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ABSTRACT: Tautomeric isomerism is very important in DNA/
RNA research, especially base-pair mismatches. However, the
tautomeric polymorph of anhydrous guanine (AG) composed of
a N7-G purine ring has never been reported in the literature.
Herein, a novel crystal phase of anhydrous guanine consisting of
a N9-G purine ring was obtained by dehydration of guanine
monohydrate (GM) at 111 °C, termed dehydrated-GM, the ﬁrst
reported tautomeric polymorph of AG (N7-G). The dehydration/hydration transformation between GM and dehydrated-GM
can be repeated more than 10 times without any observable phase damage. The dehydrated-GM can harvest 8 wt % water
within 30 min at relative low humidity (below 20%). Furthermore, dehydrated-GM has long-term stability in a very dry
environment when the temperature is in between RT and 150 °C. The channel structure of dehydrated-GM can enlighten the
design of materials to harvest water from atmospheric air. The tautomeric polymorphism of N7-G and N9-G purine rings
provides a new insight in nucleic acid bases crystals.

■

INTRODUCTION
Guanine is the most widespread organic crystal existing in
organisms to produce structural colors.1−3 Guanine monohydrate and two anhydrous guanine phases, α and β, are three
well-known crystalline phases of guanine. It was found that
anhydrous guanine (AG) β phase is the main phase existing in
organisms such as silvery ﬁsh and spiders,4 while the AG α
phase5 and GM6 in pure phase have been synthesized in vitro.
The relationship of the crystal structure and the physical and
chemical properties of GM had been investigated in theoretical
studies7−11 since the structure of GM was reported in 1971.12
Recently, single crystalline GM microneedles were prepared by
Gur et al. by varying the pH values of the solution for the ﬁrst
time.6
Tautomerization related issues are fundamentally important
and challenging within diverse chemistry subdisciplines from
conventional organic chemistry, biochemistry, to pharmaceutical chemistry to the emerging surface chemistry. Such
tautomerization phenomena also extensively exist in DNA
bases, which result in the presence of a variety of noncanonical
tautomeric forms and may be responsible for base mismatch,
mutagenesis, and genetic damage.13,14 Tautomeric polymorphspairs of tautomers crystallizing in diﬀerent crystal
structures with no other or identical componentsare very
rare, which is also called desmotropy.15,16 A 2011 systematic
survey of the Cambridge Structural Database (CSD) showed
that as of that date there were only 16 cases of this
phenomenon.15,17 Tautomeric polymorphs are seldom possible
in solids.18 Guanine is an essential component of DNA and
RNA. As one of the four canonical bases, guanine has the
© 2018 American Chemical Society

largest number of tautomers, and the two most stable ones are
the canonical N7-protonated tautomer (N7-G) form and the
N9-protonated tautomer (N9-G) form.19 Both of the α and β
phase AG crystals are composed of N7-G, while GM is
composed of N9-G. However, a tautomeric polymorph of
anhydrous guanine composed of a N7-G purine ring has never
been reported in the literature as far as we know.
Guanosine derivatives are ideal building blocks for the
fabrication of complex architectures with highly controlled
rigidity and have been applied as ion channels and molecular
optoelectronics.20−25 Lipophilic guanosine derivatives can
form either H-bonded ribbons, quartet-based columnar
structures through diﬀerent self-assembly pathways.20,26,27 In
the presence of cations, guanosine derivatives can form
macrocyclic G-quartets, which may further self-assemble into
G9-M+ octamers.21,28 Doluca and co-workers reviewed the
strategies aimed at altering the properties of guanine-rich
oligonucleotides (GROs) using chemical tools, which provide
novel strategies to manipulate DNA/RNA assemblies by using
GROs.29 Wu and co-workers prepared bioinspired crystalline
organic frameworks using G-quadruplexes as intrinsic electron
donors linking planar aromatic electron acceptors, which
exhibited excellent structural stability and electrical conductivity as cathode materials in a Li-ion battery.30
Herein, we realized the synthesis of dehydrated-GM, which
is the ﬁrst reported tautomeric polymorph of AG. The
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Scheme 1. Two Major Keto-Amino Tautomers of Guanine, (a) the N7-G Form and (b) the N9-G Form Are in Aqueous
Solution. (c) The Guanine Ring of Reported Anhydrous Guanine (AG) Consisting of N7-G. Possible Dehydration/Hydration
Process in between (d) GM and (e) Dehydrated-GM through Heating and Cooling. The crystal structures of AG and GM were
drawn according to literature.6

(TEM, FEI Tecnai T20, 200 kV), powder X-ray diﬀraction (PXRD,
Rigaku Dmax-2000, Cu Kα; Philips X’Pert Pro, Cu Kα), scanning
electron microscopy (SEM, Hitachi FE-S4800, 5 and 10 kV), and
thermogravimetric analysis (TGA, TA Q600, nitrogen or air, 10 K/
min).
Dehydration/Hydration Transformation. The dehydration/hydration transformation between GM and dehydrated-GM in a few
milligrams was investigated by using TGA (TA Q600, nitrogen or air,
10 K/min), varying temperature powder X-ray diﬀraction (VT-PXRD,
Philips X’Pert Pro, Cu Kα), and varying temperature Fourier
transform IR spectroscopy (VT-FTIR, Nicolet Magna-IR 750 with a
heating stage). The reversible transformation between GM and
dehydrated-GM were tested by TGA, VT-XRD, and VT-FTIR for
more than 10 cycles. The crystal lattice parameters of dehydrated-GM
at 150 °C and GM at room temperature were calculated by Topas
with proﬁle-ﬁtting (Pawley Method) according to the PXRD patterns.
The dehydration process of GM in large scale (1.5 g) at room
temperature with diﬀerent humidities was investigated, while the
temperature was increased step by step from 40 to 120 °C in the
oven. The obtained dehydrated-GM was then hydrated while the
temperature of the oven was decreased to 80 °C. The oven was kept
at a certain temperature for 30 min to let the dehydration/hydration
transformation proceed, and an analytical balance was applied to
record the weight change every 10 min. The weight variation of the
same amount of GM was reexamined reversibly at diﬀerent room
humidities more than three times. A dynamic vapor sorption analyzer
(TA Q5000SA) was applied to study the water absorption rate of
dehydrated-GM under diﬀerent humidities. GM was transferred to
dehydrated-GM in a TG furnace (TA Q5000SA) at 80 °C with
humidity 0%. The temperature in the TG furnace was then reduced to
40 °C. The hydration rates for dehydrated-GM at 40 °C was tracked
by increasing the humidity from 0% to 70% step by step. The samples
were maintained for 1 h at each humidity.

dehydrated-GM is monoclinic crystal composed of N9-G,
tautomeric polymorph of AG (N7-G). The dehydrated-GM has
long-term stability at room temperature and robust stability
after repetitive water harvest from atmospheric air. Reversible
and eﬃcient dehydration/hydration transformation between
GM and dehydrated-GM can proceed in large scale, probably
due to their similar crystal structures and the elaborate water
channels composed of six N9-G molecules.

■

EXPERIMENTAL SECTION

Materials. Industry guanine (C5H5N5O) was bought from Alfa
Aesar. Sodium hydroxide (NaOH) was bought from Xilong Scientiﬁc.
Sulfuric acid (H2SO4) was bought from Beijing Chemical Works.
Cetyltrimethylammonium bromide (CTAB) was bought from
Sinopharm Chemical Reagent.
Synthesis. Synthesis of GM Nanoﬁbers. 3.78 g of industry
guanine particles (0.025 mol) and 4.00 g of sodium hydroxide (0.10
mol) were dissolved in water (250 mL), and NaOH solution with
guanine (0.1 M guanine in 0.4 M NaOH solution) was obtained,
which was termed as G-Na solution in this work. 0.7 mL of sulfuric
acid (0.2 M) solution was quickly added into a mixed solution of 0.5
mL of G-Na solution and 9 mL of water (pH 12−13). The ﬁnal acidic
solution (pH ≈ 2.5) became slightly cloudy in several minutes and
was stirred at room temperature overnight. White particles of guanine
were precipitated in the vessel.
Synthesis of GM Nanorods. 0.5 mL of 0.2 M H2SO4 solution was
quickly added into a mixed solution of 0.5 mL of above G-Na solution
and 9 mL of neutral PBS solution with surfactant cetyltrimethylammonium bromide (CTAB). The concentration of CTAB in ﬁnal
solution was 2.7 mM. The ﬁnal solution (pH ≈ 7−8) was stirred at
room temperature for 2 h. White precipitates can be observed in the
solution after several minutes.
The synthesis of GM nanoﬁbers in large scale: 100 mL of the above
G-Na solution was slowly added into a mixed solution of 2 L of
deionized water and 200 mL of 0.2 M H2SO4 solution. The ﬁnal
solution was stirred overnight. All the obtained guanine precipitates
were separated by centrifugation or ﬁltration and washed with double
distilled water twice.
Characterizations of Guanine Samples. The obtained GM
samples were characterized by transmission electron microscopy

■

RESULTS
Characterizations of a Novel Anhydrous Guanine
Phase, Dehydrated-GM. N7-G and N9-G are two major
keto-amino tautomers of guanine, as shown in Scheme 1.
Guanine is insoluble in water but can be easily dissolved in
acidic or alkali aqueous solution.31,32 In this work, guanine was
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ﬁrst dissolved in 0.4 M NaOH basic aqueous solution at pH ≈
12, termed as G-Na solution. Then, 0.2 M H2SO4 solution was
quickly added into the above G-Na solution, and an acidic
solution was formed (at pH ≈ 2.5). The samples obtained
under acidic conditions were single crystalline GM nanoﬁbers
according to the SEM and TEM images, SAED pattern (Figure
1a,b), and powder X-ray diﬀraction (PXRD) pattern (Figure

Figure 2. Characterizations of GM nanoﬁbers by using DSC-TGA.

temperature, which indicates a phase change happens at this
temperature.
Varying temperature PXRD (VT-PXRD) and varying
temperature Fourier transform infrared spectroscopy (VTFTIR) were applied to follow the crystal phase variation of the
GM crystals with the increase of temperature from room
temperature to 250 °C (Figure 3). The VT-PXRD and VTFTIR of typical GM nanoﬁbers obtained under acidic solution
were proceeded from RT to 250 °C. All the diﬀraction peaks
shift to higher 2θ from those of GM, while the temperature was
increased to 150 °C (Figure 3a, b). When the temperature
further decreased to RT, the guanine products transformed to
GM according to the PXRD pattern and IR spectrum. The
PXRD patterns for the hydrated guanine samples after a few
hydration/dehydration cycles are similar to that of GM,
indicating that the dehydrated-GM and GM are stable under
the hydration/dehydration processes and this is a reversible
process (Figure 3a). The guanine products obtained at 120
and 150 °C have similar PXRD patterns (Figure 3a, b). We
conclude that the guanine samples obtained at 120 and 150 °C
have a novel crystal phase of anhydrous guanine with similar
crystal structure of GM, termed dehydrated-GM. GM
transformed to dehydrated-GM at around 111 °C according
to the TGA-DSC results in Figure 2. The dehydrated-GM is
stable in between 113 and 232 °C according to the DSC-TGA
data (Figure 2) and VT-PXRD patterns (Figure 3c). The VTPXRD diﬀraction patterns indicate that dehydrated-GM
further transformed to AG when the temperature varied
from 220 to 250 °C (Figure 3c), which is consistent with the
exothermic peak at around 232 °C in the DSC plot (Figure 2).
It was reported that there was a transformation from GM to
AG at a relatively low temperature (∼95 °C) in Gur’s paper.6
The diﬀerences between dehydration temperature in Gur’s
paper and this work may be caused by diﬀerent TGA analysis
conditions such as the diﬀerent amounts of examined materials
and temperature scanning rate. However, according to our
detailed studies based on DSC-TGA and VT-PXRD results,
there was phase change from GM to dehydrated-GM, and then
to AG while heating the GM from RT to high temperature
(250 °C). When the temperature increased from 400 to 500
°C, a sharp weight loss can be observed in the TGA plot, which
was attributed to the decomposition of AG (Figure 2).
The isomeric molecular structures of diﬀerent guanine
crystals were characterized by using VT-FTIR (Figure 4).
FTIR spectra of dehydrated-GM, GM at RT and GM treated

Figure 1. Characterizations of GM by using SEM, TEM, and PXRD.
(a) SEM and (b) TEM images and SAED pattern (b inset) of single
crystalline GM nanoﬁbers obtained in acidic solution. (c) SEM image
of GM nanorods obtained in PBS buﬀer with the presence of 2.7
mmol·L−1 CTAB. (d) Powder X-ray diﬀraction (PXRD) of GM
nanoﬁbers and nanorods.

1d). Diﬀraction spots with lattice distances of 3.73 Å, 9.61 Å,
and 3.50 Å in the SAED pattern are attributed to (001), (110),
and (111) of GM, respectively (Figure 1b). The long axis of
nanoﬁbers is parallel to the c axis of GM according to the
SAED pattern. According to the PXRD pattern, all the
diﬀraction peaks are (hk0) and the long axis of GM nanoﬁbers
are almost all parallel to the sample holder surface. We
characterized the short GM nanorods obtained in PBS buﬀer
solution with the presence of cationic surfactant (CTAB)
(Figure 1c, d). The diﬀraction peak (3̅01) appeared in the
PXRD of the GM nanorods obtained in PBS buﬀer, while it
was absent in the PXRD of GM nanoﬁbers obtained under
acidic solution (Figure 1d).
Thermogravimetric analysis (TGA) was applied to study the
thermal stability of GM (Figure 2). There is an endothermic
peak at around 111 °C according to the DSC plot. The sample
lost about 8.6 wt % when the temperature increased from room
temperature (RT) to ∼113 °C from the TG analysis,
indicating the loss of the crystalline water at ∼111 °C. There
was no obvious weight loss from 113 to 350 °C according to
the TGA plot. The theoretical weight percent of crystalline
water in GM is 10.7%. Therefore, we propose that our
synthetic GM crystals had slightly less crystalline water than
the theoretical content. Furthermore, the incorporation of
impurity (e.g., sulfate) in the reaction system can also
contribute to such a discrepancy. There was an exothermic
peak at around 232 °C, and no weight variation appears at this
6499
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Figure 3. In-situ VT-PXRD characterization of guanine monohydrate dehydration process. Panels (a) and (b) reversible hydration/dehydration
processes between dehydrated-GM (150 °C) and GM after a few dehydration hydration cycles, (c) irreversible process of dehydrated-GM to AG.

been proposed in theory,33 but has not been synthesized in the
laboratory, as far as we know. We calculated the cell data of
dehydrated-GM at 150 °C (Table 2) according to its PXRD
Table 2. Crystal Lattice Parameters of GM (RT) and
Dehydrated-GM (150 °C) Were Calculated by PXRD
Patternsa

Figure 4. In-situ VT-FTIR spectroscopy of guanine monohydrate
dehydration process. (a) Reversible hydration/dehydration processes
between dehydrated-GM (150 °C) and GM after a few dehydration
hydration cycles, (b) irreversible process of dehydrated-GM to AG.

parameters

GM (RT)

dehydrated-GM (150 °C)

syngony
a (Å)
b (Å)
c (Å)
β (deg)
V (Å3)

monoclinic
16.55
11.27
3.65
96.6
676.2

monoclinic
16.20
10.99
3.60
96.1
637.3

variation (%)
−2.1
−2.4
−1.4
−6

a

GM nanorods obtained in PBS buﬀer were characterized by using
PXRD to calculate the crystal lattice parameters of dehydrated-GM.

with a few dehydration/hydration cycles are similar to that of
GM reported in Gur’s work6 (Figure 4). The broad peaks at
3420 and 3200 cm−1 are attributed to the water stretching
modes (−OH) of ν1 and ν3, respectively, which are absent in
the IR spectra of AG and dehydrated-GM. Dehydrated-GM
and GM have similar vibrations of the purine ring, N9-G,
diﬀerent from AG (N7-G), between 3600 and 2400 cm−1. The
IR vibration bands in between 3600 and 2400 cm−1 of GM,
AG and dehydrated-GM (150 °C), are listed in Table 1. The

pattern. Dehydrated-GM is monoclinic crystal and shrinks
anisotropically along diﬀerent axes in comparison to the cell
data of monoclinic GM. The lattice parameter along the b axis
has more shrinkage (2.4%) than those along the a axis (2.1%)
and c axis (1.4%). The GM nanoﬁbers after the dehydration/
hydration process still exhibit single crystalline feature
according to the TEM image and SAED pattern (Figure
S1a). Small nanoparticles can be seen along the onedimensional nanostructures while the heating temperature
was 250 °C (Figure S1), while the deposition of aggregates of
AG nanoparticles with needle-like morphology in this work is
consistent with Gur’s work.6
Dehydration/Hydration Process of GM. We investigated
the dehydration/hydration process of GM by varying the
temperature between RT (25 °C) and 150 °C, back and forth
for many cycles. The weight variation and the polymorph
change of the guanine samples during the dehydration/
hydration process were tracked by using TGA and VT-PXRD
(Figure 5a). As for the ﬁrst cycle, the temperature of the TGA
furnace body with dehydrated-GM was decreased from 150 °C
to RT, and then increased from RT to 150 °C with a rate of 10
K/min. Almost no weight change can be detected from the
TGA plot with a variation of temperature from 150 °C to RT,
and vice versa, when dehydrated-GM was kept in a very dry
TGA furnace body (Figure 5a, cycle 1). Dehydrated-GM
regained about 5 wt % due to the partial hydration to GM,
while it was exposed to the atmospheric air for 30 s at RT (25
°C, 70% RH) (cycle 2). Dehydrated-GM transformed to GM

Table 1. Experimental IR Wavenumbers for Three Guanine
Crystals
modes
GM (RT)
80 °C
120 °C
150 °C
180 °C
250 °C
AG (RT)

νa (NH2)a/cm−1
c

3478 (w) , 3337
3476 (w), 3344
−, 3344
3479, 3296
3480, 3295
3350
3341

νs (NH2)b/cm−1

ν (OH)/cm−1

3137
3137
3150
3151
3154
3113
3113

3422, 3204
3425, 3202
3426, 3199

νa: antisymmetric stretching. bνs: symmetric stretching. cw: weak.

a

NH bonds of the −NH2 group of dehydrated-GM are not
symmetrical (Scheme 1e), one hydrogen of −NH2 forms
hydrogen bond with adjacent guanine molecule (3296 cm−1),
and the other hydrogen of −NH2 is free (3479 cm−1). The free
hydrogen on −NH2 is unstable and has strong hydroscopicity.
Dehydrated-GM and GM have similar crystal structures
according to their PXRD patterns. According to the VT-FTIR
spectra, the dehydrated-GM is composed of N9-G, which has
6500
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Figure 5. Characterizations on the hydration/dehyration process of GM in small scale. (a) Reversible water absorption ability of dehydrated-GM
from atomospheric air. (b) Dehydrated-GM formed at 150 °C from GM was kept in a very dry furnace body (below 20% humidity), and the weight
of the guanine was recorded with time.

Figure 6. Characterizations on the hydration/dehyration process of GM in large scale. (a) About 1.5 g of GM treated at 120 °C was then exposed
to air at RT, and the increasing weight of dehydrated-GM was recorded with time under standing and air blowing conditions. (b) The dehydration/
hydration process of 1.5 g of GM was tested at diﬀerent humidities and diﬀerent temperatures, while the ○ locations were the measurement points
for recording the sample weight.

70% (Figure S2). Dehydrated-GM exhibits a very good ability
to acquire water even when the humidity is as low as 20−30%.
More importantly, dehydrated-GM can adsorb one molar
water and transform to GM at relatively low humidity and low
temperature (40 °C and 40% humidity) using dynamic vapor
sorption (DVS) analyzer (Figure S2). The hydration property
of dehydrated-GM in large scale (gram-scale) was further
investigated (Figure 6). First, after a dehydration process at
120 °C for 30 min, GM transformed to dehydrated-GM. The
weight of increment water on dehydrated-GM was tracked
with time at RT and low humidity (24−25 °C, 20−24%
humidity) (Figure 6a). The hydration rate was fast, and about
95% of dehydrated-GM in gram-scale transformed to GM in
30 min at room temperature when there was air blowing
(Figure 6a). It can be seen that the hydration rate of
dehydrated-GM was obviously faster when air blowing was
applied than the standing case. Dehydrated-GM has a fast
hydration feature both in small and large scales.
We proceeded the dehydration/hydration process of a large
amount of GM (∼1.5 g) while increasing the temperature step
by step from room temperature (25 °C) to 120 °C and then
decreasing the temperature to 80 °C under controlled
humidity. The weight variations of guanine samples were
studied with time while changing the temperature and
humidity (Figure 6b). Under diﬀerent room humidities (35%
and 50%), the weight loss varied from 2 to 4 wt % when the
temperature increased from 100 to 120 °C, much more than
that at low temperature window (60 to 100 °C). One possible
reason is that most of the crystalline water was removed while
increasing the temperature from 100 to 120 °C. The

and the sample regained about 8 wt % when dehydrated-GM
was exposed to the air at RT for 2 min (cycle 3, ﬁrst part). GM
further lost crystalline water and transformed to dehydratedGM after reheating the system to 150 °C (cycle 3, second
part). We repeated the dehydration/hydration process three
times, and similar weight variation results were obtained (cycle
3−5). Dehydrated-GM regained water and transformed to GM
in the ﬁrst part for the sixth cycle. However, GM further
transformed to AG after reheating the system to 250 °C (cycle
6, the second part). The phase transformation from GM to AG
when the temperature increased to 250 °C was conﬁrmed from
the VT-PXRD patterns (Figure 3c). No obvious weight change
can be observed when the temperature varied from 250 °C to
room temperature, or from RT to 150 °C (cycle 7). Diﬀerent
from dehydrated-GM, AG could not transform to GM when it
was exposed to the air (∼25 °C, 70% RH, cycle 7, ﬁrst part),
probably because the crystal structure of AG is very diﬀerent
from GM. The dehydration/hydration process study between
GM and dehydrated-GM indicates that this is a reversible
process and can be repeated more than 10 times.
Obvious weight gaining (8 wt %) can be observed in 150
min when a small amount of dehydrated-GM (∼4 mg) was
kept in the DSC-TGA furnace body with dry N2 ﬂow under
low humidity (less than 20% RH) at room temperature. The
hydration rate of dehydrated-GM was nearly linear in 150 min
under the above condition (Figure 5b). Dehydrated-GM can
“acquire” 8 wt % water from the atmospheric air in half an hour
under low humidity (below 20% RH). The hydration process
of dehydrated-GM at 40 °C was studied in the TGA furnace
body while increasing the humidity step by step from 10% to
6501
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dehydration process of GM took about 30 min at 120 °C. In
contrast, the hydration process from dehydrated-GM to GM
can be ﬁnished in about 10 to 20 min while decreasing the
temperature from 120 to 80 °C, much faster than the
dehydration process. The weight loss at low humidity (35%)
was 5 wt %, more than two times higher than that at high
humidity (65%) when the temperature was increased from 100
to 120 °C, which indicates that the water partial pressure is
essential to the dehydration/hydration process.

Article

CONCLUSION
The dehydration process of GM was investigated in detail and
phase variation from GM to dehydrated-GM, and then to AG
was observed for the ﬁrst time. The dehydrated-GM is a novel
crystalline phase (N9-G), the ﬁrst reported tautomeric
polymorph of AG (N7-G), which may have potential
application in biological chemistry and biomedical engineering.
This is also the ﬁrst time the tautomeric polymorph of
canonical bases has been reported. The dehydrated-GM has
very high stability at high temperature (150 °C) for overnight,
and the dehydration/hydration process between GM and
dehydrated-GM can be repeated more than 10 times. The
dehydrated-GM has very good water harvest ability (8 wt %)
with a fast rate (in 30 min) even at relatively low room
humidity (below 20%) and low temperature (40 °C).
Therefore, dehydrated-GM may have potential application as
a water harvest material in a dry environment.

■

DISCUSSION
Tautomeric polymorph systems provide an exceptional
opportunity for studying tautomeric forms separately, which
is of key importance for canonical bases.18 As one of the most
popular organic crystals exist in many organisms,2 AG
composed of a N7-G purine ring is very diﬀerent from the
guanine molecule (N9-G) existing in DNA/RNA. In this work,
we realized the formation of a novel polymorph of anhydrous
guanine, dehydrated-GM (N9-G), the ﬁrst reported tautomeric
polymorph of AG (N7-G). As far as we know, this is also the
ﬁrst time the tautomeric polymorph of canonical bases has
been reported, which may be potentially applied for
investigations for base mismatch, mutagenesis, and genetic
damage. The discovery of dehydrated-GM (N9-G) provides a
new insight in nucleic acid bases crystals and may have
potential applications,34,35 e.g., wide band gap semiconductors.35
Atmospheric water is a resource equivalent to ∼10% of all
fresh water in lakes on Earth, and thus water harvest from
atmospheric air may be a good choice to solve severe water
scarcity.36 There are mainly two kinds of mechanisms for
atmospheric water adsorption: (1) chemical reactions, e.g.,
CaCl2; (2) physical adsorption on the internal surface, porous
materials like zeolites, metal organic frameworks (MOFs).37
The reversible hydration/dehydration process of MOFs has
been applied as a water collecting system.38 The dehydratedGM can adsorb about 8 wt % water from a relatively dry
atmospheric environment (20% RH) within 30 min, which is
very fast in comparison to other water harvest materials. The
zigzag channel in the GM crystal structure might contribute to
the fast movement of water molecule and the fast hydration/
dehydration rate under low humidity. The dehydration/
hydration process between GM and dehydrated-GM can be
repeated more than 10 times, and the same phase variation
phenomenon can be observed in our experiments, which
indicates the high stability of dehydrated-GM in between RT
and 150 °C. Further experiments indicate that the dehydratedGM can be stable at high temperature (150 °C) for overnight.
One possible reason for the high stability of dehydrated-GM is
that the crystal structure of dehydrated-GM does not change
much from that of GM, and only a slight shrinking (less than
2.4%) along diﬀerent crystalline axes happens when GM
transforms to dehydrated-GM. Only one water molecule can
have hydrogen bonding with guanine molecules in the inner
channel of guanine crystal, in which six guanine molecules
form a six-membered ring plane through hydrogen bonding.
The pores of dehydrated-GM are very appropriate for water
adsorption. Thus, the dehydrated-GM has high selectivity for
water adsorption. Due to the advantages such as the high
stability, high selectivity, the high water harvest rate at low
humidity (20%) or relatively low temperature (40 °C), and the
reversal hydration/dehydration feature, dehydrated-GM can be
applied as a good potential water harvest material in the future.
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