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SM 1           Figure 1  

Principal outcome of the synthesis of new mixed metal, mixed oxides solids carried out in a 
quartz ampoule. Powder residue was found inhomogeneous and was discarded. Crystals used 
for studies. 
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SM 2           Figures 2,3 

Experimental setup of the second harmonic generation (SHG) measurements: top – block 
scheme; bottom – actual laboratory settings showing the videomicroscope for optical 
alignment of single crystals in the beam, with a red arrow.  

 

 



4 
 

SM 3           Figures 4,5 

 

Plotted data of observed SHG effect in rotating of sample 1 with its polarization measurements 
(A). Time evolution of the SHG signal at 532 nm from single crystals of sample 4 (B); the SHG 
signal becomes very small within 2-3 minutes where decrease of its intensity is indicated with 
arrows. 
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SM 4           Chart 1 

 
We observed a photosalient effect in all studied single crystals of new non-centrosymmetric 
solids. It is a new phenomenon some details of which were first aired and classified in 
Angewandte Chemie International Edition (then in Photonics.com, June 2014), and in brief 
presented in diagram below.  
 
It was first observed in crystals of Werner-type complex [Co(NH3)3(NO2)]Cl(NO3), where single 
crystals underwent sudden jumps over distances 102 to 105 times their own size.  
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SM 5           Figure 6 

 

The explanation for observed mode 4 photosalient effect in studied new mixed metal oxides. 
Compound 4 is used as an example.  
 
Unit cell constants b and c in this orthorhombic cell are not changing much, while the shortest 
dimension a does change considerably. This is the distance between layers, or puckered plates, 
in the structure, which turned out to be sensitive to temperature.   
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SM 6           Table 1 

 

Key EPR active isotopes of the most common transition metals used in materials chemistry 
research and their EPR appearances. Used in this work elements are indicated with arrows. 
 

______________________________________________________________________________ 

Metal Oxidation state  Isotopes  Spin (abundance) # EPR lines 

______________________________________________________________________________ 

V +4   51   7/2   8 

______________________________________________________________________________ 

Mn +2   55   5/2   6 

______________________________________________________________________________ 

Fe +3   54, 56, 57, 58  0, and 1/2 (~3%) 1 + 2 (1%) 

______________________________________________________________________________ 

Co +2   59   7/2   8 

______________________________________________________________________________ 

Ni +1, +3   58, 60, 61, 62, 64 0, and 3/2 (25%) 4 

______________________________________________________________________________ 

Cu +2   63, 65   3/2   4 

______________________________________________________________________________ 

Mo* +5   92, 94, 95, 96, 97, 

    98, 100   0, and 5/2 (25%) 1 + 6 (4%) 

______________________________________________________________________________ 

W** +5   180, 182, 183, 184 

    186   0, and 1/2 (14%) 1 + 2 (7%) 

______________________________________________________________________________ 

*- isotropic spectrum consists of 7 signals;  

**- isotropic spectrum consists of 3 signals 
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SM 7           Figure 7 

 

Low temperature EPR spectrum of crystalline compound 3 showing overlapping signals. Shown 
coupled pentavalent molybdenum and tungsten centers. 
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SM 8           Figure 8 

Two different metal sites (marked as 1 and 2) in the structure of compound 4 (a), its EPR 
spectrum at 80K, and fitting (b), showing unresolved isotopic hyperfine coupling.  
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SM 9           Figure 9 

 
Low temperature EPR spectra of crystalline compound 4 before and after recording its 
thermogramm under pure N2 atmosphere. Blue spectrum contains unresolved hyperfine 
coupling of one unpaired electron of Mo(V) species with 95Mo isotope nucleus.  
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SM 10          Table 2 

 
Table of standard redox potentials for elements involved in synthesis of mixed metal, mixed 
valence oxides. 
 
______________________________________________________________________________ 
Element +6 to +5  +5 to +4 +6 to +4 +5 to +3 +3 to 0 
______________________________________________________________________________  

As  n/a  n/a  n/a  +0.560 V (ac)* +0.240 V (ac) 

        -0.67 V (ba)** -0.68 V (ba) 

______________________________________________________________________________ 

Nb  n/a  n/a  n/a  -0.10 V (ac) -1.10 V (ac) 

 

Mo  +0.50 V (ac) +0.17 V (ac) +0.646V (ac) +0.085 (ac) 

  n/a  n/a  -0.780  n/a  

W  -0.029 (ac) -0.031 (ac) n/a  n/a  n/a 

  n/a  n/a  -1.259 V (ba) n/a  n/a 

 

*- reported for solutions at acidic conditions (pH = 0) 

**- reported for solutions at basic conditions (pH = 14) 

 

 

All values from John Emsley “The Elements”, 2nd Ed., Clarendon Press-Oxford, 1991.  
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SM 11         Figures 10, 11 

Micro-Raman spectra of crystals of new compounds showing usable area of M-O (M=Nb, Mo, 
W) and As(P)-O vibrations. 

Compound 1: 

 
Compound 2: 
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SM 12         Figure 12, 13 

Micro-Raman spectra of crystals of new compounds showing usable area of M-O (M = Mo, W) 
vibrations. 

Compound 3: 

 
Compound 4: 
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SM 13          Figure 14 

 
Full line shape analysis for solid state reflectance spectrum of compound 2 showing 
deconvoluted peaks and overall fitting statistics.  The minimum number of five Gaussian-type 
peaks is necessary to fit well experimental curve (black). Red trace is the sum of theoretical fit, 
while blue peaks represent individual components of spectral envelope.    
 
 
 

 
 
 
 


2 = 1.92 10-6  COD = 0.993  number of used data points (from spectrum)= 761; 

      degrees of freedom in the system = 746 
Students’ statistics = 0.00143   Coefficient of correlation R = 0.996 
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SM 14         Figures 15, 16 
 
Precession images from single crystal diffraction studies of compound 1: top – kl1 plane (14), 
bottom – h1l plane (15). Both clearly indicate aperiodic nature of studied specimen.  
 

 

 



16 
 

SM 15         Figure 17, 18 

 

RLAT (reciprocal lattice view) image of all harvested reflections from 1464 frames recorded 
during single crystal diffraction experiment from a sample of compound 1. For structure 
solution and refinement the biggest, central cluster of reflections has been selected (indicated 
by red circle). 
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SM 16          Figure 19 

 
Prospective view of the unit cell content using polyhedrons’ representation of the crystal 
structure of compound 1.  
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SM 17          Figure 20 

 
Two orthogonal views of the GROW fragment in the structure of 1. Green arrows show some 
corner-sharing octahedrons in the structure, while yellow arrows show edge-sharing places for 
junction.  
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SM 18          Figure 21 

Metallocycles in the structure of 1: analysis of planarity of the core. A – top view, B – side view, 
C – dihedral angle in eight-membered cycle in the middle of the structure where 2-fold rotation 
axis is. 
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SM 19          Figure 22 

Metallocycles in the structure of 1: analysis of planarity of three six-membered cycles in the 
core. 
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SM 20          Figure 23 

Side (A) and top (B) views of pnictogens centers in the structure of 1 showing highly distorted 
trigonal bipyramidal geometry.  
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SM 21          Figure 24 

 
Geometry of a pentagonal star shaped formation in the structure of 1 angles between 
pnictogen atoms As/P and oxygen atoms – side view  A and top view  B, and bond lengths C. 
Shared sites between transition metals and pnictogens are indicated with green arrows.  
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SM 22          Figure 25 
 

Geometry of a pentagonal star shaped formation in the structure of 1 angles between 
pnictogen atoms showing bond lengths. 
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SM 23          Figure 26 

Analysis of structure of 1: values of principal bonds and angles at individual metal centers with 
SOF = 1, Nb1 and Nb2 
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SM 24          Figure 27 

Analysis of structure of 1: values of principal bonds and angles at individual metal centers with 
SOF = 1, Nb3, Nb7. 
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SM 25          Figure 28 

Literature data analysis of polyhedrons distortions: selected bond lengths and valence angle in 

the structure of N2O5 (monoclinic, P1) for comparison with the structure of 1. Non-symmetry 

related metal centers Nb2 and Nb3 were chosen.  A spread of Nb–O bond distances is ranging 

from 1.81–2.34 Å (variance of ~22.6% value). Same for angles: 73.61o to 105.92o representing 

~30% value). Both data are from reference [1] (see the Reference Section at the end). 
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SM 26          Figure 29 

Literature data analysis of polyhedrons distortions: selected bond lengths and valence angle in 

the structure of WO3 (monoclinic, P21/c) for comparison with same parameters in the structure 

of 1. Non-symmetry related metal centers W2 and W3 were chosen.  A spread of W–O bond 

distances ranging from 1.841–2.065 Å, ~11% of value (from reference [2]). In another also 

monoclinic polymorph spread of W-O bonds is from 1.855 to 2.034 Å, ~8.8% of value. At the 

same time valence angles O-W-O range from 84.62o to 95.37o (~11.3% value) (from reference 

[3]) (see the Reference Section at the end). 
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SM 27          Chart 2 
 

Organization of 2D crystal lattice in the structure of compound 1: thick plates are stacked on a 
top of other with different averaged E-O distances (E = As, P, Mo, W) in between forming 
layered structure. Each plate represents puckered 2D net. 
 
The averaged distance inside the ASU net based on 17 data (blue plate), with upper pink plate 
based on 11 data, and lover brown plate based on 8 data as generated by the Mercury 
Crystallographic Viewing software.  
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SM 28          Figure 30 

The videomicroscope scaling of the needle-type specimen of compound 2 used for crystallo- 
graphic studies. Indexing crystal faces led to accurate dimensions determinations that were 
used in SADABS procedure for absorption correction. 
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SM 29          Figure 31 

 
Polyhedral representation of the structure of 2: view along b-direction. Oxygen atoms of 
occlusion are indicated in red.  
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SM 30          Figure 32 

 
Two orthogonal views of the GROW fragment in the structure of 2. Corner-sharing octahedrons 
are clearly seen in the structure, while yellow arrows show corner-sharing tetrahedrons of PO4-
fragment for junction.  
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SM 31          Figure 33 

Analysis of structure of 2: values of principal bonds and angles at individual metal centers. 
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SM 32          Figure 34 

 

Analysis of structure of 2: values of principal bonds and angles at individual metal centers 

(continued). 
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SM 33          Figure 35 
 

The polyhedrons’ representation of the crystal structure of compound 3.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



35 
 

SM 34          Figure 36 

 

Two orthogonal views of the GROW fragment in the structure of 3. Corner-sharing octahedrons 

are clearly seen in the structure, while yellow arrows show edge-sharing As-containing 

tetrahedrons with MoO6 octahedrons. 
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SM 35          Figure 37 
 

Analysis of structure of 3: values of principal bonds and angles at individual metal centers. 
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SM 36          Figure 38 

Analysis of structure of 3: values of principal bonds and angles at individual metal centers 
(continued). 
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SM 37          Figure 39 

 

Analysis of structure of 3: values of principal bonds and angles at individual metal centers 

(continued). 
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SM 38          Figure 40 

Literature data analysis of polyhedrons distortions: selected bond lengths and valence angle in 

the structure of MoO3 (monoclinic, P21/n) for comparison with same parameters in structures 

of 2 - 4. Non-symmetry related metal centers Mo3 and Mo7 were chosen.  A spread of Mo–O 

bond distances ranging from 1.777–2.276 Å, ~22% of value, while spread of O-Mo-O angles is 

from 77.69 to 102.51o, which represents 24.2% value (from reference [4] (see the Reference 

Section at the end). 
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SM 39          Figure 41 

Analysis of planarity of Metal-Oxygen net in the core of structure of 3. 
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SM 40          Figure 42,43 

Core of the structure of 3: polymeric 2D net of Mo/W and O atoms: Top view (A) and side view 
(B).   

 

43:   Details of geometry of the As1 atom. Place for the lone pair is inferred as well. 
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SM 41          Figure 44 

 

Polyhedrons’ representation of crystal structure of compound 4.  
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SM 42          Figure 45 

 

Two orthogonal views of the GROW fragment in the structure of 4. Only corner-sharing 
octahedrons are clearly seen in the structure. Arrows point out on location of As-atoms.  
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SM 43          Figure 46 

Bonds lengths between metal center and oxygen in the structure of compound 4.   
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SM 44          Figure 47 

 

Some experimental details for single crystals electrical conductivity measurements: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Glass cover slip with single crystal of 

compound 2 and graphite glue/paste 

with embedded golden wires.  

Shown original crystal (inset) and 

glued specimen (below) 
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SM 45          Text 48 

 

Bulk conductivity formula: 

Sample’s electric resistance R (unit Ω) is calculated from potentiostat’s voltage U (unit: V) and 

observed current I (unit: A) using Ohm’s law: 

𝑅 =
𝑈

𝐼
 

 

 

 

Electric circuit of the experiment setup: 

 

 

  

 

Electrical resistivity ρ (unit: Ωm) is calculated from sample’s resistance R, sample’s length l 

(unit: m) and cross sectional area A (unit m
2
). Junctions covered by the carbon glue are not 

counted to the crystal’s length. Crystals are assumed to resemble cuboids so cross-sectional area 

A is width w (unit: m) times the height h (unit: m). 

 

𝜌 =
𝑅𝐴

𝑙
=
𝑅𝑤ℎ

𝑙
 

 
 
 
 
 

Electrical conductivity σ (unit: S/m) is the reciprocal of electrical resistivity ρ. Thus, 

 

𝜎 =
1

𝜌
=

1

(𝑅𝑤ℎ)/𝑙
=

𝑙

𝑅𝑤ℎ
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SM 46          Text 49 
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