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Photovoltaic cells can be made of:
- Crystalline silicon
- Cadmium telluride (CdTe)
- Copper indium gallium diselenide (CIGS)

All 
Semiconductors



- Sunlight is absorbed by the 
semiconductor and  
promotes electrons from the 
valence band to the 
conduction band

- This charge separation allows 
for energy storage



Strange chemical properties of the 
semiconductor TiO2

when exposed to light, TiO2 interacts closely with water and 

repels compounds that don’t mix well with water (soot, dust, 

oils) 

 “self-cleaning;” can efficiently cool buildings; anti-fog 

mirrors



TiO2 chemical properties continued

When exposed to light, TiO2 

causes the chemical degradation 

(breakdown) of various pollutants.  

It also causes chemical reactions 

that kill bacteria.  

 Improve air quality 

 urinals that resist bacterial 

buildup (and self-clean too) 
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Chemistry in cows
• Methane (CH4) is the second-most important greenhouse gas (not 

counting water vapor) → contributes 25-30% of anthropogenically caused 
global warming

• Cattle emit CH4 formed in their gut…and contribute 27% of all 
anthropogenic methane emissions!

• Methanogens = archea (single-celled microbes) living in the gut that get 
their energy by:

 

 4H2(g) + CO2 (g)     CH4(g) + 2H2O(l)

H2 is produced with 
typical high-fiber grass 
and corn-byproduct 
diets…

…but H2(g) is reduced by 
replacing portions of the 
diet with legumes, soy, 
corn… 

Le Chatelier’s 
Principle: shift 
reaction left, 
make less CH4! 



Ocean acidification and its effect on shelled organisms

CO2 + H2O           H2CO3 

H2CO3 + H2O         HCO3
- + H3O+

Acid         Base          CB          CA

CO3
2- + H3O+          HCO3

- + H2O

Base      Acid           CA           CB



Direct CO2 capture from ships…

CaCO3(s)

Seawater now 
has more HCO3

-

 All the same reactions from the previous slide!!

CO2 + H2O  H2CO3 

H2CO3 + H2O  HCO3
- + H3O+

CO3
2- + H3O+    HCO3

- + H2O
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• Peat: dead and 
decomposing plant 
matter developed over 
centuries

• Peatlands cover only 3% 
of Earth’s land area but 
store 2x the carbon 
stored in the world’s 
forests



• Sphagnum moss: 
produces galacturonic 
acid (C5O5H5COOH), a 
weak acid that 
contributes to peatland 
water pH of <5

• Bacterial degradation 
of organic matter 
produces other weak 
organic acids (look for 
the  –COOH group)

→ Peatlands can continue to sequester carbon as long as 
they remain water-saturated (decomposing matter stays 
as peat rather than going to CO2 because there’s no O2 to 
react



Methane (or any!) Combustion is a Redox 
Reaction

CH4 + 2O2 → CO2 + 2H2O
 ox #:    -4   +1              0               +4  -2               +1    -2

→ O2 is the oxidizing agent (for all combustion reactions)
→ CH4 is the reducing agent

→ CH4 is ~30x more powerful as a greenhouse gas than 
CO2…so if it is produced, burn it up! (And use that for 
energy)
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Manage Oil and Gas Methane
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Lithium ion batteries

LiC6  C6(s) + Li+ + e-
CoO2(s) + Li+ + e-    LiCoO2



How does distributed energy storage work?
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- Worldwide, buildings use ~32% of all energy generated
- >1/3 of that energy is for heating or cooling

- Increased efficiency in heating and cooling could cut this 
energy use by up to 30-40% and replace fossil fuel-
powered heat and lower efficiency air conditioners

- Heat pumps transfer heat between the inside and 
outside of a building (using a small amount of energy)

Heat pumps



Schematic of a heat pump

Electricity use



Winter mode outside inside

High P → gas condensesLow P → liquid evaporates

Evaporation: H > 0 (accept heat from outside air), 
S > 0

G = H -T S
G  gets more negative as T increases outside

Condensation: H < 0, (release heat to inside air),
S < 0

G = H -T S
G  gets less as T increases in the house



Summer 
mode

outside inside

High P → gas condenses Low P → liquid evaporates

Exothermic, H < 0, release heat to outside air Endothermic, H > 0, accept heat from inside air
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Bioplastics

• ~365 million metric tons of plastic are produced each year
• Source: fossil fuels
• 90% of current plastics could be sourced from plants instead 

• Manufacturing process produces less emissions
• If/when they decompose, the CO2 generated was “new” CO2 rather than from a fossil 

source

BUT: most bioplastics only decompose under industrial conditions, 
and in landfills they often create methane (stronger greenhouse 
gas)

…so really we should greatly reduce our use of single-use 
plastics…then make sure bioplastics are properly sorted and sent 
to industrial composters.



Degradation of bioplastics

Source: Garcia-Depraect 
et al., Bioresource 
Technology, 2022

Positive control

Negative control

•  1st ~70 days: kinetic region 
for bioplastic degradation

• 70+ days: reaction is at 
equilibrium 

• Bioplastic degradation rate 
decreases over time, 
reaches 0 at equilibrium

• HDPE negative control and 
other materials at the 
bottom of the graph: these 
reactions are kinetically 
controlled





(a): unmodified drum (no air circulation)
(b): Air circulation holes but no turning
(c): air circulation holes + turning

→ Reaction is pseudo first-order in 
organic material (but also dependent on O2)

Source: Manu, M.K. et al., Procedia 
Environmental Sciences, 2016

Composting kinetics study

-k
k for (c) = -(-.2/18 days)
                 = 0.0111 day-1

k for (a) = -(-.2/30 days)
                 = 0.0067 day-1
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