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1. Experimental Section
(1) Synthesis of CNT spinnable arrays and Fe3O4 nanoparticles
Spinnable CNT arrays were synthesized by chemical vapor deposition in a quartz tube
furnace. Fe (1.2 nm)/Al2O3 (5 nm) on a silicon wafer was used as the catalyst,
ethylene was used as carbon source with a flowing rate of 90 sccm, and a mixture of
Ar (480 sccm) and H2 (30 sccm) was used as the carrier gas. The growth was made at
750°C, and the thickness of spinnable CNT array was appropriately 200 μm. The
Fe3O4 nanoparticles were synthesized through a co-precipitation method, and the
synthetic details had been reported elsewhere (Angew. Chem. Int. Ed. 2011, 50,
5486-5489).
(2) Fabrication of the photovoltaic fiber
The working electrode of an anodized titanium wire was connected to two motors
through copper wires at both ends and was rotated at 30 rounds per minute. A
composite CNT fiber was then introduced through a ring-shaped holder that was
attached to a translation stage. The translation stage was moved along the axial
direction of the titanium wire at a speed of 9 mm per minute, and the composite CNT
fiber had been wrapped onto the working electrode with certain helical angles (Video
S3).
(3) The integrated wire
To fabricate the integrated wire, the photoelectric conversion part was firstly
fabricated by a process similar to the photovoltaic wire with the Ti wire left at one end.
The left Ti wire and another CNT or CNT composite fiber were dip-coated with a
mixture electrolyte of poly (vinyl alcohol) and KOH and then twisted together to form
the electrochemical storage part. This electrolyte was prepared by dissolving poly
(vinyl alcohol) powder (1 g) in deionized water (10 mL) and KOH (1 g).
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The device was photocharged to 0.735 V under AM1.5 illumination and then
stabilized. The discharge was then performed with a constant current of 1 μA (Figure
S9). The discharge process was last for 59 s. The storage efficiency (ηstorage) can be
calculated from equation of ηstorage =VIdt1/(PinSt2), where V, I and t1 correspond to
the voltage change, discharging current and time during the galvanostatic discharge,
respectively, and Pin, S, , and t2 correspond to the incident light power density
(100mW cm-2), effective area of photoelectric conversion part effective area of
photoelectric conversion part, photoelectric conversion efficiency and illumination
time during the photocharging, respectively. The value of ηstorage was calculated as
~62.9%. The total photoelectric conversion and storage efficiency can be obtained by
multiplying the photoelectric conversion efficiency and storage efficiency, which is
appropriately 4.7%.
(4) Characterization
The structures were characterized by SEM (Hitachi FE-SEM S-4800 operated at 1 kV)
and TEM (JEOL JEM-2100F operated at 200 kV). Mechanical properties were
characterized by a Shimadzu Table-Top Universal Testing Instrument. The J-V curves
were measured by a Keithley 2400 Source Meter under illumination (100 mW/cm2) of
simulated AM1.5 solar light coming from a solar simulator (Oriel-Sol3A 94023A
equipped with a 450 W Xe lamp and an AM1.5 filter). The light intensity was
calibrated using a reference Si solar cell (Oriel-91150). The double potential step
method electrochemical deposition was performed on a CHI 660a electrochemical
workstation. The cyclic voltammetry was performed in an acetonitrile solution
containing 5 mM LiI, 0.5 mM I2 and 0.05 M LiClO4 with a scan rate of 50 mV s-1
through a three-electrode setup. The mesostructure of Fe3O4 nanoparticles was
characterized

using

X-ray

diffraction

(Bruker,

D8

ADVANCE

and

DAVINCI.DESIGN, Cu Kα radiation at λ= 0.154 nm, operated at 40 kV and 40 mA).
The thermogravimetric analysis and differential thermal analysis were conducted on
Shimazu DTG-60H by heating the samples from room temperature to 1050 oC with a
rate of 10 oC/min in a nitrogen atmosphere. The magnetic properties of Fe3O4
nanoparticles were characterized by a vibrating sample magnetometer (VSM,
Quantum Design, MPMS (SQUID) VSM system) at 300 K.
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2. Supporting videos

Video S1: Magnetic response of a composite fiber.
Video S2: Magnetic response of a photovoltaic wire.
Video S3: Fabrication of a photovoltaic wire.
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Figure S1. X-ray diffraction pattern of Fe3O4 nanoparticles.
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Figure S2. Photograph of the fabrication process of a superparamagnetic
nanoparticle/CNT composite fiber.
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Figure S3. The dependence of the weight percentage of Fe3O4 nanoparticles in
composite fibers on the concentration of Fe3O4 nanoparticles.
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Figure S4. Transmission electron microscopy (TEM) image of Ni nanoparticles.
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Figure S5. SEM images of a broken Ni/CNT composite fiber at (a) low and (b) high
magnifications. The red arrows show the Ni nanoparticle.
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Figure S6. Hysteresis loops of the Ni/CNT composite fibers with different Ni weight
percentages.
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Figure S7. Electrocatalytic characterization of Ni/CNT composite fibers with
increasing Ni weight percentages.
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Figure S8. Electrocatalytic characterization of Fe3O4/CNT composite fibers with
increasing Fe3O4 weight percentages.
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Figure S9. J-V curves of the photovoltaic wires by bare CNT fiber and Fe3O4/CNT
composite fibers as counter electrodes. The photovoltaic wire had been fabricated by
using the Fe3O4/CNT composite fibers with different Fe3O4 weight percentages as
counter electrodes. A modified Ti wire which was grown with TiO2 nanotubes on the
surface (length of 30 μm) had been used as the working electrode. The photovoltaic
wires were measured under AM 1.5 illumination.
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Table S1. Photovoltaic parameters of photovoltaic wires based on bare and composite
CNT fibers with different weight percentages of Fe3O4 as counter electrodes.
Group

VOC (V)

JSC
(mA/cm2)

FF

 (%)

CNT

0.729

13.99

0.497

5.07

5.70% Fe3O4/CNT

0.727

14.30

0.491

5.10

11.12% Fe3O4/CNT

0.731

13.89

0.490

4.98

15.37% Fe3O4/CNT

0.732

13.85

0.495

5.02
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Figure S10. SEM image of a CNT composite fiber which was electrodeposited with
Pt nanoparticles.
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Figure S11. Cyclic voltammogram of a Pt wire. The peak-to-peak voltage separation
is 0.45.
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Figure S12. Cyclic voltammograms of a Pt/Ni/CNT composite fiber with 18.64 wt%
of Pt and 8.85 wt% of Ni. The peak-to-peak voltage separation is 0.39V.
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Figure S13. Cyclic voltammogram of a Pt/Fe3O4/CNT composite fiber with 20.6 wt%
of Pt and 11.1 wt% of Fe3O4. The peak-to-peak voltage is 0.41 V.
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Figure S14. J-V curve of the photovoltaic wire by a Pt/Fe3O4/CNT composite fiber as
the counter electrode. The weight percentages of Pt and Fe3O4 are 9.50 and 10.23%,
respectively.
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Figure S15. J-V curve of the photovoltaic wire by a Pt/Ni/CNT composite fiber as the
counter electrode. The weight percentages of Pt and Ni are 18.64 wt% and 9.33 wt%,
respectively.
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Figure S16. J-V curve of the photovoltaic wire by using a bare Pt wire as the counter
electrode.
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Figure S17. The incident photon-to-electron conversion efficiency of the photovoltaic
wire being measured under AM 1.5 illumination. A Pt/Fe3O4/CNT composite fiber
with Pt weight percentage of 9.50% and Fe3O4 weight percentage of 10.23% served as
a counter electrode, and a Ti wire which was impregnated with TiO2 nanotubes
(length of 30 μm) functioned as the working electrode.
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Figure S18. An integrated wire simultaneously realizing photoelectric conversion and
energy storage. a. Schematic illustration. b. Photograph. The magnetic fiber could be
Fe3O4/CNT or Pt/Fe3O4/CNT composite fibers.
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Figure S19. The simultaneous realization of photoelectric conversion and energy
storage using the integrated wire. The voltage change was recorded during the
photocharging and galvanostatic discharging processes.
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