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1. Introduction

Organic nitrates (ONSs)
include PNs (RCO;NO,)
& ANs (RONO,):

The formation of ONs

Is initiated by O, OH
and NOg;

ONs can be very useful
indicators for the kinetic
regime determination
and mechanism
development;

ONs have an effect on
the formation of Oy;
ONs are the important

precursors of SOA.



2. Characterization of the Cavity Enhanced Absorption Spectrometer

4 N

NO, has distinct absorption peaks at 300-500 nm, so a single-colour LED
centered at 450nm is used as the light source.
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3. TD-CEAS characterization — Efficiency of Thermal Dissociation

» Photochemical source: PAN in zero air are generated by acetone

photolysis at 285 nm in the presence of O, and NO.

CH,COCH,+ hv —» CH,CO + CH, 13 [ — pan :

CH,CO + 0, » CH,COO0, - ' — ANs ;
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methyl nitrate (MeN).
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3. TD-CEAS characterization — Efficiency of Thermal Dissociation
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» At 180 °C, PAN (blue line) is completely pyrolyzed and MeN is not
pyrolyzed at all. ANs (red line) is pyrolyzed totally when the temperature
1s above 360 °C.

» Quartz tubes to measure PNs/ANSs are heated at 180 °C/ 380 °C, which is

similar to previous pyrolysis temperature.
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3. TD-CEAS characterization

» Instrument: 110cm x 60cm x 50cm, ~300w;
» Sample gas: 2.4 L/min;
» Detection limit and time resolution:
16 =97 pptv, time resolution =6s
> Reflectivity: N, and He

R(A) =1-—d X (INZ (4) X "N, X ORaylN, (D) = Iye (1) X nye X ORayl He (/1)>
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3. TD-CEAS characterization

» Purge gas to prevent the HR mirrors from pollution: 100 sccm x 2;
> d: the effective cavity length due to the purge gas;
» Experiment in Lab: determination of [NO,] under two conditions with or without
purge in the cavity by using the same NO, stand source(=130 ppbv).
Ot/ L= [NO; Jyien/ [NO2lwithout

MoF T T T 0.88 C L L

E @ Has ) :

1K i aaaaaeasasasaaaas’as’asas’asas’a’s’ds 0.86 T y=0.03x+0.79 r=0.99 .

. =420 = - .

— 120 — @ With buffer gas ] 5 B 7]
E = < Without buffer gas - W . 0.84 » ]
[=9 - . —_— u i
S 0f J15 g . 1
o E o000 | s ° o8 -
100 10 2 - .

% - (T IT T : 0.80 B

C 00000 —0.5 - ]

80 e e e e e 1] 0.78 v o v T

0 200 400 600 800 1000 1200 0.5 1.0 1.5 2.0

Time [s] Flow rate [SLM]




3. TD-CEAS characterization

> One CEAS is used to detect; —{ NO,wbe ] CEAS [ MFC
» Multiple components (solenoid
— N MFC >
value, T-shaped tee) aim to achieve Vent
alternate measurement; . pNswbe ] é 2\ MFC
. . ] _ Three-way
> Airflow is stable in 3 channels. ~ Filtey — | solenoidvalve
E:(l}——( AN tube (} ® MFC
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3. TD-CEAS characterization
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* The data is the measurement results of CHOOSE campaign on
September 8, 2019.
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» According to the spectral
fitting of CEAS, [ANs] and
[PNSs] can be determined by
two methods;

» ‘CONC’ method:

__ (Itp3so 1-R(A)
ATp3go = ( - 1)( )
IN, deff

I 1-R(A)
XTp1g80 — (—Tfim — 1) ( dor, )
2 e
» ‘SPEC’ method:
— (Itp3so 1-R(A)
“lans] = (ITD180 1)( Aeff )

_ (Irp1so 1-R(Q)
AipNs] = (INOR N 1)( deff )




Comparison to other ANs/PNs instrument

Measuring . . . Tempqral/ Main
Tech Measure species Calibration Spatial DL Accuracy . Ref
Parameter . interference
resolution
PAN/ethyl nitrate/n-
Fluorescence propyl nitrate/NO, Thermal
TD-LIF spectrum ANs, PNs, NO, standard source 10s 90 pptv 10-15% interference Day et al., 2002
Acetone, acetic
PiBN, PAN, PPN PAN/MPAN/PPN acid, peracetic
TD-CIMS Mass spectrum , MPAN standard source 1-15s  3-7 pptv 20% acid Slusher et al., 2004
PAN/PPN/methyl,
ethyl, isopropyl,
isobutyl, n-pentyl
nitrates/NO, Thermal
TD-CAPS Phase shift ANs, PNs, NO, standard source 2min 21 pptv interference  Sadanagaet al., 2016
2-propyl 6%+20 pptv Thermal
nitrate/PAN/NO, +(20pptv*RH  interference,
TD-CRDS  Ring-down time ANSs, PNs, NO, standard source 1ls 28 pptv, /100) RH Thieser et al., 2016
2-propyl nitrate/i-butyl 80 pptv,
nitrate/PAN/NO,, 94 pptv, Thermal
TD-CRDS  Ring-downtime ANs, PNs, NO, standard source ls 59 pptv 8% interference  Sobanski et al., 2016
TD-PERCA- NO,/PAN Thermal
CRDS Ring-down time PNs standard source ls 2.6 pptv 9% interference Tahaetal., 2018
Absorption PAN /MeN Thermal
TD-CEAS spectrum ANs, PNs, NO, standard source 65 97pptv 8% interference This study
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4. Field observations

» The first field observation named CHOOSE was deployed in XINJIN, Chengdu,
China, in 2019;
» An example time series of [NO,], [PNs] and [ANs] measured during an ozone

pollution in CHOOSE campaign.
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Field intercomparison of NO, and PAN

M 1 : I
0T ! | ! 60
50 F . TD-CEAS : : *id50
[ * PL-CLD: -
a0} : f .40
T $o1
& 3{)'- j ; : 30
g g L
. : 20
i 3
r
10 F!.‘mg ‘ I ‘ _:; '!'a *( : 10
0L ¥ 10
08-09 08-10 0811 0812 081‘% 08-14 (}81‘3 08-16 08-17
Date
— T i 1 ! ;' 5
api© |emeras | 1 1 14
i |eocEm | 1 (i 1]
s clwl il hi g i Eit P
3 i & i § 1 &8 !\ EEEN
£ B I A - R O
o Do 5 : : . 4
z 2 i ?i.iihiii
2 BEN:ars i
&~ . HIETE S Ol oS © e :
1 Doy 'R 4.t R SR R 1
@;Q;'g-tzy éieéf 1}
é 25 e T I T &t BRIkt
of g da ST g,
i i i 1 i ; 1

08-09 08-10 08-11 08-12 08-13 08-14 08-15 08-16 08-17

() O

Date

NO, [ppbv]

PNs [ppbv]

PL-CLD [ppbv]

PAN (GC-ECD) [ppbv]

40 (b) RS
y= 0.95x+0.99 r= OD? < 3t
30F <.
20F
10 f
08
0 10 20 30 40
TD-CEAS [ppbv]
6 (d) "0
5F ¥= 1.20x+0.10 r=0.89 .0’

0 1 2 3 4
PNs (TD-CEAS) [ppbv]

> The results of TD-

CEAS is a little higher
than PL-CLD, which
may be due to the
different sampling

position;

GC-ECD used the
PAN source generated
by the photochemical
reaction for calibration,
which may make the

sensitivity high.



Diurnal variations
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[ANs] / [PNs] had peak
during the day, [ANS]
at 11am, [PNs] at

12am:;

| > The high value of [ANs]

lasted longer during the
day than [PNs];

[NO,] kept high
concentration at nigh,
and started to fall at

8am.



The limitations of the current single channel TD-CEAS

ANS [ppbv] PNs [ppbv]

NO, [ppbv]

4F E B N
3- - £ - % !
AR IR T h@.‘”_ %
;:"I‘ 4:.ﬂ:..‘: ' '49 .-'J_:-!- i= ‘kd’!."' | Al _ LT r';‘i‘ 44
L Sedreas Sk B il P R b b 0
0F 18 ‘_ﬂ'::_":,. 3 b We 3 o Rt e & e AR
S L T O T N
e L TRk e 3. Y kg
A o3 , =
3F K '
Bk ek | 0B
PR D : Bits
LEfereeginr S8 8 & 3 3ad
Fof ooattlime st Saish o
O Syt s RN
1. e Tt i A
" 1
mé--‘-f},\
N L‘ﬁ P 4 ff'“*",ft
200w F yfhv , v, ) R
! / ' .'"" ! ;Tl.gi“p’p" 'kN‘ AP g *N_‘
10 ' ¢ N o
(1] M
0 6 12 18 24
Hour of day [CNST]

The data is the measurement results of CHOOSE campaign on
August 15, 2019.
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» [NO,] shows irregular
jitters at night, and the
corresponding [PNs] and
[ANSs] had larger errors;
[NO,], [PNs] and [ANs]
all had small jitter during
the day;

when the [NO,] change
drastically, the difference
in [NO,] between adjacent
measurement phases in a
cycle will be large,

resulting in larger errors.



5. Conclusion

» Asingle channel TD-CEAS system is successfully developed for the

selective measurement of NO,, ANs and PNs sequentially.

> The instrument can be calibrated and characterized with a conventional

PAN calibration source which contains both PAN and MeN.

» During its field deployment, the measured NO, and PNs showed good
agreement with the corresponding observed values from CLD and GC-

ECD, respectively.

» More characterization are still required to account the influence of the side

reactions which take place at the thermal dissociation tube.
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THANK YOU!
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