Buffer Solutions

}’{ o A buffer is a solution that can resist-a change in pH when a moderate amount of
a strong acid or strong base is added

}(_ e A buffer solution is created when a solution contains approximately equal
amounts of a conjugate acid-base pair in relatively large amounts
o To have a conjugate acid-base pair in equal amounts, only weak
;‘{ acids/bases can be present in a buffer solution.
(Lo Strong acids/bases cannot be present in a buffer solution

e EXAMPLE: When mixed in equal amounts, indicate which pair of chemicals can
form a buffer solution.

a. CH3COOHaq and b. HBraq and MgBrzaq)
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Ls KC\—%CO@\—#(%\ | s B wea\C L“W \S\%ff%\) 6 S#«(‘O/\f) acid
OC\CQ\ !‘d \ l*: JQQ?? ﬁ‘k{é‘fw\g E\CB
Ly N& C—\'\'BCOO(“L\ 1 roni ¢ " {A%U.COV) M\-\%r M‘f},’“; oy H ‘lw(ig‘?ﬁ"} Y {3(M¢4%) )
NoN € )
2 K\:) 1 \ <k )\." { X L
N&’rqwi\ C“} (.,Oomﬁ‘-%"; \ L__7 e
- i m@ B(Lmz’\ (5 el ® a@uww
g 5
C%\ :sC.OO\’\(w;\ ¥ C‘C\Bcoo.(“z) m%lt &) REJ( (=9 )
are loo¥la  resenkt e
6 Con\ugoke acid/bate Peur No CQASU;SQ\( ccidh/ baye pPar
Pulker soluhon pPresesy o no b £ bee

o Even though strong acids and strong bases cannot be present in a buffer, they
can be used to create a buffer. Consider the following situations.

1. Adding a small amount of strong base to an excess amount of weak acid
= Ex. A small amount of sodium hydroxide is added to methanoic

acid
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2. Adding a small amount of strong acid to an excess amount of weak base
= Ex. A small amount of hydrochloric acid is added to ammonia
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e How does a buffer solution resist a change in pH?
o Remember only OH" ions and HzO™/H" ions affect the pH/pOH of a

solution
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o When OH ions or H;O*/H" are added to a buffer, the buffer converts or
locks these ions into a form that does not affect the pH/pOH
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e Consider the buffer solution that contains NaHSO4(aq) and NazSOu(aq)
o By adding a strong acid to the buffer, the base component of the buffer will

react with hydronium ions/hydrogen ions (H3O" @ag/H"(aq))
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o By adding a base to the buffer, the acid component of the buffer will react
with hydroxide ions (OH (aq) and convert them into a product that doesn'’t

affect the pH.
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o However, when the components of the conjugate acid-base pair are completely
consumed by the addition of a strong acid or strong base, the buffer fails and the
pH changes dramatically. This is known as the buffer capacity and is the limit
of the buffer solution to resist an change in pH

**Now try the Practice Problems***



Practice Problems

1. Which of the following solution pairs, when mixed in equal quantities, will form an
effective buffer?

a.
b.

=~ 0 o 0

HNO3(aq) and NaNOs3aq)
CsH5COOHaq) and NaCgHsCOOaq)
NH3(aq) and NH4Cl(aq)

HCIO4(aq) and NaOHaq)

NaClaq and HClag)

H3POu4(aq) @and K2POu(aq)

NH4CNaq) and HCNaq)

Write out the acid-base reaction for KOCl(aq).

Does this solution create an effective buffer? Explain.

Write the reaction of a carbonic acid/hydrogen carbonate ion buffer when a small

amount of

a.
b.

NaOHq) is added.

What happens if a large/excess amount of a strong acid or base is added to a

buffer?
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Answers

KOC|(aq) + HZO(;) — HOCl(aq) + OH-(aq) + K+(aq) (With spectator ions)
OClag + H20p < HOCla + OHg (without spectator ions)

A buffer solution contains approximately equal amounts of a conjugate
acid-base pair. Since OCl g is a weak base, the solution containing
KOClaq does have a conjugate acid present but only in very small
amounts. Therefore, this solution will not be an effective buffer.

HCO3 aq) + HClag — H2COsaq + Clag  (spectator ions included)

HCO3 aq) + H30'@q — H2COsaq + H20() (spectator ions not included)

HCO3 aq) + H'ay — H2CO3(aq) (spectator ions not included)
HaCO3aq + NaOH@q — NaHCOsaq + H20) (spectator ions included)
H,COsaq) + OH'aq — HCO3 (aq + H20y (spectator ions not included)

Notice how the products produce in both reactions will not affect the pH/pOH
because only H/H;0" and OH" ions can affect the pH/pOH.

. Initially the buffer can resist a change in pH. However, when a large amount of

strong

acid or strong base is added, the buffer will reach its capacity and will fail,

resulting in a dramatic change in pH.



