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Nanocable catalysts MTe (M = Pt, PtCu)@UIO-67 for
CO2 conversion
Huaqian Zhang, Haitao Xu*, Yuanyuan Li, Xinbo Pan and Lishuang Li

ABSTRACT Zr-based metal–organic framework nanocable
catalysts comprising MTe(M = Pt, PtCu)@UIO-67 resembling
“sugarcoated haws on a stick” were assembled. Ultrathin Te
nanowires with diameters of about 8.48 nm served as a sacri-
ficial template for the epitaxial growth of an outer M (Pt or
PtCu) to obtain cable cores comprising MTe nanowires with
good dispersity, which were then successfully encapsulated in
the center of a monodisperse MTe@UIO-67 cable nano-
structured catalyst. Transmission electron microscopy (TEM),
scanning electron microscopy (SEM), powder X-ray diffrac-
tion (XRD) and energy dispersive X-ray (EDX) element
mapping were used to investigate the morphology, structure
and composition of the nanocable catalysts. Six types of cat-
alysts were synthesized, and all of the catalysts demonstrated
superior product selectivity to CO for reverse water-gas shift
(RWGS) reaction. Especially, the morphology and dispersion
of PtCuTe@UIO-67 nanocable catalyst can be maintained to
some extent after catalysis at high temperature, and
PtTe@UIO-67 catalyzed CO2 conversion was achieved with
99.86% CO selectivity.

Keywords: metal-organic frameworks, nanowires, nanocable
catalyst, reverse water-gas shift reaction

INTRODUCTION
In recent years, unprecedented industrial and economic
development has led to excessive emissions of carbon
dioxide, which is considered to be a major contributor to
global warming and seawater acidification. To mitigate
these negative environmental impacts, CO2 removal from
the atmosphere is becoming increasingly urgent [1–4].
Three main strategies have been proposed to prevent the
atmospheric CO2 concentration from increasing: curbing
its release, CO2 storage and CO2 utilization [5]. CO2
conversion is an ideal form of CO2 utilization; it can not

only alleviate CO2 emission, but also yield value-added
products such as methanol [6], methane [7] and other C2+
hydrocarbons [8] to supplement or replace chemical
feedstocks [9]. The reverse water gas shift (RWGS) re-
action is regarded as one of the most preferred routes
because its products can be processed further, especially
by Fischer–Tropsch synthesis, to produce heavy hydro-
carbons [10,11]. Various catalysts such as Pt [12], Fe [13],
Pd [14], and Ru [15] have been tested for the RWGS
reaction; however, despite unceasing research efforts, the
development of high-efficiency catalysts is still underway.
One-dimensional (1D) metal nanowires (NWs) and

nanotubes have received much research interest because
of their versatility and characteristics such as ultrahigh
surface-to-volume ratio, controllable shape, and tunable
composition [16–19]. Alloy NWs such as PtRu [20] and
PdM (M = Pt, Au) [21] exhibit enhanced catalytic
properties compared with their parent metals, mainly due
to the electronic interplay between the constituent metals.
Many researchers have reported that 1D nanostructure
catalysts were attempted for methanol oxidation reaction
(MOR) [22,23] and oxygen reduction reaction (ORR)
[24,25]; however, to the best of our knowledge, 1D na-
nostructures have seldom been reported as catalysts for
the RWGS reaction.
Metal–organic frameworks (MOFs) are a class of por-

ous infinite-structured materials constructed by metal
cations or metal clusters coordinated to organic ligand
molecules [26–29], which possess characteristics includ-
ing modifiable topology [30], excellent chemical and
thermal stability [31], and exceptionally high microscopic
surface area [32]. These remarkable features endow the
MOFs with diverse applications including gas storage
[33–35] and separation [36], chemical sensing [37], and
catalysis [38,39]. Recently, MOFs were shown to be in-
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triguing candidate supports for catalysts integrating single
atoms or metal clusters, providing endless possibilities for
catalyst design [40]. MOFs anchoring single Ru sites ef-
fectively catalyzed chemoselective hydrogenation [41],
and MOFs assisted preparation of single-atom Ni cata-
lysts for CO2 electroreduction [42]. Three-dimensional
(3D) MOF@carbon was synthesized for application in
Li–S batteries [43], and carbon nanofibers derived from
Te@ZIF-8 were developed for high electrocatalytic per-
formance [44]. ZnO NWs encapsulated in ZIF-8 as a
nanocomposite (ZnO@ZIF-8) were also studied, which
greatly improved the gas sensor selectivity [45].
Here, Te NWs were chosen as templates to fabricate

well-defined MTe NWs through the epitaxial growth of
Pt or PtCu. UIO-67 served as an applicable host matrix
[46,47] with good thermal stability [48], which could
protect PtTe or PtCuTe NWs from sintering and ag-
gregating, and thus retain their catalyst activity at high
temperature. High surface area and high porosity make
UIO-67 adsorb the reactant molecule and transport it to
the metal active center, and the pore size effect of UIO-67
could improve the product selectivity, which has been
demonstrated by the reported literature [49]. Our
synthesis strategy to fabricate MTe@UIO-67 cable cata-
lysts with MTe NWs encapsulated in the core of UIO-67
is shown in Fig. 1. The developed MTe@UIO-67 cable
nanostructured catalysts combine the outstanding natures
of UIO-67 and MTe NWs, leading to enhanced catalytic
efficiency and stability toward RWGS reaction.

EXPERIMENTAL SECTION

Materials
Biphenyl-4,4-dicarboxylic acid (BPDA, 98%) was pur-
chased from Energy Chemical; polyvinylpyrrolidone
(PVP, molecular weight (MW) = 58,000, K29-32) and
zirconium chloride (ZrCl4, 98%) were purchased from
Shanghai Mclean Biochemical Technology Co., Ltd; PVP
(MW = 40,000, K-30) was purchased from Shanghai
Yuanye Bio-Technology Co., Ltd. L-ascorbic acid (99.7%)
was purchased from Sigma-Aldrich Co.; ammonia solu-
tion (NH3·H2O, 25%–28%) was purchased from Shanghai
Lingfeng Chemical Reagent Co., LTD. Hydrazine hydrate
aqueous solution (N2H4·H2O, 85%) was purchased from
Sinopharm Chemical Reagent Co., Ltd. Chloroplatinic
acid (H2PtCl6, 99.95%, Pt≥47%), copper(II) chloride di-
hydrate (CuCl2·2H2O, 99.0%), sodium tellurite (Na2TeO3,
99.9%), N,N-dimethylformamide (DMF, 99.5%), ethanol
(99.7%), acetic acid (≥99.5%) and acetone (≥99.5%) were
purchased from Shanghai Titan Scientific Co., Ltd. All the

reagents were used without any further purification.

Characterizations
Scanning electron microscopy (SEM) imaging and energy
dispersive X-ray spectroscopy (EDS) were carried out by
using a Hitachi S4800 scanning electron microscope at
6.0 kV. Field emission scanning electron microscopy
(FESEM) imaging was performed by using a GeminiSEM
500 field emission scanning electron microscope. Trans-
mission electron microscopy (TEM) measurement was
performed on a JEM-2100 at 200 kV. High angle annular
dark field scanning transmission electron microscopy
(HAADF-STEM) imaging was carried out on an FEI
Tecnai G2 F30 transmission electron microscope oper-
ated at 300 kV. Powder X-ray diffraction (PXRD) data
were collected and recorded in the 2θ range of 5°–75°.
Nitrogen adsorption-desorption measurements were
conducted at 77 K on a surface area and pore size ana-
lyzer (JK-122F) after the samples were degassed at 120°C
for 3 h. The specific surface area and the pore size dis-
tribution were calculated by using the Brunauer-Emmett-
Teller (BET) and Barrett-Joyner-Halenda (BJH) methods,
respectively. The content of Pt and Cu were measured by
inductively coupled plasma-optical emission spectroscopy
(ICP-OES). X-ray photoelectron spectroscopy was de-
tected by a Thermo ESCALAB 250Xi. CO2 adsorption–
desorption isotherms were carried out on automatic vo-
lumetric adsorption equipment (ASAP20) at 298 K.

Synthesis of UIO-67
BPDA (15 mg) and zirconium chloride (10 mg) were
dispersed into 5 mL of DMF, and PVP (100 mg, MW =
58,000) and 200 μL of acetic acid were added into the
solution subsequently, each step with sonication for
10 min in order to obtain dispersed solution. Then the
above solution was transferred into a 30-mL Teflon-lined
autoclave at 120°C for 24 h. The product was recovered
by centrifugation (8500 rpm, 5 min), washed several
times with DMF and ethanol, and dried at 80°C over-
night.

Synthesis of Te NWs
Te NWs were prepared according to previous reports
with slight modifications. First, 0.3 g of PVP (MW =
40,000) was dissolved with 11 mL of distilled water under
continuous sonication to form a homogeneous solution at
room temperature. After that, 0.0553 g of Na2TeO3 was
added into the previous solution and dissolved. Then,
1 mL of aqueous ammonia (25%–28%, w/w) and 0.5 mL
of hydrazine hydrate (85%, w/w) were added to the

ARTICLES . . . . . . . . . . . . . . . . . . . . . . . . . SCIENCE CHINA Materials

770 May 2020 | Vol. 63 No.5© Science China Press and Springer-Verlag GmbH Germany, part of Springer Nature 2020



mixture with magnetic stirring. The final solution was
transferred into the container of Teflon-lined stainless
steel autoclave, and maintained at 180°C for 4 h, to
obtain the product of Te NWs. The Te NWs were cen-
trifuged with acetone and washed several times with
distilled water, and dispersed in 12 mL of water for fur-
ther use.

Synthesis of MTe (M = Pt, PtCu) NWs
The prepared Te NWs (6 mL) were added into 12 mL of
distilled water, followed by the addition of PVP solution
(60 mg of PVP in 5 mL of distilled water) under stirring,
and the solution was transferred to a water bath (60°C).
Then, 400 μL of H2PtCl6 (0.1 mol L−1) and 600 μL of
CuCl2·H2O (0.1 mol L−1) were added immediately. About
30 s later, 2 mL of L-ascorbic acid (0.1 mol L−1) was in-
jected, and the mixture was stirred at 60°C for 1 h. The
product was centrifuged at 11,000 rpm for 10 min, and
washed with DMF for several times. Finally, the prepared
MTe NWs were dispersed in 2 mL of DMF containing
60 mg of PVP (MW = 58,000) for further use. Further-
more, we changed the amount of Pt and Cu sources ad-
ded in the precursor solutions to prepare MTe NWs with
various compositions, using the volume ratios of H2PtCl6
(0.1 mol L−1) and CuCl2·H2O (0.1 mol L−1) set as 100:150,
200:300, 400:0, 400:600, 400:1200, 800:1200 (all in μL),
respectively.

Synthesis of MTe (M = PtCu, Pt)@UIO-67 nanocable
catalysts
In a typical procedure, BPDA (15 mg) and zirconium
chloride (10 mg) were dissolved into 4 mL of DMF, fol-

lowed by the addition of PVP (170 mg, MW = 58,000)
and 1 mL of the as-prepared MTe NWs. Finally, 100 μL of
acetic acid was added into the solution subsequently, each
step with sonication for 10 min. Then the solution was
transferred into a 30-mL Teflon-lined autoclave at 120°C
for 4 h. The product was centrifuged at 10,000 rpm for
8 min, washed twice with DMF and ethanol before being
dried under vacuum.

RESULTS AND DISCUSSION

Synthesis and morphology of 1D NWs
MTe NWs were assembled by using ultrathin Te NWs as
the sacrificial templates. Te samples with deep blue color
in aqueous solution (Fig. S1) were prepared under hy-
drothermal conditions [50]. TEM images (Fig. S2, Fig. 2a)
of the prepared samples reveal uniformly monodispersed
Te NWs with diameters of about 8.48 nm and lengths of
tens of nanometer (marked with red circles) to a few
microns. As shown in Fig. 2, metal (Pt, PtCu) NPs were
deposited on Te NWs to obtain monodispersed MTe
NWs, during which the Te NWs acted as both the tem-
plate and reductant, and L-ascorbic acid was employed as
an assisting reductant. PVP was used as a guiding agent
and polymer-functionalized stabilizer [51], which not
only controls the shape of the MTe NWs, but also im-
proves their dispersion and protects the NPs from oxi-
dation. Six MTe NW samples with varying metal contents
were prepared under otherwise identical conditions using
H2PtCl6 and CuCl2·2H2O, by changing the volume ratio
(in μL) of H2PtCl6 (0.1 mol L−1) and CuCl2·H2O
(0.1 mol L−1): 100:150 for Pt81Cu12Te7, 200:300 for

Figure 1 Synthetic route to the nanocable catalysts NWs@MOF and subsequent application of the catalysts for the CO2 RWGS reaction.
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Pt81Cu16Te3, 400:0 for Pt99Te1, 400:600 for Pt81Cu18Te1,
400:1200 for Pt64Cu35Te1, and 800:1200 for Pt78Cu21Te1,
respectively. The samples of MTe NWs are denoted based
on the actual atomic ratio determined by ICP-OES
(Table S1), and the EDS results (Fig. S3) are also con-
sistent with the ICP-OES data, where the content of Te is
very little in MTe NWs because it is employed as the
sacrificial templates to be consumed. The actual atomic
ratio of Pt to Cu is higher than that of the theoretical
molar proportion, due to that the reduction potential of
PtCl6

2−/Pt (+0.75 V versus normal hydrogen electrode
(NHE)) is higher than that of Cu2+/Cu (+0.153 V versus
NHE) [52–54]. The structure and morphology of MTe
NWs were initially characterized by TEM as shown in
Fig. S4, obviously indicating that these six types MTe
NWs can be synthesized by using the sacrificial template
method with a length of several tens of nanometer or
longer with high yield, and the diameter increases from
about 8 to 14 nm with increasing metal content. As in-
dicated in the inset images in Fig. 2, the MTe metal NW
surface is different from that of Te NWs due to the de-
position of metal nanoparticles. EDX elemental mapping
images (Fig. 3d–i) demonstrate that Pt and Cu are dis-
tributed uniformly through whole PtCuTe NWs, illus-
trating that PtCuTe NWs are composed of Pt, Cu and Te.
Fig. S5b shows the XRD patterns of MTe NWs. There is

no diffraction peak of Te, due to that Te NWs have been
effectively consumed as the sacrificial templates. The
vertical lines show the standard XRD peak locations of Pt
and Cu, where the 2θ peaks of Pt (111), Pt (200) and
Pt (220) are at 39.76°, 46.24° and 67.45° (PDF # 04-0802),
and the 2θ peaks of Cu (111), Cu (200) and Cu (220) are
at 43.29°, 50.43° and 74.13° (PDF # 04-0836), respectively.
The diffraction peaks in the XRD pattern of PtCuTe NWs
are located between the peaks of pure Pt and Cu; com-
pared with pure Pt, the XRD diffraction peaks have a
positive shift, and a negative shift compared with pure Cu
peaks, confirming the formation of PtCu alloy. From
further comparison of Pt99Te1, Pt81Cu18Te1 and
Pt64Cu35Te1, the shift of diffraction angles is observed
when the molar ratio between Pt and Cu is changed.
These results are also consistent with previous reports
[52,53,55]. And from Fig. S6, the 0.22 nm lattice spacing
corresponds to PtCu (111) plane, and the SAED pattern
also reveals that the formation of polycrystalline PtCu
[24,53,56] with an ordered intermetallic structure. The
introduction of Cu to modify PtTe NWs, forming PtCuTe
NWs, is expected to enhance their catalytic performance.

Fabrication and characterization of NWs@MOF nanocable
catalysts
UIO-67 was prepared following a procedure in literature

Figure 2 TEM (a–e, g, h) and FESEM (f, i) images. (a) Te NWs, (b) UIO-67, (c) Te@UIO-67 (d) Pt99Te1 NWs, (e, f) Pt99Te1@UIO-67, (g) Pt81Cu18Te1
NWs, (h, i) Pt81Cu18Te1@UIO-67.
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[57]. Typically, BPDA (15 mg), ZrCl4 (10 mg), PVP
(100 mg), and acetic acid (200 μL) were added to DMF
(5 mL) and maintained at 120°C for 24 h, resulting in
octahedral nanocrystals of UIO-67 of ~272 nm (Fig. S7).
The MTe@UIO-67 composites were prepared following a
similar procedure. MTe NWs were dispersed in DMF,
and then introduced to an MOF precursor solution for
self-assembly. The obtained products were nanocable
catalysts resembling “sugarcoated haws on a stick”
(Fig. 2). MTe@UIO-67 is about 50–60 nm in diameter,
which is much smaller than pure UIO-67 (~272 nm). But
the length of MTe@UIO-67 nanocomposite is only tens
of nanometer, which is much shorter than MTe NWs,
probably owing to the large size of original UIO-67 na-
nocrystals, making the MTe NWs prone to be partly
broken in the assembly process of nanocomposite. So the
final products MTe@UIO-67 are only tens of nanometer
long. Some reported literature also illustrated the similar
phenomenon [44].
Acetic acid acted as a modulator in the above process,

and the amount of acetic acid (Fig. S8) was the key factor
influencing the MTe@UIO-67 morphology. In the ab-
sence of acetic acid, MTe NWs encapsulated by UIO-67
were not observed; instead, tiny disordered nanocrystals
of UIO-67 formed, which could be due to a higher nu-
cleation rate and more nucleation centers. The

MTe@UIO-67 morphology was uniform when acetic acid
was present in a certain amount (100 μL). Further in-
creasing the acetic acid content led to product aggrega-
tion and irregular morphologies. This was the reason why
the cable MTe@UIO-67 did not form when only MTe
NWs were added to the original system (200 μL of acetic
acid) with UIO-67 nanocrystals. These observations can
be explained by the acetic acid modulator competing for
coordination with Zr4+ to control the nucleation rate
[58,59]. MTe@UIO-67 with a perfect morphology can be
prepared by optimizing the acetic acid amount. PVP, a
nonionic and amphiphilic polymer, was also vital for
nanomaterial morphology regulation and prevention of
particle aggregation [60,61]. Without PVP, no product
(Fig. S9) was obtained and NWs were severely aggregated.
Upon addition of PVP, the morphologies of UIO-67-
encapsulated MTe nanostructures were significantly im-
proved. Further increase in PVP content (100 mg) led to
higher yields of the product MTe@UIO-67. When 200 mg
of PVP was used, the MTe@UIO-67 nanostructures were
monodispersed and uniform. All the above observations
illustrate that PVP significantly influences the formation
of MTe@UIO-67, due to that PVP can not only act as a
stabilizer (steric hindrance effect) to improve the dis-
persion of NWs, but also assist controlling the shape and
size of MOF as capping agent, by adhering to the surface

Figure 3 HAADF-STEM images of PtCuTe@UIO-67. (a) STEM image, (b) HAADF-STEM image, (d–i) EDX elemental mapping image, (c) select
region for line-scan EDX, (j–n) corresponding line-scan EDX spectra.
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of NWs to boost the MOF nucleation and growth. Based
on these studies, we conclude that the optimized condi-
tion for the assembly of cable MTe@UIO-67 is 100 μL of
acetic acid and 200 mg of PVP. The results also prove that
this strategy is suitable for the preparation of a series of
MTe NWs for incorporation into MTe@MOF catalysts
(Fig. S10), which are denoted as Pt81Cu12Te7@UIO-67,
Pt81Cu16Te3@UIO-67, Pt99Te1@UIO-67, Pt81Cu18Te1@
UIO-67, Pt64Cu35Te1@UIO-67, and Pt78Cu21Te1@UIO-67.
It is worth noting that, the theoretical atomic ratio
(Pt:Cu) in the assembly process of the catalysts
Pt81Cu12Te7@UIO-67, Pt81Cu16Te3@UIO-67, Pt81Cu18Te1
@UIO-67 and Pt78Cu21Te1@UIO-67 are all same (1:1.5),
but their theoretical metal contents are different; the
theoretical addition amount of Pt in the assembly process
of the catalysts Pt99Te1@UIO-67, Pt81Cu18Te1@UIO-67
and Pt64Cu35Te1@UIO-67 are all same, but the theoretical
atomic ratio of Pt to Cu are different (Table S1).
Te@UIO-67 cannot be obtained by this approach (Fig. 2,
Fig. S11), showing that the metal (Pt or PtCu) improves
the Te surface properties.
Fig. S5a shows the PXRD patterns of the samples,

which match well with the simulated patterns of pure
UIO-67, confirming that NWs encapsulated in UIO-67
do not disrupt the crystal structure of UIO-67. But the
characteristic peaks of metal cannot be observed ob-

viously except Pt78Cu21Te1@UIO-67 due to the lower
metal content and too small sizes of the metal nano-
particles (about 2–3 nm) (Fig. S12). The HAADF-STEM
image in Fig. 3 also indicates that the prepared PtCu-
Te@UIO-67 has a cable core-shell skeleton comprising an
NW core encapsulated in a series of UIO-67 shells. The
corresponding elemental mapping images reveal the
spatial distributions of the constituent elements, con-
firming that ultrathin PtCuTe NWs are in the central
region and surrounded by C, O, and Zr-containing
compounds consistent with the UIO-67. The BET specific
surface area of Pt99Te1@UIO-67 (Fig. S13) is 483 m2 g−1,
which is lower than that of pure UIO-67 (1503 m2 g−1),
and the average pore sizes of the samples are 4.31 nm for
Pt99Te1@UIO-67 and 2.37 nm for UIO-67, the difference
being attributed to the introduction of NWs during the
growth process of the MOF. As shown in Fig. S14, the
maximum CO2 uptake is 19.6 cm3 g−1 for Pt99Te1@UIO-
67, and 18.9 cm3 g−1 for Pt64Cu35Te1@UIO-67, both of
which are lower than that of UIO-67 (27.1 cm3 g−1), due
to the introduction of MTe NWs.

Catalytic performance
The catalytic process is described in Supplementary in-
formation (Scheme S1). The effectiveness of nanocable
catalysts PtTe@UIO-67 and PtCuTe@UIO-67 in the

Figure 4 Catalysis results for the RWGS reaction. CO2 conversion and CO selectivity of the catalysts at 400°C, 2 MPa, H2:CO2 = 3:1, and
24,000 mL h−1 g−1 space velocity (left abscissa; orange, red, and black columns). CO2 conversion and CO selectivity under different reaction conditions
for a Pt99Te1@UIO-67 catalyst at 24,000 mL h−1 g−1 space velocity (right abscissa): 2 MPa, H2:CO2 = 3:1 (green columns); 400°C, H2:CO2 = 3:1 (blue
columns); 400°C, 2 MPa (deep red columns).
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RWGS reaction is shown in Fig. 4. At 400°C, UIO-67 has
no effect on CO2 conversion, and 2.69% CO2 conversion
of Pt64Cu35Te1 NWs is less than that of Pt64Cu35Te1@UIO-
67 (22.06%). It is well accepted in the reported literature
that oxygen vacancies play an important role in the
RWGS reaction [62–64]. UIO-67 is a Zr-based oxide
component in our experiment, which not only provides
oxygen vacancies but also prevents the nanoparticles
from sintering to some extent at high temperature. So,
bare catalysts without UIO-67 have poor catalytic per-
formance. Only 4.24% CO2 conversion is obtained for
Te@UIO-67. With increasing alloy loading (Table S1),
CO2 conversion significantly increases: 7.73% for
Pt81Cu12Te7@UIO-67, 14.81% for Pt81Cu16Te3@UIO-67,
21.79% for Pt81Cu18Te1@UIO-67, and 21.57% for
Pt78Cu21Te1@UIO-67, and CO selectivity is all above 90%
for the four types of catalysts with metal content in-
creasing under the condition of gas volume ratio of
H2:CO2 = 3:1, 2 MPa pressure and 24,000 mL h−1 g−1

space velocity. Further increasing the metal content has
no influence on the catalytic effects, and compared with
Pt81Cu18Te1@UIO-67, no enhancement in CO2 conver-
sion is observed for Pt78Cu21Te1@UIO-67. This may be
because too much metal loading makes excess metal na-
noparticles liable to aggregation, which abates the active
sites on the catalyst and thus cannot improve the catalytic
performance. Furthermore, the conversion of CO2 chan-
ges negligibly for Pt99Te1@UIO-67, Pt81Cu18Te1@UIO-67
and Pt64Cu35Te1@UIO-67, when the Cu content is in-
creased, but the CO selectivity slightly decreases from
99.86% to 93.04%. Importantly, TEM images of the
MTe@UIO-67 sample after 40 h of catalysis at 400°C
(Fig. S15) clearly show that Pt99Te1@UIO-67 catalysts are
sintered seriously; however, Pt64Cu35Te1@UIO-67 also
aggregates to some extent, but it still could be observed
with some products which maintain dispersed well. The
stability of Pt64Cu35Te1@UIO-67 exhibits an improvement
to some extent (Fig. S16). The reason may be that the
incorporation of Cu generates an electronic effect, as
shown in the Pt 4f spectrum (Fig. S17). The binding
energy of Pt 4f for the PtCuTe NWs shifts negatively by
about 0.3 eV compared with that of PtTe NWs, primarily
due to the difference between electronegativities of Pt
(2.28) and Cu (1.9), which makes the electron transfer
from Cu atoms to the Pt atoms, leading to the change of
Pt electronic structure [52,56,65–68]. Therefore, PtCuTe
NWs combine with UIO-67 more favorably than PtTe
NWs. Another possible reason is that the introduction of
Cu may improve the CO tolerance of the catalyst [52].
For the nanocable catalyst Pt99Te1@UIO-67, the CO2

conversion was only 4.73% at 350°C, and reached 21.84%
at 400°C, and CO selectivity increased from 88.36% to
99.86%, which was due to the high chemical stability of
CO2. RWGS (CO2 + H2 = CO + H2O, ΔH298.15 K =
+41.2 kJ mol−1) is an endothermic reaction, while the side
reaction (CO2 + 4H2 = CH4 + 2H2O, ΔH298.15 K =
−165.0 kJ mol−1) is exothermic, and therefore high tem-
perature is in favour of CO2 conversion, improving the
CO selectivity. As for their pressure dependence, CO2
conversion was 13.63% at 1 MPa, 21.84% at 2 MPa, and
22.53% at 3 MPa. With increasing pressure, more active
molecules will be produced, resulting in more interac-
tions with metal active sites, thus boosting the rate of CO2
hydrogenation. However, high pressure favors CO2 me-
thanation, and CO selectivity is decreased to 91.11% at
3 MPa. When the feed gas volume ratio R (VH2

:VCO2
) =

1:1, CO2 conversion is only 15.44%, and with higher ra-
tios, the CO2 conversion continues to increase as follows:
21.84% at R = 3 and 23.40% at R = 5. Table S2 compared
our results with literature results. The stability of the
catalytic performance was also investigated. CO2 con-
version (Fig. S18) slightly decreases but is still approxi-
mately at the 20% level, and CO selectivity remains
essentially unchanged after 40 h catalysis. The reason may
be that NWs are encapsulated in the UIO-67, which could
prevent NWs from aggregation to some extent (Fig. S19),
and furthermore, UIO-67 converts into ZrO2 at high
temperature (Fig. S20), which also well supports the
RWGS reaction. So the stability of Pt99Te1@UIO-67 can
be maintained although its structure has been changed.
PXRD patterns of the sample after catalysis prove the
framework of UIO-67 has converted into ZrO2. It was
reported that C–C bond started cleavage between the
phenyl ring and the carboxylic acid group at high tem-
perature, and benzene was detected as fragment by TG-
MS experiment [48,69], indicating that its ligands con-
verted into benzene.
Two models have been proposed to elucidate the CO2

hydrogenation to form CO in the RWGS reaction: the so-
called redox mechanism and the formate decomposition
mechanism. In the redox mechanism, CO2 oxidizes the
metal catalyst to generate CO, and then H2 acts as a re-
ducing agent to reduce the oxidized metal (MOx) back to
its original state: CO2 + Mn+ → CO + MOx, MOx + H2 →
Mn+ + H2O [70]. In the formate decomposition me-
chanism, CO is formed via the decomposition of formate
intermediate species during CO2 hydrogenation [71].
UIO-67 in MTe@UIO-67 exhibits microporous features,
which are not beneficial to the transport of formic acid
molecules but are beneficial to the transport of linear CO
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molecules, and formate intermediate species are more
likely to produce other products in addition to CO
[72,73]. These facts are contrary to our results of out-
standing CO selectivity; therefore, the redox mechanism
can interpret the CO2 reduction to CO in our study. CO2
molecules were adsorbed to the surface of catalyst support
UIO-67 and then diffused to the metal active sites (Pt/
PtCu nanoparticles). Finally, CO2 molecules were dis-
sociated and CO was produced: CO2 + Pt/PtCu → Pt/
PtCuOx + CO, Pt/PtCuOx + H2 → H2O + Pt/PtCu. In
this process, H2 only indirectly participated in CO for-
mation.

CONCLUSIONS
In summary, we successfully fabricated nanocable cata-
lysts MTe@UIO-67 resembling “sugarcoated haws on a
stick”, comprising MTe NW cable cores in the center of
monodispersed MTe@UIO-67 cables. The morphology
and dispersion of PtCuTe@UIO-67 as catalysts can be
maintained to some extent at high temperature; however,
PtTe@UIO-67 aggregated and was sintered seriously.
This phenomenon maybe due to the incorporation of Cu
which improved the interaction between the PtCuTe NW
cores and UIO-67 shells. The prepared catalysts showed
excellent CO selectivity in the RWGS reaction and
therefore offer a promising new strategy for the fabrica-
tion of efficient cable catalysts for CO2 hydroconversion.
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纳米电缆状催化剂MTe (M=Pt, PtCu)@UIO-67的
组装及其催化二氧化碳转化
张华倩, 许海涛*, 李媛媛, 潘新波, 李立双

摘要 本文以锆系金属有机骨架为载体合成了具有“糖葫芦”结构
形貌的纳米电缆状催化剂 MTe (M = Pt, PtCu)@UIO-67. 首先以直
径大约为8.48 nm的超细Te纳米线作为牺牲模板, 用于外延生长外
部的金属粒子(Pt或PtCu), 得到具有良好分散性的电缆芯形状的
MTe纳米线, 然后成功地封装在单分散的MTe@UIO-67电缆状纳
米结构催化剂的中心. 采用透射电子显微镜、扫描电子显微镜、
粉末X射线衍射和能谱等方法对纳米电缆催化剂的形貌结构和组
成进行了表征. 本文合成的六种催化剂均表现出良好的CO产物选
择性, 在高温催化后, PtCuTe@UIO-67催化剂的形貌和分散性能得
到一定程度的保持, 而PtTe@UIO-67催化CO2转化成CO的选择性
可以达到99.86%.
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