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Hydrogels enriched with carbon nanotubes for electrocardiography 
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According to ANSI/AAMI EC12:2000 (R2020) standard for disposable ECG electrodes following electrical test were performed:
· DCO Offset voltage measured after stabilization period (60-90s) of pairs of electrodes connected gel-to-gel shall be less than 100mV. Measurement input characteristics shall be 10nA or less bias current, 10Mohm or greater input impedance in the range 0 – 10Hz, input frequency response of at least 0.01 to 1000Hz.
· NOISE After stabilization period, a pair of electrodes connected gel-to-gel shall not generate a voltage greater than 150 μVpp in the passband (first-order frequency response) of 0.15 to 100 Hz. Measurement shall be recorded after 1 minute from the start and shall record the maximum Vpp for the next 5 minutes. 
· SDR This test measures the electrode’s ability to reduce its acquired voltage, permitting the ECG trace to return after defibrillation, and shall be conducted, according to figure S1, as follows (once electrodes have been connected gel-to-gel and attached to the tester):
a) SW1 closed, SW2 and SW3 open – 200V charging cycle of the 10uf capacitor. Timing is between 10 – 20sec.
b) SW1 and SW3 opened, SW2 closed – discharge to less than 2V in no longer than 2 sec.
c) SW1 and SW2 are opened, SW3 is closed – record DCO after 5 sec
d) DC0 is recorded every 10sec thereafter for the next 30sec.
e) The electrode offset is recorded to the nearest 1 mV 5 sec after the closure of switch SW3 and every 10 sec thereafter for the next 30 sec. The overload and measurement are repeated three times.
f) For all electrode pairs tested, the 5-sec offset voltage after each of the four discharges of the capacitor shall not exceed 100 mV, and any difference in adjacent 10-sec values (after the initial 5-sec period) shall not exceed 10 mV
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Figure S1. Defibrillation overload test circuit

· BIAS The observed DC voltage offset change across a pair of electrodes connected gel-to-gel shall not exceed 100 mV when the electrode pair is subjected to a continuous 200 nA DC current over the period not less than 8 hours. The current source shall use a voltage source of at least 2V. The differential voltage (measured voltage – initial voltage with no bias current) shall be recorded at least once per hour. 
Table S1. Resistance of paths screen printed with produced pastes in which the functional phase is CNTs homogenized with  40% and 60% power, depending on the homogenization time
	
	Homogenization power
	Ultrasonic homogenization time (min)

	
	
	15
	30
	45
	60
	90
	120

	Average resistance of printed paths (kΩ)
	40%
	[bookmark: _Hlk111637201]2650 ± 350
	[bookmark: _Hlk111637224]629 ± 172
	279 ± 105
	112 ± 18
	91 ± 21
	94 ± 24

	
	60%
	46 ± 17
	52 ± 17
	148 ± 37
	67 ± 17
	61 ± 11
	66 ± 18
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Figure S2. Comparison of the average mass loss of hybrid CNT hydrogels produced by homogenizing CNTs in Acetone
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Table S2. Results of electrical test of hydrogels produced by mixing performed according to the ANSI/AAMI EC12:2000 (R2020) standard. 
	Test
	SignaGel
	SignaGel+ 1% CNT (IPA)
	SignaGel+ 1% CNT (acetone)
	SignaGel + 1% CNT/SDS (DI water)

	1. DCO (mV)
	0.1 ± 0.3
	0.3 ± 0.4
	-0.2 ± 0.6
	0.1 ± 0.2

	2. ACZ | Impedance (Ohms)
	200 ± 40
	60 ± 10
	120 ± 40
	130 ± 60

	3. SDR | DCO (mV)/Slope (mV/Sec)
	5.0 ± 0.6
	3.6 ± 0.6
	4.7  ± 1.3
	4.7  ± 0.3

	4. SDR | DCO (mV)/Slope (mV/Sec)
	5.2 ± 0.4
	4.4 ± 0.5
	5.1 ± 1.2
	4.9 ± 0.5

	5. SDR | DCO (mV)/Slope (mV/Sec)
	5.8 ± 0.3
	5.0 ± 0.5
	5.3 ± 0.9
	5.6 ± 0.6

	6. SDR | DCO (mV)/Slope (mV/Sec)
	6.3 ± 0.3
	5.3 ± 0.6
	5.6 ± 0.7
	6.0 ± 0.7

	7. ACZ | Impedance (Ohms)
	59 ± 19
	46 ± 12
	54 ± 12
	53 ± 9

	8. NOISE | Amplitude (µVpp) 
	40.1 ± 1.8
	41.3 ± 5.1
	51 ± 10
	39.3 ± 10

	9. BIAS (mV)
	1.1 ± 0.5
	1.4 ± 1.3
	0.3 ± 0.3
	0.6 ± 0.3





Table S3. Comparison of the average mass loss after 6 hours of 4 different batches of SignaGel and hybrid CNT hydrogels produced by homogenizing CNTs in IPA and CNT/SDS in DI water
	Product
	Average mass loss after 6 hours

	SignaGel batch 1
	-6.3 % ± 1.2 %

	SignaGel batch 2
	-7.6 % ± 4.6 %

	SignaGel batch 3
	-4.2 % ± 1.4 %

	SignaGel batch 4
	-4.3 % ± 0.7 %

	Hybrid hydrogel CNT (IPA)
	-4.5 % ± 1.5 %

	Hybrid hydrogel CNT/SDS (DI water)
	-5.6 % ± 1.3 %
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Table S4. Results of electrical tests of hybrid hydrogels produced by wrapping liquid hydrogel. Tests performed according to the ANSI/AAMI EC12:2000 (R2020) standard. The bolded values indicate that the results showed a statistically significant difference and the difference between the results exceeded 20%
	Test
	SignaGel
	SignaGel wrapped in CNT film

	1. DCO (mV)
	0.1 ± 0.3
	0.1 ± 0.1

	2. ACZ | Impedance (Ohms)
	200 ± 40
	14 ± 52

	3. SDR | DCO (mV)/Slope (mV/Sec)
	5.0 ± 0.6
	0.2 ± 0.6

	4. SDR | DCO (mV)/Slope (mV/Sec)
	5.2 ± 0.5
	0.2 ± 0.6

	5. SDR | DCO (mV)/Slope (mV/Sec)
	5.8 ± 0.4
	0.1 ± 1.3

	6. SDR | DCO (mV)/Slope (mV/Sec)
	6.3 ± 0.3
	0.1 ± 0.1

	7. ACZ | Impedance (Ohms)
	58 ± 20
	16 ± 53

	8. NOISE | Amplitude (µVpp) 
	40.1 ± 1.8
	39. 4 ± 9

	9. BIAS (mV)
	1.1 ± 0.5
	0.1 ± 0.1
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Table S5. Results of electrical tests of hybrid hydrogels produced by wrapping solid structures performed according to the ANSI/AAMI EC12:2000 (R2020) standard.
	Test
	KM30B
	KM30B + CNT film
	Foam + CNT film

	1. DCO (mV)
	0.3 ± 0.3
	0.0± 0.2
	0.1 ± 0.3

	2. ACZ | Impedance (Ohms)
	1400 ± 115
	220 ± 140
	190 ± 140

	3. SDR | DCO (mV)/Slope (mV/Sec)
	9.0 ± 0.3
	0.1 ± 0.3
	0.2 ± 0.3

	4. SDR | DCO (mV)/Slope (mV/Sec)
	9.3 ± 0.2
	-0.1 ± 0.2
	0.1 ± 0.2

	5. SDR | DCO (mV)/Slope (mV/Sec)
	9.7 ± 0.2
	0.0 ± 0.2
	0.1 ± 0.2

	6. SDR | DCO (mV)/Slope (mV/Sec)
	10.1 ± 0.2
	0.1 ± 0.2
	0.1 ± 0.2

	7. ACZ | Impedance (Ohms)
	421 ± 45
	80 ± 56
	22 ± 56

	8. NOISE | Amplitude (µVpp) 
	105 ± 46
	28 ± 56
	38 ± 56

	9. BIAS (mV)
	8.2 ± 0.3
	0.1 ± 0.4
	0.2 ± 0.4




Mass loss of hybrid CNT hydrogels in comparison to the SignaGel

Average of 3% of CNT	
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