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this case, the strain transition among different material layers 
is stepwise. Moreover, as a moving component, multilayer SRSs 
may also suffer from poor interlayer adhesion during frequent 
bending. Moreover, concerns with respect to toughness, elas-
ticity and chemical/physical stabilities also constitute a main 
barrier for the development of SRSs-based smart actuators. In 
this regard, rational design and fabrication of SRSs by refi ned 
control of the lateral microstructures of a solo material might 
be a solution to the above-mentioned problems, but obviously, 
it is currently challenging. 

 On the other hand, from the material point of view, gra-
phene and related materials, which exhibit enticing physical/
chemical properties such as high electrical conductivity, trans-
parency, biocompatibility, mechanical fl exibility, strength, and 
good stability, [ 25–29 ]  have revealed great superiority for the devel-
opment of stimuli-responsive multilayer structures. Conse-
quently, graphene and related materials have been considered 
as outstanding candidates for smart actuators. Inspired by the 
bi-/multilayer SRSs reported based on metals, semiconductors, 
and polymers, for the fi rst time, we present here a prepara-
tion of moisture-responsive graphene papers by novel focused 
sunlight-irradiation-induced photoreduction of graphene oxide 
(GO). Previous results reported by ours and other groups have 
already proved that photoreduction of GO is an effi cient route 
for the modulation of the surface/interface properties of GO 
fi lms through a mask-free, chemical-free, and cost-effective 
manner. [ 30–35 ]  In this work, a self-controlled photoreduction of 
GO paper has been applied to prepare GO/RGO bilayer struc-
tures by using sunlight as an irradiation source. Since both 
sunlight penetration and the subsequent thermal relaxation 
would be signifi cantly suppressed after forming an expanded 
RGO layer, photoreduction only occurs on the surface layer 
of the thick GO paper. In this way, a unique GO/RGO bilayer 
structure has been successfully prepared in a self-controlled 
manner. Interestingly, the resultant GO/RGO bilayer paper 
shows moisture-responsive properties under humid conditions 
due to anisotropic water-molecule adsorption. Based on the 
GO/RGO smart paper, novel graphene-based moisture-respon-
sive actuators have been successfully developed. 

  Figure    1  a shows the schematic illustration of the fabrication 
system for the preparation of GO/RGO bilayer papers. Pristine 
GO paper was prepared by vacuum fi ltration of GO aqueous 
solution, and the as-obtained GO paper was dried in air at 
room temperature. Interestingly, controllable photoreduction of 
GO paper was carried out using focused sunlight irradiation. 
In our experiments, a piece of a quartz coverslip was tightly 
pressed on the surface of a piece of GO paper to isolate it from 

  Smart actuators are devices that can reversibly change their 
dimensions under certain stimulation or convert various types 
of energy to mechanical deformation. [ 1 ]  In recent years, trig-
gered by some distinguished properties, for instance, high 
sensitivity, fast and reversible response, and intelligence, as 
well as low energy cost, smart actuators have drawn enormous 
research interest in many high-tech fi elds such as robotics, [ 2 ]  
unmanned fl ight, [ 3 ]  sensors, [ 4 ]  in vivo surgery devices [ 5 ]  and lab-
on-a-chip systems. [ 6,7 ]  To date, a wide variety of novel driving 
techniques, including electrostatic or piezoelectric actuation, [ 8 ]  
shape-memory alloys, [ 9 ]  magnetic remote control, [ 10,11 ]  optical 
tweezers, [ 12,13 ]  pneumatic systems, [ 14 ]  and thermal effects [ 15 ]  
have been successfully adopted for the development of smart 
actuators. However, for these driving methodologies, external 
energy-supply systems or coupled instruments are generally 
necessary, which signifi cantly limits their practical applications. 

 As an alternative choice, stimuli-responsive materials 
(SRMs), which show special response to surrounding tempera-
ture, [ 16 ]  pH value, [ 17 ]  UV light, [ 18 ]  or solvents, [ 19 ]  provide the fea-
sibility to design and fabricate smart actuators. However, the 
response of SRMs is generally isotropic, which signifi cantly 
limits their complex performance, for instance, bending. To 
realize desired performance in a predefi ned fashion, stimuli-
responsive structures (SRSs), represented by two-/multilayer 
structures, have been successfully developed. For instance, 
Zhang et al. reported the scrolling of multilayered SiGe/Si/Cr 
nanobelt with width less than 1 µm due to the edge effect. [ 20 ]  
Gracias et al. reported a series of bilayer microgrippers that 
could be actuated by pH value, temperature, chemicals, and 
even enzymes. [ 21–23 ]  Huck et al. give the example of Au-polymer 
bilayer brush for controlled folding. [ 24 ]  A general concept for 
the manipulation of such SRSs is to cause diverse dimension 
changes in different material layers under certain actuations. In 
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ambient oxygen. Then incident solar radiation was focused on 
the surface of the GO paper using a 60 mm-diameter convex 
lens (focal length = 15 cm, focused spot diameter is ca. 1 mm). 
To guide the scanning path of the focal spot in a controlled 
manner, a 2D movable platform with a movement rate of 
0.2 mm/s was adopted for the experiments. In our work, a GO 
paper of 1 cm 2  could be treated within 18 min. Providing a par-
allel lens array is used for the photoreduction, a much higher 
effi ciency can be achieved, making this sunlight reduction 
method very promising for the batch production of smart gra-
phene papers. In fact, photoreduction of GO paper occurred as 
soon as the sunlight was focused on the GO paper, which could 
be proved by the rapid color change from yellow–brown to 
black. Since the as-prepared GO solution shows strong absorp-
tion in UV region (Figure S1, Supporting Information), the UV 
light in solar radiation may be essential for GO reduction. To 
confi rm this hypothesis, a sub-400 nm cut-off fi lter was adopted 
in the reduction system; in this case, no obvious color change 
of the GO paper could be observed, indicating the ineffectual 
reduction of GO paper. This result confi rms that the UV light 
in solar radiation plays a critical role for GO photoreduction.  

 After the focused sunlight treatments, the color of the 
resultant GO paper presents a black color with a metallic luster, 
indicating the thorough reduction of GO (Figure  1 b). However, 
when we observed the reverse side of the RGO paper, it still 
remained dark brown in color, which reveals the difference 
in reduction degree (Figure  1 c). Static water-droplet contact 
angle (CA) measurements were applied to characterize the sur-
face wettability of the two sides. As observed in the insets of 
Figure  1 b and c, the front side of the RGO paper shows a signif-
icantly increased CA of ca. 90°, whereas the reverse side gives 
a CA value of ca. 46°, which is similar to that of pristine GO 
(ca. 45°). Generally, the obvious change in surface wettability 
could be mainly attributed to the drastic removal of hydrophilic 
oxygen-containing groups (OCGs), such as hydroxyl, epoxy, 
and carboxyl groups, during photoreduction. [ 32,36 ]  Thus, the 

obvious difference in surface wettability indicates the different 
reduction degree of the two sides. A section-view SEM image 
of the RGO paper also confi rmed this result (see Figure  1 d). 
Expanded structures with large gaps between adjacent sheets 
could be observed in the upside section. Such a feature is very 
common in some laser-reduced GO fi lms, [ 37 ]  and the formation 
of expanded structures is generally attributed to photoreduc-
tion-induced emission of carbon species (e.g., CO 2 , CO, H 2 O, 
CH 4 ). However, in the bottom of the section, it remained as a 
stacked layered structure that was quite similar to pristine GO, 
which indicates that the focused sunlight reduction shows a 
certain dependence on GO thickness. In this regard, control-
lable photoreduction of GO paper could be realized by using 
simple focused sunlight irradiation. 

 To get further insight into the formation of such asymmetric 
section structures, we measured the transmittance spectra 
of pristine GO paper with different thickness. As shown in 
Figure S2 in the Supporting Information, with the increase of 
fi lm thickness, transmittance decreases signifi cantly. Especially, 
when the thickness reaches 18 µm, transmittance between 200 
and 500 nm becomes neglective. As mentioned previously, 
sub-400 nm UV light plays a critical role for GO reduction. 
In the case of thick GO paper (in this work, ca. 40 µm), the 
upper layer of the RGO sheets would prevent the penetration 
of sub-400 nm UV light; meanwhile, the as-generated expanded 
structures would effectively suppress thermal relaxation. As a 
result, an asymmetric GO/RGO bilayer structure formed due to 
the ineffi cient photoreduction of the GO, and a self-controlled 
photo reduction of GO has been proposed for the fi rst time. 

  Figure    2   shows the characterization of the RGO paper (front 
side of the GO/RGO paper) and the comparison with pristine 
GO paper. As shown in Figure  2 a, X-ray diffraction (XRD) 
analysis of pristine GO paper exhibited a layered nanostruc-
ture, as evidenced by the diffraction peak at 2 θ  = 11.8°, which 
corresponds to a  d -spacing of 0.75 nm. However, after sunlight 
photoreduction, the peak of the RGO showed a dramatic shift 
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 Figure 1.    a) Schematic illustration for the fabrication of GO/RGO bilayer papers using focused sunlight reduction. b,c) Photographs of the resultant 
GO/RGO bilayer paper viewed from the front side (b) and the reverse side (c), respectively. The insets show water droplet contact angles of both sides. 
d) SEM image of the section view of GO/RGO bilayer paper.
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to much higher 2 θ  angles (ca. 24°), indicating the signifi cant 
decrease in interlayer spacing of the RGO sheets ( d -spacing 
≈ 0.37 nm) after the removal of OCGs. Meanwhile, an obvious 
broadening of the diffraction peak could be observed, which 
could be attributed to the smaller sheet size and the irregular 
stacking of RGO sheets. [ 38 ]   

 It is well known that Raman spectroscopy has been widely 
used for the characterization of carbon materials. Clearly, the 
two distinct peaks observed at 1329 and 1589 cm −1  correspond 
to the D and G bands, respectively (Figure  2 b). The G band is 
characteristic of graphite-like structures, whereas the D band is 
associated with the breathing modes of the graphitic domains, 
and appears in the presence of defects. Generally, the removal 
of OCGs would lead to the partially recovery of sp 2  domains, 
represented by an obvious decrease of D/G intensity ratio 
( I  D / I  G ). However, in our work, the  I  D / I  G  ratio of RGO sample 
is somewhat larger than that of pristine GO, which could be 
explained by the slightly increased defects due to the fragmen-
tation of GO sheets after photoreduction. In our experiment, 
Fourier transform infrared (FTIR) spectra (Figure  2 c) have been 
adopted to measure the deoxygenation of GO. Notably, pristine 
GO sample shows a rich collection of transmission bands cor-
responding to OCGs (e.g., C=O at 1724 cm −1 , O–C=O around 
1388 cm −1 ). However, after photoreduction, most of them have 
been eliminated, which suggests the effective removal of OCGs. 

 Despite the fact that the graphitic structure could not be 
recovered after photoreduction, the removal of OCGs would 
render electrical conductivity to the RGO layer. Generally, the 
pristine GO paper (2 mm × 5 mm) was electrically insulating, 
the resistance was measured to be ca. 4.1 × 10 8  Ω, whereas after 
photoreduction, its resistance decreased drastically. As shown 
in Figure  2 d, the RGO paper (2 mm × 5 mm) gave an improved 

conductivity, and the resistance decreased to 1.66 × 10 6  Ω. 
Interestingly, the RGO paper could be used to connect a circuit 
and light up a bulb, indicating its conductive nature (inset of 
Figure  2 d). 

 Since the resultant GO/RGO bilayer paper is anisotropic 
along its lateral section, we used X-ray photoelectron spectros-
copy (XPS) to evaluate the reduction degree of the front side, 
interlayer and reverse side of the GO/RGO paper. Figure  2 e 
shows the C1s XPS of three samples. Notably, the peaks at 
284.7, 286.8, and 288.1 eV are attributed to C−C (non-oxygen-
ated ring carbon), C−O (hydroxyl and epoxy carbon) and C=O 
(carbonyl), respectively. For the reverse side (GO side) of the 
GO/RGO bilayer paper, the carbon/oxygen mass ratio (C/O) is 
ca. 2.1, which is almost the same as that of pristine GO. How-
ever, when we measured the front side (RGO side) of the GO/
RGO bilayer paper, the C/O mass ratio increased to ca. 5.8, 
indicating the removal of OCGs. The interlayer of the GO/
RGO paper was also prepared by a micromechanical cleavage 
method, similar to the Scotch tape technique. The C/O mass 
ratio was measured to be ca. 2.7, which is between the GO 
and RGO sides. These results confi rm the unique anisotropy 
in reduction degree along the lateral section of the GO/RGO 
bilayer paper. 

 Interestingly, the GO/RGO bilayer paper shows obvious 
moisture-responsive bending properties due to this unique lat-
eral anisotropy. To quantitatively investigate their actuating per-
formance, the curvature degrees of a GO/RGO ribbon (width 
1.0 mm and length 12 mm) in different relative humidity (RH) 
were measured, as shown in  Figure    3  . With the increase of 
RH from 24% to 86%, the curvature of the GO/RGO ribbon 
increased from gradually 0° to 168°. The insets of Figure  3 a 
show photographs of the bending GO/RGO ribbon under 
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 Figure 2.    a) XRD patterns of pristine GO paper and the RGO side of the GO/RGO bilayer paper. b) Raman spectra of GO and the RGO paper. c) FTIR 
spectra of GO and RGO paper. d) Current–voltage ( I – V ) characteristics of the GO and RGO papers (2 mm × 5 mm), the inset is a photograph of lighting 
a bubble. e) C1s X-ray photoelectron spectroscopy (XPS) of the reverse side (GO), the interlayer and the front side (RGO) of the GO/RGO bilayer paper.
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different RHs. For comparison, pristine GO paper was also cut 
into ribbons with the same feature size; however, it could be 
clearly observed that it do not show any bending performance 
under different RH. Figure  3 b shows the response and recovery 
characteristics of the GO/RGO bilayer ribbon. When the RH 
was increased from 33% to 86% RH, the bending curvature 
increased immediately. It only takes about 15 s to reach equilib-
rium. On the contrary, when the moisture is decreased to pre-
vious value (33%), the bent GO/RGO ribbon recovers its shape 
completely. The actuation was repeatable upon several cycles, 
and the bending curvature under different RH was very stable, 
as shown in Figure  3 b.  

 In addition to the measurement of the bending/straight-
ening performance, the bending/straightening forces of a given 
GO/RGO ribbon (12 mm × 1 mm, 40 µm thick) were also quan-
titatively evaluated. The average bending force was measured 
to be ca. 2.2 mN; and the straightening force was ca. 1.2 mN. 
Here, it is worth pointing out that the bending and straight-
ening forces show certain dependence on the thickness, width, 
and length of the GO/RGO ribbon: a GO/RGO ribbon with a 
larger width would exhibit larger bending/straightening forces. 
For instance, a GO/RGO ribbon 1.5 mm in width, 12 mm in 
length, and 40 µm in thickness, gave a bending force of ca. 
3.0 mN and a straightening force of ca. 1.6 mN. 

 In fact, the moisture-responsive property of this GO/RGO 
bilayer paper is not surprising. In our previous study, we 
quantifi cationally investigated the interaction between water 
molecules and graphene/GO nanosheets by a fi rst-principles 
study. [ 32 ]  Generally, GO sheets bearing plenty of OCGs adsorb 

water molecules due to the formation of 
hydrogen bonds, whereas, in the case of 
graphene, adsorption of water molecules 
occurs due to the much weaker Van der 
Waals forces. In this regard, water molecules 
would be adsorbed by GO layers in prefer-
ence to RGO layers, as shown in Figure  3 c. 
The selective adsorption/desorption of water 
in the GO layers would cause a signifi cant 
expansion/contraction effect, leading to a 
reversible bending and straightening per-
formance in moisture and dry conditions, 
respectively. [ 39,40 ]  To confi rm the mechanism 
of this moisture-responsive property, we 
also measured the interlayer spacing of GO 
sheets under different humidities by XRD 
(Figure  3 d). It is well known that GO paper 
exhibits a unique layered nanostructure due 
to the stacking of the GO sheets. Under 
room humidity (ca. 30% RH), GO paper 
shows a diffraction peak at ca. 11.8°, which 
corresponds to an interlayer spacing of ca. 
0.75 nm. However, when we increased the 
humidity to 86% and 97% RH, the diffrac-
tion peak moved to 11.2° and 10.9°, respec-
tively, indicating the increase of the interlayer 
spacing. Notably, under 97% RH, the inter-
layer spacing of the GO paper was estab-
lished to be 0.81 nm. These results confi rm 
the mechanism for the bending performance 

of our GO/RGO bilayer paper under moisture conditions. 
 The moisture-responsive property of our GO/RGO bilayer 

paper makes it possible to design and fabricate graphene-based 
smart actuators. In our work, the unique GO/RGO bilayer 
papers were fi rstly cut into ribbons; and then adopted as gra-
phene SRSs directly.  Figure    4  a shows the schematic illustration 
of the fabrication of a moisture-responsive smart claw, two GO/
RGO ribbons were stuck on the wall of a plastic tube, which was 
connected to a moisture supply system. In this way, the GO/
RGO ribbons could act as “smart fi ngers” for moisture actua-
tion. The GO/RGO ribbons are so sensitive to humidity that 
they could bend to a certain degree even when approaching a 
sweaty human fi nger (Figure  4 b). To manipulate the GO/RGO 
“smart fi ngers” in a controlled fashion, the plastic tube was con-
nected to a self-made humid- or dry-air supply system, in this 
manner, the “smart fi ngers” could be manipulated by changing 
the humidity, as shown in Figure  4 c–e. To further demonstrate 
their performance, the “smart fi ngers” were successfully used to 
pick up a 3 mm cubic polymer foam (Figure  4 f–h).  

 In addition to the “smart fi ngers” of a moisture-controlled 
claw, the moisture-responsive GO/RGO bilayer paper could 
also be used in other smart actuators.  Figure    5   shows two addi-
tional examples: an orientable transporter and a crawler paper 
robot. The former example was prepared by assembling seven 
GO/RGO ribbons into a linear array. As shown in Figure  5 a, by 
switching the environmental humidity from dry air to moisture, 
the upright GO/RGO ribbon array would bend in one direction. 
In this way, the object, the paper slice marked in blue, would 
be gradually transported to right direction (see Video S1 in the 
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 Figure 3.    Moisture-responsive properties and mechanism of the GO/RGO bilayer paper. 
a) Dependence of the curvature of the GO/RGO bilayer paper and pristine GO paper on RH. 
b) Responsive and recovery properties of the GO/RGO bilayer paper. RH was switched between 
33% and 86% fi ve times. c) Schematic illustration of the interaction between water molecules 
and graphene/GO nanosheets. d) XRD patterns of GO paper under different RHs.
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Supporting Information). Notably, after 6 cycles of bending and 
straightening, the paper slice was moved ca. 5 mm, as indicated 
by the green arrow. The upright GO/RGO ribbon array is so 
stable that the orientable transporter could be used many times. 
To experimentally evaluate the stabilities of our smart actuators, 
both the bending/straightening curvature (between 33% RH 
and 86% RH) and the bending/straightening force of the GO/
RGO ribbon have been measured for 100 times. Experimental 
results reveal that our moisture responsive GO/RGO ribbon 
is very stable during frequent bending and straightening. The 
curvature and the bending/straightening forces almost keep 
a consistent value after bending for 100 times, indicating the 
good stability and long cycle lifetime (see Figure S3 and S4, 
Supporting Information).  

 For the latter example, two GO/RGO ribbons were 
appointed as “smart legs” for a moisture-responsive crawler 
paper robot. As shown in Figure  5 b, two GO/RGO “smart 

legs” were stuck to a paper-cut with two paper legs, which 
are marked in red. In this way, a very simple self-supported 
crawler paper robot was successfully fabricated. Very inter-
estingly, when a moisture environment was applied to the 
paper robot, the two GO/RGO “smart legs” gathered up, 
leading to a signifi cant bending performance toward the 
right; whereas when moisture was replaced by dry air, the 
“smart legs” became unbent, and this performance pushed 
the whole paper robot toward the right. In our experiment, 
by switching the moisture/dry air once, the paper robot could 
move ca. 2 mm. In fact, the moving speed shows a certain 
dependence on the length of the GO/RGO “smart legs”. 
These results indicate that the moisture-responsive GO/RGO 
bilayer paper holds great promise for the development of 
smart actuators. Furthermore, considering the fact that the 
manipulation of such actuators could be achieved without any 
energy-supply systems; and graphene has exhibited a lot of 
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 Figure 4.    The moisture-responsive performance of a smart claw. a) Schematic illustration of the structure of the smart claw. b) The smart claw is very 
sensitive to moisture: it could bend when approaching a sweaty human fi nger. c–e) The moisture responsive claw can be manipulated by controlling 
the moisture. f–g) The grabbing of a polymer foam block using the smart claw.
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unique chemical/physical properties (e.g., conductivity, fl ex-
ibility, mechanical strength, and biocompatibility), the mois-
ture-responsive GO/RGO paper may fi nd broad applications 
in some intelligent devices, for example, sensors, [ 39,41 ]  micro-
electro-mechanical system (MEMS), [ 42 ]  smart textiles, [ 43 ]  and 
even tissue engineering. [ 44,45 ]  

 In conclusion, moisture-responsive graphene paper has 
been successfully prepared using a very simple focused-sun-
light-induced photoreduction method. Experimental results 
confi rm that OCGs on the GO sheets of the GO paper could 
be drastically removed upon focused sunlight irradiation. 
However, the photoreduction gradient along the lateral direc-
tion of the GO paper is governed by the light absorption and 
subsequent thermal relaxation, so thick GO paper could not 
be fully reduced to RGO, because the as-formed expanded 
RGO structure could effectively prevent the sunlight penetra-
tion and suppress thermal relaxation. Instead, unique GO/
RGO bilayer structures could be prepared in a self-controlled 
manner. The anisotropic GO/RGO paper shows very sensi-
tive moisture-responsive properties. The bending curvature 
of a GO/RGO ribbon changed from 0 to 168° when the RH 
was tuned from 24% to 86%, because the absorption capabili-
ties of water molecules in the GO and RGO layers are quite 
different under humid conditions. On the basis of this unique 
property, typical smart actuators including a claw, an orientable 
transporter, and a crawler paper robot have been demonstrated. 
As a simple, cost-effective and self-controlled photoreduction 
method, focused sunlight irradiation shows unique merits for 
the batch production of GO/RGO bilayer papers; and the mois-
ture-responsive graphene paper may hold great promise for the 
development of graphene-based smart robots.  

  Experimental Section 
  Preparation of GO Paper : GO was synthesized from natural graphite 

powder using the Hummer’s method. The GO paper was prepared by 
vacuum fi ltration of the GO aqueous solution through a membrane 
fi lter (0.22 µm in pore size), followed by air drying at room temperature. 
Finally, the GO paper was peeled off for further use. 

  Sunlight Photoreduction of GO Paper : The self-standing GO paper was 
tightly sandwiched between two quartz coverslips. In this way, ambient 
oxygen could be isolated from the GO paper. Then the incident solar 
radiation was focused on the surface of the GO paper using a 60 mm 
diameter convex lens (focal length = 15 cm, focused spot diameter 
≈ 1 mm). The experiments were carried out during June and August 
(weather: sunshine; time: 12:00–13:00 pm) in the city of Chanchun, 
which is at a longitude of 125° east, and at a latitude of 43° north. 
The average solar radiation intensity in the range of 280–330 nm was 
measured to be ca. 900 µW/cm 2 . To guide the scanning path of the focal 
spot in a controlled manner, a two-dimensional movable platform with 
a movement rate at 0.2 mm/s was adopted for the GO reduction. The 
focal spot was about 1 mm in diameter; and the scanning step length 
(the distance between two neighboring scanning paths) was ca. 0.5 mm. 

  Characterization : SEM images were obtained using a JEOL JSM-
7500 fi eld-emission scanning electron microscope (FE-SEM). The 
water contact angles (CAs) were measured using a Contact Angle 
Meter SL200B (Solon Tech. Shanghai). Powder X-ray diffraction (XRD) 
patterns were collected on a Rigaku D/MAX 2550 diffractometer with 
Cu K α  radiation ( λ  = 1.5418 Å). X-ray photoelectron spectroscopy (XPS) 
was performed using an ESCALAB 250 spectrometer. IR spectroscopy 
was recorded using an FTIR Nicolet 5700 spectrometer in the 
4000–400 cm −1  frequency range, using powdered samples diluted in 
KBr pellets. Raman spectroscopy were recorded on a Jobin–Yvon T64000 
Raman spectrometer equipped with a liquid-nitrogen-cooled argon 
ion laser at 514.5 nm (Spectra-Physics Stabilite 2017) as the excitation 
source; the laser power used was about 10 mW at the samples with an 
average spot size of 1 µm in diameter. Electrical measurements were 
carried out using a Keithley 2400 source meter. The controlled humidity 

 Figure 5.    a) An orientable transporter fabricated by assembling 7 upright GO/RGO ribbons into a linear array. The transporter could be used to drive 
a paper slice toward the right. b) A crawler paper robot fabricated by using GO/RGO bilayer paper as smart legs. “On” and “off” means turning on 
and turning off the humidity, respectively.
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environments were achieved using saturated aqueous solutions of 
CH 3 COOK, MgCl 2 , K 2 CO 3 , NaBr, CuCl 2 , KCl, and K 2 SO 4  in a closed glass 
vessel at an ambient temperature of 25 °C, which yielded approximately 
23, 33, 44, 57, 68, 86, and 97% relative humidity (RH), respectively.  

  Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author. Absorption spectra of GO aqueous solution and the 
transmittance of GO paper of different thickness, as well as stability 
tests of the GO/RGO paper are provided.  
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