Acids and Bases - Formula Sheet:

Arrhenius Definition:
e Acids produce H" ions in solutions.
e Bases produce OH ions in solutions.

Bronsted-Lowry Definition:
e Acids are proton donors.
e Bases are proton acceptors.

Lewis Definition:
e Acids are electron pair acceptors.
e Bases are electron pair donors.

Acid-Base Equations: (0.1 M HCl or 0.15M KOH)
pH = —log[H™] pOH = —log[OH ]
pH + pOH = 14
[H*] = 107PH [OH™] = 107POH
[HT][OH ] =1x 10"

[H*] = [H307]

Strong Acids:
HCL/ HBr/HI/HNO3z/HCLlO,/ H,SO,

Weak Acids:
HF / HNO, / HCIO / HCN / HC,Hs0,

Strong Bases: NaOH/KOH Weak Bases: NH;

Autoionization of Water:
HZO(l) + HZO(I) - H30+(aq) + OH_(aq)
K, = [H*][OH]

K, =1x10"* at 25°C

pH of a Weak Base: (0.25 M NH3)
B(ag) + H20@) > HB™ (qq) + OH™ (qq)

[HB*] [OH™]
“= T

If K, <1x10% then— [OH™] = /[B]" K,

pOH = —log[OH™] pH = 14 —pOH

1
pH = 3 (14 + pK, + log[B])

pH of a Weak Acid: (0.5M HC,H;0,)
HA(agy + H;0() = H307 (qq) + A (ag)

_[H;0*] [47]
¢ [HA]
If K.<1x10% then - [H*] ~ /[HA] - K,

pH = —log[H*]

1
pH = = (K, — 10g[HA])

Acidic lons: | Neutrallons: | Weak Basic lons:
NH,” cl~ F~
A3 Br~ CN~
Fe3* I~ C,H;0,
Cu?* NO;~ NO,”
clo, clo~
HSO,” C0,%~
StrongBaselons: OH~ 0%~ H~ NH,”

Percent lonization for Acids:

[H]
[HA]

% Ilonization = X 100%

Percent lonization for Bases:

OH™]
[B]

% lonization = X 100%
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Acid: K. Value:
HNO, 4.0 x 1074
HF 7.2 x 107*
HC,H;0, 1.8 x 1075
HClO 3.5 x 1078
H,P0,” 6.2 x 1078
NH,* 5.6 x 10710
HCN 6.2 x 10~10

Acid-Base Dissociation Constant Equations:
pK, = —logK, pK, = —logk,
pK, + pK, = 14

K, = 107PKa K, = 107PK»

K, X K, =1 x 1071

Note: A buffer solution is made up of a weak acid
and its conjugate weak base. Buffer solutions
resist changes to its pH.

Examples of Buffer Solutions:
1. HF/NaF
2. NH4Cl/NH;
3. HCszOz/NGCszOz

pH > pK, when [A~] > [HA]
pH < pK, when [A™] < [HA]

pH - Buffer Solution: (0.5M NH,CLl/ 0.4M NH;)
Henderson-Hasselbalch Equation:

pH = pK, + log (%)

% — 10pH—pKa

Note: pH = pK, when [A™] = [HA]

Dissociation Constants for H;PO,

H3P04_ Kal == 75 X 10_3
H,PO,~ K, =62 x 1078
HPO,*™ K3 =48 x10713

Note: The 1% step is most important for
calculating the pH of the solution:

[H;07] = [H,A7]

Koz = [HAZ_]

pH of a Polyprotic Acid: (0.25M H;PO,)

H3A(aq) + HZO(l) - H30+(aq) + HZA_(aq)

[H;07] [H,A7]
[H3A]

al =

HyA™ (aq) + H200y = H30% (agy + HA* (49

[H30*] [HA*]

@ [HAT]

Amphoteric lon Reactions in Water:
HZA_(aq) + HZO(l) - H30+(aq) + HAZ_(aq) KaZ

HZA_(aq) + HZO(l) i OH_(aq) + H3A(aq) Kb3

[H3;0%] [HA*T]

[H3A] [0H"]
KaZ = [HZA_] b3 = T g 1.7

[H,A7]

pH of an Amphoteric Salt: (0.4M NaH,PO,)

1
pH = > (pK41 + pK,,) "Isoelectric Point

K
[H*]~ VKar Kz Kpz =7
al
[H34]
H*] = |Ku " K
[ ] \/ al a2 [HZA_]
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The Quadratic Formula:

Standard Form of a Quadratic Equation:

ax®?+bx+c=0

B —b ++Vb?% — 4ac

Dilution Formula:

pH of a Weak Acid / Weak Base Salt: (0.2M NH,F)
HA(aqy + H,00) > H30" (ag) + A" (ag) Ka
Baqy + H200) > HB" (aq) + OH (aq) Kp

HZO(l) + HZO(I) - H30+(aq) + OH_(aq) KW

[H*] ~

2
~
‘\h
=
R
=
=

Ky
M1V1 = M2V2
+
Moles: [H*] = Kok  1B] [HB"]
n=MV K, [HA] [A7]
Acid-Base Titrations:
Titration: pH at Equiv. point e |CE Tables — Use Molarity
Strong Acid - Strong Base pH=7 e BCATables-Use Moles
Weak Acid — Strong Base pH>7
Weak Base - Strong Acid pH<7 At 2 Veq (Equivalence Volume):
pH =pKa and [A7] = [HA]
Acid-Base Indicators:
Indicator: K, PK, HIn to In™
3.4 x 107* 3.5 Red to
Methyl Red 7.9 x 107° 5.1 Red to
Bromthymol Blue 1.0 x 1077 7.0 to Blue
5.0 x 10710 9.3 Clear to
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