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SUPPLEMENTARY MATERIAL
TG analysis
The synthesis and ageing temperature affect the crystallinity of the product, and maintaining a stable temperature during ageing yields a highly crystalline product. In thermogravimetric (TG) analysis, thermal decomposition of hydrotalcite occurs in two well differentiated steps (Frost et al., 2005). Weight loss is plotted against temperature for the Mg- and Zn-bearing hydrotalcite endmembers in Fig. S1, and of a binary sample in Fig. S2. The first step, attributed to loss of condensation water, is sharp and occurs at ~250°C, and involves a total mass loss of up to 18%. The second, at between 250°C and 400 °C, is broad and is caused by the loss of the carbonate anion layer. Above 700°C, only a mixture of inert metal oxides is stable and less volatile anions are progressively lost, giving a total mass loss of up to 35%. These two steps can easily be seen in the sample curves, the first between room temperature and ~250°C and the second between 250°C and 450°C. The TG curves for some other samples showed losses at <150°C that were attributed to loss of water co-intercalated with carbonates in the hydrotalcite interlayer. The maximum amount of intrinsic water that can be structurally accommodated as a monolayer in the galleries of a LDH with the degree of aluminium substitution X is given by n′max = 1 − 3(X/2) because 3(X/2) represents the fraction of gallery sites occupied by oxygen atoms in CO32− (Yun and Pinnavaia, 1995). When X is large, the high carbonate content of the interlayer galleries will cause marked crowding, and a large fraction of surface water must be accommodated on the non-gallery surfaces, as described by Yun and Pinnavaia (1995) for LDHs produced using the variable pH method. The observed increase in the desorption temperature as the layer charge density increased was probably partly caused by steric constraints on the interlayer water molecules increasing and by the large number of hydrogen-bonding interactions between the interlayer water molecules and carbonate anions. 
[image: ]
Fig. S1. TG curves for both endmember LDHs clearly indicating the two distinct weight loss steps at ~250C and 400C.
[image: ]
Fig. S2. DTA-TG curves for a binary (Mg+Zn)3-Al-CO3 LDH sample clearly indicating the two distinct weight loss steps at ~250C and 400C.

Table S1. Weight loss (as a percentage of the total weight) found during the TG analyses.
	Step
	1 (H2O)
	2 (OH−)
	3 (CO32−)
	Total

	LDH (ideal stoichiometry)
	18.0
	22.0
	5.0
	45

	SMZ1
	18.8
	23.0
	5.2
	47.1

	SMZ2
	18.7
	22.8
	5.2
	46.1

	SMZ3
	18.9
	23.1
	5.3
	47.3

	SMZ4
	18.9
	23.1
	5.2
	47.2

	SMZ5
	19.0
	23.3
	5.3
	47.6

	SMZ6
	19.7
	24.1
	5.5
	49.2

	SMZ7
	18.8
	22.9
	5.2
	46.9

	SMZ8
	19.6
	23.9
	5.4
	48.9

	SMZ9
	17.9
	21.9
	5.0
	44.9

	SMZ10
	17.8
	21.7
	4.9
	44.4

	SMZ11
	19.2
	23.5
	5.3
	48.1




FTIR analysis
[bookmark: _GoBack]The FTIR spectrum for each hydrotalcite sample contained a broad intense band between 3400 and 3500 cm−1 (Fig. S3 for the two endmember LDHs, Fig. S4 for the whole solid solution series). This band was assigned to OH stretching in the hydroxy groups in the layers and water molecules in the interlayers. The position of this band should have depended on the nature of the cations in the layers, the electronegativity of which would modify the electron densities of the O–H bonds (M–OH), but the extreme broadness of the band caused by hydrogen bonding precluded any meaningful assessment. Bending of water molecules was responsible for a weak band at 1620–1640 cm−1 in each sample spectrum. A rather sharp intense band at 1360–1385 cm−1 was caused by ν3 anti-symmetric stretching of interlayer carbonate, shifted from its position in free CO32− because of strong hydrogen bonding with hydroxy sheets and H2O molecules in the interlayers. The bands at <1000 cm−1 were ascribed to both ν2 and ν4 modes for carbonate and to M–OH modes. An intense and sharp band at ~450 cm−1 was found for each sample and was assigned to polymerized [AlO6]3− groups and single groups with an Aloh–O bond length of 0.161 nm typical of hydrotalcites, as reported by Allmann (1970). 
[image: ]
Fig. S3. FTIR spectra for Mg- and Zn-bearing endmember LDHs. The samples were washed and only carbonate anions were indicated by the spectra (peaks for the nitrates used in the syntheses were absent). [image: ]
Fig. S4. FTIR spectra for (Mg+Zn)3-Al LDH solid solutions. The samples were washed and only carbonate anions were indicated by the spectra (peaks for the nitrates used in the syntheses were absent).

A band found for every sample at ~555 cm−1 may have been related to a superposition of deformational vibrations of metal–OH bonds in octahedral M(OH)6 with bond lengths of 0.203–0.204 nm in the hydrotalcite. In the spectra of all carbonate-containing LDHs, a broad band in the region 650–670 cm−1 most probably represented a superposition of the carbonate bonds. A doublet at 791/663 cm−1 coincided in position and intensity ratio with the corresponding characteristic carbonate bond vibrations of hydrotalcite. The FTIR spectrum of the carbonate-containing LDH clearly indicated asymmetric broadening caused by splitting of the ν3 mode at ~1365 and ~1400 cm−1 as shown by band component analysis and weak ν2 and ν4 modes at ~870 and ~660 cm−1 (Kloprogge et al., 2002). The ν2 and ν4 modes were often not observed because of strong overlap with vibrational modes of the hydroxide sheets in the hydrotalcite. In addition to these three FTIR-active modes, the ν1 mode was also activated and was observed as a very weak band at ~1012 cm−1. The region between 2700 and 3750 cm−1, also known as the OH-stretching region, contained very broad bands at 2938, 3266, and 3471 cm−1. The 2938 cm−1 band was interpreted as being caused by the CO3–H2O bridging mode. The 3266 cm−1 band was ascribed to the H-bonded interlayer of H2O surrounding the interlayer anions. Two very intense bands at 1367 and 1383 cm−1 and a weaker broad band at 1579 cm−1 may have been related to the characteristic vibrations of C–O bonds. By analogy with the Mg2+–CO32− bond, the band at 1367 cm−1 may have been caused by structural vibrations of the Al3+–CO2− bonds in the Mg/Al-hydroxycarbonate (Kloprogge et al., 2004). The intense broad band between 4000 and 2700 cm−1 in each spectrum was assigned to a superposition of (i) deformational vibrations of physically adsorbed water, (ii) vibrations of structural OH− groups, (iii) characteristic valent vibrations of HO–OH bonds (d = 0.27 nm), and/or (iv) CO32−–OH− bonds (d = 0.275 nm) in the hydrotalcite as well as to characteristic stretching vibrations of the Mg2+–OH− bonds in the Mg/Al-hydroxycarbonate. The strong bands between 500 and 800 cm−1 were ascribed to metal–OH stretching. It was not possible to discriminate between the various metals (Mg, Zn, and Al) bonded to OH groups in the FTIR spectra. It was very difficult to identify relationships between the shifts in these bands and the metal contents.

Electron microscopy images
The SEM/TEM images shown in Fig. S5 are for samples before and after the batch aqueous equilibration experiments. The images indicate that the LDH phase was recrystallized during equilibration but that the particle size decreased from 500 to 100 nm. This may have been why most dissolution occurred near the edges of the layers. 
[image: Fig]
[image: Fig]
Fig. S5a,b. Electron microscopy images of a Zn-bearing Mg3-Al-CO3 LDH sample. The image on the previous page is a typical SEM image of the sample prior to the solubility experiments. The TEM image on this page is of a sample taken from the solubility experiment after 240 d. 
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