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ENE BEFESERBIELS

Chapter 4 The Ionization Equilibria & Theories of Acids & Bases

R ZFPRATHS 7 OV IR AL 22 P CRERM AR R D o FRA
FE P B K R AT A 2T, RV R R AEAE (1) H3O'ES 1 (hydrated hydrogen
ion)fl OH™ & (hydroxide ion)ff A 5 VU & (1) T EiH g0t 4 .

KT, FATE ey BRI E Lo IXFhE XFRHA Arrhenius FRTEEE L .
Arrhenius BAAH B RS, HRCNIERERE LG FE R L —, 3K 1903 4 Nobel chemical
prize. fE Arrhenius $&H LB 22 UEHT, 4 O BRI -

(1) Raoult iF#: 1mol-dm= NaCl(aq)Ffr I B BIUK 54 1mol-dm™= BRI AT £
(2) van’t Hoff I FEAERT . 1mol-dm™ NaCl(aq)f1i53E 5 A 1mol-dm 3 FERH 1 P

(3) Faraday A\ N HLVLIE BR . Bk ERVAWRET, AAW0IR 52 By AE R o 3 N B 7o
TESCIEAE |, Arrhenius £ T BIARAL b B B B 22 i— HEES 22U

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

—. BAEMRR555E MR (Strong and Weak Electrolytes)

1. N BERER (BUE WSR2ETEFIRITE, Wil (ank
4.1) o [ Cu(MnOa), 7 i DL,
WP Co* BT IR AT, KA
) MnO4~ & ¥ [ YR IEARIT S, 3XIE B |
TR A R BB TRASIA  kNOy, L KNOyy
FE o

2. Ny RUMHEEERT 30%50) HLfiE
Ji, PROGSRFEMRITT, T 55 PR DT ) R SRR

B — T Re

/NF 3% (3548 0.1mol-dm™ VD Cu (MnOy)yag)
3. XTI M, RN, B : L
Fig. 4.1 The positive ions migrate toward
R . 5x1070mol-dm™ [P ME BRI R I L 5 i mT the negative plate and negative
1% 82%. ions toward the positive plate

4. G FLRR IR FROW L B R SR /N T 100%, W1 0.1 mol-dm ™ EhFR I o = 92.6%. XA
FL A7 A S (1 8 - S S AR T T i — e U2 I I S S B R, R TR
AN, ARG ROR BN T E AT B SR, VRIS E R AR 2 A R D

FEepik: LR ERRAGE IR, NRKER A B3E R EDHEA
JE R R BN R AR R 7 SN Z, BDIb U LR B TR S S o L
7, PIONASE BA S, 41 Pb(CH3COO)w HgCL 4, "EATTEKIER H f B
FE/ANo SR, BIAEVEETE N B TAEY), W BaSO4 MIATAT, BaSOu(s) ===
Ba2"(aq) + SO} (aq) » HSFHMAREE, ZEFEAN BaSO«s)EMRE K/, [Ba>]. [SO:]
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KARMISd. SR BaSOs(aq) = Ba**(aq) + SO (aq) i @ =97.5%, HTLA BaSO4 &
548 FEL AR O
—\ KB RFHIESTHARE [ The Scales of Acids(aq) and Bases(aq)] ——H;0" 53

¥, pH

1. &S PHEAYIEES Soerensen T 1909 455 Se i H H & B 79 B I S SRR R
B, FON pH.

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

3. KEYEEHEE (Autoionization of water) :
(1) f£ 25°CHf, [H']-[OH ]=10"%=K, , | pH+pOH= 14

(2) K w A& T FE I PR 2L
C 0 25 40 60
Kw 0.115x10714 1.008x 10714 2.94x10714 9.5%10714

4. pH HIEH T H:O B FIREE M) pH VG 1—14 Z IR, AT =ik FEE IR . 5
el AT BRI BRI, B pH 2 o 1E
=, — 75— SSEAYEEFE (The Ionization Equilibria of Weak
Monoacids and Monobases) (K, Hl Ky)
HCN K,=4.9x10"19, C¢HsO0H K,=1.3x10"1%, C¢HsCOOH K,=6.3x107°

1. X HA H +A , % HA FELHHKREZ N ¢ (mol-dm™),
¢ 0 0 PFIFAH ] =[A"] = x (mol-dm™)
CcC—X X X

=K, , X+K,x-c-K,=0 (D

i1 mass action law 15

cC—X
x =[H']=-—2 1+£ , HIHNEES o/ Ko Ko
2 2 K,
SFARFEN ¢/ K, [H VA AFRARRHR 2
c/Ka 100 300 500 1000
X IRZE (%) 5.2 2.9 2.2 1.5
B =005 for LT, g Q0D ¢ 095 g
c—0.05¢ K. (0.05)

2. Bl ¢/ K,>380 1), [HIW/NF 5%c, c—x=c, M x2/c=Ks FLLEMIAR[H ] =
VK, -c ATLME R I B 56 ¢ / Ko >380,

3. HLEE (lonization degree) a, a=[H']/c=/K,/c
Sample Exercise 1: CH1 K, ., coon =1.40x107, X3k 0.1 mol-dm —%{ L (CH.CICOOH)
TEIHIH .
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Solution: ¢/ Ka,=0.1/1.40x107%="71.44<380, Bl [H']>5%c, S N R TR
CH,CICOOH H* + CH,CICOO ™
“FEr RS (mol-dm™)  0.1—x x x

2

=1.40x10"" X +1.40x10°x-1.40x10" =0
0.1-x

it x=[H']1=1.12x102 (mol-dm™)
A LS @ I VAT 10— IR — g T IR T, B RS B A R o k.
A 0.1-x <2 0.1, M x2/0.1=14x10*, x=1.18x10"2(mol-dm™)

2

m:1.40x10‘3, iR x=1.11x10" (mol-dm-);
A1 X

2
mﬂ-“xm'} , f##3  x=1.11x107 (mol-dm>
A1 X

XA T FAE R 70 T ROT R E AR £
Sample Exercise 2: 51 Kanon = 4.93x10719, {35 9 1.0x1075 mol-dm=3 HCN 1 )
pHo
1.0x10°°

Solution: ¢/ Kupiex =—————=2x10",
4.93x10

[H' 1=K, ¢ =V1.0x10°x4.93x10"° =7.02x10"" , EI pH=7.15

KFETH R BAANT, DRIEMARANZ, 1MEMNISREREE T EEASTR T
BWE, XAAATHEN . B M 1076 mol-dm3 (K B R BE 100 f5 1S 1) pH,  ifa]
THE?

2. ¥FBOH === B " +O0H , (BOH) ANiil
CsHsN(Py) + HHO <= CsHsNH' + OH K, =1.7x10"°

H,NOH + H,0 <= H;NOH' + OH~ Ko=1.1x10"8
H3CNH, + HDO === H3CNH: + OH~ Ky =4.4x107
B'][OH” vt -
K, =% . FEREETE [OH 12K, ¢ (c/Kv>380)

a=[OH 1/c=\K, /c
M BTG, JRATAT IS A B R E L — MRS ) — oA — N R
MR IR TR, SRR Il A XORTESL, KA LIS 0 25055 18 317K A H 5 T 7 AR 1Y
A TIREE, NTE 25 CH4KFH;0' = 1.0x10 mol-dm™, X &2 A TEE N I E P [
[ A
M. BIEFHMNFZEHFR (Common Ion Effect and Buffered Solution)
1. Common ion effect: £ 55 FHMIER S, A5 55 Mo E A A R & 1 1) s B g o
TELASE 55 FELAAL DT Y P P PR AR OB, RO IR i 1 RN
2. Henderson—Hesselbalch equation
(1) — o5 IR S &7 3 (weak monacids and ionic salts) DL HAc ~NaAc H
WHIAII[HAC] = c o BIAMI[AC ] =cy T [H;0'] =x mol-dm
HAc + H:0 === H:0' + Ac_
SEE R (mol-dm™) ¢ 4 —x x cutx
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H,O"][Ac” (e, +
K, :[ ;0 J[Ac ]: *(ey %) , x<<l, ey cufPRRKKT 1.0x10°mol-dm™
[HAc] Cyy — X

By, cow—x = cyr Contx = cy

. X-.Cy . K, ey .
SK = =, [H,O']= S pH=pK, ~Ig
mz Cap

Cys N Cy.
B, 8# pH=pK, +lg—%
Car Cw
(2) —JCF9H S L3 T A Ey (weak monobases and ionic salts)  BL NH; ~ NH4Cl A
NH; + H0 === NH;' + OH~

“FAT I (mol-dm ™) ¢ 4 -x X Ccutx

x-(cy +x) _ x-cy

b

. - Kb'cﬁaz CW Cih
S [OH = » pOH =pK, -lg—=pK, +Ilg—
c

(cy =) Cw Ci a Cr

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: HC3;Hs03(aq) = H"(aq)+C,H,0,(aq)

0.12 —x X 0.10 +x
X - [H'][C,H.O;] _ x-(0.10+x)
‘ [HC,H.O,] 0.12 —x
VK, <<, Jox<<1,0.10+x=0.10 , 0.12-x=0.12
0.12K

S[H]=x= o =12x1.4x10" =1.7x10* (mol-dm™)

pH=—lg(1.7x10%)=3.77  8{#% pH=pK, +lg— = 3.85+(~0.08) = 3.77

c
i
Practice Exercise: Calculate the pH of a buffer composed of 0.12mol-dm™ benzonic acid and

0.20mol-dm™ sodium benzoate. For benzonic acid K. = 6.5x107. Answer : 4.41
Sample Exercise 4: CA1 Ko, =1.26x107, 3K 0.1mol-dm H,SO4 VA 11 pH.
Solution: HSOs =—= H' + SO

0.1 —x x+0.1 X

-(0.1+

X OIHY) 1 06k10® ,  x2+0.1126x-126x10° =0
0.1—x

x=0.0103(mol-dm™®) , ..[H']=0.1103mol-dm™> , pH=0.957

(3) AN H30 8 OH B TR E I 1070, A% RE/K I . BIanikE N
1076 mol-dm™ HIEEBRF R 100 1% )5, HVAW A pH fH N
H0 === H' + OH
x+10°% 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& — PR B E A AHXT A2 € 1 VAR -
(2) ZEMIETR IR (composition of buffered solution)
a 5918 — S9MRER « b I9EN — S9BEE . c9RER . dUEBH . e SERIIMNEL.
(3) A E (BB M RET))  (buffer capacity)
a. HTEZEMIERAAZMNREIRE, FRNEHEE.
b. MM BRI R:
() SRR A 5%
fil%1 0.1M HAc — 0.1M NaAc 7 [f] 50ml MyAE B inA pH M 4.74 B& % 4.73
0.01M HAc — 0.01M NaAc}0.0Sml\ Imol-dm> £i#Z  LpH M 4.74 &% 4.65
(i) S22 L7 I EUAE A 5%
HIHIR SR RIREE ER, cpicw=1: 1 AN AERK, I pH
=pKao
[ 50ml. 0.18mol-dm= HAc—0.02mol-dm= NaAc A 0.05ml. 1mol-dm= #h
B, VW) pH M 3.79 A8 E 3.76. L2l oy ILLBIES 1: 1O, SRP R ailk/ o
(4) ZZilEl (buffer range)
XFTART— Ak R, #A — MBI E, X ANEEBAE pKa (8L
pKy) P& —A pH (8L pOH) A Z N, B pH=pKa+l, pOH = pKutl,
(5) M AN Capplications of buffered solutions)
a. ZZMETRAEEDN Y RG AR EE . NIRRT pH BEERA AN F T A E . 4
Wi, M3EH) pH=7.36~7.44, MEWR pH=6.35~6.85, NHFEHII ) pH = 5.4~
6.9, NMAFH U FLEMAT: H.COs/HCOs + HaPO4 / HPO4> F Na & 4 fi—H
WER. WRMEKN pHILT 7.3 80& T 7.5, MR R almih &, Wi
T pH PR A 7.0 BLTH i 5 7.8, AR IR Eian .
b. AP HEE AR (EAR tartaric acid. F74 IR citric acid. ¥R oxalic acid
&) RHERHBRME N RS, TIEEAZM RS, EHmE—mKE.
SRR R S LR T A . X E PRUE AR A K L B A A
c. FFURIRARE R AEMNDY (SiO2) 3% H HF —NHJF R G BRI, 7]
PAGEAS HIBR 25 Si0a,  DATRIFHE (-5
F. ZITTEERAYEE (The Dissociation of Weak Polyacids)
1. ZUHRE/IPHER, THIRTAERERNZ TR, FIEZuEEiR, W HSOs.
H3PO4. H2SOs. HaCOs. H3AsO4 %555,

4

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

HPO? === + PO> , fHHHM FUAHE A —Fh BB T
2. TR R I BT 28

(1) kP75 (mass or material balance equation)
Curo. :[H3PO4] + [HZPO;] + [HPOjf] + [Poji]

(2) A P17 (charge balance equation)
[H]=[H,PO,] + 2[HPO; ] + 3[PO;] + [OH]
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(3) WirF#ir:X. (proton balance equation, PBE)

a. MRARERTT 7 H8, FRURS N (A PR 1 AR . 2 MOk BT, BRK
ZHY BT HEAR R BT R R R AR, e Rk SRR e i P A 2
o T, WIS PBE R,

b. K55 2

— TR R SO R P U S, (HIX A E S A B, S —

T TR R R B Fd S Y BN RIS 2 R4,
TGP ARV K EAPAE TS 5T IR, Anis I AE B4 &
X LW ST R NS 2 K E (reference level) 5 & 7K i (zero level), #RJ5, MSHEIKUE
A, ARAEAF R BT RV B B AH S5 B SR, 5 P A 2K

0, 7£ Na;HPOs(aq)', % HPOI (AR M HO (IEHD NBHKIEY

S KUY BT KR 174
HPO; H,PO; , H;PO, PO}
H20 H;O" OH~

5.[H,0'] + [H,PO,] + 2[H,PO,]=[PO;] + [OH ]
MWARLFD B g b m] DL S B 4 NaaHPOL B EE N ¢ mol-dm™, M| [Na*] =2c¢

HA k- [H,PO,]+[H,PO,]+[HPO; ]+[PO; ]=c ©)
B AP [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 ]
S, #: 2[H,PO,]+[H,PO,]+[H,0"]=[PO, ]+[OH]
2. FHEIRIGESE (The strengths of oxyacids)
(1) SRR 2 m O T EREEE T OH R4 &, HiEzh X0,.(OH),. #ilin:

HCIO4 —— (HO)CIO; H>S04 —— (HO),S0;
(2) Pauling FI :
a. MN—: SERZBHHEEFE K Ko K. . 2N 1:1075:10710, .
B HiPOs : Ka = 7.5x107  , Kap=62x10"% ,  Kpy=22x10"1

H2SO;5 : Ka1 = 1.2x1072 , Kpp=1.0x107

b, B SERRIIE — YRR B UE T XOW(OH), I m H

m 0 1 2 3
Kal <1077 =102 =103 ~108
Fln: HCIO K,=3.2x10"8, HCIO, K.=1.1x10"2, HCIO; K,=103, HCIO; K,=10°
Practice Exercise: .41 H3PO3 A1 HsPO [ Kar 7354 1.6x1072F1 1.0x1072. R H &A1 45
F =

3. ZUHRIEE P Bl H.S A

HaS(aq) === H'(aq) + HS (aq) HS (aq) === H'(aq) + $*(aq)
PRLNLEY kIS
[H,S] [HS"]
68
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AN B HoS(aq)) Kars K ZERIRK, AT BCK A Pauling [FIALE -

KA Pauling it L) oK
9.5x1078 1.1x1077 1.3x1077
1.3x10714 1.0x10714 7.1x1071

Sample Exercise : TUF125°C. latm T, BRACERIMFKERFI[H2S] = 0.1mol-dm™, XK
HEHLRIT) HaS /KA HsO ' HS™ Al SES T [HIIR i
Solution:  HS H +HS

0.1-x X X

2
- f =K, =11x107  ¢/K,>>380 . [H']=+/K,c=1.05x10"" (mol-dm™)
d=X

HS <=—= H + s

1.05x10™% -y 1.05x107*+y ¥

y-(1.05x107 + y) _
1.05x107" —y

K, =1.0x10™"

VK, <<l Sp<<l S 1.05x107 £y =1.05x107

Sy =[ST]=K,=1.0x10"", FrUMA HoS SR, [H307]=1.05x10* mol-dm™

[HS ]=1.05x10* mol-dm™, [S*7]=1.0x10""*mol-dm™, [H.S] £ 0.1 mol-dm™
MR, FATAT DA B a0 N 4L
(1) ZICI9 MR N A & TR FL AL SR — R B PR 5, DAL A2 T S5 IR I SR 95 I
RS = e LN GUPNGNY
(2) ZICSIMR IR B IR AE T3 R WG
(3) X T HUFI ) HaoS W -

_[HP[S™]

. Bl H'T-[S"]1=K. -K._-[HS],
al a2 [st] I_J [ ] [ ] al a2 [ 2 ]

[H'? - [S*]=1.1x107x1.0x0"14x0.1 = 1.1x10722
MR, B0 pH, W] ARSI AR B U RE, 428 ) VR b % < TR )
UUE 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: HNC7H4SO3(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 AWM
The Hydrolysis of Salts

—. BHEEHKEETEE (The Hydrolysis Equilibria of Salts)
1. S5MRUEDRAH I E DL NaAc B CRBsid)

Kn . H J[HA

Ac” +H0 === HAc+OH " K, (hydrolytic constant) = % -
c

[OH J[H"][HAc] _K, 1.0 x10~"

—=56x10"=K,
[H'][Ac] K, 18x10°

TR HRES, B Ko/, BB B T K R RO
2. SRR RHIER DL NHACl ] CRERMED
NH;" +H,0 === NH; + H;0" (2 NH3-H,O + H")

X - [NH,][H,0"] _[NH,][H,07][OH"] _ K_WZK—
" [NH]] [NH;][OH ] K,
3. SMRSSBRALE M EE DL NHaAc A
& NHaAc(aq) HI 48N ¢ mol-dm™
R4 L T4, #3: [NH]+[H ]=[Ac ]+[OH ] ©)
DR T, 3: c=[NH,]+[NH,]=[Ac”]+[HAc] ®)
OX—@x:  [H']-[NH,]=[OH ]-[HAc] ..[H']=[NH,]+[OH ]-[HAc] ®
i K, =[NH,][H"}/[NH;] f [NH,] =K, [NH;/[H'] @
H K, =[H"][Ac”)/[HAc] , 7 [HAc]=[H'][Ac']/K, ®
B Kw=[H][OH ], f[OH ]=K/[H'] ®

_oINHI) K, [HJAC]

. l
[H'] [H'] K,

L@, ONOARA GO K, % [H']

[H*]2(1+[i<—°]) =K [NH,]+K,

a

. \/Ka (K.INH.]+K,)
K +[Ac]

HHZ\ Z<<1, SO[NH; T [Ac ] B8R/, WTBAEVEINH, ] =[Ac ]~ ¢

. |K(Ke+rk) . — — — . |KKe
L= P T K essK,, MK e+K, =K, S [H']= |—22e
K +c K +c

Fe>> K, Me+K, ~c, & [H 1=K K .

SCTRUR s AT PR R TR S AR R A5 T A A A TR ) AR ) SR A Y
PR
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Sample Exercise: i+ % 0.100M NH,CH.COOH [t pH.
t%1 "HsNCH.COO ™ HoNCH,COO™ + H' 1] 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 iEREZ (The Affect factors on Hydrolysis)
1. WH: BTFASE H B OH & TF4ia /1R,
2. 4
() MR TR, KRR K. X2t T 7K S B A TR 4 S B T 3
(2) BREZ: W] LAFEHIIKAE -
(3) BRI SE . SROVIRFEM/N, TKARFE BE R
3. ZYUKMRIIKEREE R BT 55— KRR RS

§4-3 BRER
The Theories of Acids and Bases

fE s b, RIS 5 SUH (Boyle, 1684 45D #2H BRI, F1] 1963 £F 57 /Kb
(Pearson) &R INIIE (SHAB) PR =H 4, MRIGE X4 HEZ, ATH A
WP AP M RS R 8
—. 7KE-Fif{onic Theory) (1887 £ Arrhenius)
1. 5B KT, HEEHSRIEE TS e B T ey, FOVER; B Hkin
B At S E R E T aY, O
2. fRmi: BefaiE M AR A VR R R RIS N, R Bt P P e B2 AR B A
3. s FERBR IR AT, SRR TR A .
—. &7t (Solvent Theory) (1905 £E Franklin)
EARMNEFAFER SRR TFEAD T, HEREEERRBUN, KB,
1. 58S BEBAR IS FIRHE IE 257 W0, FONZIETIMIE: A 2500 VA FRIRRAE 71 B 7
I, BRI .

2. Sl eS| &1 B 25 1
K H'B{ H;0* OH™
JR P NH;(1) NH, (H'NH,) NH,
CH3COOH(l) CH,COOH,E{H"  CH;COO"

AR5 N204(1) NO* NO;
COClx(1) CoCl* cl”
SOx(1) SO SO

NH;(1)

LA R R 2 W . NH4NOs + NaNH» NaNOs + 2NH3
71
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CH,COOH(1)
HCIO4 + CH3COONa = NaClO4 + CH3;COOH

oCl,

[COCI] [AICLy] + KCI

SO,(1)
SOCL + Cs,80; ===

3. MR KRG RBIFE KA R
4. Sl ASREMRREAS FEE IR TR B 0 T ) B R o
5. FLPRN X 43 38508
(1) & B P2
a. PITEMH AR BERT DO, XOrTLCNBRE ). @1 HoO. CH3OH.
CH3CH2OH %5, YA FUR B BRI, IX PV 2000 I8 TR B ik
I, XA R IR .
b. BRIV MY, (HERTELLZK K. @ HCOOH. CH3COOH.
CH3;CH>COOH. H,SO4(1) 1 CIsCCOOH %%,
c. BRMEVEA: WAEWIPEIA, EBEIK K. W14 % (HoNCH2CHoNH,)
(2) FL RN
SEEGIERH HClO4. HoSO4. HCI AT HNO; HIBR 38 2 X A, Ham B i A -
HC104>H,S04>HCI>HNO;, {HAEKFER T EANBNIEATHI R Z 0] o X Pk 2 Fi
N G e i e 1 B A T 7 N TS VAP 197/ F: A v § VAR S v 4 VA RS
A, BB o K I 2 X EE B R 7 AR P S R R el o 7E VR 2 P G R A
TR -
(3) X 43 R
REX 70 IR (D MRS TER, FONX 38N . BA X R R, #RA
X35 anvKEERR 7 PASE HClO4. HoSO4. HCI A1 HNO; IR TEX 20 P k. BT
H)Ac FIRYESR T HsOF, X DUMBRHIA RE 4 50K Ho 0 T4 4245 HAc T . HClO4 +
HAc H,Ac+CIO;, MfEE R K, HNO, + HAc —— H,Ac + NO; IR E &/,
T LLUKEE R R A HC1O4. HaSO4. HCL. HNO; [ X 43171 o
=. FiFit (Proton Theory) (1923 & Br¢nsted and Lowry)

1. & : Anacid is a substance (molecule or ion)that can transfer a proton to another

K[AICl4] + COCl

2CsCl1 + 250,

substance. Likewise a base is a substance that can accept a proton .

2. Classification of acids and bases
(1) acids: molecular acids: H>SO4. HCl. CH3COOH, anion acids: HSO, .
HC,O,, cationacids: H,O". NH,. CH,NH;;

(2) bases: molecular bases: NHs. NHs» NH2OH, anion bases: OH . S>. CH3COO

3. Conjugate acid—base pairs: The word conjugate means “joined together as a pair”
s —ER T, HRRLA: A =—=B (I +H UL
KR SC RAROUFCHERRBIONS , i DL TR5T 1 P8 AR 3L HE IR 1
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_ \
H,0. HCO,?
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4. FHBT B R MR — L SN :

%
(1) SHEPROBSIIRAL : HCl@) + NHy@) —— NHCI(5)
Al B2 A2 Bl

(2) &) . (dissociation reactions) :

H+
o v Ky,
a. auto 1onization : H,0 + H,O

H,0' + OH

V—H;% K,

b. acid ionization : HAc + H,0

H;0' + Ac

H+
L J ! Ky
c. base ionization : NH; + H,0

NH, + OH

(3) hydrolysis: PR E AT AEAE KM /R BBl i) S v«

H+
Y \ _
Ac + H,0 === HAc + OH Ky=Ky /K, =K},
H+
v

NH; + H,0 === NH; + H;0 K,=K,/K,=K;,

(D) T AFEISNBS. FOAERTeH, AN ETFOAm T8 rRaE
Tl

(2) BRI LB, SHRRILPUsRIN, S9MILPUSERR (The stronger an acid, the weaker its
conjugate base; the stronger a base , the weaker its conjugate acid.) . K IEFATEH1HE
PSR, g T DARAE S i 5

6. fLri:
(1) FEER B R KB SAH S WBAH S HE RS A K R 4 s
() FEAKE T, BRI EEAR 2S5 Arrhenius P18 R RR 58 S5 bR B2 2 — 2
7. BT RREVBA TR T (SOs. BF3) FIBRBRS N, BRIV SF 3 AR o
M. BEFif (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. 5B FURREESZ HL T XA (species), FROGIR: Magfeds i 7xf A, FRO9H.

2. —fk: A + B A :B
Lewis acid Lewis base acid—base adduct
3. Types of reactions
(1) adduct reaction: H' +: OH == H,0
(2) substitution reaction of acid: Cu(NH,);" +4H" Cu’ +4NH;
(3) substitution reaction of base: Cu(NH,)}" +20H~ == Cu(OH), +4NH,
73

www . kaoyancas . net



www . kaoyancas . net

(4) both substitution reaction: Ba(OH) + H,SO4s =—— BaS04|+2H>0
4. s
() BERFE T KETIR. HRe. Bt =g,
() BEY KT ERKIEH
5. BRe: oG HOBRBAGE BE AR .
BT RS 7 TE KRR, A DUZES Oy SRR 1S . BB T
WS, TR A SR N7y = KK
A+:B—> A:B PR s S
R-+-R —> R:R H H s
Red +YOx — > Red'Ox~  AM—ifF R
Practice Exercise: Identify the Lewis acid and Lewis base in each of the following reactions:

(a) CN"(aq) + H2O(I) == HCN(aq) + OH (aq)

(b) HIO(aq) + NH; (aq) == NHs(l) + 10" (aq)

(¢) (CH3)3N(g) + BF3(g) = (CH3)sNBFs(s)

(d) Fe(Cl04)3(s) + 6H,0(1) == Fe(H,0). (aq) + 3C10; (aq)

(e) FeBr3(s) + Br (aq) = FeBr, (aq)

A CLOSER LOOK Stomach Acidity

fyou think you have an “acid stomach,” CsH4(CO,CH5)COsH(aq) + HyO(aq) &= CgH4(CO2CH3)COy ™ (aq) + H3O0 ™ (aq)
you're correct! The pH is about 1.5,
due largely to hydrochloric acid, which is
needed for the enzyme pepsin to catalvze
the digestion of proteins in food. As soon
as food reaches your stomach, acidic gas-
tric juices are released by glands in the
mucous lining of the stomach. Hydrogen 9 0
ions are produced in blood plasma by the
ionization of dissolved COs. These ions
are transported through the stomach lin- ] 9
ing along with C1™, which provides charge
balance. Because the stomach wall con-  aspinin. acenlalicvic acid wenvlsalicylate ion

tains protein just like some foods, it is a Weak acid Conjugate base

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 resisis the anack of H,0O7, aces with HoO7, leaing aspivin begel arid produce HyQ . The accarredacion of
ankianag arprestvas gy furniacous un-onized. The equlibrium lies to the H;;(')' in the wall can cause bleeding, but
producing cells. These cells prevent the left. In the neutral form aspirin molecules  the amount of blood lost per aspirin
Hy;O" and CI™ ions from diffusing back o . . i . # .

£ 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
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,

A duodenal
ulcer

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 10 %,

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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