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Phase Space-group a (Å) b (Å) c (Å) β (°) Phase fraction 
(wt. %)

Atom x/a y/b z/c Occ Uiso (Å2)

FexTiSe2 P-3m1 3.5994(2) 3.5994(2) 5.9932(6) 90 29.75(12)

Ti 0 0 0 1.0 0.012(3)

Se 1/3 2/3 0.2511(14) 1.0 0.002(5)

Fe 0 0 0.5 0.254(14) 0.011

α-Fe Im-3m 2.8697(5) 2.8697(5) 2.8697(5) 90 6.9(4)

Fe 0 0 0 1 0.002

γ-Fe Fm-3m 3.60569(8) 3.60569(8) 3.60569(8) 90 17.3(6)

Fe 0 0 0 1 0.007

FeO Fm-3m 4.32290(13) 4.32290(13) 4.32290(13) 90 35.2(9)

Fe 0 0 0 1 0.0017

O 0.5 0.5 0.5 1 0.0097

Fe2Ti P63/mmc 4.7967(13) 4.7967(13) 7.832(2) 90 10.8(2)

Fe 0 0 0 1 0.085

Fe 0.830 0.659 1/4 1 0.388

Ti 1/3 2/3 0.065 1 0.135

Table S1. Rietveld refined parameters from fitting the PXRD pattern of the Quenched sample, using GSAS and EXPGUI.1 The 
background was modelled using a Shifted Chebyschev function (GSAS background function 1) with 10 parameters. All 
profiles were modelled using a pseudo-Voigt peak shape (GSAS CW profile function 2). The quality of the data was not 
sufficient for refinement of impurity phase structural details and so only lattice and profile parameters were allowed to 
refine. The thermal parameter of the FexTiSe2 intercalated iron was also found to be unstable in the refinement and so was 
fixed at a physically reasonable value. Goodness of fit parameters are reported in the main text.

Whilst the appearance of γ(FCC)-Fe at room-temperature as an impurity is initially unexpected, it has previously been 
stabilised and extensively studied as epitaxially grown films on Cu(001) and diamond surfaces.2,3,4 The FCC structure is 
stabilised by lattice matching the substrate (e.g. FCC-Fe a ~ 3.59 Å, Cu(001) a = 3.61 Å, diamond a = 3.57 Å) and so it’s 
appearance on FexTiSe2 (a = 3.60 Å) is reasonable. An alternative, although slightly less likely, explanation for the 
observation is the possible growth of FCC-Fe filled carbon-nanotubes. These structures have been observed through 
decomposition of ferrocene at high temperatures, similar to our film growth conditions and CVD precursor.5,6  
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Atom x/a y/b z/c Occ Uiso (Å2)

FexTiSe2 I2/m 6.2040(13) 3.6070(3) 11.9255(16) 89.69(2) 82.4(8)

Ti -0.013(2) 0 0.2437(8) 1.0 0.008(2)

Se1 0.1452(9) 0.5 -0.1240(4) 1.0 0.0022(4)

Se2 0.3299(11) 0 0.1189(4) 1.0 0.0022(4)

Fe 0 0 0 0.48(2) 0.0029

Fe2Ti P63/mmc 4.973(2) 4.973(2) 7.722(4) 90 1.35(8)

Ti 1/3 2/3 0.065 1 0.013

Fe 0 0 0 1 0.013

Fe 0.83 0.659 1/4 1 0.013

FeO Fm-3m 4.3250(14) 4.3250(14) 4.3250(14) 90 6.6(3)

Fe 0 0 0 1 0.013

O 1/2 1/2 1/2 1 0.013

TiO2 P42/mnm 4.603(3) 4.603(3) 2.950(3) 90 9.7(4)

Ti 0 0 0 1 0.013

O 0.305 0.305 0 1 0.013

Table S2. Rietveld refined parameters from fitting the PXRD pattern of the Gradual cooled sample, using GSAS and EXPGUI. 
The background was again modelled using a Shifted Chebyschev with 10 parameters. All profiles were modelled using a 
pseudo-Voigt peak shape (GSAS CW profile function 2). The quality of the data was not sufficient for refinement of impurity 
phase structural details and so only lattice and profile parameters were allowed to refine. The thermal parameter of the 
FexTiSe2 selenium atoms were constrained to be equal. Goodness of fit parameters are reported in the main text.



Figure S1. PXRD pattern of a Fe0.48TiSe2 film (a) prepared by LPCVD of 1 at 1000 °C for 18h, followed by gradual cooling to 
room temperature. (b) XRD standard pattern for the Fe0.48TiSe2 material, extracted from ICSD.7 The pattern shows high 
fluorescence of iron with the copper beam from the anode on the X-Ray instrument.

Figure S2. A visual change in the Fe XPS of the samples is apparent. It is highly likely that Fe3O4 species is present both in 
the powder and in the surface of the thin film due to its exposure to air (main peak at BE = 710 eV). Upon XPS depth profile 
analysis in the thin film, inner layers (300 s etch) showed a Fe 2p environment at 706.7 eV and 719.2 eV.

Figure S3. XPS survey scan of Fe0.48TiSe2 sample (0 - 1200 eV).



 
Figure S4. Strong bands for Fe3O4

8
 detected using Raman spectroscopy of the film synthesized via “quenching” at 450 °C.
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