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Additional experimental data 
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Chemical mapping with electron energy loss spectroscopy 

 

Figure S1: Chemical mapping with electron energy loss spectroscopy (EELS) operated in the 

scanning TEM (STEM) mode a) scan area, used for the analysis b) signal energy window of 

40 eV (920–960 eV) after background subtraction were used to map the composition distribution 

of Cu visualized in false color. Blue, green, red and yellow represent an increasing Cu signal. 

Estimation of Cu precipitation on deposit 

During annealing copper nanoparticles precipitate on and close to the surface of the deposit. 

Before annealing the deposit dimensions were obtained by SEM imaging as shown Figure S2. 

 

 

Figure S2: As-grown deposit with Cu(hfac)2. FEBID exposure was performed with 1 µs dwell 

time, 0.4 nm pixel distance and 100 frame repetitions with a refreshment time of 0.625 s. The 

beam current was 0.4 nA. a) side view of deposit, b) top view contrast image of deposit. 
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The volume of deposit was approximated by a frustrated cone with elliptical base (Figure S3) the volume 

of which is given by Equation S1.  

 

 

                        

                       𝑉 =
π

12
H ((ab) + (cd) + (√abcd))   (S1) 

  

 

 

Figure S3: Volume model of deposit. 

The deposit was annealed at a temperature of 200 °C over 30 min in the SEM vacuum chamber. The 

visual analysis to count the number of Cu nanoparticles was performed from both sides of the deposit 

after annealing (Figure S4) and the quantity values of copper are shown in the Table S1. 

 

Figure S4: SEM tilt images of Cu precipitation on the surface and segregation close to the 

surface after annealing of the deposit shown in Figure S2. a) and b) show the front and backside 

of the deposit. The bright and clear contrast nanocrystals are on the surface while the slightly 

darker and blurred contrast nanocrystals are below the surface.  
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Table S1: Estimation of volume, mass, and weight percent (wt %) of visible copper 

nanocrystals. The matrix density value range was taken from Friedli, V.; Utke, I.; Mølhave, K.; 

Michler, J. Nanotechnology 2009, 20, 385304. doi:10.1088/0957-4484/20/38/385304. 

 Total Copper Carbonaceous 

Matrix 

Volume [cm
3
] 7.12·10

−13
 1.6·10

−14
 7·10

−13
 

Density [g/cm
3
] — 8.56 1–2 

Mass [g] — 1.3·10
−13

 7·10
−13

 to 1.4·10
−12

 

wt % precipitated or segregated Cu — 9–17 — 

 

Distribution of Cu nanocrystals along the Cu-C lines after conventional and IR laser thermal 

annealing 

Figure S5: Comparison of distribution of Cu nanocrystals in Cu-C FEBID deposits after a) conventional 

annealing, and  b) pulsed IR laser annealing. 

 


