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Introduction and General Aim of the Experiment: 

Over the last decade or so our research group has been leading the worldwide research focused at the 
engineering of optical metallic centres (in particular lanthanide cations) into silicate matrices with the aim to 
produce inorganic functional materials, many of which exhibit structural properties similar to those found in 
zeo-type compounds.[1-17] A few years ago we discovered a new family of chiral compounds, formulated as 
Na3[(Y,Ln)Si3O9]·3H2O (where Ln3+ could be Eu3+, Tb3+, Er3+ or Ce3+), which strongly resembles a zeolite 
material: (Si3O9)! chains, running along the [100] direction, are interconnected by lanthanide cations leading 
to a three-dimensional porous framework having 8-ring channel (ca. 2.0"4.0 Å cross-section) which host Na+ 
and hydrogen-bonded water molecules. Remarkably, for the Eu3+-containing material we found that Eu3+ 
photoluminescence spectroscopy was able to identify, and possibly quantify, enantiomeric domains in the 
chiral frameworks by using unpolarised light excitation and in the absence of an external magnetic field.[6] At 
the time we postulated that when the material was irradiated with UV light some structural changes could 
occur; these modifications, due to their structural importance, could then be visible from X-ray studies at 
very low temperature. 

The aim of this proposal was to collect single-crystal X-ray diffraction data for 
Na3[(Y0.70Eu0.30)Si3O9]·3H2O at ambient, 100K and another lower temperature, with and without UV 
irradiation, and investigate if any structural change was indeed noticeable. 



Results and Discussion: 

Na3[(Y0.70Eu0.30)Si3O9]·3H2O 

A significant portion of the first day of the experiment was dedicated to fully explain the idea, the 
general aim of the proposal and which were our personal and specific objectives to our local contact,  
Dr. Gavin Vaughan. 

Our portable UV excitation source (Figure 1) was mounted inside the experimental hutch, close to the 
location were the crystal was going to be placed, and some tests were performed to antecipate any collision 
with the accessories already in place at the ID11 experimental hutch. 

 

 
Figure 1.  In-house portable apparatus for a constant UV excitation. 

 
Experiments on a suitable single-crystal of Na3[(Y0.70Eu0.30)Si3O9]·3H2O started at the end of the 

afternoon of the first day and covered a wide range of conditions: ambient temperature, 100K and 18K; for 
all temperatures a full data set was collected with and without UV irradiation; for 18K with UV irradiation, 
two full data sets were collected. Please note: some experiments had to be repeated with and without 
attenuator, in particular at low temperature, due to the very strong intensity of some reflections. Table 1 
summarizes the most relevant results obtained for the same crystal at different experimental conditions (only 
the head of the INS SHELX file is presented for clarity). 

From the collected data sets (only 7 are shown) we did not find any evidence for our initial 
assumptions: independently of the employed conditions, the irradiation of the material with UV light did not 
produce a noticeable structural change which could be observed in situ by single-crystal X-ray diffraction. In 
fact all data sets could be equally solved and refined in the chiral P212121 space group with very similar R-
factors. 



 
Table 1.  Unit cell parameters for the Na3[(Y0.70Eu0.30)Si3O9]·3H2O material collected at 
different experimental conditions (single-crystal data). 

Ambient temperature 
TITL RT in P2(1)2(1)2(1) 
CELL 0.31849   7.0084  11.7147  13.4516  90.000  90.000  90.000 
ZERR    4.00   0.0003   0.0005   0.0006   0.000   0.000   0.000 

100K 
TITL 100K in P2(1)2(1)2(1) 
CELL 0.31849   7.0291  11.7452  13.5141  90.000  90.000  90.000 
ZERR    4.00   0.0001   0.0002   0.0003   0.000   0.000   0.000 

100K with UV irradiation 
TITL 100K_UV in P2(1)2(1)2(1) 
CELL 0.31849   7.0296  11.7453  13.5122  90.000  90.000  90.000 
ZERR    4.00   0.0003   0.0005   0.0006   0.000   0.000   0.000 

18K (no attenuator) 
TITL 18K in P2(1)2(1)2(1) 
CELL 0.31849   7.0073  11.7126  13.4752  90.000  90.000  90.000 
ZERR    4.00   0.0003   0.0005   0.0007   0.000   0.000   0.000 

18K (with attenuator) 
TITL 18K_att in P2(1)2(1)2(1) 
CELL 0.31849   7.0073  11.7126  13.4752  90.000  90.000  90.000 
ZERR    4.00   0.0003   0.0005   0.0007   0.000   0.000   0.000 

18K (no attenuator) with UV irradiation 
TITL 18K_UV in P2(1)2(1)2(1) 
CELL 0.31849   7.0258  11.7386  13.4763  90.000  90.000  90.000 
ZERR    4.00   0.0100   0.0118   0.0226   0.000   0.000   0.000 

18K (no attenuator) with UV irradiation (2nd run) 
TITL 18K_UVb in P2(1)2(1)2(1)  
CELL 0.31849   6.9683  11.6239  13.3798  90.000  90.000  90.000  
ZERR    4.00   0.0005   0.0010   0.0011   0.000   0.000   0.000 

 
 

[Mn20O10(PhCOO)2(L1)2(L2)18]·2EtO·MeOH 

In the remaining allocated time for the experiment we were also able to collect a full data set for the 
high nuclearity cluster of manganese depicted in Figure 2 (see Scheme 1 for the chemical structure of the 
ligands). We are still waiting to publish this result due to a combination of several factors, with the most 
relevant being the need to scale-up the synthesis so the magnetic properties could be studied in detail. 

 
Scheme 1.  Organic ligands present in the high-nuclearity cluster 

[Mn20O10(PhCOO)2(L1)2(L2)18]. 
 



 
Figure 2.  Schematic representation of the high-nuclearity cluster 

[Mn20O10(PhCOO)2(L1)2(L2)18]. 
 
 

Conclusions: 

In summary, we believe that the time allocated for this experiment, alongside with the good interaction 
with Dr Gavin Vaughan, who was very helpful and contributed very actively giving suggestions for the 
experiments, were sufficient guaranteeing the collection of the data sets needed to reach the aforementioned 
conclusions. 

Even though we did not observe the structural change which was much anticipated before the 
experiment, we also do not believe that this occurred due to any limitation of the apparatus at the ID11 beam 
line or to any lack of support from our local contact: all efforts were, indeed, taken so to exhaustively 
investigate the system to see if any structural change was noticeable upon UV irradiation of the crystals. We 
are, thus, led to the overall conclusion that the effect is indeed not structurally visible, at least when using X-
ray diffraction to monitor the changes.  

We anticipate that one publication may arise from this experiment in the near future reporting the 
crystal structure of the high-nuclearity cluster [Mn20O10(PhCOO)2(L1)2(L2)18], for which a full data set was 
collected during our visit to the ESRF under the present project. 
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