Analytical Chemistry  Lecture 7 Dr. Ruba Fahmi Abbas

Buffer solution

A buffer is defined as a solution that resists change in pH when a small
amount of an acid or base is added or when the solution is diluted.

e oougd) A Bt aglly LiasS Jolaa 9o (Buffer solution ) aliiall J slaall
Jolaall Bdlay « AT nag 48da5 die g dnl) Baeld gl (haaa (pa B s 43S AL ie (pH)
Jstaall L gas (o i B 551 3 ga AL i i Gt A0S D e A 2 1o plilal
(Leale + Apmn 5acld ) e Si( Aake + Capeiia (aala ) aaiall Jslaall ) S5y

CH3COOH+CH3;COONa Jia ;4als g i (aaa
NH,Cl + NH,OH :Wgalas A Sacld

4ibesS Ailas 4 :(Henderson-Hasselbalch equation ) gelbbela-¢y g aia Aalag
s ouel) a8 0 G Alaleal) o2 oy 55 aliia Jslaal (PH ) (s sonedl )l sl aasid
DS ) A8 all ine B ) Cumaall (masl) 3S A5 (PKA ) Umead) SSE culli dad
LG8 el Leaan ) Al sac )

Acidic buffer Basic buffer
H = pK, + lo [salt] OH = pK, +1 [salt]
Pt = PRa g[acid] POt = PRy T 108 [base]
[A—] [BH +]

H=pK, +1 OH =
p pK, og[HA] pOH = pK, + log B]

7 e B 098 pH olady) 7 {8 B8 058 pHA ol
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Example(1):-Calculate the pH of a buffer prepared by adding 10mL of 0.1M
acetic acid to 20mL of 0.1M sodium acetate? Ka= 1.75 x 107>

Solution:
CH;COONa — CH;COO + Na'
CH;COOH— CH;COO + H*

Laad) paalaldl 38 5 7 ALl -2 asaadl gand -1 a8 s Bale (ST Gaala ) e A8l
Ogmipia Adalaa Jartiod -4 ALY 3y paad) mlal) 38 58 7 Aded -3 48LaY) My

1- V total= 10+20=30 ml
2- CH;COOH M1*V1=M2*V2
0.1 *10ml =M2*30 mi
M2 of CH;COOH=0.033
3- CH;COONa  M1*V1=M2*V2
0.1 *20ml =M2*30 ml
M2 of CH;COONa=0.066

4-Henderson-Hasselbalch equation:-

[salt]
[acid]

pH = pK, + log

6
0033 =4.76 +10g2.0 = 5.06

aa Jal) 1)) Aala g aala 39299 7 e B pHLEaM oLii) o
e We can use millimoles of acids and salt in place of molarity
381D Ge Yy (A B e gal) Jlexiad (Sas e

pH = —1log1.75 x 107° + log
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Example (2):-Calculate the pH of a solution prepared by adding 25mL of
0.1M sodium hydroxide to 30mL of 0.2M acetic acid (this would actually be a
step in a typical titration? Ka= 1.75 x 107>

Solution:

Aadaiall dallaall s g oaed) o850 Cluad ol 0S5 203l &lLala - s 2t Aalae
) i aens (NAOH ) 8 ey Ul Wil e pe 0 o cJUal 120 (8 (oS5
Lebaia Y glae &5 Legin Jelill (& ((CH;COOH

sasall k) CHCOONagis dobed Jeléi dams « CHyCOOH ) NaOHdils) xic
sJeladl) aan -2 rlall g Bas ) g (aaalaldl Y ga quead tJelil) JB -1 | clall s (il
B3l Gaalall ) ga g AT

Solution:
CH;COOH + NaOH — CH3;COONa + H,0
mmol CH;COOH = 0.2M x 30mL = 6. 0mmol
mmol NaOH = 0.1M X 25mL = 2. 5mmol

paeat] (1a53y35 CH3COONa  gle Ll & o€ 32l (e uS) Goaalall Y se ol Laadls
8 Jslae ey 138 3 CH;COOH

CH;COOH + NaOH — CH3;COONa + H,0 = Y saclall &Y ge
6 mmol + 2.5 mmol — 2.5 mmol el &Y 5a
These react as follows:- Jeill sy

mmol CH;COONa = 2. 5mmol

mmol CHyCOOH = 6.0 — 2.5 = 3. 5mmol | 2It€r reaction

OIS (55 Jo Ul il
CHs;COOH + NaOH — CH;COONa + H,0

Before reaction 6mmol 2.5 mmol 0
After reaction -2.5mmol -2.5 mmol +2.5mmol
3.5 mmol 0 2.5mmol

[salt] 2.5
pH = pK, + log =4.76+logﬁ=4.61

[acid]
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The amount of acid or base that can be added without causing a large change
in pH is governed by the buffering capacity (B), the buffering capacity
increases with the concentration of the buffering species. The buffering

capacity is maximum at pH=pK,.

Lgitla) oSy Al 32l 5l pmaall 48 ) (Buffering capacity) st daud) s
e (& QAT ey (PH).  nsouell 81 (B S e (Al G 92 alaie Jglaa )
A gaall A3 b k) Ao gl e alaidl Jladl) 5

A0 0S5 Lavie L) dad oaal ) Bpalaiil) dad) Josi pH = pKa: 26 Al de uadl
055y il oda die bl Jslaall & Cimaall (el pKa Al U shie Jslaall s 5 2l
o IS Gabaial e 508 €T 5 g 13a 4680 pal) atac B € i G glue Caumall (paaall 3 53

Lodic <y (s ae Jalaill Al (31 5 Al 3 allail) () 65 G ciliaal) ac ) gl 5 (alea)

oRlaiY) 8 dsaddaill) Al Tagi ¢ pKaded oo Jua s yuel) &8 ) Ca ey

Acidic buffer Basic buffer
et [salt] R |salt]
pH = pk; + ﬂg[ﬂﬂid] P = pky + ﬂg[hﬂSE]
Sty ladl & 3 NaQH e Sar B 4l 2 Baclall & NaOH s dacld a8lal 1
Jadal (sl 3433 4302 ) el (g
[salt] + [OH] [salt] — [OH]

PH = P, +logr T~ fom] POH = pKy, +log T+ [om]

Jis Gada 23 HOT 0 Gadas 403 3| gl gl 2238 HCH 0o s A2 2

(Aaacdl 3y Ja Al ) ) a1l
B ! [salt] — [H]
pH = pK; + ﬂg[acid] + [H] [salt] + [H]

pOH = pK;, + log

[base] — [H]
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Example (3):- A buffer solution is 0.2M of acetic acid and sodium acetate.
Calculate the change in pH upon adding 10 mL of 0.1M hydrochloric acid to
10mL of this solution? Pka=4.76

Solution:

CH;COONa —— CH,COO + Na’
CH;COOH— CH3;COO + H*
HCI — H" +CI

CH3;COONa+ CH3;COOH+ HCI

CH3;COONa glall ¥ ga g Ak -2 CH3COOH il (aaalal) &Y ga g7 i -1
Lslaal) (gadai -4 Cilaall HC| Glaalall &Y ga 7 Al -3

mmol=M*V
mmol CH3COOH =0.2x10=2mmol
mmol CH3COONa =0.2x10=2mmol
mmol HCI =0.1xX10=1mmol
PH1 (adall dlial any () g j2ia dalas (Bukai 1Y )
[salt] — [H]
lacid] + [H]

2—-1
2+1

pH1 = pK, + log

pH1 = pK, + log

(pH)1 = 4.76+log 5 = 4.71

pH2 Ualaall HC I aslad) d3lia) (g8 ¢S A 5 ya ¢y g aia ddalaa Caalad Ll

_ [0.2] _
(pH)2 = 4.76+log 02] =4.76

ApH = (pH)1 —(pH)2 = 4.71-4.76 = —0.05

The change in pH is (-0.05). This is rather small especially if we consider that
had the HCI been added to unbuffered neutral solution the final concentration
would have been approximately 10M, and the pH would be 2.0.
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i gl adf L) 8 UAAT 1Y Aald (s ka3 (0,05 ) 5t coim s pel) ) 3yl
L8 Al 5 5l oS calaia je Jobaia Jslae ) (HCE) @l 5l 5 5medl aes dil)
2.0 S sonedl A8 ST )Y 502710

Sl pH b 8 i

change in pH

(pH)2 8239 il e (pH)15 @l o) sl dldal 2y pH gk

ApH = (pH)1 —(pH)2

Example(4):-Calculate the volume of concentrated ammonia and the weight
of ammonium chloride NH,4Cl you would have taken to prepare 100mL of a
buffer at pH 10.0 if the final concentration of salt is to be 0.2M? pkb=4.76,
concentration of NHs calculated from density of NHj is 0.9 g/ml and (wt/wt)%
Is 28%.(MW1t of NH3=17 g/mol, NH,CI=53.5 g/mol )

Solution:
el G gl AL Y

" wt 1000
= X
NH.CL ™ M. wt ™ VmL

wt 1000 107 em NH,CI
53.5 100 " gm Nta

A ¢ A (a8 sl U a¥) 348 5 7 siead <Ll

0.2

_% Xdensity x1000
M.wt

28 0.9 x1000

M g = =2 = =14.8

S Az A A pOH  godie o sy WA NH,CL + NHOH  Leadas sacld Ll (Bl
O (G il aladinly H8 () S5 g xlall Adlia) ey Bac Al

pH + POH = 14, 10 + POH = 14,  POH=14-10=4
NH; +H,0 —— NH," +OH’

NH,Cl —— NH," +CI
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OH = pK;, +1 [salt]
p = PRy 0g [base]
4=4.76+log—
& INH;]
0.76 =1 0.2
—VU. =10
&NH,]
10—0.76 — 0.2
[NH;3]
0.2 0.2
[NH;3] = =1.15M

10-976 — 0.173

i) s UEl) 8 5 e Jsaanll @A) oy gl Jeniaa - lal
M1V1 = M2V2

14.8 X V; = 1.15 x 100,

V; =7.8mL

Jall ualida
M;V; = M, V,

/

M(NH3) :% xdensity x1000 % V1 = pOH _ pr n lOg

M.wt

[salt]

base] x100ml

14.8 X V1 = 1.15M X 100ml
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Example(5):-How many grams ammonium chloride NH,CI and how many

millimilters 3.0M sodium hydroxide NaOH should be added to 200 mL water

and diluted to 500 mL to prepare a buffer of pH 9.50 with NH,CI

(salt concentrated) of 0.10M? pkb=4.76. (MWt of NH;=17 g/mol,

NH,CI=53.5 g/mol )

Solution:

DS Sz A S pOH oA o) sy WA NH4CL + NHAOH  Weala g 3ac 8 Lial Y
O (5l aladiuly jy () oS5 g pelall A8liia) 22y B (al)

pH + POH =14, 9.5+ POH = 14, POH=14-95=45

NH; +H,O —— NH;" +OH"

NH,Cl —» NH;" +CI’

[salt]
[base]

pOH = pK, + log

[NH4CI]

4.5 = 4.76+10gm
3

0.1 10026 _ 01
[NH;] [NH;]

—0.26 = log

0.1
[NH3]
Y gall gand af L pa¥) 5 zelall Al §3a bl g dde 1 Ll

mmol NH4Cl in final solution = 0.1M X 500mL = 50 mmol

0.549 =

—[NH;3]= 0.18M

mmol NHj; in final solution = 0.18M X 500mL = 90 mmol
The NH; formed from an equal number of millimoles of NH,CI. Therefore,
a total of 50 + 90 = 140 mmol NH,CI must be taken.

Ga 185 Joae NaOH o agd A slaa 9 "L ga¥) g gelall Jga (dal) pand)™” 588 ) 9l capas
(Lise¥) pa Y gal) gan N Aalal) 0 saNH,Cl gelal) 38 5 e lalie W 5 ibaNH,C

<Y gall £ gana Ao AaioYY NH,Cl gelall (139 7ol (IS
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INH,Cl = "Vt (me)
mmot AT = M. wt (mg/mL)
wt (mg)
140 = —53.5 —>wt=7.49 gm

My g eJelaill Aami 45 ¢all NH; &Y 50 220 (5 by NaOH &Y 50 220l
el Qg saeldll &3 NaOH 4éLal ) NH, s OH™ o 101 Jeldll 4
(Wissl I NH,Cl et s

NH,Cl + NaOH — NH3; + H,O +NaCl
The millimoles of NaOH needed are equal to the millimoles of NHz:
mmol NH; =M x V

90 mmol = 3.0M X V=V = 30mL NaOH
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Polyprotic acids and their salts:-

Polyprotic acids and their salts:-

QSisn (e A8 e (g gial AN Galaa¥) & g «(polyprotic acids) ligig ! 3amia paleay)
Jolaall B el gf cplill BB (FH cpagut Gil) g
[H*][H,PO,]
[H3PO,]

H;P0, < H* + H,PO; K;; =1.1x107%2 =

[H*][HPOZ ]
[H,PO;]

H,PO; & H* + HPO3 K,, = 7.5 x 1078 =

[H*][PO3~]

HPO?~ o HY + P03 K,. = 4.8 x 10713 =
4 4 a3 [HPOZ_]

[H*]3[PO37]
[H3PO,]

H;P0, & 3H" + PO3 K, = K,y XK, XK,3 =4.0x 10722 =

The stepwise K, values of polyprotic acids get progressively smaller as the
increased negative charge makes dissociation of the next proton more
difficult. We can titrate the first two protons of H3PO, separately. The third is
too weak to titrate.

Glo 485 (meall 38l ) (K el Cal ) LS aaall 358 (it sa 1 (plaead) S8 cull)
sl (3 (PH) e soael) il (33U 5 il

a5 s o S gl ((H3PO,) i) si sdll (ans Jia 1ciligh gl Basaia Galaay)
baa g;‘; O 50 JS SCLTRUITEN “J;‘)“‘ g;‘; UAL‘;Y‘ AT ‘ﬂS’-‘-’ﬂ. ua\-e U‘ S

samie Gaaall Gl dalje e da e U i(stepwise Ka values ) da skl Ka
Al Als yall Kay o dsY1 A jall Kay - adill oda o g duals K@ dagd a5y ol g3 gyl
)3
Jray Lae cdalliall Aaal) 30l ) sy G )38 J8 G g3 5 ) 30axe Galea DU da aidll K o

Ciriay Cua ligig gl 238 3 plae AKa) Je f 1 Agaia ST AU g pal) Jad
J3a Adamcall GG g g pal) B ylae
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H3PO, = H* + H,PO,™ (Kay )it s¥) syl
H,PO,~ = H + HPO,?™ (Kay) 14l dla jdll

HPO,2™ = H* + PO,3 (Kag) il dls al

Ka; (HsPO,)~ 1.1 x 1072
Ka, (H,PO,)~7.5x 1078
Kaz (HPO,2)~ 4.8 x 10713

5 jlza ;\J}Mg_u.wcu.aﬁ alaany) 1 :\LJAJSQA Kae..ﬁ@ﬁ.\ﬂ\ aladny) Laay
AN G g5 )

dnaala JiS) S pall s Kadla s LalS-ddaada

Example (6):- The pH of blood is 7.40. What is the ratio of [HPO,*]/[H,PO4]
in the blood (assume 25°C)? ka=7.5 x 1073

Solution:

H,PO; < H* + HPO3™

ol = pK,, + log [proton accepter] _ oK, + log [HPO;f]
[proton donor] [H,PO,]
7.40 = —log7.5 x 103~ + logm
[H2PO, ]
7.40 =7.12 + logm
[H2PO, ]
7.40 —7.12 = 10gm
[H2PO, ]
[HPO,%] 1.9

100.28 — —
[H,PO;] 1
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Example(7):- Calculate the pH of a 2 M H;PO, solution? Note (treat H3PO, as
a monoprotic acid)? K,; = 1.1 x 1072(0.011)

Solution:
H;PO, & H* +  H,PO;
Initial 2 0 0
Equilibrium 2 —Xx X X
Ka1 = ZX'_XX =1.1x10%

181=—2— = K,y ol 38 acidi Jal) A8 0 48 jal

0.011

The concentration is 181 times Ka, so — x can be neglected

In order to neglect X, C should be > 100 K, here, it is 181 times as large.
X?=2x0.011=0.022

X=1/0.022

X=[H"]=0.148

PH=-log[H"]

PH=-log0.148

PH=0.829
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(CERRAEREN Al Ay i) Aslaal) - N gl Jay U JLial)

ax'+bx+c=0

_ b+Vb-4a
X_
2a

Calcworkshop.com

Example(8):- Calculate the pH of a 0.1M H3PO, solution? Note (treat HsPO,
as a monoprotic acid)? K,; = 1.1 x 107%(0.011)

Solution:

H;P0, & H* + H,PO;

Initial 0.1 0 0
Equilibrium 0.1 —x X X
K., =—> —11x10%
a7 01-x
01 . - - T g2
gzm = Ka1 &9 J:‘SJ"” i dd‘ Mﬁ)‘h M}‘d

The concentration is only 9 times Ka so the quadratic equation is
used:

XX

K., =
al =~ g1

= 1.1 X 10% gy X°=0.011X-0.0011 g, -X°=0.011X-0.0011

In order to neglect X, C should be > 100 K,, here, it is only 9 times.
Therefore, use the quadratic equation to solve:-x? + 0.011x — 1.1 x 103~ =
0
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AN b & pa 10 ey ST eS¢ C > 100 Ka Aad (158 ¢ o ¢ xdagd (S
(Ol A8 R alt 4y ) Adalaal) asdic)

x% 4+ 0.011x—0.0011 =0

-ax? + bx -c=0

b=0.011

_—b ++vb?—4ac —-0.011 + /(0.011)? — 4 (—1.1 X 1037)
B 2 B 2

_—0.011 ++0.000121-0.0044

2

_—0.011 +0.004521
B 2
_—0.011%0.0672
B 2
_—0.011%0.0672 _—0.011=0.0672
B 2 B 2

0.0562 —0.0782
= =0.0281 -—————— =-0.0391

2 2
pH = —log[H*] = —10g0.028 pH = —log[H*]
= —0.45 = 155 = —log(=0:0391)
aal) i) g2 3 a1 ol JA Qb s Jage
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Salts of polyprotic (acids or bases)

Salts of polyprotic (acids or bases):-

1. Amphoteric salts:-H,PO,4 possesses both acidic and basic properties. That
Is, it is amphoteric. It ionizes as a weak acid and it also is a Bronsted base that
hydrolyzes:-

@ 32l ol (manS Jelity o) oSay o3 &Ll 8 (Amphoteric salt): S sie¥) gl
) e 8 4ae 85 daen pailiad llie 4

(H*). Consomell gl ) yad oa 1l

(H*).Usis e Qi il salad) a1 (Brgnsted base): Sy s

o gl bl 13 A kel Bale iad 33eliS 5 (meaS Jelill e H,PO,” 5% i
A Jsaid O 5is s Juiinl sl (e dsla) HPO,2™ ) dsaidd (535 i o 45 )8

i Cun Ariliasll g dun ol sl Aadail) 8 13a age L) 10 (208 & L) HLPO,
A A pen da o e Tdlas ) daaia) Jallaall S5 8HL,PO,”

H,PO; < H* + HPO3~

[H*][HPO3 ]

K.,=75x10"8=
az [H,PO, ]

H,PO; + H,0 & H3PO, + OH™

K H3;PO,4||OH™
Kb= W =[ 3 4][_ ]=91X10_10
Ka1 [HzPO, ]

2. Unprotonated salt in a fairly strong Bronsted base in solution and
ionizes as follows:-

le g5 Y Al lall s (il 2 =Ll (Unprotonated salt): il s gl
Eua el e Jia 5o (PO,E) i sdll 0l | pdlae J30 G ALE (HY) Cpnsoms Sl
AN A 55y arend 431388 22y (H3PO,) el sius sill (mea (e il () a1 4

Jelall 13 el ae i gl () sl Je iy G ¢ Lo i Jelii Cuany tplall) & PO,3 & slu
e Jglaall Jeay Lae ¢ (OH7) 2 5 0 il gl i)
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PO3~ + H,0 & HPOZ™ + OH™

Example(9): Calculate the pH of 2.4 M NazPO,? Ka=4.8 x 1013

Solution:

PO}~ + H,0 & HPOZ + OH™
Initial 2.4 0 0
Equilibrium 2.4 —x X X
Kw=KxK}

1x10 =4.8 x 10713 xK,

Kp=0.02
0 0y — [HPO:|[OH]
| [PO3~]
XZ
0.02 = 54— x

120=22 =K, o S acdi Jal) Al 48 aal

0.02

The concentration is 120 times Kb, so — x can be neglected
In order to neglect x, C should be > 100 K,, here, it is 120 times as large.

X%=0.02x 2.4=0.048

X=%/0.048

X=[H"]=0.219

PH=-log[H"], PH=-log0.219, PH=0.659
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Example(10): Calculate the pH of 0.1M NasPO,? Ka=4.8 x 10713

Solution:
PO~ + H,0 < HPO3; + OH™
Initial 0.1 0 0
Equilibrium 0.1—x X X
Kw=K %K

1x10 =4.8 x 10713 xK,

Kp=0.02
HPO3 |[[OH™
0.02 PO 1[_ ]
[PO3~]
0.02 = X
T 01-x
5:% :Kb&jﬁﬂ\eﬁﬁdﬂ\&’ﬁ &M
The concentration is only five 5 times Kb, so the quadratic equation is
used:

0.02 =% oy X=0.02X-0.002 ==B X°=-0.02X+0.002

0.1—x

x2 4+ 0.02x—0.002 =0

ax? + bx -c=0

b=0.02

X = —b + Vb2 —-42a
B 2

—0.2 + +/(0.02)2 — 4 (—0.002)
X = > =
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_—0.02 +v0.0004+0.008
- 2
_—0.011 +/0.0084
- 2
_—0.011 + 0.0916
- 2
_—0.02+0.0916 _—0.011-0.0916
- 2 - 2
0.0716 —-0.1161
= =0.0358 = =-0.058
2 2
pOH = —log[OH?] pH = —log[H"]
= —log 0.0358 = —log(=0:058)
=1.44 i a1 ol JA Gl s Jage
aal) i) g2 3
PH+POH=14
PH=12.56
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Example (11):- The total carbon dioxide content (HCO3; + CO,) in a blood
sample is determined by acidifying the sample and measuring the volume of
CO; evolved with a VanSlyke manomertric apparatus. The total concentration
was determined to be 28.5mmol/L. The blood pH at 37°C was determined to
be 7.48. What is the concentration of HCO3 and CO; in the blood? pK,4
=6.10

aaaiug Ayl Jlass Jlea 8 VanSlyke manomertric o sie sitall eldls (la lé Jlea
il ) adlaiu) e a5 eadl) 8 ald 5 edon sl gl J sud) g el el cilaeS ol
OVl Al jlaal padids & € s Sleall 13 IS i gilall aladinly 8a Leana il
omiill lgall Cailla 5 A8 ja s 520 @) pumaall

Solution:

Total carbon dioxide content (HCO3 + COy)

H=pK, +1 [HCO, |
p _p al Og [COZ]
[HCO3] [HCO5]
7.48 = 6.10 + lo =1.38=1o
£7co,] £7co,]
[HCO3]
10138 = log——
£7co,]
[HCO5]
[CO,]

[HCO;] = 24[CO,] ...... (1)

mmol

But, [HCO3] +[CO,] = 28.5——.....(2)

24[C0,] + [CO,] = 28.5

25[C0,] = 28.5

28.5
[CO,] = =5 = 1.14mmol /L

[HCO;] = 28.5 — 1.14 = 27.4mmol /L
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VanSlyke manomertric apparatus



