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> What is acid? What is base?
® 3R A 7 w3 ke ?

»> Are acids and bases two classes of
substances that have opposite
properties, and their character could
be canceled off by meeting each other?
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Background 2 ## -7/ ¢

® By tastes g' 7 77333

B Acids are a class of substances that taste sour
g S U S

B Bases (alkalis) are a class of substances that
taste bitter
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@ By Alchemist Experience

B HCl was called salt spirit HCIAZ 7z # #F

E Many metal containing minerals gave alkalis in water
5 EEERY Lok E R

B Minerals without metal often give acidic solutions
SR G & TR kY EREN
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& Arrhenius concept - The First Modern Theory
[Pr R 4 12z 1884

B Acids produce hydrogen ion in aqueous solutions

e afpre 224 445 (HY)

B Bases produce hydroxide ion in agueous solutions
4 pokgR Y 24 4 4 198+ (0HY)



& The Content of Arrhenius Concept
/F]I,%//? :’[_/‘Fﬂﬂmffg'

| heory of lonization #5422

HCl(aq) —> H" _, + Cl_(aq)

(aq)
NaOH(aq) —> Na+(aq) + OH_(aq)

NaCl(aq) —> Na+(aq) + Cl_(aq)

B Electrolytes & Non-electrolytes
CRREAT IR



& Brgnsted-Lowry concept
#‘/g‘ 7#’%—%}1,/:.,:

B Acid is proton donor in aqueous solution
/? KB IR i iﬁé’; Ca ‘/"f

I Base IS proton acceptor#n aqueous solution

RIS B o iﬁ”"f} /i/

I Conjugate acid-base pair
£ o b $ E A T A

B Chemical equilibrium for acid-base reactions
JRdh 5 £ K o e BT K
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& Arrhenius vs Brgnsted-Lowry concepts

Arrhenius ionization

HCl =—= H +CT

Brognsted-Lowry

proton transfer

JF i . i
HCl + H,0 — H;0" + Cl
conjugate conjugate conjugate conjugate

acid base acid base



& Self- lonization of Water
7‘/(’ _ﬂj’]ﬁ _E',//i'j'/):" 7

E The chemistry of aqueous solution is unique
KRR T W fE T A

B Rapid proton exchange via H-bonding
KB F T G AT T R E

E H,O7 is hydrated proton, and called hydronium ion
B+ pokgR Y EoKE TR F 7 4248+ (H0O7)

B Actually, either H* or OH ~Is hyrdated
BF_F oo 42BN B Bk Ef/grg{__g £ e



E Self ionization of water is in chemical equilibrium

Kihp L BB T gk i
-|- -
2H20(|) = H30 @ag) * OH (aq)
[H'[[OH]
K p—

[H,O]

E K =[H;0O"][OH ], and is called ion product constant
K, = [H;O"][OH f & 35 ## ¥ &

E At25C, [H;0*]=[OH"] = 1.0x107 M; K = 1.0x10-14



@ Acid-Base in Other Solutions
ﬁw/;?/,;ﬂmﬁ%,z]zr

E inethanol ¢ 7

DEtOH == EtO + EtOH, "
EtO + H,0 = EtOH + OH"
EtOH," + H,0 = EtOH + H;0"

B Ethoxide is a stronger base than water, and protonated
ethanol Is a stronger acid than water.

g g pofk P E kg o IS JERE 5

B Basicity: EtO~ > OH~ > H,0 > EtOH > H,0* > EtOH,*



B inammonia £ K ¥

2NH3 === NH, + NHy4"
NH, + H,O === NH; + OH"
I\IH4Jr + H20 = = NH3 + H3OJr

E Bacicity: NH, > OH - > NH, > H,0> NH,* > H,0*



@ Structure of Oxyacids
¥R EF s 3 B

sulfuricacid  hydrogen sulfate sulfate (tetrahedral)
Frt i TN FAEFI(E 2 G )



The higher oxidation state of the central atom, the stronger acid
itwill be. ¥ 2 7 s7af 1 i 4% i fit 14 4 5
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@ @ nitrous acid
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nitric acid nitrate @ @

e (trigonal planar) nitrite (angular)
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perchloric acid
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perchlorate
(tetrahedral)
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hypochlorous acid
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hypochlorite (linear)
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acetic acid gz /&

benzoic acid # & benzoate

¥



® Acid Strength # 775 2

B K, — acid dissociation constant, indicating the extent

of dissociation of acids K, & & 77i£ 42 ¥ #
the equilibrium of strong acid goes toward its complete
dissociation # & = 1 jiZ42
the weak acid reaches its equilibrium with partial
dissociation i /& P84\ i 5g
B pH= —log [H*]
B the pH scale of aqueous solutions Is <14

K8 R TpH E = F<14

B pH meter —Saturated Calomel Electrode (SCE)

Hg + ClI- =% Hg,Cl, + e




& Acid Strength

B pH of strong acid, [H™] =[HA],
B Leveling Effect -T Z 2
HC10,
H,SO
HCI H,0
HBr
HI

HNO;
All strong acids or bases show the same strength in
the same solvent. In agueous solution, the strongest
acid allowed is H*, the strongest base allowed is OH".
k¥ crrd i i A 0 A b L OH-

» H + A



& Acid Strength

B pH of weak acid,

HA=——H + A
before [HA],
after  [HA],-x X X
X2 [HA]O >> X,

M2 THAp -x X=[H] = (K,[HAJ)"



& Percent Dissociation 7#3z

K_THA
X x100%=J LA 100%
[HA], [HA],
= Ka x100%
\ [HA],




® Percent Dissociation 7+.4 #4427

HA——H + A
before C
after (C-qC aC e
K = a’C*  a’'C*  Ca’
“ C-aC C(-a) (I-a)
a’ K K,

=2 <l oa=,—
l-a C C




& The pH of mixture of weak acids depends on the relative acidity

Example: Calculate the pH of a solution that contains 1.00 M HCN (6.2x10-1°)
and 5.00 M HNO, (4.0x10) and calculate [NO,] and [CN].

HCN === H" + CN°  K,=6.2x107'"
HNO,~— H'" + NO,  K,=4.0x10™*
H,0 == H' + OH"  K,~10"*

Nitrous acid is stronger than cyanic acid to the 6th order of magnitude,
It will dominate [H*].

H']NO, ] _ [H'F _[HT
[HNO,]  5.00-[H'] 5.00
[H*] = [NO,] =4.5x102 M pH = 1.35
H'J[CN'] _ (4.5x10%)[CN']
[HCN] 1.00

S [CNT ] = 1.4x10° M
The dissociation of cyanic acid is suppressed by nitrous acid.

4.0x107" =

6.2x107" = [




& The pH of very dilute acid ([H*] < 1.0x10° M)

HA H + A

gk - IAT L (eq 1)
[HA]

H,0 =—— H'" + OH"

K, = [H*][OH] = 1.0x10-4 -----(¢q 2)
mass balance: [HA],=[HA] + [A] ...... (eq 3)
FETiE
charge balance: [H] =[OH ] + [A] ...... (eq 4)

=h = T, 2—
w fe T

Unknowns: [H*], [OH], [HA], [A]
Knowns: [HA],, K., K,



[H ]=[A ]+[OH] @& learn how to set up equations
K gz At
=[AT]+ [HY] @ learn mass and charge balance
K g PRI T grerps
S[ATEHT ] @ learn how to solve the unknowns
[H" ] A A B R
[HA]=[HA],-[A] @ learn how to do approximation

PR G R

=[HA],~([H"]- KY ) |® learn the meaning of approximation
N
+ + K
H [(|[H |-—
. [H J([H] [H*]) P-K,
a . KW [H+]2_K
HAJ,-([H']-—2 ~ }
[HA], ([ ][H ]) [HA],~( T )
[H')

¥ T [HAJ, —[H']
if [HA],>> ([H*]? - K, )/[H] [H]= (K [HA],+ K, )"



& Polyprotic (Polybasic) Acids 2 77+ #
©

P P
.o @ og ® @ Y@
9@ @ 9
® ®
phosphoric acid phosphorous acid hypophosphorous acid
(tribasic) (dibasic) (monobasic)

B (Z B R) LA B R TR (B L)



& The pH of a diprotic acid — H,COj,

H.O"|[HA
HA+H,0=—— H,0" + HA KF[ 9 ]...(eq 1)
[H,A]

HO A
HA" +H,0 =— H,O" + A~ Kg:[ B[Hi[] ] ...(eq 2)

mass balance:
CH2 A = [HyA] + [HA'] + [A2] ...... (eq 3)

charge balance:
[H,O*] = [OH -] + [HA] + 2[A%] ...... (eq 4)

Unknowns: [H*], [OHT], [H,A], [HA], [A%]
Knowns: C, . Ky, Ky, Ky,



if K,>>K, (more than 1000 fold larger)
HA>>[A%]
H;0"] = [HAT]

‘A%]=K, (double checked later)
[H A] = [H,A] + [HA"] = [H,A] + [H;07]

[H,0'T

K. =
1 CHZA _[H3O+]

if Cy >>[H,0"]
[H3o+]:\/K1CH2A




Calculate pH of 5.00 M H,PO, and the concentrations of anions.

H,PO~— H'" + H,PO4
[H'][H,PO,] _ X’
[H,PO, ] 5.0
[H']=1.9x10" pH=0.72
[H'][HPO,”]
[H,PO, ]
[H']~[H,PO, ]
. [HPO,”]~K, =6.2x10°"
[H'][PO,”] 0.19[PO,”]
[HPO,”]  6.2x10°°
. [PO,”1=1.6x10" M

K, =7.5x107 =

K, =62x10" =

K, =4.8x10" =



Calculate [H;O*] for 0.0100 M H,SO, .

H2804 _120 HSO4_ + H30+

1,50, —22 -~ 50,2 +H,0" K, =1.2x10"

[H,O0"] = [HSO,]=0.0100 M approximation

[H,0°][SO,”"]

— = ~[S0O,” =1.2x10° M
[HSO,]

[SO,%] <<[HSO,] or [SO,#] <<[H,O*] thus is not
a proper assumption.



Cy .50, =[HSO, 1+[SO,”] ...Mass balance
H,0"]=[HSO, ]+2[SO,”] -..-.charge balance
H,0']- Cy 50, =[SO, ]

H,0"]=0.0100 + [SO,”]

'HSO, 1=0.0100 - [SO,” ]

[H,0°][SO,”] _ (0.0100+[SO,” [SO,"]

K. =
’ [HSO, ] (0.0100-[SO,” ])

'SO,” ]=4.5x10° M
H,0"]=0.0145M
'HSO, 1=0.0055 M




& Inorganic Bases # #4%

ammonia #

metal hydroxides £ & 4 # /* #: NaOH, KOH,
Ca(OH),

F 7t £ Ca0, BaO
metal hydrides £ # 4 /* #: NaH, KH
metal amides £ &4 /* #: NaNH,, LiNMe,, NaOMe
weak acid salts £ 4 77 & & NaOAc, NaCN, Na,CO,

metal oxides £ &
S £



& Organic amines 7 4%

E primary (1°) amine — & %

D e
00 o .
@
methyl amine aniline

7 5 Fh



@ Organic amines

B secondary (2°) amine = & #%

Q D

@ S
o0 L @ o ©

©

dimethyl amine piperidine
-z Az IE Az



@ Organic amines

B tertiary (3°) amine = .% 4%

@) ®

QO O

® ® Q D
a ° o
@ @

trimethyl amine Pyridine

—



& Biofunctional amines # /= #x

" "
Hojij/l(-:[\c /N\CH3 HO [(-:[\C /NHZ
O o

HO HO
Epinephrine Norepinephrine
7>/ »9'/% i B y’/—%
ﬁHZ H2 %
HO C NH C NH
:©/ N2 @/ o2
H, l
CH;
HO _ _
dopamine amphetamme

AR U~ T2 A



@ Salts #i7

B Neutral Salts: salts formed from strong acid &
strong base are always of neutral salts, pH = 7.
Rt SRS RS

Example:



B Acidic Salts: salts formed from strong acid &
weak base 3 fi& 27 33 k&2 = BL [ B

HCIl + NH; === NH,CI
NH,ClI NH, + CI
NH4+ + Hz() NH3 + H30+ Ka= 5.6x1010

[NH3][H30T]  [H30")

K, = "
[NH,4'] [NH4']

For IM NH,Cl at 25 C
[H307] = (K,[NH, )" = (K, [NH C1]) '
=2.4x10° M
". pH=4.6 The solution is slightly acidic.



B Solution of acidic salts of ampholyte = |+

Mass balance: Cy,4, = [H,A] + [HA"] + [A%]

Charge balance: [Na*] + [H,0"] = [OH] + [HA"] + 2[A*]

[H,A] = [A*] + [OH] - [H,0"]



K, [HA] _K,[HA'] L [OH -[H.0']
K,[OH] [H,0]
[H3O+][HA_] _ Kz[HA-]_I_ Kw —[H3O+]
Kl [H3O+] [H3o+]
[HA']
Kl

+9__ Kle[HA_]—l_KIKW
[H,0 ]—\/ HATK

[H, 0" 1( +1)=K,[HA"]+K

if both K., K, are small [H,0']= /K1K2
[HA-] ~ CNaHA 1 1
and K, << [HAJ= Cy, .« pH=—pK,+—pK,

2 2
I<w<< CNaHA



E Salts formed from weak acid & weak base (NH,OAc)
B3B3 a4k, > i

NH4O0Ac == NH," + OAc

. - [NH;3][H307]
NH;, + H»O — NH,; + H»O -
4 2 3 3 a [NH4+]
[HOAc][OH]
OAc + H0 HOAc + OH K=
[OAc ]

Mass balance:
Can 40Ac = [NH,"] + [NH;] = [HOAc] + [OAc]

Charge balance:
[NH,"] + [H;0"] = [OH] + [OACc]

INH;] - [H,0*] = [HOAc]| - [OH]



NH,IK, o [OACTHO K,
MO0 K, K,  [HO]
U
NH, R 0 p=[OACIILOTT

I<b Ka

U

[OQC']>[H30+]2 - [NH4+]II§—:+ K,

U

1,0 \/KWKa([NH4 14K, )

(1+

K, (K, +[OAc’])
K,, K, are small, .. [NH4+]=[OAC’] ~ Fi,onc
K, K,
I<b
if K, > K, solnis acidic

K,<K, soln is basic

-~ [H0']=

K,=K, soln is neutral



B Solution of weak acid & Its Salt
32 H BMEE Dl B R
+ HA/NaA

+ H,A/NaHA or H,A/Na,A
+ NaHA/Na,A

H>A + H0 HA + H::,()+ szpKa —I—I()g HA -
1 H,A
or

A~

HA™ + H,O A* + H;0T pHZpK,O12 +log A" ]

[HA']



E 0.0100 M phthalic acid/0.200 M KHP

COOH COOK"
Lo (e
COOH COOH

~ [HP[H;07]

K= =1.3x107°
|H,P]
[P¥][H;0"] )
Ky = =3.9x10 " << K¢
[HP']

[H,P] = 0.100 - [H,0*] = 0.100 M
[HP] = 0.200 - [H,0*] = 0.200



E Method 1.
O.ZOO[H3O+]
0.100
[H,0']=6.5x10* M pH=3.19
B Method 2.
pH=pK, + log(

—-1.3%x10°

HA™
H,P.
0.2

=2.89+]log —
S 0.1

=3.19
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