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[bookmark: _Hlk122547096]Figure. S1. Electropolymerization curve of PANI: PSS.
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[bookmark: _Hlk122547233]Figure. S2. Face scan images of elements on the surface of the 12 mg/mL PANI: PSS electrode, from a to f showing TEM images, images of element combinations, and C (red), N (purple), O (green), and S (cyan), respectively.

The surface scan results show that the four elements are uniformly distributed in PANI: PSS, indicating that the two are doped with each other to form a uniform and stable spherical particle stacking structure during the electropolymerization of PANI.
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[bookmark: _Hlk122547344]Figure. S3. Exploration of scanning speed of PANI: PSS electrode;(a) Cyclic voltammetry curves for different scanning speeds. (b) Redox peak current versus the square root of the scan speed.
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[bookmark: _Hlk122547386]Figure. S4. (a) Response of electrode with plating solution containing 2 mg/mL PSS to ammonium ions (The sensitivity is 69.15 mA M-1 cm-2); (b) Response of electrode with plating solution containing 60 mg/mL PSS to ammonium ions (The sensitivity is 103.94 mA M-1 cm-2).
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Figure. S5. (a)Electrodeposition curve of AuNPs(Reduction of nanogold on electrodes by constant pressure plating in plating solution (0.5 M sulfuric acid solution containing 10 mM chloroauric acid) with specific parameters of 0 V constant potential for 60 s); (b) Impedance test results of AuNP/PANI: PSS(The test solution was an aqueous solution containing 0.1 M KCl and 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] in aqueous solution, the measured frequency range is 10 ~ 106 Hz with an amplitude of 10 Mv);(c) Effect of AuNP on the sensitivity of PANI: PSS electrode. (When 1 mM, 5 mM and 10 mM ammonium chloride were added to the solution for testing, the electrode substrate deposited with gold nanoparticles showed a larger cyclic voltammetry current, and the average peak oxidation current increased by about 35%, indicating that gold nanoparticles significantly improved the electron mobility of the electrode and could be used as a material to improve the performance of the electrode. All the subsequent experiments used AuNP/PANI: PSS electrodes)

As shown in Fig. S5c, the electrode deposited with gold nanoparticles on the electrode substrate exhibited a larger cyclic voltammetric current with an increase in the average oxidation peak current of about 35%, indicating that gold nanoparticles have a significant increase in electron mobility for the electrode and can be used as a material to improve the electrode performance.
       [image: ]
Figure. S6. (a) consistency of AuNP/PANI: PSS electrode; (b) ammonium ion selective electrode stability; (c) consistency of urea electrodes; (d) stability of urea electrodes; (e) consistency of creatinine electrodes; (f) stability of creatinine electrodes
Consistency testing: Five ammonium ion/urea/electrodes were prepared by the same electrode preparation method, and cyclic voltammetry tests were performed in 5 mM ammonium chloride, 5 mM urea, and 2 mM creatinine solutions, respectively, and the peak oxidation currents of the electrodes were taken for graphing.
Stability testing: The three kinds of electrodes were subjected to 100 cycles of voltammetry tests in 0.01 M PBS solutions containing 5 mM ammonium chloride, 5 mM urea, and 2 mM creatinine separately, and the average of the peak oxidation currents for each 10 scans was taken for graphing.
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[bookmark: _Hlk122547671]Figure. S7. (a) Cyclic voltammetric curves of PANI in different concentrations of ammonium chloride solutions; (b) Cyclic voltammetry curves of PANI and PANI:P SS in 0.01M PBS.
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[bookmark: _Hlk122547731]Figure. S8. Schematic diagram of the hydrogen ion enrichment effect of PSS.
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Figure. S9. (a) Cyclic voltammetric response of PANI to ammonium ions in McIlvaine buffer solution. (b) Cyclic voltammetric response of PANI to 5 mM ammonium chloride in pH = 3 solution (upper limit of extended oxidation potential);
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Figure. S10. (a) open-circuit potential curves of PANI: PSS; (b) current curves of PANI: PSS (-0.2 V constant voltage).
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[bookmark: _Hlk122548056]Figure. S11. Traces of different volumes of red ink in the paper-based flow channel. (a) 0 μL, (b) 20 μL, (c) 40 μL, (d) 60 μL, and (e) 100 μL.

[bookmark: _Hlk120467696]Point-of-care testing (POCT) is a method that can be performed without the need for specialized laboratory personnel and specialized instruments[2]. No or simple pre-treatment of the sample is required before testing, and its use includes disease management, health status tracking, or environmental monitoring, with results available within hours or seconds[3].Accordingly, we designed a urine multiparameter assay device with three recesses for ammonium ion, urea and creatinine electrodes, respectively. In order to ensure that the sample liquid can adequately cover the detection area of the electrodes, we made a structural verification of the paper-based flow channel of the assay device, whose liquid transport characterization is shown in Fig. S11, using diluted red ink to observe the flow of the sample in the paper-based flow channel more clearly. After adding 20 μL of red ink drops to the sample inlet every 10 s, it can be seen that the filter paper rapidly absorbed the red ink and transported the liquid along the three fan blade directions, and after adding 60 μL drops, the water trace reached the end of the fan blade which is the electrode detection region. It is noteworthy that the red ink leaves two traces on the filter paper, the water trace as well as the red ink trace. The water diffuses further than the red ink, which demonstrates the chromatographic properties of the filter paper, where different molecular weights of substances in the solution diffuse at different rates, with smaller molecules being able to diffuse further. After 100 μL drops were added, the fan leaves were completely covered by red ink and a small amount of liquid touching the detection electrode could already be observed in the detection area. In order for the sample to completely cover the detection electrodes to achieve a stable detection environment, it was tested that about 500 μL of liquid was needed to make the sample completely cover the three detection electrodes, which is suitable for micro urine analysis scenarios.

[bookmark: _Hlk106200275]

[bookmark: _Hlk122548074]Table S1. Surface elemental composition of PANI: PSS for different concentrations of PSS
	[bookmark: OLE_LINK25][bookmark: OLE_LINK56]Element
	Percentage of atoms（%）

	
	0 mg/mL（pure PANI）
	2 mg/mL
	12 mg/mL
	60 mg/mL

	C
	89.48
	87.45
	80.48
	78.68

	N
	7.46
	3.11
	7.24
	10.39

	O
	2.99
	8.89
	10.30
	8.09

	S
	0.07
	0.55
	1.98
	2.84








[bookmark: _Hlk122548098]Table S2. Zeta-potential test results
	Material
	zeta-potential（mV）

	PANI
	+ 23

	PSS
	- 40

	PANI: PSS
	- 30















[bookmark: _Hlk122548117]Table S3. Parameter performance comparison of PANI: PSS electrodes with different PSS concentrations
	PSS concentration of electroplating solution
(mg/mL)
	Sensitivity
(mA M-1 cm-2)
	Testing range
(mM)
	Detection limit
(mM)

	2
	69.15
	2 ~ 30
	2

	12
	192.6
	0.5 ~ 40
	290.1

	60
	103.94
	1 ~ 30
	1





[bookmark: _Hlk122548136]Table S4. Parameter performance comparison of PANI: PSS electrodes with different number of electropolymerization turns
	Number of cycles of voltammetric plating
	Sensitivity
mA M-1 cm-2
	Testing range
(mM)
	Detection limit  
(mM)

	5
	55.04 
	2 ~ 30
	2

	10
	192.6
	0.5 ~ 40
	290.1

	20
	-
	-
	-
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