-shu}m) measures the concentration of an

unknown solution by reacting it with a standard solution. . Burette

acid of unknown strength. If phenolphthalein is present in the
acid, a red color will appear at the end point. Phenolphthalein
(fee-nohl-THAYI -een) is an indicator that is colorless in the
presence of an acid and red in the presence of a base.

Sample Problem: Suppose 10 m/ of a solution of HCJ is titrated
to the end point with 25.0 m; of 1.00 M NaOH. What is the
molarity of the HCI solution?

molarity = moles/liters
1.00M = moles of NaOH/0.0250 liters of NaOH

concentration

¥ Erlenmeyer
flask

moles of_ NaOH = 0.0250 Acid 6f

The equation for the neutralization in this problem is
HCl + NaOH —» NaCl + H,O
In this equation, the moles of acid, HCl, neutralized js also 0.0250.

molarity = moles/ljters
molarity = 0.0250 moles of HC1/0.0100 liters of HC]
molarity = 2,50 M

| 30.0 mL of 5.00 M NaOH?
M;}:MO\%(?W MA\/A = Mb \/5 Myx35.0 = 5,00 x 30.0
), .

acid- Y50 = 150
Vi :VD!um; ohacid. % 25.0 |
M = moarify o bece T | Lesson s Acid-Base Reactions
\/2:\/0}um? ot bage [ty =60
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An acid and a base neutralize each other to make a salt and water. An
example is the reaction of sulfuric add—H2$O4——and barium hydroxide
Ba(OH),. Fig: 35-2 shows Ba(OH), neutralizing H,50,- The salt barium
sulfate—BaSO,—is forming as 2 solid at the bottom of the flask.

Fig. 352

Acid

Base

Salt, BaSOy4, forms

HS04 + Ba(OH), — BaSOy + 2H20

fig. 35-3

Fig. 35-3 shows the procedure for titrating HCI with a standard NaOH
solution. A known volume of HCI and phenolphthalein is placed in the
flask. A standard NaOH solution is poured into the burette. The volumes of
the NaOH solution at the beginning and at the end of the titration are
recorded. The volume of NaOH used is found by subtraction.

Eiada)

1imit & Solutions




Check Your

Use the Key Words from the beginning of this lesson to i1l in theblanks,.  Under standing
3. An acid and a basé react to form a salt and water in a reaction called i

heutrmilizek on

4. A compound made of a positive ion other than H* and a negétive ion
other than OH- is a(n) ST '

The process used to measure the concentration of an unknown solution
by reacting it with a standard solutionis 17 1772+ (O

6. A solution of known concentration is a(n) &S"i’d]}é{[zf 6{ $o !Uh g

ur

7. The point of titration when chemically equivalent amounts of acid and
base are present is'the & 'DO}/)T—

Fill in the blanks with the correct word Or answer to the problem.
| 8. When hydrobromic acid—HBr—neL’tralizes NaOH, the formula of the

salt is Ko "R T = Ny

|

] 9. If the salt formed during neutralization is calcium sulfate—CaSO4, the

f formula of the acid used is Hg'l \S 0 4 - The formula of the base
used is _Oﬁ[él‘f, X

10. What is the molarity of 40 m/ of NaOH if it is completely neutralized U, 40>

by 10mlof 60 MHCE ___ |, 5 M Naln>Mals  6.0x10 =My o

| L W= 15
(ke ™ Howmanymlof 20 M KOH will be needed to neutralize 30 miof0.50 70 #o Mg

ot MENO2 L5l ResC S0 25
M f Oy, How many liters of 2.5 M H,S0, are needed to neutralize 2.5 liters of

' S0MCaOH)? 5,01

13. A 30-m/ sample of HCl is neutralized by 10 mi of 1.5 M KOH. What is

\]/ ~ the molarity of the HC]? Of 5 M

14. If 30 m! of water is added to the HCl in question 13, how much more

KOH will be needed for complete neutralization? I 25 ml
go — /:5\/6 & Lesson 35 Acid-Base Reactions 171
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