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Do droplets with 1<r<10 nm
exhibit microstructure?

 D,O D,0O — butanol
- D,O-H,0 H,O — d-butanol
D,0O — ethanol



SANS for microemulsions
— SANS for aerosols?
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d- surfactanﬂ
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Experimental challenges

Microemulsion Aerosol
<r> 1 -10 nm 1 -10 nm
N 1016 ¢cm-3 <10“*cm?
7, 0.01-0.9 <107
state stable unstable
background low 77

scattering 1sotropic anisotropic
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We make the nanodroplets 1n
supersonic nozzle expansions.

N 1
. I observation
Nozzle profile \ region ‘
L

|~ condensing flow
|

|
|
|
|
|
A
T, = 286 K "%, T
P, = 45 kPa g
py = 0.45 kPa

x dry trace
| ‘ | | | ‘ | | |

0 2 4 6
Distance from the throat (cm)

—pl

— T

- S=plp«(1) 1

— Droplets form and grow
— Heat 1s released

— Vapor depletion quenches
nucleation



+2000 Ibs of equipment
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+ a national facility...




The particles and neutron beam
are at 90°.
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Nozzle operating conditions

Source Observation region
T (K) 273 - 315 190 - 240
Pn, (kPa) 44 -67 10 - 20
p. (kPa) 0.1-1.5 0.02 - 0.45

v (m/s) ~0 430 - 450



Good SANS spectra are possible!
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Do droplets with 1<r<10 nm
exhibit microstructure?

 D,O D,0O — butanol
- D,O-H,0 H,O — d-butanol
D,0O — ethanol
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How should we compare aerosols
with different compositions?
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Maintain “identical” formation
conditions
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Scattering intensity decreases
with mixture composition.
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Evidence for shell scattering
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Evidence for shell scattering
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What Next?

4. Data analysis:

4 1ntegrate pressure trace and scattering data

4 Additional experiments:

4. gas phase composition measurements



Summary and Conclusions

1 Aerosol SANS works!

0 first direct measurement of particle size in a
supersonic nozzle expansion

2 evidence for microstructure

2 first direct measurements of nucleation
rates 1n nozzles

2 the Doppler shift provides particle velocity
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Small Angle Scattering

d [A
A
light 500 nm
X-ray .1 nm
electrons 0.1 nm
neutrons 0.5-2nm




The scattering patterns become more
elliptical as v /v, increases.
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It v, = 0, the scattering patterns
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The pressure at constant onset
varies between the pure species
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Nai

Droplet composition

L, ON<r*>(40,:)°

0 0.2 0.4 0.6 0.8 1
mole fraction DZO

assume:
N ~ constant
x droplet

= X gas phase
O/r ~ constant

correct for r



Measuring J: Shaped nozzles
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Do droplets with 1<r<10 nm
exhibit microstructure?




Outline

O Motivation
O Development
O Applications

O Binary condensation in supersonic nozzles
O Nucleation rate measurements 1n nozzles
O What 1s next?

O Summary



Future directions

Modeling

Isothermal nucleation rate measurements 1in
supersonic nozzles.

Probe structure/phase of high pressure,
supercooled liquids 1n the absence of
contamination.

Other systems .... soot formation



