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Where Biochemistry Fits In 

2 



What exactly is Biochemistry? 

The Basics 

3 

Study of life on the molecular level 

Life - ? 
Capacity for growth, reproduction, functional activity, and 

continual change preceding death. 

Classification 

Smallest Unit of Life? 
Cell 

Prokaryotes Eukaryotes 



Prokaryotes 
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Cytoplasm –  
 
Ribosome –  
 
Nucleoid –  
 
Flagella 
 
Cell Wall –  
 
Plasma Membrane –  
 
Pili –  
 



Prokaryotes 
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Cytoplasm –  
 
Ribosome –  
 
Nucleoid –  
 
Flagella 
 
Cell Wall –  
 
Plasma Membrane –  
 
Pili –  
 



Eukaryotes 
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nucleus nucleolus 

smooth ER 

rough ER golgi mitochondria 



Components of the Cell 
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Components of the Cell 
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Water – the solvent of life 
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What makes water ideal for living systems? 



Water – the solvent of life 
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What makes water ideal for living sysems? 

Polarity – allows cellular compartmentalization 



Water – the solvent of life 
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What makes water ideal for living sysems? 

Polarity and dielectric – allows dissolution of ions 𝐹 =
𝑘𝑞1𝑞2

𝐷𝑟2  

Dielectric Constant of the solvent 



Water – the solvent of life 
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What makes water ideal for living sysems? 

H-bonding potential 



Water and Acids-Bases Chemistry 
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When Bronsted Acid is dissolved in water, something MUST act as a base 

HAaq + H2O H3O
+

aq + A-
aq 

What are the equilibrium constants? 

  
 HA

AH
Ka





H2O(l) + A-
aq OH-

aq + HAaq   
 



A

HAOH
Kb



Titration Curves 
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Weak Acids and Bases 
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Calculate the pH of 465 μM Acetic Acid (pKa= 4.75) 

HXaq + H2O(l) H3O
+

aq + X-
aq 



Weak Acids and Bases 
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Calculate the pH of 465 μM pyridine (pKa = 5.25) 

Xaq + H2O(l) OH-
aq + HX+

aq 



Titrations of Weak Acids with a Strong Base 
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Mathematical simplification of Acid-Base Chemistry 
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Derive a mathematical expression that relates the pH and pKa with the ratio of 
conjugate acid to conjugate base. 



Buffers 
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HAaq + H2O(l) H3O
+

aq + A-
aq 

 
 

pH
HA

A
pKa 



log

X-
aq + H2O(l) OH-

aq + HXaq 



Buffers 
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pH
HA

A
pKa 



log

What is the pH of a buffer containing 0.04 M NaAcetate and 0.1 M Acetic Acid? pKa = 4.75 



Drawing a Titration Curve - Summary 
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Starting pH 

Equivalence Pt. Volume (this is NOT pH 7) 
Volume when pH=pKa 

½ volume @ Eq. Pt 

Asymptotic final pH 



Let’s Practice 
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Draw the pH vs. volume plot that would result from titrating 1.25 M NaOH into a 

100 mL solution of 50 mM of a weak acid that has a pKa of 8.1. 

1. Starting pH 
2. ½ Eq. Pt. 
3. Eq. Pt. 
4. Final pH 

4

5

6

7

8

9

10

11

12

13

14



pKa and Structure 
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What influences the pKa of an acid? 

A- + H+ ⇌ HA 

𝐾 =  
𝐻𝐴

𝐻+ 𝐴−  



pKa and Structure 
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What influences the pKa of an acid? 

A2- + H+ ⇌ HA- 

𝐾 =  
𝐻𝐴−

𝐻+ 𝐴2−  

HA- + H+ ⇌ H2A 

𝐾 =  
𝐻2𝐴

𝐻+ 𝐻𝐴−  



Polyprotic Acids and Bases 
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Polyprotic Acid – an acid that has more than one ionizable proton 
 
Amphiprotic – a molecule that can accept or donate a proton 

Important Biological Examples 

Phosphoric Acid 
H3PO4 + H2O ⇌ H2PO4

- + H3O+ pKa = 2.15 
H2PO4

- + H2O ⇌ HPO4
-2 + H3O+ pKa = 7.20 

HPO4
-2 + H2O ⇌ PO4

-3 + H3O+ pKa = 12.37 

Carbonic Acid 
H2CO3 + H2O ⇌ HCO3

- + H3O+ pKa = 6.35 
HCO3

- + H2O ⇌ CO3
-2 + H3O+ pKa = 10.33 

Amino Acids 
(NH3CH2CO2H)+ + H2O ⇌ (NH3CH2CO2) + H3O+ pKa = 2.34 
(NH3CH2CO2) + H2O ⇌ (NH2CH2CO2)- + H3O+  pKa = 9.69 



Polyprotic Acids and Bases 
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Isoelectric Points  

Amino Acids 
(NH3CH2CO2H)+ + H2O ⇌ (NH3CH2CO2) + H3O+ pKa = 2.34 
(NH3CH2CO2) + H2O ⇌ (NH2CH2CO2)- + H3O+  pKa = 9.69 



Thermodynamcis – a review 
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𝐾 =  
𝑍 𝑧 𝑌 𝑦

𝐴 𝑎 𝐵 𝑏 

aA + bB ⇌ yY + zZ 

How do we convert this to a statement of spontaneity (DG) 

Write an equilibrium constant expression that describes this equibilibrium. 

∆𝐺 = −𝑅𝑇𝑙𝑛𝐾 

What else do we need to know to describe the thermodynamic profile of this reaction? 

DH  Enthalpy DS  Entropy 

∆𝐺 = ∆𝐻 − 𝑇∆𝑆 



Thermodynamcis – a review 
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∆𝐺 = ∆𝐻 − 𝑇∆𝑆 

DH DS DG 
Temperature 

Dependence of DG 

- + 

- - 

+ + 

+ - 



Thermodynamcis – a review 
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CH4(g) + 2O2(g) ⇌  2H2O(l) + CO2(g) ΔH = -890 kJ 

Is this reaction endothermic or exothermic? 

Is this reaction spontaneous? 

Will this reaction be entropically favorable? 



Hess’s Law 
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Since DH, DS, and DG are State Functions (path independent), we can determine 
reaction enthalpies from individual reactions that sum to the desired reaction. 

A + B  C 

C + B  D 

A + 2B  D 


