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CryoTEM image for final latex 
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of the figure=500nm

1 i) Introduction. 
NanoPAT European Project: Application of three new real-
time analytical tools for particle size (dp) and particle size 

distribution (PSD) in-line or on-line monitoring.

Present Work objective: Assessing Photon Density Wave 
(PDW) spectroscopy analysis method as in-line monitoring 

technique in emulsion polymerization processes. 



4

Intensity shift Phase shift

Absorption Coefficient (𝜇𝑎)
Reduced Scattering Coefficient (𝜇𝑠

′ )

Particle diameter (𝑑𝑃)
(Particle size distribution. PSD)

Phase shift (𝑘ϕ)

Intensity shift (𝑘𝐼)

0 20 40 60 80 100 120

0

0,01

0,02

0,03

 ua_636

 ua_778

 ua_855

A
b

s
o

rp
ti
o
n

 C
o
e

ff
ic

ie
n

t/
m

m
-1

Reaction time/min

0 20 40 60 80 100 120

0

1

2

3

4

 us_636

 us_778

 us_855

R
e
d
u
c
e
d
 S

c
a
tt
e
ri
n
g
 C

o
e
ff
ic

ie
n
t/
m

m
-1

Reaction time/min

t=0; 𝑑𝑃=50 nm
Monomer feeding

t=100; 𝑑𝑃=120 nm

Seed formation Post-polymerization

1 ii) PDW background



5

Absorption Coefficient (𝜇𝑎)
Reduced Scattering Coefficient (𝜇𝑠

′ )

Particle diameter (𝑑𝑃)
(Particle size distribution. PSD)

Phase shift (𝑘ϕ)

Intensity shift (𝑘𝐼)

1 ii) PDW background

𝜇𝑠
′ =

3𝜙𝜋𝑄𝑠
2𝑑𝑝

න
−1

1

ሻ𝑓 cos 𝜃 𝑆(𝜃, 𝜙ሻ 1 − cos 𝜃 𝑑𝑐𝑜𝑠(𝜃
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7

2. Analysed process

In-situ seed formation

(30 min)

Particle growth

(100 min)

Postpolymerization

(30 min) 

All acrylic latex synthesis

Seed:
SC 4 % ; dp 50 nm

Target:

SC 35 % ; dp 120 nm
Seed

formation

Recipe:

• Monomer (w/w)

o MMA  51 % 

o BA      47 %

o MAA     2 %

• Initiator: APS

• Surfactant: SDS

• Water
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Effect of laser wavelength

3. Results. Inline analysis
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3. Results. Inline analysis
Good agreement between inline PDW and offline DLS results

For the range 50-120 nm and up to 35 % SC: 
the smaller the wavelengths, the better the inline analysis.
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Analysis of broader dp and SC range
Coagulation detection
Bimodal latex analysis
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3. Results. Particle size range analysis
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3. Results. Coagulation detection

Feeding rate: 1 g/min
Feeding time: 65 min

Final solution concentration: 0.05-
0.15 M

SC 33 % 

dp 119 nm

SC 20 %
Inline monitoring of reduced

scattering and particle size

NaCl
solution

* Wavelength used for the analysis: λ = 636 nm
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3. Results. Detection of bimodal latex formation

SC 0.3 %

dp 50 nm

SC 40 %

dp 300 nm
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4. Conclusions
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 Accurate monitoring of particle size during seeded semibatch emulsion polymerization processes (SC of 

40 % and particle size range 50-300 nm). 

 PDW particle size is within number and intensity average DLS particle sizes (closer to dp,N). 

 Aggregation of polymer particles can be detected. Reduced scattering is more sensitive than particle size. 

 The detection of new nucleations is challenging due to the big influence of the existing large polymer 

particles in the light scattering.
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