Polyprotic acid-base equilibria (Ch 11) Diprotic acids and bases

Diprotic acid HJHL

To do_calculatlonsof diprotic acids and bases (Do Hy v+ =— H* + HL Ky or K= [H,LU]
Exercise 11-5) N P -

Cake wKe Ky = +L K, o k,=lHIL]
‘ [HL]

The acidic form

E.g. 1. Leucine hydrochloride[ R = (CH3),CHCH;]

«Theintermediate form NH* Ky NH3* Ks NH,
To determine the fractional composition of individual RC"< H RC< H RC'_<
species (Do Exercise 11-29 and study Box 10-1) COH CcOoy CO;-
To calculate the isoelectric and isoionic pH values (Do HaL™ HL L
Exercise 11-37 and 11-38) K
: Ki . —% cog
] EgQ 2 HCO3 —= HCO; — 3
Systematic treatment ( 9-1 & 9-2) +H +H
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Diprotic acids and bases Diprotic acids and bases
Diprotic base [HL J[OH '] Recall
. . ou Ky = . _[HLJ[OH "]
L"+H,0 = OH +HL ) K, =[HIHL] K, = A= oA ]
K, =[H.LIOH ] tOHAL] (1
HL +H,0 === OH +H,L* VTR
K =LHIL] K =[HLIOH ]
: i = > [HL] b [HL]
E.g.1: Leucinate[ R =(CHj3),CHCH,]
+H,0 +H,0 -
NHp 727 NHg" 727 NHs [HJ[HL] [H,L'](OH "]
RCH< p RCH< P O ey T SIHIIORTEK,
- bl - b2 . COH
CO, +on COz +OH 2 W k. <[HIIL ] [HL J(OH "] O 1=K
) . 20 [HL] L] ‘[ ][ ] — Dw
L HL HoL
+H,0 +H,0
EQ.2 cop HCO3 + OH- H,CO3+ OH-
Kbt Kz
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Theacid form, H,L* Theacid form, H,L*

To calculate the concentrations of H,L*, HL, L~ and H* in 0.0500 M of

leucine hydrochloride. (K, = 469" 103and K,=1.79" 1019 (a) [L]=y=179"10"M
T R R et
KF%:éEé’é(_X;_yi 2 =['?|:|1[]'-'] _ (xx+_y)y \' pH log(1.31" 10°°) =1.883
’ (©) [HL]=x- y»x=131"10"M
V4100 =X gy g2 (d) [H,L"]=0.0500- x- y»0.0500 - x

- .2 - -2 - -2
— _ £ 10710 =5.00"10°-1.31"10°=3.69" 10°M
\ y=K, =179"10
So the approximation: y << x isjustified.
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Thebasic form, L
Tocaculate[H,L*], [HL], [L-] and [H*] in 0.0500 M of sodium
leucinate. (K; =4.69" 103 and K, =1.79" 1019

L'+H,0 = OH +HL HL+H,0 == OH +H.L*
0.0500-x X X

0.0500-x-y X+y Xy X-y x+y y
K - [HLIOH ] K, =[HLIOH"]
S S S
Ky _ (- )x+y) Ky _ Y(X+Y)
K, 0.0500- x-y ?_Ty
We make the approximation: y << x !
1.0°10" _ x? _ 1010
1.79° 10"  0.0500 - x 469 103
x=164"10° =213 10"

Sothe approximation: y <<x isjustified. Chem215/P.Li/Polyprotic Acid-Base EquilibrialP 7

Thebasic form, L-
(@) [H,L']=y=213"10"2M
(b) [OH ]=x+y»x=164"10"M
21.0°10" 0

\ pH =-logg——"——-3=11.22
§1.64 10° 5

(€) [HL]=x- y»x=1.64"10"°M

(d) [L']=0.0500- x- y»0.0500 - x
=500" 10°2- 1.64° 10°° =484 10°°M
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The intermediate form, HL

To caculate[H,L*], [HL], [L-] and [H*] in 0.0500 M of leucine.

HL — H*+L- HL+H,O == OH +H.L*
0.0500-x X X 0.0500-y y y
0.0500-p m X 0.0500-p n y

Systematic treatment of equilibrium:

Charge balance
Electroneutrality of the solution

[H1+[H,L"1=[OH ]+[L]
Mass balance
Conservation of atoms

F =[HL]+[H,L*]+[L'] »[HL] F =[H,A]+[HA ]+[A*]

Thisis approximation 1 because HL is both aweak acid and weak base.
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For H,A, HA- & A%

[H1=[0H 1+[HA 1+ 212" ]|

The intermediate form, HL
Recall [HT]+[H,L]=[OH ]+[L]
F »[HL] and the 3 equations for K, K, and K,
We have 5 equations to solve for 5 unknowns: [H,L*], [HL], [L7], [OH"] and [H*]
[HL][H "] :&*_ K,[HL]
Ky [HT [H7]
Multiply by K4[H*], [H* K, +[HL][H ']? = K,K,, + K, K,[HL]

(o= KGTHL KKy ey [KIGEPRK,
K, +[HL] K,+F

0179 10 YRy
(469 10°)(L79" 10 )'(0.0200)+(4.69 10°)40°10)_g7 - 157\
4,69 10°+0.0500

[H7]+

VI :V’

\ pH =-log8.7," 107 =6.06
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The intermediate form, HL

[H.L]=

[HLI]<[H 1 _(876 10 )(0.0500)_934, 10°°M

469 107

1

[HL]K, _ (L.79" 10°*°)(0.0500)
[H™] 8.76" 107

Since [H,L*], [L°] << [HL], approximation 1 isjustified.

[L1=

=1.02"10°M

HL = H* + L- HL + H,O == OH + H,L*
0.0500-x X X
0.0500-p m M 0.0500-p n y
0.0500 8.76" 107 1.02°105  0.0500 1.14°10% 9.34°10°
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The intermediate form, HL

Further approximations:
Approximation 2: Snce K,F >>K,,

o KK,F>KK,
ie (1.79°109)(0.0500) =895 102 >>1.0" 100%

\ K K,F +K K, » KK,F
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Theintermediate form. HL Fractional compoasition of monoprotic systems
)
Approximation 3: Snce K, <<F Mass balance: F =[HA]+[A"]
ie 469 107 <<00500 \ K,+F»F =[Ha] + KalHA] k. =HA]
aniko o LHA
o [KKF+KK,, =[HAlg 2%
=[S s R o NTHR
[Therefore aHAziHA] = M a AT Ka
\ —Iog[H*]:_%(logKﬁlong) o pH =%(pK1+pKz) FoOHK, FoOIHTEK,
\ [H*]=+/(469" 10%)(1.79" 10%°) =91 10'M (cf 8.7, 107M) Note that a A +ta HA =1
10—7.0
\ pH =-log9.1," 107 =6.04 (cf  6.06) Vg, T agoe - 0%
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. . . Fractional composition of diprotic systems
Fractional compoasition of monoprotic systems

Massbalance: F =[H,A]+[HA ] +[A*] [HJ[HA']
K, =
_ K,H,A]  K,K,[H,A] [H.Al
=[H A+ =12+ o2 A
’ [(H] H ]Z and KZZ[HHL[,AZ]
afH '+ [H]K, + KK, § il
I SN
]
+12
Therefore  a,, A=[H2A] =— [H,,]
* F [H']" +[H"]K, + K(K,
. [HAT_ [H 1K,
A F [HP+[H IK, + KK,
a AT KiK,
“Z F o [H'P+[H'IK +KK,
Fig 11-2: Plot aya and aa. versus -log[H*] or pH to Note that a, +a, +a, =1
show the change of fractional composition with pH ‘
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Fractional composition of diprotic systems Fractional composition of a hexaprotic acid: EDTA

RIKZKIKTRKSKT
St e o R

Fig 11-3: Plot appa, @ya- and aa,. versus -log[H*] or pH
to show the change of fractional composition with pH

Fig 13-6: Fractional composition diagram for EDTA
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| soel ectric and isoionic points
Isoionic pH is the pH obtained when the pure neutral polyprotic
acid (the neutral zwitterion) is dissolved in water, e.g. the
intermediate form: HL.

) o [KK, +KK, 1 -
ie [ ]\71“: Here, [H,L*] ]

I soelectric
polyprotic acid is zero, i.e., [H,L*]  [L
1
[H']=JKK, or pH =E(pK1+ pKz)

For 0.10 M of alanine, isoionic pH = 6.12 and isoelectric pH = 6.11.
See Table 11-1 for pKavalues of amino acids.

One application is to separate proteins using isoelectric
fOCUg ng (I EF) Chem215/P.Li/Polyprotic Acid-Base Equilibria/P 19




