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Introduction

Room-temperature resistive acetone sensing has been shown with graphene [1] and,
on a flexible support, with Na-doped ZnO/rGO down to 0.2 ppm [4]. Hydrothermally
fluorinated graphene oxide (FGO) [2] has detected NHs and acetone in the low-ppm
range [5], and ternary nanohybrids of oxidized carbon nanohorns (CNHox), with a
percolating p-type nanohorn network, detected ethanol at room temperature with 15 s
response and 50 s recovery [6].

This short communication presents the patented CNHox/FGO formulation and device
route as a sensing concept. Sensing and mechanical data are not yet available, so the
flexibility of the complete device is treated as a hypothesis; we define the strain levels,
controls and acceptance criteria for testing it.

Materials and methods

Kapton substrates are cleaned ultrasonically in acetone, ethanol and deionized water
(15 min). Commercial carbon nanohorns are oxidized in Ar/O: plasma (2:1 v/v, 5 torr,
room temperature, 5 min injection and exposure) and washed. FGO is prepared from
100 mg graphene oxide in 50 mL water by hydrothermal treatment with hydrofluoric
acid (180 °C, 30 h), then filtered and washed. CNHox (10 mg) is stirred in 30 mL
ethanol for 4 h, FGO (2.5 mg) is added and stirring continues for 6 h (CNHox:FGO =
4:1 w/w). The dispersion is drop cast onto Kapton with linear or interdigitated
electrodes and treated at 100 °C and 1 mbar for 12 h; resistance is read at constant
current.

Planned validation: acetone 25—-1000 ppm in synthetic air at 25 °C and 30-70 % RH;
response S = (Rg — Ra)/Ra, too response/recovery and LOD = 3onoise/b (b, low-
concentration slope); three cycles on three devices; ethanol, 2-propanol, NHs and
water as interferents. Controls: CNHox alone, FGO alone and non-fluorinated
CNHox/GO (4:1). Bending uses cylindrical mandrels of radius r = 20, 10 and 5 mm,
then up to 1000 cycles at r =5 mm, with Ra and S at 500 ppm recorded after each step.
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Results and conclusions

Strain analysis. For a thin film on a substrate of thickness ts bent to radius r, the surface
strain is € = t¥2r. For 125 um Kapton, r = 20, 10 and 5 mm give € = 0.31, 0.63 and
1.25 %; for 50 um Kapton, 0.13, 0.25 and 0.50 %, bracketing published flexible
carbon chemiresistor tests (90° bending, 500 cycles [7]).

Table 1 - Acceptance criteria for the CNHox/FGO concept

Criterion Target Basis

LOD (30/b) <25 ppm 0.05 x EU limit, 500 ppm [8]
Response at 500 ppm > each control hybrid benefit

too response/recovery <2 min <« 15-min short-term average
1000 bends, r = 5 mm ARa<5%;S>90% design target

RH effect (30-70 %) AS <20 % design target

Expected transduction. The acetone carbonyl can hydrogen-bond to hydroxyl and
carboxyl groups of CNHox; electron donation lowers the whole density of the p-type
network and raises resistance, with an added contribution from CNHox-FGO
junctions. Since excessive C—F formation reduces conductivity [3], FGO is limited to
20 wt%, leaving CNHox as the conducting phase.

The contribution is a simple route to a nanohorn-rich layer on polyimide with a
quantitative test plan. The device will be described as a flexible acetone sensor only
after the sensing and bending criteria in Table 1 are met.
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