Measuring pH

a = 10 11 12 13 14 15

increasing acidity neutral increasing basicity

Hit jaq) » oH' (aq) H't|agq) = oH!' (agq) H!''(agq) < oH! (ag)

[H*] «x [OH] = cost=10"4
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[H*] in biological fluids is described by
very small numbers (10%)
whose even smaller variations produce big effects !

Then...pH
l.e. colog (-log x =log 1/x) to base 10
of [H*]
[H]1=10"M ?

the log 1/10-" = log 107 =7
pH =7 (neutral pH!)

[H]=10*M ?
the log (tobase 10) of /104 = log 10%=4

pPH=4
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Cola drinks

Biological fluids pH

Pure water

Milk of

M magnesia I M NaOH
HCI Tomatoes Baking
Gastric soda Household
juices Oranges U rine Blood Seawater ammonia
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55.5 M 0.1 M

pH = log 1/0.1=1.0




Measuring pl

pH-Indicators H*-selective electrodes
Solutions specific staining Current changes
oc [H*]
By eye/(spectro)photometry Amperometry (pH-meters)
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H*-amperometry
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EX.

H,O
InH — In- + H7
yellow red
[In-] [H+]
Kln e E e
[| N H] Solving for H*
[INH]
[H*] = K, --------- - log 1/[H*] = pH
[In]
[IN7] (red)
pH = pK,+log ------

[INH] (yellow)
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Lewis

2-hydroxyphenazine AH + HO <& A + H
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anthocyanin


http://en.wikivisual.com/index.php/Image:Anthocyane.png
http://en.wikivisual.com/index.php/Image:Fuji_apple.jpg
http://en.wikivisual.com/index.php/Image:Autumn_Royal_grapes.jpg
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InH
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yellow

In-
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+ H*
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ES. o
InH — Inn + H7
yellow red
[In-] [H+]
L ——
[I N H] Solving for H*
[InH]
[H = Ky emeemees > log 1[H*] = pH
[In’
[IN7] (red)
pH = pK, + log ------

[INH] (yellow)
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pH=1.0 = 4.0 | pH=4.0 = 11.0

pH: 2 3 4

pH-dependent staining of antocyanine



Acidic soll

Alkaline soill

extract
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http://upload.wikimedia.org/wikipedia/commons/7/7f/Hydrangea_macrophylla_-_Hortensia_hydrangea.jpg
http://upload.wikimedia.org/wikipedia/commons/1/1d/Hydrangea_macrophylla_-_Bigleaf_hydrangea2.jpg

pH Indicators provide

« One quantitative info > at the color change (transition) point, when pH = PK,

« Two qualitatives info = pH > pK|, pH < pK,,
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Common pH indicators

Sapienza
Indicator pH Range in which Colour Change
Colour Change Occurs as pH Increases
Crystal violet 0.0-1.6 yellow to blue
Thymol blue 1.2-2.8 red to yellow
Orange IV 1.4-2.8 red to yellow
Methyl orange 32-44 red to yellow
Bromcresol green 3.8-54 yellow to blue
Methyl red 4.8-6.2 red to yellow
Chlorophenol red 5.2-6.8 yellow to red
Bromthymol blue 6.0-7.6 yellow to blue
Phenol red 6.6 - 8.0 yellow to red
Neutral red 6.8-8.0 red to amber
Thymol blue 8.0-9.6 yellow to blue
Phenolphthalein 8.2-10.0 colourless to pink
Thymolphthalein 9.4-10.6 colourless to blue
Alizarin yellow 10.1-12.0 yellow to blue
Indigo carmine 11.4 - 13.0 blue to yellow
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pH Indicators
H | | | | | | | | | | | | |

Indicator P 1 2 3 4 5 6 7 8 9 10 11 12
Alizarin yellow R Yellow I Violct
Thymolphthalein Colorless M Blue
Phenolphthalein Colorless A Red
Thymol blue Yellow M Blue
(base range)
Phenol red Yellow T Red
Bromthymol blue Yellow M Biue
Chlorphenol red Yellow 0 Red
Bromcresol green Yellow M Blue
Methyl orange Red @ Yellow-orange
Bromphenol blue Yellow M Bluc-violet
Thymol blue Red I Yellow
(acid range)
Methyl violet Yellow I Violet




pH

Turning point 2 pH =pK

In

14.0 — 14.0 —
12.0 — 12.0 -
Color change

alizarin yellow R

10.0 10.0 -
Equivalence Color change
Color change point ™ phenolphthalein

phenolphthalein

8.0 8.0 — -
Equivalence
point Color change pH

bromthymol blue
6.0 - 6.0 —
4.0 - Color change 4.0 —

Color change
bromphenol blue s
__ bromphenol blue
20 +— 20
Color change
methyl violet
0.0 | L | | | 0.0 | | | | | |
0.0 5.0 10.0 15.0 20.0 25.0 3 0.0 5.0 10.0 15.0 20.0 25.0 30.0

Volume of 0.500 M MaOH. mL

Volume of 0.500 M NaOH, mL






