Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2021

Highly sensitive ppb-level H,S gas sensor based on
fluorophenoxy-substituted phthalocyaine cobalt/rGO hybrids at

room temperature

Bin Wang,"@ Xiaolin Wang,? Zhiliang Guo,? Shijie Gai,? Yiqun Wu,2¢

aKey Laboratory of Functional Inorganic Material Chemistry, Ministry of Education,
School of Chemistry and Materials Science, Heilongjiang University, Harbin 150080, P.
R. China. E-mail: wangbin@hlju.edu.cn.

b-School of Material and Chemical Engineering, Heilongjiang Institute of Technology,
Harbin 150050, P. R. China

CShanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences,
Shanghai 201800, P. R. China.

Tel.: +86 451 86609121

Fax: +86 451 86673647


mailto:wangbin@hlju.edu.cn

1. Experimental detail

1.1 Materials

All chemicals were analytical grade and commercially available and used without
further purification. 3-nitrophthalonitrile and 4-nitrophthalonitrile was purchased from
Sigma-Aldrich Co. LLC., and was used without further purification. The synthesis
scheme of Tetra-a-trifluoromethylphenoxyphthalocyanine cobalt (3-cFspoPcCo), and

Tetra-B-trifluoromethylphenoxyphthalocyanine cobalt (4-cF;poPcCo) is shown in
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Scheme S1. Synthesis scheme of 3-cF;poPcCo and 4-cF;poPcCo.

1.2 The structure for gas sensors

Al,O; ceramic substrate is used for gas sensors. TaN, TiW, Ni and Au are sputtered
on substrate as resistive layer, supporting layer, solder mask and conductor layer,
respectively. Standard photolithography is then used to create Au interdigitated
electrodes with 180 um electrode widths, and 50 um electrode gaps.

1.3 Characterization

Scanning electron microscopy (SEM) images were recorded with a Hitachi S-4800
field emission scanning electron microscope operating at 15 kV. Samples were drop-
deposited onto the interdigitated electrodes and measured directly. UV/Vis absorption
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spectra were recorded with an UV-2700 spectrometer (SHIMADZU, Japan). FT-IR
spectra were recorded on a Spectrum two spectrometer (Perkin-Elmer).

1.4 Synthesis of 3 - (4-trifluoromethylphenoxy) phthalonitrile

3-Nitrophthalonitrile (1.06 g, 5.78 mmol) was dissolved in DMSO (10 mL) under a
nitrogen atmosphere, and then P-trifluoromethylphenol (1.41 g, 8.7 mmol) was added
to the solution. After stirring for 1h, the mixture of anhydrous potassium carbonate
(K,CO3) (3g, 21.7mmol) was added one by one and stirred for 3 days in nitrogen
atmosphere at room temperature. After the reaction, cool the reaction mixture to room
temperature and pour it into about 200ml of ice water medium. After standing for
about 24 hours, the white emulsion precipitates will be separated, and then the
precipitates will be washed with a large amount of deionized water until the washing
solution becomes neutral. Then the mixture of CHCl;: MeOH (100/2) was used to
separate pure white crystal products on silica gel column. The molecular weight of 3 -
(4-trifluoromethylphenoxy) phthalonitrile analyzed by gas chromatography-mass
spectrometry is shown in Fig. S1. Similarly, after the conversion of 3-phthalonitrile to
4-phthalonitrile. The same method can also be used to prepare 4 - (4-
trifluoromethylphenoxy) phthalonitrile. The molecular weight of 4 - (4-
trifluoromethylphenoxy) phthalonitrile analyzed by gas chromatography-mass

spectrometry is shown in Fig. S2.
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Fig.S1 GC-MS of 3-(4-trifluoromethylphenoxy) phthalonitrile.
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Fig.S2 GC-MS of 4-(4-trifluoromethylphenoxy)phthalonitrile

1.5Synthesis of trifluoromethylphenoxyphthalocyanine cobalt

At room temperature, 3-(4-trifluoromethylphenoxy) phthalonitrile (1.06 g, 3.69
mmol), anhydrous cobalt chloride (II) (0.16 g, 1.23 mmol) and DBU (2.0 mL) were
added to distilled n-pentanol (30 mL). The subsequent mixture was continuously
stirred under reflux for 10 hours under a nitrogen atmosphere. After naturally cooling
to about 20 °C, the precipitate was filtered, washed sequentially with methanol (50 mL)
and acetone (50 mL). The pure crystal product 3-cFspoPcCo was obtained by
chromatographic separation on silica gel column with acetone and dichloromethane
(4:1) mixed solvent. Finally, the purple black crystal was obtained by drying in a
vacuum oven at 50 °C. Similarly, after 3 - (4-trifluoromethylphenoxy) phthalonitrile is
converted to 4 - (4-trifluoromethylphenoxy) phthalonitrile. The same method can also

be used to prepare 4-cF;poPcCo.

2. Result and discussion
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Fig.S3 (A) FT-IR spectra of 4-(trifluoromethy) phenol, 3 - (4-trifluoromethylphenoxy)
phthalonitrile and 3-cF;poPcCo hybrids; (B) FT-IR spectra of rGO, 3-cF;poPcCo and 3-

cF3poPcCo/rGO hybrids; (C) UV-vis spectra of rGO, 3-cF;poPcCo and 3-cF;poPcCo/rGO hybrids

in DMF; (D) TG profiles of rGO, 3-cF;poPcCo and 3-cF;poPcCo/rGO hybrid.

Fig.S4 The microstructure of (A) 3-cF;poPcCo/rGO and (B) 4-cF3poPcCo/rGO hybrid.
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Fig.S5 (A) Resistance of the 3-cF;poPcCo/rGO hybrid sensor upon exposure to
varying concentrations of H,S; (B) relationship of the response of the
3-cF;3poPcCo/rGO hybrid sensor to the concentration H,S; (C) ten sensing
cycles of the 3-cF3poPcCo/rGO hybrid sensor to 1 ppm H,S; (D) the

reproducibility characteristics of the 3-cF;poPcCo/rGO hybrid sensor to

1 ppm H,S within 60 days at 25 C.

20 60
A & I 4-cF3poPcCo/rGO B I 4-cF3poPcCo/rGO
1 [ 3-cF3poPcCoGO 50 I 4-cpoPeCo/rGO
) mm 4cF3poPeCo I 4-poPcCo/rGO
\? 601 [ 3-cF3poPcCo = 404
$ 50| mmrco S
2 J
=
$ 304 2 204
= &
2 10+
10
04 0
0.5 1 2 0.5 1 2
H,S concentration (ppm) H,S concentration (ppm)

Fig.S6 (A) Response of 4-cF3poPcCo/rGO, 3-cF;poPcCo/rGO, 4-cF;poPcCo, 3-cFspoPcCo and



rGO sensors upon varying the concentration of H,S. (B) Response of 4-cFspoPcCo/rGO, 4-

cpoPcCo, 4-poPcCo sensors upon varying the concentration of H,S.

0.0004
—rGO
0.0003- 3-cF,poPcCo/rGO
0.0002- 3-cF,poPcCo/rGO exposure to H,S
— 3-cF,poPcCo
= 0.00014
<
]
S 00000 I—
=
S -0.0001-
-0.0002
-0.0003 -
-0.0004 v T v T v T v
-1.0 -0.5 0.0 0.5 1.0

Voltage (V)
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Fig.S8 (A) Nyquist plots of rGO, cF;poPcCo, cF3poPcCo/rGO hybrids and (B) Equivalent circuit
diagram; (C) Fitted chemical impedance Nyquist plots of rGO and cF;poPcCo/rGO hybrids.
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Fig. S8. UV-vis absorption spectra (A,C) and band gap energies (B,D) of 4-
cF3poPcCo and 3-cF;poPcCo.
Table S1. Comparison of the detection performances of different H,S sensors
Recovery
Detecti Working time Detecti
etection
. Response(%)/Detec o temperatu  (s)/Detecti on
Sensor material limit(ppm Ref.
tion conc. (ppm) (! el re on range
(°O)l conc.(ppm  (ppm)
)[b]
net-like
112/5 0.01 100 513/5 0.5-10 1
Sn0,/ZnO
In,0; 1.4/10 0.2 RT ~7200/100 10-80 2
CuO-Decorated
83.5/5 0.015 200 65/5 5-100 3
ZnO
Cu/SWCNTs 1.3/20 — RT 20/20 5-150 4
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[a] If the sensor detection limit was not explicitly provided in the original report, then the lowest

tested analyte concentration is listed.

[b] If the response (%), response time (s) or recovery time (s) of the sensor was not explicitly

provided in the original report, then the estimate from the curve in that report is listed.

[c] RT, abbreviation for room temperature.

[d] sensor prepared with the cF3poPcCo/rGO aqueous dispersion concentrations of 1.0 mg ml-.
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