General Chemistry Il
July 30, 2020

Exam 2 Review

1. The pH of a 0.063 M solution of hypobromous acid (HOBr) is 4.95. Calculate K.

HOBr(aq) + H,0(l) & OBr~(aq) + H;0%*(aq)

HOBr OBr H;0"
I 0.063 0 0

-X +X +X
E 0.063-x X X

Since the pH is given, the equilibrium H30" concentration can be calculated.
pH = _log[H30+]eq
[H30+]eq =10"PH =107*% =1.122%x 107> M

Based on the ICE table above, the equilibrium hydronium concentration is represented
by X, so x = 1.122 x 10° M.

_ [H;0*][0Br~™] (1122 %107° M)(1.122 %+ 1075 M)

= = =2%107°
@ [HOBr] (0.063 M — 1.122 + 10-5 M) '

2. Arrange the following 0.10 M solutions in order from most acidic to most basic.
KOH, KCI, KCN, NH4Cl, HCI

First recognize that there is a strong acid (HCl) and strong base (KOH) in this group. This
will be the most acidic and basic solutions, respectively.

KCl is a neutral salt, because CI" is a weak conjugate base of a strong acid, and K" doesn’t
have an affinity to accept protons, and it cannot produce protons.

Regarding KCN, K" has just been established to have no effect on pH. CN" is the
conjugate base of a weak acid, so it can react with water.



CN~™ + H,0 & HCN + OH™
Since OH' is being produced, this would be a basic solution.

Finally, regarding NH4Cl, CI” has no effect on pH. NH,4" is the conjugate acid of a weak
base and can thus react with water.

NH} + H,0 & NH; + H;0*
Since H30" is produced, this solution is slightly acidic.
Thus, the final ordering is: HCI, NH4Cl, KCI, KCN, KOH
3. An unknown salt is either NaCN, NaC,H;0,, NaF, NaCl, or NaOCIl. When 0.100 mol of

the salt is dissolved in 1.00 L of water, the pH of the solution is 8.07. What is the
identity of the salt?

Since Na* does not accept protons and cannot produce protons, it does not affect pH.
Generally, we have:
A™(aq) + H,0(l) & HA(aq) + OH™ (aq)

A HA OH
I 0.100 0 0
C -X +X +X
E 0.100 - x X X

Based on the pH of the solution, the equilibrium OH™ concentration can be determined.
pOH = 14 — pH = 14 —8.07 = 5.93
[OH ], =x = 107>9% = 1.17 % 107°

_[OH71[HA] (117 1075 M)(1.17 107 M)

= =1.38%10"1
b [A] (0.100M — 1.17 * 10-6 M) i

This is very close to the K, in the table for F', so the identity of the salt is NaF



100.0 mL of 0.10 M malonic acid (HOOC-CH2-COOH) is titrated with 0.10 M NaOH. K,
=1.5x 102 and K., = 2.0 x 10°°.
a. Write out the reactions and equilibrium expressions associated with K,; and K,

Note that these reactions are not the ones reflecting the titration!! They are
reflective of the ionization constants.

Ka]_:
HOOC — CH, — COOH(aq) + H,0(0)
< HOOC — CH, — CO0~(aq) + H;0%*(aq)
[H,0*][HOOC — CH, — C00"]
K, = =15%103
a1 [HOOC — CH, — COOH] i
Kaz:

HOOC — CH, — C00~(aq) + H,0(0)
< 00C—CH, —C00~(aq) + H;0%(aq)

[H;0*][0~0C — CH, — C00]
[HOOC — CH, — CO0]

K, = =2.0%10°°

b. Calculate the pH:
i. Before any NaOH is added

Before starting any calculations, it’s useful to determine at what volumes
the half-equivalence and equivalence points will occur at. Since the
molarities are the same, and the base and OH" are in a 1:1 ratio, along
with the acid to the base, 100.0 mL of NaOH is required to completely
neutralize one proton on the malonic acid. Another 100 mL of NaOH
must be added to neutralize the second proton. Thus, the first
equivalence point occurs after adding 100 mL of NaOH, the second after
adding 200 mL. The first half equivalence point occurs at 50 mL, the
second at 150 mL.



HOOC — CH, — COOH(aq) + H,0 (D)
< HOOC — CH, — C00~(aq) + H;0%*(aq)

HOOC-CH,-COOH HOOC-CH,-COO H;0*
0.100 0 0
-X +X +X
0.100 - x X X
[H30+][H00C—CH2 —C007] x?
a1 = =15%x103 = ———
[HOOC — CH, — COOH] 0.100 — x

x2=15%10"*—-1.5% 1073«
x2+15%103x—15%x10"* =0
After using quadratic formula, x =-0.0130204 and x = 0.0115204
x = [H30%],q = 0.0115204 M
pH = —log[H;0%] = —10g(0.0115204 M) = 1.94
ii. After 50 mL of NaOH is added
This is the first half equivalence point, so
pH = pK,; = —log(K,;) = —log(1.5x1073) = 2.82

iii. After 100 mL of NaOH is added

This is the first equivalence point, so

_ PKgi +pKe, 282 —log(Ky,) 2824570

p > = > > 4.26

iv. After 150 mL of NaOH is added




This is the second half equivalence point, so
pH = pK,, = —log(K,,) = —log(2.0 x 107%) = 5.70
v. After 200 mL of NaOH is added
This is the second equivalence point. Thus, the main reaction of interest
is:

0-0C — CH, — C00~(aq) + H,0(1)
< HOOC — CH, — CO0~(aq) + OH (aq)

The initial molarity of O0°OC-CH,-COOQ' is found by dividing the number of
moles (0.01) 0.3 L of total solution.

0O'0OC-CH,-COO HOOC-CH,-COO OH
I 0.0333 0 0

-X +X +X
E 0.033 -x X X

1107  1x107*

= = =510~
bT Tk, 2%106
. [0H"][HOOC - CH, — C00] x?
K,=5%10"% = - i
[0-0C — CH, — C007] 0.033 — x

x?=165%10"1%-5%10%x
x2+5%107%x —1.65%1071° =0
From the quadratic formula, we get the answer:
x =1.28%107°

pOH = —log[OH™| = —log(1.28 * 107> M) = 4.89



pH = 14 — pOH = 14 — 4.89 = 9.11

5. You are asked to prepare a pH = 3.00 buffer solution starting from 1.25 Lof a 1.00 M
solution of HF and any amount you need of NaF
a. What is the pH of the HF solution prior to adding NaF?

HF(aq) + H,0(aq) < F~(aq) + H;0%(aq)

HF F H;0"
I 1 0 0
C -X +X +X
E 1-x X X

[H;0*][F7]  «x?
[HF] — 1—x

K,=72%10"% =

x2=72%10"*—=72%10"%x
x2+72%107*x —72x107* =0
From the quadratic equation, x = 0.0264752 M.
pH = —log[H;0"],, = —log(x) = —1og(0.0264752) = 1.58

b. How many grams of NaF should be added to prepare the buffer solution?
Neglect the small volume change that occurs when the NaF is added.

B [F~]
pH = pK, + log W

3.00=-1 4 F]
.00 = —log(7.2 *107*) + log THF]



Since the change in volume after adding NaF is negligible, that does not have to
be taken into account.

=0.72
1.00 M

[F7]=0.72M

0.72mol F~ 1251 1mol NaF 4199 g NaF 3779 o NaF
—— x 1. * * = .
L 1mol F- = 1mol NaF ga
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6.  You titrate 25.0 mL of 0.10 M NH3 with 0.10 M HCI. (NH3 K, = 1.8 x 107}

(a) What is the pH of the NH; solution before the titration begins?

" <
N3 ) +H0 1) 2 Nyt + QUTGq) 1871072 22—
L 0.0 \ o 0 . \D-
C - X A X & x
E o0\0-x v " %= 1.3 x\p-%

| PO"\ s ‘-\09 (!-3!\0-!)2 283¢ P“: \q4 -fOH: H—].Q?:n

(b) What is the pH at the equivalence point?
moles NWy = W0 M x .02S L= 0045 mole s

. 47._ 0025 ma)

Nt A cawvelne poiet: moles NHzz moles HU (Nedt] = i 0S M
b ok \l nteded = 40025 pO‘ -
B : Olopm = 025 L
\Y\O'W/‘.B,\O'S T\ V= 025 L+ .05 {; ‘o; i Ko = CN“,? @30*}
¢

25,65 1070 NWt Ga) + RO NH; g + H300,) NH4'] vz 5.2 x10°°

I 005 0 O - . *

< -y A X A X Sy \p = X (H30 Jox

E .OS"X x y ‘oso PH: -‘076 ;X ‘O-‘J

(c) What is the pH at the half equivalence point of the titration? _
A+ ha\f QQ\A;VQ\Ln& cm'l“" .

POHG PKL = -‘09(\.8)( ‘0’5) - ‘-lo:“i

pR= 14-pOH = H-4.79- ‘9.26).

(d) Calculate the pH of the solution after adding 5.00, 15.0, 20.0, 22.0, and 30.0 mL of the acid.
25.0 ~L 1§ eq« Walena e eoin*. For S.0n,15.0, 20.0, and
22.'0 i} 'IS if\ -H\e ‘;Mﬁf{(r rc9ion(\,lst qchdcﬁon "lSSC'()‘CL) |

ot Hhe 20.0 mb, Here s excess HU

Fo( HH’ Can Yse mohs "ns.%ml of CJ Locqusc. V (qn¢‘$
6 (ahon slace 1+ is  He Same.

\
Alaia . moltS  excess HA = ,00S L x ,10 M+ .000S moles

. N‘ SR
CHUJ"-’ . ooa:"’ = Q09I N:[H.?O‘J
pH = —og (:00a1) = | Z.0H4
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