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Supplementary Text S1.
The influence of applied bias voltage and RH on UV response

We choose only the sample with 0.4 wt% CNT due to the higher rapidity (and only 5 times lower
UV response) compared to those of samples with 2.0 wt% CNTSs, which is more important for
real applications. Supplementary Figure S4a shows the UV dynamic response at different
applied bias voltages (1 — 20 V) of devices fabricated using ZnO-CNTs (0.4 wt% C) samples.
The calculated UV response is presented in Supplementary Fig. S4b, showing an increase in
UV response from 270 to 1350 by increasing the applied bias voltage from 1 V to 10 V. Thus,
the optimal applied bias voltage for ZnO-CNTs is in the range of 10 — 20 V. The same tendency
was observed for other types of devices (not shown here). Supplementary Figure S4c presents
the normalized UV response at different applied bias voltages in order to analyze the influence
on the rapidity of the device. However, no considerable change in rapidity was observed. More
interesting results were obtained by studying the influence of RH on the UV sensing properties
of the ZnO-CNT networks. Supplementary Figure S4d shows the dynamic UV response at
different values of RH. The RH was set using a bubbling system as reported previously®. The
considerable increase in dark current by rise in RH value from 35% to 85% was observed, which
can be attributed to release of electrons after dissociative adsorption of H,O molecules on the
surface of ZnO NWs?. Thus, the adsorbed oxygen species are substituted by H,O molecules and
the electrons captured by oxygen species are released according to Supplementary equation

(S1)**:
H,0+0,+22Zn, < 2(0H -2Zn)+V, +2e (S1)

where v° is the vacancy created at an oxygen site, Znz, and Oq is zinc and oxygen from ZnO

lattice.
On top of the increase in dark current a decrease in photocurrent was also observed (see

Supplementary Fig. S4d). This can be attributed to the decreased lifetime of photogenerated
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electron-hole pairs due to lower band energy bending at the surface of ZnO NWs (because less
oxygen species are adsorbed at the surface)®. As the results of all these effects, the UV response
is considerably decreasing by increasing of RH (see Supplementary Fig. S4e). Thus, at 35, 45,
55, 65 and 85% RH the UV response is 1350, 150, 40, 18 and 9, respectively. This is almost a
99% decrease in response by change of RH values with 50%. This is much higher compared to
pristine and Sn-doped ZnO nanostructures reported previously*>. In case of pristine ZnO NW
networks, ZnO-CNT networks with a CNT content of 2.0 and 4.0 wt% the decrease in UV
response is about 65%, 98% and 100% (no response was observed), respectively. Thus, one can
conclude that such a decrease in UV response is related to the presence of CNTs, and can be
explained based on excellent humidity sensing properties of carbon based materials®’. DFT
calculations of Pati et al. demonstrated that water molecules adsorption is a physisorption
process with the hydrogen of a H,O molecule forming a weak bond with one of the surface C
atoms’. CNTs can efficiently adsorb water molecules with donor effect and with a 0.03 e” charge
transfer per a single water molecule®’.

Supplementary Figure S4f shows the normalized UV response at different values of RH,
showing the considerable increase in rapidity. This can be understood based on essential
reduction of oxygen species influence on UV sensing mechanism. It is well known that
adsorption/photodesorption of oxygen species is a relatively slow process *°. The detailed
mechanism of RH influence on UV sensing properties of ZnO nanostructures was reported in
previous works>®. The calculated time constants at different values of RH are summarized in
Supplementary Table S2. Thus, the time constants decrease considerably from 1,1 = 0.73 s, T2 =
1.14s, 191 =0.18 s, 1= 1.1 sat 35% RH to 11 = 0.22 s, 1, = 0.22 s, 191 = 0.03 5, T = 0.77 S at

85% RH.
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Supplementary Figure S1. (a) SEM image with high magnification of ZnO-CNT NW surface
in order to demonstrate the diameter and length of CNTs. (b-d) SEM images of ZnO-CNT NWs
surface (2.0 wt% CNT). (e) Dynamic UV response of ZnO-CNT networks with different content

of CNT (C in wt%) at 10 V applied bias voltage.
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Supplementary Figure S2. Bi-exponential fitting of photoresponse rise and decay curves in
order to calculate the time constants for: (a,b) 0 wt% CNTSs; (c,d) 0.4 wt% CNTs; (e,f) 2.0 wt%

CNTs; and (g,h) 4.0 wt% CNTSs, respectively.
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Supplementary Figure S3. Proposed mechanism for photogenerated charge carriers’ separation.
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Supplementary Figure S4. (a) Dynamic UV response under the different RH values of device
based on ZnO-CNT networks with 0.4 wt% CNT. (b) UV response versus RH value. (c)
Normalized dynamic UV response under different RH values. (d) Dynamic UV response under
different applied bias voltages of device based on ZnO-CNT networks with 0.4 wt% CNT. (e)
UV response versus applied bias voltage. (f) Normalized dynamic UV response under different

applied bias voltages.
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Supplementary Figure S5. (a) The room temperature gas response of samples with 4.0 wt%
CNT to 50 ppm of NHj;. (b) The calculated response and recovery time versus content of CNTs
in ZnO NW networks. (c) Gas response to 50 ppm of NH3 at room temperature of sample with
2.0 wt% CNT versus relative humidity. (d) Normalized response of samples with 2.0 wt% CNT

to 50 ppm of NH3 at 35 and 70% RH.

Supplementary Figure S5c shows the gas response to 50 ppm of NH3; at room temperature
versus RH, showing the considerable decrease in gas response by rise of RH. Thus, the gas
response is decreasing from 430 to 210 by increasing the RH value from 35% to 70%. This is a
decrease of about 50% in gas response with a 35% change of RH. The normalized dynamic
response of the device at 35% and 70% RH are presented in Supplementary Fig. S5d, showing
likewise the decrease in rapidity. Thus, the response and recovery times are increasing from 25 s
and 18 s to 97 s and 29 s. The decrease in rapidity and gas sensing response can be corelated
with hydroxyl poisoning, namely the lowering in adsorption sites for NH3; molecules due to

adsorption of water molecules™.
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Supplementary Figure S6. (a) SEM image of ZnO-CNT NW surface (D = 100 nm). (b) Gas
response at room temperature of nanosensor based on individual ZnO-CNT NW with D = 100

nm (from sample with 2.0 wt% CNT) to 100 ppm of acetone, butanol and isopropanol vapours.
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Supplementary Figure S7. SEM images of nanosensors with ZnO-CNT NW with diameter:

(a,b) 120 nm; (c,d) 160 nm; and (e) 170 nm.
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Supplementary Figure S8. Calculated response and recovery time to NH3 response (10 ppm)

for nanosensors based on ZnO-CNT NW with different diameter.
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Supplementary Table S1. Calculated values for responsivity (R) and internal photoconductive

gain (G).

Content of CNT 0.0 0.4 0.2 4.0

R (AWM 15-10° [8.6-10° [24-10" [48-10"

G 51-10° [29-10* [81-10* [1.6-10°

Supplementary Table S2. Calculated time constants for UV response at different values of RH.

ZnO-CNT 2.0 wt% Fast rise time Slow rise time Fast decay time | Slow decay time
constant T,4, S constant 1., S constant 14, S constant T4, S

35% RH 0.73 1.14 0.18 1.1

45% RH 0.55 0.55 0.16 1.02

55% RH 0.44 0.44 0.08 0.94

65% RH 0.27 0.27 0.04 0.86

85% RH 0.22 0.22 0.03 0.77

Supplementary Table S3. NH3 sensors based on individual structures.

Diameter NH; Gas response | Operating Response | Recovery

Type of material and (nm) conc. (Rg/Ra)a) or temperat. time time
morphology (ppm) (Ra/R,)” C)

Single polypyrrole NW* ~ 300 300 ~1.2%9 RT 10 min -
Single polypyrrole nanoribbon'? ~ 300 10 ~1.1729 RT >1min® | >1min®
Single dodecyl sulfate doped ~ 200 100 ~1.7529 RT >1min® | >1min®
polypyrrole NW*®

Single polyaniline NW** ~300 100 ~ 55 &¢) RT ~ 15 min -
Individual SWCNT™® ~1.4 10 000 ~ 1009 RT ~1-2 min -
Individual Ag-functionalized 20-30 10 000 ~1.099 RT 7s > 1 min
MWCNT*®

Single graphene sheet!’ - 1800 ~1.029 RT - -
Individual Fe,03 NW?*® ~25 100 2.86"Y RT - -
Single ZnO-CNT NW 100 10 4 RT 10s 6s

% Gas response for p-type semiconducting oxides;
®) Gas response for n-type semiconducting oxides;
° Denotes a value approximated from a graphical plot.
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