Titrations Harris 7-1-7-2,11-3, 11-5-11.6

Stoichiometry of
Titrations, 7-1 — 7-2

* balanced equation

* concentrations

* end point =
equivalence point

-
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acid/base titrations . ML
Descroizilles (1806) Gay-Lussac (1824) Henry (1846) Mohr (1855) Mohr (1855)
Pour out liquid Blow out liquid Copper stopcock Compression clip  Glass stopcock

Level of
titrant

Buret
clamp

Buret—__

Stopcock
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The Phenolphthalein End Point

Flask

Solution
of analyte

Magnetic reading a meniscus
stirring
bar

Magnetic
stirrer

place a piece of white paper or kimwipe under flask to better aid detection of end point
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Effect of Ka and dilution upon end point detection, 11-3

As acid strength decreases or solution nt J0mMAA -
. . . 2 mM HA
becomes more dilute the inflection at the ] 0.2 MM HA
equivalence point becomes less distinct. al | 0.02 mMHA
8 | 0002 m H
Acetic acid is used as the solvent for the .| B
tobacco lab since the base in tobacco is too = ]
weak to be observed in water. [
2k
4
3
] Strong acid
9 2 4 & B MOI1Z274060 2 4 & B 10721416
Finding the End Point with a pH Electrode, 11-5 - use of derivatives
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Finding the End Point with Indicators, 11-6 - indicators are weak acids or bases

o
n Bramadrasal purpla,
[ tranisition range &L o
10 Bromocresal green, i fﬂ.ﬁ Ckrumm oy chplation bk
9 Eransidian “n?\'\.l. pH < 8.8
i IH"'lHl'l'
.4 pH = 5.54 at
z equivalence point b
&
R ag,_ F<Cos o
Fink phenalphihalein
4= pH B
3zl
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B 4 & E 10 92 74 16 18 30 22 34 26 pi, = 1.7
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The Leveling Effect, 11-9

H,0() + H,0(l) <=> H,0%(aq) + OH-(aq)

Acids stronger than the hydronium ion or bases stronger than the hydroxide ion have the
same effective strength in water, that of a strong acid or a strong base, since the equilibrium lies
so far to the right that it cannot be accurately measured.
than the conjugate acid (base) of the solvent have the same effective strength in that solvent and

the solvent is said to have a leveling effect on those acids and bases.

Acidity Constants in Water at 25°C

In general all acids (bases) stronger

Acid Formula Conjugate Base K, pK,
Hydriodic HI 1 = 10" =T ]
Hydrobromic HBEr Br = 10* = =0
Perchloric HC10, Cly S [/ =T
Hydrochloric HCl Cl = |07 = =7

| Chioric HCIO, Clo; 10 ~ -3
Sulfurie (1) H-50, HS0, = |0F =T
Mitric HMND, MO, = 2] = —1.3
Hydronium ion H.0' H:O 1 0.0
Urea acidium icn (NH:COMH, (NH.:CO {uread 6.6 = 107 0.18
lodic HIC, 10y, 16 = 107! 01,50
Oxalic (1) H.C.(, HC,0, 50 = 1073 123
Sulfurous (1) H-50 HSO;, 1.5 % 10°° 1.2
Sulfuric (2) HS0, 505 1.2 % 1072 1.92

I Chlorous HC10, Cl0, 1.1 = 1077 1.9

I Phosphoric (1) H.F(, H.POy, 7.5 % 1077 2.12
Hydrocyanic HCM CN™ 6.2 ¥ 107" 9.21
Ammonium ion MH; MH, 56 107" 0.25
Carbonic (2) HCOS (o H 48> 107" 1032
Methylammoniam won  CHyNH; CH,NH. 2.3 % 1o~Y 10.64
Arsenic (3) HAsO; AsO” 30 107" 1152
Hydrogen peroxide H.0, HO: 24 x 100" 1162
Phosphoric (3) HPY POy 22X 1077 1266

L Waler H.O OH 1.0 > 107" 14.00

| Hydrogen sulfide ion HS gt 1.0 % 1077 19,00
Hydrogen H. H™ Lo = 107 33.00
Ammonia MH, NH: 1.0 x 107" 38.00
Hiydroxide 1om OH" 0

>

acids stronger
than H,0"

The  strongest
acid (base) that
can exist in a
given solvent is
the acidic (basic)
autoprotolysis
species of the
solvent. In water
HCIOg is leveled
to H:O". As a
strong acid it is
not leveled to
CH3COOH2" in
acetic acid and
we use this in the
tobacco lab.

conjugate bases
stronger  than
OH-



	• balanced  equation

