AP® CHEMISTRY
2005 SCORING GUIDELINES (Form B)

Question 1

_ [Ho0'jocr] _
“ [HOCI]

32x1078

Hypochlorous acid, HOCI, is a weak acid in water. The K, expression for HOCI is shown above.

(a) Write a chemical equation showing how HOCI behaves as an acid in water.

% HOCl(aq) + H,0()) — OCI(ag) + H;0%(aq) One point is earned for the correct chemical equation.

(b) Calculate the pH of a 0.175 M solution of HOCI.

HOCl(ag) + H,0() 2 OCI(ag) + H;0"(aq)

I 0.175 - 0 ~0

C -x = +x +x

E 0.175-x - +x +x

_ [H3O+][OC1_] = (x)(x) One point is earned for calculating the value of
a [HOC]] (0.175-x) [H;07].
Assume that 0.175—x = 0.175
2
39%108 = % One point is earned for calculating the pH.
0.175

X2 = (3.2x1078)(0.175) = 5.6 x107°
x = [H;0'] = 7.5x107° M

pH = —log [H;0%] = —log (7.5 x 1075) = 4.13
3

(c) Write the net ionic equation for the reaction between the weak acid HOCl(ag) and the strong base
NaOH(agq).

HOCl(ag) + OH(ag) — OCI(ag) + H,0() One point is earned for both of the correct reactants.
One point is earned for both of the correct products.

(d) In an experiment, 20.00 mL of 0.175 M HOCl(ag) is placed in a flask and titrated with 6.55 mL of 0.435 M

NaOH(agq).
(i) Calculate the number of moles of NaOH(agq) added. / or. (/)\6 l(}ﬂ 473(\/ o\u yy\e\ = Vl’\u‘{h/
A
1L 0.435 mol NaOH
moly,oy = 6.55 mL X 1000 mL x 1L One point is earned for the correct number of
i moles of NaOH.

moky,oy = 2.85 % 1073 mol NaOH
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Question 1 (continued)

(ii) Calculate [H;0] in the flask after the NaOH(aq) has been added.

1L 0.175 mol NaOH

molyoe = 20.00 mL x X = 3.50x 107 mol
1,000 mL 1L One point is earned for calculating
OH™(aq) is the limiting reactant, therefore all of it reacts the initial number of moles
of HOCL
HOCl(ag) + OH<(aq) — OCI(ag) + H,0()
I 0.00350 0.00285 0 = R
C —0.00285 —0.00285  +0.00285 . This s Fe ket/\a"‘or
E  0.00065 0 0.00285 - A equgdhm for HECL ¢0ci
‘k 0.00065 mol Al 4o st ”'P#vd“ ooy iz [ briume,

M, —_— = 0.0245 M
HOCU 0.02655 L (/—\ T+ is NOT nealq) fo

; - 0.00285 mol _ porle Hee 'omb'e Un.
/ DIV MO _ 6107 M
/ %(K o T T0.02655 L

HOCl(aq) + HZO(/) - H3O+(aq) + OCl(ag)-. Y

I 0/0245 = ~0 0.107 \ "~ One point is earned for the
C - — +x +x concentration or number of moles of

L_\ E  0.0245-x - +x 0.107 +x HOCI and OCI™ after the
_ [H;0"][0cr] _ (x)@.’ﬁ)’?+x)/
a A  :
[HOCI] A0.0245 %)
S
Assume that 0.107 +x = 0.107 and that 0.0245 —x = 0.0245
g _ (xX0.107)

3.2x%x 10
Stk (0.0245)
N One point is earned for the
Y N +1 = -9 p
ﬁ*x [H;0"] = 7.3 % 107 M correct [H,0°],
Ko

(iii) Calculate [OH™] in the flask after the NaOH(ag) has been added.

[H;O][OH] = 1.0x 107 = K

" One point is earned for the correct concentration
-14 ~14 -
; 1.0x1 f OH™.
o] = 12X0__ _ 12x10 = 14x107°M :
[H;O7] 7.3%x107

r Hee bw’M[ (77\0\*' a,qum«.\
This 1/ NOT e OH Hhodk came - acd go&dnmﬁm

I/\ q
5 Hwo Hay oumeed ot O frats pmse;\;# " LA & Lok gl
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Question 1 (10 points)

A pure 14.85 g sample of the weak base ethylamine, C,HsNH, , is dissolved in enough distilled water to make
500. mL of solution.

(a) Calculate the molar concentration of the C,H;NH, in the solution.

B 1 mol C,HsNH,
nc,usNH, = 14.85 g CHNH, X 45.09 g C,H,NH, One point is earned for the
correct number of moles.

0.3293 mol C,H;NH,
One point is earned for the

0.3293 mol C,HNH == e B
MCszNHz = 0,500 i o 6 ?.659 ‘AD correct concentration,

The aqueous cthylamine reacts with water according to the equation below.

C,HNH,(aq) + H,0() & C,HNH,"(aq) + OH(ag)

(b) Write the equilibrium-constant expression for the reaction between C,Hs;NH,(aq) and water.

[C,HsNH, ]

J— ':;L-"\ - + _ —~
( K, = [C,H;NH; JIOH ] ) One point is earned for the correct expression.

(c) Of C,HsNH,(aq) and C,H;NH,*(ag), which is present in the solution at the higher concentration at
equilibrium? Justify your answer.

C,HsNH, is present in the solution at the higher concentration at
equilibrium. Ethylamine is a weak base, and thus it has a small One point is earned for the
K, value. Therefore only partial dissociation of C,HsNH, occurs in | correct answer with justification.

water, and [C,H,NH,] is thus less than [C,H;NH,].
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Question 1 (continued)

(d) A different solution is made by mixing 500. mL of 0.500 M C,H;NH, with 500. mL of 0.200 A HCI.
Assume that volumes are additive. The pH of the resulting solution is found to be 10.93.

(i) Calculate the concentration of OH (ag) in the solution.

pH = —log[H']
[H'] = 107109 = 1,17 x 1071

. _ K, _100x10™* 4
[OH] = [HV:] = (= 88X 107 M )

One point is earned for
the correct concentration.

OR
pOH = 14 —pH = 14-10.93 = 3.07
pOH = —log[OH™]

[OH™]=1073% = 85x 104 M

(ii) Write the net-ionic equation that represents the reaction that occurs when the C,HsNH, solution is
mixed with the HCI solution.  (,Jegle luge / &1 ‘\‘/()/\C/ aci A

C,H,NH, + H,0* - C,H,NH,* + H,0 One point is earned for the correct equation.

" Ha : ¥
0 G HsNH + Hf——:,(}:ffNHl

(iif) Calculate the molar concentration of the C,H;NH;"(aq) that is formed in the reaction.

0.500 mol

moles of C,HsNH, = 0.500 L x 100L 0.250 mol One point is earned for the
correct number of moles of

+

moles of H,0* = 0.500L x %Onﬁol ~ 0.100 mol C,H;NH, and H,0"

[C,HsNH,] [H,07] [C,H;NH, "]
initial value 0.250 0.100 ~0
change -0.100 —0.100 +0.100
final value 0.150 ~ 0 0.100
. One point is earned
0.100 mol C,H:NH for the correct concentration.
o 2HsNHs
[C,HsNH,'] TO0L 0.100 M
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Question 1 (continued)

(iv) Calculate the value of K for C,Hs;NH,.

—[C,HsNH,] =

K, =

0.150 mol C,HsNH,

T00L = 0150 M

fOH:\ Lrem ()
4

[C,H,NH, J[OH™] _ (0.100)8.5 x 107)

= 5,67 x 1074

[C,H,NH, ] 0.150

One point is earned for the
correct calculation of the
molarity of C,HsNH, after

neutralization.

One point is earned
for the correct value.
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