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Absorption & single scattering
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Photon Density Wave(PDW)-Spectroscopy
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Theory for modulated light source:Photon Density Wave
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Photon density:

const. in time  Intensity I(r,w) Phase F(r, w)

Int.-/Phase coeff.:

Absorption & scattering properties independently accessible!
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Independent determination of absorption and scattering properties
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• Determination of concentration (via absorption)

• Determination of particle size (via scattering)
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Precision of optical coefficients
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• „Precision“ often far better than 1 %, good error estimates

• Translates to precision of: particle size = sub nm

abs. concentration = sub nM

particle vol. fraction = sub ppm
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Precision of optical coefficients:

Ds' : 1.4x10-2 mm-1 (0.12%) 

Da : 8.4x10-6 mm-1 (0.14%)

equals [Abs] of 400 pM or

equals absorption length of 120 m!

Precision particle size:

Dd : 0.15 nm (0.06 %) 

equals a single C-C-bond length!

Important: 

Absorption and reduced scattering coefficients not correlated!

PDW: Precision
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Concept PDW Spectroscopy
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PDW Spectroscopy
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Particle size distribution (PSD)

12

Parameterized PSDs Calculation of spectral 

(here: volume based dependency of sꞌ

Gaussian distribution)
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Particle / Droplet sizing

13

0 50 100 150 200 250 300 350
0

50

100

150

200

250

300

350

400

 Tröpfchengröße

 Verteilungsbreite

T
rö

p
fc

h
e

n
d

u
rc

h
m

e
s
s
e

r 
d
 /
n

m

Zeit t /h

0

50

100

150

200

250

300

350

400

S
ta

n
d

a
rd

a
b

w
e

ic
h

u
n

g
 

 /
n

m

0 100 200 300 400 500
0,0000

0,0025

0,0050

0,0075

0,0100

0,0125

0,0150

re
la

ti
v
e

 H
ä

u
fi
g

k
e

it

Tröpfchendurchmesser d /nm

Zeit

D
ia

m
e
te

r

W
id

th

Time

Time

Diameter

Droplet size

Distribution width



This project is funded by the Horizon 2020 Framework Programme of the European Union under Grant Agreement Number 862583 www.nanopat.eu 14

Potential distances

„active distances“
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Photon Density Wave Spectrometer

• Portable size

• High performance

• Adaptable to the process

15

www.pdw-analytics.de

RH@pdw-analytics.de

http://www.pdw-analytics.de/
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Inline, semi-batch,Polyvinyl acetate, 42 vol%
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Application Examples

• Polymerization
• Emulsification 
• Crystallization
• Fermentation
• Bioprocesses 0 1 2 3 4 5 6 7 8 9
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Thank you! 
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BMBF-Funding (03Z22AN12)
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Questions?
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