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Table 11.2 Fundamental Vibrational Frequencies and Effective
Force Constants for Some Diatomic Molecules

Molecule Frequency (Hz),v = 0tov =1 Force Constant (N/m)

HF 8.72 % 1013 970
HCI 8.66 % 1013 480
HBr 7.68 x 10'? 410
HI 6.60 x 1013 320
cO 6.42 x 103 1860
NO 5.63 x 1013 1530

© 2006 AmelewCale - Thomson
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Greenhouse gas

From Wikipedia, the free encyclopedia

The Greenhouse Effect

Some of the sola
radiation is
reflected by the
atmosphere and
the Earth's surfage

Some of the
infrared radiation
passes through
the atmosphere
and out into space

absorbed bythe

Earth's surface Radiation is converted to heat energy, causing

the emission of longwave (ipfrared) radiation
back to the atmosphere

Simple diagram of greenhouse effect

(=] Greenhouse effects in Earth's atmosphere

Contributi
Gas Formular ontribution
(%)
Water Vapor H,O 36-72%
Carbon Dioxide Co, 9-26%
Methane CH, 4-9%
Ozone 0, 3-7%




Total
Petroleum
Coal
Natural gas
Cement production
Gas Flaring

Metric tons of Carbon/year (Billions)

— 2

M,/M — 1

| N B 0
1800 1850 1900 1950 2000

Modern global anthropogenic Carbon emissions.

Radiation Transmitted by the Atmosphere
1 10

0.2 70
£+| Downgoing Solar Radiation Upgoing Thermal Radiation
g 70-75% Transmitted 15-30% Transmitted
i
1=
B
g
@

Q.
v
UV | Visible Infrared
T

Percent

% o i Carbon Dioxide
E— : Jii . A Oxygen and Ozone
@ A k Methane
E- 0 l [\ " Nitrous Oxide
l— Rayleigh Scattering
0.2 1 10 70

Wavelength (um)

Atmospheric absorption and scattering at different electromagnetic wavelengths.
The largest absorption band of carbon dioxide is in the infrared.
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Gas Preindustrial Current level Increase since Radiative
level 1750 forcing(W/m2)
Carbon dioxide 280ppm 387ppm 107ppm 1.46
Methane 700ppb 1745ppb 1045ppb 0.48
Nitrous oxide 270ppb 314ppb 44ppb 0.15
CGC-12 0 533ppt 533ppt 017
. . T ~ 380 ©
Carbon Dioxide Concentration e
- 1360 =
Direct Measurements S
- 1340 >
Ice Core Measurements «-« A o
ry S
— x 1320 8
ﬁ'.l’ 'E
o
; e 1300 &
e Veu* . .. o
Fae ’ 1280 £
o
260
T T T T 8
Carbon Flux

T

(o2}

F N
102 kg Carbon / year

Fossil Fuel Burning —
Total Flux

(All Sources and Sinks) T

N

= 0

1750 1800 1850 1900 1950 2000

Top: Increasing atmospheric carbon dioxide levels as measured in the
atmosphere and reflected in ice cores. Bottom: The amount of net carbon
increase in the atmosphere, compared to carbon emissions from burning fossil
fuel.
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Tefperaturs variation (&T) ——
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L Carbon Dioxide
280 | } Al

I i ) Wi
PV Y A TRYA
“r Y,V YA | 1 I A D
(I P2V .V AL B W A N . ¥ A AV
L,._/ ‘u‘llf\x‘ ‘ Ww | IHE# | :‘f .

a 23] 100 150 200 260 390 360 400

ppmv
L]
=
]

Cust concantration

b k

i
il il i

v e e e

200 250 00 300 409
Thousands of years age

PP

400,000 years of ice core data.

Annual Greenhouse Gas Emissions by Sector

Industrial 16.8%

processes

Power stations
21.3%

Transportation fuels

14.0% Waste disposal
and treatment
3.4%
Agricultural o
byproducts 12.5% 10.0% Land use and

biomass burning

Fossil fuel retrieval, 1 3% 10.3% Residential, commercial,
processing, and distribution ' '"°7° and other sources

20.6% 29.5% 40.0% 62.0%

1.1%
8.4% 4.8% 21_3%%
. (+]
19.2% 91% o000 6.6% 5.9%
12.9% : 18.1% 26.0%
Carbon Dioxide Methane Nitrous Oxide
(72% of total) (18% of total) (9% of total)

Global anthropogenic greenhouse gas emissions broken down into 8 different
sectors for the year 2000.
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Equilibrium global mean temperature increase above preindustrial

10 - 18
0 | I b
g 162
o @
w w
3 128
56
E 9%
2 4 =
o 6 8
a a
€ 2 3 E
[}] (]
= =

0 . 0

300 400 500 600 700 800 900 1000
GHG concentration stabilization level (ppm CO, eq)

The projected temperature increase for a range of greenhouse gas stabilization
scenarios (the coloured bands). The black line in middle of the shaded area
indicates 'best estimates'; the red and the blue lines the likely limits. From the
work of IPCC AR4, 2007.

Par capita gresnhouse gas emisdons by country in 2000 (induding landuse changs)

E T
>

T 2= — P
= - -

[ a0 detaT O NI L .0 borwnes COZe per caplta

.

Per capita anthropogenic greenhouse gas emissions by country for the year
2000 including land-use change.

Seven main fossil fuel combustion sources | Contribution(%)

Liquid fuels(e.g. gasoline, fuel oil) 36%
Solid fuels(e.g. coal) 35%
Gaseous fuel(e.g. natural gas) 20%
Comment production 3%
Flaring gas industrially and wells <1%
Non-fuel hydrocarbons <1%

"International bunker fuels" of transport 19
(g

not included in national inventories

_13_



[=] Role of water vapor

Main article: water vapor

Boulder, Colorado
20-22 km

Water Vapor Mixing Ratio (ppmv)
EEY o

)

Trend = 0.04 + 0.01 ppmviyear

a)

28

26

Altitude (km)

Year

1980 1882 1984 1886 1988 1880 1992 1994 1588 1998 2000 2002 200<£

AR LR REALE LA RALLN AL LLEE) R A LA
1880 - 2002

-5 -

reaalens ilis 1
3 -2-10 1 2 2 4 &
Trend (Yelyear)

Increasing water vapor in the stratosphere at Boulder, Colorado.

[=] Greenhouse gas emissions

3 ppm

2 ppm = "

CO, change

0 ppm_

1960 1980

year

2000
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Relevant to radiative forcing

Increase Increase
Current (1998) (absolute, ppm) (relative, %) Radiative forcing
Gas ] X . .
Amount by volume over pre—industrial over pre—industrial (W/m2)
(1750) (1750)
Carbon dioxid 365 ppm 87 ppm 31 % 1.46
arbon (o] e
10%I9e 1 (383 ppm, 2007.01) | (105 ppm, 2007.01) | (38 %, 2007.01) (~1.53, 2007.01)
Methane 1745 ppb 1045 ppb 67 % 0.48
Nitrous oxide 314 ppb 44 ppb 16 % 0.15

Relevant to both radiative forcing and ozone depletion; all of the following have Amount by

volume Radiative forcing no natural sources and hence zero amounts pre—industrial

(Source:

1 Regional and national attribution of emissions
See also: Kyoto Protocol and government action

Gas Current (1998) Relative forcing
Amount by volume (W/m2)
CFC-11 268 ppt 0.07
CFC-12 533 ppt 0.17
CFC-113 84 ppt 0.03
Carbon tetrachloride 102 ppt 0.01
HCFC-22 69 ppt 0.03

[PCC radiative forcing report 1994 updated (to 1998) by IPCC TAR
table 6.1[38]1[39] ).

.

- -
e T ]
[=As

iz in 2000 (nduding land <h

”

e ddaT] I =2 LOCZ e R 1000 GO

Greenhouse gas intensity in 2000 including land-use change.
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Pev caplta gresnhiouse gas enbdene by cositiy n 2600 (hduding land-ueze ciawe)

Bl a0 detalT] NI 939 -omnes 028 percepita

Per capita responsibility for current anthropogenic atmospheric CO,

Global Trends in Major Greenhouse Gases to 1/2003
=0 1200
E Carbon Dioxide . Methane
& 3o g
E 1750
= 0 2
3 £ 170
2 30 =
é 20 g 1850
5
0 - : - - - - 1800 - : : - -
1978 1980 1924 1028 1002 1906 2000 2004 w80 19284 1088 1992 1908 2000 2004
xn L) xa
Mitrous Cixide g CFC-12 1 CFC-11
% s Em ;:au
i a0 : :
i feo fx0
g™ - $ A
] o
1 PMJ g :
o o
-2 <0 100 J
1976 190 1904 0T 1950 194 00 Jmé 1976 190 1904 W0 1950 1996 20 ;¢ 1STE 130 1904 1900 1930 130 2000 XD
Global trends in major long-Ived greenhouse gases through the year 2002. These five gases account for about
97% of the direct climate forcing by long-lived greenhouse gas increases since 1750, The remaining 3% is
contributed by an assorment of 10 rminor halogen gases, manky HCFC-22, CFC-112 and CCI,,

Major greenhouse gas trends.
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Top-5 emitters for the year 2005

. % of global total Tonnes of GHG
Country or region . .
annual emissions per capita

China 17 % 5.8
United States 16 % 24.1
European Union-27 11 % 10.6
Indonesia 6 % 12.9
India 5 % 2.1

2 Relative CO2 emission from various fuels

Mass of carbon dioxide emitted per quantity of

energy for various fuels[52]

CO, CO,
Fuel name emitted emitted
(Ibs/10° Btu) (g/10°])

Natural gas 117 50.30
Liquefied petroleum gas 139 59.76
Propane 139 59.76
Aviation gasoline 153 65.78
Automobile gasoline 156 67.07
Kerosene 159 68.36

Fuel oil 161 69.22
Tires/tire derived fuel 189 81.26
Wood and wood waste 195 83.83
Coal (bituminous) 205 88.13
Coal (subbituminous) 213 91.57
Coal (lignite) 215 92.43
Petroleum coke 225 96.73
Coal (anthracite) 227 97.59
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Atmospheric lifetime and GWP relative to CO2
at different time horizon for various greenhouse gases.

Global warming potential (GWP)
Gas name Chemical Lifetime for given time horizon
formula (years) 20-yr 100—yr 500-yr
Carbon dioxide CO2 See above 1 1 1
Methane CH4 12 72 25 7.6
Nitrous oxide N20 114 289 298 153
CFC-12 CCIZ2F2 100 11 000 10 900 5 200
HCFC-22 CHCIF2 12 5 160 1 810 549
Tetrafluoromethane CF4 50 000 5 210 7 390 11 200
Hexafluoroethane C2F6 10 000 8 630 12 200 18 200
Sulphur hexafluoride SF6 3 200 16 300 22 800 32 600
Nitrogen trifluoride NF3 740 12 300 17 200 20 700
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Rayleigh scattering
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Raman scattering(8+5F Akgh)
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h

f—f = 27r[CU(QHS) (11.15)
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= 2 Sk G oA Fde kvt {}_
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=

Incident photon

® 2005 Brooks/Cole - Thomson
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AR 2HAEH(electron spectra)
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& 3 (fluorescence)
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-3.4eV

6.0 eV e e ] to -3.4eV(6)
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@ 2005 BrooksiCole - Thomson
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m H, o 28t A= &40 oiuX
A

Schrodinger ¥4 2]
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5 VIt Ulr)y = By
o] e Fata A Fihel] Uisle] AR}
E/ || 2dV=FE

wdV  (11.19)
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-~ H.S o nietde) @ F=—4Ry
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m H) o wrze A= &40 0luxX
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e ROl 2T E = 5 Skt 3 E> E
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oA dAte] Ff+= Hy ol el Agtrt st
- H ; AgaldA=2.65eV, A¢Z°]=0.1nm
«~ H, ; AtdUA|=4.5eV, ZFZ0]=0.074nm
e H,o ATAITM F Axpe] AmE vb=A] v bk
o ZJH 2o By — 3 Adab= vk Ag A=
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HA= v

_24_



