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Characterization of aerosol photooxidation flow reactors:
heterogeneous oxidation, secondary organic aerosol formation

and cloud condensation nuclei activity measurements

A.T. Lambe!Z, A. T. Ahern'~, L. R. Williams?, J. G. Slowik?, J. P. S. Wong?, J. P. D. Abbatt*, W. H. Brune®,
N. L. Ng?, J. P. Wright!, D. R. Croasdalel, D. R. Worsnop?, P. Davidovits!, and T. B. Onasch!~
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OVERVIEW - SYSTEM COMPONENTS
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OVERVIEW - OXIDANT GENERATION
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Secondary Organic Aerosol Formation from in-Use Motor Vehicle
Emissions Using a Potential Aerosol Mass Reactor

Daniel S. Tkaci‘k,%‘cﬂ Andrew T. Lambe,” Shantanu Jaihar,* Xiang Li,(n'H Albert A. I’resm,‘ﬂ_'“
Yunliang Zhao, ™! Donald 'Blake,* Simone Meinardi,* John T. Jayne,” Philip L. Croteau,”

and Allen L. Robinson®!
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« “Potential Aerosol Mass” of emission sources (3 HHERIRE KIS ESER)
* Transition from “functionalization” to “fragmentation”
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Effect of oxidant concentration, exposure time, and seed particles on
secondary organic aerosol chemical composition and yield

A.T. Lambe'2, P. S. Chhabra’", T. B. Onasch!, W. H. Brune’, J. F. Hunter*, J. H. Kroll*, ML J. Cummings',
J. F. Brogan!, Y. Parmar’, D. R. Worsnop?, C. E. Kolb?, and P. Davidovits

! Chemistry Department, Boston College, Chestnut Hill, MA, USA
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EXAMPLE APPLICATIONS - AMS




GEOPHYSICAL RESEARCH LETTERS, VOL. 37, L24801, doi:10.1029/2010GL045258, 2010

Relationship between aerosol oxidation level and hygroscopic
properties of laboratory generated secondary organic
aerosol (SOA) particles

P. Massoli," A. T. Lambc 2 A. T. Ahern,'? L. R Williams,' M. Ehn,* J. Mikkils,*

M. R. Canagaratna W. H. Brune,* T. B. Onasch I.T. Jayne,' T. Pela_]a M. Kulmala,
A. Laaksonen,” C. E. Kolb,' P. Davidovits,” and D. R. Worsnop'**
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* Correlation of SOA composition and hygroscopicity
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Atmos. Meas. Tech, Discuss., doi:10.5194/ami-2016-394, 20 Atmospheric Controlled nitric oxide production via O('D)+N>O reactions for
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Published: 6 January 2017 Technigues
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(AR — BRI E FAE T B0 T IRYD

EXAMPLE APPLICATIONS - CIMS



HE_JOURN.

PHYSICAT, CHEMISTRY

pubs.acs.org/JPCA

Modeling the Radical Chemistry in an Oxidation Flow Reactor:
Radical Formation and Recycling, Sensitivities, and the OH Exposure

Estimation Equation

Rui Li,:'*‘§ Brenv_B. Pz\lm,m Amber M. Orteg&,“’ James l-Ilyw‘l:;k,i Weiwei Hu,*
Douglas A. Day,!"“I Christoph Knote,”" William H. Brune," Joost A. de Gouw,

and Jose L. Jimenez* &l

S

- N S N VR S

o w

33
34
35

37
38

reactions
O, + he (185 nm) — 20(°P)
O, + hv (254 nm) — O, + O('D)
H,0; + hu (185 nm) — HO, + H
H,0, + h (254 nm) — 20H
HO, + ke (254 nm) — OH+O('D)
HO, + hv (185 nm) — OH + O('D)
H,0 + hv (185 nm) — OH + H
0('D) + H,0 — 20H
o('D) + N, = 0(*P)
o('p) + 0, = OCP)
Q('D) + CO, = OP) + CO,
0('D) + 0, — 20,
O(D)+ 0, =0, +0+0
o('D) + H, = OH+ H
O('D) + N, + M = N,O
O('D) + NjO = N, + O, or 2NO
0+0H—0,+H
0+ HO, = OH + O,
0 + H,0, = OH + HO,
0+0,—20,
H+ Oy = OH + Oy
OH + O; - HO, + 0,
HO, + NO = OH + NO,
HO, + 0, = OH + 20,
©OH + HO, — H,0 + O,
H + HO, — 20H
H + HO, = O + H,0
H+ HO, = 0, + H,
OH+H,—» HO+H
OH + OH — H,0 + O
0+ NO, = NO + 0O,
0+ NO, = 0, + NO,
O + HO,NO, — products
H + NO, —+ OH + NO
OH + NO, — HO, + NO,
©OH + HONO — H,0 + NO,
HO, + NO; = OH + NO, + O,
NO + NO; — 2NO,
NQ; + NOy = 2NO, + O,

““PAM chem” %Y

reaction rate constant
11 % 107 % flux”
103 % 1077 x fluxyy,”
1% 107" X flux,gg _ R .
67 % 107 % fluxyg, 41 NO + 0,— NO, + 0,
263 % 107" % fluxyy + 3.68 % 107 % fluxg 42 NO,+0,=NO,+ 0,
43 HO, + NO, + M — HONO, + M

6.78 % 107 x flux g HOQ, + NO, + M — HOONO + M

1.63 x 107%™ 44 OH + HNO, — products

215 x 107" le! 7 45 OH + H,0, = H,0 + HO,

33 % 10787 46 OH + NO, + M — HNO, + M
7.5 % 107 He!1HT 47 0+0,+M =03+ M

120 x 107 48 H+0,+M—=HO, + M

1.20 x 1071 49  OH+OH+M— H0, + M
1.20 % 107" 50 OH + 50, + M — HOSO, + M
2.8 x 107*M(300/T)%* 51 HOSO, + O, — HO, + S0,

52 HO,+HO, = H,0, + O,

53 O+NO+M—NO,+M

54  O+NO,+M - NO; +M

55 NO,+NO;+ M — N,O, + M
56 OH+CO+M-—H+CO,+M
57 OH+ CO+M — HOCO + M
58 HOCO + O, = HO, + CO,

690 x 10712
28 x 107 ®
1.80 x 107"
5.1 % 10712
10 x 107

780 % ")—H“—.!bw T
40 x 1077
22 % 1071

1.80 X 107e™¥T
35 x 1077

1.50 % 1074t /T
85X 1078 ¢~

3.0 X 10-126-1500T
12 % 10-Me=H50T
Eq(1)*

1.3 x 10712™07

1.80 % 1071%

Eq(l1)

6.0 x 107 M(300/T)**

Eq(1)

Eg(1)

Eq{1)

L3-12g=30T

(30 x 10777 4 2.1 % 1075Me™' ) x (1 +
14e7'H,0 X 10°

Eq(1)

Eq{1)

Eq(1)

Eq(2)¢

Eq(1)

15 % 1072

e Developed by Bill Brune (HBrune##%ZXK)
* Included with delivered PAM systems, compile in Matlab
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® | OFR_Exposure_Estimator || +[2][st3m|

Oxidation Flow Reactor Exposure Estimator v2.3
Zhe Peng and Jose-Luis limenez

. 0@

Unhasrsity
Feadme  of Cosrads
Baukder

Common inputs

W ater wapor mixing ratio | 0.01

External OH reactivity [8-1] a0 -

-

Residence time (3] | 100 -

Atmos. Meas. Tech., 8, 4863-4890, 2015 Atmospheric
www.atmos-meas-tech.net/8/4863/2015/

Select an input option i doi:10.5194/amt-8-4863-2015 Measurement
OFR135 Dpt?on 2 © Author(s) 2015. CC Attribution 3.0 License. TeChnlqueS
OFR185 OFRZ254 Option 1 e e
OFR254 Option 2
oo HO, radical chemistry in oxidation flow reactors with low-pressure
ol . § .
Photon flus at 185 nm [photons om 5| Te+13 mercury lamps systematically examined by modeling
or

) = ) Z.Peng'2, D. A. Day!2, H. Stark!27, R. Lil*?, J. Lee-Taylor!Z, B. B. Palm!-, W. H. Brune®, and J. L. Jimenez!~
g |
Output O 5 eohcentration [molecules em ™) 412

OFR254 Atmos. Chem. Phys., 16, 42834305, 2016 UT‘!OS[JhE’FIC
www.atmos-chem-phys net/16/4283/2016/ ran

Initial O3 concentration (pem) (257 |2 d0i:10.5194/2cp-16-4283-2016 Chemistry

Al © Author(s) 2016. CC Attribution 3.0 License. and Physics

Phton flus at 254 nm [phatons cm-z 3-1] Zexld
or . . * .
Non-OH chemistry in oxidation flow reactors for the study of

Fatio batweer input and output 04 (0,95 3 % " & &
atmospheric chemistry systematically examined by modeling

FY
=

Zhe Peng', Douglas A Day'2, Amber M. Ortega'2, Brett B. Palm'-?, Weiwei Hu'->, Harald Stark'->*, Rui Li'24?,

Also make the plots of relative importance of Wrie Savo % - 12
Kostas Tsigaridis®, William H. Brune', and Jose L. Jimenez"-~

|:| 185 nm photon flus D 254 rim photan flug
Coly Clofr [ 18y

to OH (Figs. 1-5 of Peng et al. ACP 2016}

Calculate
Expozures

* Developed by Zhe Peng and Jose Jimenez (HiPeng Zhef® - FllimenezZ#% %)
« Download from PAM wiki, compile in Igor (FJIGORE 25 AT LA PAM wiki F %)

MODELING TOOLS 11



Additional Resources ¥ £ &5

PAMwiki: https://sites.google.com/site/pamwiki/home

Email lists: pamusers@googlegroups.com,
aerodyne-pam-users@aerodyne.com, cacc-support@aerodyne.com

Asian PAM users:
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018

Institute of Earth Environment, Chinese Academy of Sciences (H [EF}2=[5%
H BRI LA T

Hankuk University of Foreign Studies
Peking University (dbai k)
National University of Singapore

Anhui Institute for Optics and Fine Mechanics, Hefei Institutes of Physical
Science, Chinese Academy of Sciences (T [E R} 2R 22806 F k5 B WU 52 5T »
NP BT 5 B )

Tsinghua University (& A%)

 Please ask me questions during the meeting. (XX

WFERT 53T Thank you!
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