Gas-Particle Partitioning to OA

Advanced Atmospheric chemistry

CHEM-5152
Prof. J.L. Jimenez

Last updated: Spring 2017

Gas-Phase vs Aerosol Compounds
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Partitioning of a Pure Compound

DO THE ACTUAL GRAPH IN IGOR

 If c < c*, then allin gas
phase
® Cgas = Crot
e If c > c*, the excess
above c* in the liquid
* Cgas = C*
* Cig= Crot — C*
* E.g. H,O:
* RH < 100%, all in gas
phase

* If more H,0 present,
then RH = 100% and
excess as a liquid (cloud)

Amount in each phase
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i

/ i
C

gas
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Total amount present

Dealing w/ Mixtures: Raoult’s Law

* The partial vapor pressure of each component of an
ideal mixture of liquids is equal to the vapor pressure of
the pure component multiplied by its mole fraction in

the mixture.

* P, =Px;

P’

Pe

https://en.wikipedia.org/wiki/Raoult%27s law

Pe
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Graphical Illustration of Raoult’s Law
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An atmosphere of relative humidity RH can contain at equilibrium aqueous solution
particles of water mixing ratio
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Slide from Jacob (I think)

Deviations from R’s Law: Activity coeff.

Positive
— 0
b Pi = YiPi X

Azeotrope

Total

* Q: What is the =

pressurg

value of y; in the p
upper curve? of both

consti-
tuents
* Is y; dependent on
the mixture?

e
2
Negative ned
Azeotrope
X 0% 100%
Y 100% Compaosition

Figure from https://en.wikipedia.org/wiki/Raoult%27s law 6
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Gas/particle partitioning Theory

Data: Fraction in particle-phase, £,

P Particle
P~ Gas + Particle

w1
Model: Absorptive partitioning theory Fpi= <1 + Ci >
using effective saturation concentration Coa
(€', ug m?) M108,P0; 1

jol— e —
C; = —iki
760 RT Kp

Model Inputs: T (K) = Ambient temperature
Co, (1g m3) = Organic aerosol mass concentration
PL‘fi (Torr) = Vapor pressures of compound i (at T)
; = Activity coefficient of compoundi=1
M, (g molt) = Molecular weight of compound i

(Pankow, Atmos. Environ. 1994; Donahue et al., ES&T 2006) | b

Partitioning of an individual species vs c*

Clicker Q: what is F,
(= &) for a species
with Pvap = 0.1 ppb

1 o
+(0A

& MW =244 g molt £
when Cp, =10 ug m3 &
A 1%
B. 3% <
C. 7%
D. 10%

E. Idon’t know

&2
I

-1| C-u a1
0g,,C (ugm™)

The bottom line is that an individual component only ‘cares’ about the total mass of
the solution compared to its saturation concentration. For example, a 1 ugm—3 C*
component will be 50-50 partitioned if there is 1 ;«g m 2 total organic aerosol, no matter
what its composition. | Donahue et al., ES&T 2006. Slide courtesy of Neil Donahue | 8
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Partitioning: Pankow Formulation

Once a multicomponent system contains enough condensable material to form aerosol,
equilibrium G/P partitioning is governed by the equation for absorptive gas/liquid partitioning in
a potentially nonideal system

) pi=XGpi,
2) K — (ng/lug)ParticlePhase _ E /TSP _ 760R7fim

Sl
! (ng / m3 )GasPhase Ai 106 MWom é/pz,i
p; (torr): the gas-phase partial pressure of species i
X the mole fraction of 7 in the particle phase
g the activity coefficient of species i in the particle phase typically lie in the range 0.3~ 3.
P, (torr): the compound’s vapor pressure as a pure liquid (subcooled if necessary) at the temperature of
interest.
A; (ng m3): gas phase conc. "
F; (ng m?): OM phase conc. 2 10 MW, =200g mol
TSP (ug m3): total suspended PM conc. E - T =298 K
o 08 " EE
c . -

R: the ideal gas constant -é \ :

(82E-5m'ammol K) 3 0T Thp g g m?
T (K): temperature g— Toal S
Sfom: the weight fraction of the G 04 b - 3

TSP that comprises the % \ L fon TPM = 50 1ig m

absorbing OM phase 5 02 ¥
MW, (g mol'): the number-average molecular
weight of the absorbing OM phase. E 00

10" 10 10® 107 10® 10" 10t 10”107 107 a0’
P (torr)

Iterative partitioning equil. calculations

* Let’s start with 3 ug m-3 of reacted a-pinene
* There is no pre-existing aerosol seed

* Consider only the 2 lowest volatility bins

* Calculate the final amount of SOA formed

10

5/10/2017



Kinetics of Condensation & Evaporation

SVOC, = SVOC, k. estimated from size dist.
SVOCgé SVOC, k,?
k./k=c*/coa (equil., Matsunaga & Ziemann, 2010)

=l k,=k.c*/cop,
Let’s do this in KinSim for a-pinene VBS products
* Py and Py

* When OA =0.1 and 10 ug m?3

11

Estimation of Vapor Pressures

Advanced Atmospheric chemistry
CHEM-5152
Prof. J.L. Jimenez
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Effects of F

unctional Groups on P

Changes to vapor pressure of an organic compound upon
addition of common functional groups, based upon group-

contribution method predict

1ons of Pankow and Asher (2007)

Functional group Structure Change in vapor

pressure (298 K)*

Ketone CiO) 0.10
Aldehyde C(O)H 0.085
Hydroxyl OH 5.7x 1077
Hydroperoxyl OOH 2.5x 1073
Nitrate ONO, 6.8x 1077
Carboxylic acid C(O)OH 3Ix107
Peroxyacid C({0)OOH 3.2x 1073
Acyl peroxynitrate C(O)OONO, 2.7x% 1073
Extra carbon” CH;-. ete. 0.35"

“Multiplicative factor.

"For comparison between
functional group) and chan
Vapor pressure also depend
Pankow and Asher (2007).

changes in polarity (by addition of a
ges 1o size of the carbon skeleton. e Kroll & Seinfeld. 2008
7

s on carbon skeleton structure: see
e http://doi.org/10.1016/j
.atmosenv.2008.01.003

13

SIMPOL

Table 6. Values at T = 293.15 K of the b; group contribution terms from this work,
Miiller (2006), and for each method whether each group value d Ahvap/dT <0 at T=293.

this work
* E.g. for a C, Hydroxynitrate: groups K coeflicient valueofhe  “2ter @) g
T=293.15 T=293.15K
* |Og10 (Pvap (Atm)) =1.79- NC * zeroeth group (constant term) 0 by 1.79 NO
0.438 - (NOH + NONOZ) *2.23=-924  carbon number 1 by -0.438 YES
carbon number, acid-side of amide 2 by -0.0338 NO
e Practice number of aromatic rings 3 b3 —0.675 NQ
number of non-aromatic rings 4 by =0.0104 YES
. Cm linear keto acid (C=C (non-aromatic) 5 bs —0.105 YES
C=C-C=0 in non-aromatic ring 6 bg —0.506 YES
hydroxyl (alkyl) 7 by =223 NO
OH aldehyde 8 bg -1.35 YES
o) ketone 9 by -0.935 NO
carboxylic acid 10 by =358 NO
HO, ester 11 by -1.20 YES
O ether 12 by 0718 NO
/ ether (alicyclic) 13 bi3 -0.683 NO
(e} ether, aromatic 14 b4 -1.03 NO
nitrate 15 bis -223 YES
OH nitro 16 bg =215 NO
aromatic hydroxyl (e.g., phenol) 17 bi7 =2.14 YES
amine, primary 18 byg -1.03 NO
amine, secondary 19 by —0.849 YES
amine, tertiary 20 b -0.608 NO
amine, aromatic 21 by -1.61 YES
amide, primary 22 bz -4.49 YES
amide, secondary 23 bay -5.26 NO
amide, tertiary 24 bagy -2.63 NO
¢ Pankow & Asher (2008) carbonylperoxynitrate 25 bag -234 YES
peroxide 26 bag —0.368 YES
e http://www.atmos-chem- hydroperoxide 27 by -248 NO
carbonylperoxyacid 28 bag -248 NO
phys.net/8/2773/2008/ nitrophenol 29 bao 00432 YES
nitroester 30 by -2.67 NO 4
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2D VBS
for Prap

e Murphy et al.,, 2011 &
Pandis et al. 2013)

Table 1. Carbon number as a function of effective saturation concentration and O:C in the 2D-VBS.

Effective saturation eoncentration (pgm™?)

0.c
LS U e N T4 et S (4 e S 1 11 L [V (SR [ [ N 1
12 69 6.5 6.1 57 53 49 435 4.1 37 33 30 26
1.1 74 7.0 6.5 6.1 57 53 49 44 4.0 kX3 iz 27
1.0 &0 75 7.0 G 6.1 57 52 48 43 39 34 3o
09 86 8.1 16 7.1 67 6.2 37 52 4.7 42 37 iz
0.8 94 8.9 83 78 73 6.7 6.2 36 5.1 4.6 4.0 35
0.7 0.4 98 9.2 86 8.0 74 68 6.2 56 50 44 38
0.6 1.5 109 10,2 93 89 82 76 6.9 6.3 56 30 44
05 130 122 115 107 100 93 85 7% 70 63 56 49
04 148 140 131 123 114 106 97 &9 &1 72 63 56
0.3 17.3 16.3 153 144 134 124 114 104 9.4 34 74 64
02 208 196 185 173 161 149 137 125 113 101 89 77
01 305 28K 270 253 236 219 200 183 166 149 131 114
ELVOC LvoC svoc IvoC VOoC
T T T T T T T T T

23k

i

o 1 2
logo(C*) (saturation concentration, pgm™

1
T

Fig. 1 The 2D Volatility Basis Set space with the volatility (expressed as the logarithm of the
saturation concentration) as the x-axis and the O : C ratio as the y-axis (based on Fig. 4 of Donahue

et al ™). The black isopleths are the number of carbon atoms and the green isopleths the number of

oxygen atoms

The Volatility Basis Set

Advanced Atmospheric chemistry

CHEM-5152
Prof. J.L. Jimenez
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Basis Set 101: Calculate % Mass Yield from a-pinene +
O, SOA when Cy, - 10 pg m3

* a-pinene + O, = 0.004 P,,, + 0.05 P, + 0.09 P, + ...

P,= group of products with
the same c* (many
different species)

0.01 01 1 10 100 1';000 104 10*5 10%6

Adapted from Neil Donahue |17
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Aglng in the VoIatlllty Basis Set

sl 0oy [Bi | ol nm Hﬂ;
4 Co=d8pgm™ [ ] | o Cp =92pgm™
‘f;i!..‘: l 1 r'::!s- l
g | 2 5
ﬁz.s | EM |
= =
Q 2 1 &2 =
g\s- 1 %15
(-8 o
1" 1 1
‘-l = DD
°? S 3 58 e
log10 C” (ug m™) loglOC [pgm
asf S @l e S
c L= 105 gm™ | =
*;as 1 5
£, { E:
8., | g
1= 13
a -
6‘ Iii |:| g
DDD: o _
a 1] 0 13 " " w =
Ioetoc t»gm °> Time (days)
u u ive oxidati , u X
As VOCs go through successive oxidation steps, products become more oxygenated and
less volatile, but eventually smaller and more volatile | Donahue et al. 2006; Jimenez et al. 2009 | 19

VBS-based SOA Mechanisms

Table 2. SOA vield scenarios using a four-product basis set with saturation concentrations of 1, 10, 100, and 1000 ug m~? at 298K.

V-S0A Aerosol Yield! Aerosol Yield Molecular
precursors High-NOy Parameterization Low-NOy Parameterization Weight

1 10 100 1000 1 10 100 1000 (gmel™!)
ALK4 0000 0038 0000 0000 0000 0075 0000 0000 120
ALKS 0000 0150 0000 0000 0000 0300 0000 0000 150
OLE1 0001 0005 0038 0150 0005 0009 0060 0225 120
OLE2 0003 0026 0083 0270 0023 0044 0129 0375 120
AROI 0003 0165 0300 0435 0075 0225 0375 0325 150
ARO2 0002 0195 0300 0435 0075 0300 0375 03525 150
ISOP 0001 0023 0015 0000 0009 0030 0015 0000 136
SESQ 0075 0150 0750 0900 0075 0150 0750 0.900 250
TERP 0012 0122 02001 0500 0007 0092 0359 0600 180

! “The SOA yields are based on an assumed density of 1.5 gem=3.

* This is an example, many other sets of parameters have
been proposed in the literature

¢ Tsimpidi et al., ACP 2010 - http://www.atmos-chem-phys.net/10/525/2010/

20

5/10/2017
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Gas-Particle Partitioning to
Liquid Water

Atmospheric chemistry 2

CHEM-5152

Prof. J.L. Jimenez

21

Henry’s Law

Xly= Py
Xag
7 X
o g
Xl Py

FIGURE 8.1 Henry’s law applied to atmospheric systen

* Pure H,O concentration
in M (moles 1-1)?

* O; aqueous
concentration at 50 ppb
in gas?

* H,0,a.c. at 1 ppb?

+ CO,?

* Fractions for 1 g m
liquid H,0?

TABLE &1 Henry's Law Coefficients { H) for Some
Atmospheric Gases Dissolving in Liquid Water at 20-25°C*
Gas H mol L™ atm ™"} Reference
132 107 Loomis, 1928
19 % 10°? Loomis, 1928
49 0! Loomis, 1928
LR Schwartz and White, 1983
14 Schwartz and White, 1981
06 Schwartz and White, 1981
(0.82-1.30 % 10-? Shorter of al, 1995; Briner and Perrotter, 1939
25 % 1072 Loamis, 1928
Jaxo? Loomis, 1928
s 12 Silién and Martell, 1964; Maahs, 1982; Shorter of al., 1995
HONO' 49 Schwartz and White, 1981
NH 62 Van Krevelen of al,, 1944
HNO,! PSS [ Schwartz and White, 1981
HO, (1=3) 2 10° Schwartz, 1984b
OH 0 Golden et al., 1990; Hanson ef al,, 1992
PAN L] Holdren ef af,, 1984
CH,5CH, 048056 Shorer ef al., 1995; De Bruyn e al., 1995; Dacey of al., 1984
NO, 0618 Rudich e al, 19%; Thomas ef al., 1998
CH,SH 0.m De Bruyn ef al., 1995
H;0. 83 10 O Sullivan e al., 1996
11 % 10* Zhou and Lee, 192; Staffelbach and Kok, 1993
CH400H 300x0f OSullivan ef al, 199
HOCH ,00H L7 x 10* O Sullivan e al, 199
1.7 % 10* Staffelbach and Kok, 1993
5x 10 Zhou and Lee, 192
HOCH,00CH,0H 6 x 10° Zhou and Lee, 1992
CHL,CIOM0H EXERlE OSullivan et al, 1996
C,H,00H 34 % 100 OSullivan ef al., 1996
H,S 0.087 Shorter et al., 1995; De Bruyn of al., 195
€08 0022 Sharter ef al,, 1995; De Bruyn ef al. 1995
s, 0055 D Bruyn er al., 1995

“ Adapted from Schwanz, 1984a; see also Web site in Appendix IV,

* Physical solubili

7 Teacts with liquid water.

© Physical salubility: exclusive of acid-base equilibria.

4 See Clegg and Brimblecombe {1988) and Brimblecombe and GLI* (1938) for lemperature dependence.

5/10/2017
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Reformulating Henry’s Law

«\ —1
* Partitioning into an organic liquid FoA = (1+ G
phase: b Coa

* _1
“wi

* Partitioning into liquid water phase: wo_
Vo= {1+

Cw

C‘:/ ;= LWC x Hi (not totally sure about this one, will check)

Ervens et al. 2011: http://www.atmos-chem-phys.net/11/11069/2011/ 23

Partitioning to water vs OA

1472) gassOA Ser s o v LTI LI (T
& — > E o
b @ Al:l : llwe =01 g m”® o
by ™ i ’-' 4 (cloud)
P )y 10" 4 ’
2 E E
[ t0sgm] 5 .,/
0_1E- F _]3 i 10° 3 T
] f ] o
EE | ' & A - i o
u® 1 ‘: o107 bt Panluonlllg of agSOA products
F, 3 . & WSOC(p), includes
=1 i 3 P 3 formed products
] ® Pholochemically formed
0.01-m / 104 . & d / proauzts rn::\ gclaynj;(:zl i
Ui 47 [Partitioning of gasSOA P1 and P2 B =] S Dok s et
E: i | = Benzene E' i ‘/ W Oxalic acid
o : ;uiuene . ‘/
ylene 107 g ' Inorganic species
/ L Isoprene E g Assuming K, .. no salt formation
N7 Volatility basis set :./ = HNO, pH = 2)
O Benzene, Toluene, Xylene 5 & NH, (pH=2)
0.001 1 | *® |soprene 10 __P'I'I'm'f—i'ﬂ'mﬂj—l_ﬂ'm"T LEALLL BN ER AL
2 _Q L L e R R R R i 3] ” 2 _3 5 A
0.001 0.01 0.1 1 10 K, " wg m 10 10 10 10 10
a
T Clalugm’] ;
T T Kafug - ] T r 1 10° 10° 10* 10° 10° 10"
1000 100 10 1 01 " ,5 T ......ln i R o -.-...qg e
. Ky 10 10 10’ 10° 10
C*lugm’) [mel L,y atm’]
Ervens et al. 2011: http://www.atmos-chem-phys.net/11/11069/2011/ 24
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Size Distributions and
Particle Loss Calculations

Atmospheric chemistry 2
CHEM-5152
Prof. J.L. Jimenez

Some slides adapted from lectures from Qi Zhang, UC-Davis 29
Great intro to “biple” :
\ Measurement “bible” o For practical aerosol
medium book : = ! lcul
hed Edian .
on
Aerosol calculations
Measurement — Aerosol calculator from Willeke and
S Frincisies. Teheigues. and Aspleatons Baron
Technology i — Linked on course page
6
g 117 Diffusion coefficient (B&WY 4-12; W&B 3-12; Hinds 2-35, 7-7), mechanical mobility (B&W 4-14; W&B 3-14;
= 118 Temperature 293.15 Kehin
119 Pressure 101.3 kPa
=4 120 Molecular weight 0.02896 kg/mole = 0.02896 for air
il 121 Particle/molecule diameter 4 pm
HWILEY 122 Particle density 1000 kg/m*3
123 ]
124 Airviscosity = 1.80711E-05 Pa"s
125 Slip correction factor = 1.04148201
126 Diffusion coefficient = 151E-13 m*2/s molecular range
127 Diffusion coefficient = 6.18E-12 m*2/s particle range
128 Mechanical mobility = 1.53E+09 m/(N*s)
129 Mean thermal velocity = 0.000554454 m/s
130
131
Quick exercise: calculate losses of 10 nm particles in 10m meters of circular tubing
under laminar flow (outer tube diameter = %4”; flow rate = 1 lpm) -

5/10/2017
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Size Distribution of Ambient Aerosols

300
250
200
150
100

50

dn/dlog D (nmoles m'3)

D, (um)

dN

LN,

(InD, ~InD )’

= ex
dinD, ;(271’)1/211’10'&1. P

| — number of modes
D,..— the median diameter of mode i

2
2In"o,,

FIGURE 9.8 Typical size distribution of nitrate in southern Cali-
fornia in 1987 fitted by the.sum of three log-normal distributions with
peaks at 0.2, 0.7, and 4.4 um (adapted from John ez al., 1990).
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27

Typical PM Size Distributions in Various Atmospheres
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Clicker Questions

* The number of particles ¢ The typical volume of
in the polar atmosphere particles in the free
below 1 micron is troposphere below 200

A. 2cm? nm is

B. 2cm3 A. 0.02 um3cm?3

C. 20cm?3 B. 0.2 um3cm?3

D. 2000 cm?3 C. 20 um3cm?3

E. Idon’t know D. 200 um3 cm™3
E. Idon’t know

29

ATMOSPHERIC
ENVIRONMENT

Dry Deposition Velocity

Jaa = VaepC

J4q: dry deposition flux of particles (p/cm? s1)
Vgep: “deposition velocity” (cm/s)
C: particle concentration (cm3)

Vg (ems-1)
Vg (emsh)

3 - -1 0 1 2
B : o1 o 1 2 10 10 10 10 10 10
10 10 10 10 10 10 o
1 P
Particle diameter (um) ®) article diameter (um)

. P = ) Fig. 6. Effect of surface roughness on deposition velocity: (a)
Fig. 1. Annual mean deposition velocities by particle size and . -
i * unstable and (b) stable and neutral cases (particle density

surface type (particle density 1000 kg m ). 1000 ke m 3,
Clicker Q: timescale of loss of 100 nm trom a 1 km boundary layer
over a forest? A.100s B.1hr C.1day

D. 1 century E. l don’t know

30

5/10/2017
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Condensation

Atmospheric chemistry 2
CHEM-5152
Prof. J.L. Jimenez

Some slides adapted from lectures from Qi Zhang, UC-Davis

31

Gas to Particle Conversion: Condensation & Nucleation

Particle

Condensable
gaseous species
e.g., H,S0,

oo Growth ° ...
o ° . .
initial nuclei Fine particles
(<3 nm) (e.g., ~50 nm)

/
¢ Nucleation
e Condensation and nucleation are
competing processes.
¢ Nucleation dominate when PM
condensational sink is low.

Possible nucleation mechanisms

a) Binary nucleation (H,SO, + H,0)

b) Ternary nucleation (H,SO, + NH; + H,0)
c) Organic compounds nucleation

d) lon-induced nucleation

Adapted from Zhanggl

5/10/2017
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Regimes of Gas — Particle Interactions

» Knudsen number:|Kn = 24/D
A —Mean free path: the average distance traveled by a molecule btw collisions
with other molecules. 4,;, = 65 nm (1 atm)
D, — Particle diameter

Three Regimes
a. The continuum regime: 1 <<D,

* ambient, D,> 1.3 um
b. The free molecular (kinetic
regime): 4 >>D,
* ambient, D, < 13 nm

(a) . The transition regime: A= D,
= ambient, 0.013 < Dp <
1.3 um

o condensation & coagulation)
are function of Kn.

* .
O:})L/. Mass transfer processes (i.e.,
.\

(b) ©
Fig. 8.1 Seinfeld & Pandis Adapted from Zhang L3

Condensation in Free Molecular Regime

e J;: flux of A(g) (molec. cm s1) toward particle in free molec.
regime:

Ca
Jik = VZS (Coo - s)

e ¢,: mean molecular speed of A (m/s)
* S: surface area density (um? cm-3)
* v :accommodation coefficient, i.e., 172
- (SkT]
A= ——

probability of A to stick on particle. 0 <y <1
¢, : vapor conc. of A far from the particle
c,: vapor conc. of A at the particle surface

» What is k (s1)?
* Why is there a ¥4?

. . _ . . _ 27
* Expression in molec. s™! towards 1 particle:|J, =R, caa(c, —c,)

[
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Condensation in the Continuum Regime

Mass transfer of gas molecules to particles (i.e., condensation):

+ J_: the total flow of A(g) (moles time") toward 1 particle in continuum regime

J.=4nR,D,(c, —c,)

R, Particle radius
D,: Diffusivity of gas A

¢, :Conc. of A far from the particle

©

c,: Vapor phase conc. of A at the particle surface

» Ratio of free molecular to continuum fluxes:

Adapted from Zhang JS

Transition Regime Corrections

» No general solution exists from solving distribution of gas molecules

=>» Use flux matching to determine J

1 T

FONGN
0.8 / S\

0.6 —

/7,

04—

Fuchs and Sutugin (1971)
02— — . Sitarski ond Nowakowski (1979

-------- Loyalka (1983)
- - - - Dahneke (1983

\

T LB L | LBLELR ALY
-

>

ol L IIJIIII? covvanle 3o rinin

0
0.001 0.01 0.1 1
Dp, pm

Q: when are we ok using just one of the regimes?

From Seinfeld & Pandis
Slide adapted from Zhang

1C

5/,

1

0.1

LR |

T T

F RIS WA LA

T 1T rrr Ilil T T
Sitarskl and Nowakowskl (1979 -

Fuchs and Sutugin (1971)
- -~ Dahneke (1983)

0.01

0.10
Dy, pum

1.00 10.00
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Transition Regime: Fuchs-Sutugin
J 0.75a(1 + Kn)

J. Kn® +Kn+0.283Kna + 075

O
=—2R
4D, "

Ji
Je

* See Seinfeld & Pandis — Chapter 12 for further
details

37

How Does Condensation Affect Size Distribution?

A. It will keep the shape the same (grow all particles
equally) =

B. It will widen the shape (grow larger particles more)
=)

SN

C. It will narrow the shape (grow smaller particles
more)

(==

D. It depends on free molecular vs continuum regime
E. Idon’t know

38
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Resistor method for
more complex siuations

e Other effects act as
resistances to mass
transfer

1 1 1 1 1 1
— =t —=—4—+ =
Ymeas Laier Yo Tar @ Ty

* Same approach is used to
calculate dry deposition

Davidovits et al. 1999, JPCA
http://pubs.acs.org/doi/pdf/10.1021/jp991696p

(a)

1 1
Lasiff o I
AW ————————AAAAN AAAAN/
Gas-Phase Diffusion  Mass A i Solubilit

- 1
Mass Accommodalion ]

1

I.sADIA (NHg)

(e)

ARAA—AA
44
Toxn Tson gty
LT T T LT T
a4
I

Figure 1. (a) Elecirical circuit analogue for the gas uptake process
governed by gas-phase diffusion, mass accommodation, and bulk phase
selubility and reactivity, Explanation is found in the text. (b) Electrical
circuit analogue for the gas uptake process including surface reactivity.
(c) Expanded electrical circuit analogue for the gas uptake process in g

the bulk liguid phase

Question

* Calculate and plot the surface area distribution for the
rural size distribution from Seinfeld & Pandis

¢ Plot the “effective surface area” distribution

. dS/dIogDp *J/),
* Calculate k (s1) for
y=1and 0.1

8000

30
 tn
=
0
7
[
o
t
i 4
s
S % wl FEPRTTTY ERPRRTTTY I
0.01 0.10 1.00 10.00

Diameter, pm
10

FIGURE 7.17_ Typical rural continental acrosol nember, surface, and volume distnbutions.
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How Does Condensation Affect Size Distribution?

* Condensation/Evaporation 2 D, change & size dist. change shape.
* Under condensation, smaller particles grow much faster than larger ones > The
size distribution becomes much narrower

4000 T T L L R N | T T T T T T TT

3000

)

& 2000

n(D

1000

0.0 0.2 0.4 0.6 0.8 1.0
Diameter, pum

FIGURE 123 Evolution of a log-normal distribution (initially D, = 0.2 um, o, = 1.5) assuming
D, =0dcm's ' M, = 100gmol ™', (p, = pr) = 10 "atm(1 ppb), T = 298 Kand p, = 1 gem ™.

From Seinfeld and Pandis N

Chemical Reactions in / on Particles

e Chemistry
— Solid aerosol provide surfaces upon which trace
gases can be absorbed and then react
— Liquid aerosols absorb gases which may then react
together in solution
e.g. SO, 2 H,S0, Gas Phase

Gas phase diffusion

Liquid

Diffusion
intobulk  ~ 4

Bounce
off

Reaction

Products

e
Reaction at interte®

Products
FIGURE 5.12 Schematic diagram of uptake and reaction of gases in liquids.

From Finlayson-Pitts and Pitts

Evaporation

5/10/2017
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Wall Losses in Chambers

Atmospheric chemistry 2
CHEM-5152
Prof. J.L. Jimenez

43

Losses of LVOC to walls at ~1 ug m=

1200 Lights on SOA incl. wall losses

1.0

-3

0.8

Gas-phase LVOC lost to walls

0.6 —

0.4 —

Molecules cm

0.2

Aerosol lost to walls

SOA in chamber

i i i
21:c0 22:00 23:00 00:00
17 Jan 2014 18 Jan 2014

0.0

Q: what is the ratio of aerosol / wall surface areas?
Chamber is cube with V ~ 25 m3 p :
rechmer et al., in prep. 2015

44
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Timescales of losses to chamber walls

Reference (chamber volume)

2 10000 ® Kokkola 2014 (4 m°)
2 H Matsunaga & Ziemann (8 ma)
i 3,
<N ® Yeh & Ziemann 2014 (8 m’)
'*E B Zhang 2014 (25 m")
& 3
= B Thiswork (25 m’)
o ®  McMurry & Grosjean (60 m’)
'3 —
o)
D ™ 4000
&
v
Y
<
S 2000
E A
; 11 [ ;
v 0—m g
© I | I | T | T | | I | I | T I 1 s
O 3)6@ ,,_s@‘, e&a I ({5@ .\{t}@ \&5@ -\s@}e Q@gf \@@ ‘30(" \Qob '@063 ,\qS:P K £
F ¢ W F & & & & & & F g N NN s
e-é F 'lb'V@c&a&G\ \063'\03&0&(;0\0 &F &P Oﬁe@@ g
3 ¢ & F & & @ &
0\(?’ & W o o F ,\,lpt; o w‘\é@ \%6@ & g
& éﬂé& g
o & L
R 45

HW: Simulate Condensation & Wall Losses

B 1.0 T T T T [ L
— 3 * Implement the a-pinene

0.8f @ 1on e - basis set in KinSim
-
2 " - 9. . O_xidize l_ppb of a-
o 0.6 R 7 pinene with 100 ppb O,
@ 2 .
= R . in the presence of
2 04 9 . variable amounts of
s vCr _ seed

0.2fF : .

00! 1 1 1 1 |

0 2 4 6 8 10 12)(103

Initial Seed Surface Area (!.tm2 cm'3}

Fig. 1. Hourly averaged lower bound SOA yields over the course of
a toluene photooxidation experiment as a function of initial ammonium
sulfate seed surface area for (A) high-NO, and (B) low-NO, conditions.
Symbol color indicates the SOA mass concentration and symbol size the
time after lights were turned on. The filled circles are from the current
experiments and the open diamonds from ref. 21. The dashed gray line
and x are the end-of-experiment yields from the optimized best-fit SOM

simulations.
Zhang et al., PNAS 2014

46

5/10/2017

23



