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Electrons, protons, and oxidation-reduction
reactions.

e Electrons are negatively charged subatomic
particles that circulate around the atom nucleus.

e Electrons are essential for atoms to form covalent
(electron sharing) bonds.

e During many chemical reactions, electrons are either
removed or added to molecules.

e Molecules that lose one or more electrons are
oxidized, whereas molecules that gain electrons are
reduced.
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Element Atomic Electron
Number Configuration
Hydrogen 1 15!
Helium 2 18¢
Lithium 3 15228’
Beryllium 4 152282
Boron 5 1822522p1
Carbon 6 18%28%2p°
Nitrogen 7 18228%2p°
Oxygen 8 1522822p*
Fluorine 9 15228%2p>
Neon 10 1522522p0
Sodium 11 15%25%2p53s"
Magnesium 12 1522522p035<
Aluminum 13 15225%2p53s73p’
Silicon 14 15225%2p83s23p?
Phosphorous 15 1522822pf3572p°
Sulfur 16 1522522p83522p*
Chlorine 17 1522522p535%2p°
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Consequently, oxidation involves the loss of electrons,
and reduction involves the gaining of electrons.

As oxidation and reduction reactions occur together,

they are often termed oxidation-reduction or redox
reactions.

Ae+B «—— A+ B:e

for example,

pyruvate + NADH + H* «—— lactate + NAD*

Lactate dehydrogenase

Question

Which of the above molecules was reduced,
and which was oxidized in the direction of
lactate production?
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Why are protons important?
A proton (H*) is a hydrogen atom that has lost its
electron.

The concentration of protons ([H*]) in solution
determines the acidity of the solution, and is
represented numerically by the negative log of the [H*]

(pH = -log [H™])

Thus, a low pH represents high acidity, and vice-
versa.

Cellular pH is important to maintain (7.0 at rest), for when pH
falls too far (< 6.8), electrons are forced to leave certain
molecules. For proteins (eg. enzymes), this occurrence can alter
the shape of the molecule, decreasing its effectiveness.
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109(1) |0 10-14
107 |1 10-13
102 |2 1012
10% |3 10-11
104 |4 10-10
105 |5 10°
105 |6 10%
107 |7 107
108 |8 10%
10° |9 105
1010 |10 | 10*
107 |11 | 103
1012 |12 | 102
107 |13 | 10"
104 | 14 | 10°(1)

pH Scale and
Examples

[H]  pH [OH] pOH
M M

1 M NaOH

---Household bleach

--Household ammonia

=
-; [a[IE=E (o [o| A SET o ---Milk of magnesia

14 v
13 QD
12 | g
11 TSI
0 | AL
> | Neutral
8 o
7 o o ---Severe muscle metabolic
6 b acidosis
65 £ --Black coffee
4 oY
3 =
2 Increasingly Acidic ge@lEll RIS
1 --Cola soda
0

-Lemon juice
---Gastric juice

Acid
Acetic acid
Adenosine triphosphate
Adenosine diphosphate
Ammonium
Carbonic acid
Formic acid
Histidine
Lactic acid
Phosphoric acid
Dihydrogen phosphate
3-Phosphoglyceric acid
2-Phosphoglyceric acid
Propionic acid
Pyruvic acid

lonization Reaction
CH3;COCH «» CH;COO- + H*
HATP- <> ATP2 + H-
HADP- <> ADP2 + H*
NH4* <> NH; + H*
H,CO; «» HCO5 + H*
HCOOH <« HCOO- + H*
Histidine* «» Histidine + H*
CH;CH(OH)COOH ¢ CH;CH(OH)COO- + H*
H3;PO4 <» HoPO, + H*
H,PO, <» HPO,2 + H*
CH,OPO32CH(OH)COOH ¢« CH,0PO32CH(QH)COQ- + H*
CH;(OH)CHOPQ;2CO0H ¢« CH3(OH)CHOPO;2CO0Q- + H*
CH3CH;COOH ¢ CH3CH,COO- + H*
CH;COCOQH ¢ CH;COCQOO- + H*

Base
Acetate
ATP2
ADP2
Ammonia
Bicarbonate
Formate
Histidine
Lactate
Dihydrogen phosphate
Monohydrogen phosphate
3-Phosphoglycerate
2-Phosphoglycerate
Propionate
Pyruvate

pKa
4.78
6.48
6.38
9.26
3.77
3.75
6.0

3.67
214
6.75
6.21
7.0

4.87
2.26
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