Supplementary
Experimental Section
Materials 
		Chloride salts of cobalt (CoCl2·6H2O), aluminium (AlCl3·6H2O), zinc (ZnCl2) and cadmium (CdCl2), and sodium sulfide (Na2S·nH2O) were purchased from Carlo Erba Reagenti.  Urea (CO(NH2)2) was obtained by Asia Pacific Specialty Chemicals LTD.  Sodium dodecylsulfate (NaC12H25SO4, its anionic form was abbreviated as DS) was supported by Ajax Finechem Pty LTD.  Congo red (C32H22N6Na2O6S2), representing as a dangerous dye anion was obtained by Acros.  All chemicals are the reagent grade that used without any puriﬁcation.

Characterization 
		Powder X-ray diffraction (XRD) patterns were performed in the 2thetha range of 2-50 degrees on a Bruker D8 ADVANCE diffractometer at the scanning rate of 0.5 degree per minute using monochromatic CuKα radiation with  = 1.5418 Å operated at 40 kV and 40 mA. The amounts of Zn and Cd elements in the hybrids were obtained on Perkin Elmer Optima 2100DVICP-OES.  Fourier transform infrared (FT-IR) spectra were performed in the wavenumber range of 4000-400 cm1 by KBr disk method on a Perkin-Elmer Spectrum One FT-IR spectrophotometer.  Transmission electron microscopy (TEM) images were conducted on a Tecnai G2 20 transmission electron microscope operating at 200 kV (FEI).  Scanning electron microscopy (SEM) images were recorded on a SEC Mini-SEM SNE-4500M scanning electron microscope. Thermogravimetric-differential thermal analysis (TG-DTA) curves were measured in the temperature range of 30-1000 C on Perkin Elmer Pyris Diamond TG-DTA instrument under a dry-air flow at heating rate of 10 C min1 using α-alumina (α-Al2O3) as the standard material.  Diffuse reﬂectance absorption (UV-visible) spectra of the solid samples were performed in the wavelength range of 200-800 nm on a Shimadzu UV-VIS-NIR3101PC scanning spectrophotometer using an integrated sphere.  Photoluminescence (PL) spectra of the powder samples were conducted in the wavelength range of 400-650 nm on a Shimadzu RF-5301PC spectroﬂuorophotometer using the excitation wavelength of 350 nm, and the slit widths were 3 and 5 for the excitation and emission, respectively.  The specific surface area was analyzed by BET method using a Micromeritics ASAP 2010 equipment, where the degassing process was carried out at 120 °C under vacuum atmosphere for 3 h.  The concentration of Congo red solution before and after the adsorption and photocatalysis was analyzed by using a Shimadzu UV-1700 Pharmaspec UV-VIS spectrophotometer.  

Table S1. Equations of various models 
	Model
	Equation

	adsorption efficiency (%)
	(C0  Ct)/C0  100

	removal capacity at equilibrium, qe (mg/g)
	(C0  Ce)/m  V

	removal capacity at any time, qt (mg/g)
	(C0  Ct)/m  V

	pseudo-first order reaction
	log(qe  qt) = logqe  k1t/2.303

	pseudo-second order reaction
	t/qt = 1/k2(qe)2 + t/qe

	Langmuir adsorption
	Ce/qe = Ce/qm + 1/KLqm

	Freundlich adsorption
	logqe = logkF + (1/n)logCe

	pseudo-first order reaction (photocatalytic activity)
	ln(C0/Ct) = kappt



Where “C0, Ct and Ce” are the concentration (mg/L) of dye at initial time (C0), different “t” time (min) (Ct) and equilibrium (Ce).  qt (mg/g) and qe (mg/g) are adsorption capacity at any time and equilibrium, respectively, m (g) is the mass of adsorbent, V (L) is the volume of dye solution.  k1 (min1) and k2 (gmg1min1) are the pseudo-first order and pseudo-second order rate constants, respectively.  qm (mg/g) is the theoretical maximum adsorption capacity, KL (L/mg) is Langmuir adsorption equilibrium constant, 1/n is the heterogeneity factor, KF ((mg/g)(L/mg)1/n) is Freundlich constant.  kapp is the apparent pseudo-first order kinetic rate constant.

Table S2. Parameters obtained by the adsorption kinetic and isotherm on removing Congo red in water 
	Material
	Pseudo-first order
	Pseudo-second order
	Langmuir isotherm
	Freundlich isotherms
	kapp
(min1)

	
	qe (mg/g)
	K1
(min1)
	R2
	qe
(mg/g)
	K2 
(g/mgmin)
	R2
	qm 
(mg/g)
	KL
(L/mg)
	R2
	n
	KF
(mg/g)
(L/mg)1/n
	R2
	

	CoAl-LDH 
	33.16
	0.0698
	0.9546
	32.47
	0.0044
	0.9677
	250.63
	2.7517
	0.9993
	1.47
	247.40
	0.9854
	0.0011

	DS/CoAl-LDH 
	11.55
	0.0557
	0.9758
	14.12
	0.0135
	0.9804
	126.42
	0.0073
	0.9997
	1.24
	1.41
	0.9989
	0.0006

	ZnS/CoAl-LDH@DS
	34.59
	0.0774
	0.9349
	30.03
	0.0043
	0.9595
	233.64
	0.0519
	0.9990
	1.42
	14.94
	0.9912
	0.0029

	CdS/CoAl-LDH@DS
	31.15
	0.0636
	0.9289
	29.33
	0.0035
	0.9395
	215.98
	0.0397
	0.9994
	1.44
	11.65
	0.9916
	0.0115

	ZnS
	1.94
	0.0511
	0.9600
	2.53
	0.0801
	0.9807
	38.83
	0.0024
	0.9999
	1.16
	0.14
	0.9989
	0.0007

	CdS
	2.23
	0.0668
	0.9576
	2.24
	0.0653
	0.9686
	33.38
	0.0023
	0.9998
	1.16
	0.12
	0.9990
	0.0011
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Figure S1.	XRD patterns and colors of ZnS (a) and CdS (b) that prepared by the co-precipitation method using divalent metal = 0.01 mol and Na2S = 0.01 mol under magnetic stirrer for 24 h at room temperature.
Figure S2.	FT-IR spectra of sodium dodecylsulfate (a), CoAl-LDH (b), DS/CoAl-LDH (c), ZnS/CoAl-LDH@DS (d) and CdS/CoAl-LDH@DS (e).
Figure S3.	SEM images of CoAl-LDH (a), DS/CoAl-LDH (b), ZnS/CoAl-LDH@DS (c), CdS/CoAl-LDH@DS (d), ZnS (e) and CdS (f).
Figure S4.	TG/DTA curves of CoAl-LDH (a, g), DS/CoAl-LDH (b, h), ZnS/CoAl-LDH@DS (c, i), CdS/CoAl-LDH@DS (d, j), ZnS (e, l) and CdS (f, k)
Figure S5.	Energy band gap (Eg) of ZnS/CoAl-LDH@DS (a), CdS/CoAl-LDH@DS (b), ZnS (c) and CdS (d).
Figure S6.	Diffuse reflectance absorption spectra of CdS/CoAl-LDH@DS (a), CdS (b) and DS/CoAl-LDH (c).
Figure S7.	Adsorption kinetics as pseudo-first order (a) and pseudo-second order (b), and adsorption isotherms as Langmuir (c) and Freundlich (d) of Congo red in water by 50 mg adsorbent.



image7.emf
0

20 40

60

80 100

120

0

2

4

6

8

C

e

/q

e

(g/L)

10

12

14

C

e

(mg/L)

140

160

16

18

0.0

0.1 0.2

0.3

0.4 0.5

0.6

C

e

(mg/L)

0.0015

0.0020

0.0025

0.0030

0.0035

C

e

/q

e

(g/L)

0.0040

�

-1.5

-1.0

log C

e

(mg/L)

-0.5

0.0

0.5

log q

e

(mg/g)

1.0

1.5 2.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

Adsorption time (min)

-1.5

0

10

20

30

40

50

0.0

0.5

1.0

Log(q

e

-

q

t

)/ 

(mg/g)

1.5

-0.5

-1.0

0

10

20

Adsorption time (min)

30

40

50

60

0

5

10

15

20

25

30

t/q

t

(g·mg



1

·min

)

CoAl-LDH

DS/CoAl-LDH

ZnS/CoAl-LDH@DS

CdS

CdS/CoAl-LDH@DS ZnS

a

b

c

d


image1.emf
Intensity

/ a.u

.

2



/

�

(CuKα)

20

30

40

50 60 70

ZnS

CdS

(100)

(002)

(101)

(110)

(103)

(111)

(220)

(311)


image2.emf
4000

3500

3000

2500

Transmittance/ a.u.

Wavenumber/ cm



1

2000

1500

1000 500

d

(M

-

O)

n

(M

-

O)

n

(CO

3

2



) d

(H

2

O)

n

(O

-

H)

d

(CO

3

2



)

n

(CH

2

)

n

(CH

2

)

n

(CH

3

)

d

(CH

2

)

n(

SOS

3



)

1359 cm



1

426 cm



1

2932 cm



1

2859 cm



1

2950 cm



1

(d)

(c)

(e)

(b)

(a)


image3.emf
1 

m

m

1 

m

m

e

f

5 

m

m

d

c

b

a

5 

m

m

5 

m

m

4 

m

m


image4.emf
Temperature/ 



C

200 400 600 800 1000

TG

Mass loss/ %

DTA

Exo.  

Endo.

10 %

0

212

�

C

300

�

C

174

�

C

431

�

C

819

�

C

517

�

C

366

�

C

187

�

C

540

�

C

671

�

C

366

�

C

540

�

C

193

�

C

806

�

C

(a)

(b)

(d)

(e)

(c)

(f)

(g)

(h)

(j)

(l)

(i)

(k)

682

�

C

811

�

C


image5.emf
hν (eV)

(α

h

ν)

2

1.5

2.5

3.5

2.0

3.0

4.0 4.5

5.0


image6.emf
Intensity/ a.u

.

300 400 600 700

Wavelength/ nm

500

800

200

367 nm

(c)

(b)

(a)


