8.10 What Are Buffers? — How Do They Resist Drastic pH Changes

Addition of Strong Acid - H;0*

1M CH,CO,H / 1M CH,CO,
Weah Qcad Cons. Base
| 5 SA + N8 = 0o%
I H30' + CH3CO4 = Wa09) + CW3COaM
H30" -y -V
Bufer Gose Buffer ond

OuerAlL LHANGES *

£CH2C02): & @ear¥s mth Yhe odded HaO"
LCh2CoaM): T Pnoduc\ 0% the reachion fhoy Removed the Ha0'

CH30'): & ot Dy nuch, uncrease due Yo [CMACOaM]T
pH: & noY nuc\'\ LCH2C0aNYT cause SY\%\\\' decrense i pM.



8.10 What Are Buffers? — How Do They Resist Drastic pH Changes

Addition of Strong Base — OH-

1M CH;CO,H /1M CH,CO,
Neak awd Coms. Qase .
I , WA + 5B = 0o%
| CHaC0aH + OW =  Ha0()) &+ CWiCO0q
On~ 4
Dulfer ocd

4
Pofer fase

OverALL CHANGES -

LCHaCOaM]) ¢

) Reatls with the added oW
LCHyC03) ¢ 1 PacducY of e Reaction YWY Romoved he OW
[OR') : +4 Not sy wuch, Qmerense due Yo CCHICO4 )T
?\’\ .

Not By nuch, [E¥3c05 11 causes o 59‘3\-.\‘ weeease uo pW



8.10 What Are Buffers? — How Do They Resist Drastic pH Changes

A buffer solution made from HF and KF has a pH = 2.84.
Addition of OH- will cause —

1. Increase significantly* 2. Increase slightly
3. Decrease significantly® 4. Decrease slightly
5. Increase 6. Decrease

% Used on¥y when BuTer Drecks donn . nore on s Toted | mo¥ relevomY hese.

a) .. PR ° '8 0&&\'«\3 oW ¥ couse e solukien Yo Recome o W nore Qosic.
b) . ° poM ? Y & oM wncreases 5968\1\'3?_.‘ Yoon pOW wi do everse: oW a+ pOM = Iy
c) L. [HE) ? 6 HF(Q33 + OW = N0 » F°

Duffer acd Bulr fose
d o: LF) 2 5 See explomalion or O THFIL (F)T



8.10 What Are Buffers? — Making an Optimal Buffer Solution — pH and pKa
1t See doss ndy sVe Yo sce whelher This

Cns Yose Adds Yave Sor otee systems,
Acip WOy Nove : (BuWe ocid) = (BuWer Sase)
[HCOH] [NaHCO:l  ® HCO:H/NaHCO: | Ka = 1.8x 10 | pKa = 3.74
o o
o HCOMEHCOs | e, = 42x107  pK. = 6.38
- HOLIN&OH! Ka = 35x10° pKa = 7.46
= » =
© HaBOs/NaHzBOs 2T Pha = 1
© NH:CI/NHs3 Ka = 73x10" pKs = 914
© NaHCOs/Naz2COs Ka = 56x10" pK, = 9.25
=, _F Ko = 4.8 %107 pKa = 10.32

\

pH = 3.74

Preparing
L. 9\'\0‘: Rvs Pl

i

Rhon {Bufer 0cid]) = 1®ufer Insed, rem

the oW of the Wler s equol o the

pho of the BuBer acd, Nhon chosisn %%Wm s{Yem one usudlly
selects one whose pWo of he neok ocd

15 Joses Yo the desiaed pW.



9.10 What Are Buffers? — Making an Optimal Buffer Solution
Adjusting the pH of a Buffer

[HCO:H] [NaHCO; @ HCO:H/NaHCO: Ka = 1.8 x 10% |p|<a = 374
[4] [] © H2CO3/NaHCO3 Ka = 42x107 pK. = 6.38
- HOCINaOC Ka = 35x10% pK, = 7.46
= » =
© H3BOs/NaH2BOs S e =
© NH4CI/NH; Ka =73x10" pKs = 9.14
© NaHCOs/Na2COs Ka = 56x1010 pK, = 9.25
- o Ko = 48x 10" pKa = 10.32
010M  0.10M

pH =374 ... PKQ °¥ HCO,_“ e JOSQS\' P\‘\O
o The desired PV,

14

pH =362 Torger pH

Swnce the deswed pY is nore acidic tham the sYastung oM eilben unceeose
the € Buffer acid) oR decrease the decrease LBufen Qnse)



8.10 What Are Buffers? — Making an Optimal Buffer Solution

Buffer Capacit
pactty Boer acid : NWG
N NHs BuRer Qose : MA3
[NH4CI] [NH3] © HCO:2H/NaHCO: Ka = 18x10% pKas = 3.74
[+] [«] © H2C03/NaHCOs3 Ka = 4.2 %107 IJ'Ka = H.38
© HOCI/NaOCI 55 x 108 7 46
g © HsBOyNaHBO; | @ = 39 PRa = 7.
a ® NH4CI/NHs Ka = 7.3x10" pKs = 9.14
© NaHCO3/NazCOs Ka = 56 x107 pK, = 9.25
Ko = 48x 10" pKa. = 10.32

pH =944 .

> Maxwun amouwnt of H10' thot com Qe Removed

} Burcer [aeanity
—> Mawirwn osmownt of OW’ ThaY cam Uz memoved.



8.10 What Are Buffers? — ldentifying Buffer Solutions

How many of the following aqueous solutions
are buffers? 2 FITe

a) 0.24 M HI + 0.18 M Nal X: Waisg 5\'Ron3 acid,

d) 0.10 M CH;COOH +0.18 M CH;COOK | /. CHa{O0H (WA) | CH3C00™ X5 can:uad'e fose.

c) 0.27 M NH,Br + 0.31 M NH, v NHo" (WA / W3 ¥ ccm:uan\‘e Cose,

. * = :



8.10 What Are Buffers? — How Do They Resist Drastic pH Changes

A 1L solution contains 0.25 mol of NaCN and 0.15 mol of HCN.

1. Increase significantly | 2. Increase slightly
3. Decrease significantly TOURR | 4. Decrease slightly
5. Increase 6. Decrease

a) Addition of 0.1 mol of HCI will case the [HCN]to- §
30" + CN° = Wa0( *» WHCN(agq)

b) Addition of 0.1 mol of HCI will case the pOHto- 2
oM, & 5?\_5\\\'97, pH+ pOM = 1 thus pOW 2 s?ia\\w_“.

c) Addition of 0.1 mol of NaOH will case the [HCN]to- 6
OW" + NIN(g) = HaOIN) + CN”

d) Addition of 0.2 mol of NaOH will case the pH to - 1

ON™ + HIN: BufRer Copocly exceeded.



8.11 How do We Calculate the pH of a Buffer?
Purdy for imfornadiion purposes onlly ... the fundll formulo 1o o you need,

HAW@G) *» R0 (=7 a0 + A Ko = [M30'J{A)
CHA)

(1;,0'] = Ko ( L \'\A]

Yog,0 [H30'1 = fog,o Yo + Tog,, CHR) - 3og,0 LA']
- o310 1420") = - FogoKo - Fogo (HA] + Tog o CA)
pH = pKe + 903“,0\') - 905“,[\'\9)

P - pho v dge %‘:\23

HA . Neok acid ... Buffer Ocd.
A .. Cons Qase .. BoFer Base.

Bueeea ph: W . oo » Yog (({3‘3“::::«%::;))) }

Hemderson - Hassdfach  &quation.



8.11 How do We Calculate the pH of a Buffer?

Question Answer

A solution contains the following Enter a response, then Submit.

components

0.208 M HCO2H iclcker

0.376 M NaHCO2 [ % ] B =
READY

What is the pH of the solution? s S

Ka HCO2H = 1.8x10-4 ©'®e

BuFer Ocd ¢ (HCOM] = O.208M
Bufie’ Pose : (HCO2 ) : 0.3 M

- L BuWer Bose
oH = oho+ ’°~9‘°( { Bufen Qcis)

PH = -%.o(‘-%“o.u) "'ﬂ%lo %%&)

pH = 3.5 2 Sog,, (1.307)
: 37usS + 0.2%7
:  4.00%




8.11

Buffers — A Summary

0) Durrer  BuRer atid + Bufer lase ]  Weskocyd + 5 coms ugate Qase

%) LBuffer 0cnd) = LBufkr Gase) I pH = pWo

¢) Bufea Lapacily | 217 of We Buffen acid or the Bufker se.

d) Hoho Buffer works OM” » Bufler acid = Ha0(5) » Bufrr fose

P10 * Buffer Pase r HaOM + Bulfer acid

) Buller ?\-\

Qose ]
, oH = pha 4 Jog,o Eg:g:m?:])



