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Abstract: 

 
Single crystals of the mixed anion rare earth sulfate fluorides LnSO4F"H2O (Ln = Nd, Tb, Dy, and 

Ho), monoclinic space group P21/n, were prepared via an HF-free mild hydrothermal synthesis. 

Furthermore, the LnSO4F (Ln = Tb, Dy, and Ho) phases, orthorhombic space group Pnma, were 

obtained via the thermal decomposition of LnSO4F"H2O (Ln = Tb, Dy, and Ho). While the 

LnSO4F"H2O (Ln = Nd, Tb, Dy, and Ho) phases are isostructural, two different structures are 

observed for the LnSO4F (Ln = Tb, Dy, and Ho) series, one for Tb and one for Dy and Ho, differing 

in the rare earth coordination environments. Green photoluminescence is observed for 

Tb(SO4)F"H2O and Tb(SO4)F. Magnetic measurements indicate the absence of magnetic order 

down to 2 K in the Ln(SO4)F"H2O and Ln(SO4)F phases. 
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Introduction 

 
Oxyfluorides often function as the foundation for many optical and magnetic materials1,2, 

where one can observe that fluorides are distinct from other halides due to the difference in 

electronegativity, environmental stability, and their structural similarity to many oxide phases. In 

fact, fluoride and especially oxyfluoride structures are often similar to oxide structures due to 

oxygen and fluorine9s similar sizes and electronegativities, which makes it relatively easy to 

combine these two elements within a single crystal structure. However, they differ due to their 

standard oxidation states, F = 1- vs O = 2-. The oxidation state difference has important 

implications for the elemental compositions that can be accommodated in otherwise structurally 

identical oxide vs fluoride materials and, in fact, can be used to tune oxidation states by adjusting 

the fluoride to oxide ratio in oxyfluoride materials.3,4 

Many oxyfluorides are known in the literature, belonging to a wide variety of structure types 

that range from solid-state oxyfluorides, such as Rb4Ge5O9F6
5 and BaWO2F4

6
, to salt inclusion 

phase fluorides, such as [Ba3F]Ta4O12F,7 to silicate oxyfluorides,8,9 germanium oxyfluorides 

Na5Ln4F[GeO4]4 (Ln = Pr, and Nd),10 phosphate fluorides, vanadyl fluorides, including 

Sr4V3O5F13, Pb7V4O8F18, Pb2VO2F5, and Pb2VOF6,11 and rare earth containing oxyfluorides, such 

as Gd4O3F7,12 Lu2O3F5,13 Y7O6F9.14  Such structures are of interest as optical hosts and for 

obtaining new magnetic materials. Oxyfluorides based on polyanions ABXO4F, such as XO4 = 

PO4, (Na2M[PO4]F),15 Mn2PO4F,16
 XO4 = SiO4, Mg3SiO4F,17 Cs3RESi4O10F2,18 XO4 = GeO4, 

NaCa2GeO4F,19 V2GeO4F2,20 and XO4 = VO4, Mn2VO4F21 are known and recently XO4 = SO4 

based phases have been reported, such as Ce(SO4)F2"H2O,22 Na4TiF4(SO4)2,23 KYb(SO4)F2,24 

LiLa2F4(SO4)2,25 and GdSO4F.26 

Many sulfate fluorides have been synthesized using the mild hydrothermal synthesis method, 

typically involving HF as a fluorinating agent,27330 while a few other systems, such as carbonate 

fluorides, also could be obtained under HF-free conditions.31 Recently, Wu et.al reported the HF-

free synthesis of Ce(SO4)F2"H2O using ZnF2 as a fluorinating agent.22 Using a similar HF-free 

approach, in our efforts to extend this approach from Ce to the other lanthanides, we, however, 

obtained different products, namely the Ln(III) containing Ln(SO4)F"H2O reported herein, vs the 

Ce(IV) containing Ce(SO4)F2"H2O reported by Wu.22 We extended our results to Ln(SO4)F"H2O 

(Ln = Nd, Tb, Dy, and Ho) and, via a thermal decomposition route, were able to also obtain LnSO4F 

(Ln = Tb, Dy, and Ho). The structures and properties of these new phases are discussed herein. 
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Experimental  

 
Synthesis 

Materials: Nd2O3 (99.9%, Acros Organics), Dy2O3 (99.9%, Alfa Aesar), Ho2O3 (99.9%, Alfa 

Aesar), Tb2(SO4)3"8H2O (99.9%, Thermo Scientific), H2SO4 (36N, Fisher) and ZnF2 (99.9%, Alfa 

Aesar) were used as received.  

Ln(SO4)F"H2O (Ln = Nd, Tb, Dy, and Ho) were prepared hydrothermally. A mixture of 

Ln2O3 (Ln = Nd, Dy, and Ho) or Tb2(SO4)3"8H2O (0.8 mmol), ZnF2 (1.8 mmol), H2SO4 (0.4 mL), 

and deionized water (1 mL) were sealed into a PTFE lined autoclave (23 mL). The autoclave was 

heated to 230 °C at 10 °C/min in a programmable convection oven, allowed to dwell for 72 hours, 

and cooled to room temperature at a rate of 3 °C/h. The polycrystalline powders were isolated via 

vacuum filtration and washed with water and acetone. 

Polycrystalline powders of Ln(SO4)F (Ln = Tb, Dy, and Ho) were prepared by the thermal 

decomposition of Ln(SO4)F"H2O samples at 500 °C inside a tube furnace under N2 flow. 

Single-Crystal X-ray Diffraction (SXRD) 

X-ray intensity data were collected on Ln(SO4)F"H2O (Ln = Nd, Tb, Dy, and Ho) at 298(2) 

or 301(2) K using a Bruker D8 QUEST diffractometer equipped with a PHOTON-II area detector 

and an Incoatec microfocus source (Mo K³ radiation, » = 0.71073 Å). The crystals were mounted 

on a microloop using immersion oil. The raw area detector data frames were reduced and corrected 

for absorption effects using the SAINT+ and SADABS programs.32,33 Final unit cell parameters 

were determined by least-squares refinement. Initial structural models were obtained with 

SHELXT. Subsequent difference Fourier calculations and full-matrix least-squares refinement 

against F2 were performed with SHELXL-2018 using Olex2.34 The crystallographic data and 

results of the diffraction experiments are summarized in Table 1. 

Powder X-ray Diffraction (PXRD)  

Powder X-ray diffraction data were collected on a Bruker D2 Phaser powder X-ray 

diffractometer using Cu K³ radiation to confirm the phase purity of polycrystalline samples 

obtained by grinding single crystals (Figure S1 and S2). The data were collected in the angular 

range 5-65ç 2» in steps of 0.04ç over 120 minutes. The presence of preferred orientation (0 0 2) 
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was revealed in the PXRD analysis of the Ln(SO4)F (Ln = Tb, Dy, and Ho) patterns; this 

information was used in the Rietveld refinement. 

PXRD data for the Rietveld refinement of Ln(SO4)F (Ln = Tb, Dy, and Ho) were collected 

on a Rigaku Ultima IV diffractometer equipped with a Cu K³ X-ray source and a DteX Ultra 

detector over a 2» range of 5-120ç with a step size of 0.02ç and a scan rate of 0.2ç/min. The 

diffraction patterns were analyzed, fitted, and refined with the Rietveld/d-I pattern method using 

the TOPAS v5 software for structure determination.  

 

Rietveld Refinement 

Rietveld refinements on Ln(SO4)F (Ln = Tb, Dy, and Ho) were performed operating TOPAS 

commercial v5 in launch mode using jEdit with macros for TOPAS.35 The default approach was 

refining the unit cell parameters, the Gaussian and Lorentzian isotropic size parameters, scale 

factors, and Chebychev background parameters. The occupancies, temperature factors, and atomic 

positions were fixed according to the isostructural Gd(SO4)F CIF obtained from SXRD.26 A high-

order spherical harmonic intensity correction was needed to refine the peak shapes. 

Crystallographic information for the Rietveld refined structures is provided in Table 2. 

IR spectroscopy  

Vibrational spectra over the range of 40003650 cm21 were recorded using a PerkinElmer 

spectrum 100 FT-IR spectrometer equipped with a diamond ATR attachment (Figure S3). 

Thermogravimetric Analysis 

Thermogravimetric and differential thermal analysis (TGA/DTA) measurements were 

performed on polycrystalline powder samples using a TA Instruments SDT Q600 

Thermogravimetric Analyzer and a platinum pan as the sample holder. Samples were heated from 

room temperature to the target temperature (500 °C) at 10 °C/min under a flow of nitrogen gas 

(100 mL/min), and the resulting powders were analyzed by PXRD for phase identification post-

heating. 

 

PL Measurements 

PL emission spectra were collected on single crystals of Tb(SO4)F"H2O using a HORIBA 

Scientific Standard Microscope Spectroscopy System connected with iHR320 spectrometer and 
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synchrony detector operating on LabSpec 6 software. Spectra were recorded from 400 to 750 nm 

using 375 nm laser excitation source power 0.5 mW with 10× UV objective. 

 

Magnetic Measurements 

Susceptibility and magnetization measurements were performed on ground single crystals 

using a Quantum Design MPMS3 SQUID magnetometer. Susceptibility measurements were 

collected under zero-field cooled (ZFC) and field-cooled (FC) conditions in the temperature range 

of 22300 K at an applied field of 0.1 T. The raw data were corrected for radial offset and shape 

effects.36  
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Table 1. Crystallographic data for Ln(SO4)F"H2O (Ln = Nd, Tb, Dy, and Ho). 

 

  

 Nd(SO4)F"H2O Tb(SO4)F"H2O Dy(SO4)F"H2O Ho(SO4)F"H2O 

Formula 
weight 

277.32 293.00 295.58 298.01 

Temperature, 
K 

298(2) 299(2) 299(2) 298(2) 

Crystal 
system 

monoclinic 

Space group, 
Z 

P21/n 

a, Å 5.0307(1) 
 

4.9916(1) 
 

4.9849(1) 
 

4.9747(1) 
 

b, Å 7.4919(1) 7.3513(1) 7.3322(1) 7.3113(1) 
c, Å 11.8940(2) 11.6210(2) 11.5662(2) 11.5158(2) 

³, deg 96.129(1) 96.714(1) 96.82788(1) 96.855(1) 
Volume, Å3 445.717(13) 423.505(13) 419.750(13) 415.853(12) 
Ãcalc, g/cm3 4.133 4.580 4.677 4.760 

¿/mm-1 12.068 17.140 18.246 19.475 
F(000) 508.0 508.0 532.0 536.0 

Crystal size, 
mm3 

0.07 × 0.06 × 0.01 0.05 × 0.03 × 0.01 0.03 × 0.06 × 0.01 0.05 × 0.03 × 0.01 

Radiation (», 
Å) 

0.71073 

2» range, 
deg. 

6.438 - 72.674 6.572 - 72.676 6.592 - 72.680 6.614 - 72.726 

Reflections 
collected 

55652 47452 57323 46700 

Data/restraint
s/parameters 

2158/0/82 2058/0/75 2044/0/75 2021/0/75 

Goodness-of-
fit 1.145 1.150 1.260 1.143 

R1 [I>=2Ã 
(I)] 

0.0143 0.0091 0.0095 0.0100 

wR2 [all data] 0.0450 0.0225 0.0226 0.0230 
Largest diff. 
peak/hole, e 

Å33 
1.04/-0.73 0.57/-0.61 0.66/-0.69 0.58/-0.60 

Rint, % 2.83 3.56 3.51 4.08 
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Table 2. Crystallographic data for Rietveld structure refinements of Ln(SO4)F (Ln = Tb, Dy, and 
Ho). 

 

 TbSO4F DySO4F HoSO4F 

Crystal 
system 

orthorhombic orthorhombic orthorhombic 

Space group, 
Z 

Pnma Pnma Pnma 

a, Å 8.3800(1) 8.3384(1) 8.3123(1) 
b, Å 6.9863(1) 6.9576(1) 6.9234(1) 
c, Å 6.4178(1) 6.3973(1) 6.3768(1) 

Rwp (%) 1.54 1.33 2.27 
Rp (%) 1.04 0.90 1.45 
GOF 2.51 3.32 3.75 
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Results and Discussion 

Synthesis 

We successfully synthesized a novel series of sulfate fluorides, Ln(SO4)F"H2O (Ln = Nd, 

Tb, Dy, and Ho), using ZnF2, instead of HF(aq), as the fluorinating agent. Using metal fluorides as 

fluorinating agents is much safer (compared to HF) and slows down the immediate fluorination of 

solution species. This can avoid, or minimize, the precipitation of unwanted byproducts, such as 

binary or ternary fluorides, which often result from the use of potent fluorinating agents like 

HF(aq).31 Therefore, this synthesis approach further supports that metal fluorides hold great 

potential as fluorinating agents to obtain pure phases of sulfate fluorides. 

Heating Ln(SO4)F"H2O to 500 °C eliminates the water of hydration and results in the 

anhydrous Ln(SO4)F (Ln = Tb, Dy, and Ho) phases. The heating process was carried out inside a 

tube furnace under N2 flow to prevent the fluoride samples from reacting with atmospheric 

oxygen.37 

 

Crystal Structure Description 

Crystal structures of Ln(SO4)F"H2O (Ln = Nd, Tb, Dy, and Ho) were determined by SXRD. 

Block-shaped crystals of Nd(SO4)F"H2O (Figure 1), Tb(SO4)F"H2O, Dy(SO4)F"H2O and 

Ho(SO4)F"H2O were isolated from the mild hydrothermal synthesis with a yield of 91%, 84%, 

87%, and 81%, respectively, based on Ln.  

All these compounds are isostructural and crystallize in the monoclinic space group P21/n. 

The three-dimensional framework of all compositions consists of an asymmetric unit of one Ln 

atom, one S atom, one F atom, five O atoms and two H atoms. Ln is coordinated to six oxygen and 

two fluorine atoms forming a [LnO6F2] polyhedron (Figure 2a). These polyhedra are connected to 

each other by edge-sharing via one fluorine and one oxygen atom and form one-dimensional (1D) 

chains along the b-direction (Figure 2b). These chains are linked to each other by intervening SO4 

tetrahedra, resulting in a three-dimensional framework. Each SO4 tetrahedra is connected via three 

oxygens to one chain and via the fourth vertex to the adjacent chain (Figure 2c). The remaining O 

vertex of the [LnO6F2] polyhedron, which is not bound to S, belongs to the water molecule, which 

terminates that vertex (Figure 2d).  
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Figure 1. Picture showing representative crystals of Nd(SO4)F"H2O 

 

 

Figure 2. View of the monoclinic Ln(SO4)F"H2O crystal structure  

Thermal Properties 

The thermal behavior of the compounds, 124, was explored to study the structural stability 

of Ln(SO4)F"H2O upon heating. The TGA curves reveal rapid weight loss over the temperature 

range of 350 °C to 450 °C, which corresponds to the loss of water (Figure 3). The total weight 

losses are 7.5, 6.6, 6.0, and 6.1 wt% for compounds Nd(SO4)F"H2O, Tb(SO4)F"H2O, 

Dy(SO4)F"H2O, and Ho(SO4)F"H2O, respectively, which are in good agreement with the 

calculated values of 6.54, 6.16, 6.08, and 6.04 wt% corresponding to the loss of one water 

molecule.  
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Figure 3. Thermogravimetric and differential thermal analysis plots. 

The DTA data reveal a strong endothermic peak at 371 °C, 366 °C and 364 °C for 

Tb(SO4)F"H2O, Dy(SO4)F"H2O, and Ho(SO4)F"H2O, respectively. This thermal event 

corresponds to the structure transformation from monoclinic Ln(SO4)F"H2O to orthorhombic 

Ln(SO4)F (Figure S2) and corresponds to the loss of water molecules at around 3502400 °C with 

a concomitant increase in the symmetry of the crystal structure. On the other hand, Nd(SO4)F"H2O 

decomposed to Nd2(SO4)3 and NdF3 just above 400 °C, as indicated by the peak at 422 °C in the 

DTA plot. PXRD of the post-TGA products confirmed the structure transitions (Tb, Dy, Ho) and 

decomposition (Nd) of the phases. It is likely that the difference in the lanthanide ionic radii plays 

a role in the stability of the Ln(SO4)F (Ln = Tb, Dy, and Ho) versus the potential Nd composition 

that did not form due to complete decomposition rather than dehydration when heating 

Nd(SO4)F"H2O above 400 °C. 
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Crystal structures of Ln(SO4)F (Ln = Tb, Dy, and Ho) polycrystalline samples were 

confirmed via Rietveld refinement (Figure 4), where the structure of Gd(SO4)F 26 was used as the 

structure model. Table 2 contains the values for the refined unit cells as well as Rp, Rwp, and GOF 

for the refinements. The low values of the reliability parameters (Rp, Rwp, and GOF) demonstrate 

the excellent fit of the data. Crystallographic information for the Rietveld refined structures is 

provided in Table S1. 
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Figure 4. Rietveld refinement plots of TbSO4F (a), DySO4F (b), and HoSO4F (c); red line is the 
Rietveld fit, blue "9s are the observed PXRD data, grey line is the residual, and the vertical green 
tick marks indicate the allowed Bragg reflections. 

 
Anhydrous Ln(SO4)F (Ln = Tb, Dy, and Ho) crystalize in the centrosymmetric space group 

Pnma in the orthorhombic crystal system. Although all compounds in the Ln(SO4)F series 

crystallize in the same space group, a slight difference in the coordination environment of the Ln 
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ions is known to exist. The rare earth coordination environment can be described either as being 

eightfold coordinated by six O atoms and two F atoms or as having a 6 + 2 coordination 

environment consisting of four O atoms and two F atoms and two longer Ln-O contacts. In the 

literature, Y(SO4)F is described with Y having a 6 + 2 coordination environment, and Gd(SO4)F 

is described with Gd having a coordination number of 8.26,38  Based on the Ln-O bond lengths, we 

can describe the three structures either as having CN = 8 (Figure 5) or with a 6 + 2 coordination 

environment (Figure 6) as the ionic radii of Tb (0.923 Å), Dy (0.912 Å), and Ho (0.901 Å) fall 

right between the sizes of Gd (0.938 Å) and Y (0.900 Å). If we describe the Tb(SO4)F structure, 

containing the largest of the 3 rare earths, in the Gd(SO4)F structure, then each Tb atom is eightfold 

coordinated by six O atoms and two ûuoride atoms.26 These [TbO6F2] units form chains by edge-

sharing oxygen atoms. Unlike in Ln(SO4)F"H2O where the chains are isolated and connected only 

via SO4 units, the adjacent Tb polyhedral chains in this structure type are connected to each other 

via corner-shared fluorides. Each polyhedral chain is linked to four neighboring chains through 

fluoride vertices (Figure 5a) and is additionally interconnected by both corner-sharing and edge-

sharing sulfate (SO4) tetrahedra (Figure 5b), making Tb(SO4)F a more compact structure compared 

to Tb(SO4)F"H2O.  

In contrast to TbSO4F, if we describe DySO4F and HoSO4F in the 6 + 2 Y(SO4)F structure, 

then Dy and Ho exhibit octahedral connectivity with two fluorides and four oxides.38 These very 

distorted LnO4F2 octahedra are connected via the trans fluoride vertices and form 1D LnO4F2 

chains along the a-direction (Figure 6a). These chains are connected to each other only via corner-

sharing SO4 tetrahedra, where each SO4 anion is connected to four LnO4F2 octahedra, to form a 3d 

network (Figure 6b).  

We observed that the unit cell volume decreases linearly from the Nd to the Ho composition 

in Ln(SO4)F"H2O. The measured unit cell volume was plotted against the cubed ionic radii of the 

rare-earth atoms in an eight-coordinate environment obtained from the Shannon ionic radii 

database (Figure 7).39 It is important to note that despite the lanthanide contraction, all materials 

represented by the formula Ln(SO4)F"H2O exhibit the same crystal structure. However, for 

Ln(SO4)F compositions, Tb3+ exhibits eight coordination, whereas Dy3+ and Ho3+ are characterized 

by six coordination environments. This highlights the adaptability of certain crystal systems like 

Ln(SO4)F"H2O to accommodate differently sized cations, while preserving a consistent 

coordination environment and structural connectivity,31 in contrast with other compositions, such 
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as Ln(SO4)F, which illustrate a change in the lanthanide coordination environment due to the 

change in the size of the lanthanide when moving across the series.40 

 

 

Figure 5. View of the orthorhombic Gd(SO4)F crystal structure  
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Figure 6. View of the orthorhombic Y(SO4)F crystal structure  

 

 

Figure 7. Unit cell volume vs rare-earth cubic ionic radii plot for Ln(SO4)F"H2O compounds 

 

IR Spectroscopy 

As shown in Figure S3, the IR spectra of Ln(SO4)F"H2O readily verifies the presence of 

the SO4 moiety. The absorption peaks observed at 120021010 cm-1 are assigned to the asymmetric 

stretching vibration of [SO4]. The broad absorption bands centered at 3470 cm-1 are due to the 

presence of H2O molecules and absorption bands appearing at 1600 cm-1 are attributed to H-OH 

bending modes.41 

 

Photoluminescence 

Tb3+ is well known to exhibit green photoluminesce and, therefore, PL emission spectra 

were collected on Tb(SO4)F"H2O and Tb(SO4)F crystals. Tb(SO4)F"H2O and Tb(SO4)F exhibit 

characteristic 4f34f electronic transitions, as illustrated in Figure 8. Both samples exhibit broad 

peaks at 490, 541, 584, and 618 nm, corresponding to 5D4 ³ 7F6, 5D4 ³ 7F5, 5D4 ³ 7F4, 

and 5D4 ³ 7F3 transitions, respectively. The 5D4 ³ 7F5 transition, at 542 nm for Tb(SO4)F"H2O 

and 540 nm for Tb(SO4)F, dominates the PL emission spectrum, resulting in a green-colored 

luminescence that agrees well with previously reported Tb-doped materials.31,36,42  
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Figure 8. PL emission spectrum collected from a single crystals of Tb(SO4)F"H2O and Tb(SO4)F 

 

Magnetism 

The crystal structures of Ln(SO4)F"H2O and Ln(SO4)F contain chains of edge-sharing rare 

earth polyhedra. As Nd, Tb, Dy, and Ho possess 3, 6, 5, and 4 unpaired f electrons, respectively, 

we were interested in determining if this resulted in any f-f electron interactions and potential long-

range magnetic orders. Although many rare-earth sulfate fluorides do not exhibit long-range 

magnetic order due to weak 4f34f magnetic interactions, compounds like KYb2F5(SO4) have 

shown interesting magnetic properties in the literature.43 Therefore, to explore this possibility, we 

performed magnetic susceptibility measurements on samples of Ho(SO4)F"H2O, Ho(SO4)F, and 

Tb(SO4)F over the temperature range 23300 K. These samples were selected in order to represent 

all the different structures associated with the Ln(SO4)F"H2O and Ln(SO4)F series. The materials, 
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as shown in Figure 9, do not display long-range magnetic order and exhibit paramagnetic behavior 

down to 2 K. The magnetic susceptibility curves of these compounds follow Curie3Weiss behavior 

with small Weiss constants (Figure 9). The magnetic data for Ho(SO4)F"H2O, Ho(SO4)F, and 

Tb(SO4)F are summarized in Table 3. The observed magnetic moments agree well with the 

calculated moments for all materials. According to the literature, many rare-earth sulfate fluorides 

do not exhibit long-range magnetic order due to weak 4f34f magnetic interactions.41 

 

Table 3. Magnetic Properties of Ho(SO4)F"H2O, Ho(SO4)F, and Tb(SO4)F. 

 

 

Figure 9. DC molar magnetic susceptibility (Çmol) and inverse susceptibility (1/Çmol) vs. temperature 

plots for Ho(SO4)F"H2O, Ho(SO4)F, and Tb(SO4)F. 

 

Conclusion 

Single crystals of the mixed anion rare earth sulfate fluorides Ln(SO4)F"H2O (Ln = Nd, Tb, Dy, 

and Ho) were prepared via an HF-free mild hydrothermal synthesis, while the LnSO4F (Ln = Tb, 

Dy, and Ho) phases were obtained via the thermal decomposition of Ln(SO4)F"H2O (Ln = Tb, Dy, 

and Ho). Unlike the Ln(SO4)F"H2O (Ln = Nd, Tb, Dy, and Ho) phases that are isostructural, two 

different structures are reported for the LnSO4F (Ln = Tb, Dy, and Ho) series and, accordingly, we 

suggest one structure for Tb and one structure for Dy and Ho, differing in the rare earth 

coordination environments. Green photoluminescence is observed for Tb(SO4)F"H2O and 

Chemical Formula Magnetic 

Properties 

Effective magnetic moment (�eff) 
(�B/F.U.) �  (K) 

observed calculated 
Ho(SO4)F"H2O paramagnetic 10.68 10.60 38.70 

Ho(SO4)F paramagnetic 10.49 10.60 32.24 
Tb(SO4)F paramagnetic 9.75 9.70 34.21 
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Tb(SO4)F. Magnetic measurements indicate the absence of magnetic order down to 2K in the 

Ln(SO4)F"H2O and Ln(SO4)F phases. 
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Synopsis 
A series of Ln(SO4)F"H2O was prepared via an HF-free mild hydrothermal synthesis and the 
LnSO4F phases were obtained via the thermal decomposition of Ln(SO4)F"H2O. Their crystal 
structures and magnetic, thermal, and optical properties are discussed. 

 
 
 
 
 
 
 
 
 
 
 
 


