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Abstract; 1D submicro-structured polyoxomolybdate submicro-wires, submicro-rods and nanobelts were

synthesized by altering the pH value and reactants. Submicro-wires could be obtained by reacting
(NH,) (Mo, 0,, - 4H,0 with sodium dodecyl benzene sulfonate (SDBS) at pH=6, and that for submi-
cro-rods at pH=2. However, nanobelts could be synthesized by reacting (NH, ) Mo,0,, + 4H,0 with

NaCl at pH=6. In solution of pH=6, polyoxomolybdate should grow up submicro-wires in long micelles.

At pH=2, not only more Mo,0,,>, but also short micelles formed by excessive H" cations, which leaded

to the submicro-rods. Without template SDBS, polyoxomolybdate may exist in stable nanobelts. Cyclic

voltammetry results indicated that polymolybdate submicro-rods exhibited excellent activity for oxygen

electroreduction in organic solvent. Because alcohol could react with H" in the electrolyte, the activity of

oxygen electroreduction over polymolybdate could be obviously promoted in the presence of alcohol.

Key words ; Polyoxomolybdate ; 1D submicro-structured; Oxygen electroreduction; Alcohol promoted

CLC number. 0643.32

Direct methanol fuel cells ( DMFCs) provide sig-
nificant advantages, such as high energy density, low
pollution, rapid start-up, and compactness over re-
chargeable batteries, and other types of fuelcells for
portable applications'''. However, the DMFC per-
formance is still hindered by several factors, including
the high cost of the Pt-based electrocatalysts, the poor

[3]

kinetics of both anode'?’, and cathode reactions

’

and the crossover of methanol from the anode to the
cathode through the proton exchange membranes'*™’.
To solve the crossover problem, one strategy is the de-
velopment of novel oxygen reduction reaction ( ORR)
electrocatalysts with high catalytic activity and metha-
[3-12]

nol tolerance Polyoxometalates ( POMs ), a
large class of inorganic transition metal oxygen cluster

compounds have attracted a great deal of interest as
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electrocatalysts for oxygen reduction reaction'” "/,

Here, for the first time, we report a facile route to
synthesize 1D NaNH,Mo,0,, - H,0 and obtained sub-
micro-wires, submicro-rods, nanobelts, and the mix-
ture of submicro-wires, nanobelts and microflowers by
tuning the pH value, and reactants. Moreover, the 1D
submicro-structured materials were used as electrocata-
lysts for ORR in organic solvent and alcohol can pro-

mote the activity of ORR.

1 Experimental

1.1 Synthesis of NaHH,Mo,0,, - H,O

1.41 g of (NH, ) Mo,0,, - 4H,0 was added into
10 mL solution containing 0. 1 mol/L sodium dodecyl
benzene sulfonate ( SDBS) under magnetic stirring,

then the obtained transparent solution was stirred for
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about 14 h at 25 C. The white precipitate was filtered ,
and washed with deionized water for 6 times and then
with absolute ethanol. Finally, the precipitate was dried

at room temperature. The reaction conditions for the

controlled synthesis of NaNH,Mo,0,, + H,O submicro-
wires, submicro-rods, nanobelts, and the mixture is
summarized in Table 1. The pH value of the reaction

system was adjusted by HNO, solution (1.5 mol/L).

Table 1 Summary of experimental conditions

pH Template content Temp. Time
Sample Reactants and ratios B Morphology
value /(mol - L") /C /h
S-1 Mo" : SDBS =8 : 1 6 0.10 25 14.0 submicro-wires
S-2 Mo" : SDBS =8 : 1 2" 0.10 25 2.0 submicro-rods
S-3 Mo" : NaCl=3 : 1 6 0.30° 85 0.6 nanobelts
S-4 Mo* : NaNO; =3 : 1 6 0.30° 85 0.6 Mixtures

a. The content of Mo®*

in (NH,)¢Mo,0,, -+ 4H,0. b. The pH value was adjusted by HNO, solution (1.5 mol/L). c. The

content of Na*. Sodium dodecyl benzene sulfonate (SDBS). Mixtures: submicro-wires, nanobelts, and microflowers.

1.2 Physical characterization

A Philips X’ pert MPD instrument using Cu Ka
irradiation (40 kV) was used to record powder X-ray
diffraction (XRD) patterns. FE-SEM images were ob-
tained on a field-emission scanning electron microscope
(JSM-6701F, JEOL) operated at an accelerating vol-
tage of 5 kV. The transmission electron microscope
(TEM) images and selected area electron diffraction
(SAED) were observed in a JEM-1200EX TEM.
1.3 Electrochemical measurements

The ORR activities of NaNH,Mo;0,, - H,O were
evaluated using a glassy carbon electrode (GCE, dia-
meter 3 mm). To prepare the working electrode, 1 mg
of NaNH,Mo,0,, - H,0 was dispersed in 2 mL of pure
ethanol , then 10 L of the suspension were pipetted on
to a GCE. The total NaNH,Mo,0,, - H,0 loading was
71 wg em™. A conventional three-electrode was used
with a saturated calomel electrode (SCE) as a refe-
rence electrode, a platinum wire as a counter elec-
trode, and a glassy carbon electrode as a working elec-
trode. All electrochemical measurements were per-
formed using a CHI660A electrochemical workstation
in N, N-dimethylformamide ( DMF ) contained 0. 1
mol/L LiCl, and 1.2 mol/L alcohol at room tempera-
ture. A platinum plate electrode (5x5x0.1 mm’) was

also used as working electrode for comparison.

2 Results and discussion

The NaNH,Mo,0,, + H,0 submicro-wires with the

diameter of 200 ~ 300 nm and the length of about 10
pwm were obtained by reacting (NH, )(Mo,0,, + 4H,0
with SDBS at pH=6 (Fig. la). A representative single
nanowire and its corresponding SAED pattern are
shown in Fig. 1b and the inset respectively, which
clearly reveal that the growth direction of this nanowire
is along [0 1 0]. the
NaNH,Mo,0,, + H,O submicro-rods with the diameter
of 200 ~300 nm and the length of about 2 pm were ob-

As shown in Fig. lc,

tained at pH = 2. Polyoxomolybdate submicro-wires
should grow up in long SDBS micelles at pH=6, but at
pH = 2, excessive H' cations appeared, and they
caused more Mo,0,,” anions and short SDBS micelles,
which leaded to the submicro-rods. Due to the low as-
pect ratio, the exposure of end faces for submicro-rods
is  higher than that When
(NH,)(Mo,0,, - 4H,0 reacts with NaNO;, the pro-

ducts were the mixture of submicro-wires, nanobelts,

for nanowires.

and microflowers (Fig. 1d). Because NO,  could form
the H-bonds, which would lower the surface energy of
submicro-wires, nanobelts could appear together with
submicro-wires and they could self-assemble into mi-
croflowers. The pure nanobelts, which could be the
stable morphology of NaNH,Mo;0,, - H,0, can be
achieved by reacting ( NH, );Mo,0,, + 4H,0 with
NaCl (Fig. le), and their growth direction is also
along [0 1 0] as shown in Fig. 1f and the inset.

As shown in Fig. 2a, all the observed 24 diffrac-
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Fig. 1 SEM and TEM images of NaNH, Mo, 0,,

(a, b) nanowires;

tion peaks can be perfectly matched to those of ortho-
thombic NaNH,Mo,0,, - H,0 (JCPDS No 36-0335 a
=9.25b=7.58 ¢=13.47). No peaks of other impuri-
ty phases are detected in this pattern, suggesting that
the sample should be a nearly pure phase. Moreover,
the loss (8.62% ) of nanorods that was heated up to

300 'C for 2 h almost equals the calculated loss

(¢) nanorods;

- H,0.

(d) mixture; (e, f) nanobelts

(8.68% ) of NaNH,Mo,0,, - H,0. This also confirms
the formation of NaNH,Mo,0,, - H,0. However, the
diffraction peaks’ intensities of nanobelts and the mix-
ture is stronger than that of nanowires and nanorods,
especially that of the (101), (002), (004) and
(301) (Fig. 2b), indicating the high degree of crys-

tallinity of nanobelts and the mixture.
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Fig.2 (a) A representative XRD pattern of NaNH,Mo,0,, *
(b) XRD patterns of NaNH,Mo,0,, -

In our cyclic voltammetry, two irreversible redox

peaks appeared at =0.67 V, -0.89 V, 0.29 V, and
-0.12 V in N, saturated electrolyte (Fig. 3a), which

could be attributed to the two 2-electron reduction
6+[31]

process of Mo for polyoxomolybdate. For barely

GCE, the DMF maybe react with glass carbon and form

H, O nanowires;

H, O with different morphologies

a film of N-modified carbon which may catalyze oxy-
gen reduction reaction' **'. The peak potentials of oxy-
gen reduction in O, saturate electrolyte for GCE, sub-
submicro-rods, nanobelts, and mixture

~0.94 V, —0.88 V, —=0.92 V, and

The peak current densities for

micro-wires
were —0.91 V|
=0.93 V respectively.
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GCE, submicro-wires, submicro-rods, nanobelts, and
mixture were —0.28, —0.27, -0.36, -0.31, and -
0.29 mA em” respectively (Fig. 3b). This result sug-
gested that submicro-rods should be the best electroca-
talyst for the ORR among 1D NaNH,Mo,0,, -+ H,O due
to the high exposure of end face. This result may ap-
prove that the active sites for ORR could locate on the

surface of end face. Though the exposure of end face

0.08
(a) — GC
- — NWs /
0.04 - NRs Vs
—-— NBs P
—--- Mixture

ot
o
=)

-0.04

Current density/(mA cm'z)

for nanobelts is low, the high degree of crystallinity
may provide enough active crystal plane, which could
lead to the excellent activity for ORR. More detailed
cyclic voltammograms was given in Fig. 4. Both peak
currents increased linearly with the increase of square
roots of the scan rates, indicating that the ORR process
over polyoxomolybdate nanomaterials was controlled by

the diffusion of oxygen to the electrode surface'"'.
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Fig. 3 Cyclic voltammetry curves of 1D NaNH,Mo,0,, - H,O in N,(a) and O,

(b) saturated 0. 1 mol/L LiCl in DMF (scan rate: 50 mV/s)
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and the mixture (d) in O, saturated 0.1 mol/L LiCl in DMF at various scan rates (10, 20, 50, and 100 mV/s).

The inset indicates the dependence of oxygen reduction peak current on square root of scan rate
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Alcohol can block some active sites for oxygen re-
duction, which lead to the loss of ORR activity. The
effects of different alcohols ( methanol, ethanol, and
iso-propanol ) on the activity of nanorods and nanobelts
towards ORR were investigated. As shown in Fig. 5,
the peak current densities for GCE, nanorods, and
nanobelts increased in the presence of high concentra-
tion alcohol in DMF (1.2 mol/L), while the peak
current densities of Pt plate electrode decreased greatly
in this condition. It indicated that activities of ORR in-
creased when alcohol were added into DMF. The posi-
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tive effects of alcohol on the enhancement of ORR ac-
tivity for NaNH,Mo,0,, + H,0 nanorods follow the or-
der; ethanol = methanol > iso-propanol and that for
NaNH,Mo,0,, + H,O nanobelts follow the order; etha-
nol > methanol > iso-propanol. Alcohol may react with
H" in electrolyte, and thus promote the reduction of
oxygen. Moreover, it should be noted that, the peak
current densities for Pt in DMF (=0.46 mA c¢m™) is
nearly 3 times of that in 0. 6 mol/L. H,SO, solution
(-0.15 mA em”) (Fig. 5d and e). This suggested
that DMF is a better electrolyte than H,SO, solution for
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Fig. 5 influence of alcohol (1.2 M) on the activity of GCE (a), nanorods (b), nanobelts (¢), and Pt (d) towards ORR
in 0.1 mol/L LiCl in DMF'; scan rate; 50 mV/s, and Pt in 0.6 M H,S0, solution (e)
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high current density. The methanol oxidation potential
on Pt in DMF was reduced to 0 V and —0.88 V (Fig.
5d), but that in 0. 6 mol/L H,SO, solution was 1. 11
and 0.35 V (Fig.5e). The oxygen reduction potential
on Pt also reduced from 0.33 V to —=0.91 V. So it is
feasible to assemble a fuel cell by using DMF solution

as electrolyte.

3 Conclusion

In summary, 1D NaNH,Mo,0,, - H,0, including
submicro-wires, submicro-rods, nanobelts and the mix-
ture have been successfully synthesized through a facile
process. Owing to the high exposure of end face, sub-
micro-rods exhibited the best activity in ORR in orga-
H,0. The

effects of alcohol on the enhancement of ORR activity

nic solvent among 1D NaNH,Mo,0,,

for submicro-rods may be caused by no oxidation of al-
cohol, and H* may react with alcohol, and follow the

order; ethanol =~ methanol > iso-propanol.
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