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Aerosol Mass Spectrometer (AMS)
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o Efficient transmission (40-1000 nm), aerodynamic sizing, linear mass signal

* Non-refractory PM 1.0 mass loadings and chemically-speciated mass distributions




Aerodynamic Particle Focusing
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Aerosol Size Measurement

Particle Flight Distance
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“Development of an Aerosol Mass Spectrometer for Size and Composition Analysis of Submicron Particles”
Jayne et al., Aerosol Science and Technology 33:1-2(49-70), 2000.



AMS Particle Detection Process
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Universal and quantitative chemical analysis: 0.01ug/m? sensitivity.

Vaporization and analysis of most aerosol chemical constituents
- with primary exception of crustal oxides and elemental carbon.




ELECTRON IMPACT (El) IONIZATION
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AMS Calibration: 300nm NH,NO, Particles size elected with DMA

. AMS - [AMS Particle Time-Of-Flight {TOF) Mode Data Acquisition & Display ¥ersion 4.4.7 (Apr 5, 2004)]

File Edit Help
Operating Conditions: Prezz H for help Area of Single Particles vs. Time of Flight [Unit: Bitz * Time Steps) B/30/2004 8:57.56 Abd
LEL 258 ¢/ Sam: 245 ¢ [OR47 TOF: 7724 us = 2062 nm
An95% B 103% Sp ¥EX =1340.29
:l‘giuég:;jfg S;; 2 0.7 ms Hiztogram of Single Particle Count vz TOF  [Unit: Part. / Bin / cm3) 10.7 ms
miz 33Hz 143 eI 7 TOF:0.CPC:O TOFICPC:D . CM%:0
C: 1024 Dmax 4.0 um E
Mult: 2.150kV G: 1.8e+6 E b
F: 1.463 +/-0.001 :'::
Inlet Prestorr): 1.333 7247 e eEa T e IF:: % : T : . .
Armb Pres: YEB.O1R 0.7 ms Raw Sighal, Threshold, and Single Particles Detected wa. TOF  [Unit: Bitg) 107 mz
Amb Temp: 121.084 1904 70
Heater Temp: B17.627 28
Diagnoshics:
AMS: 232 b\ Rel:
“SwFAS: 12.4 b= B0.5mviDC:
AvAMS: 01033 b 123,460
Bits"Step/lon: 5.82 Th 7280
mv*uzecon: 284 31 1.2e+1 Hz
i‘pmiz 28 5450 [F%EM Sat
AB TOF: 3.55e+6 Hz
ABMS: 373%e+6 T/M 05 L
AB_TOF SHR: 2416 i
Single Particles: - i S = i i = e W
SR * -130.47 b |TD‘| 1ol 1|-|‘ 11 |WU H|“ U| I I i [ Wql Cor S i I “ |' | '| [
EPLE fc‘gt:?g_ﬁg albdhll Avreraged Sighal far Each Mass, far TOFs with and withaut particles, vs. TOF - (Urit Bits) 107 ms
- 172142 ean: 4
Max AMS ploe: 62400 = . M
AMS prs 1w 697 m28: 28.15 ug/m3 S
TOF(w/5P)@ 28 0.0% : Mo B
SP pts. 6483 of 32000 edion; <
TOFSFThresh: Autol. 53] f
bass CPC: 196.04+/-17.53 AR EAE II [
I
in TOF Mode: ‘ L' I
a15 pa710 me2. 35 c174% i
alb p3403 m26.32 c108% } i C (B
217 p2965 m28 34 1083 " e ew e " | |
a28 pl m28.15 o0 |
530 p345E m26. 82 c107% |34 498 |-llj T R A |'|DIJ I I I oo b |-|DE“:I 1 | I I
0.7 ms Time-of-Flight Chopper Signal [Unit; Bitz) 10.7 mz
N { Step: 4 —mjz: 28. amu— SPs 0= 0.% of CPC —ug/im3: 2815 \
07 TOF-MS Alternation BEAM CHOFFPED Mult: 2150 kY LS Mode OFF
0.7 s Mat Auta Saving 10.7 ms




AMS Calibration: 300nm NH,NO; Particles size elected with DMA

. AMS - [AMS Particle Time-0Of-Flight {TOF) Mode Data Acquisition & Display Yersion 4.4.7 (Apr 5, 2004)]

File Edit Help
Operating Conditions: Prezz H for help Area of Single Particles vs. Time of Flight [Unit: Bitz * Time Steps) B/30/2004 8:57.56 Abd
LEL 258 ¢/ Sam: 245 ¢ [OR47 TOF: 7724 us = 2062 nm
An95% B 103% Sp ¥EX =1340.29
:l‘giuég:;jfg S;; 2 0.7 ms Hiztogram of Single Particle Count vz TOF  [Unit: Part. / Bin / cm3) 10.7 ms
miz 33Hz 143 eI 7 TOF:0.CPC:O TOFICPC:D . CM%:0
C: 1024 Dmax 4.0 um E
Mult: 2.150kV G: 1.8e+6 E b
F: 1.463 +/-0.001 :'::
Inlet Prestorr): 1.333 7247 e eEa T e IF:: % : T : . .
Armb Pres: YEB.O1R 0.7 ms Raw Sighal, Threshold, and Single Particles Detected wa. TOF  [Unit: Bitg) 107 mz
Amb Temp: 121.084 1904 70
Heater Temp: B17.627 28
Diagnoshics:
AMS: 232 b\ Rel:
“SwFAS: 12.4 b= B0.5mviDC:
AvAMS: 01033 b 123,460
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i‘pmiz 28 5450 [F%EM Sat
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ABMS: 379e+5 T/ 05 L
AB_TOF SHR: 2416 i
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SR * -130.47 b |TD‘| 1ol 1|-|‘ 11 |WU H|“ U| I I i [ Wql Cor S i I |' | '| [
EPLE;*‘E‘ECSSEE albdhll Avsraged Sighal for Each Mass, for TOFs with and wilhout particles, v, TOF (Uit Bits) 107 ms
B nrz2i42 ean: 4
Max AMS ploe: 62400 = . M
AMS prs 1w 697 m28: 28.15 ug/m3 S
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I
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217 p2965 m28 34 1083 " e ew e " | |
a28 pl m28.15 o0 |
530 p345E m26. 82 c107% |34 498 |-llj T R A |'|DIJ I I I oo b |-|DE“:I 1 | I I
0.7 mz T ime-of-Flight C e Signal [Lnit: Bits 10.7 mz

"ER

11

0.¢ msz O SN EYING

Particle time-of-flight (0-10 msec)

ILL ¢ s



AMS Calibration: 300nm NH,NO; Particles size elected with DMA

. AMS - [AMS Particle Time-0Of-Flight {TOF) Mode Data Acquisition & Display Yersion 4.4.7 (Apr 5, 2004)]

File Edit Help

Operating Conditions: Prezz H for help Area of Single Particles vs. Time of Flight [Unit: Bitz * Time Steps) B/30/2004 8:57.56 Abd
LEL 258 ¢/ Sam: 245 ¢ [OR47 TOF: 7724 us = 2062 nm
An95% B 103% Sp ¥EX =1340.29

:l‘giuég:;jfg S;; 2 0.7 ms Hiztogram of Single Particle Count vz TOF  [Unit: Part. / Bin / cm3) 10.7 ms
miz 33Hz 143 eI B TOF:0.CPC:O TOFICPC:D . CM%:0
C: 1024 Dmax 4.0 um E
bult; 2150k G: 1.8e+6 E b
F:_ 1.463 +7-0.001 ;::
Inlet Prestorr): 1.333 7247 e eEa T e IF:: % : T : . - .
Armb Pres: YEB.O1R 0.7 ms Raw Sighal, Threshold, and Single Particles Detected wa. TOF  [Unit: Bitg) 107 mz
Amb Temp: 121.084 1904 70

28

Heater Temp: B17.627

Diagnoshics:
RkS: 232 b4 Rel
" swFMS: 12.4 b= BO0.5mv{DC:
AvFMS: 01039 b 123,460
Bits*5 tepslon: 5.82 Tl aEk:
m*usecdon: 284.31 1.2e+1 Hz
ifp /2 26 : -B545.0 3% EM Sat
AB TOF: 3.55e+6 Hz
AB MS: 3.79e+6 T 0.8
AB_TOF SHA: 2416
Single Particles: - T — - e -
S o la047 - |TD‘| I 1|-|‘|||WL| H|“ U| i) ulwl Co | e i | | | |
EPLE;*‘E‘ECSSEE albdhll Avsraged Sighal for Each Mass, for TOFs with and wilhout particles, v, TOF (Uit Bits) 107 ms
b aw A4S poc: B24.00 172142 —|_H_ m28 2815 ugfmS Ig'qt?r;: 4
AkS pfzraw BT + 4 - s it
TOF[w/SP)@ 28 0.0% N2 air beam , Mode: 0
5P pts. 6483 of 32000 ﬂ Median: 2
EAB / [

TOFSFThresh: Autol. 53]
bazz CPC: 196.04+/17 84 AB

I [
in TOF Mode: ‘ Ll i

ad I A= S A

a15 p37 10 m2 35 c174% i
a16 p3403 m26.32 c105% } A\ C [EC

17 p2965 m28 34 o108% - R .
a28 pl m28.15 o0 |
530 p345E m26. 82 c107% |34 498 |-llj T R A |'|DIJ I I I oo b
0.7 mz ime-of-Fli i it: B

B Particle time-of-flight (0-10 msec)

all
0.¢ msz O SN EYING

ILL ¢ s



AMS Calibration: 300nm NH,NO; Particles size elected with DMA

. AMS - [AMS Particle Time-0Of-Flight {TOF) Mode Data Acquisition & Display Yersion 4.4.7 (Apr 5, 2004)]

File Edit Help

Operating Conditions: Prezz H for help Area of Single Particles vs. Time of Flight [Unit: Bitz * Time Steps) B/30/2004 8:57.56 Abd
tEl 268 ¢/ Sam: 245 = [OE47 TOF: 7724 us = 2062 hm
An95% B 103% Sp ¥EX =1340.29

:l‘giuég:;jfg S;; 2 0.7 ms Hiztogram of Single Particle Count vz TOF  [Unit: Part. / Bin / cm3) 10.7 ms
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bult; 2150k G: 1.8e+6 E b

F:_ 1.463 +/-0.001
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Bits*5 tepslon: 5.82 Tl aEk:
m*usecdon: 284.31 1.2e+1 Hz
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TOF[w/SP)@ 28 0.0% N2 air beam , Mode: 0
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AMS Calibration: 300nm NH,NO; Particles size elected with DMA

. AMS - [AMS Particle Time-0Of-Flight {TOF) Mode Data Acquisition & Display Yersion 4.4.7 (Apr 5, 2004)]

File Edit Help

Operating Conditions: Prezz H for help Area of Single Particles vs. Time of Flight [Unit: Bitz * Time Steps) B/30/2004 8:57.56 Abd
tEl 268 ¢/ Sam: 245 = [OE47 TOF: 7724 us = 2062 hm
An95% B 103% Sp ¥EX =1340.29

:l‘giuég:;jfg S;; 2 0.7 ms Hiztogram of Single Particle Count vz TOF  [Unit: Part. / Bin / cm3) 10.7 ms
miz 33Hz 143 eI B TOF:0.CPC:0.TOFICPC:0..CM%:0
C: 1024 Dmax 4.0 um E
bult; 2150k G: 1.8e+6 E b

F:_ 1.463 +/-0.001
Inlet Prestorr): 1.333 7247 T =

AmbFPres 786016 7 me Raw Signal, Thieshold, and Single Particles Detected vs. TOF  (Unit: Bits] ' 107 ms

F: -

Amb Temp: 121.084 1904 70

Heater Temp: B17.627 28
Diagnoshics:

RMS: 232 b5 Rel:

" SwFRS: 12.4 b= B0.5mY|Dr 300 nm NH4NO3
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e

Bits*Step/lon: 5.82 Th 72 5L
v uzecdon: 284.31 1.2e+1 Hz
ifp rifz 25 : -5545.0 3% EM Sat
AB TOF: 3.55e+6 Hz
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Single Particles: - T = - N -
CFC plec: 3600 o[ lm‘ i lvmu e Rt | 416 U =
i £ = 5 (] B R e el Kl | | | | | | | | | | | |
SRt o bl veraged Signa for Each Mass, for TOFs with and without pariclss. vs. TOF (Urit Bis 107 ms
Man AMS ploc 624.00 |12 142 S m28: 28.15 ugim3 Moan: 4
AMS pfs raw: BA7 L . S : Std: E-
TOF(w/S P 28 0.0% N2 alr beam , Mod_e.q
SP pts. 5483 of 32000 ﬂ Median: 2
2 [

TOFSFThresh: Autol. 53]
bazz CPC: 196.04+/17 84 AB
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000
.| .| |
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0.7 s ir=-of-Fli j

"ER

B Particle time-of-flight (0-10 msec)
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AMS Calibration: 300nm NH,NO; Particles size elected with DMA

. AMS - [AMS Particle Time-0Of-Flight {TOF) Mode Data Acquisition & Display Yersion 4.4.7 (Apr 5, 2004)]

File Edit Help

Operating Conditions:

Prezz H for help

Area of Single Particles vs. Time of Flight [Unit: Bitz * Time Steps)

E/30/2004 8:57:56 AM

LElL 258 ¢/ Sam: 245 ¢
An95% B 103% Sp 7A%
All 802 tTot 520 Sw 21

10647

-IJ..T ms

Hiztogram of Single Particle Count vz TOF  [Unit: Part. / Bin / cm3)

TOF: 7724 us = 2062 nm
Y=1340.29

10.7 ms

Rate: 25 MHz / 25
mdz: 33 Hz 143
C:102.4 Dmaw: 4.0 um
bult; 2150k G: 1.8e+6
F: 1.463 +/-0.001

F24.71

o T
E E

=2 F: -

DF0.CPCIOTORCPCO. CMZ:0

Inlet Pres(tarr): 1.393
Armb Pres: YEB.O1R

247
0.7 ms

— : ; : ] :
Raw Sighal, Threshold, and Single Particles Detected wa. TOF  [Unit: Bitg)

107 ms

Amb Temp: 121.084 1904.70

Heater Temp: B17.627

Diagnoshics:
RrS: 232 b4 Rel:
“ SRS 12.4 b= 60.5miin
AvEMS: 01035 b 12
Bits"Step/lon: 5.82 TF
mt“uzecon: 284,31

ip iz 28 6450

AB TOF: 3.55e+6 Hz
AB MS: 3.79e+6 T/ 02
AB_TOF SMR: 2416

IE
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\

28
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e
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19047
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b a2 WUA
IIIIIII|

o kon s o L= ATl

o= =
| | | |

| | | | |
Awveraged Signal for Each Mass, for TOFs with and without particles, vs. TOF [Urit Bits)

I
10.7 ms

Max AMS ploc E24.00 |11 142

AkS pfzraw BT
TOF[w/SP)ca 28 0.0%
SP ptz. 6483 of 32000
TOFSFThresh: Autol. 53]
tlass CPC: 196.04+/-17 84

—
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m28:; 28.15 ug/m3

Mean: 4
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tode: 0
tedian; 2

in TOF Mode:

215 p3v10 m2 35 o174
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al7 p2965 m28 34 c108%
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34 428
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"ER
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i 1

Particle time-of-flight (0-10 msec)
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AMS Calibration: 300nm NH,NO; Particles size elected with DMA

. AMS - [AMS Particle Time-0Of-Flight {TOF) Mode Data Acquisition & Display Yersion 4.4.7 (Apr 5, 2004)]

File Edit Help

Operating Conditions:

Prezz H for help

Area of Single Particles vs. Time of Flight [Unit: Bitz * Time Steps)

E/30/2004 8:57:56 AM
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bult; 2150k G: 1.8e+6
F: 1.463 +/-0.001

E E

=2 F: -

=

DF0.CPCIOTORCPCO. CMZ:0

Inlet Pres(tarr): 1.393
Armb Pres: YEB.O1R

247
0.7 ms

— : ; : ]
Raw Sighal, Threshold, and Single Particles Detected wa. TOF  [Uri

i Bitz]

107 ms

Amb Temp: 121.084
Heater Temp: B17.627
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Nitrate Equivalent Mass Concentration (g m'3)

Urban organic aerosol isa mixture of
hydrocarbon and oxygenated components

4.8 ug/m3
43 44 Nitrate 5.8
Sulphate 9.4
Organics  13.4
Chloride 0.15
Mexico City 2/2002
Y4
,_,;’_,_:Il."I ) .a|| .‘..lll ‘. nllll |‘hl.| I'll‘l‘lllilll Il|l|.l.Illlll|Ilﬂ.nl.lIIIlllnl.l.l.lll.luan.nnm.l.
WWWWWWWWWWW
20 40 60 80 100 120 14

m/z (Daltons)



MS Signatures for Aerosol Species |dentification
color coded to match spectra

Group Molecule/Species lon Fragments Mass Fragments
.
-
Nitrate HNO, €, HNO;*, NO," NO* 63, 46, 30
Sulfate H,SO, €, H,S0,*, HSO;", SO+ 98, 81, 80
SO,*, SO 64, 48
Organic CH.O, &, H,0,co,CO," 18, 28, 44
(Oxygenated) H;C,0%, HCO,*, C.H,* 43,45, ...
Organic CH,, — C.H.,* 27,29,41,43,55,57,69,71...
(hydrocarbon)

Standard electron impact ionization @ 70 eV
Easy to quantify: ca. NIST MSlibrary
Easy to separate inorganic and organic components
Soeciation of organic composition is challenging



ATMOSPHERIC AEROSOL

Diameter Molecules Mass

Nano

Ultrafine

Fine

Coarse

N

(micron) (gram) AMS
Sensitivity:
0.01 105 10-1
A
ol 10° 10-1° 100 ions
1.0 1011 10-12 100,000
' \ 4
10 1014 10-9

IE = 1e-6 ions/ molecule



dM/dlogD (ng m-3)

AMS Mass Distributions

Urban Site Bi-modal

Remote Site Mono-modal

Local Sources Aged-Transported
1 1 L | v L ] 1 1 1 LI I N AL | LI | T LA | T T T T T T 1 I T L L |
Edinburgh, Scotlan Cheju-Do Island, Korea
November, 2000 | April, 2001 Sulfate
Nitrate B 7]
Sulfate Nitrate

\~Jl L

1 | I I
4 5 6789 2 3 4 56789 2

100 1000
Aerodynamic Diameter (nm)

Scotland SASUA-3

3 5 6789 2 3 4 56789 2 3
100 1000

Aerodynamic Diameter (nm)

ACE AS A

Allan, Alfarra et al. (U. Manchester)



Observed ‘Traffic’ Mode in Size Distributions

Urban Site Bi-modal Remote Site Mono-modal
Local Sources Aged- Transported
I T T ——— T — T
e Sooa | Roel sap "o Ko Sulfate
— Nitrate B 7
e Sulfate Nitrate
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Organic Mass Spectra
€ +
CnH2n+O,2 St CmHZmil
27,29, 41, 43, 5%%9’ 71 .
I I I

C3H5+ C4H 7+ CSH 9+

C H O ""> H20+ CO+ C " y C2H3O+
18 28 43
, 99, ...

Following flash vaporization at ~600°C




Organic Mass Distributions

Morning Rush Hour m/z =57
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What is the nature of the small mode organics?
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AMS Mass Spectral Tracers

m/z 57 (mostly C,Hy*): Hydrocarbon-like Organic Aerosol (HOA; likely POA)
m/z 44 (mostly CO,*): Oxygenated Organic Aerosol (OOA; likely SOA)
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OOA-II

Mass Fraction
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Ubiquity and dominance of oxygenated species in organic aerosols in

anthropogenically-influenced Northern Hemisphere midlatitudes
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Correlation of secondary organic aerosol with odd oxygen in
Mexico City
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