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S1. TEM images of the synthesized nanoparticles 

 

Following up from Figure 2 in the main manuscript, where the effect of temperature on the size 

and dispersity of the synthesized nanoparticles is presented, TEM images for samples prepared 

at temperatures between 200 oC and 240 oC are shown in Figure S1.   

 

 

 

Figure S1. TEM images of nanoparticles synthesized at a) 200 °C, b) 215 °C, c) 230 °C,             

d) 240 °C. d is the diameter of the nanoparticles measured from the TEM images, n is the 

number of nanoparticles measured for each histogram. 
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S2. Yield and productivity of the millifluidic synthesis 

 

Table S1 shows the nanoparticle productivity and yield of the continuous flow reactor. The 

yield is calculated by: 

 

𝑌𝑖𝑒𝑙𝑑 % =
𝑁𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (

𝑚𝑔𝐹𝑒
ℎ

)

𝐼𝑛𝑙𝑒𝑡 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (
𝑚𝑔𝐹𝑒

ℎ
)

 × 100 % 

 

The nanoparticle productivity is calculated based on the MP-AES elemental analysis (for Fe) 

performed for each sample, taking into account the outlet mass flow rate. The inlet mass flow 

rate for Fe is calculated based on the total amount of iron which enters the system (in the form 

of iron pentacarbonyl). 

 

 

Table S1: Nanoparticle productivity and yield (%) for the millifluidic synthesis of FexCy NPs. 

 

Reaction temperature (°C) 

Nanoparticle 

productivity 

(mgFe/min) 

 

Yield % 

230 0.19 14.6 

240 0.29 22.2 

250 0.38 28.8 

265 0.50 38.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 

 

S3. XRD measurements of the synthesized nanoparticles and reference patterns 

 

In Figure S2 the raw data (without deconvolution) are shown for three samples synthesized at 

different temperatures in the flow reactor. The samples were analyzed a few hours after the 

synthesis and washing stages. Focusing at the two samples synthesized at the two higher 

temperatures (230 oC and 265 oC), Rietveld refinement of the XRD patterns was performed 

using the FullPROF software, as explained in the main manuscript. The Rietveld analysis 

generates simulated reference patterns which are shown in Figure S3 below. The reference 

patterns (Figure S4-S7) of hematite, α-Fe, magnetite and Fe5C2 were taken from the 

PANalytical X’Pert HighScore Plus software.      

 

 

 

Figure S2. Powder XRD patterns of samples synthesized by flow synthesis at various 

temperatures. 
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Figure S3. Powder XRD patterns of nanoparticles synthesized in flow at a) 230 oC and  b) 265 ºC, 

together with the peak positions of the simulated reference patterns of their component materials. 
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Figure S4. Reference pattern for magnetite (Fe3O4), reference code: 00-019-0629. 
 

 
Figure S5. Reference pattern for α-Fe (reference code: 00-006-0696). 
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Figure S6. Reference pattern for hematite (α-Fe2O3), reference code: 01-073-0603. 

 

 

 
Figure S7. Reference pattern for iron carbide (Fe5C2), reference code: 00-051-0997. 
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S4. HRTEM-HAADF-STEM-EDS measurements of the NPs synthesized at 230 oC 

 

Apart from the sample synthesized at 265 oC, the sample synthesized at 230 oC was also 

analysed by HRTEM-HAADF-STEM-EDS techniques. The core-shell structure and the 

distribution of the different elements throughout the particle volume are observed in Figure S8. 

 

 

Figure S8. a) HRTEM image, b) HAADF-STEM bright field image, and corresponding EDS 

elemental mapping images: c) O K edge, d) Fe K edge, e) C K edge, and f) overlay, for 

nanoparticles synthesized at 230 oC. 
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S5. Solubility data for carbon monoxide 

Since there are no data on the solubility of CO in 1-octadecene in the literature, its solubility 

was compared to that in 1-octene and hexadecane, as shown below. Figure S9 supports that the 

solubility of CO at the lower CO partial pressures encountered in batch systems is significantly 

smaller than at higher partial pressures, assuming that CO is the only gas present. Therefore, it 

is postulated that in our millifluidic system the increased amount of CO present enhances the 

carbidization at lower temperature, acting as an additional carbon source (apart from 

oleylamine). 

 

 

Figure S9. Solubility of CO in different organic solvents plotted as a function of the partial 

pressure of CO at the indicated temperature for each dataset. Data were obtained from Jauregui-

Haza et al. (3). 
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S6. Hyperthermia measurements of nanoparticles synthesized in batch  

 

The samples synthesized at 250 oC by both methods (batch and flow) showed similar heating 

efficiencies. Concerning the samples synthesized at the highest temperatures (280 oC for batch, 

265 oC for flow), the batch sample had considerably smaller ILP value (see Table S2), in 

comparison to the flow sample (Table 3 at manuscript). It seems that for the highest synthesis 

temperatures, a combination of bigger particle size (see Figure 4 at the manuscript) and 

probably a higher degree of carbidization for the flow-prepared sample resulted in a substantial 

increase of its heating ability.  

 

 

Table S2: Specific absorption rate and intrinsic loss power values for the nanoparticles 

synthesized at different temperatures via batch synthesis.* 

Reaction Temperature (°C) Specific 

Absorption Rate, 

SAR (W g-1) 

Intrinsic Loss Power, 

ILP (nH m2 kg-1) 

250 30.7 0.1 

280 99.6   0.34 
*These measurements were performed with a frequency of 488 kHz. 
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