Chemistry 12 Unit 4 - Acids, Bases and Salts

Chemistry 12

Tutorial 14 - Solutions
Bronsted Acids and Bases

Answer to Question 1 on page 5 of Tutorial 14

1. Complete equations for the following acidsionizing in weter:
g HCAO (g + HOqp = HiO%(aq) + ClOT(aq)

b)  HzxSO4() + HO@) > HiO%ag + HSO4(ag)
(you can seethat only 1 H* is removed from the H,S0,.)

c) CH3COOH () + HxO(y = H30%(yg) + CH3COO (o)

d) HSOg(ag + H20gp > HiO%aq + SO4%(ag)

(When 1 H" isremoved from the HSOy4 , it leavesiit's e ectron behind, thus
the SO4 ends up with a charge of 2-)
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Answersto Question 2 on page 8 of Tutorial 14.

2. ldentify the acid and the base in the reactants of the following reections:

a HS + HCO3 - HCO3 + HS (HpySdonatesa protonto becomeHS’)
acid base (HCO3™ accepts a proton to become H,COz3)

by HS + HCO3y > COz* + H,S
base acid

c) HCOOH + HSO3 > HySO3 + HCOO
acid base

d S* + HPOs > HPOs#Z + HS
base acid
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e HSO3 + HCO3 -> HyCO3 + HSOgz
acid base

f) NH4+ + HXO - H30+ + NHs3
acid base
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Answer to Question 3 on page 9 of Tutorial 14

3. ldentify acids and bases on the left Sde and the right Side of the following equations:

Hint: To get the oneson theright, pretend the reaction isgoing in reverse.

a) HsBO3 + NH3z3 == HBO3 + NH4
acid base base acid

b) NOy + HIO3 == HNO, + |03
base acid acid base

c) CeHsOH + OH = CgHsO- +  H,O
acid base base acid
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Answersto Question 4 on pages 10 of Tutorial 14

4.  |dentify the conjugate acid-base pairsin each of the following reactions.
(NOTE: “ Pair 1” and “ Pair 2" could be exchanged and the answer would still be correct.)
d NH3 + CH3COOH <= NH4f + CH3COO

Parl: (acid) CH3COOH  (base) CH3COO
Par2: (acid) NH4* (base) NH3

b) HySO3 + HPOy < H3PO; + HSO3

Par 1. (acid) HoSO3 (base) HSO3"
Par 2. (acid) H3PO4 (base) HoPO4
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¢ HC,Oyf + HNO, == NOy + H,C,04

Parl. (acid HNO> (base) NOy”
Pair 2: (&]d) H>Co04 (base) HC>04

d) A|(H20)63+ + HCO3 <= A|(H20)5(OH)2+ + HyCO3

Par1: (acid) Al(H20)g3" (base) Al(H,0)5(0OH)2*
Par 2. (acid) H>COs3 (base) HCOg3

Unit 4 - Acids, Bases and Salts
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Answersto Question 5 on Page 11 of Tutorial 14

5.

Find the conjugate acid of each of the following. Make sure you have the charges correct:

d CHzCOO  conjugaeacidiS.......ccoovenuennene CH3COOH __
b) S04 conjugate acid iS ......c...ovvvereene.. HSO,s
c) HO conjugate aCid iS .....coeveveruerennnne H30*

d 0% conjugate acid iS ..........veeeeenene. OH-

e OH conjugate aCid IS ......cccevvrrerrennen. H>0

) HPOsZ conjugate acid iS .........everreenenne. HPO 4™ (Make sure you have the charge corret.)
g HoPO4 conjugate acid iS .......cceevveenene H3POy4

h) NH3 conjugate aCid iS .....coevevruevennnne NH4*
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Answersto Question 6 on page 12 of Tutorial 14.

6.

Find the conjugate base of each of the following. Make sure you have the charges correct:

a HNO3 conjugate baseis.......ccoeeeeuennene.

b) HyCy04 conjugate baseis........ccceevernenene.
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c) HxSO3 conjugate baseis .....cccoveevereennn. HSO3
d HNO» conjugate baseis.......cceeeeerennene. NOo"
e) HCO3 conjugate base s ......cccveeerueene. ClO3”

)  HO conjugate baseis ........cocoveeuennee. OH"

g OH conjugate base is ........c.ceeevvveeae. 0z

h  NH4 conjugate baseis........cccevvevnee. NH3
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Answer to Question 7 on page 15 of Tutorial 14.

7. &) Wirite the three equations showing the stepwise dissociation of arsenic acid HzASO4.
Step1:  H3ASOsnq) + H200) &= H3zO'y) + H2ASOs )
Step2  HpASOgay + H201) & H3O0%ay + HASOsZ ()
Step3:  HASOsZ@) + H01) = H3O0%y + AsOs ()
b)  Summarize this process by leaving out the H3O*' s and H,O' s like was done for phosphoric

acid in the example right above this question. Seeif you can come
up with namesfor dl theiond

step 1 step 2 step 3
H3ASO4 > HoASO4 > HASO,2 > AsO43

arsenic acid dihydrogen arsenate monohydrogen arsenate arsenate
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Answer to Question 8 on page 17 of Tutorial 14.

8. @ Writethetwo stepsin the dissociation of carbonic acid (H2COs).
Step 1: HoCOgzqag) + H20() &= H30+(aq) + HCO3(x)
Step2:  HCOgziaq) + H20() &= H3z0%ny) + CO3%(x)
b)  Givetheformulaand the name for the amphiprotic anion formed in this process.
Formula HCOg3"

Name (you may usetheacid chart.) __hydrogen carbonate or bicarbonate
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Answersto the Self-T est starting on page 17 of Tutorial 14

1. Wha ismeant by ahydroniumion? H30*

2. How does ahydronium ion form in water? An H* ion attachesitself to a water
molecule

3. A hydroniumioncanasobecdleda hydrated proton.

4.  Complete the equations for the ionization of the following acidsin water:
d) HClOay + H201) & H3O0%y) + ClO2()
b) HFg + H00) == HO'a) + F
c) HNOyay + H20q) &= H3O%y) + NOzxy)
d) HCOOH() + HxOqy & H30%y + HCOO (y)

5.  Givethe Arrhenius definitions of thefallowing:

d anacid- asubstancethat releases H* ions (protons) in water.

b) a base- asubstancethat releases OH™ (hydroxide) ionsin water.
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6. GivetheBronsted definitions of the following:

Unit 4 - Acids, Bases and Salts

a) anacid- any substancewhich donates (gives) a proton (H*) to another

substance

b) a base- any substancewhich accepts (takes) a proton (H*) from another

substance

7. ldentify acids and bases on the left side and the right side of the following equations.

@ CgHsOH + COz2 & HCOz + CgHsO

acid base acid

b) HoPOs + HpSO3 = H3PO, +
base acid acid

8.  ldentify the conjugate acid-base pairs in each of the following reactions:

a) NH3 + H>SO3 = NH4+ + HSOs3

Parl: (acid) H,SO3
Pair 22 (acid) NHz*

(bass) HSOg
(base) NHg3

b)

NOTE: It would still be correct if you had pair 1 and pair 2 exchanged.

H.CoO4 + HPOs & H3PO4 + HCYO4-

Par 1. (acid) HoCoO4
Par 2. (acid) H3POy4

(base) HC,Oy
(base) HoPO4

NOTE: It would still be correct if you had pair 1 and pair 2 exchanged.

HC,O04; + CH3COOH <= CH3COO  + HyCy04

Parl. (acid) CH3COOH (base) CH3COO-
Par 2. (acid) H2Co04 (base) HCyO4"

NOTE: It would still be correct if you had pair 1 and pair 2 exchanged.
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9.  Findthe conjugate acid of each of the following. Make sure you have the charges correct:

a HCOO conjugate acid iS .......cccvrereeenen. HCOOH __
b) POs* conjugate acid i ......c...oevvreene.. HPO42
c) OH conjugate acid IS ......coceevrerreennns H-0

d HyBO3 conjugate acid iS ......ccevverreennans H3BO3
e HO conjugate aCid iS......ccceerererernen. H30*

10. Find the conjugate base of each of the following. Make sure you have the charges correct:

a HxCOs3 conjugate baseis .......cccovevrnenne HCO3 _
b) HCyO4 conjugate baseis .......oc.oevvevenene. Cr042-

c) HSO3 conjugate baseis ........c.ewvvveene. SOz%

d) HNO» conjugate baseis ........coeeeerennee NO2"

e HPOs conjugate base is .........covvveevnne. HPO,2

11. a) Write the three equations showing the stepwise dissociation of boric acid (H3BO3).
Step 1 H3BOs3aq + H20q) = H30+(aq) + H2BO3 ()
Step2:  HaBO3(a + H201) & H3O'ay + HBOz (@)

Step 3: HBOgZ'(aq) + H20(|) = H30+(aq) + 8033'(aq)

b) Give the formulas and the names for the amphiprotic anions formed in this process.
Formula H,BO3~ Name dihydrogen borate

Formula HBO32~ Name monohydrogen bor ate
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12.  If theion HPOsZ wasto act an acid, it would form  POg3-
13. If theion HPOs? wasto act abase, it would form  HoPO3”

14. How can you recognize an amphiprotic anion? It has at least one“H” and it hasa
negative charge

Thisisthe end of Tutoria 14 - Solutions
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