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1. Supplementary Methods

Materials

The reagents used are oleylamine (OAM) (J&K Scientific LTD) for a quantity always equal to 2.7 

mL; Oleic Acid (OA), phosphomolybdic acid hydrate (PMA), linoleic acid (LA) (Sinopharm 

Chemical Reagent Beijing Co., Ltd.); H2O deionized; DyCl3·6H2O (Innochem Technology Co. LTD); 

n-Octylamine (n-O) (Aladdin Industrial Corporation); phosphotungstic acid hydrate (PWA) (Alfa 

Aesar Co., Ltd). The nanoparticles were then washed three times with ethanol and cyclohexane 

(Sinopharm Chemical Reagent Co., Ltd). All chemicals were used as received without further 

purification. Characterization

Inductively coupled plasma atomic emission spectroscopy ICP-OES was carried out on iCAP 6300 

ThermoFisher. TEM photos were made with a Hitachi H-7700 at 100 KV. High-resolution 

transmission electron microscopy (HR-TEM), high angle annular dark field scanning transmission 

electron microscopy (HAADF-STEM), and Energy Dispersive X-Ray (EDX) spectroscopy were 

characterized at 200 KV by a Tecnai G2 F20 S-Twin microscope. XRD patterns were obtained with 

a Bruker D8 Advance X-Ray diffractometer using Cu Kα radiation (λ=1.5418 Å). Small-angle X-ray 

diffraction (SAXRD) was tested on a Rigaku D/max-2500/PC X-ray diffractometer, and Cu Kα 

radiation (λ=1.5418 Å). Fourier transform infrared FT-IR was obtained with a Perkin Elmer 

Spectrum. Thermogravimetric analysis (TGA) was performed with NETZSCH STA449F3. 

Electrospray ionization mass spectrometry (ESI-MS). X-ray photoelectron spectroscopy (XPS) was 

obtained by a scanning X-ray microprobe (Quantera SXM, ULVAC-PHI. INC) at 250 kV, 55 eV 

with monochromatic Al Kα radiation. Microwave synthesis was performed with Biotage Initiator 

with a power range of 0-300 W at 2.45 GHz.  

Method

After the reaction in the microwave, at 165 degrees. The cap of the sealed vial was removed, and the 

dry gelatinous part above the solution was mechanically removed and thrown away, the liquid below 

was washed with cyclohexane and ethanol three times and centrifuged each time at 9000 rpm. 

Subsequently, it was dispersed in 1mL of cyclohexane and one drop of this compound was diluted in 
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1 additional mL of cyclohexane, and 3 drops were applied on a TEM plate.

The product comes out of the microwave at 50 degrees centigrade. When it reaches room 

temperature, everything tends to solidify as a gel. Making it impossible to distinguish where the 

nanowires are contained and where the nanosheets are. This means that to extract it is necessary to 

insert cyclohexene and ethanol in the glass vial. Going, therefore, to bring everything into solution. It 

has been seen that even for centrifuges between 9000-8000 rpm, it is impossible to separate the 1D 

from the 2D structures. For this it’s important when still hot, to work the sample. The gelatinous part 

that was deposited along the walls of the glass vial was thrown because it was rich in 1D nanowires, 

probably created in the initial stage of the reaction, when the pressure grew to 8 bar, and then quickly 

dropped to 1 bar. It is easy to think that these nanowires are created at first, then aggregated in a 

short time like a net, if in solution with oleic acid, thanks also to the heat generated by the 

microwaves to form the nanosheets. 

This problem of excess nanowires was found in the use of the oven but in smaller quantities. 

Probably because the aggregation process is slower, and therefore also the pressure rises less. 

The pressure limit for the nanosheet is 8 bar, and for the nanotube is 5 bar. 

The yield obtains of Dy2O3-PMA heterostructures based on microwave synthesis is 64%.
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2. Molecular Dynamics Simulation

Models

The charge of metal oxide was obtained by quantum calculation.[1], [2], [3] The model for PMo12, 

metal oxide, and protonated oleylamine can be obtained from reference and our former work.[4], [5], 

[6], [7] The GROMACS and the GROMOS96 force fields were used in the MD simulations.[8], [9], 

[10], [11], [12]

Simulations of nanosheet assembly  

To study the formation of Sub- nanosheet, the PMo12 were placed in a 12×10.392 × 12 nm3 

simulation box, pre-aligned as a hexagonal pattern with the amount of 100. The 325 Dy2O3 and 300 

protonated oleylamine molecules were put into the vacuum box around the PMo12 randomly. The 

amounts of Dy2O3 and protonated oleylamine were obtained from experimental results. The positions 

of these PMo12 were frozen and other molecules can move freely during the simulation. The cutoff 

distance for short-range non-bonded interactions was chosen to be 12 Å and long-range electrostatic 

and V-rescale bath coupling schemes were used. [13], [14] The NVT Ensemble was applied, and the 

simulations were run over 4000 ps in steps of 2 fs. The figures of simulation results were captured by 

VMD.[15] 

Simulations of nanotube assembly  

To study the formation of the nanotube, 240 PMo12 were placed in a simulation box, pre-aligned as a 

tube with a hexagonal pattern with a dimension size of 20× 20× 10.39 nm3. The amounts of Dy2O3 

(800) and protonated oleylamine (720) were inserted into the simulation box with the ratio obtained 

from experimental results. The diameter of the tube is about 12 nm. The positions of these POMs 

were frozen and other molecules could move freely during the simulation. The NVT ensemble was 

applied, and the simulations were run over 4000 ps in steps of 2 fs. Other simulation details are 

similar to those described above.  

3. Density Functional Theory Study
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All spin-polarized density functional theory (DFT) calculations were performed by using the Vienna 

ab initio simulation package (VASP) with plane-wave pseudopotential. [16], [17] The cutoff of 

kinetic energy was 450 eV. The generalized gradient approximation (GGA) in the Perdew-Burke-

Ernzerh of (PBE) functional was used to describe exchange and correlation energies.[18] The 

projector-augmented wave (PAW) method was used to represent the core-valence interaction. [19], 

[20], [21]The Brillouin zone was sampled with a 1 × 1 × 1 k-points grid based on the Monkhorst-

Pack scheme. To accurately treat the highly localized 3d orbitals of Ni, spin-polarized DFT+U 

calculations were considered with a value of Ueff = 4.0. [22], [23] The atomic positions were relaxed 

until the force on each atom was less than 0.01 eV/Å and electronic energies were converged within 

10-4 eV.

The initial structure was built according to the ICP-AES results and based on our previous works. 

[24] The model has a vacuum of 15 Å along the Z-axis, which was large enough to avoid interaction 

between the slabs obtained after replication in the three space dimensions. During the optimization of 

the initial slab, all the positions of atoms, and length of axes, and the shape of the box could not be 

restricted, except for the Z-axis.

POM clusters possess the ability to partake in the growth processes of nanostructures, exhibiting 

vastly different assembly behaviors compared to their inorganic counterparts such as metal 

oxide/sulfide. [25] With a fixed size akin to nuclei, POM clusters primarily assemble with said nuclei 

through noncovalent interactions, thereby altering conventional growth pathways and resulting in 

subnanometer structures with smaller critical sizes. [26], [27] In our previous study, we employed 

experimental techniques including atomic-resolution HAADF-STEM [28] and cryo-electron 

microscopy [29] to investigate the arrangement pattern between POM and inorganic nuclei in 

subnanomaterials synthesized via the cluster-nuclei coassembly strategy. Our findings revealed a 

periodically repeated "A-B-A-B" structure of POM and inorganic nuclei. Classical molecular 

dynamics simulations suggested that inorganic nuclei can exist stably around POM clusters. 

Additionally, our previous work using ab initio molecular dynamics under 410 K demonstrated that 

POM can capture MnO nuclei and facilitate the formation of long-ranged "A-B-A-B" (A stands for 

DyO and B represents POM) structures.[30]
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4. Optoelectronic Experimental 

We studied the photoresponse in a three-electrode system (Shanghai Chenhua CH1660E) with the 

first electrode having an ITO-coated glass (photoanode), the second a platinum electrode 

(photocathode) and the third an Ag/AgCl reference electrode. And a PEC-type photodetection 

system (PEC 2000, photoelectrochemical test system, Beijing Perfectlight Technology Co., Ltd). An 

aqueous solution of Dipotassium hydrogen phosphate trihydrate (K2HPO4·3H2O) and Potassium 

dihydrogen phosphate (KH2PO4) was used. For the light source, a Xenon lamp (Beijing Perfect Light 

Technology Co., Ltd.) The spectral range of the Xenon lamp is 320~780 nm and the power density of 

light is 200 mW cm-2. The transient photocurrent response was measured by manually switching the 

Xenon lamp on and off every 20 s. [31]

Fig. S1 Spectrum and intensity of the Xenon light source. 
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5. Supplementary Figures and Tables

Tab. S1 Reaction a (Dy-PMA-1), reaction b (Dy-PMA-2), reaction c (Dy-PMA-3), reaction d (Dy-

PMA-4), reaction e (Dy-PMA-5), reaction f (Dy-PMA-6)

Reaction Time 

(hour)

Temp. 

(°Ϲ)

POM 

(Mo)

POM 

(W)

Dy

(g)

H2O 

(mL)

OAM

(mL)

OA 

(mL)

n-Octyl. 

(mL)

Lin. Ac. 

(mL)

Dy-PMA-1 2 165 0.05 0 0.04 0.22 2.7 0.5 0 0

Dy-PMA-2 4 165 0.05 0 0.06 0.22 2.7 0.34 0 0

Dy-PMA-3 6 165 0.05 0 0.06 0.22 2.7 0.34 0 0

Dy-PMA-4 2 165 0.05 0 0.06 0.22 0 0 2.7 0.75

Dy-PMA-5 2 165 0 0.03 0.06 0.22 2.7 0.9 0 0

Dy-PMA-6 2 165 0 0.03 0.06 0.22 2.7 0.7 0 0
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Tab. S2 ICP-OES data of Dy2O3-PMA SNSs and NTs

Weight % Atomic 

ratio %

Dy-PMA-1 Dy-PMA-2 Dy-PMA-3 Dy-PMA-1 Dy-PMA-2 Dy-PMA-3

Mo 23.2 24.7 24.5 0.242 0.257 0.255

P 0.546 0.142 0.345 0.018 0.005 0.011

Dy 21.2 22.7 26.6 0.13 0.14 0.164
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Supplementary Figures

Fig. S2 XPS spectrums of (a) Dy 3d and (b) Mo6+ 3d in Dy2O3-PMA SNSs and NTs. 
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Fig. S3 XRD spectrums 
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Tab. S3 Reactions in Fig. S4. 

React. 

No 

Time 

(hour)

Temp. 

(°Ϲ)

DyCl3 

(g)

H2O 

(mL)

OAM

(mL)

OA 

(mL)

n-Octil. 

(mL)

Lin. Ac. 

(mL)

a 2 165 0.04 0.22 2.7 0.5

b 4 165 0.06 0.22 2.7 0.34

c 12 Oven 165 0.06 0.22 2.7 0.34

d 2 165 0.06 0.22 2.7 0.75

e 2 165 0.06 0.22 2.7 0.9

f 2 165 0.06 0.22 2.7 0.7

Fig. S4 Reactions in the absence of PMA, (a) and (d) do not show nanoparticles; (b), (f), and (e) 

show non-well-defined and homogeneous nanoparticles; (c) the reaction in the Oven in the absence 

of POM, shows some nanorods mixed with nanosheets and other impurities.
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Tab. S4 Reactions in Fig. S5.

React. 

Dy-PMA-1

Time Temp. 

(°Ϲ)

PMA 

(g)

DyCl3 

(g)

H2O 

(mL)

OAM 

(mL)

OA

(mL)

a 2 h 165 0.05 0.04 0.22 2.7 0.5

b 0 h 165 0.05 0.04 0.22 2.7 0.5

c 30 s 165 0.05 0.04 0.22 2.7 0.5

d 1 min 165 0.05 0.04 0.22 2.7 0.5

e 5 min 165 0.05 0.04 0.22 2.7 0.5

f 30 min 165 0.05 0.04 0.22 2.7 0.5

g 1 h 165 0.05 0.04 0.22 2.7 0.5

Fig. S5 Reactions at different reaction times Dy-PMA-1. (a) reaction studied at 2h at 165 degrees 

centigrade; (b) reaction at zero-time; (c) reaction time 30 seconds; (d) reaction time 1 min; (e) 

reaction time 5 min; (f) reaction time 30 min; (g) reaction time 1 h.
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Fig. S6 (A) Reaction C; (B) Reaction E; (C) Reaction F.
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Fig. S7 Shows the presence even at 30 seconds of Dy and POM inside the nanoparticles.
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Fig. S8 Weight loss of 24% given from the decomposition of the organic components of oleylamine 

and oleic acid between 200-450 ˚C and one loss of inorganic components above 450 ˚C, with an 

initial loss of 3% till 100 ˚C of H2O for a total loss of 27%. 
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Fig. S9 Bis Dy-PMA-1 in UV-vis spectra, show a Batochromic effect π→π* correlated probably with 

the resonance of the PMA Molibdenum.
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Tab. S5 Reactions in Fig. S10

React. 
Dy-PMA-2

Time Temp.
(°Ϲ)

POM 
(Mo)

POM 
(W)

Dy 
(g)

H2O 
(mL)

OAM 
(mL)

OA
 (mL)

a 4 h 165 0.05 0.06 0.22 2.7 0.34
b 0 h 165 0.05 0.06 0.22 2.7 0.34
c 1 min 165 0.05 0.06 0.22 2.7 0.34
d 5 min 165 0.05 0.06 0.22 2.7 0.34
e 30 min 165 0.05 0.06 0.22 2.7 0.34
f 1 h 165 0.05 0.06 0.22 2.7 0.34
g 6 h 165 0.05 0.06 0.22 2.7 0.34

Fig. S10 Reactions at different reaction times Dy-PMA-2. (A) reaction studied at 4h at 165 degrees 

centigrade; (B) reaction at zero-time; (C) reaction time 1 min; (D) reaction time 5 min; (E) reaction 

time 30 min; (F) reaction time 1 h; (G) reaction time 6 h.
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Fig. S11 Presence of POM.



20

Tab. S6 Reactions in Fig. S12

React. Time 

(hour)

Temp. 

(°Ϲ)

POM 

(Mo)

Dy 

(g)

H2O 

(mL)

OAM 

(mL)

OA 

(mL)

a 4 80 0.05 0.06 0.22 2.7 0.34

b 4 120 0.05 0.06 0.22 2.7 0.34

c 4 165 0.05 0.06 0.22 2.7 0.34

d 4 180 0.05 0.06 0.22 2.7 0.34

Fig. S12 Reactions at different temperatures Dy-PMA-2. (A) 80 degrees Celsius (B) 120 degrees (C) 

165 degrees (D) 180 degrees.
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Tab. S7 Reactions in Fig. S13

React. Time 

(hour)

Temp. 

(°Ϲ)

POM 

(Mo)

Dy 

(g)

H2O 

(mL)

OAM 

(mL)

OA

 (mL)

a 4 165 0.05 0.06 0.22 2.7 0.34

b 4 165 0.05 0.06 0.22 2.7 0.5

c 4 165 0.05 0.06 0.22 2.7 0.7

d 4 165 0.05 0.06 0.22 2.7 0.9

Fig. S13 Reactions at different concentrations of oleic acid Dy-PMA-2. (A) 0.34 mL (B) 0.5 mL (C) 

0.7 mL (D) 1 mL.
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Tab. S8 Reactions in Fig. S14

React. Time 

(hour)

Temp.

(°Ϲ)

POM 

(Mo)

Dy 

(g)

H2O 

(mL)

OAM 

(mL)

OA 

(mL)

a 4 165 0.05 0.06 0 2.7 0.34

b 4 165 0.05 0.06 0.1 2.7 0.34

c 4 165 0.05 0.06 0.22 2.7 0.34

d 4 165 0.05 0.06 0.3 2.7 0.34

Fig. S14 Reactions at different concentrations of water Dy-PMA-2. (A) 0 mL (B) 0.1 mL( C) 0.22 

mL (D) 0.3 mL.
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Fig. S15 Weight loss of 24% given from the decomposition of the organic components of oleylamine 

and oleic acid between 200-450 ˚C and one loss of inorganic components above 450 ˚C, with an 

initial loss of 3% till 100 ˚C of H2O for a total loss of 27%. Like in Fig. S5.
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Tab. S9 Reactions in Fig. S16

React. 

Dy-PMA-3

Time Temp. 

(°Ϲ)

POM 

(Mo)

Dy 

(g)

H2O 

(mL)

OAM 

(mL)

OA 

(mL)

a 6 h 165 0.05 0.06 0.22 2.7 0.34

b 0 min 165 0.05 0.06 0.22 2.7 0.34

c 1 min 165 0.05 0.06 0.22 2.7 0.34

d 5 min 165 0.05 0.06 0.22 2.7 0.34

e 30 min 165 0.05 0.06 0.22 2.7 0.34

f 1 h 165 0.05 0.06 0.22 2.7 0.34

g 12 h Oven 165 0.05 0.06 0.22 2.7 0.34

Fig. S16 Reactions at different reaction times Dy-PMA-3. (A) reaction studied at 6 h at 165 degrees 

centigrade; (B) reaction at zero time; (C) reaction time 1 min; (D) reaction time 5 min; (E) reaction 

time 30 min; (F) reaction time 1 h; (G) reaction time 12 h.
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Fig. S17 Weight loss of 25% given from the decomposition of the organic components of oleylamine 

and oleic acid between 200-450 ˚C and one loss of inorganic components above 450 ˚C, with an 

initial loss of 2% till 100 ˚C of H2O for a total loss of 27%.
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Tab. S10 Reactions in Fig. S18

React. Dy-PMA-4 Time Temp. 

(°Ϲ)

POM 

(Mo)

Dy 

(g)

H2O 

(mL)

OAM 

(mL)

n-Octyl. 

(mL)

Linol. Acid 

(mL)

a 2 h 165 0.05 0.06 0.22 2.7 0.75

b 2 h 165 0.05 0.06 0.22 2.7 0.75

c 5 min 165 0.05 0.06 0.22 2.7 0.75

d 0 h 165 0.05 0.06 0.22 2.7 0.75

e 6 h 165 0.05 0.06 0.22 2.7 0.75

Fig. S18Reactions at different reaction times Dy-PMA-4. (A) reaction studied at 2h at 165 ° C; (B) 

reaction at 2 h with oleylamine instead of n-octylamine; (C) reaction time 5 min; (D) reaction time 0 

min; (E) reaction time 6 h.
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Tab. S11 Reactions in Fig. S19

React. 

Dy-PMA-5

Time Temp. 

(°Ϲ)

POM 

(W)

Dy 

(g)

H2O 

(mL)

OAM

(mL)

OA 

(mL)

a 2 h 165 0.03 0.06 0.22 2.7 0.9

b 0 h 165 0.03 0.06 0.22 2.7 0.9

c 30 165 0.03 0.06 0.22 2.7 0.9

d 1 min 165 0.03 0.06 0.22 2.7 0.9

e 5 min 165 0.03 0.06 0.22 2.7 0.9

f 30 min 165 0.03 0.06 0.22 2.7 0.9

g 1 h 165 0.03 0.06 0.22 2.7 0.9

Fig. S19 Reactions at different reaction times Dy-PMA-5. (A) reaction studied at 2 h at 165 degrees 

centigrade; (B) reaction at zero-time; (C) reaction time 30 sec; (D) reaction time 1 min; (E) reaction 

time 5 min; (F) reaction time 30 min; (G) reaction time 1 h.
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Tab. S12 Reactions in Fig. S20

React. 

Dy-PMA-6

Time Temp. 

(°Ϲ)

POM 

(W)

Dy 

(g)

H2O 

(mL)

OAM 

(mL)

OA

(mL)

a 2h 165 0.03 0.06 0.22 2.7 0.7

b 0 165 0.03 0.06 0.22 2.7 0.7

c 1 min 165 0.03 0.06 0.22 2.7 0.7

d 5 min 165 0.03 0.06 0.22 2.7 0.7

e 4h 165 0.03 0.06 0.22 2.7 0.7

f 6h 165 0.03 0.06 0.22 2.7 0.7

Fig. S20 Reactions at different reaction times Dy-PMA-6. (A) reaction studied at 2h at 165 degrees 

centigrade; (B) reaction at zero-time; (C) reaction time 1 min; (D) reaction time 5 min; (E) reaction 

time 4 h; (F) reaction time 6 h.
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Thermal stability at 130°Ϲ of the constructed samples.

Fig. S21 Thermal stability at 130°Ϲ of: a) Dy2O3-PMA-1; b) Dy2O3-PMA-2; c) Dy2O3-PMA-3
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Other metal oxides for the construction of monolayer assemblies.

Different metals are being used in this system, like Gd trichloride hexahydrate, Ho trichloride 

hexahydrate, Co(II)acetate tetrahydrate, Fe nitrate nonahydrate, and Li chloride monohydrate.

Fig. S22  a) Co-PMA similar to Dy2O3-PMA-2 at 30 min, b) Fe-PMA similar to Dy2O3-PMA-2 at 

30 min, c) Li-PMA similar to Dy2O3-PMA-2 at 30 min, d) Co-PMA similar to Dy2O3-PMA-2 at 30 

min, e) Li-PMA similar to Dy2O3-PMA-2 at 30 min, f) Gd-PMA similar to Dy2O3-PMA-2 at 1h, h) 

Ho-PMA similar to Dy2O3-PMA-1 at 2 h, g) Ho-PMA similar to Dy2O3-PMA-2 at 1.30 h. 

6. Theory backbone for the microwave

In recent years the synthesis of nanostructures in the microwave has become one important challenge. 

This is because, with the use of the microwave, the time-consuming of trial and error is reduced. A 

new frontier of 2D nanostructures: nanotubes, nanosheets, films, and coats, [32], [33], [34], [35], 

[36], [37] has become an interesting challenge, easy to obtain in the oven, and harder to obtain in the 

microwave. This new kind of technique takes from the 1D structure [38] to the 2D structure [39], 

[40]. These structures in some cases can also be re-assembled for furnished 3D structures [41], [42]. 
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Temperature and pressure inside the vial, are taken under control by the microwave, this ensures no 

safety issues. The range of the microwave goes between 0.3 and 300 GHz, which corresponds to a 

wavelength between 1mm and 1m. The normal microwave oven at home, like the Biotage initiator 

microwave in our lab, has a frequency of 2.45 GHz, with a wavelength of 12.25 cm, because the 

major part of organic molecules oscillates at this frequency. Microwave dielectric heating consists of 

the ability of a solvent or a reagent, to absorb microwave energy and convert it into heat. [43], [44] 

This heating affects only molecular rotation, based on the polarization or the ionic conduction of the 

molecule. Electromagnetic radiation produces one oscillating field, where ions and dipoles try to 

realign according to the electric field, producing molecular friction and dielectric loss [32], given by 

the absorbance of these microwaves. Indeed, high-loss factors solvent is microwave transparent. If 

the alignment to the electric field is not complete, because the time is too less or too long between 

one impulse and another, no heating is generated [32], [43], [45], when the heating is generated is 

possible to talk of dielectric loss. [32], [33]

Dielectric loss tangent is: tan δ = , is the polarization from the electric field, named the dielectric 

𝜀''

𝜀' 𝜀'

constant.  is the conversion of electromagnetic radiation into heat, named dielectric loss. High 𝜀''

dielectric constant molecule (for example water) are medium absorber and their absorbance decrease 

with the increase in temperature. Penetration depth is considered the point at which is conserved 37% 

of the initial irradiation. [46] High-loss tangents have short penetration depth, for this, only the outer 

layer is efficiently heated. [32] The thermal effect accelerates the heating and the rate of the reaction 

mixture, but this rate can be accelerating also from vessel size, the volume of precursors, and 

microwave cavity design. Electromagnetic field distribution in the microwave cavity influences the 

morphology and yield of the crystals.[47] Indeed, in a multimode, the rate of nucleation and 

crystallization is taller than in a single-mode oven (uniform field). [32] Our solution can reach 165 

˚C in a few seconds, this can’t happen with traditional heating. Conventional heating depends on 

convection currents of the materials or the substances that should be penetrated, and the temperature 

of the reaction is lower than vessel one. Indeed, microwave irradiation produces internal heating and 

increases homogeneously the temperature inside the sample. [32]
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The “molecular radiation” is given from the direct coupling of microwave energy to the specific 

reagent (polar species in microwave transparent medium) in a homogeneous solution, with the 

elimination of the wall effect caused by inverted temperature gradients. [32], [38], [48] In microwave, 

boiling points are 10 ˚-20 ˚C superior to the same condition in conventional heating. If one reaction 

is homogeneous because well stirred, it is possible to see: a lower boiling point, lower pressure [49], 

and better selectivity. Indeed, become easy to reproduce reactions and redact side reactions. In our 

case, we have set the absorption to a normal level, also if the water present in our reaction required a 

low absorption level. This happens because in the reaction are present organic reagents that usually 

have a normal level of absorption. The different absorbances of different dielectric reagents, affect 

nucleation and crystallization rates [32], [50]. When there is a non-polar reagent, is added to react 

with a polar reagent or a salt. Small reaction sizes (max 100 L) [51] and a large amount of energy are 

used from the microwave. A competitive microwave synthesis should give particular advantages 

concerning the oven one. According to Panda et al. the selective absorption of organic surfactants, 

causes crystal growth to be inhibited in all directions but is favored crystallographically only on one 

plane, thus allowing to reach 1D structures more easily, and then for self-organization process to 2D. 

[52] In our work, we will focus on nanometric systems 2D, in particular systems containing 

dysprosium oxide (Dy2O3) with Phosphomolibdic acid hydrate (PMA), synthesized inside the 

microwave. It will be demonstrated how the interaction of certain metals with polyoxometalates, in 

the presence of other reagents, can give rise to the formation of sub-1 nm nanosheets (SNSs) [36], 

nanotubes (NTs) [53], and nanobelts (NBs) [54]. Nanosheets are important because they show useful 

properties in lithium or ionic batteries[45], solar cells [55], etc. [56]. 
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