Recall A Hint of Quantum Mechanics

Be

°
° CO, o

o H,0 CH,

Cl

w
L R

2.5 o800
H, N, O, CO

N
L A B

1500 0.q
He Ar Ne Kr

=

0.5

<
o
Y]
<
@D

Jerry Gilfoyle S2 Introduction 1/5



Recall A Hint of Quantum Mechanics
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Why Is CO4 a Greenhouse Gas?

The Earth is warming and the likely
cause is the increase in greenhouse gases
like carbon dioxide (COz) in the atmo-
sphere. Carbon dioxide is a linear, tri-
atomic molecule with a central carbon
atom. The harmonic vibrations of CO9

give it its absorption properties. Oxygen Carbon Oxygen
atom atom atom

The vibrations of CO5 can be described
by a small set of ‘normal modes’ shown
here. If a normal mode distorts the sym-
metry of the charge distribution of the ® ()]
molecule, then it will acquire an electric

dipole moment and can absorb light in i
the infrared range - preventing that light
from passing through the atmosphere.
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Why Is CO4 a Greenhouse Gas?

The Earth is warming and the likely
cause is the increase in greenhouse gases
like carbon dioxide (COz) in the atmo-
sphere. Carbon dioxide is a linear, tri-
atomic molecule with a central carbon
atom. The harmonic vibrations of CO9

give it its absorption properties. Oxygen Carbon Oxygen

atom atom atom
by a small set of ‘normal modes’ shown | . AT
here. If a normal mode distorts the sym-

metry of the] How hard do the atoms vibrate?) —
molecule, then it will acquire an electric 4
dipole moment and can absorb light in i t

the infrared range - preventing that light @ U ’ e ot
from passing through the atmosphere.

The vibrations of CO5 can be described
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COy Absorption Spectrum

Absorbance INFRARED SPECTRUM

The CO;y absorption spectrum shown o F
below has a prominent absorption peak o |
at k = 2350 cm~!. o

The peak is located at the frequency W
of light that is absorbed as the CO,
molecule makes the transition from one ———E, Absorption can oceur

. . onl hen
quantized energy state to a higher one. M51 AEy:whf:Ea_El

E, =hf
The energy of the light is E, = hf where !
h is Planck’s constant.
The atoms vibrate in the asymmetric pi e S o
mode shown here. This particular mode  ®) L /) L . ‘ ™

gives COy, its greenhouse gas properties.
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The Harmonic Oscillator

© The Force: F; = —kx where x is the displacement from equilibrium.
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The Harmonic Oscillator

© The Force: Fs = —kx where x is the displacement from equilibrium.
@ The Potential Energy: Vi(x) = 3 kx?
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The Harmonic Oscillator

© The Force: Fs = —kx where x is the displacement from equilibrium.
@ The Potential Energy: Vi(x) = 3 kx?
© The harmonic oscillator approximation

Harmonic Oscillator
Potential (red)

Potential Energy

(green)

Displacement From Equilibrium
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The Arctic is Melting

@ Arctic sea has shown a large drop in area
over the last thirty years. : :

@ In fall, 2013 the first large sea freighter
MS Nordic Orion was able to use the
Northwest Passage.

© Scattered news reports of transfer of
Pacific species to the Atlantic.

SEPTEMBER 14, 1984

Japanese and US satellite data
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The Arctic is Melting

SEPTEMBER 13, 2012

© Arctic sea has shown a large drop in area
over the last thirty years.

@ In fall, 2013 the first large sea freighter
MS Nordic Orion was able to use the
Northwest Passage.

© Scattered news reports of transfer of = r—
Pacific species to the Atlantic. | |

@ Can we detect the effect of these changes
in the length of the damx?
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Nature 499, 202204
/| (11 July 2013)
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