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Dissociation Energies for C-H Bond in Methane and Methanol

CURRICULUM CONNECTION

Indiana Department of Education Standards

Conversion of a greenhouse gas, methane, into
a versatile chemical, methanol, is currently an

. C.7.5 Explain how the rate of a reaction is qualitatively affected by changes in
expensive two-step process.

concentration, temperature, surface area and the use of a catalyst
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C.9.1 Use structural formulas to illustrate carbon atoms’ ability to bond covalently to

Step 1: CH, + H,O0 M5 CcO +2H :
P a T PV T 2 one another to form many different substances.
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high pressure

Step 2: CO + 2H,

CH,OH

Day 1: Introduction to Rates of Reaction

A more economical process of direct conversion
of methane to methanol would be highly
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time consuming. Computers save time and money by calculating energies more

Day 6: Check for Understanding
quickly and allowing researchers to identify trends.

In some cases, the shape of the structure changed drastically upon optimization. Who Wants to Be a Millionaire Game

Software: GaussView 5.0.8
Method: DFT (Density Functional Theory)
Basis Set: LanL2DZ

Catalysts Evaluated: 9 metals in various
configurations: triangle, square, and pyramid with

Gold, silver and copper pyramids flattened to form a kite shape.

Atom types
and positions
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5. Calculate dissociation energy
and plot results.
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CONCLUSIONS
/\3 /\ The dissociation energy of the C-H bond in methanol is lower than the dissociation energy of E_;Ej NOTRE DAM E

Sample Calculations (Triangle shape)
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C-H bond in CH, = the C-H bond in methane matching experimental results of metal catalysis.
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Periodic trends are not consistent in metal clusters of very small size.

Future research options include:

Gas phase energy of CH;0H

— CH,OH

Increasing the metal cluster size until consistent results can be obtained.

E C-H bond in CH,OH —

diss Investigating results on a variety of metal alloys.

Investigating results with a variety of pre-adsorbed atoms, such as oxygen.
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