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Calculation of the mean fluence and PPV. 

The vertical radius of the raw laser beam, ω0,vert, the mean power, 𝑃𝑃�, the volumetric 

flow rate, 𝑉̇𝑉fluid, and the area of the nozzle within the jet, Anozzle, were determined 

experimentally. All values shown in Table S1 were calculated using the following 

Equations (S1–S6): 

𝑤𝑤𝑓𝑓 = ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
2

= 𝜆𝜆∗𝑓𝑓∗𝑀𝑀²
𝜋𝜋∗𝜔𝜔0

          (S1) 

𝐴𝐴spot = π ∗ ω0,ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ∗ ωf        (S2) 

𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑅𝑅

         (S3) 

𝐹𝐹0 = 𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐴𝐴spot

          (S4) 

𝑣𝑣fluid = 𝑉̇𝑉fluid
𝐴𝐴nozzle 

         (S5) 

PPV = 𝑅𝑅 ∗ (ℎspot
𝑣𝑣fluid

)         (S6) 

Table S1: Laser and process parameters used to calculate the fluence and the pulses-

per-volume element (PPV). 

Parameter  Value Unit Ref. 
λ Wavelength 532 nm - 
f Focal length 100 mm - 
M2 Beam quality 1.3 - - 
tp Pulse duration 10 ps - 
ω0, horiz Horizontal raw beam radius 904 ± 50 µm Exp. 
ω0, vert Vertical raw beam radius 1815 ± 50 µm Exp. 
ωf, measured Focused beam radius, meas. 13 ± 1 µm Exp. 
ωf, calculated Focused beam radius, calc. 12 ± 1 µm Eq. S1 
hspot, measured Laser spot height, meas. 26 ± 1 µm Exp. 
hspot, calculated Laser spot height, calc. 24 ± 1 µm Eq. S1 
Pmean Mean power 9.8 ± 0.4 W Exp. 
R Repetition rate 100  kHz - 
Epulse Pulse energy 98 ± 10 µJ Eq. S3 
Aspot Spot size 34447 ± 4220 µm2 Eq. S2 
F0 Mean incident fluence 284 ± 45 mJ cm−2 Eq. S4 
V̇fluid Volumetric flow rate 1.73 ± 0.03 ml s−1 Exp. 
Anozzle Area nozzle (circular area with 

d = 1.2 mm) 
1.13*10−6 ± 
1.88*10−7 

m2 - 

vfluid Linear fluid velocity 1.53 ± 0.26 m s−1 Eq. S5 
PPV Pulses-per-volume element 1.6 ± 0.4 - Eq. S6 
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Calculation of the Reynolds number to determine the flow profile. 

Re = 𝜌𝜌0𝑣𝑣𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑑𝑑
𝜂𝜂𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

          (S7) 

 

Table S2: Parameters and values used to calculate the Reynolds number for CJ. 

Parameter  Value Unit Ref. 
ρ0 Fluid density (25 °C) 997 kg m−3 [1] 
vfluid Linear fluid velocity 1.53±0.26 m s−1 Eq. S5 
d Charac. length (inner diameter)[2–4] 1.2*10−3 m Exp. 
ηfluid Dynamic fluid viscosity (20 °C) 1*10−3 Pa s [1] 
ReCJ Reynolds value CJ 1830 - Eq. S7 

 

Extinction enhancement after laser treatment. 

 

Figure S1: Extinction enhancement (A) and calibration line to determine the SMP 

concentration (B) of curcumin. 

 

Figure S2: Extinction enhancement of CBD. 

  

A         B
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Number-weighted particle size distribution of curcumin and CBD. 

 

Figure S3: Particle size reduction of 0.01 wt % curcumin in the CJ at 532 nm after LP1 

(LFL), three independent determinations via SEM and ImageJ. 

 

Figure S4: Particle size reduction of 0.05 wt % curcumin in the CJ at 532 nm after LP1 

(LFL), three independent determinations via SEM and ImageJ. 

 

Figure S5: Particle size reduction of 0.1 wt % curcumin in the CJ at 532 nm after LP1 

(LFL), three independent determinations via SEM and ImageJ. 
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Table S3: Modal values of the curcumin particle size distribution at LP0 (untreated) 

and LP1 (LFL) in the CJ (determined via SEM and Image J). 

 LP0 
Concentration 
[wt %] 

Modal value 1 
[µm] 

SD Modal value 2 
[µm] 

SD 

0.01 1.54 0.29 4.77 0.15 
0.05 1.02 0.10 5.42 0.40 
0.10 1.04 0.05 5.06 0.29 
 LP1 
0.01 0.20 0.07 - - 
0.05 0.80 0.08 - - 
0.10 0.70 0.07 - - 

 

Table S4: Modal values of the CBD particle size distribution at LP0 (untreated) and 

LP1 (LFL) in the CJ (determined via analytical centrifuge). 

 LP0 
Concentration 
[wt %] 

Modal 
value 1 
[µm] 

SD Modal 
value 2 
[µm] 

SD Modal 
value 3 
[µm] 

SD 

0.1 3.56 0.43 9.08 0.37 - - 
0.5 3.58 0.14 9.63 0.30 - - 
1.0 4.06 0.45 9.78 0.10 - - 
 LP1 
0.1 3.28 0.12 7.77 0.14 9.36 0.03 
0.5 3.35 0.26 6.60 0.88 - - 
1.0 3.88 0.12 5.40 0.10 - - 
 all particle size distributions (LP0 and LP1) show additional particles > 10 µm. 

 

 

Figure S6: Number-weighted particle size distribution of untreated (LP0) and laser-

irradiated (LP1) CBD, determined via SEM and ImageJ. 
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Chromatograms of the untreated and laser-irradiated model substances. 

 

Figure S7: HPLC of 0.1 wt % curcumin for LP0 (untreated) (A) and LP1 (LFL) (B) with 

the three typical peaks bisdemethoxycurcumin (BDMC), demethoxycurcumin (DMC), 

and curcumin and additionally appearing degradation products. 

 

Figure S8: HPLC of 0.05 wt % curcumin for LP0 (untreated) (A) and LP1 (LFL) (B) 

with the three typical peaks bisdemethoxycurcumin (BDMC), demethoxycurcumin 

(DMC), and curcumin and additionally appearing degradation products.  

A           B

A           B
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Figure S9: HPLC of 0.01 wt % curcumin for LP0 (untreated) (A) and LP1 (LFL) (B) 

with the three typical peaks bisdemethoxycurcumin (BDMC), demethoxycurcumin 

(DMC), and curcumin and additionally appearing degradation products. 

 

Figure S10: HPLC of 1.0 wt % CBD for LP0 (untreated) (A) and LP1 (LFL) (B) with the 

typical peak and additionally appearing degradation products. 
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Figure S11: HPLC of 0.5 wt % CBD for LP0 (untreated) (A) and LP1 (LFL) (B) with the 

typical peak and additionally appearing degradation products. 

  

Figure S12: HPLC of 0.1 wt % CBD for LP0 (untreated) (A) and LP1 (LFL) (B) with the 

typical peak and additionally appearing degradation products. 

  

A            B
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Table S5: Specific degradation per generated surface for curcumin. 

Conc. 
 
[wt %] 

Conc. 
 
[µmol] 

Total 
degradation 
[nmol] 

Generated 
surface [cm2] 

Degradation/generated 
surface  
[nmol cm−2] 

SD  
 
 

0.01 8.14 136.95 6.20 22.09 47.95 
0.05 40.72 131.60 5.85 22.48 10.55 
0.1 81.44 11.24 14.70 0.76 0.28 

 

Table S6: Specific degradation per generated surface for CBD. 

Conc. 
 
[wt %] 

Conc. 
 
[µmol] 

Total 
degradation 
[nmol] 

Generated 
surface [cm2] 

Degradation/generated 
surface  
[nmol cm−2] 

SD  
 
 

0.1 95.40 429.29 115.81 3.71 0.17 
 

Extinction (=absorbance), absorption and scattering values of curcumin and 

CBD. 
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Figure S13: UV–vis extinction spectra of curcumin and CBD dissolved in acetonitrile; 

full spectra ranging from 190 to 900 nm (A) and zoom ranging from 400 to 600 nm (B).  
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Table S7: Determination of absorptance, reflectance, and transmittance of curcumin 

by double integrating sphere at RT and a laser wavelength of 1064 nm. The standard 

deviation (SD) is based on five laser-powder interactions. 

Layer height 
[µm] 

Transmittance  
Trans 
[%] 

SD Reflectance  
Sca 
[%] 

SD Absorptance  
Abs 
[%] 

SD 

250 3.25 0.82 66.39 0.49 30.36 0.95 
270 3.69 0.82 66.17 0.49 30.13 0.95 
320 3.76 0.82 67.20 0.49 29.04 0.95 
330 1.73 0.82 66.59 0.49 31.68 0.95 
380 2.24 0.82 67.80 0.49 29.96 0.95 
Mean 2.94 0.81 66.83 0.59 30.23 0.85 

 

 

Figure S14: Ratio of transmittance, reflectance, and absorptance of curcumin. 

 

Calculation of the extinction (=absorbance), absorption coefficient and optical 

penetration depth. 

𝜀𝜀ext =
log (𝐼𝐼0𝐼𝐼 )

𝑐𝑐𝑐𝑐
          (S8) 

µabs = Abs ∗ 𝜀𝜀𝑒𝑒𝑒𝑒𝑒𝑒 ∗ 𝑐𝑐         (S9) 

𝑑𝑑opt = 1
µabs

          (S10) 
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Table S8: Parameters measured for extinction (=absorbance) and absorption 

coefficient calculations curcumin. 

Parameter  Value Unit Ref. 
d Particle layer in cuvette 7.6 µm Exp. 
I0 Initial power 25.7. W Exp. 
I Measured power 4.5 W Exp. 
c Concentration 2.7 mmol L−1 Exp. 
εext Extinction coefficient 365186 L (mol cm)−1 Eq. S8 
Abs Absorption ratio from extinction 0.31 - Fig. S14 
µabs Mean absorption coefficient 309 cm−1 Eq. S9 
µabs, 1 µm Absorption coefficient, 1 µm 258 cm−1 Eq. S9 
µabs, 10 µm Absorption coefficient, 10 µm 377 cm−1 Eq. S9 
dopt Mean opt.penetration depth 32 µm Eq. S10 
dopt, 1 µm Opt. penetration depth, 1 µm 39 µm Eq. S10 
dopt, 10 µm Opt. penetration depth, 10 µm 27 µm Eq. S10 

 

Table S9: Parameters measured for extinction (=absorbance) and absorption 

coefficient calculations CBD. 

Parameter  Value Unit Ref 
d Particle layer in cuvette 9.8 µm Exp. 
I0 Initial power 25.7. W Exp. 
I Measured power 16.8 W Exp. 
c Concentration 3.2 mmol L−1 Exp. 
εext Extinction coefficient 59853 L (mol cm)−1 Eq. S8 
µabs Absorption coefficient 59 cm−1 Eq. S9 
dopt Optical penetration depth 170 µm Eq. S10 

 

Calculation of the photoacoustic relaxation time. 

𝑡𝑡𝑎𝑎𝑎𝑎 = 𝑑𝑑𝑜𝑜𝑜𝑜𝑜𝑜
𝑐𝑐𝑀𝑀𝑀𝑀

  if dopt < a (a = particle diameter)     (S11) 

𝑡𝑡𝑎𝑎𝑎𝑎 = 𝑎𝑎
𝑐𝑐𝑀𝑀𝑀𝑀

  if dopt > a        (S12) 

  

Table S10: Literature and previously calculated values used for the calculation of the 

photoacoustic relaxation time. 

Parameter  Curcumin CBD Unit Ref. 
tp Pulse duration 10 10 ps - 
cMP Speed of sound MP 1954 1954 m s−1 [5] 
µabs Absorption coefficient 309 59 cm−1 Eq. S9 
dopt Optical penetration depth 32 170 µm Eq. S10 
tac, 1µm Photoac. relaxation time 512 512 ps Eq. S12 
tac, 10µm Photoac. relaxation time 5118 5118 ps Eq. S12 
tac, d opt Photoac. relaxation time 17 87 ns Eq. S11 
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Calculation of the absorbed fluence. Values in Tables S1 and S8. 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎 = Abs ∗ 𝐹𝐹0          (S13) 

 

Calculation of the SMP mass yield and the productivity. 

 

Figure S15: SMP mass yield (= SMP mass/total mass) (A) and productivity of 

curcumin at different concentrations (B). 

 

Calculation of the temperature increase in curcumin. 

For the particle ensemble:[6] 

∆𝑇𝑇e = μabs∗F0
ρMP∗cp

          (S14) 

For individual particles of different sizes:[7] 

𝑚𝑚p = ρMP
πd3

6
          (S15) 

𝑄𝑄abs = 4σabs
πd2

          (S16) 

∆𝑇𝑇𝑖𝑖 = 𝜎𝜎abs∗𝐹𝐹0
𝑚𝑚p∗𝑐𝑐𝑝𝑝

           (S17) 
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Table S11: Literature values used and calculated temperature increase of curcumin. 

Parameter  Value Unit Ref. 
µabs Absorption coefficient 30900 m−1 Eq. S9 
F0 Mean incident fluence 2840 J m−2 Calc. 
ρMP Particle density 1310 kg m−3 Exp. 
cp Heat capacity curcumin 1931 J (kg K)−1 [8] 
T0 Room temperature 298 K - 
d1 µm Particle diameter  1*10−6 m - 
d5 µm Particle diameter 5*10−6 m - 
mp,1 µm Particle mass 6.9*10−16 kg Eq. S15 
mp,5 µm Particle mass 8.6*10−14 kg Eq. S15 
Qabs, 1 µm, 532 nm Absorption efficiency 0.16 - Fig. 6 
Qabs, 5 µm, 532 nm Absorption efficiency 0.59 - Fig. 6 
Qabs, 1 µm, 1064 nm Absorption efficiency  0.08 - Fig. 6 
Qabs, 5 µm, 1064 nm Absorption efficiency  0.36 - Fig. 6 
σabs, 1 µm, 532 nm Particle absorption efficiency 1.26*10−13 m2 Eq. S16 
σabs, 5µm, 532nm Particle absorption efficiency 1.16*10−11 m2 Eq. S16 
σabs, 1µm, 1064nm Particle absorption efficiency 6.28*10−14 m2 Eq. S16 
σabs, 5µm, 1064nm Particle absorption efficiency 7.07*10−12 m2 Eq. S16 
∆Te Temperature incr., ensemble 35 K Eq. S14 
∆Ti, 1 µm, 532 nm Temperature incr., individual 269 K Eq. S17 
∆Ti, 5 µm, 532 nm Temperature incr., individual 199 K Eq. S17 
∆Ti, 1 µm, 1064 nm Temperature incr., individual 135 K Eq. S17 
∆Ti, 5 µm, 1064 nm Temperature incr., individual 121 K Eq. S17 

 

Calculation of the phase diagram of curcumin (heating-melting-evaporation 

model [7]). 

 

Table S12: Literature values used for the calculation of the phase diagrams of 

curcumin. 

Parameter  Value Unit Ref. 
ρMP Density 1310 kg m−3 Exp. 
cp, solid = cp, liquid Heat capacity 1931 J (kg K)−1 [8] 
∆Hm Melting enthalpy 1.16*10−4 J g−1 [9] 
T Starting temperature 273 K - 
T0 Initial particle temperature 298 K - 
Tm Melting temperature 456 K [9,10] 
Tb Boiling temperature 865 K [11] 

 

Particle absorption efficiency σabs (Qabs from MiePlot Figure 7): 

𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎  = 𝑄𝑄𝑎𝑎𝑎𝑎𝑎𝑎𝜋𝜋𝑑𝑑2

4
         (S18) 

Particle heating (gray curve in Figure S16): 

𝐹𝐹0 = ρMP∗π∗𝑑𝑑3∗𝑐𝑐p∗(𝑇𝑇−𝑇𝑇0)
6∗σabs

        (S19) 
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Particle melting (red curve in Figure S16): 

𝐹𝐹0 = ρMP∗π∗𝑑𝑑3

6∗σabs
[𝑐𝑐p, solid ∗ (𝑇𝑇m − 𝑇𝑇0) + ∆𝐻𝐻m]     (S20) 

Particle evaporation (blue curve in Figure S16): 

𝐹𝐹0 = ρMP∗π∗𝑑𝑑3

6∗σabs
[𝑐𝑐p, solid ∗ (𝑇𝑇m − 𝑇𝑇0) + ∆𝐻𝐻m + 𝑐𝑐p, liquid ∗ (𝑇𝑇b − 𝑇𝑇m)]  (S21) 

 

 

Figure S16: Phase diagram of curcumin for the wavelength of 532 nm (A) and 

1064 nm (B) using the heating-melting-evaporation model (Equations S19–S21). The 

dotted line depicts the used laser fluence of 284 mJ cm−2. 
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