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Two compounds of polyoxometalate, (NH4)5[IMo6O24]·3NH3.5H2O (1) 

and (NH4)6[TeMo6O24]·NH3.5H2O (2), have been synthesized and 

characterized by elemental analysis; IR and Uv-visible spectroscopy; 

TG analysis; and single-crystal X-ray diffraction. The crystal data for 

these compounds are the following: 1, orthorhombic, Pccn, 

a=14.2765(4) Å, b= 14.9384(3) Å, c=14.6053(3) Å, α=90°, β = 90°, γ 

=90°, Z =10; 2, orthorhombic, Pccn, a=14.2538(5) Å, b= 14.9475(5) Å, 

c=14.6598(5) Å, α=90°, β = 90°, γ =90°, Z =10. Compounds 1 and 2 

exhibited 2D networks derived from Anderson A-type [XMo6O24]
5-

 

(X=I (1) or Te (2) ) anions ; H2O and NHY
(Y-3)+

 (y= 3 or 4). The 

electrochemical and photochromic properties of these compounds were 

studied. And it reveals that compound (2) shows excellent redox and 

photochromic properties. Unlike compound (1) which has good redox 

properties but weak photochromic properties. 

 
Copyright, IJAR, 2024,. All rights reserved. 

……………………………………………………………………………………………………....

Introduction:- 
Polyoxometalates (POMs) are a broad class of polynuclear molecular oxide anions generally formed by W, Mo or V 

in high oxidation states. 
1
 Due to their exceptional properties, polyoxometallates have a wide range of applications in 

which the most common are catalysis, materials chemistry, medicine, water chemistry and electrochemistry 
2-5

. This 

diversity of applications drives many researchers to take an interest in the synthesis of these compounds, which has 

led to a vast expansion of polyoxometalates. Thus, the polyoxometalates are represented by families possessing 

well-defined structures, among which there is: Keggin
6.7

 [XM12O40]
n-

,Anderson
8
 [H6XM6O24]

n-
, Lindqvist 

9.10
 

[MxM’6-xO19]
(2+x)- 

and Dawson
11

 [X2M18O62]
n-

. In recent years, there has been particularly an increasing interest in 

the chemistry of Anderson-type POMs compounds.
12

 These polyanions of general formula [Hy(XO6)M6O18]
n- 

(y=0-

6, n=2-8, M=W; Mo atom, X=heteroatom) represent one of the basic structures of polyoxometallates 
13,14

 and, 

thanks to their flexibilities, they can be modified by various means: (a) altering the central heteroatom; (b) 

incorporating inorganic and/or organic cations to build coordination or supramolecular architectures; and (c) 

covalent linkage with organic moieties to functional yield hybrids.
15–18

 Thus, the precious selection of the 

heteroatom and the organic group has become a challenge for the synthesis of new the Anderson-type hybrids. As a 

result, the choice of halogens and chalcogens such as iodine and tellurium attract considerable attention. This is not 

only because of their fantastic variety of architectures and topologies
19–22

 but also because of their many potential 

applications in catalytic chemistry, optics and magnetism. Thus, many strategic methods for synthesizing Anderson-

type POMs hybrids have been developed and published in scientific journals. 
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Among these methods of synthesis, the most commonly used are: deforming the structure, forming an electronic gap 

in the compound, and replacing one metal with other metals. 

 

As part of our ongoing efforts to synthesize polyoxometallate materials, we reported two compounds 

(NH4)5[IMo6O24]·3NH3.5H2O and (NH4)6[TeMo6O24]·NH3.5H2O. Among the latter are, for each compound, an 

Anderson-type polyoxoanion whose heteroatoms are iodine and tellurium, respectively. Thus, in this work we study 

the photochromic, electrochemical and thermal properties of these two compounds. 

 

Experimentalsection 

Chemical materials Ammonium heptamolybdate tetrahydrate (NH4)6[Mo7O24].4H2O (98%), iodic acid (98%), and 

telluric acid (99%) were purchased from Sigma-Aldrich and used without further purification with distilled water. 

Chemical preparation 

 

Synthesis of (NH4)5[IMo6O24]·3NH3.5H2O (1,764g) (1) 

Direct functionalization method with one pot synthesis process was carried out by mixing, in 40mL of distilled 

water, 3.707g of ammonium heptamolybdate (NH4)6[Mo7O24].4H2O and iodic acid (HIO3) for functionalize, 

chlorhydric acid was used to acidify and adjust the pH solutions to 5.4. 

 

Synthesis of (NH4)6[TeMo6O24]·NH3.5H2O (3,24g) (2) 
Direct functionalization method with one pot synthesis process was carried out by dissolving, in 30mL of distilled 

water 3.707g of ammonium heptamolybdate (NH4)6[Mo7O24].4H2O and telluric acid (H6TeO6) for functionalize, 

chlorhydric acid was used to acidify and adjust the pH solutions to 7.4. 

 

Booth the solutions were heated under reflux and agitation for two hours. Then, the colorless solutions were cooled 

to room temperature and filtered. After 2 weeks of slow evaporation at room temperature, colorless crystals suitable 

for single-crystal X-ray diffraction were isolated in about 45% and 83% yield (based on Mo) respectively (1) and 

(2). 

 

X-raycristallography 

A single-crystal X-ray diffraction data, for booth compounds, were measured on a Rigaku Oxford Diffraction 

Supernova diffractometer at the MoKα radiation. Data collection reduction and multi-scan ABSPACK correction 

were performed with CrysAlisPro (Rigaku Oxford Diffraction). For both compounds, the crystal structures including 

the anisotropic displacement parameters were refined with SHELXL-2013 
23

. PLATON 
24

 was used to check 

additional symmetry elements and Crystallographic Information Files were compiled with Olex2.12. 

Crystallographic data are summarized in Table 1. 

 

Spectroscopy 

The UV-Visible absorption measurements of booth compound were recorded using a Thermo Scientific GENESYS 

10S UV-Vis spectrophotometer at room temperature in acidic aqueous solution (H2SO4). For all compounds, 15 mg 

was solubilized in 10ml of sulfuric acid solution (2M).  

 

A scan between 200 nm and 1100 nm was carried out for each compound. Sulfuric acid /distilled water was used as 

blank.  

 

IR spectroscopy measurements were carried out for both compounds. IR measurements were performed using 

ATR(Attenuated Total Reflectance) method from 4000 to 400 cm
-1

.
25

 

 

Thermogravimetric measurement and Differential Scanning Calorimetry 

Thermogravimetric (TG) and Differential Scanning Calorimetry (DSC) measurements were carried out with a 

SetaramSensysEvo under Argon flow, from room temperature to 800 °C, with a heating rate of 5 °C/min. 

 

Photochromic properties measurement 

Photochromic properties of booth compoundswere evaluated at room temperature with a UV-lamp (254 nm /365nm; 

2X6W UVGL-58). 
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Electrochemical properties measurement 
Electrochemical measurements were carried out using a DropSens-Stat-I 400 as a potentiostat/galvanostat 

instrument. They were performed using three electrodes cell consisting of a glassy carbon electrode (0.07cm
2
 

surface area) as the working electrode, a reference electrode (Ag/AgCl, 1M KCl satured) and a platinum wire as the 

counter electrode.  

 

Results and Discussion:- 
Structures description  

Single-crystal X-ray diffraction was performed on a single crystal of both compounds.  

 

It reveals that both compounds crystallize in orthorhombic system with space group Pccn.  

 

The asymmetric unit of (1) contains one iodomolybdate Anderson-type polyanion [IMo6O24]
5-

, five ammonium 

molecules (NH4)
+
, three neutral ammoniac (NH3) molecules and five water molecules (H2O) (Figure. 1). For the 

compound (2), the asymmetric unit contains one telluromolybdate Anderson-type polyanion [TeMo6O24]
6-

, six 

ammonium molecules (NH4)
+ 

, one ammoniac (NH3), and five water molecules (H2O) (Figure. 1). Both clusters of 

compounds (1) and (2) has an A-type Anderson structure [IMo6O18]
5-

 and [TeMo6O24]
6-

 respectively, (general 

formula: [(XO6)M6O18]
n-

 (n = 2-8, M = addenda atom, X = heteroatom). 

 

From the structural point of view, the topological structure of polyanions consists of six {MoO6} octahedra forming 

an hexagon around the central {XO6} with X = I, Te respectively (1) et (2) ) octahedron (Figure 2). In structural 

architecture of the polyanions, the oxygen atoms are divided into three groups leading to four sets Mo—O bonds for 

each anion (Figure 2) : (a) the Mo—Ot bonds ( Ot = terminal oxide)  are the shortest and are in the order of with 

bond lengths range = 1.707(4)–1.713(4) Å; for compound  (1) and 1.708(3)–1.716(4) Å for compound (2); (b) Mo—

Ob1 medium lengths ( Ob1 = oxygen atoms bridging two molybdenum atoms) and are in the  order of 1.923(4)–

1.941(4) Å for compound (1), and 1,921(3)–1,943(3) Å for compound (2); (c) Mo—Ob2 the longest bond of the 

compound  (Ob2 = oxygen atoms shared by two molybdenum atoms and one tellurium or iodine atom) with bond 

lengths range of 2.277(3)–2.296(3) Å for compound (1) and 2.272(3)–2.3295(3) Å for compound (2). The I—O 

distances range from 1.923(4)–1.933(4) Å for compound (1) and Te—O from 1.927(3)–1.935(3) Å for compound 

(2). 

 

 
Figure 1:- Three-dimensional and ellipsoidal representation of compounds a1 and a2 for compound 1, as well as b1 

and b2 for compound 2. 

 

From the structural point of view, the topological structure of polyanions consists of six {MoO6} octahedra arrange 

hexagonally around the central {XO6} ( X = I, Te respectively (1) et (2) ) octahedron (Figure 2).In structural 

architecture of the polyanions, according to the way the oxygen atoms are coordinated, the oxygen atoms are divided 
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into three groups leading to four sets Mo-O bonds for each anion (Figure 2) : (a) the Mo—Ot bonds ( Ot = terminal 

oxide)  are the shortest and are in the order of with bond lengths range = 1.707(4)–1.713(4) Å; for compound  (1) 

and 1.708(3)–1.716(4) Å and for compound (2); (b) Mo—Ob1 medium lengths ( Ob1 = oxygen atoms bridging two 

molybdenum atoms) and are in the  order of 1.923(4)–1.941(4) Å for compound (1),and 1.921(3)–1.943(3) Å for 

compound (2); (c) Mo—Ob2 the longest bond of the compound  (Ob2 = oxygen atoms shared by two molybdenum 

atoms and one tellurium or iodine atom) with bond  order of 1.923(4)–1.941(4) Å for compound (1),and 1.921(3)–

1.943(3) Å for compound (2); (c) Mo—Ob2 the longest bond of the compound  (Ob2 = oxygen atoms shared by two 

molybdenum atoms and one tellurium or iodine atom) with bond lengths range of 2.277(3)–2.296(3) Å for 

compound (1) and 2.272(3)–2.3295(3) Å for compound (2). The I—O distances range from 1.923(4)–1.933(4) Å for 

compound (1) and Te—O from 1.927(3)–1.935(3) Å for compound (2). 

 

Table 1:- Crystallographic data for compounds 1 and 2. 

Compounds  1 2 

Empirical formula 

Formula weight 

Crystal system 

Space group  

a(Å) 

b(Å) 

c(Å) 

α(°) 

β(°) 

γ (°) 

V (Å
3
) 

Z 

Dx (Mg.m
-3

) 

F(000) 

λ(Å) 

T(K) 

θ(°) range 

Absorption coefficient (mm
-1

) 

hkl range 

Final R indices 

Reflections collected 

Independent reflections 

Largest diff. peak/hole (e Å
-3

) 

H39N8IMo6O29 

1317.95 

Orthorhombic 

Pccn 

14.2765(4) 

14.9384(3) 

14.6053(3) 

90 

90 

90 

3114.84(12) 

10 

2.475 

2158 

0.71073 

297 

3.4 ≤θ≤ 26.4 

3.60 

-17≤h≤16 ; -18≤k≤18 ; -18≤ l ≤17 

R = 0.084 ;wR(F
2
) = 0.110   

43692 

2941 

-1.16/0.95 

H37N7TeMo6O29 

1302.63 

Orthorhombic 

Pccn 

14.2538(5) 

14.9475(5) 

14.6598(5) 

90 

90 

90 

3123.4(2) 

5 

2.657 

2309 

0.71073 

297 

3.4 ≤θ ≤ 26.2 

3.36 

-17≤ h≤16 ; -18≤k≤18 ; -18≤l≤17 

R = 0.063 ;wR(F
2
) = 0.092   

42007 

2948 

-0.83/1.04 

 

The inter metallic bonds Mo–Mo and Mo–I are in the range of 3.263(1)–3.294(1)Å and 3.273(1)–3.294(1)Å for 

compound (1) and Mo–Mo and Mo–Te in the range of 3.261(1)–3.293(1) Å et 3.277(1)–3.295(1) Å for compound 

(2). 

 

In the polyanion of both compounds, the octahedral unit, IO6 or TeO6 are surrounded by six MoO6 groups, forming a 

hexagon respectively around I or Te, giving overall approximate D2h symmetry to the anion. The central heteroatoms 

I
VII+ 

or Te
V+ 

are octahedral link by six Ob2 oxygen atom type (O005 ; O006 ; O007 ) 

 

The bond angles of O–I–Ocis range from 85.55°(14) to 94.45°((14) and O–I–Otrans is180° and the link O–Te–Ocis 

angles range from 85.69(15) to 94.31 (15) and O–I–Otrans is 180°. 

 

In both compounds, as shown in Figure 1, it is striking that the structures exhibits extensive hydrogen-bonding 

interactions among water molecules, ammoniac molecules, ammonium molecules and polyoxoanions. The typical 

hydrogen bonds distances are as follows : for compound (1) : O008…N00K= 2.715(7)Å, O00G…N00K= 

2.856(7)Å,  O005…N00H=2.836(7)Å, O00F…N00H= 2.896(7)Å, O00E…N00H=2.941(7)Å, O00J…O00B= 

2.857(7)Å, O00J…O007= 2.844(7)Å and for compound (2) : O009…N00J= 2.710(6)Å;N00J…O00F= 2.885(7)Å; 

O00G…O00I= 2.901(5)Å; O00I…O005=2.844(5)Å; O00D…N00K= 2.859(6)Å; N00K…O006= 2.838(6)Å; 

O00E…O00I= 2.949(6)Å for compound (2). 
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The bond valence sum calculations 
26

 indicate that I site is in the +7 oxidation state, Te site is in the +6 oxidation 

state and all Mo sites are in the +6 oxidation state respectively in compound 1 and 2. Which means that for the 

stabilization of the clusters, the polyanion of 1 is surrounded with five organic ammonium molecules to 

counterbalance the charge and six organic ammonium molecules around the polyanion of 2. 

 

Moreover, for both compounds, the two asymmetric polyanion monomers are further linked with each other to form 

a very stable dimeric, trimeric, and tetrameric structure through hydrogen bonds between the bridging oxo and 

terminal oxo ligands of the polyanions , which is similar to the formation of those kinds of structures based 

Anderson-type POMs.
27

.This hydrogen bonds network lead to the formation of an infinite 1D chain in zig-zag then 

each chains are connected with hydrogen bonds to neighbors parallel chains to give a 3D supramolecular network    

( Figure 1). 

 
Figure 2:- Representation of the polyanions of the compounds; a1 and b1: ORTEP drawing, a2 and b2 : polyhedral. 

 

UV-vis and IR spectroscopy 

The IR spectrum of both compounds is shown in Figure 3. The characteristic bands observed at 937, 876, 680 cm-1 

for 1; 921, 868, 665 cm
-1

 for 2 are attributed to υ(Mo–Ot) and υ(Mo–O–Mo), respectively 
14,27,28

  confirming the 

Anderson-type polyanion formation. The bands between 2800 and 3400 cm-1 of average intensity are probably the 

result of the υ(N-H) vibrations of the ammonium and ammoniac groups. The broads bands around 3600 cm
-1 

can be 

ascribed to the water molecules. 

 
Figure 3:- IR spectra of compounds. 
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The UV–Visible absorption of both compounds was analyzed in the 200–700 nm range in acidic solution. In the 

UV-vis region, only one single strong absorption band is observed for both compounds. The UV spectra reveal 

precisely absorption peak at λmax equal 298nm and 296nm for compounds (1) and (2), respectively (Figure 4). This 

absorption band is attributed to Ligand-Metal Charge Transfer (LMCT) transition of the O→Mo 
29–31

.Indeed, during 

irradiation, electrons are promoted from low-energy electronic states, mainly composed of 2p oxygen orbitals, to the 

high-energy electron states, mainly made up of 4d metal orbitals of molybdenum. Then, both compounds absorb in 

the ultraviolet region. 

 
Figure 4:- UV−visible spectra of the compounds: compound 1(black); compound 2 (red). 

 

TG/DSC analysis 

In order to examine the thermal stability, TG and DSC analyses of both compounds were carried out from room 

temperature to 800 °C (Figure 5).  

 

The TG data for compound (1) shows three weight losses. The first loss of 7.24% between 30 and 150 °C would 

correspond to the loss of five water molecules of the single crystal when dried under vacuum (calculated loss: 

6.87%). In this range, this weight loss can be seen with an exothermic peak of the DSC curve. The second weight 

loss of 9.2 %between 150 and 230 °C corresponds to the decomposition of eight NH3 (calculated loss: 10.3%). In 

this range, the DSC curve shows another endothermic peak The last loss starting from 230 °C corresponds to the 

degradation of the cluster.  

 

The TG curve for compound (2) shows many weight losses. The fist weight loss of 7% observed between 25 and 

125°C (calculated 6.91%) corresponds to the degradation of the five crystallization water molecules. In this range, 

the DSC curve shows an exothermic peak. The second weight loss of 10% (calculated 9.62%) attributed to amino 

groups molecules; this weight loss is observed between 125 and 325°. Starting at 340°C, we notice that the diagram 

is stable, which constitutes a phase transition whose polyanion transforms into oxide before degrading around 

700°C.  

 

The thermogravimetric curve shows total weight loss of 75% for compound (1) and 40% for compound (2). 
28,32
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Figure 5:- TG and DSC curves of the compounds (a) for compound 1 and (b) for compound 2. 

 

Photochromic proprieties  

Photochromic is defined as the ability of a molecule or material to change color reversibly under the effect of 

electromagnetic irradiation in the ultraviolet, visible or infra-red ranges. 

 

Thus, the photochromic comportment of both compounds were demonstrated under a UV lamp with the excitation at 

a wavelength of 254 nm (4.89 eV) and 365 nm (3.4 eV). All the crystals materials show a colorless coloration in 

their ground state. Under UV excitation at 365 nm (3.4 eV), only the compound (2) has photochromic response after 

five minutes of irradiation. There is no change in color at 254 nm (4.89 eV). 

 

However, the compound (1) has photochromic response after one hours of irradiation under UV excitation at 254 

nm (4.89 eV). 

 

After five-minute UV excitation under the lamp, the color of compound (2) changed from colorless to brown and the 

material show strong photochromic response with high coloration, as contrast and the photoinduced color become 

increasingly intense with time (Figure 6b). The photo-induced color did not change after one hour of irradiation. 

However, the return to the original color requires a long time at room temperature (i.e. 1 hours ) or 3min at 50°C. 

 

Based on the literature the coloration is then due to the photoreduction of central metals. This reduction is generated 

by, during the absorption of a photon, the homolytic breaking of the N-H bond leads to the transfer of the hydrogen 

atom to the terminal oxygen ligand of the polyanion 
34,35

. The oxygen atoms transfer their electrons to the central 

metal the Mo
VI

 whose are reduced to Mo
V
. The Mo

V
 cations with a d

1
 electronic configuration may then be involved 

in d-d transitions or intervalence Mo
V 

+  Mo
VI 

→ Mo
VI

+ Mo
V 

charge transfer inducing new colors 
33–36

.  

 

 
Figure 6:- Color of Compounds after UV irradiation: (a): compound (1), (b): compound (2). 
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Electrochemestry 

In the potential range from -0.8 V to +1.5 V, the cyclic voltammogram of compounds 1 and 2 at respective scan rate 

of 15 mV/s and 5 mV/s shows two reduction peaks. For compound (1), the two redox peaks are located at the mean 

peak potentials 
1

2
𝐸 =

1

2
(Epa +  Epc) at -67,208 mV (I-I’) and -52,8955 mV (II-II’) respectively (Figure 7). For 

compound (2), the two redox peaks are observed at the mean peaks potentials equal to 1,8125 mV (I-I’) and -29,375 

mV (II-II’) respectively (Figure 8).  

 

The two reduction peaks correspond to two consecutive one-electron processes based on molybdenum centers.
37–39

. 

The cyclic voltammetry (CV) curves of the glassy carbon electrodes of the compound, obtained at scan rates ranging 

from 5 to 45 mV/s are represented (Figure 7a3, 8b3). The peak currents densities and the peak potential difference 

values of these oxidation/reduction processes on the electrode, increase with the scan rate, indicating these processes 

are reversible.  

 
Figure 7:- Electrochemical measurements of compound (1): (a1: Cyclic voltammograms at scan rate = X mV/s, a2: 

Cyclic voltammograms with different scan rates; a3 Calibration curve for peak currents with respect to the root of 

the scanning speed.) 

 
Figure 8:- Electrochemical measurements of compound (1) : (a1: Cyclic voltammograms at scan rate = X mV/s, a2: 

Cyclic voltammograms with different scan rates; a3 Calibration curve for peak currents with respect to the root of 

the scanning speed). 
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Conclusion:- 

In this work, we successfully synthesized two Anderson-type POM through a reflux method which provides novel 

examples of the utilities of synthesized Anderson clusters as interated with ammonium and water molecules for 

constructing extended solid-state materials. 

 

The structure of both compounds possesses a 3D supramolecular structure composed of ammonium, water and 

polyanion layers pillared chains. The present work may supply a potential method for forming other related pillared 

structures via alterations to POM building blocks or central heteroatom.  

 

The electrochemical properties of the title compounds were investigated and show for both compounds two 

reversible consecutive one-electron redox and the scan rate indicates a process controlled by surface. Both 

compounds are built of Anderson type polyanion with same organic counterions like ammonium and water 

molecules. But the photochromic properties study of both compounds under a UV lamp with the excitation show 

that the compound (2) is photochrom five minutes after irradiation at a wavelength of 365nm and the compound (1) 

at 254nm after 1 hours of UV irradiation.  

 

These results show that for Anderson types-POMs not only the large numbers of hydrogen bonds interactions are 

responsible for photochromic properties but the the nature of central heteroatom play a key role for the photo-

reduction properties. Therefore, the choice of basic materials building units can influence profoundly the structure 

of synthesized products and to direct their formation with particular structural and physical properties.  
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