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New Delhi, India Harbin, China, Oct. 21, 2013
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NNOJ SO, H2$04
SO, NO NO; £ H,0, O,
Most hydrocarbons
Most suspended
: particles

https://www.marlborough.govt.nz/, 2023
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Phase Species {é} Daytime Reaction
Homo- SO, SO, + OH - H,S0,
- (NH,),S0,
NO, NO, + OH >-> HNO,
= 1H,NO,
ROG C.H, + OH >-> CH,0,
CH; +0; > CH,0,
Hetero- SO, SO, + OH - SO;*
SO,% + 0, >-> SO,*
(H,0,, O3, Fe?*, Mn?* @ pH)
- (NH,),SO,
NO, NO, + OH" - HNO;,
- NH,NO,
ROG CH,0,+OH >-> CH,0,,

Nighttime Reaction
-

o}
P sat

(torr)

2.5x10>
5.1x1013

60
1.1x10°
1.0x101
-1.0x10"

<2.5x10°

<5.1x1013
<60
<1.1x10°
<1.0x101!
-1.0x10°
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AR X A2 : EUROCHAMP 2020

M R

AIDA (KIT, DE) 9  LEAK-LACIS (TROPOS, DE)
SAPHIR (FZJ, DE) 10 1ASC (UCC, IE)
PACS-C3 (PSI, CH) 11 ILMARI (UEF, FI)
EUPHORE (CEAM, ES) 12 FORTH-SC (FORTH, GR)

1 CESAM (CNRS, FR)
2 HELIOS (CNRS, FR)
3 ISAC (CNRS, FR)
4 QUAREC (BUW, DE)

0 N o U

=
1

7
Lygf o

13 CERNESIM (UAIC, RO)
14 MAC-MICC (NCAS, UK)
15 CASC (NCAS, UK)
16 ASIBIA (NCAS, UK)

10
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Country Institute Size Material Location Refs
(m3)

Japan National Institute for Environmental Studies 6.07 PFA/SUS Indoor Akimoto et al. (1979)
National Institute for Environmental Studies 428 FEP Mobile Shibuya et al. (1981)
National Institute for Environmental Studies 0.7 FEP Indoor Deng et al. (2021)

China RCEES-CAS 0.1 Teflon  Indoor Wu (2001)
AIOFM-CAS 0.023 Quartz Indoor Nie et al. (2002)
Tsinghua Univ. 23 x 2 Teflon Indoor Ren et al. (2005)
Tsinghua Univ. 2 FEP Indoor Wu et al. (2007)
IAP-CAS 0.07 Teflon  Indoor Du et al. (2007)
|IC-CAS 0.1 FEP Indoor Gai et al. (2009)
IC-CAS 0.15 Teflon  Indoor Gai et al. (2011)
GIG-CAS 5x2 FEP Indoor Wang et al. (2014)
GIG-CAS 30 FEP Indoor Wang et al. (2014)
RCEEES-CAS 30 FEP Indoor Chen et al. (2019)
CESE/CEH-Peking Univ. 0.3 Teflon  Indoor Kuang & Shang (2020)
IEHPC-Guangdong Univ. of Technology 2 X2 FEP Indoor Luo et al. (2020)
CRAES 56 FEP  Outdoor Li et al. (2021)
Aerosol and Haze Laboratory, Beijing Univ. 10 Quartz Indoor Ma et al. (2022)

Hong Kong Hong Kong Polytechnic University 2.38 SUS Indoor Lee et al. (2001)
Hong Kong Polytechnic University 18.16 SUS Indoor Lee & Wang (2006)
Hong Kong Polytechnic University 6 PFA Indoor Tan et al. (2020)

Korea Korea Institute of Science and Technology 6 FEP Indoor Bae et al. (2003)
National Institute of Environmental Research 0.8 FEP Indoor Hong et al. (2003)
Kyungpook National University 8 FEP Indoor Barbar et al. (2017)
Korea Institute of Science and Technology 27 FEP Indoor Lee (2021)

Korea Institute of Construction Technology 13.8 x2 ETFE  Outdoor Park et al. (2020)
Korea Institute of Construction Technology 1163 ETFE  Outdoor Kim et al. (2021)

Updated Wang et al., 2019
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KNU AL 2273 MY : FEP 83 7|-X}2| M

FEP bag Double layered sealing

UV-A lamps 40W x 60
(2” Teflon/Kapton tapes)

UV-B lamps 40W x 12

“ Moving
' | .Jamp panel

Teflon
manifolds
for tubing
insertions

uv
_ reflective
Al sheets

Elastic

Air conditioner string net
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KNU 2827 MH . 37| ™3} &K N
KMnO,

AC/acid impregnated

regnated AC alumina

Adsorption
dryer imp

Oil-free scroll air Condensing
compressor

Ambient
air

>Jemaco

‘

filters

Mass flow HEPA filters
controller




KNU A2 AHH

Qil-free scroll air
compressor

Ambient
air

Pure air generator
(Pressure Swing Adsorption)

Mass flow
controller

16



KNU 2527 HH .

10

Intensity (W m)
©c o ©O
B )] co

O
¥

o
o

N
o

Temperature (°C)
=
o

£4 Bt

UV lamp radiation spectrum

UV lamp

—Solar radiation

USA zenith angle 58.18°
Jﬂ-‘.“up,?-“* Irl.“ W -fll'" A S
.ﬂlur 1y IHM'IJ"'W“ ’L”W"""“r
\
MM
StellarNet BLK-C
spectrometer

200 300

400
Wavelength (nm)

500

Temperature control

Heater on
T Air conditioner off
UV lamps off

—Air conditioner on

Heater on

UV lamps on

i
0

60 120 180
Time (min)

600

Concentration (ppb)

Air purity check >

17

NO, photolysis
oV 2 P ysi

20 New Teflon bag
= 151
250 - & 03
S 10 -
200 - 5 1
150 - 0-(1[) 0 60 120 180 240 300
Time (min)
100 - 0, NO,
NO
50 4
0 = . e -
0 100 200 300

Time (min)
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» Toronto Photo-Oxidation Tube (TPOT) reactor

Aerosol Source

Neutralizer

0, Generation
and Detection

UV Absorption

Actrvated
Carbon
Trap

]

Photodiode

=
|
En I\ e

D;Lamp

Particle
Analysis

Bubbler

H

DMA

S igs

18
h

» Potential Aerosol Mass (PAM) flow reactor

W lamp
(O Generator)

Precursor
Gas

LV Girid
Lamps

—

CPC

Bubbler

ToF-AMS

/

Reactor Flow Tube

e
O; Denuder

= Reactor: Glass, ID7.3cmx L34 cm

= -OH generation : single lamps (254 nm)
O; + hv (254 nm) - O(!D) + O,
O('D) + H,0 - 20H

George et al., ACP (2007)

Oy monitor

S0 monitor
NOVNOx monitor
Temperature, RH
SEMSOr

Purified
Diry Air

SWY-D

Wo3L
SYSHN

m  Reactor: FEP, ID 20cm x L 60 cm

= -OH generation : dual lamps (185 nm, 254 nm)
H,O + hv (185 nm) > OH + H
0, + hv (185 nm) - 20(3P)
20(°P) + 0, > Oy
O; + hv (254 nm) - O(!D) + O,
O('D) + H,0 - 20H
Kang et al., ACP (2007)
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» Retention time distribution » Aerodyne PAM oxidation flow reactor
1.0

— TPOTCO,
— TPOT SO,
—— TPOT BES

=
f=)
QQ
I
@
T Glass tube sh d = Reactor
E dss tube showe * Aluminum tube with chrome plated
'T;u " Long tailed inner surface to reduce adsorption
s retention time e ID22cm x L46 cm
< distribution much

0] ﬂ s different from plug = Dual lamps (185 nm, 254 nm)

. \ s and laminar flow H,0 + hv (185 nm) - OH + H

Rk~ Ideal laminar flow

=u 1 Taylor dispersion flow m De|ay of SOZ due 02 + hv (185 nm) N 20(3p)

049 to adsorption 20(3P) + 0, > O,

023 0, + hv (254 nm) = O('D) + O,

o_o-éé ,,,,,,,, | E— — Alors,.. . — oo O(lD) + HZO - 20H

T T
0 100 200 300 400 500 600

Residence Time (sec)
Lambe et al. (2011)
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KNU Old Teflon Flow Tube Reactors

Reactor material

Old Teror.1 (Baber et al, AE, 2017) g | . OH atC|Z A
]
Quartz (Link et al. AE, 2017) | ? Ceooliai;;:nir * -0, + hv (254 nm) = O(1D) + O,
= New Teflon (under test & evaluation) - O(1D) + H,0 > 20H
O, generator | Flow tube reactor
0, = LV lamp) ID 15 cm x L 80 cm > SMPS
Bubbler R —»| Online GC-PID
N> = (H,0,) > 4 x 30 W UV lamps
(185 nm, 254 nm) —»  O;analyzer
Organic —| Syringe pum
e —» NO, analyzer

v

Evaporator 9

H,0 —p| Peristaltic pump H,0 evaporator

Evaporator [

NO, NO, —p




Residence Time Distribution: KNU Old Teflon Flow Reactor *

> KNU old Teflon flow reactor
1.2 A
1O o I‘\;\ —Ideal plug flow
i '\\ ------ Ideal laminar flow
08 1 i ---RTD_CO2
S P v\ -+ RTD_NO
S 0.6 A i’: ’::‘;;\ . — RTD_Particle
ll “‘- \.
- |: =
0.4 i.l u\ %,
[ E (AN N
02 -1 '” \"\.\\ "y N
i e e i .
0.0 ol T T R T T = |

Time (min)

Babar et al., AE, 2017

Normalized Pulse Height

» PAM & TPOT
1.0
_; (©)
0.8 === TPOT CO,
E s PAM CO,
: —— |deal plug flow
0.6 Ideal laminar flow
] nuni Taylor dispersion flow
0.4
0.2
0.0-*|-....|....,....,....,....,....|..:.||.'.'..|.-'.T.‘.r.'.l'..‘.'..-....,
0 100 200 300 400 500 600

Residence Time (sec)
Lambe et al., AMT, 2011



OH Exposure Calibration: KNU Quartz Flow Reactor

UV dimmer UV sensor
1 1
Humid air
r» Flow reactor - GC
ROG
H,O0 + hv (185 nm) > OH + H
O, + hv (185 nm) - 20(3P)
20(3P) + 0, > O,
O; + hv (254 nm) - O(!D) + O,
O(!D) + H,0 > 20H
> Calibration setup
= Set UV intensity and RH
« UV intensity adjusted by the
voltage of UV lamp dimmer
10 -
+RH-5%

(UV dimmer)

RH adjusted by water vapor

Injection rate

= Measure consumption of ROG by
GC

Estimate OH concentration and

| =RH-20%

+RH-40%
+RH-60%
RH-80%

22

> Estimation of OH radical concentration
ROG + OH — Products
d[ROG]/dt = - koy.+roc[OHI[ROG]
- I<OH+ROG,pseudo[ROG]
Kon+roGpseudo = LN([ROG]o/[ROG]r)/ter

[OH] = kOH+ROG,pseudo / kOH+ROG

» Estimation of atmospheric aging time

[OH]prtrr

[OH]atm

t..m = atmospheric aging time (d)

ter = residence time of flow reactor (d)

[OH]r = [OH] of reactor (molecules cm-3)
[OH],;, = [OH] of atmosphere (molecules cm3)
1.5x10-> molecules cm-3

Catm =

atmospheric aging time of the
reactor

Lamp Volt (V)



NO; Exposure Calibration: KNU Quartz Flow Reactor

UV sensor

UV dimmer
1 1

Air
Flow reactor

ROG

NO; generator
RT =1 min

NO, +O; - NO;+0,
NO; + NO, - N,Oq

» Calibration setup
= Set NO, and O3 concentration
» Measure consumption of ROG
by GC
= Estimate NO; concentration and

atmospheric aging time of the
reactor

23

» Estimation of NO; radical concentration
ROG + NO; — Products

GC

d[ROGI/dt = - knos.rocINO5I[ROG]

L (d)

1 ®RH-20%

*RH-40%
8 RH-60% 70
RH-80%

I<N03+ROG,pseudo[ROG]
KNo3+ROG pseudo = LN([ROG]o/[ROG]er)/teg

INO;] = kNO3+ROG,pseudo / KonsroG

Estimation of atmospheric aging time

[NO3]prtrr

t =
Y [NOs)gem
t,.m = atmospheric aging time (d)
teg = residence time of flow reactor (d)
[OH]: = [OH] of reactor (molecules cm-3)
[OH],,, = [OH] of atmosphere (molecules cm3)
= 1.5x10-> molecules cm3

atm

m 5 0o+11
m 1 Oe+12
- 1 50+12
m 2 Oe+12

&° — 2 5e+12
. 3.00+12
- 3.5e+12
//~—r'/ 40 s 4 De+12
g—8— —3- m— 4 50+12

: 3 T T T ] 3

0 10 20 30 40 50
Initial NO, conc. (ppm) 20 X

10 185 20 25 230 35 40 45 80

Initial NO, (ppm)



24

Automated Operation of KNU Quartz Flow Reactor

24:00 08:00 5 CHA| 18:00 24:00
(RHE O0; & =3)
HtS 7| E1l/93| 7tA —> TOF-ACSM
6 lpm 7|18 utf 573

e eee R eeee R AR ene et . > SIFT-MS

> SMPS

UV dimmer UV sensor
1 |

8 lpm NOx analyzer

i 71
i Flow reactor
16.7 LPM
NERS]

—>
: —> SO, analyzer
—>

9.7 |1lpm o)
Kl (3.7) genersator' MFC1 € O, NH; analyzer
Qelone - | - 5
A pm Dimmer i BTN |
<> MFC2le N, O; analyzer
">f Balance MFC5 0(6) lpm
°$t MFC3F> vent
YA, MONIEOr > Filter MFC7
SV SV1
X [MFc4 —3>/ RH monitor > Pump
generator
SV2 0.1 Ipm :
» Filter MFC8
3 7.5(1.5) Igm
Ashraf et al., AE, 2023 Balance MFC6


https://en.wikipedia.org/wiki/File:Compost_site_germany.JPG

Comparison of Reactor Systems for SOA Formation

Flow reactor

Batch reactor: Smog chamber

. 227 Mo SEWST| H@

Smog chamber  Flow reactor

Oxidant
UV radiation

OH radical conc.
Experimental time
Atmospheric aging time
O, conc.

Setup time

Mobility

Uncertainty in aging time
Surface effect

OH, O;, NO; OH, O;, NO;
UVA uvC
(>300 nm) (254 nm, 185 nm)
106 - 107 #/cm3 108 — 10%° #/cm3
~ hr ~ min
1d 1-30d
<~ ppm ~ 1000 ppm
>1d ~ min
immobile mobile
none Very large
large Very large

Modified PAM Wiki (2020)

Number of publications

25

: Q=2 g A

B Oxidation flow reactor x3

40(| m Environmental chamber [° = g T - 0%l/yr
, 17%lyr

2008 2010 2012 2014 20186 2018

Year

Peng & Jimenez, Chem SOC Rev, 2020



SOA =it HEd+=

Partitioning
Absorption/Adsorption

Organic

Gas Particle ©

M
YSOA = AR(;
S
wn
> H| M 2

Odum et al., EST, 1996

Nucleation
when C, > C*

X _P/TSP _ fom760RT
PG LMWy, 10°

K, (M3/ug) = particle/gas partition constant of species i

P; (ug/m?3) = particle phase concentration of organic i
TSP (ug/md) = total suspended particle concentration
G; (ng/m/3) = gas phase concentration of organic i
f,m, = fraction of organic matter

R (atm-L/mol-K)= ideal gas constant

T (K) = temperature

p.;° (atm) = vapor pressure

¢;" = activity coefficient of organic |

MW, (g/mol) = molecular weight of organic matter

28w 2

Ysoa = falo, 0y, Ky, Ky)

MO

YSOA:M( ale'l + aZKp’z ]

1+ K, M, 14K, ,M,

K= o1
pi GiMO ~? OllzalMllMROG
P MK, _ 1

F, = = =—
"G +PR 1+MK,;, 1+c/M,

AH, (1 1
Kp,T2 = Kp,TleXp( R [T__T_jJ
2 1

HC+Ox—»aP +a,P, +aP +aP, +-

Ysoa = SOAYyield = M /AROG

F, = fraction of organic in particle

C;" (ng/md) = effective saturation concentration
M, (ng/m?3) = organic aerosol mass concentration
o; = mass stoichiometric coefficient of species i

26

K,i (M¥/ug) = particle/gas partitioning constant of species i

T (K) = temperature
10000,,AROG = P; + G;



SOA MMAZ o235 .2 MME oHEl g VBS 7
ROG +Ox—>aP1+bP2+cP3+dP4+

2 Product model Volatility Basis Set (VBS)
(Odum et al, ES&T, 1996) (Donahue et al, ACP, 2012)
EJ =

N 6 functionalization
ME m'E < 'g i OH
) 00 o z
= = N c
(O] < > § functionalization
O @] 32
o wn ;

0

time 1 2 3 4 5 6 7 8 9 10 11 12 13

Carbon Number

| 300K, 100.0pg m~? a-pinene l |

v ]
| soa T Z1+C/M 1

B
g —
10| =10 —
s — 5— —
o 1 1 1 | 1 1 1 1 ! ! 1 ! | 1 L L
-3 -2 -1 [ 7 8 ] 7:1 & 7 8 ]
) (s t ati

0 1 2 3 4 5
log; o C*) (saturation concentration, pugm ")

| 300K, 100.0pg m~? a-pinene

N Y A TECCL Y |
SoA (1+K My 1+K,,M,

(g m

5] !3{ 8 &

(g
H N o8 @

ic Mass Conc (ju
¢ Mass Conc

o
T
|

o
T

Organi
T

|
Org
T

4 5
nconcent ation, pgm” )

=2 (a'i' Kpi) Ni > 2 ((X.i, C i)
Aging (oxidation, fragmentation, oligomerization)

No aging

Concentration
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Vapor
wall loss

Ed
’ v
»

-

1st Generation | 2nd Generation
OVOCs

v

Particle
wall loss
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After correction

wall loss correction

Size-dependent

Before correction

1000

s

1000

1st order decay

(wu) dg

e —

|

| Nl

P —

180 240 300

120

60

180 240 300

120

60

Time (min)
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10E-02
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100 1000
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1000 o
Volume
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E 100 —5
o,
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15
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4.0E+4 7 +No. w/ correction
&No. w/o correction
mvyol. w/ correction

3 OE+4 avol. w/o correction

2.0E+4 A
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1
J
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r 0

-120  -60 0 60 120

180 240 300 360
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e sk 2k, 5
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1500 -
1000 -
500 2
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-60 0 60 120 180 240 300
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- 400
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AR MOl HH S} . F7| ¥ &4
> S5 &4
= V2 RIIHdES S E4EMN 59| QXL 2UHY sk HE5F S5,
SOA dd+&2| 442 0[0F
Al QX HEHA ST 7FSOA MM50| O|XK|= 0| A AEtS WX B 10 = (Zhang et
al., 2014, Nah et al,, 2016, Charan et al., 2019, 2020 Li et al., 2022)
S5 DS 018 57| B4 £ B s
T i;:zfmd-ﬂlﬁmmm";]ﬂ 1100 1200 UCR neW
_ 1.00
12| | Negligible at
1| > 1800 MI’T]‘Z/CI’T]3 n_:rsI
"l 4 . g =~ ~ Decrease
: 2 050 | ™ i
08! o £ T~a SN Y
o Similar trend between 3 >
<08 $ + Caltech and UCR old 0B 1 °
M’. D UCR old noe i 500 1,000 1,500 2,000 2,500 3,000 3,500
* O caltech |Charan et aI., 2020 Seed surface area concentration|{pm?® cm )
o2 50% light “further investigation is definitely
ntensityt required before any speculations
o 1000 2000 3000 4000 5000 8000 be]ng gi\/en”

initial seed surface arsa (jm° cm )
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» Kinetic theory of vapor loss: competition » Vapor wall loss depends on both the characteristics
between particle and wall surface (Zhang et al., of chamber and vapor
2014; Lietal., 2021) 12 &

(b) FEP depassivation

1.0+ Pk b oagrlio e bogs
? 0.8

0.6 -

VOCs —» Organic —p!

Normalized signal
Normalized signal

Va p or 0.4+ (al:Ezllpactas:‘i)\rna;ion
product 02 5 dodecanone
— 2-tridecanone
— 2-tetradecanone e P,
o I _ i
n LOSS rate Coefficient 0 20 40 60 80 100 0 5 10 15 20 25 30
Time (minutes) Time (minutes)
kp = ZT[NPDPDgaSFFS Deming et al., 2019
" <A> 0ty C
w—\y = - i i
V/)10+ %[ 0Ly, C _ IEp = parFche numbe_r concentration
4(keDgas) D,,= particle mean Filameter N
o Dgas = gas phase diffusion coefficient
= Life time Fr¢ = Fuchs—Sutugin correction term
Tg—p = 1/k, A/V = surface (A) / volume (V) of chamber
T =1/k a,, = mass accommodation coefficient of vapor
g—w — w
onto the chamber wall

= Vapor wall loss correction factor ¢ = mean thermal velocity of vapor
ky + ky  Tgop +Tgow k. = coe.ffici(.ent of ed.dY diffusion
= D, = diffusion coefficient of vapor

Ryan = k
p lg-w
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Aerosol mass (g m*)

o Total mass
m Unexplained SOA
= Traditional SOA

Multigeneration aging

Acid catalyzed surface chemistry

1990

~

2000

Aqueous chemistry

ISDF'RENE + ooidants (OH, 0y, NOL)

Gasphase T\

HOCH, CHD CHOCHO CHO0CHD
(ghyookakietyde) {ghyoxal) [methylglyoxal)
HOCH.CHIOH), 2778 (OH),CHCH(OH), CHLCOCH(OH),
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Brown carbon

pd

2010 2020

Autooxidation forming ELVOC

400 500
wavelength (nm)

o O0—H O0—H o
/, o/ 7 /
o H o (o]
\ H-shift | . O,-addition | |
c R c —— . (@ —Ri—C —fp O — R — C -
‘ | | |
voc— RO, — R0, —> ELVOC
RO,
 Dimer =+ Eg. CZOH32012
channel
0, H-shifts C. H..0
(+04-0H) (04 RO/HOMO 10716%Y
CioHyg — CioHisOgr  --m=m=> CygHi5040" —fsiomer = CioH1e040
channel C..H..O
10714Y%
NO
Organic nitrate C‘0H15N011
channel
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Dp (nm)

Ui

0 60 120 180 240 300

Time (min)

A Filter sampling
- TMF, QFF, TGFF
-16.5 LPM, 1hr

) a7k

e Ultrasonication - )
TME Postweighing H,0 20 mL, 1 hr + Syringe Extract

AmaSS =TSA overmght + 1hr filtering

@

TOC/TN (SSM)

SOA species
.l - LC optimization
Punching Tl . : e
(1cm x 1 cm) TOC/TN (SSM) SR - - Isomeridentification

Surrogate standard Internal standard

UPLC/IMS/QTOF MS
- MW confirmation
- Quantification

>

- ‘.5_ ‘ UPLC/Orbitrap MS

TGFF I\%grOaHS(/JEiCCI\?Fl(??) syringe Extract > UPLC/FT ICR MS
5mL, 1hr filtering l ] M - Structure identification
i - Isomer identification


http://www.google.co.kr/url?url=http://www.emdmillipore.com/PR/en/product/Millex-GP-Syringe-Filter-Unit-0.22nbspm-polyethersulfone-33nbspmm-gamma-sterilized,MM_NF-SLGP033RS&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjzyvXVmIraAhXGUrwKHRRJBdU4FBDBbggtMAw&usg=AOvVaw3Czi4Ft4GSJhhBmhjvb1Qb
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https://www.google.co.kr/url?url=https://www.pharmacy.umaryland.edu/centers/massspec/spectrometers/waterssynapt/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjHiv2blYraAhWMS7wKHcI4BZQQwW4IITAG&usg=AOvVaw2E6vN1aLcg5HpncIbaFLFm
http://www.google.co.kr/imgres?imgurl=http://www.health.state.mn.us/divs/idepc/dtopics/stds/images/syringe.jpg&imgrefurl=http://www.health.state.mn.us/divs/idepc/dtopics/stds/mnpharmacy.html&usg=__OzemkHL4Xoejj_HzTPKDmsGKZIM=&h=346&w=300&sz=27&hl=ko&start=1&sig2=LSwaiGVaaSaQlL96rjycHg&zoom=1&tbnid=dbyUcYye3IKw0M:&tbnh=120&tbnw=104&ei=T7-pUO_oBsibiQeC5YGoCw&prev=/images?q=syringe&hl=ko&newwindow=1&gbv=2&tbm=isch&itbs=1
http://www.google.co.kr/imgres?imgurl=http://www.health.state.mn.us/divs/idepc/dtopics/stds/images/syringe.jpg&imgrefurl=http://www.health.state.mn.us/divs/idepc/dtopics/stds/mnpharmacy.html&usg=__OzemkHL4Xoejj_HzTPKDmsGKZIM=&h=346&w=300&sz=27&hl=ko&start=1&sig2=LSwaiGVaaSaQlL96rjycHg&zoom=1&tbnid=dbyUcYye3IKw0M:&tbnh=120&tbnw=104&ei=T7-pUO_oBsibiQeC5YGoCw&prev=/images?q=syringe&hl=ko&newwindow=1&gbv=2&tbm=isch&itbs=1
http://wiki.grimm-aerosol.de/index.php?title=File:Smps1.jpg

o-I|Hl SOAS| NO, &2k

SOA 43 H A2 XY F|

ADXH HsC
H3C@ +
CHa
1. O5 (Oy)
2. O; + n-hexane (O;+HX)
3. H,O, + Av (OH)
4. H,0, + NO + Av (OH+NO)

5. H,O, + NO + NO, + Av (OH+NO,)

ANZXNZF (TMF, TGF, QFF)
1AIZF @ 20 L/min
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SOA MM A Al QOF (5A]
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10339 10339 O 0
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Park et al, AE, 2017

pm Hg/m3  pg/m3  pg/m3  ug/m?3 %

2 1175 - 3504 1831 695 6.09 0.88
3 1242 100 3133 1305 700 5.49 0.78

2 0 - 1248 772 179 1.87 1.04
37 0 = 579 491 131 8.40 6.41
1072 0 - 2129 1200 441 18.57 4.21

HX : hexane (OH X|7{A[); WSOC : water soluble organic carbon; WSON : water soluble organic nitrogen.
WSOC, WSON : Shimadzu TOC/TN 47|

et BMY|E 0|8t A2 &4
- ANZXZE 20 L/min 1 AlZE HEZE
IEE FEdFEH
- A EH™XE| : HPLCE acetonitrile 4
mLE 20 E7F X280 ==
- =4 Y 2-ESI-FT ICR MS
(7| =10tk X| 2 A

Advion Nano spray
ESI chip 400 nL/min

« Detection mode : broadband
 Acquisition size : 4 M point

» Mass range: 160 — 1,000 m/z

* Spectra averaging : 2,000 scans

« Collision cell accumulation : 0.1 s
*TOF: 05 s

15 T FT-ICR-MS
GEST LN EEEE)
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a-ul Al SOAOI NO, O]  CHON
0 1088 peaks Ii;i‘u Fois_ 6 10 - 2X}7F + 0.5 ppm (+ 0.0005 m/e) O|LHOj| A
) |7 MY A2 oot
ot 1798 peaks 3 §;§’:‘§5§?“_‘f’3 - B SRR IiE (13¢/12C = 1.11%)
Ll L e - A £ HMsh(C <100, H < 200, O < 100, N
OH B ? 1 <3,S<2)
2788 peak 2|8 | ' +
A ‘1 | ' | !a - YAH| Bt (0.3 < H/C <225 0< 0/C <2,
OH-NO I | ' ‘ 0 <C/N <£0.5
4259 peaks | by . el DT A e A (N B - m/e B
OHmNO« 3747 pe_a-k'é I P - Double bond equivalent (DBE) > 0 (DBE = 1

bl bl B

- H/2 + N/2 + O

m-_“ SCTIE OHN:

© 00 N OO U1 b W IN =

10

200 300 400

C,7H,605 (100)
Ci0H1606 (75.0)
Ci0H1605 (39.2)
Ci0H1406 (39.1)
Ci9H,504 (38.5)
CoH1404 (31.3)
CgH1,04 (29.4)
Cy7H,60 (26.4)
Ci1H1607 (25.8)
CioH1607 (25.5)

500

600 700

C,7H,604 (100)
Ci0H1606 (20.9)
Ci0H1605 (13.3)
Ci0H1406 (12.9)
CoH1404 (12.2)
Cy7H,607 (11.6)
Ci9H,5504 (11.0)
C11H4607 (10.9)
Ci6H,404 (10.9)
Ci9H,50 (10.3)

800

CyoH;<0 (100) H,,O4 (100) H,,O4 (100)

C.-H,0; (40.5) C10H1606 (92.2) C1OH1606 (97.7)
Ci7H2607 (38.8) CioH140¢ (64.1) Ci0H1406 (65.9)
CioH1aOg 31.1)  CogHisNO, (54.6)  CioHiNO, (50.2)

Ci9H2504 (24.7)
CgH4,04 (18.4)
Ci9H,504 (18.2)
CioH1607 (17.3)
CigH,5604 (16.5)
CigH,504 (15.5)

C,oH1sNOy (46.6)
C,H,,NO, (38.4)
C,oH1405 (36.6)
C,oH140; (30.7)
CgH.sNOg (23.7)

C,oH1eN,04 (23.0)

CoH1sNO, (42.3)
C1oH105 (41.0)
C,H,-NO, (35.9)
CioH1407 (32.5)

Cy1H28N,0;5 (23.4)

C11H,5N,04, (23.3)
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171.06538
100 - MS/MS 357.1547 CeHunCs 357.15471 (M)
e T 186.0893 | Ci7H2s0s
- 185.08119 Dimeric CHO
50 3 127.07536 CoH11O4
] C;H,,0, -43.99p0 f —————————————— L ——
U i i
100 7 MS/MS 406.0950 406.09507 (M)
- 76.0187 C1gH2sNO,4
504  aannie3s 629552 | Dimeric CHON
- 186.96856 230.99504 272.03448 330.07636_ 629932 .
] 920?110 [ f 302.04511 |36%.06635-44.t323?
0 [ TR T ol | | N it T R et
£ 100 3 MS/MS 404.1005 270.05514 ____._-76.0399 | 404.10054 (M)
g - 328.06063 _ ooc | CisHzNOy
C =] el aeeeesm s - - -
> 50 171.06543 57.0471| 315:08925 | 341.10473
5 - 85.02827 15?-{’4??” d208~23€-‘2 ' ‘ 360.05058-44.9500
E 0 i I P | T 11 T T \ L
100 7 MS/MS 402.1295 26 0481 402.12959 (M)
- 14696507 ... BEE i Cy7H2sNO1
oo -62.9846
. 197 03906 187.06057 283.09944 32(}_03151 440581
o L SR W 25508805 [, [ 350153
10 MS OH+NO, Neutral losses
8 43,9898 = CO,
6 62.9958 = HNO,
4 76.0035 = CH,NO,
2
100 150 200 250 300 350 400 450

Park et al, AE, 2017
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CiO|H M/ HFHL|E: a-Pinene SOA

R1: Secondary ozonide formation (5C1 + aldehyde)

o—0

J\./\z >\/ 1\]/

Secondary ozonide T/

~.

Pinonakiehyde

R2: Secondary ozonide formation (SCI + ketone)

l 2 ///—\/Lo 4
= i - i >[\\l/\\“:,/w \o/ /\

SCl HP Secondary ozonide g
R3: Peroxide ester formation (SCI + acid)
(4]
) \//000 x 5
* \
SCI
. >
Pinonic acid Peroxide ester P e
R4: Peroxyhemiacetal formation {HP + aldehyde)
-]
9 e el '\:~.\_
e \0
N0 it _< \
<V =
Peroxyhemiacetal ‘<

40

RS: Hemiacetal formation (alcohol + akdehyde)
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\ ; 0 .\\\ /o\/° o .
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G o~ i

10-Hydroxylpinoic acid  pintdelvde o

R6: Aldol condensation (ketone + aldehyde)
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.| X oS
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Pinonaldehyde Pmonnldch\dc .-\ldol SLET R X

R7: Gem-diol condensation (aldehyde + ketone)

SONE RN
T 7 ! ’ \r=

Pinonaldehyde

4
o;ﬁl/'% AN

Pmonaldehyde Gem-diol condensate

R8: Ester formation (acid + alcohol)

: v oy
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10-Hydroxylpinoic acid  10-Hydroxylpmoic acid
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CHO CHONI CHON2 CHON3

25 | X7 Xl A BLSHEE AH A
| 945%(676) | 41%(104) [ 16%34) [ 003%() W* 7 el U0 2% arara0] 40|
St W | AL - H NO, ZZ0 M CHON®| A A
10 : . x|-25| |:||EI:O| NO o" O|o|- o=z
93 ZF™E (Krechmer et al., 2015)
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a-I|H SOAQ| L

> SOA MM

HaC RH 50%
“SC)Q) +

CH3
50-400 ppb

. O30 O3 w/0o NH;
2. O3+NHj;: O;_w/ NH;
3. O3+H,0O+hv
« OH_0.5d_w/o NH;
* OH_1.0d_w/o NH,
« OH_3.0d_w/o NH;
4. O3+H,0+NH;+hv
« OH_0.5d_w/ NH;
« OH_1.0d_w/ NH;
« OH_3.0d_w/ NH;

—_—

> HPLC-MS &4
- System: Bruker 7T FT-ICR MS
- Column: Waters ACQUITY HSS T3
(2.1 x 100 mm, 1.8 um) at 45 °C.
- Eluent A: H,0 (0.1% acetic acid)
- Eluent B: MeOH (0.1% acetic acid)

42

OH radical formation

Ar [Peltier cooler| Ar - O3 + Av (254 nm) — O('D) + O,
4 |[Cooling fans | ¢ - O(D)+ H,0 — 20H
Flow tube reactor
ID 15 cm x L 80 cm > SMPS
R —» Online GC-PID
4 x 30 W UV lamps
(185 nm, 254 nm) —»| O analyzer
—» NO, analyzer

- Gradient: 0-1 min (B 0%)
1-3.5 min (B 0% - 50%) - Injection volume: 1 uL
3.5-7 min (B 50% = 90%)

7-15 min (B 90%)

15-16 min (B 90% = 0%)

- Flow rate: 0.3 mL/min
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Charville et al. (2011)
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- SOA PROPERTIES
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SOA Formation in ROG/NO,/SO,/NH; Mixture v

0 1 e Base 4 NOx Effect

1.
Toluene  S02 Effect = NH3 Effect

» Hypothesis: Increase in SOA yield in ROG/NOx/SO,/NH; mixture 08 { & BuscwoNiy o Bascow RH (07)
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Effects of Aerosol Viscosity
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Methods to Determine Aerosol Viscosity

Lengthscale of measurement

Water Honey Peanut butter Pitch Glass marble
A A A A
Bulk | Bulk viscometer/theometer (typically T =—20 to 100 °C)
100 7 | :
‘Bead mobility (T = ambient) Poke flow (T = ambient)
E 104
2 Aerosol optical tweezers (T = ambient)
S ; _ _
E 1.0- :“_................,............................ ...................................................
o SEM: — SEM: 2.8
e billiard
© i1 flat dome
o 0.1 4! shape shape ——
o B shape
i Parlicle A LSha[::-e-f:;mn:)r
0.014:% f?rbﬂll"db o | Light Relaxation
‘..;a {""‘""'E"} ..... scatterng.......... (T220u
T = ambient o
Molecular ; FLIM (T = ambl_em} é{ ) o 80 °C)
1023102 10" 1 10" 10 10%® 10% 10° 108 107 108 10° 10" 10'2

Viscosity (Pa s)
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Particle Rebound Method .
> YUK MO [ E = F5H

Liquid Solid w/ hard impaction plate
o
@ AcrosolFlow In

T TR.TA

Adhesion Bounce & Bounce &
capture reentrainment

Micro drilled nozzle

> O|L| & E (0.3 L/min) M|Z}: Bateman et al.

(2014) O|L| LEHE (1 L/min) = Bateman et al. (2014)
Values Remarks
Cutoff size (D) ~80 nm - — SRR deead
Nozzle dia. (D;) 0.084 mm = z =
Nozzle plate thickness (T) 0.5 mm T/D;=4.2 g i :
Number of nozzles (N) 13 < < 2
Dia. of nozzle cluster (D,) 22.4 mm Dc = NDj/(0.03 X 4)
. ' ‘
Nozzle-plate spacing (L) 0.5 mm L/D;=5.8 Rondito: | [Steloctits) [ ste | | Rorste |[Shkveii] [Hod ot | Nowiste: | |Sacer site] | ol
Dsv Y sV Y QPSV §Y% sV sV Dsv
XKL I E :
> S = -Lﬂ- ——Ti OI 0.3LPM 0.3LPM 0.3LPM
= n-Hexane solution of 0.015 wt % silicon grease cpe cpe cpe
= (0.2 mL of silicon grease solution on impactor plate Ny = Ny +No N, =N, N; = Ny + N
= Shaking the coated plate at 200 rpm for 2 min .
. 8 P . P Rebound fraction
®= Drying at 150 °C for 80 min

f=(N;-N,)/(N;—N,)




Measurement of Humidity-Dependent Particle Rebound

> O|X|-O| )k+—||. I—lE 7:|7E-| SE= _Cr>_|'o|:

||:||-_|_I: |:|| = XI—I

= SSTO|CHE 0L YHE 371 : 7, 84, Bd

. ‘lexf?szTDMAEO%._tE”(ME
. gur7}¢7|§—5
= 158 HE2 2 37 &

T

um
=
= o
Aerosol  Smog chamber/OFR
JZ Collison atomizer
Dryer
RH < 10% I_*_
Sheath flow | Neutralizer
RH < 10% Yo
‘ ! 191 nm
Dryer DMA
| o ¥
A
Humidifier RH <95%
¥ ¥
Impactor 1 Impactor 2 Impactor 3
w/ no plate | |w/ sticky plate | [w/ hard plate

CPC

Number Conc. (#/cm?)

N1NA+N$2NA ?JSNA_F.FNB
Y

1500 -

1000

500 -

B! DMA sheath &7| X

SAAF 452 37|
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9 12

Time (min)

Rebound fraction
(N3 - Nz) / (N1 - Nz)

Rebound Fraction
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Characterizing Particle Rebound Impactor System

» Viscosity calibration - Sucrose » Viscosity calibration - Sucrose
Solid Semi-solid Liquid RH
1.2 ; 1.2+ 100
10 - g’ 1.0 4%
RH © . ® 80
95 ! ’ !jia Bg é [
e : . = @
.S 80 2
3 5 | r 60
S 0.6 o g Ue
= 60 o
3 O =
5 g 0.4- - 40
2 04— 40 é R 191 nm
o o 0.2 1
0.2 — 20 @ 190nm
B 240 nm - 20
5 07
0.0 T 1 | T !'.“T
1" 10” 10° 10" 10" 1w 1w 10" 10’ 02+
Viscosity (Pa s) 10 10 10" 10® 10° 10 102 10° 107
<— Solid | <—— Semi-Solid — | Liquid —s= Viscosity (Pas)
Bateman et al., EST (2015) log n =15.92 - 0.276RH% + 8.68 x104xRH%?

Song et al. (2016)



SOA Viscosity Measurement by Particle Rebound Method
> YAE R YHEHE O|80tsoadE Sl & 5H
= SOAMM . AR M SE H37|

= ROGs : o-xylene, p-xylene, toluene, cyclododecane

Particle rebound impactor

IHW !H - m e “ step3 Ae

LT

|y

Impactor 1| | Impactor 2| [Impactor 3| |Impactor 1] | Impactor 2 | |Impactor 3] JImpactor 1| | Impactor 2| | Impacter 3

KNU Smo Chﬂﬂ"lel‘ ! : b '--:_ . / Mo plate | |Sticky plate| | Hard plate Mo plate | [Sticky plate| | Hard plate Mo plate | [Sticky plate] | Hard plate
g Tipslaess '_if':.." Osv sV v s Qv s sv sV O
s & 8 | D
5 hr Rx
KNU flow reactor 03LPM 0.3 LPM 0.3 oM
Controlled aging (1-5 d) - o e

N]'_'"A+NE ".E:NA "!=NA+fNE

Rebound fraction, f= (N5 - N,) / (N; = N,)



Rebound Fraction

» Cyclododecane SOA w/o NH,

Rebound fraction

Secondary (Organic) Aerosol Phase & Viscosity

» p-Xylene SOA w/o NH,

1.0 1

e RH 0%
RH 60.3%
08 1 RH 20.2%
06 1 Dp =191 nm
04 - .
0.2 A
0.0 T T T T )
0 20 40 60 80 100
RH (%)
Species Conc. Fraction
(ug/m?3) (%)
SO,* 82.6 63.8
NO, 1.1 0.9
Org 22.2 17.1
NH,* 23.6 18.2

1.0 4

® None-None-RH45%_191 nm
08 | 4 Dry-None-RH7%_191 nm
: ® Dry-None-RH8%_254 nm
4 None-None-RH34%_254 nm
0.6 A
04 {1 m . Dp =191 nm
i
02 A
0.0 T T hd T T \
0 20 40 60 80 100
RH (%)
Species Conc. Fraction
(ug/m?) (%)
SO,* 16.3 30.5
NO; 3.5 6.6
Org 24.1 45.2
NH,* 9.4 17.7

> p-Xylene SOA w/ NH,

1.0 4

®RH 8.9_Dry-Dry
RH 60.8_Dry-Dry
R RH 80.4_Dry-Dry
.g os | ’ RH 26.2_None-None
z D,=191 nm
_g 04 - p
)
02 -
0.0 . ‘ . : .
0 20 40 60 80 100
RH (%)
Species Conc.  Fraction
(ng/md) (%)
SO,> 93.9 10.8
NO; 500.0 57.8
Org 63.2 7.3
NH,* 208.7 24.1

> Cyclododecane SOA w/ NH; **7]

1.0 4
® None-None-RH41%_191 nm

A Dry-None-RH5%_191 nm
0.8 A W Dry-None-RH5%_241 nm
+ None-None-RH30%_241 nm

0.6 4

Rebound fraction

D,=191 nm

04 p
02 |1 *
00 . $ . : .

0 20 40 60 80 100

RH (%)
Species Conc. Fraction
(ug/m3) (%)

SO,* 18.9 9.0
NO; 110.3 52.7
Org 38.6 18.4
NH,* 41.6 19.9

>

1.0 —

Rebound Fraction f

e
(]
|

0.0 —

o
o
|

=
I~
|

Xylene SOA2| M E7}
cyclododecane SOAELt &
NH; =& Z712] SOAZ} O
SO dgoz Het
Ctefol SOAE S B0 e
c|HI2E T{E0| 02 &0t
(Bateman et al.,, 2015)
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-8 B o-Pinene
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- [@ Isoprene

-@- 10:1 Iso/a-P Mix

-0 2:1 Iso/a-P Mix
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Relative Humidity (%)
Bateman et al., EST (2015)



Secondary (Organic) Aerosol Phase & Viscosity

» Aging effect : Toluene/NOx SOA w/o NH, (flow reactor)

Viscosity (Pa s)

- 2
1.0 —®— Toluene SOA w/o NH3 3 d aging 110
L — A— Toluene SOA w/o NH3_5 d aging
0.8 1 . - - (N . . g .
i H- (NH4)2504/(NH4)NO3 (1:1) L 5%10!
5 064 A< ii\‘ R
S . - 3x10°
: a
L
= 0.4 o
= é ‘.
E AN - 4x107"
& 0.2 i\\
\\‘\...._‘ 6x IU—E
0.0- - g f=a
-0.2 . . ; . L 11072
0 20 40 60 80 100
RH (%)
= 3daging = 5daging
Species Conc. Fraction Species Conc. Fraction
(ug/m3) (%) (ug/m3) (%)
SO,* -0.7 -0.1 SO,* -1.1 -0.1
NO; 284.4 54.6 NO; 614.5 49.6
Org 145.5 27.9 Org 417.1 33.7
NH,* 91.6 17.6 NH,* 206.7 16.7
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Beijing winter, Jan. 2017

1.0 —— Toluene (Bateman et al., 2015)
— a-plene (Bateman et al., 2015)
—— |soprene (Bateman et al., 2015)
~ wplene (Pajuncja et al., 2016)
e |gOprene (Pajuncja et al,, 2016)
(NH,);S0, (Li ot al., 2016)
e NHNO, (LI 8t al., 2016)
Alabama US (Pajunoja et al., 2016)
+ Amazon rainforest
(Bateman et al,, 2015)
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Secondary (Organic) Aerosol Phase & Viscosity

» Xylene SOA (smog chamber)

—@®— 0-Xylene SOA w/o NH3_Dry-Dry
—-A--0-Xylene SOA w/ NH3 Dry-Dry Viscosity

107 —Hl— p-Xylene SOA w/o NH3_Dry-Dry 110"
—4— p-Xylene SOA w/ NH3 Dry-Dry
0.8 1 L - - 2x10°
g §— R \'\
2 0.6- l-t;?\“'\‘ - 3x10°
= Y e
= \ \
= \' i'
2 0.4 Y E 4x10'
-5 ASRY .
- A \
0.2 1 \\l\\_ \ 6x107"!
-
0.0 T T T T .il T IX10_2
=20 0 20 40 60 80 100
RH (%)
= 0-Xylene SOA w/o NH; = o-Xylene SOA w/ NH,
Species Conc. Fraction Species Conc. Fraction
(ug/m3) (%) (ug/m3) (%)
SO,* 72.7 59.6 SO,* 61.4 6.9
NO, 1.5 1.2 NO, 553.1 61.9
Org 24.1 19.8 Org 67.5 7.6
NH,* 23.7 194 NH,* 212.0 23.7
= p-Xylene SOA w/o NH; = p-Xylene SOA w/ NH,
Species Conc. Fraction Species Conc. Fraction
(ug/m?) (%) (ug/m?) (%)
SO,> 82.2 64.0 So,> 93.1 10.8
NO; 1 0.8 NO; 500.5 57.9
Org 22.2 17.3 Org 63.1 7.3

NH,* 23.1 18.0 NH,* 208.6  24.1
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BEIjIng winter, Jan. 2017

1.0 —— Toluene (Bateman et al., 2015)

A) — a-plene (Bateman et al., 2015)
* o o . ~—— Isoprene (Bateman et al., 2015)
- e 2 2 ¥ . wpiene (Pajunoja et al., 2016)
M e |gOprene (Pajuncja et al,, 2016)
... - =N (NH,);S0, (Li ot al., 2016)
o . . - < e NHNO, (LI 88 3L, 2016)
0.8 — o ° . Alabama US (Pajunofa et al., 2016)
e + Amazon rainforest
. - (Bateman et al., 2015)
% & This Study
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o
©
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©
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0.6
0.2+ 05 M
04 &
E
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0.0 f
0 20 40 60 80 100

Liu et al., EST (2017)

SIA (NH,NO,)2t 28t El =F 9 SOA= Bateman et

al. (2015)2| =%t =F O.il SOAO|| H|BH &3]
<2 2|H2E H| (H£)Z LIEHH

SIA (NH,NO,)2t 22tEl EF 2 soA=

2|H2 20 Ci ot ot Feko| O/0fgh. RH 50%

M= = 2[H2 E H| 2| AF&f0] Het

SIA (NH No3)9r =3tEl E20 soal| 2HIRE
IjH2 5= 530t MHQ| o0 2Z 1 R AL
AeS 2 (Liu et al. 2017; 2019)



Aerosol Mixing
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Optical/Digital Microscopic Imaging System .
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Secondary Aerosol Shape & Phase: Digital Microscopy  ~

SOAL| & S0 oot 55 H& =0l

> o —

> NH; T2 22| SOA7Z} NH, 0|52 2= 2f soad| HIsH O 3A 9%
> g_zlg_ x-|_|_01| QIX}to| Z=lH| Hz}
>

p-Xylene SOA w/o NH, » p-Xylene SOA w/ NH,

= Dry (RH 0%)

= Dry (RH 0%)

[1]15.6969um

(1]148.19531um|

20:5039um
7 ST |

12:81159um

* Humid (RH 85%) * Humid (RH 86%)

[1113.1258um [1]116.7775um




Secondary Aerosol Shape & Phase: Digital Microscopy

» Cyclododecane SOA w/ NH, » o0-Xylene SOA w/ NH,
= Dry (RH 0%) = Dry (RH 0%)

= Humid (RH 97.4%)
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Aerosol Mixing and Phase Separation: Digital Microscopy ~

RH increase RH decrease
Cyclo-
dodecane B\ & . , %
SOA w/ * . 3 & & < £ ’ .
NH, 0% 81.2% 83.5% 87.6 % 100 % 53.6 %
o-Xylene : : AR T :
SOA w/ . : \ : (
NH, 0% 262%| 32.7%  76.1%  100%

C-DOD C-DOD
w/ NH, w/ NH,

(Dry = Wet) (Wet => Dry)
0-XYL 0-XYL .
w/ NH; w/ NH;

(Dry = Wet) (Wet => Dry)


file:///C:/Users/PC00/Desktop/Microscopy/C-DOD w NH3_W-D_Digital.mp4
file:///C:/Users/PC00/Desktop/Microscopy/C-DOD w NH3_D-W_Digital.mp4
file:///C:/Users/PC00/Desktop/Microscopy/o-XYL w NH3_W-D_Digital.mp4
file:///C:/Users/PC00/Desktop/Microscopy/o-XYL w NH3_D-W_DIgital.mp4

Aerosol Mixing and Phase Separation: Optical Microscopy “

RH increase RH decrease

Phthalic
acid

Oxalic
acid

(NH,),SO,
/ Adipic acid
(1:12)

NH,NO,
/ Adipic acid
(1:1)




Aerosol Mixing and Phase Separation: Optical Microscopy “

Cyclo-
dodecane
SOA w/ NH,

o-Xylene
SOA w/ NH,

o-Xylene
SOA w/o NH,

RH increase

p-Xylene
SOA w/ NH,

p-Xylene
SOA w/o NH,

DRH (%) 88.1
ERH (%) 46.3

C-DOD
w/ NH,

(Dry = Wet)

C-DOD
w/ NH,

(Wet = Dry)

Adipic acid Phthalic

RH decrease

(NH,),S0, /
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(1:2) (1:
84.6 -

61.4

o-XYL
w/ NH,

(Dry = Wet)

NH,NO;/ Cyclododecane
Adipic acid

38.5

o-XYL
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SOA
1) w/ NH

68.0
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SOA SOA SOA SOA
w/ NH w/o NH w/ NH w/o NH

68.5 69.0 72.1 87.7

43.4 325 41.0 43.9
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file:///C:/Users/PC00/Desktop/Microscopy/C-DOD w NH3_D-W_Optical.mp4
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file:///C:/Users/PC00/Desktop/Microscopy/o-XYL w NH3_D-W_Optical.mp4
file:///C:/Users/PC00/Desktop/Microscopy/o-XYL w NH3_W-D_Optical.mp4
file:///C:/Users/PC00/Desktop/Microscopy/o-XYL wo NH3_D-W_Optical.mp4
file:///C:/Users/PC00/Desktop/Microscopy/o-XYL wo NH3_W-D_Optical.mp4

Aerosol Volatility: Thermodenuder System

AUX g =X

« ZLFHE 0|83 2= 710 [HE YAt 2L LS Z7 (SMPS, ACSM)

Et))E O| & 7| M| Al 1t claucius-Claperyon A2 0| 2510 247

KNU thermodenuder

KNU smog chamber

5 hr Rx = -
KNU flow reactor |
Controlled aging (1-5 d y
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1 .OE+ - 40 A
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P RT, [ ( R (T, T, } (8.314 1 K molt), AH, (J mol%), T, (K), and T, (K)
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Glass-fiber
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SOA Volatility
> SOARIEE &7
= CHAE 52
* SOA:25-210 °C, 4 min/step x 6 steps (denuder 2 min, bypass 2 min)
« HZFE F7|=:25-70°C, 4 min/step x 6 steps (denuder 2 min, bypass 2 min)

» As 2 Z2adHE 2287/ 20| Ero|H
" AH,, A . Z2 0| B (integrated volume method : IVM)

» o0-Xylene 200 ppb w/ NH,
= Volatility: NO; > SOA > SO,>
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Volatility of SOA Representative Compounds
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> SlgE Ay
Adio i = Adipic acid
u IPIC aCl .. .
P = Adipic acid + NH,OH (1:1) o Ps A R
= ii | _. _ ug/m? Pa kJ/mol
5 25 1 ot = 100  1.65E-03 18.37  0.953
=] £+ o 10  165E-04 59.74  0.957
= 10 . s e B 1 1.65E-05 104.58  0.920
0 2 %] T 0.1  1.65E-06 152.63  0.861
o 0.0002 0.0004 0.0006 ° 0 5.0002 0.0004 0.0006 0.01 1.65E-07  200.73 0.823
Yir-1/Ts 1Tr-1/Ts 0.001 1.65E-08 248.84  0.941
= Phthalic acid = Phthalicacid + NH,OH (1:1)
5.0 2 5.0 8.0
T 25 A _ T o T )
= 20 - _ s - o ! < 60 o.®
o e 2 3.0 - & _
= 15 = . = 40
e 1.0 = % - 0. = 20 -~ . - < y=9175.8x - 4.
oo T TRl B e g I
5 00 4 . T 5 o0 —e . S 00 — .
0 0.0002 0.0004 0.0006 0 0.0005 0.001 0.0015 0.00000 0.00050 0.00100 0.00150
T -1/Ts 1/Tr -1/Ts 1/Tr-1/Ts
Species PO, MW AH, PO, AH,
kPa g/mol kJ/mol kPa kJ/mol
Adipic acid (AA) 1.65E-04 146.14 59.74 2.96E-4 37.38
AA + NH,OH (1:1) 1.65E-04 180.20 35.35 3.13E-4 22.26
Phthalic acid (PA) 1.65E-04 166.14 45.08 5.57E-6 109.9
PA + NH,OH (1:1) 1.24E-06 200.19  47.01(76.29) 2.93E-5 58.63

AA + PA (1:1)
AA + PA + NH,OH (1:1:2)
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10 1 ‘;—?1 ~+-a-Pin/03 10 7 =, -4-2-Pin/OH 0.5 d w/o NH3 ;: RS L
By -#-2-Pin/O3 + eycloHx ; oon P | .
0.8 A \\2,\ --3-Pin/03 + butanol 0.8 - kY >a-Pin/OH 0.5 d w/NH3 08 - & Aneral 20073165 zoncysis & da OH aging
\1‘\ —l-a-Pin[OS +NH3 \&‘? 07 3 : y ‘ OI:MNQ 13( @ g;‘:;og1 ® D;=125)
06 A N ~-a-Pin/03 + NH3 + cycloHx 0.6 - 06 '
[ P or =
; _____ _\'_ ;\ |_>|_ - g 0.5
0.4 - ‘:ﬁ\ This study 0.4 - :”‘ This study 04
R 1R 7
02 1 (a) 1 02 4 (b Iy .
I 1\157 () ‘!, g o1 Tritscher e
0.0 T v T = ‘|i“ T 1 0.0 T T T ’Q_‘# = 1 0.0 T = ——a—a 3
0 50 100 150 200 250 0 50 100 150 200 25[ 20 40 60 80 100 120 140 160 180 200

Temperature (°C)

> SOAR[ZECl2d7 2 E P M AH, (1 1
= 2 soas =B =2et=E AV ZQ‘LR'IJ{(EX (_TM(T__T_DA}
« 1 8E2 MK soAS HHAUSIX| 23 IHsM 2 Pl oo
= [F2FA, 72/ UK} & 2H O 28 2 BN E P2 .M, AH,. (1 1)),
24 e BHO| 3WEo| HE TS RTITHTTR T T
Exp. ID AH,; (kJ m(_)I'l) P01 X 102 (Pa) AH,, (k] m_ol'l) PO 2 X 10'4_(Pa) References
more volatile more volatile less volatile less volatile
a-Pin/O, 11.31 1.31 27.15 8.15 This study
a-Pin/O;+CycloHx 9.28 1.72 21.78 15.7 This study
a-Pin/O5+Butanol 7.71 2.55 21.22 20.5 This study
a-Pin/O;+NH, 14.21 0.97 28.51 8.04 This study
a-Pin/O;+NH;+CycloHx 11.06 1.35 25.25 8.30 This study
a-Pin/OH 0.5 d w/o NH, 15.12 1.24 28.71 8.11 This study
a-Pin/OH 0.5 d w/ NH, 16.24 0.94 29.96 7.84 This study
NO, photooxidation - - 33-43.5 - Offenberg et al. (2006)
O; only - - 29.2+9 - Salo et al. (2010)
CMAQ model? - - 40 - Carlton et al. (2010)
Aerosol dynamic model - - 45 - Lee etal. (2011)

Mass transfer model - - 30 - Riipinen et al. (2010)
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Chemical Species (k) ?nl_(ljvl 1) I(D;;a)t Method References
Succinic acid 86.5 + 2.5 (298-318 K) 4.7+ 0.7 x 104 [VMa This study
(C,HO,) 88.0 (298-318 K) 3.7 x 104 VM@ Saleh et al. (2008)
112.0 (303-328 K) 6.40 x 10> TDMAP Salo et al. (2010)
111.9 (298-598 K) - VDMAC Offenberg et al. (2006)
Adipic acid 146.1 (298-318 K) 1.98 x 10~ VM3 This study
(CeH1004) 135.0 (298-318 K) 340 x 10 VM@ Saleh et al. (2008)
97.0 (303-333 K) 5.80 x 10 TDMAP Salo et al. (2010)
140.0 1.7 x 10 TDd Chattopadyay et al. (2001)
154.0 (296-314 K) 3.40 x 10~ TDMAD Bilde et al. (2003)
68.1 (298-598 K) - VDMA® Offenberg et al. (2006)
Pimelic acid 139.2 (298-318 K) 891 x 10~ VM2 This study
(C;H,0,) 147.0 (296-314 K) 7.60 x 10 TDMAD Bilde et al. (2003)
149.0 (298-318 K) 7.20 x 10 VM@ Saleh et al. (2008)
127.0 (301-323) 1.7 x 104 TDMAD Salo et al. (2010)
140.4 (298-598 K) - VDMAC Offenberg et al. (2006)
Pinic acid (C4H,,0,) 93.8 £ 1.8 (298-318 K) 1.6+ 0.5 x 104 VM2 This study
83 (301-323) 1.0 x 104 TDMAD Salo et al. (2010)
3-MBTCA (CgH1,0¢) 118.8 (298-318 K) 1.54 x 10 VM2 This study
Ketopinic acid (C;,H,05)  136.6 (298-318 K) 5.81 x 10~ IVMa This study
DTAA (C;oH1£0) 1354+ 3.7 (298-318 K) 3.0 £ 0.3 x 10 VM2 This study
Terpenylic acid (CgH4,0,) 88.4 (298-318 K) 1.74 x 104 IVMa This study
Organosulfate (CcH:O:Na'  35.7 (298-393 K) 541 x 10> [VMa This study

aIntegrated volume method (IVM); PTandem differential mobility analyzer (TDMA); ); Volatility differential
mobility analysis (VDMA); 9Thermal desorption
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> SOA OH radical formation
Ar [Peltier cooler| Ar - O3 + Av (254 nm) — O('D) + O,
HaC RH 50% f Cooling fans * - O('D) + H,0 — 20H
“30@ +
Flow tube reactor
CH > SMPS
50-400 ISIOb ID 15 cm x L 80 cm
1. O3 O3_w/0 NH; R —» Online GC-PID
2. O3+NH;: O3_w/ NH; 4 x 30 W UV lamps
3. O3+H,0+hv (185 nm, 254 nm) —» O, analyzer
* OH_0.5d_w/o NH;
* OH_1.0d_w/o NH; —» NO, analyzer

« OH_3.0d_w/o NH;
4. O3+H,0+NH;+hv

« OH_0.5d_w/ NH;

« OH_1.0d_w/ NH;

« OH_3.0d_w/ NH;

-

> .T'C_)'QIUH )gxl



MAC (emifg)

Arbitrary units/ mg
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Ll o E} < X =0H
= E-I Ali—l D” '—l- = T = 1 W UV-Vis excitation emission matrix
.. &S]
oo . YUV Vis EF OH_3.0d_w/o NH,
\ OH_3.0d_wy/o NH3 50
4000 4 —0QH_3.0d_w/ NH3 3 — ()
OH_0.5d_w/o NH3 £ = — 200
-OH_0.5d_w/ NH3 B w400
3000 03_w/o NH3 : . 600
,_ 03_w/ NH3 & 800
2000 -.x“x_ E = 050
= 30 SUCTN——
1000 - =
& 250
D : 1 1 1
250 450 550 GBS0 750 20 M0 IS0 400 450 500 S50 400
Wavelength (nm) Emission wavelength [nm)
e . Y UV-Vis A& 07| E=350 nm OH_3.0d_w/ NH,
1 oM 3.0d wioNH3 =
—OH_3.0d_w/ NH3 E ()
1500 4 OH_0.5d_w/o NH3 = ()
OH_0.5d_w/ NH3 '@m s 400
1000 03 wfo NH3 2 &00
1 —03_w/ NH3 % = » 800
E s 080
200 - E 3040
j =0
0 :
o 200 20 M0 M0 A 40 500 S50 600
Emission Wavelength [nm) Emission wavelength (nm)
ST EB BT KIS O 3 SIKH0LD, 7t 242 O B0l 57t
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Sampling

- Particle : QFF

- Gas : PUF
Analysis

- GC-MS

- Agilent 5ms

1 Particle phase

Norimonic acid

AH A

1

|

Limononaldehyde
Limononic acid

Methyleneperilate(SS)

Bonylacetate(SS)

Limonalic acid
3

Sy [ ——

ll'l'rrl‘
- Iffjm +

A

Keto-fmononaldehyde
7-OH-limononaldehyde
7-OH-keto-limononaldehyde
Keto-imononic aci d
7-OH-imononic acid

b

Gas phase

b b AR
400 500 ebo

23 23

Limononaldehyde

Keto-imononaldehyde

7-0OH-imononaldehyde

7-OH-Imononic acid
Dodecylbenzene(IS)

A

oo 1200 13 1400

M . KNU AF|Qlg|Aa

SOA ( g/m®)

SOA ( g/m?)
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0

A
o

s&5isI

Low Og/terpene: 1 ppm O,

B OH contribution

i

1

@ O3 contribution I
2 3 4 5

Organic mixture

high O/terpene: 4 ppm Og4

20000

15000

10000

5000

B OH contribution
@ O3 contribution

1 2 3 4

Organic mixture

|

Mixture 1: 2.0 ppm PIN + 0 ppm LIM
Mixture 2: 1.5 ppm PIN + 0.5 ppm LIM
Mixture 3: 1.0 ppm PIN + 1.0 ppm LIM
Mixture 4: 0.5 ppm PIN + 1.5 ppm LIM
Mixture 5: 0 ppm PIN + 2.0 ppm LIM
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SOA2| MIZ £/ : KNU AH|QIE|AZ SEHIS T :
> M2 MEL >
(a) d-Limonene SOA (dL-SOA) (b) a-Pinene SOA (aP-SOA)

7.0 A
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HO-1 - - — § 201
-— e — — S — S R 510 ]
Actin Tos ’—v_‘

50 100

Jeong et al., 2008 (ughl of aPSOR)
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Global Distribution of Atmospheric Aerosol Composition
Implies the Diversity of Their Physical Properties and
Atmospheric Processing

® Urban Inorganics: W Sulfate B Nitrate ™ Ammonium B Chloride

® Urban Downwind

® Remote Organics: | mm HOA mm Other OA M Total OOA = LV-O0A
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ScienceNews

Household products make surprisingly large
contributions to air pollution

Consumer products might be next target for air pollution cleanup
BY LAUREL HAMERS 2:00PM, FEBRUARY 15, 2018

3 =g ?

L2 S e - s e
SMOG CITY Los Angeles, shown here, is one of the smoggiest cities=n
the United States. That haze of air pollution comes not just from cars, but
also from an array of consumer products that emit chemicals into the air.
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