Answers to Study Questions and Problems

a. NH3(aq) + H 20 () = NH ifag) + OH (ag)
balsc weaker acild acifl steonger baslc
b. HCN(ag) + H,O0() = H,0'(ag) + CN-(ag)

acid swronger  base

ac}d weaker bafc

J

¢ NH/(ag) + COy(ag)

acid stronger bafc

+ NHjfag) + HCO; (ag)
balsc weaker aci]d

J

acid remove H' .

conjugate base

a. HNO, NO,~ nitrite

b. H,S0, HSO,  bisulfate

¢. H,PO; HPO,  hydrogen phosphate

d. HF F- fluoride

e. CH;CO,H CH;CO,~ acertate

a. HSO; + H,0 & H;0° + SO
acid base acid ba]sc

b. NH3 + HZO = NH" + OH~
l?asc acl:id aclid base

c. CN- + H,0 = HCN + OH-
l?asc aﬁid ac‘id balsc

d H- + H0 = H, + OH
base acid acid base
[ 1 % J

<. HC'O‘ + Hzo \T—" H3O' + Clo‘-
acid base acid base

The HPO*- ion is amphiprotic; it can donate or accept hydrogen ions:

H,PO,~ =
conjugate acid

HPOZ =

PO
conjugate base



HNOB(aq) + H,O)
HSO(ag) + H,O()
HCN{g) + H,O®

NH* (aq)

HF(ag) + H,0()

—
N~

—
Gl

= H,O'(ag) +
H3O’(aq) +
H,O'(ag) +
H,COsfag) + H,O) = H;O0'(ag) «
+ H,0) = H,0'(g)
= Hao’(aq) +

a. the strongest acid is HNO,.
b. the acid that produces the lowest concentration of hydronium ions
per mole of acid is the weakest acid: HCN.

™o oo

CH,CO,Hfag) + NH;(ag)

HF(ag) +
NH“.(aq) +

OH" (ag)
OH"{ag)

H,0'(ag) + HCO; (ag)

'HCIO,(2g) + NH,(ag)

T1T 11 1%

HPOf“(aq) + CH3C02H(aq)#

NH,* (ag)
Flag) +

NO;"(ag) K, = verylarge

SO (ag) K, =12x10"2
CN~(ag) K,=4.0x 10-10
COy~(ag) K, =4.2 x107
+ NH,;(ag) Ka =5.6%10-10
F-(ag)

K =72 x1074

the acid with the strongest conjugate base is the weakest acid: HCN.
the diprotic acid is H,CO,.
the strong acid is HNO,.

the acid with the weakest conjugare base is the strongest acid: HNO,.

+ CH 3C02- (“ q)
H,O0)

NH;(ag) + H,00

NH,*(ag)

CO,p
+ ClO,(ag)
+ CH,CO;(ag)

a. HClis a strong acid, so 0.0010 M HCI solution contains 0.0010 M
H,0". The pH = ~log[H"*] = -log[0.0010] = 3.0.

b. KOH is a strong base, so 0.15 M KOH solution contains 0.15 M
OH~. The pOH = —log[OH"] = —log[0.15] = 0.82; pH = 13.2,

¢. The total quanticy of H* in the solution is inicially 10-% M from the

HNO, plus 107 M from the water.

The rotal concentration of H* is approx.1.1x1077, So the pH = 6.96.

In increasing acid strength from bottom to top:

HCI approx 107
H,0* 55

H,S0, 1.2 x 1072
HCO,H 1.8 x 104
[Cu(H,0)¢)%* 1.6 x 107
H,PO,~ 6.2 %108
NH,' 5.6 x 10-1°
HCN 4.0 x 10710
H,O 1.8 x 10716
NH; very small

The strongest acld Is not
necessarily a strong acld

Spectator lons are omitted—
these are net lonic equations.

Each reactlon Involves the
transfer of a proton from the
acid to the base.

The solution must be addi, so
the answer Is not 81

The solution Is siightly more
adidic than pure water,

There Is always some Hy0* and
OH~ In an aquecus solution due
to the autolonization of water—
usually Insignificant but not In
this case,



For water at 25°C;
[Hy0*)IOH] = K, = 107
pH + pOH = pK, = 14

Molar mass of NaOH
= 40 g/mol

[OM*] 1s much lower than [H*];
the solution Is addi<.

Learn how o take an antliog on
your calculator.

[0.15-x} Is approximately equal
to 0.15. Actually 0.147.

Solving the quadratic ylelds a
value for X = 000304,

Determine the acld and base
used o make the salt.

But look out for acld saits (the
anlons of polypretic adds).

No calculations are necessary.
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12.

13.

14.

15.

(H,0°) [OH) pH pOH acidic or basic
20x107° | 5.0x 1071 | 470 9.30 acidic
5.6x107 | 1.8x10"% | 6.25 7.75 acidic

1.8 x 10-'3 | 56% 1072 | 12.75 1.25 basic

1.6 x 10 | 6.3x 10719 | 4.80 9.20 acidic

8.7 %1079 | 1.1 x10"° | 9.06 4.94 basic

Sodium hydroxide is a strong base.

Concentration of NaOH = 2.6 /250 mL = 0.26 mol/L

The concentration of OH" ions is therefore the same = 0.26 M
pOH = -log[OH] = (0.585

pH = 13.4

pH

= —log[H*] = 4.62

[H*] =2.4 x 10°5
[OH] = 4.2 x 10710

pH =426 at 25°C
[H30.] = 5-50 x 10-5

KZ

K, =6.6x 107 =

+2
O s 1078,

0.12
[OH)? _ [OH}?
(NH,OH] 036

[OH)= 4.87x 107*
pOH = 4.31 and the pH = 9.69.

CH,COH + HyO & H,0"(ag) + CH,CO, (ag)

o—

Initial 0.15 0 0
Change —X +X +X
Equilibrium 0.15-x X x

Ee R L = S N I <

o0 oe

, for benzoic acid = 6.3 x 1073 = x2/(0.15-x) = x2/0.15; x = 0.00307M

the concentration of benzoic acid at equilibrium = 0.147M
the concentration of hydronium ion = 0.0031 M

the concentration of benzoate anion = 0.0031 M

the pH of the solution = 2.51

K, for acetic acid = 1.8 x 107%; basic

strong acid : strong base : neutral solution
bisulfate ionizes (K, = 1.2 x 102} lowest pH
strong acid : strong base : neutral solution
K, for HCN = 4.0 x 10719; basie

sodium acetate
potassium chloride
sodium bisulfate
magnesium nitrate
potassium cyanide



16.

17

18.

19.

20.

moe a0 ok

NaNO; strong acid strong base neutral
NH,I strong acid weak base acidic
NaHCO, weak acid strong base basic
NH,CN weakeracid  weak base slightly basic
NaOCl weak acid strong base basic
KCH,CO,  weakacid strong base basic

K, for the acid and K, for the conjugate base are related:

K, =Ky = K.~
IfK, = 3.5 x 107 for cyanic acid HOCN,
then K, for cyanate = 10714/3.5 x 104 = 2.86 x 1071,

Phenol is a relatively weak acid, K, = 1.3 % 10719,
K, for its conjugate basc = 10-14/1.3 x 10710 7.7 x 1075

For comparison:

ammonia K = 1.8 x 10-5 (about the same)

acetate K = 5.6 x 10719 (much weaker)

sodium hydroxide Ky, = very large (much stronger).

[H;O‘][HSCLQ] [1'13,0’]2 5

K, = = = 1.7 x10 H,0*)= 0.108
al = T H,S0,) Hs0) ~ L s
(50,) = K3 = 6.4 x 10

Nothing; the [SO,*] is independent of [H,S0,].

Boron trichloride (acid) accepts a pair of clectrons from chloride (base).
Nickel (acid) accepts a pair of electrons from carbon monoxide (basc).

Ammonia (base) donates a pair of electrons 1o the proton (acid) from
aceric acid.

Sodium ions (acid) arc solvated by water (basc).

CN-(ag) + H, 000 HCN(ag) + OH-(ag)
_ (HONJ(OHT] _[OH? | [OH)? _ -10

Ke= —oN T[CN - 035 #xld

[OH7) = 1.18 x 1073

pOH = 4.93
pH =9.07

soive the quadratic 1o obtain
he hydronlum kon
concentration.

See review question 17

The Lewls base donates the
electron palr; the Lewls add
accepts the clectron palr.



