Ketika tablet Alka-Seltzer dilarutkan dalam air, ion bikarbonat dari natrium bicarbonat di dalamnya
bereaksi dengan komponen asam dalam tablet yaitu asam sitrat menghasilkan gas karbon dioksida.
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Asam

Berasa asam. Cuka berasa asam asetat. Jeruk mengandung
asam sitrat.

Bereaksi dengan logam menghasilkan gas hidrogen.

Bereaksi dengan karbonat atau bikarbonat menghasilkan gas
karbondioksida.

Basa

Berasa pabhit.

Terasa licin. Sabun mengandung basa.



Asam Arrhenius adalah zat yang menghasilkan H* (H;O*) di dalam air

HCI + H,0 —_ H;0* +

Cl™

Basa Arrhenius adalah zat yang menghasilkan OH-di dalam air

C ,
‘e‘“Q’G ‘e&+.£«

NH; . H,O OH™

!

!
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Asam Brgnsted merupakan pendonor proton
Basa Brgnsted adalah akseptor/penerima proton

.&

Ge‘, . 9.‘4 = "c&

NH; ope H-0 — OH™
basa asam asam basa
asam basa
basa asam . .
konjugat konjugat
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Sifat-sifat Asam-Basa Air
H,O () — H* (agq) + OH" (aq)

autolionisasi air

konjugat
H,O + H,O0 7/ H;0* + OH"

konjugat 15.2



Hasil Kali lon-ion Air

H,O () == H"(ag) + OH (aq) K =

Ko[H20] =K, = [H*][OH"

_ HT[OH]

[H,0]

[H,O] = constant

Konstanta hasil kali ion (K,) adalah hasil kali konsentrasi-
konsentrasi molar ion-ion H* dan OH- pada suhu tertentu.

H]
H]
H]

NV

OH"
OH"
OH]

Solution is
neutral

acidic
basic

15.2



§ What is the concentration of OH- ions in a HCI solution
whose hydrogen ion concentration is 1.3 M?

K,, = [H*][OH] = 1.0 x 10714

[H*]=1.3 M
K 1x 1014
OHl= — = =7.7x1015M
[OH] [H*] 1.3

15.2



pH — Ukuran Keasaman

pH = -log [H]

Solution Is At 25°C
neutral H*] = [OH] H*]=1x 10"
acidic H*] > [OH" H*] > 1x 107
basic H*] < [OH" H*] <1 x 10~

pH ‘ [H*] \

pH =7
pH <7/
pH > 7

15.3



TABLE 15.1

Common Fluids pOH — _log [OH_]

Sample pH Value

Gastric juice in ~ 1.0-2.0 + S — — 14
the stomach [H ][OH ] — KW =1.0x10
Lemon juice 2.

Vinegar 3

Grapefruit juice

4
0 + 4

32 -log [H*] — log [OH] = 14.00
Orange juice 3.5

Urine 4.8-7.5 pH + pOH = 14.00

Water exposed 5.5

to air*

Saliva 6.4-6.9
Milk 6.5

Pure water 7.0
Blood 7.35-7.45
Tears 7.4

Milk of 10.6
magnesia

Household 11.5
ammonia

*Water exposed to air for a long period
of time absorbs atmospheric CO; to form
carbonic acid, H,CO,.
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§ The pH of rainwater collected in a certain region of the
northeastern United States on a particular day was 4.82.
What is the H* ion concentration of the rainwater?

PH = -log [H*]
[H]=10PH=10482=15x 10> M

§ The OH- ion concentration of a blood sample is 2.5 x 107 M.
What is the pH of the blood?

pH + pOH = 14.00
POH = -log [OH] = -log (2.5 x 10-7) = 6.60

pH =14.00 — pOH =14.00 - 6.60 = 7.40

15.3



Strong Electrolyte — 100% dissociation
NaCl (s) —=—=— Na* (aq) + CI- (aq)

Weak Electrolyte — not completely dissociated

CH;COOH —— CH,COO" (aq) + H* (aq)

Stronq Acids are strong electrolytes

HCI (aq) + H,0 () C—)H;0* (aq) + CI" (aa)
HNO; (aq) + H,O () — H;0" (aq) + NO;™ (aq)

HCIO, (aq) + H,O () — H;0* (aq) + CIO, (aq)
H,S0O, (aq) + H,O () —H3;0" (aq) + HSO, (aq)

15.4



Weak Acids are weak electrolytes
HF (aq) + H,0 () CH;0" (ag) + F- (aq)
HNO, (aqg) + H,O () —= H;0" (aq) + NO, (aq)
HSO, (aq) + H,O () ——= H30" (aq) + SO,* (aq)
H,O () + H,O () &7— H;0" (aq) + OH" (aq)

Strong Bases are stronq electrolytes

NaOH (s) Na* (ag) + OH" (aq)

KOH (s) 0, K* (agq) + OH" (aq)

Ba(OH), (s) 0 Ba?* (aq) + 20H-" (aq)

15.4



Weak Bases are weak electrolytes

F (aq) + H,0 () COH- (ag) + HF (aq)
NO, (ag) + H,O () ——=OH- (ag) + HNO, (aq)

Pasangan asam-basa konjugat:

« Basa konjugat suatu asam kuat tidak mempunyai kekuatan
yang dapat diukur.

« H;0O*adalah asam terkuat yang ada dalam larutan air.

« OH-adalah basa terkuat yang ada dalam larutan air.

15.4



17::IRSR WA Relative Strengths of Conjugate Acid-Base Pairs

Acid

Conjugate Base

Acid strength increases

Strong acids

Weak acids

A

(HCIO, (perchloric acid)
HI (hydroiodic acid)
HBr (hydrobromic acid)
HCI (hydrochloric acid)
H,SO, (sulfuric acid)

A

_HNO; (nitric acid)

H;O+ (hydronium ion)
(HSO; (hydrogen sulfate ion)
HF (hydrofluoric acid)
HNO, (nitrous acid)
HCOOH (formic acid)
CH;COOH (acetic acid)
NH; (ammonium ion)

HCN (hydrocyanic acid)
H-O (water)

| NH; (ammonia)

ClO, (perchlorate ion)
I (1odide ion)

Br— (bromide ion)

Cl (chloride 10n)
HSO, (hydrogen sulfate ion)
NO; (nitrate ion)

H,O (water)

803— (sulfate 10n)

F (fluoride ion)

NO, (nitrite ion)
HCOO (formate ion)
CH;COO  (acetate ion)
NH; (ammonia)

CN  (cyanide ion)
OH  (hydroxide ion)
NH, (amide ion)

Base strength increases

15.4



Asam Lemah

Before

Asam Kuat

Before
lonization

At

lonization
HF

Cl

4

HCI

e

)
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§ What is the pH of a 2 x 103 M HNO, solution?

HNO; is a strong acid — 100% dissociation.

Start 0.002 M O.0M 0.0M
HNO; (aq) + H,O () — H;0" (ag) + NO;™ (aq)
End OOM 0.002 M 0.002 M

pH = -log [H*] = -log [H;0] = -log(0.002) = 2.7

What is the pH of a 1.8 x 10> M Ba(OH), solution?

<

Ba(OH), is a strong base — 100% dissociation.

Start 0.018 M 0.0 M 0.0 M
Ba(OH), (s —— Ba?* (ag) + 20H- (aq)
End OOM 0.018 M 0.036 M

pH =14.00 — pOH = 14.00 + log(0.036) = 12.6

15.4



Asam Lemah (HA) dan Konstanta lonisasi Asam
HA (aq) + H,0O () — H30" (ag) + A" (aq)
HA (aq) <—— H" (aq) + A" (aq)

[HAT]
2= “THA]

K, adalah konstanta ionisasi asam

Kekuatan
Ka I asam lemah I

15.5



L IRR R [onization Constants of Some Weak Acids and Their Conjugate Bases at 25°C

Name of Acid Formula Structure K, Conjugate Base Ky,
Hydrofluoric acid HF H—F 7:1 %:10™* F~ 1.4x 107"
Nitrous acid HNO, 0=N—O—H 4.5 % 1074 NO3 22 % 107"
Acetylsalicylic acid CoHs0, 0 30%x 1074 CoH,07 3.3 107"
(aspirin) |
C—O0—H
O_ﬁ' CH,
0
Formic acid HCOOH 0 1351074 HCOO™ 59% 107"
l
H—C—O—H
Ascorbic acid*® CsH3Os H—0 /OH 80 X 1077 CsH,O5 LAXI07W
(l,HOH\ /
CH,OH
Benzoic acid CqHsCOOH 6.5 X 107° CqHsCOO™ 1.5:3¢ 107
Acetic acid CH,COOH 181072 CH,CO0~ 56:% 1071
Il
Hydrocyanic acid HCN 49%x 107" | CN~ 20X 1077
Phenol C4H<OH 13X 107" | C4HO™ 11X 1072

H—C=N
@O—

“For ascorbic acid it is the upper left hydroxyl group that is associated with this ionization constant
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HF (ag) ——= H* (aq) + F (aq) K,= [H+][F-]:71x10'4

gf What is the pH of a 0.5 M HF solution (at 25°C)?

HF (ag)—— H* (aq) + F" (aq)

Initial (M) 0.50 0.00 0.00
Change (M) -X +X +X
Equilibrium (M) 0.50 - x X X
K, = 0.5)(()2_X:7.1x10'4 K, <<1 0.50—x~0.50
X2
K, ~ 050 - 7.1 x 104 x>=3.55x10% x=0.019 M
[H*] =[F]=0.019 M pH = -log [H*] = 1.72

[HF] = 0.50 — x = 0.48 M -



§ When can | use the approximation?

K, <<1 0.50-x=~0.50

When x Is less than 5% of the value from which it is subtracted.

0.019 M Less than 5%

j— 0 — 0
x=0.019 0.50 M x 100% = 3.8% Approximation ok.

What is the pH of a 0.05 M HF solution (at 25°C)?

X2
~ = -4 =
K, = 005 7.1x10* x=0.006 M
More than 5%
0.006 M X 100% = 12% L
0.05 M Approximation not ok.

Harus menyelesaikan x secara eksak menggunakan
persamaan kuadrat atau metode pendekatan tertentu. 155



Memecahkan masalah ionisasi asam lemabh:

1. ldentifikasi spesi utama yang dapat mempengaruhi pH.

« Dalam kebanyakan kasus, autoionisasi air dapat
diabaikan.

« Abaikan [OH"] karena ditentukan oleh [H*].

2. Gunakan ICE untuk menyatakan konsentrasi kesetimbangan
dalam simbol tunggal x yang tidak diketahui.

3. Tulis K, untuk konsentrasi kesetimbangan. Selesaikan x
dengan metode perkiraan/approximation method. Jika
perkiraan tidak valid, selesaikan x dengan tepat.

4. Hitung konsentrasi semua spesi dan/atau pH larutan.
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§ What is the pH of a 0.122 M monoprotic acid whose K, Is
5.7 x 104?

HA (ag)—— H* (aq) + A" (aq)

Initial (M) 0.122
Change (M) -X
Equilibrium (M) 0.122 - X
X2
K, = 0122 % 5.7 x 10
X2
K, = 0127 - 5.7 x 10*
069102823|\|>|/| X 100% = 6.8%

0.00 0.00
+X +X
X X

K,<<1 0.122-x~0.122

X?=6.95x10> x=0.0083 M

More than 5%
Approximation not ok.
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X2

= — -4 2 — S =
K, 0122 —x 5.7x10 x4 + 0.00057x-6.95x10°=0
-b i\/b2 — 4ac
2 — =
axc+ bx +c=0 X o3
X = 0.0081 X =--670081
HA (ag) — H* (aq) + A" (aq)
Initial (M) 0.122 0.00 0.00
Change (M) -X +X +X
Equilibrium (M) 0.122 - x X X

[H*] = x = 0.0081 M pH = -log[H*] = 2.09

15.5



Konsentrasi asam terionisasi pada kesetimbangan

Persen ionisasi = - X 100%
Konsentrasi awal asam

Untuk asam monoprotik HA
H+

[HA],

Persen ionisasi = x 100% [HA], = konsentrasi awal

Strong acid

100

% lIonization

Weak acid

Initial concentration of acid 15.5



Basa Lemah dan Konstanta lonisasi Basa

NH; (ag) + H,O () == NH,* (aq) + OH" (aq)

_ [NH,"][OH]
" [NH]

K, adalah konstanta ionisasi basa

kekuatan
Ky I basa lemah I

W
¥ Selesalkan soal basa lemah seperti asam lemah
kecuali [OH] menggantikan [H*].

15.6



TABLE 154

lonization Constants of Some Weak Bases and Their Conjugate Acids at 25°C

Conjugate
Name of Base Formula Structure Ky* Acid K,
Ethylamine C,H<NH, CH_,—CHz—ilxi—H 56% 107 C,H;sNH; 1.8 % 107"
H
Methylamine CH;NH, CH_;——I'\li—-H 44 X 107 CH;I:IH; 23104
H
Ammonia NH; H—f\li—H 1.8 X 107° NH 5.6 X 10710
H
Pyridine CsH<N 17X 107" CH:NH 59% 10°°
Or
Aniline CsH<NH, " 38 x 1071 C,,HSKIH_; 26 X 1077
O
H
Caffeine > 5 A N
g CxH“)N_;Og (_) 3.3 x IO CNH”NJO: 0.19
I :
H.C _ CH;
\N/ N2 /N\
-
.-
CH,
Urea (NH,),CO 1.5:% 107 H:NC()KJH; 0.67

#The nitrogen atom with the lone pair accounts for cach compound’s basicity. In the case of urea, K, can be associated with ¢ither nitrogen atom,

w« I @
H—TTJ—C—ITI—H
H H
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Konstanta lonisasi Pasangan Asam-Basa Konjugat

PA (aq) —— H* (aq) + X (a0) Ka
A (aq) + H,0 () = OH" (aq) + A (aq) K,
H,O () = H* (ag) + OH" (aq) Ky

KaKb = KW

Asam Lemah dan Basa Konjugatnya

15.7



lonization Constants of Some Diprotic Acids and a Polyprotic Acid and Thewr Conjugate Bases

TABLE 155

at 25°C
Conjugate
Name of Acid Formula Structure L™ Base K,
L
Sulfurc acid H.SO, H—O—S—O—H very large HSO, very small
L8
(83
Hydrogen sulfase son HSO; (3 T T S 1.3 1077 SO V.3 RO
L8
O O
i i ~ .
Oxal acind C.H, O, H e O e P B 6S > 107 CHO, 533X 50"
134>
[ A = X
Hydrogpen oxalate »son CoHO, H—O—C—C—O 6l x 10 | CHO3™ 1.6 > 10"
L8
Sulfuroes acid ™ H.SO, B —-S—0—58 1.3 107 HSO: - A o 4 | EEag
(8]
: _
Hydroges sulfie oo HSO, H—O—S -0 o YT T e SO 1.6 10
s
o
’ i — - -
Carbomic acud "3(’(). H—0O—C—O0O—N 42 > 10 HCOO, 245 1"
O
' -
Hydrogen carhonase »on HCO, H—O—C—0O 4.8 107" | CO3 2.8 X 107*
Hydrosulfunc ackd H. .S H—S—1 9SS x 107" HS~ 1.1 x 07
Hydroges sulfade son’” HS M-S BT T i B P x 10°
(3] '
| . .
Phosphonc acid H. O, H—O—P—O—M 7.5 > 10O H.FO, 1.2 x 10 '
<
H
L
i e -
Dihydrogen phospdase son H.PO, H—O—P—0 a2x 10" HNO, 1.6 10
<
"
(3]
- l = » -
Hydrogen phosphate om HIXO; H—O—Pr—0 48 > 107" O 2.3 5502
<
RSN, B mowvey Borm decaton?d amd calets o omly SRS CUERCDERI SNSRI AR Sgoouas sobatioms o S e A, saldac Bery refors S the puocoss SEhd g = LN e
M i & MISO iy N

e hmirstivnm oomstast o ST n vory e 200 UIRCUS e macasate. The sabae Towdond Baere s owly am colmaty



Struktur Molekul dan Kekuatan Asam

H-X —— H*+X

Semakin

kuat
Ikatannya

TABLE 15.6 Bond Enthalples f_or Hydrogen Halides and Acid Strengths
for Hydrohalic Acids

Semakin
lemah
asamnya

Bond Bond Enthalpy (kJ/mol) Acid Strength
H—F 568.2 weak
H—ClI 431.9 strong
H—Br 366.1 strong
H—I 298.3 strong
1A 8A
2A 3A4A5A6A7A
F
Cl
HF << HCI < HBr < HI Br

Y 159



Struktur Molekul dan Kekuatan Asam

5 ot
>, o0 h Dy oipe

d d

lkatan OH akan lebih polar dan mudah putus jika:

« Z sangat elektronegatif atau

« Z berada dalam bilangan oksidasi tinggi

:0: :0:
H—O—C—0—H H—O— N H—O—N—0:
Carbonic acid Nitrous acid Nitric acid
S0 () {95
H—0—P—0—H H—O—P—O—H H—0—§—0—H
.e l’|’ .o .e :(I): .s :(IJ):

h

Phosphorous acid Phosphoric acid Sulfuric acid
= : 15.9



Struktur Molekul dan Kekuatan Asam

1. Asam-asam okso yang mempunyai atom pusat (Z) berbeda,
yang berasal dari golongan yang sama dan mempunyali
bilangan oksidasi yang sama.

Kekuatan asam meningkat dengan meningkatnya keelektronegatifan Z
O. O-

- G4C O - 34B3 0

Cl lebih elektronegatif dibandingkan Br

1A 8A
2A 3A4A5A6A7A A

HCIO, > HBrO, 8

Br
|

15.9




Struktur Molekul dan Kekuatan Asam

2. Asam-asam okso yang mempunyal atom pusat (Z) yang sama
tetapi jumlah gugus terikatnya berbeda.

Kekuatan asam meningkat seiring dengan meningkatnya bilangan oksidasi Z.

Hypochlorous acid (+ 1) Chlorous acid (+ 3)
HCIO, > HCIO; > HCIO, > HCIO
10 :0:
—G-G1-0;
Chloric acid (+ 5) Perchloric acid (+ 7)

15.9



Sifat Asam-Basa Garam
Larutan Netral:

Garam yang mengandung ion logam alkali atau alkali tanah
(kecuali Be?*) dan basa konjugat dari suatu asam kuat
(misalnya CI-, Br, dan NOy).

NaCl (s) 22+ Na* (aq) + CI- (aq)

Larutan Basa:

Garam yang berasal dari basa kuat dan asam lemabh.

CH,COONa (s) 22+ Na* (aq) + CH,COO" (aq)

CH;COO- (aq) + H,O () — CH;COOH (aq) (aq)

15.10



Sifat Asam-Basa Garam

Larutan Asam:

Garam berasal dari asam kuat dan basa lemabh.
H,0 i
NH,CI (s) ——NH,* (aq) + CI- (aq)

NH," (agq) —— NH; (aq) @(aq)

Garam dengan kation logam kecil dan bermuatan tinggi
(misalnya Al3*, Cr3*, dan Be?*) dan basa konjugat dari
asam kuat.

AI(H20)6 (aq) —— AI(OH)(HZO)5 (aq) + H* (aq)

15.10



Hidrolisis Asam dari Al3*

Al(H,0)2* + H,0

15.10



Sifat Asam-Basa Garam

Larutan vang kedua kation maupun anionnya terhidrolisis:

« K, untuk anion > K, untuk kation, larutan bersifat basa
« K, untuk anion < K, untuk kation, larutan bersifat asam

« K, untuk anion = K, untuk kation, larutannya netral

TABLE 15.7 WEGE-EEER o a (RN BT 1| 6

lons That
Undergo pH of
Type of Salt Examples Hydrolysis Solution
Cation from strong base; anion from strong acid NaCl, KI. KNO;, RbBr, BaCl> None =7
Cation from strong base; anion from weak acid CH;COONa, KNO, Anion >7
Cation from weak base: anion from strong acid NH,Cl, NH,NO; Cation <17
Cation from weak base: anion from weak acid NHsNO,, CH;COONH,. NH,CN  Anion and cation <7ifK, <K,
=T7ifK, =K,
>T7ifK, > K,
Small, highly charged cation: anion from strong acid ~ AICl;. Fe(NO;): Hydrated cation <7
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Oksida dari Unsur-unsur Representatif (Golongan Utama)
dalam Bilangan Oksidasi Tertingginya

I Basic oxide I8
1A BA
X Acidic oxide 13 14 15 16 17
2A 3A 4A 5A 6A TA
Li,O | BeO Amphoteric oxide B,0, | CO, | N,O OF,
Na,0 | MgO 3 4 5 6 7 9 10 1 12| ALO, | Si0, | PO, | SO, | C10,
3B 4B 5B 68 B 8B 1 I3 2B
K 20 CaO cazo 3 GQOZ AS:O_; SeO 1 Br,o,
sz() SrO lﬂ203 Sno: szos 1'003 lzo,
Cs,0 | BaO THLO, | PHO, | Bi,O; | PoO,; | ALO,

CO; (9) + H,O (l=—H,CO; (aq)

N,O: (g) + H,O () =——=2HNO4 (aq)

15.11




Pengertian Asam

Asam Arrhenius adalah zat yang menghasilkan H* (H;O") di dalam air
Asam Brgnsted adalah pendonor proton

Asam Lewis adalah zat yang dapat menerima sepasang elektron

Basa Lewis adalah zat yang dapat mendonorkan sepasang elektron

H* + 'OH—»|-| —H

asam basa

H
/\I | +
N—H — H—N—H

H H

asam Dbasa 15 15



Asam dan Basa Lewis

- H F H
F—IIB + :I{I—H — F I|3 I{I H
S E b

asam basa

Tidak ada proton yang didonorkan atau diterimal
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Kimia “in Action”: Antasida dan Keseimbangan pH Lambung

Some Common Commercial Antacid Preparations

Commercial Name

Active Ingredients

Alka-2
Alka-Seltzer

Bufferin
Buffered aspirin

Milk of magnesia
Rolaids

Tums

Calcium carbonate

Aspirin, sodium bicarbonate,
citric acid

Aspirin, magnesium carbonate,
aluminum glycinate

Aspirin, magnesium carbonate,
aluminum hydroxide-glycine

Magnesium hydroxide

Dihydroxy aluminum sodium
carbonate

Calcium carbonate

Mg(OH), (s) + 2HCI (aq)

MgCl, (aq) + 2H,0 ()

To intestines

NaHCO; (aq) + HCI (aq)

NaCl (aq) + H,O (I) + CO, (g)

Food

Blood
plasma

Mucous

4~ membrane

HCl(aq)

Blood plasma

CI"H* (active transport)



