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Materials. Magnesium(ll) nitrate hexahydrate (Mg(NO3)2x6H20), aluminum(lll) nitrate
nonahydrate (Al(NOz)3x9H20), sodium hydroxide (NaOH) stock aqueous solution, sodium dodecyl
sulphate (SDS), 96 m/m% ethanol (EtOH), potassium dichromate (K2Cr.07), 25 m/m% ammonia
aqueous solution (NH4OH), sodium nitrate (NaNO3) and sodium chloride (NaCl) were all purchased
from Sigma-Aldrich in analytical purity and were used as received. Purified water was produced by
reverse osmosis and UV irradiation processes by a Puranity TU 3+ UV/UF system (VWR).

Calculation of Surface Charge Density. The electrophoretic mobilities (u) were converted to

zeta potentials (¢) by Smoluchowski’s equation as (S1):!
un

€€

S1

where ¢ is the relative permittivity of water, &, is the permittivity of vacuum and 7 is the viscosity of
the solvent. To determine the surface charge density (c), the Debye-Hiickel equation was used:?

G = €peKY S2
where Wy, is the diffuse layer potential and k is the inverse Debye length, which can be calculated from
the ionic strength. A typical fit is shown in Figure S1.

Determination of Hydrodynamic Size and Colloidal Stability. In the dynamic light scattering
(DLS) measurements the fluctuating intensity of the scattered light was correlated with the intensity
autocorrelation function to obtain the translational diffusion coefficient (D;), which was used to

calculate the hydrodynamic radius (Ry,) of the particles using the Stokes-Einstein equation:®
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where kg is the Boltzmann constant, T is the absolute temperature.

S3

Time-resolved DLS measurements were used to follow the aggregation processes in the
dispersions, in which the Ry, versus time plots were recorded at different experimental conditions (see
some examples in Figure S2). Upon aggregation, R;, data increase linearly with time (¢t) and the
apparent aggregation rate constant (k,p,,) can be calculated as:*

1 dR,(1)
R) dt

= Kapp S4

t—0
where R} is the hydrodynamic radius of the primary particle.

The colloid stability of the samples was expressed in terms of stability ratio (W), which by
definition is:*

kfast

w=—2 S5
kapp

where “fast” refers to diffusion-controlled aggregation, which can occur at high ionic strength. The
equation shows that stability ratio value of one indicates rapid particle aggregation and unstable
dispersions, while higher values refer to more stable samples and rather slower aggregation rates.

Determination of Interlayer Distance. The distance of one layer together with the interlayer
distance was calculated by Bragg’s law:®

nA = 2dy;sind S6

where n is an integer; A is the wavelength of the incident light, dna is the lattice spacing and O is the
angle of incidence.

Sorption Capacity. The adsorbed amount of contaminants was defined in the equilibrium by the
following formula:

_ (CO'Ce)V

€ m

S7

where Co is the initial concentration of anion in solution, ce is the equilibrium concentration, ge is the
equilibrium sorption capacity, m is the mass of adsorbent and V is the volume of the solution.
Langmuir Model: The maximum adsorbed amount of contaminants was determined by Langmuir
equation:®
Ce
q_e -

where Qm is the theoretical maximum monolayer sorption capacity and K is the Langmuir sorption

(g S S8
KLqm dy,

constant.
Freundlich Model: The adsorption isotherms were also analysed by the Freundlich equation as:’
Inq, = InKg+( 1 /1 )xInc, S9

where Kk is the Freundlich constant and 1/n is the heterogeneity factor.
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Figure S1. Zeta potential (squares) and stability ratio (circles) values of MgAI-CI-LDH particles
versus NaCl concentration. The particle concentration was 10 mg/L. The solid line serves to guide the

eyes and the dashed line is the result of calculation using equation S2.
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Figure S2. Time dependent hydrodynamic radius data at three different SDS concentrations (0.02 mM
(red squares), 0.033 mM (blue triangles) and 0.04 mM (yellow diamond). The particle concentration

was set at 10 mg/L and the solid lines are linear fits used for equations S4.
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Figure S3. SEM images of (A) SDS30-MgAI-CI-LDH and (B) LDH3so materials.
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Figure S4. XRD patterns of (A) MgAI-CI-LDH, (B) c-SDS3-MgAI-CI-LDH, (C) c-SDS10-MgAIl-
CI-LDH and (D) c-SDS30-MgAI-CI-LDH composites prepared by Method 2.
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Figure S5. IR-DRS spectra of (A) MgAI-CI-LDH, (B) ¢c-SDS3-MgAI-CI-LDH, (C) c-SDS10-MgAIl-
CI-LDH, (D) c-SDS30-MgAI-CI-LDH and (E) SDS.
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Figure S6. XRD patterns of (A) LDOg, (B) LDO10 and (C) LDOzo prepared in Method 1 by calcination
of SDS3-MgAI-CI-LDH, SDS10-MgAI-CI-LDH and SDS3o-MgAI-CI-LDH, respectively. XRD
patterns of (D) ¢c-LDOg, (E) c-LDO1o and (F) c-LDOzo prepared in Method 2 by calcination of c-SDSz-
MgAI-CI-LDH, ¢-SDS1o-MgAI-CI-LDH and c-SDS30-MgAI-CI-LDH, respectively.
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Figure S7. XRD patterns of (A) c-LDHs, (B) c-LDH1o and (C) c-LDHso obtained after rehydration of
LDOs, LDO1po and LDOso, respectively in Method 2.
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Figure S8. IR-DRS spectra of (A) LDH3, (B) LDH1o and (C) LDHao, (D) c-LDHg, (E) c-LDH10 and
(F) c-LDHao.
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Figure S9. TEM images of (A) c-LDHs, (B) c-LDH1o and (C) c-LDHao prepared by Method 2.
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Figure S10. N2 sorption isotherms (A) and pore diameter distributions (B) of (a) c-LDHs, (b) c-LDH1o
and c-LDHzo prepared by Method 2.
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Figure S11. Nitrate ion adsorption isotherm of (A) LDH3, (B) LDHio and (C) LDH3¢ prepared by

Method 1. The solid lines indicate the calculations using the Langmuir method (equation S8).
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Figure S12. XRD patterns of LDHso prepared by Method 1 after nitrate adsorption experiments
(nitrate concentrations were A: 0 mg/L, B: 200 mg/L and C: 400 mg/L).
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Figure S13. Dichromate ion adsorption capacity of (A) MgAI-CI-LDH, (B) LDHs, (C) LDH1o and
(D) LDHzo. The concentration of dichromate was 1100 mg/L.
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Figure S14. Dichromate ion adsorption isotherm of (A) MgAI-CI-LDH, (B) LDHjs, (C) LDH1o and
(D) LDHzo. The solid lines are the fits by the Freundlich isotherm (equation S9).
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Figure S15. XRD patterns of (A) as-prepared LDHso, (B) LDH3o after second use, (C) regenerated
LDHz3o after second use and (D) LDHso after the fifth reaction cycle.
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Figure S16. XRD patterns of (A) MgAI-CI-LDH and (B) MgAI-CI-LDH after ion exchange reaction

in dichromate solution.
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Table S1. Assignments of characteristic IR peaks identified in the pristine and SDS-modified
materials prepared by Methods 1 and 2.

Appearance (cm1) Assignment Component Reference
3600-3000 H-bonded v(OH) water in LDH-SDS 8-11
2920, 2850 Vas, Veym(CH) DS in/on LDH 10,11
1630-1650 B(OH) water in LDH 8,9
1470-1460

1380-1370 o0(CH) DS in/on LDH 9,11
1420-1410 v3(CO3z%) surface adsorbed CO3*~ 12
1225-1210 vas(S=0) DS in/on LDH 10,11
1060 Vsym(S=0) DS infon LDH 10,11
1000-990 v2(CO3%) surface adsorbed CO3?> 12

v(OH) — stretching mode vibration of —OH group; vas, vsym (CH) — asymmetric and symmetric
stretching mode vibrations of alkyl -CH group; B(OH) — bending mode vibration of -OH group; 6(CH)
— bending mode vibration of alkyl —-CH group; vas, vsym (S=0) — asymmetric and symmetric stretching
mode vibrations of —S=0 group and vz, vz (COs?) — asymmetric deformation and asymmetric

stretching mode vibrations of carbonate ions.
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Table S2. Structural data of the LDH materials synthesized by Method 1 or Method 2.

. Specific
Main mesopore Other mesopore Total pore
) ] ] surface (BET)
Composites Method diameter diameter volume
area
nm)?2 nm)?2 cm?/g)?2
(nm) (nm) gy (cm?¥g)
LDH 2 —~ —~ 50 0.0054
LDHs 1 3.5 - 30 0.1309
LDH1o 1 3.9 45-17.8 330 0.2215
LDHzo 1 3.8 5.2-47.8 400 0.2553
c-LDH3 2 3.9 - 180 0.1075
c-LDHao 2 — - 35 0.0327
c-LDHso 2 — - 30 0.0150

aCalculated from BET isotherms and pore analysis. ® Prepared by the same as protocol as Method 2,

but no SDS was added during the co-precipitation step.
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Table S3. Comparative table of specific surface area and pore volume of different MgAI-LDHs.

Specific Surface Total pore volume

Synthesis Template Reference
Area (m?/g) (cm?/g)
Our work (LDHso) SDS 400.0 0.25 —
Co-precipitation
— 263.0 1.07 13
method + (AMOST)
Surface templated
SDS 213.6 — 14
method
Polyacrylnitril
Grown on electrospun 238.0 — 15
membrane
urea method +
Al(OH)3 288.0 0.66 16
hydrothermal treatment
Co-precipitation
— 499.0 0.177 17
method
Soft template method SDS 41.2 0.076 18
Hydrothermal method — 67.5 0.344 19
AMOST — 507.0 2.078 20
co-precipitation — 110.6 — 21
Ethylene glycol — 164.7 — 22
AMOST — 365.0 — 23
CO- supercritical
) — 305.0 0.974 24
drying
sol-gel method — 264.0 0.52 25
in situ growth method SiO» 124.7 — 26
Dehydration-
) CNS 53.9 — 27
rehydration method
epoxide-mediated sol-
) — 293.0 0.49 28
gel reaction/method
opal inverse method PS 170.0 — 29
co-precipitation PS 74.0 — 30
templated impregnation
P -p- g- PS 42.0 — 31
+ co-precipitation
opal inverse method PS 170.0 — 32
alkali-free co-
PS 62.0 0.091 33

precipitation

AMOST: Aqueous miscible organic solvent treatment; CNS: Carbon nanosphere; PS: Polystyrene.
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Table S4. Langmuir parameters for adsorption of nitrate ion.

Adsorbent qm (mg/g) K (L/mg) R?
LDH; 682.9 0.00031 0.998
LDHio 689.2 0.00032 0.996
LDH3o 749.7 0.00022 0.999
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Table S5. Nitrate adsorption capacity and BET data of different LDH adsorbers used for nitrate

removal.
Sorption )
_ _ BET ) Langmuir  Interlayer
Material Synthesis capacity Reference
(m?/g) (L/mg)  distance (A)
(mg/g)
SDS templated
LDHso o 400 749.7 0.00022 6.7 Our work

co-precipitation

MgAI-CI-LDH co-precipitation 64 118.1 0.088 7.6 34
co-precipitation

MgFe-CI-LDH + hydrothermal 70 31.2 0.09 7.9 35

aging

MgAI-CI-LDH co-precipitation — 340.0 — — 36

ZnAl-CI-LDH co-precipitation 198 640.0 0.0015 7.3 37
co-precipitation

MgAI-CI-LDH ) — 350.0 — 7.8 38
at low saturation
co-precipitation

MgAI-CO3z-LDH — 450.0 — 7.5 38

at low saturation
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Table S6. Comparative table of dichromate sorption capacity of different LDH adsorbers.

) _ BET Sorption Langmuir  Interlayer
Material Synthesis _ Reference
(m%g) capacity (mg/g) (L/mg)  distance (A)
SDS templated
LDH30 co- 400 388.8 0.00042 6.7 Our work
precipitation
MgAI-NOs—
hydrothermal 65.9 63.9 — 5.8 39
LDH nanosheets
MgAI-LDH (no o
) in situ — 339.0 0.004312 7.7 40
further info)
MgAI-CO3— .
co-precipitation — 246.0 0.000701 7.6 40
LDH
MgAI-NOs—
LDH/Aluminium  in-situ growth — 27.8 0.071 — 41
foams
calcined _
urea hydrolysis
Graphene-MgAl-
—hydrothermal ~ 34.9 172.5 14.7 7.5 42
LDH
) method
nanocomposite
Anion
MgAI-NOs—
exchange and — 125.97 — 4.8 43
LDH Nanosheets o
exfoliation
MgZnAl- NOsz— L
co-precipitation  51.1 29.3 — 7.8 44
LDH
MgZnAl- NO3z— o
calcination—
LDH _ 64.3 33.82 — — 44
rehydration
rehydratated
NiAI-NOs-LDH  co-precipitation 171.4 373.6 0.00422 7.8 45
NiAl-Glycine— separate
_ 61.1 68.4 0.598 13.1 46
LDH nucleation
CoBi-NO3-LDH urea hydrolysis  70.0 277.7 — 3.1 47
NiFe-LDH hydrothermal
) 136.0 35.9 0.362 — 48
microsphere method
Graphene
) ) hydrothermal
Oxid@NiFe— 145.0 51.7 0.443 — 48
method

LDH composite
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urea hydrolysis

MgAI-NOs-LDH  —hydrothermal 17.8 30.3 0.0139 7.6 49
method
urea hydrolysis
NiAI-NOs-LDH  —hydrothermal 53.1 57.5 0.0102 7.6 50
method
urea hydrolysis
ZnAl-NO3-LDH  —hydrothermal 56.1 68.1 0.0101 7.6 51
method
ZnAl-CI-LDH  co-precipitation — 247.9 1.286 7.8 52
magnetic
alginate-MgAll entrapment 73.3 11.2 0.01 — 53
LDH
co-precipitation
MgAI-CI-LDH + Thermal — 88.1 — — 54
treatment
NiCo—NO3z-LDH — 267.0 99.9 0.066 — 55
CoFe0:@MgAl  hydrothermal
) 120.8 72.4 0.032 — 56
—LDH composite method
MgAI-COs-LDH co-precipitation ~ 84.0 17.0 — — 57
Fes04@C@MgA  sol-gel method
— 192.3 0.216 — 58
I-LDH + urea method
MgAICr(I1)- L
co-precipitation  102.7 237.8 — — 59
LDH
MgAI-LDH co-precipitation  68.6 199.4 — — 59
co-precipitation
LDHs@MoS> 85.5 76.3 — — 60
+hydrothermal
ZrMgAl-
238.0/9
LDH/ZrZnAl-  co-precipitation L0 24.0/29.0 0.43 7.2 61
LDH '
) hydrothermal+
Porous NiMgAI- ) 101.0/1 0.067/0.44
dehydration— 52.4/94.3 8.0 62
LDH/LDO _ 79.0 6
rehydration
293.0/2
Porous PEO templated 60.0/71.0/72.5/5
o 47.0/17 — 7.6 28
MgAI/MnAIl/Co  co-precipitation .0/35.0
5.0/171
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AlFeAl/NiAl- .0/314.

LDH 0
Vermiculite
Porous MgAI-
templated — ~25.0 7.1 63
LDH
hydrothermal
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Table S7. Dichromate sorption capacity of LDHso with commercially available adsorbents.

) BET Sorption capacity Langmuir
Material , Reference
(m?/g) (ma/g) (L/mg)
LDHao 400 388.8 0.00042  Our work
Chitosan biosorbent 125.2 153.8 0.0023 64
N-Methylimidazolium functionalized
- _ — 132.0 3.8 65
strongly basic anion exchange resins
activated carbon (Filtrosorb 400) 1200.0 125.5 4.6 66
sawdust — 3.3 0.167 67
activated carbon (Filtrosorb 400)
>200.0 145.0 — 68
(pH =2.5)
sphagnum moss peat — 119.0 0.0022 68
compost — 101.0 — 68
leather based activated carbon 646.0-2402.0 241.0 — 69
TMU-30 (MOF) — 145.0 — 70
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