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Sulfate             Ammonium              Nitrate            Organics            Chloride 

Colors for the study labels indicate the type of sampling location: urban areas (blue), <100 miles 
downwind of major cites (black), and rural/remote areas >100 miles downwind (pink). 

Zhang et al., GRL, 2007 

Non-refractory submicron particle mass composition  
    measured with the AMS (Aerosol Mass Spectrometer) 



Virtanen et al., Nature, 467, 824 (2010) 

Amorphous solid state of biogenic SOA 



Equilibration times 

Koop et al., Phys. Chem. Chem. Phys., 
 13, 19238 (2011) 



Electrodynamic  balance 



Mie Resonance Spectrum or 
“Whispering gallery modes” (TDL) 
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r = 13.284 µm, m = 1.385



Water uptake  impedance on sucrose particle 

7.0

7.2

7.4

7.6

7.8

8.0

0.0 2.0x105 4.0x105 6.0x105 8.0x105

0
10
20
30
40
50
60
70

 

 

ra
di

us
 [µ

m
]

5

2

4

1

 t [s]

 

 R
H 

[%
]

3

0 20 40 60
7.0

7.2

7.4

7.6

7.8 5

4
3

2

 

 

ra
di

us
 [µ

m
]

RH [%]

1

humidifying 

drying 

Zobrist et al., Phys. Chem. Chem. Phys., 13, 3514 (2011) 



Nonlinear diffusion of 
H2O in a droplet 
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Zobrist et al., Phys. Chem. Chem. Phys., 13, 3514 (2011) 



Derive diffusivity 

Zobrist et al., Phys. Chem. Chem. Phys., 
 13, 3514 (2011) 
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Shikimic acid 

M=174 g/mol 
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Mie resonance spectra upon humidification of glassy particle 



565

570

575

580

585
0 20000 40000 60000 80000 100000

0 20000 40000 60000 80000 100000
0

10

20

30

40

50
766

768

770

772

774

776

778

780

 

 time [s]

λ 
[n

m
]

 

 time [s]

RH
 [%

]
 λ

 [n
m

]

 

 766 768 770 772 774 776 778 780

 In
te

ns
ity

 [a
.u

.]

 

 

λ [nm]

(1)

(2)(3)

Humidification of glassy particle 



0 20000 40000 60000 80000

0

5

10

15

20

 

 

∆λ
 [n

m
]

time [s]

Humidification of glassy particle 



Diffusion model 



Symes et al., Phys. Chem. Chem. Phys., 
6, 474 (2004) 

Internal intensity distribution 

Roll and Schweiger., J. Opt. Soc. Am. A., 
 17, 1301 (2000) 
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 Maximum of angle-averaged 
          intensity of mode (measured)

 Front position diffusion model
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Comparison diffusion model with resonance intensity  location 
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