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Aerosol Mass Spectrometer (AMS)

• Efficient transmission (40-1000 nm), aerodynamic sizing, linear mass signal

• Non-refractory PM1.0 mass loadings and chemically-speciated mass distributions

Particle Inlet (1 atm)



2.4 Torr inlet 10-3 torr Exit

Calculated Particle Trajectories
100 nm Diameter Unit Density Spheres

(Fluent ver 4.47)
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Aerosol Size Measurement

“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.
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AMS Particle Detection Process

Universal and quantitative chemical analysis:  0.01 g/m3 sensitivity.

Vaporization and analysis of most aerosol chemical constituents
- with primary exception of crustal oxides and elemental carbon.
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ELECTRON IMPACT (EI) IONIZATION

Measure all ions:

Ion Rate =  Ri
+

independent of parent or fragment (neutral or ion)
molecular mass

EI Cross Section ()  electrons/molecule

 mass/molecule

Ion Rate   = 2ndary electrons/sec   molecules/sec

Ion Rate = Ri
+  total mass/sec


R + e-  R+ + e- + e-


Ri

+ + Rj



Mass Loading A  (MWA/IEA)  Ion Signal

EI Ionization: A + e- ---->  A+ ---->  ai
+

Calibration Factor * (MWNO3/IENO3)

EI Ionization
Cross
Sections
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AMS Calibration: 300nm NH4NO3 Particles size elected with DMA



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

AMS Calibration: 300nm NH4NO3 Particles size elected with DMA



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

N2
+ “air beam”

AMS Calibration: 300nm NH4NO3 Particles size elected with DMA



Particle time-of-flight (0-10 msec)
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AMS Calibration: 300nm NH4NO3 Particles size elected with DMA
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N2
+ “air beam”

300 nm NH4NO3

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

AMS Calibration: 300nm NH4NO3 Particles size elected with DMA
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300 nm NH4NO3

3000 ions
IE  =  =  3e-6

108 mol

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

AMS Calibration: 300nm NH4NO3 Particles size elected with DMA
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+ “air beam”
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Particle Size Axis (Dva)



300 nm NH4NO3

3000 ions
IE  =  =  3e-6

108 mol

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

450 nm particle

AMS Calibration: 300nm NH4NO3 Particles size elected with DMA

N2
+ “air beam”

40 nm 1000 nm
Particle Size Axis (Dva)
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Urban organic aerosol is a mixture of
hydrocarbon and oxygenated components



MS Signatures for Aerosol Species Identification
color coded to match spectra

Water H2O H2O+ , HO+ , O+ 18, 17, 16

Ammonium NH3 NH3
+, NH2

+, NH+ 17, 16, 15

Nitrate HNO3 HNO3
+, NO2

+, NO+ 63, 46, 30

Sulfate H2SO4 H2SO4
+, HSO3

+, SO3+ 98, 81, 80

SO2
+, SO+ 64, 48

Organic CnHmOy H2O+, CO+, CO2
+ 18, 28, 44

(Oxygenated) H3C2O+, HCO2
+,  Cn’Hm

+ 43, 45, ...

Organic CnHm Cn’Hm’
+ 27,29,41,43,55,57,69,71...

(hydrocarbon)

Group Molecule/Species Ion Fragments Mass Fragments

e-

e-

e-

e-

e-

e-

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



100 ions

100,000

IE  = 1e-6 ions / molecule

AMS
Sensitivity:



AMS Mass Distributions

Scotland SASUA-3
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Observed ‘Traffic’ Mode in Size Distributions

Scotland SASUA-3

Remote Site Mono-modal

Aged-Transported
Urban Site Bi-modal

Local Sources
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CnH2n+0,2 ---->  CmH2m±1
+

27, 29, 41, 43, 55, 57, 69, 71, ...

CnHmOy ----> H2O+ , CO+ , CO2
+ , C2H3O+

18      28 44 43
29, 55,  ….

Organic Mass Spectra

Following flash vaporization at  ~600oC

e-

e-

C5H9
+C4H7

+C3H5
+



Organic Mass Distributions

• Small mode, hydrocarbon-based, primary traffic organic PM
• Accumulation mode oxidized organic PM

Morning Rush Hour

Accumulation mode

m/z = 57
C4H9

+

‘Traffic’ mode m/z = 44
CO2

+
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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 C4H9

+): Hydrocarbon-like Organic Aerosol (HOA; likely POA)
m/z 44 (mostly CO2

+): Oxygenated Organic Aerosol (OOA; likely SOA)

Zhang et al,
ACP, 5, 3289 (2005)



Pittsburgh: 3 factors in PMF
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Ulbrich et al., ACPD, 2008
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2- NO3
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Ox = O3 + NO2


