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ENE BEFESERBIELS

Chapter 4 The Ionization Equilibria & Theories of Acids & Bases

FEH = =P EATE 72 R N A P CRIIES AR OB o JRAT

IR R KV R AT A S P4, R AR W R S R AE [ H3O'ES T-(hydrated hydrogen
ion)fl OH & (hydroxide ion){f A 5 VU 5 (1) = EiH g Xt % .

KT BRI, FATE St b 22 Rl g Lo IX g CFRON Arrhenius % Bl 22 12

Arrhenius BRI SR K, HECONIE MR E B E R Z —, 23K 1903 4 Nobel chemical
prize. fE Arrhenius $&H LB 22 UEHT, 4 O KRR -

(1) Raoult iE#: 1mol-dm= NaCl(aq)Ffr I B BIUK 54 1mol-dm™ BRI TP £

(2) van’t Hoff W 5TiER :  1mol-dm= NaCl(aq)1¥5i% 24 1mol-dm™ J& HE T 45

(3) Faraday YN HLLIEISBE . B8 ShVETRES, (b B2 B E 20 BN E 7.
FEUCEEA b, Arrhenius 73 H 1 IARAL 2 r fi B 2 2 i — HL B 200

§4-1 BHRBEWWEHETH
The Ionic Equilibria of Weak Acids and Weak Bases

—. BEMR555HEMBR (Strong and Weak Electrolytes)

COFHEALEE: EMERTUA (BURE) KIS HEEHTETHER, Wil (i

4.1) o [ Cu(MnOa), 57 R DL,

) CoX BT 1 IR ST RS, N ) es

) MnOy™ B F ol LU IERRAT RS . SXHIE W] T L

TREE AT AR T B TR KNOsg —  KNOyug
P e | |

— RN R B KT 30%H HL##
Ji, PROGSREEMRITT, T 55 PR DT ) R R
/J\ﬂ: 3%o (i/}jTE O.lmol'dm_3 E‘Jiﬁﬂﬁ) Cu (Mn04)2(aq)

TR AR DT, HOREERN, RE : L
) e N Fig. 4.1 The positive ions migrate toward
R . 5x107°mol-dm™ [P ME BRI R I HEL 5 i mT the negative plate and negative
ik 82%. ions toward the positive plate

i FEL AR 1) 28 0 PR A2 /N T 100%, 4 0.1 mol-dm™ R o = 92.6%. X &R K
FL A A S (1 8 - S e AR T T R — e 2 I B S S B R, BRI T R
TEAPE, SRR N T EA TR SEIREE, IR T i Bt 2 A k>

AUk “LREHIH BB . CLRIKER SR BE NS A
e BRI B SR LR 7 SN, BRI U B T AR A R A 5 L AR
R, BN B A E, 40 Pb(CH3COO),. HgClL %, “EATTAE /K I W Ha B R
FE/N o SR, BPETEMREIE /NS TAEY), W BaSO4 AN, BaSO4(s) <=—=
Ba2(aq) + SO (aq) ,» HSHMAEE, EHAN BaSO4)EME K/, [Ba*]. [SO; ]
KAGHI 2. 4817 BaSOu(aq) = Ba?*(aq) + SO (aq) M1 HL B [F 1A 97.5% , Fr LA
BaSO4 2 it FL AR T -
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—.\ KB RSP HIESTEFRE [ The Scales of Acids(aq) and Bases(aq)] H:0' &
¥, pH

1. & X: FFEEYIMEER Soerensen T 1909 4F 15 SEHE HY FH AR TR 1 st B /R iR
B, #N pHe

2. #®itx: pH=-Ig[H'], [FH, pOH=-Ig[OH ]

3. K BEMHE (Autoionization of water) :
(1) fE25°CHf, [H']-[OH ]1=10"“=K,, | pH+pOH= 14

(2) K w IR E TR E .
C 0 25 40 60
Kw 0.115x10714 1.008x10714 2.94x10714 9.5x10714

4. pH HIEH T H:0" & TR pH VG BN 1—14 Z MV, 0T il B 1R . 5
Bl AT B R IR RN, B pH 2 o TfE
=. —CEEERFI— T SSMRAVER B & (The Ionization Equilibria of Weak
Monoacids and Monobases) (K, f1 Kp)
HCN K.=4.9x10"19, C¢Hs0H K.=1.3x10"'%, C¢HsCOOH K,=6.3x10°

1. X HA H' +A , % HA FELHKREZ N ¢ (mol-dm™),
c 0 0 PR AH ] =[A"] =x (mol-dm™)
CcC—X X X

H mass action law 15

cC—X
x =[H']=-——2 1+£ ,  HIHNEES o/ KA Ko
2 2 K,

SFARFEN ¢/ Ko, [H A AFRARHR 2

c/ Ky 100 300 500 1000
X IRZE (%) 5.2 2.9 2.2 1.5
BRI = 005 N BRI Pk, -0 (00507 _ e 095 4

—0.05¢ K. (0.05)

2. Ble/Ka>3800F, [H P/NT 5%c, c—x=c, W x*/c=Ka, FTLLUEMIAR[H ] =
JK, ¢ FTUME R 2 B 4 ¢ / Ka>380,

3. HEE (lonization degree) a, a=[H+]/c=\/m

=1.40x107, &>k 0.1 mol-dm= —% Z B (CH.CICOOH)

Sample Exercise 1: 51K

a,CH,CICOOH

HIREIH .
Solution: ¢/ Ka,=0.1/1.40x107%="71.44<380, Bl [H']>5%c, SN R RTE TR
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CH>2CICOOH <—= H"+ CHCICOO
“FATIf (mol-dm™)  0.1—x x X

2
S =1.40x107 x +1.40x10°x-1.40x10" =0
0.1-x
figt =[H']=1.12x102 (mol-dm™)

/%': X
AT A BRI 5 %R — IR YT IE BT 5, ERIS BIER 4 R k.
0.

A 0.1-x<2 0.1, M x2/0.1=14x10*, x=1.18x10"2(mol-dm™)

T —140x107,  f#f3 x=111x10" (mol-dm™);
0.1-1.18x10"

2
X

0.1-1.11x107"
KRS SRR — 70 IR T R E W 15 2
Sample Exercise 2: W51 Kanen = 4.93x10710, X1+ E KN 1.0x107° mol-dm™ HCN & 1)
pH.

=1.4x10" , f#f5 x=1.11x10" (mol-dm3,

1.0x107°

Solution: ¢/ Kapen=—————+= x10*,
4.93x10"
[H]=\K, -c= J10X107°x4.93x10™° =7.02x10°, Hp pH=7.15
EFERIFEBIAAT, DNREBARXAZ, MERMKSREBRS TR EA SR [
B, X RAATEARN . B —JEA @ 1076 mol-dm3 [ EE BR G B 100 f5 1S () pH, Qi
THR?
2. X}F BOH B'+OH , (BOH) NJ5b
CsHsN(Py) + H-O == CsHsNH' + OH Ky =1.7x10"°
H,NOH + H,O <= H;NOH' + OH~ Kv=1.1x1078
H3;CNH, + HoO === H3CNH; + OH~ Ko =4.4x107
B'J[OH" N -
K, _BIoA ] . [EREETE [OH 12K, ¢ (c/Kv>380)
[BOH]

a=[OH 1/ c=+JK,/c

M ETHTEIE A, FATAT ISR AR R ETHE— MRS — e A — AR
MR E B T IREE, BIE ¢/ K>380, WARER FHIEAA A AR, PRIA IS 06 255 S 317K
(F F B BT = AR A IR, 7R 25°CHY, 47K P [H0 1 1.0x10 " mol-dm . X At /2 3241
FE T EE S R B8 12508
M. EBSFHMFE AR (Common Ion Effect and Buffered Solution)

1. Common ion effect: 7E55HLAREFAR T, I 55 F g o7 B A AH [F) 251 1 o e o
TS 55 LR BT 1 LB FE PRGN R, FRON IR B - R0
2. Henderson—Hesselbalch equation
(1) —JeH5MR S H & 77 3 (weak monacids and ionic salts) DL HAc ~NaAc H
WARIEMI[HAC] = BIEMI[Ac ] =cy  “PATA[H;0'] =x mol-dm™
HAc+H0 === H;0" + Ac
SEEr R (mol-dm™) ¢ 4 —x x cuptx
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o JHOMACT v (e, +x)

[HAc] c,. —X

i3

x<<l, Mcgs ¢ xBBRRKT 1.0x10°mol-dm™, cy—x = Ccp» Cutx = Cy

. K * Cy Cy N T
LK = HO = pH=pK, -lg—L, % pH=pK, +lg—
Cyy C.. C. Cys

EoN
il m

(2) —CFa L H B 7 (weak monobases and ionic salts) LA NH3 ~ NH4C1 A4
NH; +H,0 === NHi' + OH
“FA#7 S (mol-dm™>) Cy X x CutXx

% :x-(cﬁ+x): X-Cy

. ~ K, -cy Cy C..
S [OH = » pOH =pK, -lg—=pK +Ilg—
c

R =
(€ =) Ca Ca m Cu

Sample Solution 3: What is the pH of a buffer solution that is 0.12mol-dm™ in lactic acid ,
HC3H505 , and 0.10mol-dm™ sodium lactate? For lactic acid, K, = 1.4x 107

Solution: HC3Hs503(aq) =< H'(aq)+ C,H,O, (aq)

0.12 —x X 0.10 +x
K - [H+][C3HSO;] _ x-(0.10+x)
¢ [HC,H.O,] 0.12—-x

VK, <<, Sox<<1,0.10+x=0.10 , 0.12-x=0.12
R 0.12K » 4
S[H l=x= £=12%x1.4x10"=1.7x10" (mol-dm™)
0.10
» Cy.
pH=-lg(1.7x10%)=3.77 8 pH=pK, +Ig—=3.85+(—0.08) =3.77
Cry
Practice Exercise: Calculate the pH of a buffer composed of 0.12mol-dm 3 benzonic acid and
0.20mol-dm™ sodium benzoate. For benzonic acid K, =6.5x107.  Answer : 4.41
Sample Exercise 4: U1K, =1.26x107, X3k 0.1mol-dm™ HaSO4 K ) pH.
Solution: ~ HSOs === H' + SO
0.1 -x x+0.1 X
0.1+
TOIFY) 964107, ¥ +0.1126v-1.26x10° =0
0.1-x
x=0.0103(mol-dm™®) , ..[H']=0.1103mol-dm™ , pH=0.957

(3) HIAETI H30 "B OH & TR LT 1077/, W% R /K B o o) ik 155
1076 mol-dm™ BB F B 100 1% )5, HVAW ) pH fH N
H0 === H' + OH
x+107%  x x-(x+10%) = Ky,=1.0x10""
X +10°x-1.0x10" =0 73 x=9.51x10" (mol-dm™)

S [H'1=1.0x10"°+9.51x10"° =1.051x10"" (mol-dm=) , pH =6.98
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3. ZZMPYAW (Buffered solutions)

(1) solution that resist a change in pH upon addition of small amounts of acid or base are
called buffered solution, or merely buffer. ‘& A& — R B E A AHXS A2 e 1 VAR -
(2) ZEMIETR AL (composition of buffered solution)
a 551K — J9MREE « b EIUN — F9WEL . c MR . dSEBN . e SIRRISHNER.
(3) i E (BB R MRET))  (buffer capacity)
a. M EEMIERAAZMNEEIRINE, NG,
b. M MEEIER:
() SRR A 5%
filt1 0.1M HAc — 0.1M NaAc Y [f] 50ml HyaE B A pH M 4.74 B& % 4.73
0.01M HAc — 0.01M NaAc}0.0Sml\ Imol-dm> £ LpH M 4.74 [& % 4.65
(i) S G 2 4 B HUAE A %
MIHR SR SIREE BN, cpicn=1: 1 AN ERK, I pH
=pKao
1] 50ml. 0.18mol-dm~3 HAc — 0.02mol-dm~3 NaAc H /I A 0.05ml. Imol-dm~3 #h
W2, VW) pH A 3.79 A2 F) 3.76. LRIMZH AL 10 1B, SZppaR s
(4) ZriulE (buffer range)
X FARR — NGk R, WA — DA EMNEE, XN VEEBUE pKa (5
pKy) P& —A pH (8 pOH) A2, Bl pH=pK.+1, pOH = pKu+l.
(5) AN Capplications of buffered solutions)
a. ZMIEWEEMNE RS AT B N pH BE AL A F i A F . il
i, M3 pH=7.36~7.44, MEW I pH=6.35~6.85, FHFERHYT ) pH =5.4~
6.9, NMEFEHUW NN HoCO;/HCOs « HoPOs / HPO4* Fll Na 25 H ii—H
W|EF. WRMBEH pHALT 7.3 80& T 7.5, SR #Eam b3 Wi
T pH PR 7.0 BT 5 7.8, AR IR ELan .
b. AP EEIER (EAMK tartaric acid. A7 IR citric acid. %R oxalic acid
) RHERTHBRMEN RS, DBEAZM RS, EHmE—mKE.
R R S LR R T A . IX E PRUE AR A A ) B A A
c. VIR R ALY (Si02) #H H HF —NH4F FIRGWCRE h, w]
PAGEAS HIBR 25 Si02,  DATRIFHE (1%
F. ZLEEERRIEE (The Dissociation of Weak Polyacids)
1. ZUBRZTPHEN, THIRTARENZITR, FilZZ AR, W HS04.
H3POs. H2SOs. HaCOs. H3AsO4 %555,

K K
% T HsPOs: HsPOs<=2==H' + H, PO, H PO, <=2

4

H' + HPO:

HPO? === + PO> , fHHIr FAFE Fl—Fh B3 THE
2. S IEE MRV L I B T R

(1) kP75 (mass or material balance equation)
Civo =[H,PO,] + [H,PO,] + [HPO;] + [PO,]

(2) A P17 X, (charge balance equation)
[H']=[H,PO,] + 2[HPO; ] + 3[PO;] + [OH]
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(3) Fi1F#55 (proton balance equation, PBE)

a. MRIBERHIST T HIS, RIS A P BT AR . 2 [ BIA BIP S, R
51 S04 2 BT I BT ) S b SRAH A, A 3Rk Xk i 1P 4 =0
s 7oA, WS PBE &R .

b. K55 ?

—FhITE e AR O AT P A 2, (HIXFEE  B S—

FhOTE ARG R G B RIRERE UMY N i LS 2= e,
IR BRI P R B S 5 R TR, Wis R A &,
X LW TR N2 K HE (reference level) 58X Z K #E(zero level), 2R JG, WS FH K
R, ARIEAR R 5 S AR SR, 5 P =

0, 7F Na;HPOs(aq)', % HPO, (AR M HO (D NBHKIEY

S KHEY) TR RIRT (74
HPO? H,PO; , HsPO, PO’
H,0 H:0" OH™

~.[H,0'] + [H,PO,] + 2[H,PO,]=[PO;] + [OH ]
MWRLFL B g -t mT LA S E X 4 NaaHPOL IS EE N ¢ mol-dm™, W] [Na*] =2c¢

HA k- [H,PO,]+[H,PO,]+[HPO; ]+[PO; ]=c ©)
i FLfuf P4 : [Na™]+[H,0"]=[H,PO,]+2[HPO; ]+3[PO; ]+[OH ] @
* [Na‘]=2¢ .. 2[H,PO,]+2[H,PO,]+2[HPO; ]+2[PO; ]+[H,0"]

=[H,PO, ]+ 2[HPO; ]+ 3[PO; ]+[OH ]
IS, #: 2[H,PO,]+[H,PO,]+[H,0"]=[PO, ]+[OH]
2. SRR SE (The strengths of oxyacids)
(1) SRR 2 O E T EREEE T OH R4k, HiEzh X0,.(OH),. #ilin:

HClO4 —— (HO)CIO; H>S04 —— (HO),S0;

(2) Pauling #i ] :
a. MN—: SEMRZBHHEFEH K Ko K. 2N 1:1075: 10710,
B HiPOs : Ka = 7.5x107  , Kap=62x10"% ,  Ku=22x10"1

HoSOs3 : Kai = 1.2x102 , Kap=1.0x1077
b. B SERRIE — YRR B UE T XOw(OH), I m H
m 0 1 2 3
Kai <1077 =102 =103 ~108
Hlhn: HCIO K.=3.2x108, HCIO; Ka=1.1x10"2, HCIO; K.=10%, HCIOs K.=10°
Practice Exercise: .41 H;PO3 A1 HsPO [ Kar 7355 1.6x1072F1 1.0x1072. R H &A1 25
=
3. ZUHERIBEE P Bl HaS A

HaS(aq) === H'(aq) + HS (aq) HS (aq) === H'(aq) + $*(aq)
S ] ]
“ [H,S] ® [HS]
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AT HoS(aq)i) Kars Ko ZERIRK, AT BCK A Pauling [FIAE .

R Pauling s CEHLD 1K
9.5%1078 1.1x107 1.3x107
1.3x1074 1.0x107'4 7.1x1071

Sample Exercise : TA125°C. latm T, BRALSEEA KR [H2S] = 0.1mol-dm™3, {3k
IRHLRI) HaS /KA HsO ™ HS Al S™8S T [HIIR i

Solution: H»S H" +HS™
0.1-x x x
2
; f =K, =11x10" c/K,>>380 ..[H'] =1/Ka1c =1.05%x10"* ( mol-dm™)
d—X
HS = H + S
1.05x10™ -y  1.05x107*+y ¥
A(1.05x107* +
Y ( X 4 ¥) :Kaz —10x10™
1.05x107" -y
VK, <<l Sp<<l S 1.05x107 £y =1.05x107

Sy =[ST]1=K,=1.0x10"", BRI HS B, [H:07]=1.05%x10* mol-dm™

[HS7]=1.05x10"* mol-dm™, [S*]=1.0x10""* mol-dm™, [H.S] < 0.1 mol-dm™
M, AT LS 240 R 25k
(1) ZICHMR AR TIR L — R BRI, Prol B 2 o s i sk 55
IR B — R B U KD
(2) TR MR IR B IR LS5 T35 — R i B WA
(3) X T AN HaS ¥ :

_[H'P[S™]

. B [H']-[S*1=K. -K._-[HS],
al az [st] [ ] [ ] al az[ 2]

[H'? - [S*]=1.1x107x1.0x0"14x0.1 = 1.1x10722
M EATEN, FEHIERE pH, AT LA HIBR RS IRk, R m R b S iR S TR )
UUTE A o
Practice Exercise: Saccharin , a sugar substitute , is a weak acid with pK, = 11.68 at 25°C. It
ionizes in aqueous solution as follows : HNC7H4SOs3(aq) === H'(aq)+NC. H SO, (aq) .
What is the pH of a 0.10 M solution of the substance?
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§4-2 KM
The Hydrolysis of Salts

—. BHEEHKEETEE (The Hydrolysis Equilibria of Salts)
1. S5MRuEDRAH I EE DL NaAc N CRBsiE)

- S - . OH J[HA

Ac” + H,0 == HAc + OH K, (hydrolytic constant) = % —
c

[OH J[H'][HAc] K, & 1.0x10""

—=56x10"=K,
[H]Ac] K, 18x10°

TR RS, B K8/, BB B T IR R R
2. SRR RHIER DL NHLCL f] CRRYED
NH;" +H,0 === NH; + H;0' (2 NHs-H,O + H")

« _INHJHO] [NHJHO'JOH]_ K, =
" INH]]  [NH]JOH] K,

b

a

3. SMRSSRALE M EE DL NHaAc A
W NHsAc(aq) M RIGWEH ¢ mol-dm™
R4 L T4, #3: [NH]+[H ]=[Ac ]+[OH ] ©)
REDE-THT, 3: ¢ =[NH;]+[NH,]=[Ac ]+ [HAc] ®)
OX—@x: [H']-[NH,]=[OH ]-[HAc] ..[H']=[NH,]+[OH ]-[HAc] ®

t K, =[NH,]J[H'V[NH;] . # [NH,]= K [NH:J[H'] @
i K, =[H'[Ac J[HAC] , # [HAcl=[H'[Ac /K, ®

1 Kw=[H"][OH ], f4[OH |=K«/[H] ®

o INH;] K, [H'][Ac]

L@, OHOMMA O R, 4 [H]=K, — : »
H] [H'] K,

K,(K,INH;]+K)
K, +[Ac]

[H' (1 J‘?{—C]) =K [NH]+K, S [H = \/

a

HFK, . K, <<l, = [NH]RI[Ac ]BUEMRN, WLLAEMENH ] =[Ac ]~ c

K(Kc+K ) . — . . K K c
——————wr, HKce>K, , WKc+K, =Kc, < [H]=,[—"—,

SO [H )=
K +c K +c

%C>>Ka’ ')_'\UC-FKazC y e [H+]5‘,K3'K_a°

SCFRUR AT AR PR A9 S5 A VR P A S A R S A R P A A R S R R B SR AR Y
PR
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Sample Exercise: i+ % 0.100M NH,CH.COOH [ pH.
t%1 "HsNCH.COO ™ HoNCH,COO™ + H' ] K, =4.3x1073

“H,NCH,COO™ +H,0 === "H,NCH,COOH +OH™ K= 6.0x10"}

Solution: [H']=+K, K, =K, K, /K, =43x10°x1.67x10"

=8.47x10"mol - dm™=> , pH=6.07
—. /K iEREZE (The Affect factors on Hydrolysis)

1. WH: BTASE H 8 OH & TF4ia /RN,

2. 4
() IR TR, KRR K. X% B T 7Kg S B 6 TR A SN T 35
(2) BREZ: W] LAFE KA
(3) BRI SE . SROVIRFEM/N, IKARFE EEBR R

3. ZYUKMRBIKERERE R BT 55— DK EFE R

§4-3 BRER
The Theories of Acids and Bases

EALE S B, R 2RI LH (Boyle,1684 4F) 2 EREFLE, F] 1963 4 /Kb
(Pearson) #& HAEERRIAIE 1 (SHAB) WKL =HH, MiE X4 B2, ®AA G
R H A A RR MR RRIE I K ik .

—. 7KE-Fifonic Theory) (1887 £ Arrhenius)
1. 8 X TEKIER, B H RIS AR Al TR &Y, FRONER: HE sk
FEs 1Al 2 S A MR E T EY, TN,
2. Mesi: REATE AR K VA VR P R IR S, TR B FBE 1A A P AR B A
3. BN JEERBRPRGIFE KA, BRER HI T A
—. &7t (Solvent Theory) (1905 £E Franklin)

B MEFIAFEE R CBFEIERFEFD F, WREEAERRR N, KRR T .

1. 38X REEAR VA FRFIE IE B TP, FOMZIEFINIER: A8 B E s IR IE 68 7
I, BRI TR .

2. b il T Bl 5 5
X H'5{ H;O" OH™
JiR ¥ P 7 NH;(1) NH, (H'NH,) NH;
CH3COOH(]) CH,COOH, B{H" CH;COO™
Ao B VA 5 N204(1) NO* NO;
COClx(l) COCI* Cl”
SOx(1) SO** SO

NH;(1)
AR R B . NHuNOs + NaNH, ———

NaNOs3 + 2NH;3;
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CH,COOH(1)
HCIO4 + CH3COONa ————— NaClO4 + CH3;COOH

ocCl,

[COCI] [AICLy] + KCI

SO,()
SOCl; + Cs2S0;5

3. MR KRG RBNFE KA R .
4. Gl ASREMRREAS FEES IR TR B TC I R )RR R o
5. FLPRUNFNX 43 2808
(1) & B FP2E
a. PPEM AR BERTCUAER, AT LA BR ¥ ). 0 HoO. CH30H .
CH3CH2OH %5 . MV T2 BOm M ERIT , X Fhya 7 O PE; 20 02 A 0 5 R
I, XA R IR .
b. MYMWHEN: WM EN, KM /KK. W HCOOH. CH3COOH .
CH3;CH>COOH. H,SO4(1) 1 CIsCCOOH %%,
c. BMEVER: MRS, (EEMEIKR. 2 =% (HoNCH2CHoNH2)
(2) B PR
SEIGUE B HCl04+ HoSOs+ HCI AT HNO; [ R 558 2 A2 A X B i, o JE 7 oA «
HC104>H,S04>HCI>HNOs, {HEKFEEPHEAZEANTH R Z 0] XMk % Fh
AN [F) 558 B () R s 7 B AL B - KT IS, RO BT R o B A RS 280 R
A, BRI o 7K BB 2 X L R R 7 A ST 8N R R | o 7R VR 2 P PR
TR -
(3) X3 %
REDX IR (BRI MIsRSSIER, MO R, BA X3 HER, FRN
X3 V7. nvKEERR Al LAE HClO4. HaSO4. HCL A HNO; IR PE X 20 k. BT
H)Ac FIERVESR T HaO", 31X VUM R AN fig 4 308 L5 # #4245 HAc - HClO4 +
HAc H,Ac+CIlO, MIfEEH A, HNO, + HAc —— H,Ac+NO; L &/,
T LLUKESBR FR A HC104+ HaSO4. HCL. HNO; HIIX 239571 o
=. FiFit (Proton Theory) (1923 & Br¢nsted and Lowry)

1. 7 X : An acid is a substance (molecule or ion)that can transfer a proton to another

K[AICl4] + COCl

2CsCl + 280,

substance. Likewise a base is a substance that can accept a proton .
2. Classification of acids and bases
(1) acids : molecular acids : H2SOs . HCl. CH3;COOH , anion acids: HSO, .
HC,0, , cationacids: H,O". NH,. C.H,NH;:
(2) bases: molecular bases: NH3. N>Hs. NH,OH,
anion bases: OH . S*>*. CH3COO
3. Conjugate acid—base pairs: The word conjugate means “joined together as a pair”
Gt — T B, KRR AR B () +H" Ui
KR SC RAROUFLHURRBIONS , i DABR 5T 7 P18 PR O 3L HE R B 12
Practice Exercise: What is the conjugate base of each of the following acids: HCIO, . H,S.
PH; . HCO, ? What is the conjugate acid of each of the following bases: CN . SOi' N
H,0. HCO,?
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4. FHBT BV R MR — L SN :

) i v
(1) SAEPRYBRIRRNL : HCl(g) + NHy(@) —> NH;CI (s)
Ay B, A, By

(2) &k . (dissociation reactions) :
H+
S v Ky
a. auto iomzation : H,0O + H,0

V—H;* K,

b. acid ionization : HAc + H,0 H;0' + Ac

H,0' + OH

H+
. . . ‘ K
c. base ionization : NH; + H,0

NH, + OH

(3) hydrolysis: PR E AT AEAE KNI /R BBl i) S s«

H+
v | _
ACi + H20 —_— HAC + OHi Kb:KW/Ka:Kh
H+
\ _
NH; + H,0 === NH; + H;0' K,=K,/K,=K,
() AT HAAFERIES . FAER e, ARBRNETFOER T8 TR
T

(2) BRI LB, SHRRILPUSRN, S9MILPUSERR (The stronger an acid, the weaker its
conjugate base; the stronger a base , the weaker its conjugate acid.) . KA 505
PR SR, g T DARAE SR A 5
6. ML
(1) TERRBI S LG R BN VR F B R K 5 e N
() FEAKE T, BRI BRI EEAR S5 Arrhenius P18 R BR 58 B2 bR B2 2 — 2.
7. BT AREVERATER PR (W1SOs. BFy) MIERBRR N, BRIIE TEEHEAY K.
M. BFi& (Electron Theory) (1923 £ G.N.Lewis)

G.N.Lewis was the first to notice this aspect of acid- base reactions. He proposed a definition
of acid and base that emphasizes the shared electron pair: A Lewis acid is defined as an electron-
pair acceptor, and a Lewis base is defined as an electron-pair donor.

1. B NIRRT XS Y Fli(species), FRONER: FLZRe4S tHhHLT XTI, BN
2. — A + B A:B

Lewis acid Lewis base acid—base adduct

3. Types of reactions
(1) adduct reaction: H' +: OH = H,0
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(2) substitution reaction of acid: Cu(NH,)}” +4H" == Cu”" +4NH;

(3) substitution reaction of base: Cu(NH3)§+ +20H = Cu(OH), +4NH,
(4) both substitution reaction: Ba(OH); + H>SO4 =—— BaSO4] + 2H,0
4. P

() BEEFETKE TR BRSFR 7 e% =F i,
(2) EF K T ERIMTEH .
5. B TG — I ER TR IR bR B o
BT T IrE MR, A COZEe RN RIS . BRI T
WIS, ATRMEFTA 145 R N2 = K3

A+:B—> A:B BRBH, [ v
R-+ R —> R:R SRR
Red-/D'OX —> Red 'Ox~ E—IB R 2 B

Practice Exercise: Identify the Lewis acid and Lewis base in each of the following reactions:
(a) CN (aq) + H2O(l) = HCN(aq) + OH (aq)
(b) HIO(aq) + NH, (aq) = NHs(l) + 10 (aq)
(c) (CH3)3N(g) + BF3(g) —— (CHs)3sNBFs(s)
(d) Fe(Cl04)3(s) + 6H.0(l) == Fe(H,0). (aq) + 3Cl10, (aq)

(e) FeBrs(s) + Br (aq) = FeBr, (aq)
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A CLOSER LOOK Stomach Acidity

fyvou think you have an “acid stomach,” CsH4(COLCH;)COsH(aq) + HoO(aq) ——= CH4(CO.CH3)CO, (aq) + HiO " (aq)

you're correct! The pH is about 1.5,
due largely to hydrochloric acid, which is
needed for the enzvme pepsin to catalyze
the digestion of proteins in food. As soon
as food reaches vour stomach, acidic gas-
tric juices are released by glands in the
mucous lining of the stomach. Hydrogen
ions are produced in blood plasma by the
ionization of dissolved CO,. These ions

are transported through the stomach lin- ] 9

ing along with CI™, which provides charge

balance. Because the stomach wall con-  #spirin. acenlsalicylic acid acetylsalicylate ion

tains protein just like some foods, itisa "ok acid Uonpigaielbase

wonder the stomach does not digest itself.

In fact, it sometimes does, producing a At the pH of the stomach, most of the and, once inside, are in a region of lower
hole—an ulcer. Most often, however, the conjugate base, the acerylsalicylate ion, re- acidity. They are therefore able to ionize
stomach wall resists the anack of H,07, acts with HeO7, leavieg aspirin .’.?rgsﬁ[r @rnd prodece HyO L Ve accurmedadan of
B un-onized. 1he equtlihn{nn lies 1o the H;O‘ in the wall can cause bleeding, but
producing cel}s.‘ These c(‘lls' prevent the left. In the neutral form aspirin molecules the amount of blood lost per aspirin
H,0" and CI” jons from diffusing back are able to penetrate the stomach wall, tablet is not generally harmful.

into the blood plasma. Ordinarily, these
cells are continuously being sloughed off
and replaced at the rate of about half a
million cells per minute.

When you eat too much food, or
when your stomach is irritated by very The pH of stomach
spicy food, it responds with an outpour- fluids is about 1.5 B
ing of acid, and the pH is lowered to the
point where discomfort is felt. You know
you can take an antacid to relieve an “acid
stomach,” and their chemistry was de-
scribed on page 165,

The stomach wall can also be dam-
aged by the action of aspirin. Aspirin,
acetylsalicylic acid, is a weak carboxylic
acid (Section 11.5) with K, = 3.2 x 107",

A duodenal
ulcer

\

The lining of the stomach contains cells that secrete a solution of hydrochloric acid. The pH of
the solution is about 1.5. Some people’s stomachs produce more acid than is needed for the pri-
mary digestion of food. resulting in indigestion, among other things.
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