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Annex 1  

Table S1 (supplementary). Vibration bands and assigned functional groups in the FTIR and micro-FTIR spectra of the 
target consisting in hemp seeds and hemp seeds mixed with turmeric powder and of the different areas on the thin 
films deposited on the glass slab; based on the data in Figure 3. 

Vibration bands [cm-1] Functional groups identified 
based on Pretsch et al., 2009 [34] 

 and on the Gaussian 6 IR spectra simulation 
performed in this study (Figure  2) 
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Lignanamides (3364 cm-1) 

Gaussian simulation: CBD (3313 cm-1; 3161 cm-1); THC 
(3304 cm-1; 3264 cm-1); ferulic acid (3424 cm-1); coumaric 

acid (3500 cm-1); curcumin (3432 cm-1) 
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C=O stretching in amides 
Lignanamides (1656 cm-1) 

C=C bending in alkenes (specific to cannabinoids side 
chain) 
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OH bending in alcohols and COOH (carboxylic acids) 
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Gaussian simulation: CBD (1392 cm-1); THC (1335 cm-1; 
1303 cm-1); ferulic acid (1382 cm-1); curcumin (1393 cm-1) 
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CN stretching in aromatic amine 

CO ring skeletal stretching in epoxides 
Gaussian simulation: CBD (1290 cm-1; 1210 cm-1); THC 
(1252 cm-1); ferulic acid (1290 cm-1; 1250 cm-1); coumaric 

acid (1268 cm-1) 
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C=C bending in alkenes 

CO ring skeletal vibrations in epoxides.  
Gaussian simulation: THC (1181 cm-1; 1150 cm-1); 

curcumin (1128 cm-1) 

1098sh 1098sh - - - 1023 1092sh 1090sh - 1040 1098 

C=C bending in alkenes 
Gaussian simulation: CBD (1036 cm-1); THC (1088 cm-1; 

1029 cm-1); ferulic acid (1098 cm-1); coumaric acid (1105 cm-

1); curcumin (1044 cm-1) 
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C=C bending in alkenes 
Gaussian simulation: CBD (966 cm-1; 934 cm-1); THC (978 

cm-1); ferulic acid (976 cm-1); coumaric acid (983 cm-1); 
curcumin (992 cm-1; 966 cm-1; 940 cm-1; 909 cm-1) 

851 851 - - - 894      

C=C bending in alkenes 
Gaussian simulation: CBD (883 cm-1; 823 cm-1); ferulic acid 

(898 cm-1; 851 cm-1); coumaric acid (872 cm-1); curcumin 
(836 cm-1) 

714 714 774 761 761 732 715 715 772 749 732 

C=C skeletal vibrations 
Gaussian simulation: CBD (702 cm-1); THC (753 cm-1); 

ferulic acid (762 cm-1); coumaric acid (729 cm-1); curcumin 
(736 cm-1) 

Table S2 supplementary. Vibration bands and assigned functional groups in the FTIR and micro-FTIR spectra of the 
target consisting in hemp seeds and hemp seeds mixed with turmeric powder and of the different areas on the thin 
films deposited on the hemp fabric support; based on the data in Figure 2. 

Vibration bands [cm-1] Functional groups identified 
based on Pretsch et al., 2009 [34] 

 and on the Gaussian 6 IR spectra 
simulation performed in this study  

(Figure 2) 
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Esthers; aldehyde ether 



1746 1746 - 1735 1719sh 

C=O stretching (assigned to THC, hemp oil 
, curcumin) 
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Curcumin (1702) 

1648 1651 1647-1617 1653 1658 

C=O stretching in amides 
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side chain) 
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group 
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Coumaric Acid (983 cm-1); Curcumin (992 

cm-1; 966 cm-1; 940 cm-1; 909 cm-1) 
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Figure 1 supplementary. Results of target and thin-film elemental analysis with Energy Dispersive X-Ray (EDS) 
technique (a) and the spectra of the HS-DPL/glass: analyzed area 1 with no content of iron (b) and analyzed area 2 with 
the highest content of iron (0.55% weight Fe out of total elements). 
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Figure 2 supplementary.  Roughness of the thin films obtained by DPL deposition technique applied on the hemp-
seed target: HS-DPL total profile (a) and details on HS-DPL peak “A” (c), HS-DPL peak “B” (e), and HS-DPL peak “C” 
(g) and HST-DPL total profile (b) and details on HST-DPL peak “D” (d), HST-DPL peak “E” (f), and HST-DPL peak 
“F”(h). 

  



Table 3 supplementary. The width/height ratios of the detailed HS-DPL peaks A, B, and C and HST-DPL peaks D, E, 
and F. 

Sample Peak Width/Height Ratio Comments 

HS-DPL 

A 8 µm / 0.46 µm  17 The ratio of the width/height denotes flat structures that 
make up the roughness of the thin layer and that are 
associated with the deposition particles. The explanation lies 
in the fact that, due to the high energy with which the 
particles come into contact with the surface on which they are 
deposited, they are most often significantly flattened. The 
phenomenon is due to the Plateau–Rayleigh, Rayleigh–
Taylor, and Richtmyer–Meshkov instabilities that manifest in 
the ablation plume on its way from the target to the 
deposition substrate [33]. 

B 14 µm / 1.8 µm 7.7  

C 10 µm / 0.35 µm 28 

HST-DPL 

D 25 µm / 7.06 µm  3 

E 13 µm / 1.15 µm 11 

F 14 µm / 0.99 µm 14 

 

Table 4 supplementary. Roughness parameters of the thin films HS-DPL and HST-DPL deposited on the glass slab. 
The parameters were calculated using the Gaussian-filter-type long wavelength pass and the cut-off length of λc = 3 
mm. 

Sample 

Ra 
(µm) 

Rp 
(µm) 

Rv 

(µm) 

Rz 

(µm) 
Rq 

(µm) 
Rsk Rku 

Comments Arithmetical 
Mean 

Height 

Maximum 
Peak 

Height 

Maximum 
Pit Height 

Maximum 
Height 

Root 
Mean 

Square 
Height 

Skewness Kurtosis 

HS-
DPL 

0.08 1.8 0.05 1.85 0.18 4.96 34.04 

Rsk > 0 indicates a right 
skew or positively skewed 
distribution. It means that 
the tail on the right side (the 
larger values) is longer than 
the tail on the left side (the 
smaller values). The most of 
the peaks are concentrated 
on the left side (the smaller 
values), and some extreme 
peaks are on the right side 
(the larger values). 
Rku > 3 shows high kurtosis 
specific to leptokurtic 
distribution characterized 
by heavier tails, with much 

HST-
DPL 

0.95 7.06 0.27 7.33 1.62 2.32 6.30 



more extreme values or 
outliers for sample HS-DPL. 
Ra and Rq values 
denote that the 
roughness distribution 
for the HST-DPL 
sample is more 
uniform than that of 
the HS-DPL sample. 

 
Correlating the roughness results with the SEM analysis, it can be stated 

that the roughness of the thin films is due to the granular structure of the 
obtained thin films. The granular deposition gives the thin layer a porosity 
that makes it suitable for the absorption and adsorption of active substances 
in liquid or gaseous states that could be incorporated for the manufacture of 
transdermal drug delivery devices. Another advantage of thin layers with 
micro- and nanogranular structures is that, under certain conditions of 
temperature and/or pressure, these structures can detach from the layer and 
cross the dermal barrier with which they are in contact. 

The roughness of the thin films was evaluated using the DektakXT 
Stylus Profilometer (Bruker, Bruker Nano Surfaces Division, 3400 East 
Britannia Drive, Suite 150, Tucson, AZ 85706). The profile hills and valleys 
were generated in a standard scan performed on a 3 cm length of the sample 
surface with the scan resolution of 0.333259 µm, stylus force of 10 mg, and 
scan duration of 30 s. The roughness parameters were analyzed with the 
software OriginLab, version 2022, using the application Surface Roughness 
Parameters. 

 


