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Fitting procedure.

During the fit procedure of the diffraction data, three neutron banks (under 63.62o, 91.3o and 154.4o) were 
simultaneously fitted with the X-ray (Cu-anode), each bank equally weighted. For neutron TOF diffraction the 
wavelength is less well defined compared to the X-ray data. For this reason the simultaneous fit was restricted to the 
lattice parameters resulting from fitting the X-ray data. This was achieved by allowing the neutron diffractometer 
constants to vary (effectively the exact sample position in the neutron flight path). In order to correct for an error in the
vertical alignment, a diffractometer constant zero term was fitted. 
During the fitting procedure for the doped materials, the dopant was allowed to occupy both the M1 (Li) sites and the 
M2 (Fe) sites and Li was allowed to occupy Fe sites and vice versa in order to determine whether any incorporated 
dopant displaced either native ion. The small fractions of dopant atoms were fitted using the a fixed isotropic isotropic 
temperature factors, whereas all other atoms were fitted using anisotropic temperature factors. It should be noted that 
the large Q range available at the GEM TOF diffractometer (up to ~2π/0.25 Å-1) makes that a very good spatial 
resolution is available for locating Li or other atoms; the correlation with temperature factors is thus a far lesser 
problem than for CW neutron or X-ray machines with a more limited Q range. 

To restrict the number of variables, the atomic displacement of species residing on the same site were 
coupled during the fit. To restrict correlation effects, the anisotropic Li temperature factors in the doped materials were 
fixed to those resulting from fitting the pristine LiFePO4 material. This can be considered to be a reasonable 
assumption, given that the dopant leads to only very small distortions of the LiFePO4 structure. Because of the small 
occupancies of the dopant species present on both M1 and M2 sites and Li on the M2 site, 2% or less, only the 
occupancies were fitted. The temperature factor of the dopant was set to the isotropic value (corresponding to the 
anisotropic value reported) of Fe, and for Li to the isotropic value (corresponding to the anisotropic value reported) in 
the pristine LiFePO4 material. The anisotropic temperature factors of all other elements were independently fitted 
leading consistently to similar values for different atomic species in the different materials. Except for oxygen and 
phosphorus, the fractional occupancy of all atomic species was fitted for all material compositions. Only the total M2 
occupancy was restricted to unity to restrict the amount of free variables. This is a reasonable assumption since the M2 
site occupancy in LiFePO4 has been examined by many researchers over the last decade, and in “pristine” (undoped 
materials) prepared at elevated temperatures it is 1.000.  Also, we did check for Li-Fe disorder, and found none, 
consistent with all other previous reports. 

The presence of 6Li in natural Li required that the neutron data was fitted with a wavelength dependent 
absorption correction (absorption function 1 in gsas), as commonly used for TOF neutron diffraction. Again the large 
Q range available at the GEM TOF diffractometer makes that the correlation of atomic parameters with temperature 
factors and absorption is less a problem than for CW machines with a standard more limited Q range. Absorption 
corrections lead to a Q dependence different from that of temperature factors and are therefore tractable over the large 
Q range used. In addition the use of backscattering banks up to forward scattering banks simultaneously make the 
absorption corrections consistent. Further, the background of the neutron data was fitted with 9 terms (function type 4 
in gsas), the X-ray data was fitted with 7 terms (function type 1 in gsas). The line shape was fitted using TOF function 
type 2 in gsas (Ikeda-Carpenter), as is commenly used for the GEM TOF diffactometer, with allowing both the γ1 and 
γ2 parameters to vary (γ1 and γ2 reflecting strain broadening and particle size broadening respectively). For the X-ray 
line shape CW function type 2 (multi-term Simpson rule integration of the pseudo-Voight) with allowing both the LX 
and LY Lorenzian parameters to vary (LY and LX reflecting strain broadening and particle size broadening 
respectively). Fitting indicated negligible broadening due to strain, and particle size broadening leading to particle sizes 
around 150 nm (assuming Scherrer’s constant to be unity). All refinements resulted in residuals Rwp and Rexp less than 3 
%, which is very small, and indicative of excellent fit quality.  Below the lattice and atomic parameters are reported for 
selected materials.



Supporting Information Table 1. Unit cell parameters and atom parameters resulting from simultaneous refinement of 

the X-ray and neutron data for the sample with composition LiFePO4. Fit residue, Rp = 0.021, Rwp = 0.028

(background subtracted), Rexp=0.016, Χ2=1.3.

Phase Atom Wyck. x/a, y/b, z/c Fraction [0-1]

Pnma (62)
a=10.31817(7) Å
b=6.00373(5) Å
c=4.69368(3) Å

Li
Fe
P
O1
O2
O3

4a
4c
4c
4c
4c
8d

0, 0, 0
0.28219(3), 0.25, 0.97469(3)
0.09489(6), 0.25, 0.41781(12)
0.09702(6), 0.25, 0.74213(13)
0.45717(5), 0.25, 0.20549(13)
0.16553(5), 0.04719(6), 0.28493(8)

1.001(4)
0.999(1)
1.00
1.00
1.00
1.00

Anisotropic temperature factors

Atom U11 [Å2] U12 [Å2] U13 [Å2] U22 [Å2] U23 [Å2] U33 [Å2]
Li
Fe
P
O1
O2
O3

0.01949(23)
0.00562(10)
0.00376(20)
0.00863(21)
0.00133(18)
0.00826(13)

-0.00521(14)
0.0
0.0
0.0
0.0
0.00283(15)

-0.00005(21)
0.00041(14)
0.00010(23)
-0.00070(21)
0.00017(21)
0.00163(15)

0.01074(20)
0.00399(9)
0.00293(19)
0.00947(22
0.00915(21)
0.00381(11)

0.00036(1)
0.0
0.0
0.0
0.0
0.00048(13)

0.01921(22)
0.00541(10)
0.00385(20)
0.00078(18)
0.00741(24)
0.00632(13)

Supporting Information Table 2. Unit cell parameters and atom parameters resulting from simultaneous refinement of 

the X-ray and neutron data for the sample with composition Li0.96Zr0.04FePO4 (refined composition 

[Li0.966Zr0.009][Li0.007Fe0.993]PO4). Fit residue, Rp = 0.029, Rwp = 0.023 (background subtracted), Rexp=0.017, Χ2=1.4.

Phase Atom Wyck. x/a, y/b, z/c
UISO (Isotropic 
Temperature 
Factor) [Å2]

Fraction [0-1]

Pnma (62)
a=10.31181(16) Å
b=5.99753(10) Å
c=4.69673(7) Å

Li
Fe
P
O1
O2
O3
ZrM1
LiM2

4a
4c
4c
4c
4c
8d
4a
4c

0.0, 0.0, 0.0
0.28192(6), 0.25, 0.97513(6)
0.09554(12), 0.25, 0.41765(23)
0.09713(13), 0.25, 0.74158(25)
0.45647(10), 0.25, 0.20305(28)
0.16581(9), 0.04734(12), 0.28502(17)
0, 0, 0
0.28192(6), 0.25, 0.97513(6)

0.005
0.016

0.9661(8)
0.993(1)
1.00
1.00
1.00
1.00
0.0089(8)
0.0069(11)

Anisotropic temperature factors

Atom U11 [Å2] U12 [Å2] U13 [Å2] U22 [Å2] U23 [Å2] U33 [Å2]
Li
Fe
P
O1
O2
O3

0.01949
0.00614(32)
0.0079(6)   
0.0110(5)   
0.0035(5)   
0.0094(4)   

-0.00521
0.0
0.0
0.0
0.0
0.00367(31)

-0.00005
-0.00014(28)
0.0012(5)
-0.0011(5)
0.0009(4)
0.00188(30)

0.01074
0.00499(30)  
0.0061(5) 
0.0112(6)
0.0122(5) 
0.00461(31)

0.00036
0.0
0.0
0.0
0.0
0.00157 (26)

0.01921
0.00746(31)
0.0017(5) 
0.0031(5) 
0.0066(6) 
0.0073(4) 



Supporting Information Table 3. Unit cell parameters and atom parameters resulting from simultaneous refinement of 

the X-ray and neutron data for the sample with composition Li0.88Zr0.03FePO4 (refined composition 

[Li0.891Zr0.022][Li0.004Zr0.009Fe0.987]PO4). Fit residue, Rp = 0.028, Rwp = 0.031 (background subtracted), 

Rexp=0.021, Χ2=1.3.

Phase Atom Wyck. x/a, y/b, z/c
UISO (Isotropic 
Temperature 
Factor) [Å2]

Fraction [0-1]

Pnma (62)
a=10.32421(13) Å
b=6.00449(7) Å
c=4.69830(6) Å

Li
Fe
P
O1
O2
O3
ZrM1
ZrM2
LiM2

4a
4c
4c
4c
4c
8d
4a
4c
4c

0, 0, 0
0.28197(4), 0.25, 0.97459(4)
0.09504(7), 0.25, 0.41740(15)
0.09792(8), 0.25, 0.74243(16)
0.45739(6), 0.25, 0.20379(17)
0.16572(6), 0.04744(8), 0.2850(1)
0, 0, 0
0.28197(4), 0.25, 0.97459(4)
0.28197(4), 0.25, 0.97459(4)

0.005
0.005
0.016

0.891(8)
0.987(4)
1.00
1.00
1.00
1.00
0.022(1)
0.009(1)
0.004(1)

Anisotropic temperature factors

Atom U11 [Å2] U12 [Å2] U13 [Å2] U22 [Å2] U23 [Å2] U33 [Å2]
Li
Fe
P
O1
O2
O3

0.01949
0.00526(12) 
0.00489(24) 
0.01093(27)
0.00322(22)
0.01032(16) 

-0.00521
0.0
0.0
0.0
0.0
0.00348(17)

-0.00036
-0.00017(15) 
0.00049(23)
-0.00144(25) 
-0.00079(23) 
0.00140(17) 

0.01074
0.00466(12)
0.00735(25)
0.01108(27)
0.01157(25)
0.00485(14)

0.0003
0.0
0.0
0.0
0.0
0.00120(15)

0.01921
0.00836(13) 
0.00321(24) 
0.00392(25)
0.00742(28) 
0.00804(17) 


