Introduction to Acids and Bases

Model
1. NaOH(s) + H,O(l) - Na’(aq) + OH(aq)

2. HCi(aq) + HO(l) - H30%(aq) + Cl(aq)

3. NHs(g) + H0(/) > NH4'(aq) + OH(aq)

4. HyCO4(g) + H.0()) » H30*(aq) + HCO45(aq)
5. HCl(agq) + NHsagq) - NH*(aq) + CI(aq)

Key Questions

1. In equation 1, is NaOH(s) an acid or a base? Explain.

bax Lc 4 Pmduus OH- 1n waker

2. In equation 2, is HCl(aq) an acid or a base? Explain.
a0d blc F pioduts Hz0t nwakr

3. In equation 3, is NH3(g) an acid or a base? Explain.
be>e blc proaul OH ™ inwaler

4. In equation 3, is H20(1) and acid or a base? Explain.

acd blc 11T prgd A NARE AWML

Nona¥d g¢ HY ion
5. In equation 4, is H20(l) and acid or a base? Explain.

base ble 1+ acupled a HT jun

6. Is H2COas(g) in equation 4 an acid or a base? Explain.

acid ble 11 prwduud H30t inwater

7. Compare the behavior of NHj in equations 3 and 5. Identify any similarities and
differences. Explain.

Both acupt & pm*moﬂf) matn\j hem & base n Dot

8. Identify the substances in the Model that behave as both an acid and a base?
Explain how this duplicity in behavior can or cannot occur.

HaO ackd e th an acid and a base  becawse 1t can
Smr\ or lose o mevn[l’f') (OMPhu/&fc speue‘s)
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Introduction to Acids and Bases

Exercises

1. lI)n th.e reaction below 1dentify which of the reactants is an acid and which is a
ase:

HC:H30:(aq) + H,0() — C2H30:(ag) + H30*(ag)
A ©

2. Consider the atomic structure of the H* ion. Complete the table below 1ndicating
the correct number of each subatomic particle.

Composition of the

H*ion (|H*)
Subatomic Number of
particle | subatomic particles
| Protons |
Electrons | (0 _
Neutrons O B

3. In some textbooks, when explaining the Breonsted — Lowry definition, acids and

bases are described as proton donors and proton acceptors. Based on your
response to Exercise 2, explain why these are correct terms.

B TS (€ onh/ Q mem. so 171115 tians #rcd ﬁww:
OM CUMP/un fom I'U.Kf, oL \/(/u A€ rt’U-U/7 dulﬂ& 1S

churgung tha 5 of peofer™

4. A definition of the prefix amphiis; "both or of both kinds." Define the term
"amphiprotic" and based on the insight you gained from examining the model,
explain why the term is used to describe water.

amp\f‘\?‘m C puans that somcthing can gct e an acidos
hase. uoker can do Thid
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Introduction to Acids and Bases

Applications

1. Ammonium chloride is one component of ordinary dry cell batteries. Ammonig
gas can react with hydrogen chloride gas to form the solid salt ammonium chloride.
Write the balanced equation for this reaction including the phases of each substance.

NH5 (3) 4 HCJla) — MNWMW

NHGC) )
B ja} or

N Fly f'“zjr CV tag)

2. Label the acid and the base in the reactants of your equation in Application 1.

3. Your blood contains an acid-base buffer system. A buffer system is a chemical
system that resists changes in pH when small amounts of either acid or base are
added to the system. It is important that our blood pH does not change suddenly. A
pH balance ensures that chemical reactions in the body take place correctly. If the
pH drops below 6.8 or rises above 7.8, death can occur. The buffer in blood is the

bicarbonate ion, HCOj3(aq). Two equations that illustrate bicarbonate's buffering
action are shown in these equations:

5 A
HCOs (aq) + H*(aq) —» H2COs(aq)

H(/.;‘Os' (aq) + OIré(aq) — COs%(aqg) + H,0()

Label the acid and the base in each of these equations.

4. Explain why bicarbonate ions are said to be amphiprotic.

M (o LTIy 3‘!\!( or (lCCLPf HT (on s,

5. When we exercise, CO;z builds up in our blood and the following reactions occur.
CO2 + H20(1) = H2CO3(aq)
H2COs(aq) - H*(aq) + HCO3(aq)
How does the buffer system in our blood respond to this reaction in order to keep
the pH within the acceptable range?

Hwl wyeatd with oH ™~ alker $o re-nevtialze o v g

Got It?

Is water an acid, a base, neither, or both? Explain.

gth > amphuwuc,
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Acid Base Worksheet

l. Identify whether each is an acid or base:

__QQ_\d _ Turns blue litmus paper red

__ 0DONe  Tums red litmus paper blue
Qi Tastes sour |

) ’[Ibf._ Tastes bitter

2. A Bronsted-Lowry acid is an proton  Q0ONOY

3. A Bronsted-Lowry base is an proton __ () (( (’p*Cf' —

4. A Lewis acid is an electron pair (O ( L’e Pfcr .

5. A Lewis base is an electron pair _ C[O N

6. True or False .
TYVE  According to the Arrhenius system, water is neither an acid nor a base.

E‘( SR A solution with a pH of 13 would be acidic.
BALVAS A solution with a pH of 2 would be acidic.

%LBQ A solution with a pOH of 13 would be basic.

')'NQ. A solution with a pOH of 2 would be basic.

Bronsted-Lowry Worksheet

1. In the following reactions, 1dent1fy whether H,O behaves as a Bronsted acid or base.

a. HClO4 + H,O =2 H3O + ClO4
b. H,O+ SO;* = HSO3 + OH

2. In the following reactions, circle the Bronsted acid and box the Bronsted base.

b. 1,0 P> H,0" + SO~
C. +EOES - C,H5;0, + H,O
d. 0,%)> HCO;5 + HPO,*

e. 05> > OH + HSOy

3. Fill in the following table with the appropriate conjugate acid or base:
ACID CONJUGATE BASE BASE ONJUGATE ACID
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Directions: “work
s: Show work for al problems! Write what you put in the calculator!!

Let’s Start with some basjc powers of 10.

1 aCa‘llcggate pq from the following [H+]: Identify each solutions as acidic, basic, or neutral.
- 1OOX10*M  b. 1.00x 102 M c. 1.00x10*M d. 1.00x10"™M

@) pH=Y ») DH > 1 H= G H=13
A Py 0 ¢y P p d\D 3

2. Calculate [H+] from the following pH: Identify each solution as acidic, basic, or neutral.
a. 200 b. 500 c 1000 d. 1200

0) 00107 D) 1.00A10°S Q) V.eoxio™  dY L.ooxio™
! A 8 R

3. Calculate pOH from the following [OH-]: Identify each solutions as acidic, basic, or neutral.

a. 1.00x10*M b. 1.00x10"M c¢. 1.00x10°M d. 1.00x 10" M

(ﬂ N0 - b) oH > 13 c} NI KRS e\ﬁ Skl
A PoA P !

4. Calculate [OH-] from the following pOH: I|dentify each solution as acidic, basic, or neutral.
a. 3.00 b. 700 <c 11.00 d. 9.00

a) 160x10°2 ) pooxlp?  c) 100 107" ) r.00xi0 "1
8 \ A A

Now some that require a little more work:
Calculate the pH for the following:
1. [H]=1.6x10°"M

pH = -—\Oj( Loxlo™) = 3.3
2. [H]=6.7x 10*M
P\'\: '\03(\0:7“0'8) > 1.2

3. [OH]=5.6x10"M \00' . \0 o : .
POH'f —-)03( S.l KI()’“) - 103" )iy - |0/ A Y

Calculate the pOH for the following: , 7) ¢ T |
L [OH=77x10'M 3oy > - 108( 77 X0 ~

2. [OH]=9.6x10°M
pOH= -—Joa(Q.\QM() ’<) 4.0

3. [H]=1.7x10°M

ST -)03(».7x10’35 - 2.4 -y 7 L3
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3. pH=10.2
EHfl - )0‘\0 A = \0030)“0 -\ H
4. pOH= 7]

[or~): 167" = 0.035 M
3. pOH=132 §
(oH™) =107 = L3I0 M
4. pH=10.9 u
poH = 147104 = 3. = J0™ = 7,410 ™ M
5. pH=2.5 ..
DOH= 14-3.5 = .S ° )6~ = 3.axi0 M
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Titration Classwork
Partl. Fill in the Blank.

1. A (G0N is a controlled addition of a titrant used to determine the concentration
of an unknown.

2. The \\\'0‘“* goes into the buret. % GNa\ I 60(5 NGO
3. The Mi_ is the solution of known concentration. &rltn

4. The Q‘\O\jk is the solution of unknown concentration.
5. The point when an indicator changes color is known as the enapont .

6. A weak acid or base that changes color when the pH changes is called a(n)

LOQN O N ,

7. The equivalence point is when there are equal amounts of D\iﬂw%cf\ \On) and
Nydmx bl on acid

DaSe

Part ll. Problems.
Directions: Show ALL work and CIRCLE your final answer.

8 \What is the concentration of phosphoric acid if 10.0mL of acid is neutralized by 20.0mL of
0.20M sodium hydroxide? P3P0y r NaOri

(32X XX\o.omu-) = (\\[,w\(ao,onnn.\

9 What is the concentration of sulfuric acid if 30.QmL of acid is neutralized by 20.0mL of 0.5M
aluminum hydroxide? HaSoy ¢ Al ((;H 3

(D 0.SHY A0.0me

10. What is the concentrati ydrochloric acid if 20.0mL of acid is neutralized by 40.0mL of
0.20M Aluminum hydroxide? H(1 + Al (oH 3

(\\( anOOmL—\ . (3L 030 MX%'O’“L‘B

11 What is the concentration of sulfuric acid if 50.0mL of acid is neutralized by 30.0mL of 0.5M
Sodium hydroxide? Hasoy+ NaOH

( ‘l\k Y 5005 7 (J\i 0.y HY‘M«O;’M,B
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Honors Chemistry: Interpreting a Titration Curve

Directions: Answer the questions below using the titration curves below.

1. Write “Acid” where the solution has an acidic pH and “base” where it has a basic pH.
2. Write “EP” where the equivalence point 1s.
3. What is the pH at the equivalence point? ’]

4. What volume of titrant would have to be added for the pH of the solution to be(f\(.aggi 15,0 m\-

5. What is the pH of the solution when 15.00mL of titrant has been added?

\00‘\’( 140
G \v% 120 foe

0.0 98 200 3060 0.0 500
mE. litranl

6. Write “Acid” where the solution has an acidic pH and “base” where it has a basic pH.

7. Write “EP” where the equivalence point is.

8. What is the pH at the equivalence point? O\
9. What volume of titrant would have to be added for the pH of the solution to be 8.00?

110,00 M-

10. What is the pH of the solution when 10.00mL of titrant has been added?

Yinegar Tria 1




. ()
Acid-Base Reactions Q\)*\O‘\\‘LO}{ \U va
% 1) K {&L’Y\UM 0
Directions: Write balanced acid-base reactions for the following. \\ \ \e\'}
O
I. Hydrofluoric acid reacts with magnesium hydroxide. H O H ) %

OHF 1 MS(OH); - N\E\Fa 1A Ha O

2. Sulfuric acid reacts with lithium hydroxide.

HaSoy rQLIOH =3 Li 4S04+ 30
3. Hydrobromic acid reacts with copper (I) hydroxide.

NBe + CuOH —> (uBe 1 H2O

4. Phosphoric acid reacts with strontium hydroxide.

A HBPOH fagf (OHB; = Sr‘gLPOq\a toH a0

5. Hydroiodic acid reacts with aluminum hydroxide.

ZHT + AlloH)y = AlTa 43130
6. Chloric acid reacts with nickel (II) hydroxide.

AHQ03 « Ni(or)y > Ni(c103), 32750

Titration Problems
ac1d th yeen titrated with
r Naaws r2Hx0

2. What is the concentration of 100.0mL of calcium hydroxide that has been titrated w
83.0mL of 0.75M solution of phosphoric acid. H POy + Calo M)a — Ca h)OLDa t H0

MAN A > MeN e

1. Determine the concentration of 75.0mL of sulfy
45.0mL of 1.25M solution of sodium hydroxide

3. What volume of 5.0M solution of chloric acid is requlre titrate 55. OmL of a 3.75M
solution of magnesium hydroxide? HCI(L?al B 6 ‘89_ = Mﬁ'l (40 3 }3 ¢ Hal




W R——

b) H,CO, and Sr(OH),

Ha(03 rooOr (0\’0; > NS¢ CC)?) y A0

¢) Ca(OH), and H,PO,

3 Col0W)a rAH3 POy — Co 4 (POL)s FeHOM

d) hydrobromic acid and barium hydroxide

AHB + Ralo)x > RaBry raoM

e) zinc hydroxide and nitric acid

Zﬂ(()\"‘h; y 1 NO?) -~ Zh(NO‘{,)A y 20 H

f) aluminum hydroxide and hydrochloric acid

AllorYa + 3HC > AMCly + 3HOT

7  Give the name and the formula of the ionic compound produced by neutralization reactions between the following

acids and bases:
0 iy e The. anehomtia atid and cahon Hum Dax-

Acid and Base reactants Name of ionic compound Formula

3) ;lri::zoa;iifm hy\('i'\rg(?d? \\\Q\)‘(\ QoA et NaNU 2y
! :;:’gr:ziloc?iﬁs;ljdroxide (U\ LU \OC\‘AJ—- Ca?l S5
O oslurc aci Hagresiom SO Fide Mg S “
o vdrofuoic cid monium Jlueride N F
“ Zﬁé"éﬁhﬁiﬁriiiﬁe Basium sul fake Buyey
oo

calcium hydroxide CQ\C\ o (O bond it Cor( 0 3

and carbonic acid
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3. For each of th
e followmg ionic compounds, identify the acid and base that reacted to form them.

A\ S\

U S\
Salt @S\ A _
) Base
a A —
\
’(0" Y\\\g\(oc\r\ o1\l OCra 3 4 U Y\\)d'f’(‘

\
O
N\ | pepenc s | icum nydonide
S 00\ Crunv) h\;d‘d)\'u—
0}\)3%}\ ) Zn(NO,), N O(\d
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\‘poc\\\OfOUB o0\d Al INOM WA ZY
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