Regents Chemistry ‘5%6 Acid/Base Properties K@j

1. Which laboratory test result can be used to
determine if KCI(s) is an electrolyte?

XDelectrical conductivity of KCl(aq)
pH of KCI(s)

C) pH of KCl(aq)

D) electrical conductivity of KCI(s)

2. Which substance is an electrolyte?

A) CCla BDHc

C) H20 D) CaHs

3. Which sample of HCI(aq) contains the greatest
number of moles of solute particles?

Ao ¥ molg
A) 1.0L of 2.0 M HCI(aq) M, fldote
6 2.0L or2.0 M HCIGg) ]

C) 3.0 L of 0.50 M HCl(aq) o
4.0 L of 0.50 M HCl(aq) 2.5 0,80 =

4. A substance is classified as an electrolyte because

its aqueous solution conducts an electric
current

B) it contains covalent bonds
C) it has a high melting point
D) its aqueous solution has a pH value of 7

5. Water containing dissolved electrolyte conducts
electricity because the solution contains mobile

(A) I"ons‘)_ B) atoms
C) electrons D) molecules

6. Which sample of HCI most readily conducts
electricity?
B) HCl(g)

A) HCl(s
2 i

7. A hydrogen ion, H*, in aqueous solution may also

be written as
A) H20 B) H202
C) OH- D) H3O* /

8. Which statement correctly describes a solution
with a pH of 9{/7 Bice
A) It has a higher concentration of H3O* than
OH" and causes methyl orange to tum yellow.
B) It has a higher concentration of H30* than
OH~ and causes litmus to turn blue.
It has a higher concentration of OH- than H3
O™ and causes litmus to tumn bhe.
D) It has a higher concentration of OH- than H3
O7 and causes methy! orange to tum red.

9. Which pH indicates a basic solution?

B)1 7 D)5

10. Which of these pH numbers indicates the highest
level of acidityﬁl/{ Owe st pit
A) 12" )8 D10

11. Given the following solutions:

Solution 4: pH of 10

Solution B: pH of 7

Solution C: pH of 5

Which list has the solutions placed in order of
increasing H* concentration?

&) C A B B) B A4 C
oC B4 D)4,BC

12. As an aqueous solution becomes more acidic, the
O\‘( hydroxide ion concentration

C) remains the same

13. Which of the following pH values indicates the
highest concentration of hydronium jons in a

B) increases

solution?
(A pH=1 B) pH=2
C) pH=3 D) pH=4

14. As HCl(g) is adde;l&) water, the pH of the water
solution ™\ AC/

A) decreases
C) remains the same

B) increases




Acid/Base/Salt Characteristics:

On the line on the left, write A if the statement isq property of an acidic ssfasian
Write B if it is a property of a basic solution. Write X if it is a property ofm %
acidic and basic solutions.
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1) Often feels smooth and slippery

2) Has a sour taste

3) Stings in‘open wounds

4) Typically reacts vigorously with metals
5) Has a bitter taste

6) Turns litmus paper from blue to red
7) Isanelectrolyte

8) Often looks like pure water

9) Turns litmus paper from red to blue

w}wwrm

10) Typically does not react with metals

11, Compare acids and bases in terms of H* and OH" concentration.

/\DAS‘ hava G _hiaher H (0/1(’€ﬂfmﬁdy\
ond _bases  hite @ b&ahe_r OH ~
(oacentrachion.

2. Explain what it means to be an electrolyte and why acids, bases and
salts are electrolytes.

E!ecirro!urc’s Londyct Plecm(/h/ when in
Splwhon Acds and_byseS Qre 6I@Cﬁz)lwfti

DUauce Fhey frm ion<  when dissolved
in weder J

[y




egents Chemistry

Vg«
Acid-Base Theories / q %

1. In the reaction
NH;3 + H20 «» NHs* + OH-

A conjugate acid-base pair is

@m0 mdOH-  B) H20 and NH
C) NH3 and H2O D) NH3 and OH-

2. Which is the conjugate acid of HSO4~? w{ j,
A) H;O* B) HSO3" I
C) S04 H2804

3. What are the bases that accept protons in the
reaction?

& bm QCA bfbge/
S-"I'L°O<—>I-130"+§I_S:

HS-and H30*  B) H2S and H30*
HS- and H20O D) H:zS and H20
4. In the reaction:

HBr+H0 < H:O"+Br

Which is a conjugate acid-base pair?
A) HBrand H2O B) H3O* and HBr
r and Br-

C) H3O* and Br-
5. Given the reaction:
ALt e
CH3COOH(aq) + P%f)(f’)(—)
CH3COOaq) + HZ;Q’r
bu§2. (L[ (

In this reaction, which substances are acceptin,
protons? Cba

A) H20(f) and H30*(ag)

@) H20(f) and CH3COO(aq)

C) CH3COOH(ag) and CH3COO(ag)
D) CH3COOH(ag) and H20(¢)

6. In the reaction:
hage ¢

Which pair represents an acid and its conjugate
base?

A) H>0 and H2PO4
B) H3POs and OH~

C) H>0 and H3POg4

H3PO4 and H2PO4
7. Given the reaction at equilibrium:
i~ bugo_ GL

Os + 042-+1in

‘What are the two species that are acids?

A) NH3 and SO42~ B) NH;3 and NHe+
C) HSO4 and so42-@ HSO4 and NH4*

8. In the reaction:

vd  hase.

O4 + OH

[(i

H0 + H20 «» H30" + OH-

The water is

A) a proton donor, only

B) a proton acceptor, only

€)) both a proton donor and a proton acceptor
D) neither a proton donor nor a proton acceptor

9. The compound HNO3; can be described as an

A) Arrhenius base and a nonelectrolyte

B) Arrhenius acid and a nonelectrolyte
Arrhenius acid and an electrolyte

D) Arrhenius base and an electrolyte

10. Which compound releases hydroxide ions in an
aqueous solution?

C) HCi1

B) CHs0H
D) CH3:COOH
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14) H:O + NH3; S NHs + OH
ocid.  bese  Qcide  base

X [Cech s ide

b +he

15) H:O + HO0 S H30° OH

acile base  Gqad base

16) NH; + NH; S NHs + NH»
acid  pase Qo base

17) HzSO4 + Ca(OH)2 S CaSO; + 2H20

Aci base Salt  watfer
18) 0Os(l + HO0 5 H30' + 0O3ClO

Qci bici. .  bice
19) H,0 + > H0' +

b&g@ GF;(I& ac éL

20) CH3COOH + H.O0 > CH;COO' + H30'
Qci & base  bise  ac

S NH; + H20

21) NH +
QC&& b&&e Qei d\

22) HzSQ + OH > HS0O4s + H20
auz& baSe pasSe Qci dL

23) HSOy + H0 > 5042 + H3QA
ac \&( bese  page  acy

TA

L

a2
()/?-‘af/l_g

\
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To determine the concentration of an acid (or base), we can react it with a base (or acid) .
of known concentration until it is completely neutralized. This point of exact
neutralization, know as the endpoint or equivalence point, is noted by the change in color

of the indicator.

ACID-BASE TITRATIONS: %0

We use the following Titration formula from our Table T (Reference Tables):

M/} = Molarity of acid- M VA = MaVa Mg = mo iam«j o kugc,
Solve the following problems. SHOW ALL WORK!

1. A 25.0 mL sample of HCl was titrated to the endpoint with 15.0 mL of 2.0 M NaOH.

What is the molarity of the HCI? >

_ '28.0 = 30.0

\»//A :%55 gmf kAR = M Ve N ‘C ABo
B T IoUm 18.0= A, ;/50 .

2. A 10.0 mL sample of H2SO4 was exactly neutralized by 13.5 mL of 1.0 M KOH. What is

the molarity of the H2504? , -
= [0l . ; =
VEZI00 o= 101135 Ma- 135
i\fg = [,0M MaR[o0 =135

; 0.0
3. How much 1.5 M NaOH is necessary Tloaégzcﬂy nem(ralize 20.0 mL of 2.5 M H3PO4?

A:&O"O"‘L B 3 :,p 1 \/ /5 7

4. How much of 0.5 M HNO:3 is necessary to titrate 25.0 mL of 0.05 M Ca(OH); solution

to the endpoint? M {}v/\ :’ME)VB

W:(Dpﬁm 0.5 = 0.05 250
8= = 135 > {_
Vg A OmL Z 0.5 VAZ 2 5n
5. What is fhe molarity of a NaOH solution if 15.0 mL is exactly neutralized by 7.5 mL of
a 0.02 M HCzH30: solution?
Vg =150n L ZMZ ) 0.02M MaVs =Ms's S
VA= T1.5uL 0,025 75 =Mgr50  Ng=0,0/M

Titration Practice: 05 = Mgr /50
15.0 1.0
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A titration was set up and used to determine the unknown molar concentration
of a solution of NaOH. A 1.2 M HCl solution was used as the titration standard.
The following data were collected.

- Tridl2 [ Tridl 3 il d
Volume of
1.2 M HCI 10.0 mL 10.0 mL 100 mL 10.0 mL
Initial Reading
of NaOH 0.0mL 122 mL | 23.2 mL 35.2 mL
Final Reading of
NaOH 122 mL |23.2mL 35.2 mL 47.7 mL
Volume of
?IQSH used ]ﬂ;;”\L— /{‘OML’ /;2,0,1«,[- /ﬂ, 5!‘\]_—
m
Molarity of '
noonon | 09 | 1,094 | Lom | 0-FM

1) Calculate the volume of NaOH used to neutralize the acid for each trial. Record in
data table above. Show one sample calculation below.

v Trielt: MaVi=MeVp 120 = Mﬁ%ﬁé_
i 2 5 P}
54 LAXOD = Mg #1252
\ 0.9 IF Me
SD\( (‘ﬂ) Using the MaVa = MgVs formula calculate the molarity of the base for each trial,
Record in data table above. Show one sample calculation below.

Fioul Reading — Ttial Readling
Teal 40 477-3527 |25ml

3) Calculate the average molarity of the NaOH using your results from question 2.
Your answer must include the correct number of significant figures and the
correct units,

""""""" = [, 0655
s 7 V3

[ oM ]
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‘Redox Reactions

= 5/20- 5o Y

oxidation number:

redox reaction:

number given to each atom in a chemical formula to
show the number of electrons that might be gained, lost,
or shared during bond formation.

. short term for an oxidation-reduction reaction

in foods and medicines,

Finding Oxidation Numbers. Electrons are gained, lost, or shared when
atoms bond together. Oxidation numbers are used to keep track of electrons
during bonding. It is easy to find the oxidation number of an atom by
using the following set of rules:

The oxidation numbper of a one-atonr ion is equal to its charge. For example, the
oxidation number of calcium in Ca?* is +2. The oxidation number of
sulfur in §2-4s -2,

The oxidation number of an element is zero. An uncombined atom such as K
or P has an oxidation number of zero. When atoms of the same element

numbers of zero.

In compounds made up of only two elements, the more electronegative element has
a negative oxidation number. The less electronegative element has a positive
oxidation number. In PCl;, chlorine is more electronegative than phosphorus.
Chlorine therefore has an oxidation number of -1. Phosphorus in PCl, is less
electronegative than chlorine. Thus, phosphorus has a charge of +3.

In compounds, hydrogen usually has an oxidation numper of +1. Oxygen usually
has an oxidation number of =2. In HC, the oxidation number of hydrogen is
+1. In Ca0, the oxidation number of oxygen is 2.

Unit 8 Electrochemical Reactions




The sum of the oxidation numbers in an ion made up of many elements is equal to ~ Fig. 41-1

its charge. One example is the nitrate ion NO;~, shown in Fig. 41-1. In this n T
jon, each oxygen atom has an oxidation number of —2. Three oxygen atoms (N7O3 )
have an oxidation number of -6, since 3(-2) = —6. The sum of the oxidation < 1.
umbers is the charge on the ion, which is =1. That is, the oxidation number (N5+o3')
of nitrogen added to —6 should equal -1. So the oxidation number of the

nitrogen must be +5.

In the sulfate ion SO,%, the oxidation numbers add up to -2: Look at Fig. 41-2
Fig. 41-2. Each oxygen atom has an oxidation number of -2. The oxidation 5
number of sulfur is +6 because (+6) + (4)(-2) =-2. (56*‘042‘)

The sum of the oxidation numbers in a compound is zero. In water, the oxidation Sulfate ion
number of the oxygen is -2. The oxidation number of each hydrogen is +1.

The oxidation number of both hydrogens is 2(+1) = +2. The sum of -2 for the

oxygen and +2 for the hydrogens is zero. In nitric acid HNO,, the oxidation

number of the hydrogen is +1, and the charge on the nitrate ion is -1.

7‘. 1. What is the oxidation number of a free element? ( >

rf 9. What is the usual oxidation number of oxygen? ___ A

(‘f” 3. What is the sum of the oxidation numbers in a compound?

Oxidation Numbers in Reactions. A redox reactionis an oxidation-reduction 2 (@\)&W
reaction. Look at the equation shown in Fig. 41-3. -t eS
- % ‘O’\,_ C{ oL
Fig. 41-3 2+ 2(1-) O 2+ 2(1-) O ';U' i)
Ba Br, + Cl, — BaCl; + Bry ‘ r\\kmb o
P pxidat1o
In this reaction, the oxidation number of the bromine changes from -1 to 0. N wmn bO/

The oxidation number of the chlorine changes from 0 to ~1. Each bromine j NCrEas
atom loses an electron, which is oxidation. Each chlorine atom gains an
electron, which is reduction. Thus, the reaction shown is a redox reaction.

Now look at the equation in Fig. 41-4. In this reaction, no change of oxidation
numbers occurs. If none of the oxidation numbers change, no redox reaction
takes place.

Fig. 41-4 1+1=- 1+ 2-1+ 1+ 1-  1+42-1+
HCl + NaOH — NaCl + HOH

Lesson 41 Redox Reactions 203



TA KE Look at the redox reaction between Fig. 41-5

sodium (Na) and sulfyr (S) shown in Fig_s. A1y
ANOTHER 41-5 and 41-6. The diagrams show the 2Naf +8° —, Na,§
movement of electrons during the same

(- reaction in different ways. Notice that Naf—8: — N+ Nalsg,
) sodium loses electrons, which is oxidation. Na 3_j

The oxidation number of each sodium (-'i\')(;ﬂsaﬂ
i 2

Oto-2
Fig. 41-6 SODIUM SULPHUR
Na® : Se
i 2e-
. Oxidation Oxidation
g number E number
s increases i decreases
n
le- s
Nal+ s?

(kidetion RedocHon
Check Your

Under Standing. Fill in the blanks with the correct terms.
( " The rules for finding oxidation numbers are the following: The oxidation

~— .'number of an ion equals (4) ]-fs Chan gc’/ The oxidation number of
5 (0

-an element equals (5) - In two-element compounds, the

more electronegative element has a (6) ll@?a 12 charge, and the
N e_/

less eléctronegative element has a (7)

usually has an oxidation number of (8) 1] , and the

oxidation number of OXygen is usually (9) b | . The sum
of the oxidation numbers of an ion equals (10)_{ 13 Chir ?Q - The sum
of the oxidation numbers of a compound equals (11)_ () .
Assign oxidation number_-si to each element in the following unbalanced equation.

- .

- TR
NH, + O,— R, H,0
| NG WA

12. The oxidation number of the nitrogen changes from — g 3 to
=, .
S -, S

13. The cgidation number of the OXxygen changes from (‘) to

! unis Electrochemicai Reactions




14.. What is the oxidation aumber of each element in the following
compounds? . .

0Y
R L) : KnéW?
@ B0, b=t S= it o="2/2C0 ’)f“’(f67)'4"/[ 1

—@ 0, K=t Ma=+T7 =2 | patp-87 O

—_

@ NO_nNz%2 D==3~

15.  Which of the followin re?ctions are redox reactions? ¥ C

~ O E o5 i \ 9 .
@, H, + Cl,—> SHCI (&}(/&chm #S Chm(?c
(b) NaCl + AgI;IOs-——> AgCl + NaNO; Ny C.ha%

L . - D . s

@in + '83§O4—-> Cu + 21?0:

¥l->- [ 0
(d) 2HgO —> 2Hg + O,

Dinitrogen tetroxide (N;O,) and hydrazine (N,H,) are used as rocket
fuels. The reaction between these two compounds produces nitrogen

and water, as shown below. ,
22, 53 ) 0 n-2

N,O; + 2N, H, —> 3N, + 4H,0

- e

16. What two changes of oxidation number does the nitrogen undergo?
+4 = O
oy = 2D

17. Does the oxidation number of the oxygen change? ’\]D ; ['/'
IS - pa  bath Cidde i}

Lesson 41 Redox Reactions 205
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