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Table S1: Details of the experiments performed in this study 

a: Range of values during experiments shown in parentheses.  

b: Density assumed is 1.69 g cm-3 

HN: Homogeneous nucleation 

 

 

  

Fig. S1 Initial particle size distribution (at time t=0) using the different aerosol generation 

techniques in terms of (a) number and (b) volume. The color of the symbols signifies experiment 

temperatures qualitatively with red for warm and blue for cold. HN: Homogeneous nucleation 

 

  

Exp. Temp 

(C)a 

RH 

(%) 

Initial 

number 

conc. 

(# cm-3) 

Initial 

mass 

conc. 

(µg m-3)b 

Final 

number 

conc.  

(# cm-3) 

Final 

mass 

conc. 

(µg m-3)b 

Technique 

Exp. 1 -3 

(-3 – -2) 
66 1.77  104 94 0.47  104 27 

Atomizer 

Exp. 2 -10 

(-11 – -8) 
7 7.92  104 13 2.13  104 6 

HN 

Exp. 3 15 

(+10 – +18) 
9 5.29  104 38 1.24  104 7 

HN 

Exp. 4 -8 

(-10 – -6) 
16 13.24  104 6 2.88  104 4 

HN 

Exp. 5 10 

(+6 – +13) 
12 0.64  104 40 0.30  104 10 

Atomizer 

a)  b)  
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Table S2 Previous measurements of levoglucosan volatility 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S2: (a) The peak diameter of the smaller-mode particles obtained by log-normal curve fit for Exp. 2 

and 4. (b) Particle number distribution (symbols) and TOMAS simulation (line curve) results for Exp. 4 

C
o

298 

[µg m-3]

P
sat

298 

[Pa]

ΔH 

[kJ mol
-1

]
Methd

Subcooled liquid

Oja et al. (1999) 6.0 9.1E-05 100 386 - 405 Knudsen effusion mass loss

Booth et al. (2011) 12.6 1.9E-04 52 298 - 318 Knudsen effusion mass spectrometry

May et al. (2012) 13 2.0E-04 101 298 - 316 Thermodenuder, integrated volume method (IVM)

Crystalline

Oja et al. (1999) 0.6 9.7E-06 125 344 - 386 Knudsen effusion mass loss

Booth et al. (2011) 3.0 4.7E-05 68 298 - 318 Knudsen effusion mass spectrometry

Rocha et al. (2013) 0.3 4.8E-06 131 361 - 379 Knudsen effusion mass loss

Kabo et al. (2015) 0.6 8.8E-06 126 354 - 384 Knudsen effusion mass loss

a: Plastic crystal state

b: Heat of vaporization was calculated as  ΔHvap = ΔHsub - ΔHfus. ΔHfus was measured by differential scanning calorimetry.

c: Assumed to be subcooled liquid.

Experiment T range 

[K]
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(c) Results from peak diameter analysis for Exp. 5. Note the small mode peak remain unchanged while 

large mode diameter changed by 20%.  

 

 

 

Text S1: Sensitivity analysis 
 

We performed additional simulations using the simple kinetic model to evaluate the effects of 1) 

different C0
298, 2) different heat of vaporization (ΔH), and 3) treatment of the temperature 

(average vs. actual). Fig. S3 shows the effects of different C0
298 values (5, 10, 13, 17 μg m-3) 

using ΔH = 100 kJ mol-1 as the base assumption. C0
298 = 13 μg m-3 results in the best agreement.  

 
 

Fig. S3. Sensitivity evaluation of the simple kinetic model in terms of the assumed C0
298. The 

numbers in the red boxes correspond to C0
298 in μg m-3 (shown only for Exp #3 for clarity). ΔH = 

100 kJ mol-1 is used as the base assumption. 
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Fig. S4 shows the effects of different ΔH values (60, 80, 100, 120 kJ mol-1) using C0
298 = 13 μg 

m-3 as the base assumption. ΔH = 100 kJ mol-1 results in the best agreement.   

 

 
 

Fig. S4. Sensitivity evaluation of the simple kinetic model in terms of the assumed ΔH. The 

numbers in the red boxes correspond to ΔH in kJ mol-1 (shown only for Exp #3 for clarity).   

C0
298 = 13 μg m-3 is used as the base assumption. 
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Next, Fig. S5 shows the simulation results using the combination of C0
298 and ΔH reported in Oja 

et al. (1999), Booth et al. (2011), and May et al. (2012). Overall, the parameters reported in May 

et al. (2012) resulted in the best agreement.  

 

 
 

Fig. S5. Sensitivity evaluation of the simple kinetic model in terms of the combination of the 

assumed C0
298 and ΔH. The dashed lines correspond to Oja et al. (1999), the thick solid lines 

correspond to May et al. (2012), and the thin solid lines correspond to Booth et al. (2011). 
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Finally, Fig. S6 below compares the simulation results using the average temperature throughout 

the experiment versus the observed temperatures. Although there are some differences in the 

shapes of the two curves, the difference in the final diameters (59 nm versus 52 nm) is deemed 

minor compared to the effects of other parameters (Fig. S3, S4, and S5).  

 

 
 

Fig. S6. Sensitivity evaluation of the simple kinetic model in terms of the treatment of the model 

temperature. The thick solid line corresponds to the simulation using the average temperature 

and the thin line corresponds to the actual temperature. 

 

Overall, these results show that the estimated particle diameter trends are sensitive to assumed 

C0
298 and ΔH values. The C0

298 and ΔH values reported by May et al. (2012) resulted in the best 

agreement with experimental observations in this study. The treatment of temperature variation 

within an experiment played a minor role, and therefore the simulations in this study use the 

average temperature throughout the experiment. 
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Text S2: Estimate concentrations of levoglucosan in each phase 

Using the simple kinetic model, concentrations of levoglucosan in each phase as a function of 

particle mass concentration and temperature were estimated assuming 2.5 hours of elapsed time 

(Fig. S7). The calculations show that the wall and gas-phase concentrations of levoglucosan do 

not significantly depend on the particle mass concentrations. As a result, higher particle mass 

concentrations result in smaller extent of particle shrinkage because the ratio of vapor wall loss 

to the particle mass would be smaller as shown in Fig. S7.  

 

Fig. S7. Simulated levoglucosan concentrations (a) in the particle-phase, (b) on the wall, and (c) 

in the gas-phase as a function of total levoglucosan concentration ([Levo]t) and temperature. The 

white regions correspond to conditions where the ODE solver was unable to obtain reasonable 

solutions because of substantial shrinkage of particles. The color bar indicates concentration in 

each phase [μg m-3]. 
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