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Collection efficiency definition

Mass loading based:
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Collection efficiency definition
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Canagaratna et al. 2007; Huffman et al. 2005



CE from field and laboratory work

Porous : i
@ Species: Organic aerosol, Sulfate
Tungsten < SV P 5

s\‘

Collection efficiency (CE) depends on :
1) Nitrate content
2) Acidity/neutralization
3) Relative humidity in the sampling line
4) Organic liquid content

Much of this driven by aerosol phase: Solid/semisolid/liquid particle
Solids bounce Liquids do not bounce

Typically contribute the most uncertainty for ambient aerosol measurement

Middlebrook et al., AST, 2012;
Canagaratna et al. AMS clinic meeting, 2015




Collection Efficiency, CE (%)

Values of CE: Laboratory work

Pure inorganic chemical compounds:

Collection Efficiency, CE (%)
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Collection Efficiency, CE (%)

Values of CE: Laboratory work

* CEs for Mixed of nitrate and sulfate vary with NO;
content, humidity, and liquid organic coating.
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CE/(EL*Es) e EB

Values of CE: Laboratory work

Laboratory

dependence on f,,)
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Values of CE : ambient aerosol

* CE=0.5 (+0.15) in average: empirical composition
dependence (Middlebrooks et al. AS&T 2012)

* Pure laboratory particles are poor models for ambient mixed particles,

but similar trend with humidify and NO; (State of particles in ambient or in AMS
after transmission through lens)

CEuy = max (045, 1.0 =073 x (N, V) CEyy = max(0.45, 0.0833 4 09167 x ANMF)

| | | 1 1 1 Y|
1 O = NH4/NH4,predic‘l > 0.75
[7)
=
o 0.8
%)
=
=
5 06-L
Q i
M
IO
E-S 04— g =
= A TexAQS X Boulder
© ARCPAC
e A TexAQS L i — - Crosier et al. (2007)
© ARCPAC 0.2 :
- = Quinn et al. (2006) = = Nemitz et al. (2011)
; ot/ | N (N |1 7 Matthew et al. (2008)
- Equation (4) = Equation (6)
0.0 T | I 0.0 T T ] [ [
0.0 0.5 1.0 1.5 20 0.0 0.2 0.4 0.6 0.8 1.0
NH4/NH, pregict NH4NOz mass fraction (ANMF)

Uncertainty of AMS quantification 30%-40% for ambient organic and inorganic quantification based on
comparison with other independent measurement-Bahreini et al. 2009



Collection efficiency

Mass based CE vs counting based CE

1.0

— CE: calculated based on Middiebrook et al. (2012)
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Collection efficiency definition
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Transmission Efficiency (E,)

Lens transmission
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@I University of Colorado
Boulder
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Sampled Number
0 100 200 300

s 1:1 Line
— y = 1.13(£0.03)'% + ~0.56(20.22), R’ = 0.87

o

low

o
o

AMS #2 Total Mass (ug/sm")

!!

by

Particle Diameter (nm)

( wosg) dpbojp/pp

€

c
—

AMS Total Mass (ug/sm’)

10 15 20 25 30 35

AMS #1 Total Mass (g/sm")

35 5 3

30 4 E..fe.qzﬁ.@........: ........................................................
O AMS#1

25 e 4+ AMSH2[ AR LA

..........................................

o ol H |
0 20 40 60 80 100

532 nm Extinction {Mm_1, STP)



@I University of Colorado
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Lens transmission curve for PM,
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Lens transmission curve for PM, .

[PL lens pressure ~ 3.8 torr
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How to calibrate your lens

* Particle counts based: Event trigger and BFSP:
v faster
v'Do not need to worry about double charge particles.

« Mass based: different size-resolved particles

- Pay attention to the double charge particles; impactor
should be used !

»200-500 nm (NH,),SO,, NH,NO, at 600 °C
»Or other species NaNO, and KNO; at 800 °C



Collection efficiency definition
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Particle Beam Width Probe

‘ Front View
<4— Vaporizer

Not blocking } Blocking particle beam .
beam ; f TD[} View
; Beam Width Not blocking

Probe ® -
Regularly-shaped particles
lightly-focused particle beam

Irregularly-shaped particles
Wide particle beam

k]

+— Some irregular particles may miss vaporizer

Huffman et al. 2009



Particle beam transmission
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Particle beam width for different
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Summary

JE, (Bounce) is the major contributor for CE;

JE, (Lens) and E, (scattering) are minor .

Another way to think about CE

Particle shape (Es, Eb)

Chemical
Z

composition



Feature of standard vaporizer (SV) vs
capture vaporizer (CV)

SV CV

¥ O
1 N\ 7 ! —
_F;_orous <' Solid \\ «- )
ungsten Molybdenum SO r—

A

Species: Organic aerosol, Sulfate

Standard vaporizer temperature (T, ): 600°C

Collection efficiency (CE) depends on : Chemical composition)\
Aerosol phase etc

v’ Typically contribute the most uncertainty for ambient aerosol measurement
v' AMS quantification uncertainty 30-40% of ambient aerosols.

Middlebrook et al., AST, 2012; Bahreini et al. 2009 22



Outlook of SV and CV

o~

Thermocouple

Thermocouple

23



Temperature measurement for CV
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Hu et al., AMT. 2017


http://cires1.colorado.edu/jimenez-group/UsrMtgs/UsersMtg11/WilliamsAMSUsersMtg_2010_VapT.pdf

Experiment setup

(a) Bypass () pump
| | AMS with
Nafion dryer
or silica gel // SV
Lab { N AMgVW|th
Atomizer CPC 1
Bypass () pump

(b) AMS with
Other sampling line SV
D Nafion dryer Nafion AMS with
Ambient PM, 5 cyclone | dryer CV
| Flow reactor =1
| Nafion SMPS CPC
! dryer !

Only exist in SOAS study

_________________________ )

Bypass




Outline

* Does capture vaporizer make CE~1 ?

* Does the capture vaporizer preserve or
diminish the chemical and physical
information from AMS?

»Fragmentation and OA source identification?
»Size distribution

» Gas-phase CO,(g) and artifact chloride
formation in CV

* Pros and cons of SV vs CV

26



Lab

CE of standard inorganic species
CE=AMS/CPC mass ratio

NaNO, (NH,),SO, NH,C|
1.0 ==l - 1.0 =t — 1.0 =] -
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&)
- 04- / - 0.4 L 0.4 > _
- 0.2+ / - 0.2- L 0.2- . / -
L - o0 /] 0.0 M 0.0 1 |
SV = CV S\ cV sV = Cv

An improvement in CE of inorganic species in the CV

Shown results are carried out under medium vaporizer temperature 500-600C

27

Hu et al., AMT. 2017




Lens transimission corrections for NaNO,
d_=300nm—-d =670 nm
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SV: CE: 0.5-0.7
CV: CE=1

CE of amb|ent aerosols
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Hu et al.,
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Ambient

Multiple results support ambient CE in CV =1

SV: CDCE=0.5-0.7
CV: CE=1

SV vs CV

uncertainty
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Evaluation on chemical composition
CE correction
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RIE between SV versus CV
___—

Default
NH4 3-6 3-6 Experimental measured
(3-15 for ToF- (NH,NO,)
ACSM)
SO4 1.1-1.3 1.1-2.4 Experimental measured
((NH,),S0O,)
chloride 1.3 1.4 Experimental measured
(NH,CI)
OA ? ?

Hu et al AST 2017; Hu et al AMT 2017;Xu et al. AS&T 2018



Brief reasons for different RIE

> More masses collected

» Faster decay

» Different ionization precursors from thermal
decomposition (SV:

)

»Other possible reasons

COO000
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00:10

00:2

OO0~

CV: 550°C
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Lab Ambient

Outline

* Does the capture vaporizer preserve or
diminish the chemical and physical
information from AMS?

»Fragmentation and OA source identification?

34



Lab

Fragmentation pattern of inorganic NH,NO,

® N02+/NO+ - NH3+/NthotaI L 4 NH2+/NthotaI <O NH+/NthotaI
: ' ' : ' ' ' l . | . | . |
1.0 (a) P 0.7- _
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0.8 SV — 2 0.6 _NH3(g)ionization in NIST:
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S 0.4- L g 03 | L
) T 0.2- .
= 0.2 Cv - 2 01- i
0090 000000 © 600 0.0 SAREKXARAARAKN
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T, (°C)

Inorganic does not evaporate as intact salts E.g., NH,NO;(s)->NH,NO,(g)
but go through thermal decomposition.
E.g., NH;NO;(s)->NH;(g)+HNO;(g); HNO;(g)->NO,(g)+H,0(g)+0,(g)

Hu et al., AMT. 2017 (Drewnick et al., 2015)




Fragmentation pattern of organic species

O the larger
molecular-weight
fragments of OA
tend to shift
toward smaller ions
in the CV due to
additional thermal
decomposition.

lon rate (Hz)

C3OH50
Squalene

100 200 300 400

lon rate (Hz)

| I I
100 200 300 400

36

Hu et al., AST 2018 lon rate (Hz)




Lab

Fragmentation pattern of organic species

Ambient OA
(KORUS-AQ)
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L This shifting happened independent of OA types and oxidation levels
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20 40 60 80 100 120

O Excess CO* (H,0* to a less extent) is observed when sampling long-chain alkene/alkane like

species, not in highly oxidized and ambient OA

O Unexpected CO* (H,0%) ion formation might be caused by chemical reaction on the

vaporizer surfaces.

Hu et al.,

AST. 2018
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Lab

Excess H,O* and CO* ions in the CV

0.40 15 128
0.30 |
0.2(% |
60x10 "
< 4 |(a) Atomization + Isopropanol + Air system|
% 40 4 |N0rma| oleic acid|
c - 39 44
S /
S 204
(0]
Lt | || 67 78 91 115 128
0 ||I|||| |I|II|| __|||| N |/ L.
40 60 80 100 120 140
0.40 18
0.30 28
0204 |
60x10™ |(c) Atomization + Hexane + Ar system|
S 1 p |Norma| oleic acidl
w40
o g 57
5 A
S ]
Y 20 67 ;8 1
w - | | / 128
0 J |||II _|_ - |I|“ ol IIIII || RN I e \!=
40 60 180 100 120 140
FER
01203 | 29 - ,
60x10° 1 (e) Predicted isotope C13 labeled
< | 45 oleic acid based on Fig.d
|
9 40
o 42 55
I \
S 20+ ] 59 g4 o
L‘I: i 124 138
|
0 _IJ| . illlll ll LIII _.ulllnln. -ll-. b ‘-
20 40 60 80 100 120 140
m/z
Hu et al., AST. 2018

193 - |
O.2g
60x10 " ] |(b) Atomization + |sopropanol + Ar system|
P 1 Normal oleic acidl
5 407 4
Tag
c
S & //
§ 20 ] 67 8
i | | J 57 - 115 128
OJ.LI .l ||II|_I .||-.. . |||. N e
20 40 60 80 100 120 140
m/z
0.4
0. 303 I
0.20
60x10™ 1 [(d) Laser ablation + Ar sytem|
P 1 u [Normal oleic acid|
w 40
5]
C .
S
® 20 85 o A B
1l oa | s 1z
OJ il _ Jll Il I IIIII.I- |.IILI|. JII . I-=..,, [ LT |||, k..
mﬁmmwmwwmmﬁmm
20 40 60 80 100 120
0.40 2 _
0.30 |(f) Laser ablation + Ar system
0203 |
60x10 7] Isotope C13 labeled
8 i 45 | oleic acid
w40
c - 42
2 ~ 84
§ 207 s 59 72 [ 98
I 11 N | /12 124
0 _Il|| - Ji!!_ _,;.!,!! I_ _,,JIIILII!L_ ,|||I|I!!I.,,.!!!I.III!!=, ,_,-JI=-====__._=I1{- - ___,I:k —
20 40 60 80 100 120
m/z

140



dS/dPToF (Arb. units)

Lab

PToF show CO peak similar with aerosol phase

Isotope-labeled oleic acid
2.0x10° - — miz 44 j13C3Hs' B
— m/z 29 j13CO*
— m/z 45 j13CO,*

I I I | | I |
1 2 3 4 5 6 7x1 0'3

PToF time (s)

d Unexpected CO* (H,O%) ion
formation might be caused by
catalytic reaction on the vaporizer
surfaces.

Hu et al., AST. 2018
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|
|(b) CV: Oleic acid|

signal, (Arb. unit)

TCO=64 S, TCOZ<5 S

——CO'=0~C0, —~C;H,"

I I
00:10 00:20
Time (min)

50x10° - |(e) CV: Citric acid| |[Tco<5 S; Tco,<3 8

154

Signal (Arb. units)

—~CO"=~-C0, = ~CzH,"

I
00:10 00:20
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Causes for artifact CO enhancement

Mo+3/2 O,—» MoO,

Fig. 2. Photographs of molybdenum specimens: A, unreacted;
B, 600°C; 76 Torr, 420 min; C, 1200°C, 76 Torr, 8%2 min; D,

1600°C, 76 Torr, 7 min. Magnification, approximately 5X.

Hu et al., AST 2018

Class Reaction conditions Oxidation phenomena

1 Below 450°C Adherent oxide films or scales
form.

2 500°-700°C Oxide scales form also oxide
volatilizes, low pressure fa-
vors volatility of oxide.

3 801°C to transition temperature Liguid oxide can form, volatil-
izes as soon as oxide forms,

4 Above transition temperature Oxide volatilizes as fast as it
forms.

B0 Gulbransen et al. 1963
Furon Oadation
T Overal LdCanersion

70| A Yield of Maleic fAohydride | i l ! | L |
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5 8 06-Ar O © B
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3 )]
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O
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Ozkan et al., 1990



Lab

Elemental ratio calibration: standard species

Line 1:1|

Squalene
VI T N B
1.2- Slope=0.99
1.0 4™ |*=0.86
%)
<§E 0.8 - Oleic acid
5 0.6-
Q 04-
o
0.2
0.0 5
I I I I
0.00204 06 08 1.0 1.2
Octacosane Atomic O/C
C28H58

H/C from AMS

, | , | , |
30— Szlope=0.99 // -
55 r =0.75 K 2L
Q{S
2.0 - g —
7/
1.5- y ’5 -
O ,
1.0 - —
//’
0.5 - ” —
0.0
- | - | - |
0.0 1.0 2.0 3.0
Atomic H/C

O Aiken explicit calibration method (Aiken et al. 2007;2008)

Hu et al., ACS ES&C. 2018 |
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O/C from CV

Ambient

Elemental ratio comparison: ambient OA

Aiken ambient method for CV: CO*/CO,*=1; H,0*/C0O,*=0.225; IA method for SV

2.0

1.8

1.0+

0.5

0.0

/

KORUS-AQ (Anthropogenic)

‘Y. Aiken method
R — Slope=0.97

| | | |
0.5 1.0 1.5 2.0

O/C from SV

H/C from CV

2.0

KORUS-AQ (Anthropogenic)|

1.5

1.0 1

0.5

0.0

Aiken method
— Slope=0.78

| | |
1.0 1.5 2.0

H/C from SV

O The elemental composition of ambient OA can be accurately measured with the
CV, with suitable modifications to the quantification procedure.

" Hu et al., ACS ES&C. 2018 |
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Similar PMF results for SV vs CV

0.124
0.084

0.04 -

Mass Conc. (ug/m3)
NSRS o

Fraction of OA

0.00-

IEPOX-SOA: Isoprene epoxydiols-derived SOA

Ambient
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Hu et al.,

ACS ES&C. 2018 |
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Summary of PMF comparison

Biogenic emission Aircraft urban + aged regional Suburban site,
dominated. SE US forest plumes. South Korean Boston
SOAS KORUS-AQ Billerica
27%‘ 34%‘0 48% 66% 40% 36%
120 249279 20U B | 4% O o W% A0% 0% 48% 20% [
1001 SV (UMR) 285, CV(UMR) | SV (HR) CV(HR)| ! SV(UMR) CV(HR) [
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Hu et al., ACS ES&C. 2018



Lab Ambient

Outline

* Does the capture vaporizer preserve or
diminish the chemical and physical
information from AMS?

> Size distribution



Lab

Degradation of size-resolved detection in CV

300 nm monodisperse particle NH,NO,
—— m/iz30(NO') ---- miz46 (NO, ) —— NH,

SV CcV
£ 12- 1 ! .fé*s- )
r'\ NH,NO,
510 ) - S6-
.-é 8_ :\ — E
© :‘I E |
oo‘c_) 6— I‘| — mo 4
X 44 ] | ] >
U 4 [ \_/2_
o */ | ud
T 2 { - N
o L\ PR Q.
S 0 B PO S L e o o S0 S I E 0 -
© | ' | T | T | % | . | . | I |
20 30 40 50 20 30 40 50
PToF time (ms) PTOF time (ms)
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Temperature dependent size distribution

LN
o
|

W
o
|

dMIdPTOF (x10° arb. units)
o

Hu et al., AMT. 2017

T, (°C):
200 380
440——500
550 600

— 785

—T,(°C): 4 @ 80—
200 S (b2
——300 |- S 604
400 =
520 | % 4
——570 5 40
——640 | 0
——690 2
—740_| L
| | | S
6 ! 8 ©
+ SV:—e-NO, |
= 3- %o CV:—e—NO, |
E N ¢
= 2 \ ¢ ‘
E 1 - .\\\‘ L
% )eoo
0 | ! | I...'. | T
200 400 600 800
T, (°C)

PToF time ( ms)

47



Estimating vaporizer temperature for detecting

species in size mode

1000
NaNO,
800
_ (NH,),S0,
x
< 600
|~.:>
NH,NO,
7/
400 — / .
/ - - - SV fitted line: T, =2.8xT,-730
/.7 |--- CVfitted line: T, ,=2.5xT,-676
, /. —— SV fitted line: T, =2.4xT,-643
200 4 —— CV fitted line: T, =2.3xT,-672

200 300 400 500 600 700
+ Melting point (7,,) / O boiling/decomp. point (T,) (K)

Hu et al., AMT. 2017
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Ambient

Size distribution of ambient aerosol in CV
still work

Particle size in CV :'
recalibrated with AS. N

‘V?A

&

®)) Total
=

= Y7 N
% 3 :
>

O

T 27

=

S 14

0 ety
3 4 5678 2 3 4 5678 2 3

100 1000
PToF size (nm)

Hu et al., AST. 2017




Lab Ambient

Outline

* Does the capture vaporizer preserve or
diminish the chemical and physical
information from AMS?

» Gas-phase CO,(g) and artifact chloride
formation in CV

50



(ng/m’)

+
CO, mass conc.

Production of CO,(g) is negligible for the CV for
NH,NO; and comparable to the SV for NaNO5

NH4NO; after exposing to high OA:

o sV o CV
| I | | |
0.4 —
(a) O | Slope=1.5%
0.3 - —
o
0.2 - — 2
©
£
0.1 - o
O 4 +Z“
g
0.0 on Slope=-0.1%
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-0.1 + —

0 10

20
NO; mass conc. (ug/ms)

Hu et al., AMT 2017

SV:

CV:

B NaNO,
O NaNO; after exposing to high OA
B NaNO,

O NaNO; after exposing to high OA
! | . | |
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Chloride artifact

0.3+

0.2+

Chloride (ug m™)

0.1

NO;; flow reactor
SV: Slope=0.5%
CV: Slope=0.2%

NaCl(s)+HNOs(g) =HCI(g)+NaNOs(s)
(Harkel 1997).

Nitrate (ug m'3)




" Excellent

Acceptable Less desirable

SV

CE for ambient particles

Middlebrook et al. (2012)

CE for pure inorganics in lab

Variable bounce fraction

Slowly evolving signals from bounced particles on

colder ionizer surfaces

Ambient size distribution

Lab & Chamber size distribution

Single particle IE calibration

CPC-based IE calibration

Extent of thermal decomposition

Significant

CcVv

<=1 but better than SV

Sufficient resolution

Low resolution for monodisperse particles

Significant

Not yet demonstrated

Greater than SV

Nitrate quantif. (organic vs. inorganic)

Useful even under low S/N

Less contrast and lower S/N

SO, UMR quantification under high OA

More OA interferences

Lower OA interferences

Nitrate = CO, artifact (“Pieber effect”)

Important in some cases

Much lower for NH,NO,, similar for
NaNO,

Nitrate = Chloride artifact

CO*/H,O artifact from OA

Elemental ratio for ambient aerosols

Observable but small

Smaller than SV

Observed for reduced OA species

PMF factor separation Reasonable Reasonable, larger uncertainties for sub-
OOA factors
OA tracer retained Reasonable Key tracers were preserved.




summary

e CE ~1 for ambient aerosols!

* Mass spectra shifted to smaller fragments.
e But information content (e.g. OA sources and elemental ratios) not lost!!

* Unexpected CO* (H,0*) when sampling long chain alkane/alkene-like OA
(e.g. squalene), potentially due to chemical reaction on the vaporizer
surfaces, whereas no such enhancement for ambient OAs.

* Slower evaporation impacts size distributions
* Still OK for ambient air.

* Much broader for monodisperse lab exp.

* Future analysis:
* OA guantification: Oxidation and heating effect

e Characterization on more primary OA, e.g., biomass burning, cooking, coal
combustion

e Chamber SOA

Thanks for your attention. :
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