
Atmospheric Chemistry Cheat Sheet

Atmospheric Chemistry Cheat Sheet
Version: 1.29­ Last Update: 22­May­2015
Compiled by J.L. Jimenez, CU­Boulder ­ shortcut to this page: http://tinyurl.com/ac­cheat 
If you find an error or know of other resources that could go here, email Jose at jose.jimenez@colorado.edu (And thanks for input from many
people already!)

1. Key Conversions and Parameters

Conversions between mixing ratios and molec cm­3
● Values at 1 atm and 298 K (Ref: Finlayson­Pitts & Pitts, p. 34).

○ 1 atm         ~ 2.46 x 1019 molec cm­3

○ 1%         ~ 2.46 x 1017 molec cm­3

○ 1 ppm         ~ 2.46 x 1013 molec cm­3

○ 1 ppb         ~ 2.46 x 1010 molec cm­3

○ 1 ppt         ~ 2.46 x 107 molec cm­3

○ 1 ppq         ~ 2.46 x 104 molec cm­3
● Values under other P & T conditions

○ Multiply above by P/(1 atm) * (298 K) / (T)
○ At 1 atm & 273.15K replace 2.46 by 2.69 (known as Loschmidt Number)
○ For Boulder (P ~ 837 mbar) at room T (293 K) replace 2.46 by 2.07

Conversions between mixing ratios and mass concentrations (Finlayson­Pitts & Pitts, p. 34)
● A (μg m­3) = A (ppb) x 0.0409 x MW         (at 298 K and 1 atm)

○ N2 (μg m
­3) = N2 (ppb) x 1.15                 (MW = 28)

○ NO3 (μg m
­3) = NO3 (ppb) x 2.54        (MW = 62)

○ SO4 (μg m
­3) = SO4 (ppb) x 3.93        (MW = 98)

○ B (μg m­3) = B (ppb) x 10.23                (B is an organic with MW = 250)
● A (ng m­3) = A (ppt) x 0.0409 x MW

Mass and Number of Molecules in one aerosol particle
● Assumes spherical shape with material density of 1.4 g cm­3 and no internal voids, and MW = 150 g mol­1

Diameter
(nm)

Mass
(fg)

Molecules Volume
(μm3)

Mass
Concentration for
1000 particle cm­

3 (μg m­3)

Volume Concentration
for 1000 particle cm­

3 (μm3 cm­3)

Surface Area
Concentration for
1000 particle cm­
3 (m2 m­3) &

100 0.73 2.94 x 106 0.0005 0.73 0.52 3.1 x 10­5

250 11.5 4.6 x 107 0.0082 11.5 8.2 1.96 x 10­4

1 733 2.94 x 109 0.52 733 524 3.1 x 10­3

&Multiply by 106 to convert to μm2 cm­3 

Other Conversions
● Pressure Conversions

○ 760 Torr = 1013.25 mbar = 1.013 x 105 Pa
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○ 1 atm = 14.7 psi
○ psia = absolute pressure, psig = difference from 1 atm
○ 1 inch Hg = 25.40 Torr = 33.86 mbar

● Standard Flowrate = Volumetric Flowrate x (273.15 / T) x (P / 1 atm)
● SOA/ΔCO ratios: 80 μg m­3 ppb­1 = 0.0687 g/g (at 293K and 1 atm)

Typical values of important parameters:
● Vertical profile of temperature and pressure: International Standard Atmosphere

○ 11 km: ­57 C, 226 mbar
○ 20 km: ­57 C, 54 mbar

● Aerosol surface area in the atmosphere:
○ Mexico City ~ 2 x 10­3 m2 m­3 = 2 x 103 mm2 m­3 (Fig 1D in Volkamer et al. 2007)
○ Clean areas ~ 1 x 10­4 m2 m­3

● H2O vapor pressure (in mbar = hPa) (Ref):
○ Over ice at 240 K: 0.273 (Review of ice Pvap ­­ includes equations)

○ over ice or water at 0oC: 6.1
○ at 20oC: 23.4 ( = 2.3% of 1 atm, if RH = 100%, or ~1% of 1 atm if RH ~45%)
○ at 30oC: 42.5

● Kinetic theory
○ Mean free path of air: 65 nm at 1 atm  (x 1atm/P for other pressures)
○ RMS thermal speed of N2 at 300 K: 458 m/s (Ref)
○ Time between collisions: 0.14 ns (calculated from above)
○ Collision Frequency: 7.1 x 109 Hz

● Gas­Phase Diffusion Coefficients
○ D = 3.5×10−6 m2 s­1. (approx. straight­chain C16 hydrocarbon (Hilal et
○ al., 2003)

● Planetary Scale (Ref: D. Fahey, S. Madronich, or calculated)
○ Radius of the Earth (mean): 6371 km
○ Total mass of the atmosphere: 5.2 x 1021 g
○ Number of molecules in the atmosphere: ~1044 
○ Surface area of all aerosols in the atmosphere ~ 1 x 1014 m2

○ Surface area of all Earth / Oceans ~ 1.25 x 1014 m2 / 0.87 x 1014 m2
● “Standard” Conditions of P & T (there are many definitions!)

○ 1 μg sm­3 = 1 μg m­3 under 1 atm and 273.15 K (used in NASA aircraft studies)
● Air Quality Standards for Health Purposes: EPA / WHO / EU
● Important constants (Ref: NIST)

○ Na = 6.022142E23  mol
­1           = Avogadro constant

○ kb = 1.38065E­23  J K
­1           = Boltzmann constant

○ R = 8.31447      J mol­1 K­1         = molar gas constant
○ h = 6.626068E­34 J s                 = Planck constant
○ c = 2.99792458E8 m s­1            = speed of light in vacuum
○ G = 6.673E­11    m3 kg­1 s­2         = Netwonian constant of gravitation
○ sb = 5.67040E­8   W m­2 K­4         = Stefan­Boltzmann constant

● References for other parameters or more detail:
○ Atmospheric Chemists’ Companion Book
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2. Species Lifetimes & Exposures
Oxidant and UV Exposures and Ages

● Oxidant Exposures and Ages
○ OH concentration:

■ 24­hr average for general purposes: 1.5 x 106 molec cm­3

■ Global annual average for whole troposphere: 1.2 x 106 (ACC p.101 ­ not in
preview)
■ Peak daytime concentrations: ~107 molec. cm­3

○ OH Photochemical age = OHexp (molec cm
­3 s) / 1.5 x 106 molec cm­3

○ NO3 age: NO3exp / 2.5 x 10
8 molec cm­3 (~20 ppt for 12 nightime hrs; Ref: A&A)

○ O3 age: O3exp / 7 x 10
11 molec cm­3 (30 ppb; Ref: A&A)

­
Equiv. Ages OHexp

(molec cm­
3 s)

NO3exp
(molec cm­

3 s)

O3exp
(molec cm­

3 s)

1 s 1.5 x 106 2.50 x 108 7.00 x 1011

1 min  9 x 107 1.50 x 1010 4.20 x 1013

1 hr 5.4 x 109 9.00 x 1011 2.52 x 1015

1 day 1.3 x 1011 2.16 x 1013 6.05 x 1016

1 week 9.07 x 1011 1.51 x 1014 4.23 x 1017

1 month 2.76 x 1013 4.60 x 1015 1.29 x 1019

1 year 3.31 x 1014 5.52 x 1016 1.55 x 1020

● Estimation of OH when measurements not available (Ref: Ehhalt et al., 2000) “NOx should be
sufficiently high to be of influence”

Photolysis Calculations
● Typical noontime values @ surface mid­latitudes

○ jNO2 ~ 0.007 s
­1 = 0.18 min­1

○ jO1D~ 2 x 10
­5 s­1 = 0.58 day­1

● Absorption Cross Sections & quantum yields: Mainz Database & JPL 2011
● Spectral light fluxes vs location & time:

○ TUV model
■ Also outputs j values for a number of species
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○ ASTM standard spectra (also includes top of atmosphere)
● UV Exposures and Ages

○ Typical 24­hr avg. J values (s­1), clear sky no aerosols, sea level, 10% ground albedo:
(from Sasha Madronich, TUV model. Ref: Hodzic et al., 2015)

O3 → O1D NO2 → O3P NO3 → NO2 CH2O → H

40 N June 21 with 330 DU strat.
O3 (TOMS climatology) 1.02 x 10­5 4.09 x 10­3 9.11 x 10­2 1.29 x 10­5

40 N Dec 21 with 310 DU 1.24 x 10­6 1.5 x 10­3 4.64 x 10­2 3.13 x 10­6

○ UV exposure and age (< 400 nm) = Actinic flux / 0.8 x 1016 (24­hr avg. summer solstice
in Boulder) ­ Preliminary values

■ CU blacklights: jNO2 ~ 0.013, UV actinic flux = 2.77 x 10
16 phot. cm­2 s­1

 (1.25% in UVB, rest in UVA), VIS flux = 0.85 x 1016
■ Types of UV

○ jx details coming soon

Equiv. Ages Total UVexp 
(UV phot. cm­2)&

jNO2 Lifetimes
(unitless)

jO1D Lifetimes
(unitless)

jNO3 Lifetimes
(unitless)

1 s 8.0 x 1015

1 min 4.8 x 1017

1 hr 2.88 x 1019

1 day 6.9 x 1020 327

1 week 4.8 x 1021

1 month 1.47 x 1023

1 year 1.77 x 1024

&: 3.04% in UVB (< 315 nm) and the rest in UVA (315­400 nm)

Important Reaction Rate Constants & Lifetimes

Reaction Rate Constant
(2nd order)*

1/e Lifetime under
typical ambient
conditions&

Reference

Gas kinetic
collision limit

2.5 x 10­10 0.75 hrs Finlayson­Pitts & Pitts, p.140. Accurate value
depends on T & reacting species

OH + NO2 1.08 x 10­11 0.71 days JPL 2011. (Mollner et al. 2010 is 15% lower,
JPL 2011 does take it into account along with
previous measurements)

OH + CO 1.5 x 10­13 1.7 months Seinfeld & Pandis 2006
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OH + SO2 9.56 x 10­13 8.1 days JPL 2011

OH + CH4 6.3 x 10­15 3.4 years JPL 2011

OH + Butane 2.36 x 10­12 3.3 days A&A 2003

OH +
Pentadecane

2.07 x 10­11 6.5 hrs A&A 2003

OH + Benzene 1.22 x 10­12 6.3 days A&A 2003

OH + Toluene 5.63 x 10­12 1.4 days A&A 2003

OH + xylenes ~2 x 10­11 9.3 hrs A&A 2003 (isomers rates vary 1.36­2.31)

OH + TMB ~4 x 10­11 4.6 hrs A&A 2003 (isomers rates vary 3.25­5.67)

OH + Isoprene 1.00 x 10­10 1.9 hrs A&A 2003

RO2 + NO ~9 x 10­12 1.4 s (1 ppb NO) A&Z 2014. See Table 5 A&A 2003

RO2 + HO2 ~1.5 x 10­11 2.3 min (10 ppt HO2) A&Z 2014. See Table 6 A&A 2003

RO2 + RO2 10­13 to 10­17 Depending on RO2 identity (A&Z 2014)

NO + O3 1.96 x 10­14 JPL 2011

*: All rates at 298 K & 1 atm. Eff. 2nd order rates shown, if 3rd order. Units: cm3 molec­1 s­1)
&: using OH = 1.5 x 106 molec cm­3. Note that clock ages will be several­fold shorter in the middle of the day.

● Where to find additional up­to­date rate constants:
○ JPL 2011 / IUPAC Evaluations / Leeds MCM / Oxygenated VOC database

● How to estimate rate constants for organics with structure­reactivity relationships
○ Review: Atkinson & Ziemann 2012
○ Primary Refs: Kwok & Atkinson 1995 / Peeters et al. 2007 / Kerdouci et al. 2010

VOC Lifetimes (Atkinson & Arey, Chem. Rev. 2003)
● Note: while OH and O3 concentrations do not vary enormously between different locations,
NO3 concentrations do, thus you may want to scale the lifetimes here with your best estimate of
NO3 concentrations in your environment. An extensive summary of measurements is in the Atmos
Chem Companion book p101­103, unfortunately those pages are not in the free preview.

http://www.google.com/url?q=http%3A%2F%2Fwww.era-orleans.org%2Feradb%2Findex.php%3Ffonctionnalite%3Ddatabase&sa=D&sntz=1&usg=AFQjCNGqfm2Pf7O79z2jA-HlF-m9Wk9hNg
http://www.google.com/url?q=http%3A%2F%2Fjpldataeval.jpl.nasa.gov%2F&sa=D&sntz=1&usg=AFQjCNGmUAKlpdY9gMNs0pFiiRrdS26I5Q
http://www.google.com/url?q=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fcphc.201000673%2Fabstract&sa=D&sntz=1&usg=AFQjCNG27KtXDoxogV2vJeRkUVEH0PAqCg
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fjpldataeval.jpl.nasa.gov%2F&sa=D&sntz=1&usg=AFQjCNGmUAKlpdY9gMNs0pFiiRrdS26I5Q
https://books.google.com/books?id=Z45hAZAScO0C&printsec=frontcover#v=onepage&q&f=false
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fabs%2F10.1021%2Fjp066973o&sa=D&sntz=1&usg=AFQjCNGn3wtkCc5EiWwYlYj7qE1ZOcnd0g
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F135223109500069B&sa=D&sntz=1&usg=AFQjCNFRrLvXuLXH3Zjl0gBxURGVDLdFig
http://www.google.com/url?q=http%3A%2F%2Fpubs.rsc.org%2Fen%2FContent%2FArticleLanding%2F2012%2FCS%2Fc2cs35122f&sa=D&sntz=1&usg=AFQjCNEWVR-TT9Ljhn5D9-mT41RADs7Rpg
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fpubs.rsc.org%2Fen%2FContent%2FArticleLanding%2F2012%2FCS%2Fc2cs35122f&sa=D&sntz=1&usg=AFQjCNEWVR-TT9Ljhn5D9-mT41RADs7Rpg
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fmcm.leeds.ac.uk%2FMCM%2F&sa=D&sntz=1&usg=AFQjCNFFOHoQz5WTuLvKh5TNhe2G5znuow
http://www.google.com/url?q=http%3A%2F%2Fpubs.rsc.org%2Fen%2FContent%2FArticleLanding%2F2012%2FCS%2Fc2cs35122f&sa=D&sntz=1&usg=AFQjCNEWVR-TT9Ljhn5D9-mT41RADs7Rpg
http://www.google.com/url?q=http%3A%2F%2Fpubs.rsc.org%2Fen%2FContent%2FArticleLanding%2F2012%2FCS%2Fc2cs35122f&sa=D&sntz=1&usg=AFQjCNEWVR-TT9Ljhn5D9-mT41RADs7Rpg
http://www.google.com/url?q=http%3A%2F%2Fiupac.pole-ether.fr%2F&sa=D&sntz=1&usg=AFQjCNFJc6lNr6IvcJ6LPewkGUZPQz9McA
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fwww.cee.mtu.edu%2F~reh%2Fpapers%2Fpubs%2Fnon_Honrath%2Fatkinson03_cr0206420.pdf&sa=D&sntz=1&usg=AFQjCNHr0rwFwmct9_kEV4H6Pyds691PHQ
http://www.google.com/url?q=http%3A%2F%2Fjpldataeval.jpl.nasa.gov%2F&sa=D&sntz=1&usg=AFQjCNGmUAKlpdY9gMNs0pFiiRrdS26I5Q
http://www.google.com/url?q=http%3A%2F%2Fjpldataeval.jpl.nasa.gov%2F&sa=D&sntz=1&usg=AFQjCNGmUAKlpdY9gMNs0pFiiRrdS26I5Q


Biogenic VOC Lifetimes (Atkinson & Arey, Atmos. Environ. 2003)

http://www.google.com/url?q=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1352231003003911&sa=D&sntz=1&usg=AFQjCNEmZHpzvlJGvIcTfDdMQ-cckj4zjQ




● VOC Lifetimes (Atkinson & Ziemann, CSR 2012)

http://www.google.com/url?q=http%3A%2F%2Fpubs.rsc.org%2Fen%2FContent%2FArticleLanding%2F2012%2FCS%2Fc2cs35122f%23!divAbstract&sa=D&sntz=1&usg=AFQjCNGphdB9VcPCU-VXyoCvXgQTLZolBw


● Effects of Functional Groups on OH Lifetimes (P.J. Ziemann, 2006 Tutorial AAAR)



● Approximate kOH rate constants vs c*, OSc (Donahue et al., Env. Chem., 2013)

● Lifetimes against NO3 Oxidation

http://www.google.com/url?q=http%3A%2F%2Fwww.publish.csiro.au%2F%3Fact%3Dview_file%26file_id%3DEN13022.pdf&sa=D&sntz=1&usg=AFQjCNFYv-ewcSmC4DtdhaAK-BfjELk7-Q


3. Reaction Mechanisms

● Initial steps of VOC oxidation by OH, Cl, or hv (Atkinson & Ziemann CSR 2012)

http://www.google.com/url?q=http%3A%2F%2Fpubs.rsc.org%2Fen%2FContent%2FArticleLanding%2F2012%2FCS%2Fc2cs35122f%23!divAbstract&sa=D&sntz=1&usg=AFQjCNGphdB9VcPCU-VXyoCvXgQTLZolBw


● Simplified HOx­ROx Cycle and O3 Formation (Jacob Fig 12­3)

● HOx Mechanism (Mao et al. Atm. Env. 2009)

● HOx Mechanism (Jackson et al. 2009)

http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-chem-phys.net%2F9%2F2021%2F2009%2Facp-9-2021-2009.pdf&sa=D&sntz=1&usg=AFQjCNEtFe80HKhtpx2FaU6Y7Eam3aZmTA
http://www.google.com/url?q=http%3A%2F%2Facmg.seas.harvard.edu%2Fpublications%2Fjacobbook%2Fbookchap12.pdf&sa=D&sntz=1&usg=AFQjCNHuGviaHyvPXMsDjqXsmfNHvQJ-hw
http://www.google.com/url?q=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1352231009000351&sa=D&sntz=1&usg=AFQjCNFZ0DwsW75pkdE-0YnMZ7wt_TGgVg


● Processes Controlling O3 in the troposphere (RSC, 2008)

https://www.google.com/url?q=https%3A%2F%2Froyalsociety.org%2Fpolicy%2Fpublications%2F2008%2Fground-level-ozone%2F&sa=D&sntz=1&usg=AFQjCNEljF4Sa5JQPy6j4Z--cxdQKKUtZw


● NO3 and N2O5 Chemistry (Brown & Stutz, CSR 2012)
○ Note NO2 arrows are reversed on N2O5 cycle

http://www.google.com/url?q=http%3A%2F%2Fpubs.rsc.org%2Fen%2FContent%2FArticleLanding%2F2012%2FCS%2Fc2cs35181a%23!divAbstract&sa=D&sntz=1&usg=AFQjCNHtx8_rAGd75C9Ygx2d1y2jwdxbPQ


4. Species and Aerosol Properties

Spectral Databases
● Multiple Types of Spectra

○ NIST Chemistry Webbook
○ REAXYS Database
○ ACS SciFinder (click here to create account ­ CU only)
○ Spectral Database of Organic Compounds

● IR
○ NIST database of IR spectra

● UV­Vis
○ Mainz Database
○ JPL 2011
○ SoftCon Database (A brief description here)

Key Species Properties
● Multiple properties

○ CHEMID Plus database
○ EPA EPI Suite
○ CRC Handbook of Chemistry and Physics

● Atomic weights and isotopic compositions: NIST database
● Thermochemical properties:

○ JANAF tables

http://www.google.com/url?q=http%3A%2F%2Fwww.hbcponline.com%2F&sa=D&sntz=1&usg=AFQjCNF4f5FBOVbHrQ5Q7bo1zkgzh8YzZA
http://www.google.com/url?q=http%3A%2F%2Fwww.uv-vis-spectral-atlas-mainz.org%2F&sa=D&sntz=1&usg=AFQjCNFLGBm867dLQhImTs4e3yoPdNngDQ
http://www.google.com/url?q=http%3A%2F%2Fjpldataeval.jpl.nasa.gov%2F&sa=D&sntz=1&usg=AFQjCNGmUAKlpdY9gMNs0pFiiRrdS26I5Q
http://www.google.com/url?q=http%3A%2F%2Fucblibraries.colorado.edu%2Fcollectiondevelopment%2Fforms%2Fscifinderrequest.htm&sa=D&sntz=1&usg=AFQjCNHjdITxhF39fuvsFhsavzZaMS7aDQ
http://www.google.com/url?q=http%3A%2F%2Fsdbs.db.aist.go.jp%2Fsdbs%2Fcgi-bin%2Fdirect_frame_top.cgi&sa=D&sntz=1&usg=AFQjCNH4fMopkU8iHaXjbSMPPeAPZkBH6g
http://www.google.com/url?q=http%3A%2F%2Fwww.nist.gov%2Fpml%2Fdata%2Fcomp.cfm&sa=D&sntz=1&usg=AFQjCNGd88nFR5Oco-Mhh_de9ODahhhn8g
https://www.google.com/url?q=https%3A%2F%2Fwww.reaxys.com%2Freaxys%2Fsecured%2Fsearch.do&sa=D&sntz=1&usg=AFQjCNFUW23JFKJNQgn43NyfYUw1bH5HLw
http://www.google.com/url?q=http%3A%2F%2Fwww.science-softcon.de%2F&sa=D&sntz=1&usg=AFQjCNGa-xopDkGdAbePc7jEGD1IjEiJ1g
http://www.google.com/url?q=http%3A%2F%2Fwebbook.nist.gov%2Fchemistry%2F&sa=D&sntz=1&usg=AFQjCNGmDnbV-sNyycBhng6UOxWOS3s5rA
http://www.google.com/url?q=http%3A%2F%2Fchem.sis.nlm.nih.gov%2Fchemidplus%2F&sa=D&sntz=1&usg=AFQjCNEWD2_P2ySQql7tecX98wduUplrbw
http://www.google.com/url?q=http%3A%2F%2Fwww.epa.gov%2Foppt%2Fexposure%2Fpubs%2Fepisuite.htm&sa=D&sntz=1&usg=AFQjCNHt3S6dj5eqbh8DByg36dLgPw0tvg
http://www.google.com/url?q=http%3A%2F%2Fwebbook.nist.gov%2Fchemistry%2Fquant-ir%2F&sa=D&sntz=1&usg=AFQjCNEvGOjLbwq7SRaKNjhZDV_7p0kbDQ
http://www.google.com/url?q=http%3A%2F%2Fkinetics.nist.gov%2Fjanaf%2F&sa=D&sntz=1&usg=AFQjCNFLgGyUs-Ls61a1osbCubfinZIuDQ
http://www.google.com/url?q=http%3A%2F%2Fwww.iupac.org%2Fpublications%2Fci%2F2010%2F3206%2Fic.html&sa=D&sntz=1&usg=AFQjCNGCcqTo1SOdC1_o755keBw3tlhcLQ
https://www.google.com/url?q=https%3A%2F%2Fscifinder.cas.org%2F&sa=D&sntz=1&usg=AFQjCNFGj6SJwT_EUoGPz0Fk5EgqwYkWYA


○ Standard enthalpies of formation
● Vapor Pressures & Phase partitioning

○ Univ of Manchester Structure­Activity Interface
○ REAXYS Database
○ Evaporation
○ Extended AIM Aerosol Thermod Model
○ ISORROPIA

● Henry’s Law Constants
○ JPL 2011
○ Sander’s compilation: 2014 ACPD paper & website (latter has only errata)
○ HenryWin Database

● Solubilities: IUPAC­NIST database
● PAH structures: NIST database

Aerosol Calculations
● Aerosol Calculator (Excel) (Ref: Aerosol Measurements Book)
● Aerosol Inlets and Transmission Losses:

○ Particle Loss Calculator (Igor) (Ref: von der Weiden et al. 2009)
○ Brockman: 2006 AAAR Tutorial & Explanations
○

5. SOA Modeling
● Partitioning theory (Donahue et al., 2006):

● Near room temperature ΔHvap can be estimated as (Epstein & Donahue, 2010), with where

ΔHvap in kJ mol
­1 and C* in µg m­3:

● Typical SOA yields (Tsimpidi et al., 2010). If “aging” is used, a rate constant of 1 x 10­
11 cm3 molec­1 s­1 should be used (the rate constant in the paper is x4 larger due to an error, per
pers. comm. from S. Pandis).

http://www.google.com/url?q=http%3A%2F%2Fpah.nist.gov%2F&sa=D&sntz=1&usg=AFQjCNFAIDGvtRMh1lVT0ZgUSz5nye7hpw
http://www.google.com/url?q=http%3A%2F%2Faerosols.wustl.edu%2FAAARworkshop08%2Fsoftware%2FAEROCALC-11-3-03.xls&sa=D&sntz=1&usg=AFQjCNH3Qdz7XfQgnvc3enFJ7m7nkJszPg
http://books.google.com/books/about/Aerosol_measurement.html?id=nBpSAAAAMAAJ
http://www.google.com/url?q=http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fabs%2F10.1021%2Fes052297c&sa=D&sntz=1&usg=AFQjCNEwjKN1YDejHxSkraHfAoDjfJ3Z4g
http://www.google.com/url?q=http%3A%2F%2Ftropo.aeronomie.be%2Fmodels%2Fevaporation_run.htm&sa=D&sntz=1&usg=AFQjCNFNFAKv9PAopx1Drho0XxVUM7mFqg
https://www.google.com/url?q=https%3A%2F%2Fwww.reaxys.com%2Freaxys%2Fsecured%2Fsearch.do&sa=D&sntz=1&usg=AFQjCNFUW23JFKJNQgn43NyfYUw1bH5HLw
http://www.google.com/url?q=http%3A%2F%2Fumansysprop.seaes.manchester.ac.uk%2F&sa=D&sntz=1&usg=AFQjCNHoZ7_IG8n0GFbXo8AegCN72TigMg
http://www.google.com/url?q=http%3A%2F%2Fcires.colorado.edu%2Fjimenez-group%2FPapers%2F2006BrockmannTutorial.pdf&sa=D&sntz=1&usg=AFQjCNGVrIF2ziMCR7yatdc9HHHWbFqSQA
http://www.google.com/url?q=http%3A%2F%2Fjpldataeval.jpl.nasa.gov%2F&sa=D&sntz=1&usg=AFQjCNGmUAKlpdY9gMNs0pFiiRrdS26I5Q
http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-chem-phys-discuss.net%2F14%2F29615%2F2014%2Facpd-14-29615-2014.html&sa=D&sntz=1&usg=AFQjCNFz6mH2So4Op-HhBZcJYwBdhp4f1w
http://www.google.com/url?q=http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fabs%2F10.1021%2Fes902497z&sa=D&sntz=1&usg=AFQjCNGnVphbPwatTtelc9t6AU4xAHU3Ow
http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-meas-tech.net%2F2%2F479%2F2009%2Famt-2-479-2009.html&sa=D&sntz=1&usg=AFQjCNFO832L2TS5nw7D-B3DNAQC7qF0HA
http://www.google.com/url?q=http%3A%2F%2Fwww.henrys-law.org%2F&sa=D&sntz=1&usg=AFQjCNGZgMOLkkMG9AwY40CAt2_jnI_npw
http://www.google.com/url?q=http%3A%2F%2Fwww.mpch-mainz.mpg.de%2F~drewnick%2FPLC%2F&sa=D&sntz=1&usg=AFQjCNHgYwlb4esuwB5m4SSAPg_eeuzhDg
http://www.google.com/url?q=http%3A%2F%2Fisorropia.eas.gatech.edu%2F&sa=D&sntz=1&usg=AFQjCNHcaFBmJpN8003IFD2wyAt0ozy1og
http://www.google.com/url?q=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStandard_enthalpy_change_of_formation_(data_table)&sa=D&sntz=1&usg=AFQjCNEBW83NpAVgeMbVRxHBSlaCKVus7A
http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-chem-phys.net%2F10%2F525%2F2010%2Facp-10-525-2010.pdf&sa=D&sntz=1&usg=AFQjCNEG11QiZOX5om6YhkkQ8ieQvPoXOA
http://www.google.com/url?q=http%3A%2F%2Fsrdata.nist.gov%2Fsolubility%2F&sa=D&sntz=1&usg=AFQjCNGuH6pk8O74uwYelRURXFn1TuqOnA
http://www.google.com/url?q=http%3A%2F%2Fwww.aim.env.uea.ac.uk%2Faim%2Faim.php&sa=D&sntz=1&usg=AFQjCNFj1BVqKJXNX6a8WB79-QxKkKToew
http://www.google.com/url?q=http%3A%2F%2Fcires.colorado.edu%2Fjimenez-group%2FPapers%2F2006Brockmann.pdf&sa=D&sntz=1&usg=AFQjCNFxuPIJh6iOJbP9rr1yYf-BmLpbrA
http://www.google.com/url?q=http%3A%2F%2Fwww.epa.gov%2Foppt%2Fexposure%2Fpubs%2Fepisuite.htm&sa=D&sntz=1&usg=AFQjCNHt3S6dj5eqbh8DByg36dLgPw0tvg


● SIMPOL: Vapor Pressure Estimation by Group Contribution Theory, from Pankow & Asher
(2008)

○ E.g. for a C15 Hydroxynitrate:
○ log10 (Pvap (Atm)) = 1.79 ­ NC * 0.438 ­ (NOH + NONO2) * 2.23 = ­9.24

http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-chem-phys.net%2F8%2F2773%2F2008%2Facp-8-2773-2008.pdf&sa=D&sntz=1&usg=AFQjCNH-lXd8he714tn_00e70d25ImSLBA


● Effects of Functional Groups on vapor pressures (P.J. Ziemann, 2006 Tutorial AAAR)



● Effects of Functional Groups on vapor pressures (Kroll & Seinfeld, 2008)

● Approx. relationship between C*, O/C, NC & NO (Murphy et al., 2011 & Pandis et al. 2013)

http://www.google.com/url?q=http%3A%2F%2Fkrollgroup.mit.edu%2Fpapers%2FKroll_2008.pdf&sa=D&sntz=1&usg=AFQjCNEzM21HsPyNDqA7Wyhp0IMN8r_Ncg
http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-chem-phys.net%2F11%2F7859%2F2011%2Facp-11-7859-2011.pdf&sa=D&sntz=1&usg=AFQjCNGGrkpBk8_H9MxHnyjEpwWK8NBS6w
http://www.google.com/url?q=http%3A%2F%2Fpubs.rsc.org%2Fen%2Fcontent%2Farticlepdf%2F2013%2Ffd%2Fc3fd00108c&sa=D&sntz=1&usg=AFQjCNFVcpLHQGFuIUfk0bp-s_tRWqhb5w


● SIMPLE SOA Model (Hodzic & Jimenez, 2011; Cubison et al., 2011; Hayes et al., 2014)
○ Introduce a tracer VOC ("VOC*") proportional to CO emissions as:
EVOC* / ECO (gram/gram) = 0.069 for urban emissions
EVOC* / ECO (gram/gram) = 0.013 for biomass burning emissions
○ The urban values are quite similar between locations (see Hayes et al., 2014). The BB
values are an average over multiple campaigns and there is a lot of variability in BB (see
Cubison et al., 2011 & Jolleys et al., 2012), so for a specific campaign it may be 0 or 0.020,
but should average around that ratio.
○ VOC* is oxidized as:

VOC* + OH → SOAnv            (k = 1.25 x 10
­11 cm3 molec­1 s­1)

where SOAnv is non­volatile SOA
The evolution of the atomic O/C ratio of urban SOA vs photochemical age (OHexp) can be
estimated as:
O/C = 1.28(1−0.6 exp(−A/1.5))

http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-chem-phys.net%2F11%2F12049%2F2011%2Facp-11-12049-2011.pdf&sa=D&sntz=1&usg=AFQjCNE5NqO-ibgzggR-ivGOiZHgKw-Hkw
http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-chem-phys.net%2F11%2F12049%2F2011%2Facp-11-12049-2011.pdf&sa=D&sntz=1&usg=AFQjCNE5NqO-ibgzggR-ivGOiZHgKw-Hkw
http://www.google.com/url?q=http%3A%2F%2Fwww.geosci-model-dev.net%2F4%2F901%2F2011%2Fgmd-4-901-2011.pdf&sa=D&sntz=1&usg=AFQjCNHXJHd-Sq_zQ77A5jIjkFgaPT0h7Q
http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-chem-phys-discuss.net%2F14%2F32325%2F2014%2Facpd-14-32325-2014.pdf&sa=D&sntz=1&usg=AFQjCNEGrTkJM-6TLsPg4Tqe_lRASvjd8Q
http://www.google.com/url?q=http%3A%2F%2Fdx.doi.org%2F10.1021%2Fes302386v&sa=D&sntz=1&usg=AFQjCNFjpHC-RUQnwAABxfouxSg2SuT84A
http://www.google.com/url?q=http%3A%2F%2Fwww.atmos-chem-phys-discuss.net%2F14%2F32325%2F2014%2Facpd-14-32325-2014.pdf&sa=D&sntz=1&usg=AFQjCNEGrTkJM-6TLsPg4Tqe_lRASvjd8Q


where A is the OH photochemical age (OHexp), in days, using a typical OH concentration of

1.5 x 106 molec cm­3.

6. Atmospheric Dynamics & Micrometeorology

● HYSPLIT synoptic back­trajectory model
● FLEXPART lagrangian trajectory model
● PBL diurnal cycle (Brown & Stutz, CSR 2012)

● Lifetimes & Transport Scales of Different Pollutants (2003 NARSTO PM Assessment)

● Parameterization of Dry Deposition in Atmospheric Models (RSC, 2008)

http://www.google.com/url?q=http%3A%2F%2Fnarsto.org%2F&sa=D&sntz=1&usg=AFQjCNHLl6XprX8zkBJ9PEvCkbf57drRIQ
http://www.google.com/url?q=http%3A%2F%2Fflexpart.eu%2F&sa=D&sntz=1&usg=AFQjCNHKKtIFELOYb5xhmHAUUsz4qe5f9A
https://www.google.com/url?q=https%3A%2F%2Froyalsociety.org%2Fpolicy%2Fpublications%2F2008%2Fground-level-ozone%2F&sa=D&sntz=1&usg=AFQjCNEljF4Sa5JQPy6j4Z--cxdQKKUtZw
http://www.google.com/url?q=http%3A%2F%2Fpubs.rsc.org%2Fen%2FContent%2FArticleLanding%2F2012%2FCS%2Fc2cs35181a%23!divAbstract&sa=D&sntz=1&usg=AFQjCNHtx8_rAGd75C9Ygx2d1y2jwdxbPQ
http://www.google.com/url?q=http%3A%2F%2Fready.arl.noaa.gov%2FHYSPLIT.php&sa=D&sntz=1&usg=AFQjCNHBCOr17YRoeMqmUTU76Cu5rEAKnQ
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