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Buffers

Buffer: A solution that maintains a relatively C Dhgjl'ﬂﬂt pH (aka relatively constant LH +J )
~ifan acid or base is added

Buffers have many applications, but are especially important in biochemistry (blood, amine acids, and proteins in the
body). Many biochemical reactions are pH sensitive.

But wait... How Can a Buffer Neutralize Added Acid or Base?

Buffer solutions contain significant amounts of:

o weak acid molecules, HH % J(L\\
. . = ol
o conjugate base anion, _A

» Ifyouadd ]9"“36 to a buffer solution, the weak acid (_ 1 HA ) reacts with it. “/[“HA:‘
HA(aq) + OH™ (aq)#. + H;0(aq} 7?%0{“{.&1& C,T% A LA-]

o Ifyouadd (AL1OV d to a buffer solution, the conjugate base {_/1___ A- ) reacts with it.
(e +A(ao) =fAdal = producing WA

[ After addition of H* } ] Equal concentrations l After addition of OH”]
TR TR of weak acid and  § e e
L copjugate base
e o e WI:{ - -
P —

® o

e o @& o

© o ® o

® o © ¢

| ®

» Weak acids and their conjugate bases make 00 ab buffers.
VA

e Strong acids and bases do NDT make good buffers, because their H" and OH™ ions are already
dissociated into solution..

e Ilttakesmuch ™Mo e bpaseto change the pH of a\v/v\c/e\a/k acid solution because there is a large
reservoir of W di S 0\‘)(760\' weak acid,
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What happens to a given buffer system when it is “attacked” with an acid or a base?

1. Acid added?
a. The\c/(\)w%e in the buffer neutralizes the added acid, producing MO (¢ weak acid.

b. The pH of the solution will dP_CrP, ale slightly.

2. Base added? baCe
a. The weak acid in the buffer neutralizes the added base, producing Y1 D¢ conjugate a\xfd.
ST .

b. The pH of the solution will ineease slightly.

Example: Combining HF and NaF creates a buffer system containing the weak acid HF and its conjugate base, F.
a. Write an equilibrium reaction to describe the HF/ F~ buffer system.,

HE, + H,0,. = H O;@ + T

Can) (0 (ag)

h. Write a net ionic e?uation that demonstrates why the pH of this buffer would remain relatively constant if a

small amount off HNOs Jwas added to the buffer solution. _J{ f\/ -
. e + O .
S"ﬁ(ohg acik ! HNDH%Q) | (o) - | Ffa?)\ 3 Cra":z) .
. — 4+ o
nefionic: WY 4 Flay 2 W

c. Write a net ionic equation that demonstrates why the pH of this buffer would remain relatively constant if a

small amount oas added to the buffer solution. )
. - 4 \
S*{-D\\ ‘O(‘Sﬂ!‘. L\,DH( + \-J(F . > H'Z,O(QS L F(ﬁz\

9 4%1)) { 7))

= W, 00, ¥ Fiey)

(o

hel 1owmct O\'\qu ¥ HF(qﬂD)

1. Combining NH.Cl and NH3 creates a buffer system containing the weak acid NH,* and its conjugate base, NHs.

a. Write an equilibrium reaction to describe the NH;*/NHa buffer system.
p\»

NH'—;F(Q&@‘\/ H?—Ow) < NHK(G@ v HSOC“@

b. Write a net ionic equation that demonstrates why the pH of this buffer would remain relatively constant if a
small amount of HNO; was added to the buffer solution.

.‘-.
WY N\r\gup — NH, aq)

U@

c.  Write a net ionic equation that demonstrates why the pH of this buffer would remain relatively constant if a
small amount of LIOH was added to the buffer solution.

..\r
DH‘(M@ x \\\\'\L\ (aq) > "0 (&) ' NHE(Q@
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Buffer Capacity

Buffer capacity is determined by how (MW C l_'] acid and base can be neutralized by a buffer system.

° L 0*(51 € capacity: [D'}(S of weak acid and conjugate base present, so large amounts of added acid and
base can be neutralized before the pH changes significantly. el ol

® 8 Ma H capacity: only a small amount of weak acid and/or conjugate base is present, so cml/w_mall
amounts of added acid and base can be neutralized before the pH changes significantly. o

AN

*Watch out! If you add more acid than the CB present in your buffer (or more base than the acid in your buffer), you
have exceeded the capacity of the buffer! ”\ O /i\] O

\ ; n il
L—b c{cﬁ’{"mj{ol, Eug‘\{’&‘;‘(imj iilf"\i"‘j DQ' %\(_’ 5‘3!~"T'5' i
Example: A buffer system is created by combining 300. mL of 0.200 MWh 0.400 M LINOz

4‘j —h’ﬂ'\

a. What is the maximum amount of acid that can be neutralized by the buffer system?

} 0\ = 0.400 | 300 mL =120 mmol|
MDl ( base) = OH oM x 0
2 maX acid that can be neatralized 1S 120 mone| (or O,!ZDmol)

b. What is the maximum amount of base that can be neutralized by the buffer system?
HND, (acid) = 0.200M x 300 mL = ©0.0mmol

= Mary bhale "Hﬂa'(' Can be HPm‘tY‘Q li3 2ed 1S {OD.O“’H’”\o\ (OF O.DEOO 7"'70[)

1. A 500. mL buffer is created by combining 0.30 M ammonia, NH3, with 0.20 NH4Cl. Adding which of the following
would destroy the buffering ability of the solution? Aerd (MHJ = 0.2Mx 0,50 = 0. mal

2.0.13 mol HBr (©) 013mollioh 5 >o.|mel bale world deytroy

/b/013m0 A 013mo|@ Rase (NH)fD’SXOg“O 1S Mol

F~ thete i ld T Cﬂpr«cﬁ%t S > 0T mol| g Would des {‘fmj'

2. 0.50 mol of KOH is added to an HF/ F~ buffer system containing 0.75 mol of HF and 0.60 mol F~. When equilibrium is
reestablished, what happened to the system?

a. The pH increases slightly, [HF] decreases and [F7] increases.

b. The pH decreases slightly, [HF] increases and [F7] decreases.
c. The pH remains constant, [HF] decreases and [F7] increases.

d. The pH remains constant, [HF] increases and [F7] decreases.

3. A500. mL buffer is created by combining 0.50 M acetic acid, HC;H303, with 0.30 M NaC,H30,. Which of the

following additions wougliéestroying the buffering capacity of the system? d = 0.5 0.€=0.25 mol

acl
al 030 molHC2H30; ) c. 0.20 mol KOH
\ > 0.25 mi) bate
B. 0.30mol L(CzHacD 0.20 mol HBr L aSp = 6,5 % 0,5 = &[S mal
‘HNESE \,Jr)L‘\OL > O.\S Mo\ C'(AA

T cap O'C/‘Ag
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Two Requirements for a Good Buffer:

1. Large C Q? a C )V“\ : lots of weak acid AND lots of conjugate base, or vice versa

2. ‘ . \ (or equimolar) ratio of HA:A™ so buffer can neutralize both added acid and added base

Identifying a Buffer

Recall the word conjugate means that the pair differs by a single proton. For example:

Acid ' Base Buffer?
Example 1 HCsH30; NaC;H30; Yes, weak acid and base differ by one proton.
Example 2 NH.* NH3 Yes, weak acid and base differ by one proton.
Example 3 HCl cr No, strong acids and their bases can’t be buffers,
Example 4 H2CO3 €Oz No, the acid and base differ by two protons.

1. Circle all the combinations below that would make a buffer solution when mixed in equal volumes, For each
solution, explain why the solution isfis not a buffer.

i, ﬂ_,,_....m—-»—m———*‘“"“

1.0 M HCl awd 1.0 M KClI 1.0 M HC,:H30: %d 0.5 M Nacl 0.5 M HNO; and 1.0 M NéNOz
LN....___._..MJ beeed —
S‘\fbhg acicl ' ha oomju»ﬁc\‘\t bale WA CB

. HND;/I\JD; SyStem

1.0 M HBIO and 1.0M LBrO 1.0M NH.Bfand 0.5 M NHs
| S| U i | \
WA CB CA WB
¥
WBrO/BrD system NH."/NH, system

.

2. Choose a 1:1 buffer from the buffers you circled above.

a. Write an equilibrium reaction to describe this buffer system. What is true about the weak acid/conjugate base
ratio?

H&ho_, = | (’\.e.l:lmﬁoﬂ\g Her O, *’HZ CG) O“‘?) B{D (aq)
Bro , Y

b. Write a net ionic equation to demonstrate how the buffer system would neutralize the addition of HCl to keep
the pH fairly constant.

H"’Cq%3 %rO&@ - WRe 064@

c. After the addition of HCl in part {b), what happened to the weak acid/conjugate base ratio? Explain why this
occurs.
A REO HBrO > |\
e ‘:‘é -

&/%FD—’ BrO



