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Experiment details
Materials:
1, 2, 4-Benzenetricarboxylic anhydride (97% purity) were purchased from Saan

Chemical Technology (Shanghai) Co., Ltd. Ammonium molybdate tetrahydrate
(purity ≥ 99%), urea (purity ≥ 99%) and Cobaltous (Ⅱ) chloride hexahydrate (purity ≥
99%) were purchased from Tianjin Kemiou Chemical Reagent Co., Ltd. All chemical
reagents were of analytical grade and were no subsequent processing.
Synthesis of tetra-β-carboxylate cobalt phthalocyanine tetrasodium salt
(TcCoPcTs).
Firstly, the tetra-β-amide cobalt phthalocyanine (TaCoPc) was synthesized by the

traditional solid synthesis method. Subsequent substituent adjustments were made
under alkaline and acidic conditions respectively 1. The synthesis scheme is shown in
Scheme S1.
12.90 g (0.067 mol) of 1,2,4-benzeneticarboxylicanhydride crushed into powder,

20.16 g (0.336 mol) of urea, 3.99 g (0.017 mol) of cobalt (II) chloride hexahydrate
and 0.32 g (0.259 mmol) hexaammonium heptamolybdate tetrahydrate were evenly
stirred mixed in three-necked bottle, the mixture powder gradually turned purple and
slightly sticky. Then, the reaction system was kept at 160 °C in an oil bath, and the
color of the system gradually changed from purple to blue. After the color no longer
changed, the temperature was continued to rise to 230 °C for 7 h. After the reaction
was completed and cooled to room temperature naturally, the product was washed
with boiling water until the filtrate was colorless, then rinsed with methanol and
acetone for several times, and finally dried in a vacuum oven at 60 °C for 6 h,
blue-purple powder TaCoPc was obtained.
Secondly, 1.50 g of TaCoPc obtained from the above reaction was transferred to a

three-necked flask and 60 mL of NaOH (2 mol/L) solution was added. The flask was
placed in an oil bath at 100 °C to maintain reflux for 3 days. Then cooled to room
temperature, the filter cake was collected by filtration, rinsed with anhydrous
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methanol, and dried in a vacuum oven at 60 °C for 6 h, the TcCoPcTs solid with
bright purple color was successfully prepared. In order to control variables and
comparison, TcCoPcTs was further adjusted to tetra-β-carboxylate cobalt
phthalocyanine (TcCoPc). The synthesis method is as follows: a certain amount of
TcCoPcTs was dissolved in deionized water, and 1mol/L HCl solution was added to
adjust the pH to 2-3. The precipitate was washed to neutrality by centrifugation, the
product was collected by drying, and the TcCoPc was obtained. Yield: 66.4%. UV-vis
spectra in DMF: λmax (nm) = 668, 605. FT-IR spectra (KBr pellets) ν: 3699, 1700,
1522, 1333, 1150, 1089, 944, 741 cm-1.

Scheme S1. Synthetical process of TcCoPcTs and TcCoPc

Synthesis of PPy NPs.
The freshly distilled Py monomer (1.2 mmol) was dissolved in 2 mL of isopropanol

and recorded as group A. Ammonium persulfate (APS, 1:1 molar ratio of APS to Py)
were ultrasonically dispersed in 4 mL of deionized water, designated as group B. All
the above solutions were under the condition of 0-5 °C ice bath. The group B were
added to group A and continuously stirred for 8 h under an ice bath. Finally, the
reaction solution was filtered and washed with deionized water and ethanol until the
filtrate was colorless, and dried under 60 °C for 2 h. The PPy black powder was
obtained.
Synthesis of PPy/0.5TcCoPc hybrid.
The freshly distilled Py monomer (1.2 mmol) was dissolved in 2 mL of isopropanol

and recorded as group A. TcCoPc (40:0.5 molar ratio of Py to TcCoPc) and
ammonium persulfate (APS, 1:1 molar ratio of APS to Py) were ultrasonically
dispersed in 4 mL of deionized water, designated as group B. All the above solutions
were under the condition of 0-5 °C ice bath. The group B were added to group A and
continuously stirred for 8 h under an ice bath. Finally, the reaction solution was
filtered and washed with deionized water and ethanol until the filtrate was colorless,
and dried under 60 °C for 2 h. The PPy/0.5TcCoPc black powder was obtained.
Result and discussion

Fig. S1 SEM image of PPy NPs synthesized at 0-5 °C.



Fig. S2 N2 adsorption − desorption isotherms and pore-size distribution curves (the inset) of the
PPy NPs and PPy-0.5TcCoPc hybrid.

Table S1 Test data of N2 adsorption – desorption for PPy-0.5TcCoPc, TcCoPc and PPy NPs.

Fig. S3 Influence of different proportions on the morphology of PPy-TcCoPc. (A) PPy-1.0TcCoPc.
(B) PPy-0.5TcCoPc. (C) PPy-0.25TcCoPc.



Fig. S4 Influence of temperature on the morphology of PPy-0.5TcCoPc: (A) 25 °C; (B) 0-5 °C

Fig S5 Cobalt Standard Curve of Flame Atomic Absorption

Table S2 TcCoPc content determination table in PPy-0.25TcCoPc, PPy-0.5TcCoPc,
PPy-1.0TcCoPc by Flame Atomic Absorption

0, 0.2, 1, 2, 4, 6, 10 mL of the diluted cobalt standard solution (50 mg/L) was
pipetted into a 100 mL volumetric flask, and 1% nitric acid solution was used to
constant volume. The standard solution was injected into the test instrument, a cobalt
atom standard curve was obtained. Subsequently, 5 mg of PPy-0.25TcCoPc
PPy-0.5TcCoPc PPy-1.0TcCoPc were added to the into beakers, 6 mL of concentrated
nitric acid and 2 mL of concentrated hydrochloric acid were sequentially added, and
the nitration reaction was performed by heating to 100 °C. When the solution was
clear and the powder was completely dissolved, the solution in the beakers was
filtered into three 50 mL colorimetric tubes and constant volume. Finally, the test
samples were injected into the test instrument and tested for three times to get the
cobalt concentration average value of test sample. According to the law of
conservation, 1 mol TcCoPc contains 1 mol Co atom. Based on this calculation, the
content of TcCoPc in PPy-0.25TcCoPc, PPy-0.5TcCoPc and PPy-1.0TcCoPc were
7.25%, 17.23%, and 20.80%, respectively.



Fig. S6 Influence of different reaction time on the morphology of PPy-0.5TcCoPc: (A) Less than 2
min; (B) 10 min; (C) 1 h; (D) 4 h; (E) 8 h; (F) 16 h.

Fig. S7 (A) and (B) UV-vis spectra of PPy-0.25TcCoPc, PPy-0.5TcCoPc, PPy-1.0TcCoPc and PPy
NPs. (C) FTIR spectra of PPy-0.25TcCoPc, PPy-0.5TcCoPc and PPy-1.0TcCoPc.



Fig. S8 Raman spectra of PPy-0.25TcCoPc, PPy-0.5TcCoPc and PPy-1.0TcCoPc hybrids obtained
at λexc = 633 nm.

Fig. S9 I−V curves of PPy NPs, TcCoPc, PPy-0.25TcCoPc, PPy-0.5TcCoPc and PPy-1.0TcCoPc.



Fig S10 Response curve of the PPy-0.25TcCoPc, PPy-0.5TcCoPc, PPy-1.0TcCoPc, PPy NPs and
TcCoPc sensors upon varying the concentration of NH3.

Table S3 Comparison of the detection performances of PPy-0.25TcCoPc, PPy-0.5TcCoPc,
PPy-1.0TcCoPc, PPy NPs and TcCoPc sensors upon exposure to different concentrations of NH3

from 1 to 50 ppm.

The LOD of the PPy-0.5TcCoPc sensor was calculated using the following

equation 2-4:

LOD���=3×
RMS�����
slope

(Eq. 1)



Here, we took 600 data points before the sensor was exposed to ammonia gas

and calculated the standard deviation (S). The following formula was used to

calculate the RMSnoise of the sensor:

��������=
�2

N
(Eq. 2)

where N is the number of selected data points. According to the IUPAC

definition, the signal-to-noise ratio is 3. Through Table 1, the slope value of the linear

regression curve is obtained. Based on the above, the LOD of the PPy-0.5TcCoPc

sensor was calculated to be 8.1 ppb.

Fig S11 Influence of different reaction time on NH3 sensing responses of PPy-0.5TcCoPc.

Table S4 Room-temperature NH3-sensing properties of PPy-based sensors

Sensing Material
Response

(%)/Detection
conc. (ppm)[b]

Detection
limit

(ppm)[a]

Response time
(s)/Detection
conc. (ppm)[b]

Recovery time
(s)/Detection
conc. (ppm)[b]

Ref.

PPy–s-CoPc 3.6/45 25 60/45 240/45 5
PPy-(PAMPSNa) 5.83/52 25 429/52 - 6

DBSA-doped PPy–ZTO 5.44/27 5 288/27 76/27 7
PPy nanosheets films 12/50 5 240/50 3000/50 8

PPy/rGO 6.1/1 <1 60/ 1 300/1 9
PPy nanoparticles cluster
PPy nanofibers matrix

115/350
71/350

1.156
1.153

10/350
7/350

44/350
90/350

10

PPy-shell@LNWs 10.1/10 0.13 - - 11
PPy/SRGO ~6.8/10 0.0002 48/1 234/1 12

PPy/TiO2/SiOC 18.67/50 10 119/50 86/50 13
rGO/MoSe2 0.563/3 0.3 14/1 19/1 14

Ti3C2Tx/Co(OH)2 14.7/100 <5 29/5 49/5 15

PPy-0.5TcCoPc 49.32/50 0.0081 8.1/50 366/50
This
work



[a] If the sensor detection limit was not explicitly provided in the original report, then
the lowest tested analyte concentration was listed.
[b] If the response (%), response time (s) or recovery time (s) of the sensor were not
explicitly provided in the original report, then the estimate from the curve in that
report was listed.

Fig. S12 Shelf life test of PPy-0.5TcCoPc sensor at 3, 6 and 9 months.

Fig. S13 (A and B) SEM of PPy-0.5TcCoPc and PPy/0.5TcCoPc hybrids. (C-D) UV-vis and
FT-IR spectra of PPy-0.5TcCoPc and PPy/0.5TcCoPc hybrids.



Fig. S14 NH3-sensing properties and parameters of PPy-0.5TcCoPc and PPy/0.5TcCoPc sensors:
(A) Response curve upon varying the concentration of NH3. (B) NH3 sensing response value of

two sensors at 1, 5, 10, and 50 ppm. (C) Bar chart of response time and line chart of recovery time
to NH3.

Fig. S15 (A) I−V curves and (B) N2 adsorption − desorption isotherms and pore-size distribution
curves (the inset) of the PPy-0.5TcCoPc and PPy/0.5TcCoPc hybrid, respectively.

Table S5 Test data of N2 adsorption – desorption for PPy-0.5TcCoPc and PPy/0.5TcCoPc.
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