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S1 Synthesis
The nano-sandrose layered double hydroxides (LDHs) were prepared using co-precipitation at a constant pH of 111,2 with a molar

MII+/MIII+ ratio of 2:1. To obtain the Co-modified LDHs, Mg was substituted with Co at molar concentrations of 0.5 %, 1 %, 5 %,

10 %, 25 %, 50 %, 75 % and 100 %.

To synthesise the compounds, chemically pure (CP) or analytical grade (AR) reactants were used. AlCl3 ·6H2O (CP), MgCl2 ·6H2O

(AR), CoCl2 ·6H2O (AR), NaOH (AR) and Na2CO3 (AR) were sourced from ACE Chemicals. De-ionised water was used throughout.

The precipitation was carried out by drop-wise addition of a salt solution containing Mg-, Al-, and Co-ions in with a total

metal-ion concentration of 2.56 M and a base solution of 10 M NaOH into a 0.4 M Na2CO3 solution under vigorous stirring. The

precipitate formed was filtered off using vacuum filtration and the crystals were washed with 5 l of water. The washed crystals were

dried at 60 ◦C for 18 h and ground to a fine powder prior to analysis.

S2 Material properties

S2.1 X-ray diffraction patterns

X-ray powder diffraction (XRD) measurements were performed on a Panalytical X’Pert PRO X-ray diffractometer in θ −θ configura-

tion, equipped with Fe-filtered Co-Kα radiation (1.789 Å) and an X’Celerator detector and variable-divergence- and fixed receiving

slits. Samples were prepared according to the standardised Panalytical backloading system, which facilitates the nearly random

distribution of the particles. Data were collected in the angular range 5◦ ≤ 2θ ≤ 80◦, with a step size of 0.008◦ 2θ and a 13 s scan

step time. The phases were identified using X’Pert HighScore Plus software. The spectra were converted from variable slit to fixed

slit prior to phase identification. The detection limit for the crystalline phases was 2 %. The XRD patterns of the MgCoAl-LDHs

are shown in Figure S1. No crystalline impurities were detected apart from an insignificant calcite peak (not detectable by eye) in

MgCoAl-2.
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Figure S1 XRD patterns for the MgCoAl-LDHs with a Co-content of 0.5 %, 1 %, 5 %, 10 %, 25 %, 50 %, 75 % and 100 %.
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S2.2 Scanning electron microscopy micrographs

SEM images were taken with a Zeiss Gemini Ultra Plus FEG SEM, and a Zeiss Gemini 2 Crossbeam 540 FEG SEM. The samples were

prepared by evenly distributing the samples on carbon tape on an aluminium stub and coating it with two layers of carbon (angles:

0◦, -45◦ and +45◦) using a sputter coater. The micrographs were taken at 1 keV. The SEM micrographs of the LDHs are shown in

Figure S2.

Figure S2 SEM micrographs for the MgCoAl-LDHs with a Co-content of 0.5 %, 1 %, 5 %, 10 %, 25 %, 50 %, 75 % and 100 %.

An SE2-filtered micrograph of MgAl-LDH (Figure S3), was taken on a Zeiss Ultra Plus and shows the sandrose-like structure

of the LDHs in more detail. The sample was distributed on a stub and coated with 3 nm of platinum using a sputter coater. The

micrograph was taken at 3 keV with the SE2 filter in place.

Figure S3 SE2 filtered scanning electron micrograph showing the nano-sandrose structure of MgAl-LDH obtained at 3.0 keV1.

S2.3 Inductively coupled plasma optical emission spectroscopy

Inductively coupled plasma optical emission spectroscopy (ICP-OES) was used to verify the elemental ratio of Mg:Al:TM in the

MgMAl-11 LDHs and identify impurities in the materials. The ICP-OES results are depicted in Figure S4 and show that the Co ion

was preferentially integrated into the LDH structure, leading to higher concentrations of Co.

The Co content for the samples was found to be 1, 2, 9, 15, 34, 52, 69, and 82 mol% of the cations in the LDH structure,

leading to a Mg-for-Co replacement percentage of 1, 3, 13, 22, 47, 68, 86, and 100 % instead of the desired 0.5, 1, 5, 10, 25, 50,
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Figure S4 Composition of the MgCoAl-LDHs with a theoretical Co-content of 0.5 %, 1 %, 5 %, 10 %, 25 %, 50 %, 75 % and 100 %,
showing the actual molar percentages of Mg, Al and Co versus the theoretically desired percentages and the MII+/MIII+ metal ratio
under the assumption that Co is included only in its divalent form.1

75 and 100 %. The preferential inclusion of Co into the LDH structure is common, and seen across synthesis methods2,3, even

with the use of methods, which provide highly accurate elemental ratios for other transition metals1,2. Figure S4 shows that,

under the assumption of Co2+-inclusion only, the MII+/MIII+ would significantly exceed the desired 2:1 ratio. The colour of the

samples obtained disagrees with a high MII+/MIII+ ratio4 and strengthens the argument of Co3+ inclusion as validated on the

optical spectra of the LDHs (see Figure 2a). If the Co accommodated for all Mg and Al lost, a MII+/MIII+-ratio range between 2.0

and 2.6 would be achieved, agreeing also with the colour of the samples in comparison to those of higher MII+/MIII+ ratios4. The

colours of the materials are shown in Figure S5.

Figure S5 Colours of the series MgAl-LDH, MgCoAl-LDHs and CoAl-LDH with a Co-content of 0, 1, 2, 9, 15, 34, 52, 69, and
82 mol%.

S3 Optical properties

S3.1 Bandgaps

To obtain the bandgaps using the Tauc plot method, the d-d transitions (band with an edge at 2.22-2.24 eV) were excluded from

the analysis as they present a different excitation mechanism to the one required for band traversal from the CB into the VB. The

Tauc plots of the LDH spectra show multiple features, corresponding to the broad bands of the absorption spectra visible above

3 eV. For the band edge, the lowest determinable tangent-cross-value after the d-d transition region was identified as the start of the

CB. Figure S6 shows the bandgap analysis results of the MgCoAl-LDHs. The bandgap narrows from 3.18 eV (MgAl-LDH) to 3.17 eV,

3.2 eV, 3.0 eV, 3.44 eV, 3.0 eV, 2.95 eV, 2.82 eV and 2.86 eV (CoAl-LDH) with an increase in Co-content. MgCoAl-22 shows a clear

deviation from the narrowing trend, which region overlaps with the thermally-activated luminescence band.

S3.2 Luminescence repeatability

Photoluminescence spectra were recorded on a Deep UV miniPL 5.0 between 260 nm and 650 nm with a stepsize of 2 nm and using

an excitation wavelength of 248 nm (spot size 70 µm). Data were transformed from wavelength- to energy-dependence using the

formula I(E) = I(λ)×λ 2.5 Temperature-dependent spectra of each material were obtained using the same sample and the same

spot of excitation to ensure the best possible comparability. The measurement was started at 83 K, followed by 200 K and ended

with 298 K.

3



Figure S6 Graphical band edges of the MgCoAl-LDHs obtained through use of the Tauc plot method with r = 0.5 (direct allowed
transitions) for the absorption spectra shown in Figure 1. Modified from1.

Figure S7 shows the luminescence repeatability results of MgCoAl-10. To obtain these luminescence spectra, a different spot

on the same sample was studied. The thermally-activated luminescence band at 298 K is repeatable in its intensity and position. At

the lower temperatures, the band does not luminesce as strongly. This may reflect an inhomogeneity in the sample composition.

4 . 5 4 . 0 3 . 5 3 . 0 2 . 5 2 . 0
0 . 0

0 . 5

1 . 0

Lu
mi

nes
cen

ce 
[co

unt
s x

109 ]

E n e r g y  [ e V ]

 8 3  K
 2 0 0  K
 2 9 8  K

*
*

M g C o A l - 1 5

Figure S7 Repeatability experiment of the luminescence of MgCoAl-15 at 83 K, 200 K and 298 K.
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