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Abstract:

During a previous allocated beam time (proposal 5-41-911) it was possible to confirm the presence of a structural dimerization effect in

NaFe(WO4)2. This effect is directly related to the strong thermal expansion anomalies upon entering the commensurate phases. After the

qualitative confirmation of this dimerization effect, the residual beam time was not sufficient to measure as many reflections as would be

necessary for a structural refinement in these commensurate phases. We propose for a continuation of this experiment in order to obtain

sufficient data for a structural refinement and hence, for a quantitative determination of the structural distortion and dimerization.



Experimental report 5-41-983

During the experimental course of the prior beamtime 5-41-911, it was possible to verify
qualitatively a dimerization effect in the double tungstate system NaFe(WO4)2. The
system exhibits a sequence of different magnetic phase transitions [1], where the transition
to a commensurate spin up-up-down-down arrangement is accompanied by a dimerization
in form of a variation of Fe-O-Fe bond angles, following the more ferro- or antiferromagnetic
exchange. A dimerization implies here a loss of the c-glide plane and hence, the existence
of this effect allows for Q = (h 0 l = odd) superstructure reflections. Unfortunately
those superstructure reflections are weak and in addition are sitting on top of the signal
that stems from multiple reflection. Thus, only the intensity difference between the
commensurate phase of interest and the incommensurate phase yield the absolute intensity
of respective superstructure reflections. In order to get into the LF-C phase, an applied
magnetic field along b-direction has first to overcome µ0H ≈ 2 T at T ≈ 2 K in order to
force the system into the commensurate high-field phase HF-C. After decreasing the field
again, the system doesn’t fall back to its initial incommensurate arrangement but shows a
spin flop transition to a canted commensurate structure.
As it has been shown that this low-field commensurate (LF-C) phase exhibits the most
pronounced dimerization within the iron chains (see report 5-41-911), omega-scans have
been executed in the LF-C, as well as in the LF-IC phase in order to obtain the intens-
ity difference that corresponds to weak superstructure reflections. Figure 1.1 displays
exemplary the measured intensity difference for two superstructure reflections.
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Figure 1.1: Superstructure reflections
Both plots correspond to intensity differences between the LF-C and LF-IC phase. Thus, these
shown reflections correspond to Q = (h 0 l = odd) superstructure reflections.

During the first part of the experimental course, we collected 108 unique allowed nuclear
reflections in the LF-IC phase for refining the extinction coefficients. After switching from
the area detector to the single detector with analyzer setup, the background has been
reduced and we collected again 19 unique allowed nuclear reflections in order to refine the
scaling parameter for the respective instrument setup.
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During the subsequent experimental course, we didn’t change the setup further and were
able to collect 26 superstructure reflections of which 24 are independent. The distinct
small number of measured reflections originates from the weakness and thus the associated
long counting time, while having only limited beamtime.

Figure 1.2: Structural refinement of bond angle variation
Figure a) displays the obtained Fobs and Fcalc values for the structural refinement. In b), the
respective bond angle variation is illustrated. The blue arrows mark the relevant oxygen shift
but it has to be noted that the refinement also yielded a small shift along c-direction, which has
not been illustrated.

Table 1.1 and figure 1.2 a) summarize the structural refinement. By considering the small
number and weakness of all reflections, the obtained R-value (see table 1.1) substantiate
the validity of the refined parameters. From those, it can be calculated that the Fe-O-Fe
bond angles α1 and α2 amounts 97.60(15)° and 99.09(15)° in the LF-C phase respectively,
whereas in the non-dimerized state, the bond angle is equal to α = α1 = α2 = 98.35(7)°.
Hence, it can be stated that a variation of Fe-O-Fe bond angles of about 0.75° is present and
thus, a quantitative investigation of the dimerization effect in NaFe(WO4)2 was successful.
We would like to acknowledge for the allocation of beamtime and especially for the on-site
support from our local contact Navid Qureshi.
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