Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2016

Supporting Materials

Employing cobalt sulfides/noble metal composites bi-functional
ability for degradation and monitoring by SERS in real time
Shunkai Lu, Shuzhen Ma, Hui Wang, Mingwang Shao*

Jiangsu Key Laboratory for Carbon-Based Functional Materials & Devices, Institute of Functional
Nano & Soft Materials (FUNSOM), Soochow University, Suzhou 215123, P. R. E-mail:

fliao@suda.edu.cn (F Liao); mwshao@suda.edu.cn (MW Shao)

1. The size distribution histogram of the Au nanoparticles decorated on the surface

of CoS, and CoS.
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Figure S1. The size distribution histogram of Au nanoparticles measured on 250 particles

from the SEM image of CoS,/Au sample.
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Figure S2. The size distribution of reduced Au nanoparticles with 250 particles measured

from the SEM image of CoS/Au sample.

2. The normal Raman spectrum of 0.2 M R6G aqueous solution.
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Figure S3. The normal Raman spectrum of 0.2 M R6G aqueous solution.

3. Contrast experiment of the catalytic oxidation process in the absence of

CoS,/Au (CoS/Au) catalyst or H,0,.



(a) CoS;/Auonly| ((b) CoS/Au only

3

S

£ %

) [

Qo

<
400 500 600 400 500 600
Wavelength / nm Wavelength / nm

Figure S4. The UV-vis spectra of the catalytic oxidation process of OPD molecules
without the addition of H,O;: (a) only CoS,/Au and (b) only CoS/Au composite was

added.
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Figure S5. The UV-vis spectra of the catalytic oxidation process of OPD molecule with

only H202 added.
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Figure S6. The UV-vis spectra of the degradation process of R6G molecules: (a) and (b)
only the catalyst CoS,/Au and CoS/Au was added without H,O,, and (c) only the H,0,

was added without catalysts.

4. The relationship between the peak intensity and concentration of R6G
molecules.

The work curves of Raman signal intensity and concentration of R6G were obtained as
follows: The substrates were fabricated with as-prepared CoS,/Au or CoS/Au and the
concentration of R6G solution varied from 1x107 M to 1x10* M. The vibration bands of
R6G molecules at 1315, 1365, 1512 and 1654 cm’! were chosen for analysis with
CoS,/Au substrate. The linear relationships are expressed as: I =4.63 x 10% Crgg + 100.1,
[=6.88 x 108 Cpeg + 155.9, I = 6.59 x 108 Creg + 147.2, I = 3.43 x 103 Creg + 530.2,

respectively. The vibration bands of R6G molecules at 1312, 1357, 1513 and 1646 cm’!



were chosen for analysis with CoS/Au substrate, and the linear relationships are
expressed as: I = 1.95 x 108 Cgeg + 346.8, 1 = 2.26 x 10® Creg + 528.1, I = 3.05 x 108
Creg + 629.5, 1= 1.57 x 107 Crgg + 187.6 respectively. Each inset is the amplification of
the linear part. And the concentration range of R6G is from 1x10-7 to 1x10-> M. Based on
these equations, the goodness of fit and standard deviation are provided in Tables S1 and

S2.
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Figure S7. The work curves of Raman peak intensity and concentration of R6G at (a)
1315 cml, (b) 1365 cm™!, (¢) 1512 cm™!, and (d) 1654 cm! by employing CoS,/Au as the

substrate.



(a) , (b)

EE / 1312em™, | T / 1357 cm™'s

o 4kq | . 4kq | # &

U ..‘;o 5.0x10°  1.0x10° . 0.0 s.0x10°  1.0x10°

oy A

2

= 2k 2Kk-

o

= L= 1.95*10°C___ + 346.8 5l AL 2.26*10° C_, + 528.1
0.0 50x10°  1.0x10* 0.00000  0.00005  0.00010

(c) (d)z

£ 6k ’ 1 w

£ 51, 1513cm’s | . / 1646 cm™.

o 2 A o £

S 0.0 5.0x10*  1.0x10* 2k‘ 0.0 5.0x10" 1.1::‘10"A

23k

W

T

—— . * 8 = * 8

= 0 fl = 3.05 19 CRSG+629I'5 " .I = 1.57 19 CRGG+18'{.6

0.0 50x10°  1.0x10* 0.0 50x10°  1.0x10"
Concentration/ M Concentration / M

Figure S8. The work curves of Raman peak intensity and concentration of R6G at (a)
1312 eml, (b) 1357 cm™!, (¢) 1513 ¢cm™!, and (d) 1646 cm™! employing CoS/Au as the

substrate.

Table S1. The correlation coefficient of fitting and standard deviation of SERS signals

with the R6G concentration of 107-10> M based on CoS,/Au substrate.

Raman shift / cm! 1315 1365 1512 1654
R 0.97167 0.96177 0.94675 0.97511
SD 5491721 95.39963 109.18789 37.98624

Table S2. The correlation coefficient of fitting and standard deviation of SERS signals

with the R6G concentration of 107-105 M based on CoS/Au substrate.



Raman shift / cm™? 1312 1357 1513 1646

R 0.9673 0.97628 0.97633 0.98994

SD 24.89679 24.40512 32.90289 109.16683

Table S3. Comparison of the reaction rates in the degradation of R6G with peroxidase-

like catalysts with previously reported catalysts.

Apparent rate

Materials constant, k / Ref.
min-1
CoS,/Au 0.215 This work
CoS/Au 0.239 This work
ZnO/UV 0.020 1
N-ZrO2/UVC 0.024 2
TiO2/methanol 0.009 3
Fe/titanates 0.261 4
LiFePO4 0.026 5

Fe/TiO2 0.106 6
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