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Carpita N ＆ McCann M(2000)in "木材の化学"（文英堂） 
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Glucose: precursor for everything 
from large to small molecules 

• Cellulose 

• Hemicellulose 

• Lignin 

• Starch 

• Pectin 

• Amino acid 

• Protein 

• Sugar 

• Others 
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Storage starch 貯蔵多糖 
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Structural polysaccharide 構造多糖- Cellulose 

• “β1,4-” bonding enables chain straight and structure crystalline. 
• → high mechanical strength of 5-15 times of iron (per weight). 
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Bio-synthesis of Cellulose 

Terminal complex 



Completion of plant cell wall 

図 粟野達也（寺島の図を改変）木材の形成 

Polymerized  
(Lignin) Cellulose 

Inside cell 

Monomer 

Radical coupling  
peloxidase Hemicellulose 

Lignin 



Plant cell wall 

• Micro-sized Multi-layered structure 

• High durability 

• Biodegradable 
Cell 

Φ few decade μm 

Cellulose fibril 
Φ few nm 



Utilization of plant body (cell wall) 

• Wood construction 

• Chemical refinery   

   → Cellulose : paper, nanofiber, viscose rayon… 

    

 

   → glucose:  precursor as monomer (lactic acid) 

                                             as energy (ethanol) 

[Cu(NH3)4](OH)2 

Hemicellulose 

Lignin 



How to make ethanol 

Yeast 酵母 
Saccharomyces spp. 

Delignification 

Wood cellulose Corn starch Mollases 

saccharification 

fermentation 

distillation 

Bio-ethanol 
5-10 μm 

Cellulase 

M. Crowly et al. 

Tyrosine (Y) binds 
hydrophobic surface of 
cellulose  



Fossil resources 

Copyright © The Mac Grow-Hill Companies,Inc.Permission required for 
reproduction or display. 

Oil refinery industry 
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(1)    Polymer 



Petroleum: precursor for everything 
from large to small molecules 

Copyright © The Mac Grow-Hill 
Companies,Inc.Permission required 

for reproduction or display. 

Asphalt 

C16-C20 

C15-C18 

C12-C16 

C15-C12_ 

C1-C4_ 

Diesel/ Raw material for LRG 

Jet fuel 

Gasoline 

LRG (Liquefied refinery gas)   

Diesel/Industrial fuel 

1 barrel  
=160 ℓ 

(Raw materials for chemical) 

C>20 

134 ℓ  : fuels for transportation 
     5 ℓ  : Materials, Medicines 



Monomer Polymer 
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HDPE(High Density Polyethylene) LDPE(High Density Polyethylene) 

H 

H H 

H 

Soft 
flexible  
transparent 

Hard 
opaque  
more heat-resistant 

Melt 120-130℃ Melt 160-170℃ 
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• Nylon 
Bio-mimetically designed polymer 

図版：Whikipedia 

Nylon inventor:  

Wallace Hume Carothers 
(1896-1937) 

Peptide bonding 



Polymer- “Big 6” 

出典：「実感する化学」 

Polyethylene (LDPE) 
 
 
 
Polyethylene (HDPE) 
 
 
 
 

Polyvinyl chloride 

Polystyrene 

Polypropylene 

Polyethylene terephthalate 



Composition by weight of municipal solid waste before recycling in 2003. 
Source: U.S. Environmental Protection Agency, EPA 530 F-05-003, April 2005, USA. 



(2)    Energy 



Energy calculation 
• Chemical bonds convey energy 

Breaking 4 C-H bonds=4×(+416 ) 
= + 1,664 kJ 

Breaking 2×1 O=O bonds=2×(+498 kJ) 
=+ 996 kJ 

Forming 2 C=O bonds=2×(-803 kJ) 
=- 1,606 kJ 

Forming 2×2 O-H bonds=4×(-467kJ) 
=- 1,868 kJ 
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CO2+H2O 

 

0 kJ 

-814 kJ 

Net energy change 



Bond Energies  
(in kJ/mol) 

Single bond 

Multiple  bond 



Q. Compute the amount of energy (in kilojoules) 
released by burning  one mole glucose. 
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= 

Assume glucose as “gas” phase in this case  in order to use the 
table for the practice. (glucose is solid normally) 



Q. Generally speaking, the less oxygen a 
compound contains, the more energy per gram 

it will release on combustion. Explain the reason. 
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Wood 
10.4-14.1 

kJ/g 

Lignite 
(brown coal) 
Ca. 16 kJ/g 

Subbituminous 
Ca. 24kJ/g Bituminous 

Ca. 30kJ/g 

Peat 
Ca. 13 kJ/g 

Anthracite 
Ca. 30kJ/g 



Carbon materials 

Via plant 

製鉄 

Tire 

2010ノーベル賞 

炭素材料の市場構造 室伏信幸、2011炭素 

活性炭 



Partial degradation 

Conversion  
High pressure 
High temperature 

Carbon materials 

Fossil resources 

40 million years 

Polymers 
Fuel 
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Only the system  
of carbon-fixing  

Challenge 

http://upload.wikimedia.org/wikipedia/commons/f/fd/Struktura_chemiczna_w%C4%99gla_kamiennego.svg


Homework 

Why synthesized polymers from petroleum is more 
popular in modern living than natural polymers? 

Discuss quantitatively and qualitatively, standing in 
the view points of natural science, engineering, 
and social science. 


