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The synthesis and crystal structure of new hydrated lead selenite nitrate Pb4(SeO3)3(NO3)2⋅2H2O (1) are 

reported. The crystal structure of 1 ( 1P , a = 7.2590(2) Å, b = 7.6454(2) Å, c = 14.7293(4) Å, 

α = 84.386(2)°, β = 78.311(2)°, γ = 83.643(2)°, V = 793.18(4) Å3, R1 = 3.1%) belongs to a new structure 

type. It is based on a porous framework composed of [Pb4(SeO3)3]
2+ layers strongly bound via nitrate 

anions. Water molecules are located in the channels. Stereochemically active electron pairs of SeO3E 

groups are directed toward each other. The structure of 1 is compared with similar architectures involving 

Pb2+ and Se4+ cations. 
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INTRODUCTION 

The use of non-transition metal cations in low oxidation states is one of the tools for the targeted synthesis of 

compounds with low-dimensional crystal structures due to the stereochemical activity of lone pairs. In particular, among such 

compounds there are many representatives with non-centrosymmetric and low-dimensional structures. The formation 

probability of these structures increases when a halogen anion is incorporated into them [1]. The recent studies show that 

these unusual structures can also be observed when nitrate anions are added [2]. For example, nitrate-containing compounds 

such as Pb6O5(NO3)2 [3] and Pb2(SeO3)(NO3)2 [4] have a sufficiently high nonlinear optical activity. Despite extensive 

research, this class of compounds has still been studied very selectively, therefore, currently it is difficult to talk about general 

trends in the structure formation. 

One of the advantages of selenites is their relatively simple and mild synthesis procedures, which is especially 

relevant for compounds containing thermally unstable anions, in particular nitrates. Solution [5-8] and hydrothermal [9] 

syntheses are most suitable. 

This communication reports the data on a new hydrated lead selenite nitrate: Pb4(SeO3)3(NO3)2⋅2H2O (1). 
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EXPERIMENTAL 

Synthesis. The new compound was found as a by-product in the lead selenite synthesis. The solutions containing 

20 mmol of lead nitrate and 20 mmol of sodium selenite were heated to boiling and then drained. A heavy, slightly yellowish 

precipitate immediately formed, which was kept in the mother liquor for approximately 30 min to increase the precipitate 

crystallinity. A few needle-shaped crystals were found on the precipitate surface after the mother liquor was drained. The 

second reaction product (sodium nitrate) has a similar morphology, however, the crystals did not dissolve being repeatedly 

washed with distilled water. One of them was selected for X-ray diffraction (XRD). The yield of crystals of new phase 

Pb4(SeO3)3(NO3)2⋅2H2O can be estimated as ∼20%. 

The qualitative analysis of Pb4(SeO3)3(NO3)22H2O crystals performed on a scanning electron microscope (Hitachi 

TM3000) did not reveal any other elementswith the atomic number greater than 11 (Na), except Pb and Se. 

Single crystal XRD. Single crystal XRD was performed on a Rigaku XtaLAB Synergy-S diffractometer with  

a PhotonJet-S detector at 120 K. The data were collected with a 0.5° step and a 10 s exposition per frame. The absorption 

correction was applied taking into account the crystal shape. Crystallographic and structure refinement parameters are given 

in Table 1. During the structure refinement it is found that OW2, OW3, and OW4 atoms belonging to water molecules are  
 

TABLE 1. Crystallographic and Refinement Parameters of Pb4(SeO3)3(NO3)2⋅2H2O 

Parameter Data 
Crystal system Triclinic 
Space group 1P  
a, b, c, Å 7.2590(2),  7.6454(2),  14.7293(4) 
α, β, γ, deg 84.386(2),  78.311(2),  83.643(2) 

V, Å3 793.18(4) 
Radiation MoKα 

λ, Å 0.71073 
Crystal dimensions, mm 0.05×0.05×0.20 

Reflections: measured / independent with F > 4σ(F) 13330 / 3312 
R1 0.031 
S 1.03 

Δρmin / Δρmax, e/Å3 –2.70 / 2.67 
CCDC 2339041 

 

TABLE 2. Calculated BVSs (without taking into account hydrogen bonds) in the Crystal Structure of 
Pb4(SeO3)3(NO3)2⋅2H2O 

Atom O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 O14 O15 OW1 OW2* OW3* OW4* ∑νc

Pb1  0.80 0.24 0.34 0.34      0.11 0.09    0.02↓→ 0.07 0.08  2.08

                0.02↓     

Pb2 0.39  0.25 0.38  0.24 0.14 0.17 0.10   0.21   0.16     2.05

Pb3 0.29  0.34  0.29 0.29  0.27   0.17   0.13 0.11 0.04↓→ 

0.04↓ 

0.10 0.10  2.12

Pb4      0.39 0.59 0.30 0.24   0.16 0.16 0.15 0.14     2.13

Se1 1.32 1.28 1.27        0.04      0.03 0.02 0.04 4.00

Se2    1.31 1.31 1.20      0.03  0.04     0.02 3.90

Se3       1.32 1.31 1.20    0.06  0.04     3.92

N1          1.80 1.63 1.55        4.98

N2             1.83 1.63 1.59     5.05

∑νa 2.00 2.09 2.10 2.03 1.94 2.11 2.05 2.05 1.54 1.80 1.94 2.03 2.05 1.95 2.05 0.12 0.20 0.18 0.06  
 

 

 

50% site population. 
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half occupied, while the OW1 position is fully occupied. The calculated bond valence sums (BVSs) are given in Table 2. 

Practically all calculated BVSs are in good agreement with formal valences of the cations and anions in the structure of 1.  

A slightly underestimated BVS value for the O9 atom can be explained by a significant contribution of hydrogen bonds to its 

valency saturation, which cannot be taken into account at this stage. 

CRYSTAL STRUCTURE 

The crystal structure of 1 belongs to a new type. The compound crystallizes in the centrosymmetric group 1P . The 

structure contains four asymmetric lead positions, three selenium positions, two nitrogen positions, and 19 oxygen positions 

(four of them belong to the oxygen atoms of water molecules). All lead atoms have an irregular coordination environment of 

oxygen atoms (Fig. 1). The Pb1 atom is coordinated by 11 oxygen atoms at a distance of 2.488(5)-3.535(5) Å. The OW2 and 

OW3 positions belong to water molecules and are half occupied; Pb2 is surrounded by ten oxygen atoms at a distance of 

2.449(5)-3.236(5) Å. The Pb3 coordination consists of 11 oxygen atoms at a distance of 2.508(5)-3.473(5) Å, which include 

two half occupied OW2 and OW3 positions. It makes the Pb3 environment similar to that of the Pb1 atom. Pb4 is surrounded 

by ten oxygen atoms at a distance of 2.449(5)-3.196(5) Å. In all coordination polyhedra, a free region can be identified, 

which indicates the manifestation of the stereochemical activity of the lone pair of the divalent lead cation. All four lead 

atoms demonstrate different coordination modes to triangular NO3 groups (Fig. 1). Thus, the Pb1 atom is bidentately bonded 

only to the N1O3 group. The Pb2 atom is monodentately coordinated by the N1O3 group and the N2O3 triangle. Pb3 has both  

 

 

Fig. 1. Coordination environment of Pb1, Pb2, Pb3, and Pb4 atoms in the crystal structure of 
Pb4(HSeO3)3(NO3)2⋅2H2O. The OW positions denoted by asterisks are half occupied. The bonds Pb–O > 3.1 Å 
are shown by dashed lines. All bonds Pb–O ≤ 3.55 Å are shown. 
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Fig. 2. Structure of 1 can be divided into [Pb4(SeO3)3]
2+ (a) and {(NO3)2(H2O)2}

2– (b) 
layers. 

 

types of coordination to two nitrate groups, and the Pb4 atom is coordinated by three NO3 groups. Valence contributions of 

each of two OW1–Pb1 bonds and two OW1–Pb3 bonds are ≤ 0.03 v.u. (Table 2). The OW4 water molecule does not make 

bonds with the cations and is held solely by hydrogen bonds. 

Tetravalent selenium forms a classical umbrella SeO3E group (where E is the lone pair, also with the stereochemical 

activity). The Se–O distances are different (the difference in bond lengths is 0.02-0.03 Å), which is due to different lead 

cation environments of selenite oxygen atoms. Taken together, 2

3
SeO

−  anions and Pb2+ cations form pseudo-layers 

[Pb4(SeO3)3]
2+, with nitrate anions and water molecules being located between them (Fig. 2). The nitrate anions and water 

molecules complete the coordination of lead located in a covalent layer. Stereochemically active electron pairs of SeO3E 

groups are directed toward each other (Fig. 3), forming special cavities (channels) called micelles [10]. 

DISCUSSION 

New Pb4(SeO3)3(NO3)2⋅2H2O is the second lead selenite nitrate compound after the anhydrous Pb2(SeO3)(NO3)2 

compound described in [4]. It is noteworthy that both selenite nitrates were prepared from aqueous solutions, but under 

different conditions. Pb2(SeO3)(NO3)2 as well as its phosphite analogue Pb2(HPO3)(NO3)2) is formed under the action of 

selenious acid on a diluted solution of lead nitrate (the medium is slightly acidic), while Pb4(SeO3)3(NO3)22H2O was obtained 

in the interaction of solid lead selenite with an excess of a NaNO3 solution (possibly, containing a small excess of Pb(NO3)2; 

the medium is nearly neutral). In our case, a hot solution with sufficiently high concentrations of nitrate ions interacts with  
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Fig. 3. General projection of the crystal structure of Pb4(SeO3)3(NO3)2⋅2H2O along the 
a (a) and c (b) axes. Micelles are shown by green ovals. 

 

the solid phase containing selenite anions. It can be assumed that due to a relatively high temperature and the ionic strength of 

the concentrated NaNO3 solution, a partial dissolution of lead selenite occurs followed by crystallization of 1. 

The structures of anhydrous Pb2(SeO3)(NO3)2 and 1 can be described as porous frameworks (Fig. 3). Different 

architectures are explained by the presence of additional water molecules and different 2 2

3
Pb : SeO

+ − ratios. Anhydrous 

selenite nitrate with a more complicated composition Pb2Cu3O2(NO3)2(SeO3)2 [11] is also known, in which the primary 

structural blocks are CuO4 squares sharing vertices to form a zigzag chain surrounded by lead cations and selenite groups on 

both sides. In this case, selenium and lead lone pairs are directed to the interlayer space, which indicates the presence of the 

chemical scissors effect. 

The structural similarity of nitrates with halides can be seen when comparing these structures with the 

Pb8Cu2+(SeO3)4Br10 compound [12] obtained by the chemical gas transport reaction as a by-product in the synthesis of the 
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sarrabusite bromide analogue [13]. Although this structure has a chain motif, it is formed similar to Pb2Cu3O2(NO3)2(SeO3)2 

around copper atoms and is lined by lone pairs pushing halogen to the interlayer space. 

The role of water as a factor contributing to a decrease in the structure dimensionality can also be illustrated by the 

example of favreauite mineral PbBiCu6O4(SeO3)4(OH)(H2O) [14]. In this structure, copper selenite layers are highly 

corrugated, and the voids contain disordered water molecules that are relatively weakly bonded with strong covalent layers 

and fill the free space. 

Therefore, a combination of low valent cations of metals and non-metals with the oxygen environment results in the 

formation of interfaces lined by stereochemically active lone pairs. On the other side of these interfaces, rigid anions weakly 

interacting with low valent cations are located, which determines the chemical scissors effect. This effect is apparently 

strengthened by water molecules forming only relatively weak hydrogen bonds and also contributing to a decrease in the 

density and/or dimension of covalently bonded frameworks. 
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