24

Polyprotic Neutralization Reactions: Not 11 Stoich (yay?)

Both methods of solving (stoichiometry AND the shortcut) still work! There's just a slight twist. ©
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Example: What volum@{)fﬂf 65 M Ba(OH), is needed to neutralize 91 mL of 1,80 M HBr?
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1. Stoichiometry: | (34 COH)

[

Vo= mol _ 0.081% a,!
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2. Shortcut: Now your equatioh looks like
MH+Va - MOH_"VIJ

Why the change? If an acid and_/or base are polyprotic,

moles(acid) # moles(H+) = moles(OH™) # moles(base)

Note: If either the base or acid is monoprotlc you can keep that calculation the same as the ongmal shortcut
Mohopf\')'{\(,, audh

L
MoV, =My, V | ] _
9 Yq DY b NDT o \]a]ick FF\'
(t.%oMB(‘i!mL} =(2x4.65 M)Vb ommar\
blc Ba(b{—() On \’K S*ﬂm\\ &‘L;)“’&
LBO x 4 e s M\T
vV o« 20 =lip mL J
S EXHCE} Qj



W 25
Now you try! Choose your favorite method. &

1. Calculate the molarity of an AI{OH); solution if 32.5 mL of it is needed to neutralize 21 mL of 3.5 M HCIO,.

M“\/ﬁh =M OH”\/‘O

(35 MY(2) ml) = M- (32.5 ol

3,5%x 21
. =9 o - Alg)
M- = "o = 2.2 Mol LA =10.75 M A1 (o),
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2. Calculate the vo szo M H;PO, solution needed to neutralize 250 mL of 0.75 M Ca{OH}s.
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Multiple Choice Practice

1. 0.60 M HNO; was used to neutralize 15 mL of 0.30 M Sr(OH},. What volume of HNO; was needed?
a. 75mL b.} 15.0mL c. 225mL d. 30.0mL
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2. The complete neutralization of 15,0 mL of KOH requires 0.025 mol H,SO,. The [KOH] was:
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a. 150M b. 1.67M @ 3.33M d. 667M
Mo H-\-— = M \/ ‘
o OSOﬂw 'JD e
- o15l) 5 M, = = = = = 3,33
2% 0,005 mol = M, (0,05 1) > P T

3. During a titration, what volume of 0.500 M KOH is necessary to completely neutralize 10.0 mL of 2.00 M HC;H;0,7
a. 10.0mL b. 20.0mL c. 25.0mL 40.0 mL
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Polyprotic Limiting and Excess Calculations

A fun type of limiting excess problem is determining which conjugate of a polyprotic acid is left over in

solution after incomplete neutralization with a base!

If you add strong base in a 1:1 mole ratio with a polyprotic acid, one H* will be removed:

) - _ +
10. mL 1.0 M NaOH + 10. mL 1.0 M H3POs = H2P04 + H. O G N‘\)

If you add strong base in a 2:1 mole ratio with a polyprotic acid, two H*'s will be removed:
{x2) (x2

20l 10 M N2OH+10-mE LoMHpor > HPOL + oo N

if you add strong base in a 3;1 mole ratio with a polyprotic acid, three H*'s will be removed:

2. _ (x3) (X3)+
30.mL1.0MNaOH +10. mL1OMHsPOs > T O &+ K, O (Jr I\JB\B

4, Equal volumes of equimolar NaOH{ag) and H,COs{aq)} are mixed. Which of the following best shows the relative
concentrations of ions in solution?

. &\m)")ﬁ,
a. [H,COs]=[HCOs 7] > [CO3 %] > [NaOH] @ [HCO3 7] > [CO3 2] > [H2C05] > [NaOH]
b. [H2C03] > [HCOs 7] = [COs 2] > [NaOH] d.  [CO327] > [NaOH] > [H2CO3] = [HCO; 7]

5. What volume of 0.50 M LiOH would you need to add to 100. mL solution of 1.0 M H3PO4 to ensure PO,
is the predominant anion in solution?

a. 150.mL b. 300, mL @ 600, mL d.  1000. mL
MH*Vm - MOH'\Jb
(S.DM)(.'oo_mL\: (D.SOM)Vb
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Polyprotic Acid Titration and __{ﬁ e‘?j ‘P\i F \

v = el

When titrating a polyprotic acid, each acidic hydrogen will have its DWW equivalence point!

_z
H3A+ H20 > H30++H2A— KCL1: \ X 'O
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HpA™ + H,0 & HzOY+HA*™  Kgp = Ix 10
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Point " Poi Point
B Point Point
'y ‘ |
Midpoint 3

wl 12 L HATI=IA

Midpoint2 1 f
& Kag |HzA1=HAY]

pH £
Midpaint 1
ﬁ y th} = [Hg A
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Heather Yes

Note that the volume required to reach the first equivalence point is e% U“\ to the volume required to reach
the second {and third) equivalence points, because the number of moles 6f HsA in the first step determines the number

of moles of H2A™in the second step, and the number of moles of HAZ™ in the third step.



