ASSIGNMENT SHEET #9 APQ ANSWERS
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a.[HY=10"=10"%=1.12x 10 M

[H™M[OBr™]

b. K, =
[HOBr]

If [H*] = 1.8 x 10° M, [HOB] = 0.14 M

ci. 41.3 mL Ba(OH)needed(Remember: at neutrality, moles of't+ moles OH)
cii. At the equivalace point, the solution will be basic because the conjugate base of HOBy v@IBr
react with water, producing hydroxide ion.

d. This is a Ohow to make a bufferO question where you are starting with only one part of the buffer.
You have your choice:gu can work in concentrations, then convert to moles, or you can think in
terms of moles because the total volume will cancel in the equation.

Using the mole approach: 0.125 L x 0.16 M = 0.02 moles HOBr

pH =-log (5.00 x 10) = 8.30 pK, =-log (2.3 x D°) = 8.64

-1
OB ] . 830=864+log—"

H= +lo
P Pk, g [HOBr] 0.02moles

x = 0.0091 mole of OB which would come from 0.0091 mole of the salt NaOBtr.

Using the concentration approach with the Hendeksasselbalch equation:
X
8.30 = 8.64 + log——— , and x = 0.073M OBr
0.16 M

. moles OBY needed = 0.125 L x 0.073 M = 0.0091 moles, which would come from 0.0091 moles of
the salt NaOBr.

In traditional terms, this problem looks like this:

[H"][OBr''] 2 3% 10 = (5.00 x107)(x)

K, = -
[HOBr] (0.160)

Solve for x, then convert it to moles.

e. The bromine atom in HOBr has a lower oxidation number (+1) than the bromine atom in HBrO
(+5). (We discussed in Part | that the more oxygens attached to the atntrathe stronger was the
acid. Itis due to oxidation state, which we havenOt covered yet in class, but that Chang covered in
chapter 3.)
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a. mass percent 0.32% x 100 = 16.25%
2.00g

ImoleH,0 _ 2moleH 1gH
X X X

b. 1.2¢ =0.13g H
18g lmoleH,0  1moleH
PV =nRT.. n,, = LiAe 0.15 moles CO .. 0.15 moles COx LmoleC X 128 _ 1.8gC
* RT lmoleCO, 1moleC
Mass of oxygen = 3.§total(0.133 g H+ 1.8 g C) =1.09 O
1
c. moles of OH added to reach eq. pt. = 0.08843 B',‘%OszleOH = 0.00902 moles OH
At eq. pt., moles H = moles OH, ...we have 0.00902 moles of H
molar mass of monoprotic acid:mi =180 g/mole
0.00902mole

di. The OpK pointO is at the midpoint of the titration (when half of the volume of base necessary to
neutralize the acid has been added). In this case, when 10 mL of NaOH has been added, @H = pK
this point since [HA] = [A]

~K, =10 =10 =363 x 10

dii. 25 mL NaOH =5 mL of NaOH beyond the equivalence painte have a basic solution

"1
moles of OH = 5 mL x 20O _ 4 1605 mole OH

1000mL

1
[OHY = 0.0005moleOH _ 0.0005nole — 0.0125 M
15mL+25mL 0.04L

pOH =-log [OHY = 1.9 .. pH = 14DpOH = 12.1
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a. N|_E(aq) + |_rl(aq) ad NH4+1
b. For an accurate graph, determine the following:
The initial pH
+1 "1 2
Kg=1.8x10= INH, JIOH | _ _x - X =[OH" =1.34 x 1¢ M; pOH = 2.87 and pH = 11.13

[NH,] 0.1" x

The volume of acid that must be added to reach the equivalence point
The eq. pt. will be reached when moles of Nititially present equals moles of HCI added.

0.10moleNH; _ 4 no3mole NH,
1000mL

Volume of HCI needed: XL X(M: 0.003 moles; X =15 mL

1000nL

Initial moles of NH = 30 mL x

The pH at equivalence point

Since this is a weak base/strong acid titration, we expect the pH at the eq. pt. to be less than 7.
At equivalence point, no ammonidt|eout conjugate acid N is there and will hydrolyze (a side
reaction between the conjugate acid of a weak base and water). The reaction will be

NH,”* + HO <« NH, + HO'*  (where HO" is the same as*'H

Determine the K for NH,"* (remember: K = K, x K) then calculate the [H from the equilibrium
expression.

Note: the initial [NH™] will be:

0.003n0leNH,**

=0.067M [H"=6.1x10F .. pH=5.21
30mL +15mL

pH
11

\

0 5 10 15 20 25 30 35 40 mL HCIl added

c. Use methyl red, since its pks closest to the pH at the equivalence point of the titration.

d. YouOll have a buffer with a basic pH. Think Hendekasselbalch:

pH = pK, + log INH:]1 _ g 555 4 |og0'05+ X~ 9.255

[NH,'] 0.05-x
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i. At the equivalence point, moles of'Hnust equal moles of OH
(Vs (M) #HYacid) = (V,,)(M,.) #OH/base) .. you need 30 mL or 0.030 L

ii. 15 mL happens to be half of 30 mL (the total volume of acid that was neegstkothe
equivalence point), which means you are at the,@pkitO, where pOH = gisince [NH] = [NH,™.
(Note: this is related to the pkooint for an weak acid being titrated with a strong base).

. pPOH = pK; =-log (1.8 x 1) = 4.745 and pH = 1®pOH = 9.255

(Note: KB was calculated earlier in the problBxwe did it in Part 1.)

iii. 40 mL = 10 mL past the equivalence point, therefore we now have an acidic solution.
(0.01L)(0.012MH*") _ 0.000120le

New [H™] =
(H] 0.020L +0.40L 0.0aL

=0.002M .. pH=-log 0.002 = 2.7

totalvolume
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a. Make a distilled water aqueous solution of accurately known molarity (use the analytical balance t
mass the KHP) of KHP in the Erlenmeyer flask. Then, adding the NaOH solution from the buret,
titrate the KHP solution to the equivat® point, using the indicator.

b. At the equivalence point, the moles of KHP = moles of NaOH added. From the moles of hydroxid
ion and the volume of the base used, you can calculate the molarity of the base solution

M,..= molesNaOH .
volumeNaOHadded
C. //
/ eq pt
pH

l\ PK, pt

12.5mL 25 mL
Volume of NaOH added

d. K, is determined from the pKpoint on the titration curve, the volume point midway to the
equivalence point. At this point, the pH of the solution equals theppifdt. K, = 10°4 = 10°"

e. HY is a diprotic acid, and the two protons are neutralized one at a time. The two reactions are:

1. HY + OH' & H,0 + HY!
2. HY* + OH' & H,0 + Y?

Point A is the equivalence point of th¥ &action, sdor?is the most abundant anion.
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a. Volume of NaOH needed is 0.025 L or 25 mL.

B. Kyerai = Ky X Ky .. K,y = 5.9 x 16 (Note: This is review from the equilibrium unit.)

(1 0—0.5 )2 (.X)

c.K,=3.78x10 =
(0.015 - x)

x = [C,0,7 =5.67 x 10 M

d. The sodium oxalate salt dissociates completely. Then, the reaction is:

C,0,2 + 2HO <« H,C,0, + 2 OH! Ky= " =2.65x 10
42

a. [H]=6.7x10M

b. K, = 3.125 x 167

c. This happens to be the equivalence ptiarefore, the conjugate base of the weak acid will react
with water producing OM Calculate the [OH, get the pOH, then pH = 10.27.

[OCI™]
[HOCI]
moles of HOCI=0.05L x 0.2 M = 0.01 mole

d. Use HenderseHlasselbalch! pH = pK+ log

5749 =749 + Iog+ and x = moles of OClwhich equals the moles of NaOH added
0.010mole — x

(Remember that you get one G@br each NaOH you add.)
X = 0.00503 moles NaOH = 5.03 millimoles.

e. If [HOCI] = 0.065 M, so does [H based on ta balanced equation. Thé'Hrom HOCI
dissociating (in a side reaction) will be negligible due to the common ion effect caused byithe H
the solution. Therefore, the pH of the solutiodog 0.065 M = 1.19

47

a. If any water remains in the burtite NaOH solution will be more dilute than expected, taking more
volume to reach the eq pt, leading you to think youOve used more moles than you did. Since moles
the denominator of molar mass, this will make the molar mass resudw.

b. No effed. (Unless piranhas are in the additional water and eat your fingers while youOre titrating.)

c. The true eq pt will have a pH > 7 since the conjugate base of the weak acid will react with water
creating OH. The indicator will change color too eaith the titration and you will have added too
few moles of NaOH to reach this false eq pt. Since moles are the denominator of molar mass, the
molar mass result will b®o high

d. The molar mass result will beo low because youOll think youOve added moles of NaOH than
you actually did, which increases the denominator in the molar mass calculation as in 47a.
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a. X L x w = 5.2 moles:. X = 0.283 L = 283 mL

b. Consider 1.00 L of solution: 1000 mL x 1.84 g/mL = 1840 g
MM of H,SO, = 98 g/mole;.". mass of SO, in 1.00 L = 18.4 moles x98—g =1,803.29g

1mole
1803.2¢
40.0¢g

.. mass % of 550, in concentrated acid x 100 =98 %

¢. Each HSO, has two Hito Ocompletely neutralizeO, whereas HE#h acceponly one H per, so
you will need two sodium bicarbonates per one sulfuric acid molecule.

10.5 grams NaHCox 19 _ 0 125 mole NaHCox —25% — 0 0625 mole 180,
849 2NaHCO,
XLxig%kf=0m95mmezx=am2L=12mLa&z

d. Molality = moles solute/kg solvent. In 1.00 L of solution, you have 1000 mL x 1.36 g/mL = 1380 g

. 5.20 moles x198‘gl' =509.6 g solute and 138@®%09.6 g = 870.4g water = 0.8704 kg
mole

. molality = % = 5.97 molal

704 kg
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a. You have twice as many moles df Hs you have moles of R© Therefore, the reactions you will
make happen will be:

. PO + H' < HPQ?
i.  HPO2 + H' < H,PO*

You donOt have enoughtitb add a third proton to RO, to create EPQ,.
b. HPQ?is the species that is amphiprotic. 1tOs an acid in i and a base in ii. In the Lewis structure,

there are lots of dots here and there around a few atoms. The H is attachedriotdne®. The P is
the central atom.

°

pH

Volume of HCI added

d. HPO' + H' <« H,PQ,



