Acid and Base
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TABLE 2-6 The pH Scale [ Household bleach
12 ~ Household ammonia
[H] (m) pH [OH™] (m) pOH*
11— —
10° (1) 0 10~ 14 N
1071 1 1074 13
10 e 2 10_ 12 12 9— — Solution of baking
1073 3 10~ 11 wodn (NeHEGs
10 = 4 10— 10 10 8 "~ | Seawater, egg white
1 0 =5 5 10_9 g 7L Neutral —— | Human blood, tears
10~—° 6 108 8 - Milk, saliva
[10-7 7 10~7 7] 6
10_8 8 10_6 6 A Black coffee
10~° 9 10~° 5 peer
10~ 1? 10 10_2 4 : In-::res_isi_ngly - %ﬁpﬁlj@mce
10_ 1 1 10_ 3 3 acidic Cola, vinegar
1071 12 10~2 2
10—13 13 10—1 1 2 —_gen'::m'ljfli.ce
10_1,1 14 10[, (1) 0 1 astric juice
0 1M HCI

*The expression pOH is sometimes used to describe the basicity, or OH™ concentration, of
a solution; pOH is defined by the exprassion pOH = —log [OHT], which is analogous to FIGURE 2-15 The pH of some aqueous fluids.
the expression for pH. Note that in all cases, pH + pOH = 14,
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Measurements of the pH of blood and urine are commonly used in medical diagnoses.
U The pH of the blood plasma below the normal value of 7.4, the condition of acidosis.
U The pH of the blood plasma above the normal value of 7.4, the condition of alkalosis.

4 If blood pH moves to much below 6.8 or above 7.8, cells stop functioning and the
patient dies.

7.35 - 7.45 (normal blood pH range)

7.2 (acidosis) 14
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[H7]=10"=0.1

A) pH1 — -log[H]=1
=2 [H"]=10-=0.01

B) pH2 — -log[H
AB=0 10.01=10
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Monoprotic acids
Acetic acid
(K,=1.74 x 10-5m)

Ammonium ion
(K, = 5.62 X 10-19m)

Diprotic acids
Carbonic acid
(K, =1.70 x 10~*m);
Bicarbonate
(K,=6.31 x 10-11n)

Glycine, carboxyl

(K, = 4.57 X 103 )
Glyeine, amino

(K, =251 x 10-10n)

Triprotic acids
Phosphoric acid
(K, = 7.25 X 10~3 );
Dihydrogen phosphate
(K, = 1.38 X 10~7m);
Monohydrogen phosphate
(K, = 3.98 X 10-13 m)

FIGURE 2-16 Conjugate acid-base pairs consist of a proton donor
and a proton acceptor. Some compounds, such as acetic acid and
ammonium ion, are monoprotic; they can give up only one proton.
Others are diprotic (H,CO; (carbonic acid) and glycine) or triprotic
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H,CO; = HCO; + H* HCO; = CO3~ + H*
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pH

for each reaction.

(H3PO4 (phosphoric acid)). The dissociation reactions for each pair are
shown where they occur along a pH gradient. The equilibrium or dis-
sociation constant (K,) and its negative logarithm, the pKj, are shown
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FIGURE 2-18 Comparison of the titration curves of three weak acids.
Shown here are the titration curves for CH,COOH, H,PO;, and NHJ.

The predominant ionic forms at designated points in the titration are
given in boxes. The regions of buffering capacity are indicated at the

right. Conjugate acid-base pairs are effective buffers between ap-
proximately 10% and 90% neutralization of the proton-donor species.
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H,PO; == H* + HPOZ- (W'“‘)LW )o‘) laas (Oiiticrisd d

pKa = 6.86
S 8L e3g00l 0.86 -7.86

H,CO, —= H* + HCO; (057 Slowdly) Olo ;S ot J

H* + HCOj
reaction 1
Aqueous phase HEFDE-
(blood in capillaries) reaction 2

H,0 s H,O

COL(d)
A

reaction 3

(Gas phase 4
(lung air space) CO.(g)




H.CO; —= H* + HCO;~ pK1=357 [H* |[[HCO; ]

K, =
HCO-] : [H,CO,]
pH = 7.4 = 3.57 + logy [Hﬁci] _ [H*][HCO;]
[HCO; ] Ku[CO,(d)]

= 6761
[H,CO;]
_ x k. — H"JHCO; |
COs(g) == CO4(d) R C0,()]
CO5(d) + H;0 ——= H,CO; ]
H;CG} — H+ + HCGE_

Koveran = (0. 000269)(0.003)

) Ky, ) = 8.07 x 1077
LOE{(I} + HED p— HEL.Ug PK.;:.-L-eml] =61
K
H.CO; —— H* + HCO;~
H K + log HCO, |
b = avera Fom =
[H-‘C{jq] 1‘ P 1] 10 [CUE(CI}]
Kh — - = 3
CO,(d
[ '(L }] pH7.4
[CO2]=12mM
[H2COs] = Kip[CO(d)] [HCO3-] = 24 mM




