
Supplementary material

Table S1. Data collection and refinement details for Cl2

Chemical formula H4Cl2EuO2

Mr 258.89
Crystal system, space group Monoclinic, C2/c
Temperature (K) 100
a, b, c (Å) 11.636 (3), 6.358 (2), 6.637 (2)
β (°) 105.81 (3)
V (Å3) 472.4 (2)
Z 4
Radiation type Mo Kα
µ (mm−1) 14.24
Crystal size (mm) 0.21 × 0.12 × 0.06
Diffractometer Xcalibur, Ruby
Tmin, Tmax 0.194, 0.541
No. of measured, independent and
observed [I > 2σ(I)] reflections

3765, 653, 642 

Rint 0.023
(sin θ/λ)max (Å−1) 0.701
R[F2 > 2σ(F2)], wR(F2), S 0.013, 0.033, 1.23
No. of reflections 653
No. of parameters 32
H-atom treatment All H-atom parameters refined
Δρmax, Δρmin (e Å−3) 0.44, −1.07

Computer programs: CrysAlis PRO, Agilent Technologies, Version 1.171.35.19 (release 27-
10-2011 CrysAlis171 .NET) (compiled Oct 27 2011, 15:02:11), SHELXS97 (Sheldrick, 
1990), SHELXL97 (Sheldrick, 1997).

Table S2. Data collection and refinement details for Cl6

Chemical formula Cl2EuH12O6

Mr 330.96
Crystal system, space group Trigonal, P321
Temperature (K) 80
a, c (Å) 7.923 (2), 4.089 (1)
V (Å3) 222.29 (10)
Z 1.0
Radiation type Mo Kα
µ (mm−1) 7.63
Crystal size (mm) 0.18 × 0.07 × 0.05
Diffractometer Xcalibur, Ruby, Gemini ultra
Tmin, Tmax 0.437, 0.752
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eucl2abs%2520_chemical_formula_sum
eucl2abs%2520_chemical_formula_weight
eucl2abs%2520_symmetry_cell_setting
eucl2abs%2520_symmetry_space_group_name_H-M
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eucl2abs%2520_refine_ls_goodness_of_fit_ref
eucl2abs%2520_refine_ls_number_reflns
eucl2abs%2520_refine_ls_number_parameters
eucl2abs%2520_refine_ls_hydrogen_treatment
eucl2abs%2520_refine_diff_density_max
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eucl6%2520_exptl_absorpt_correction_T_min
eucl6%2520_exptl_absorpt_correction_T_max


No. of measured, independent and
observed [F > 6σ(F)] reflections

27961, 2091, 2091 

Rint 0.039
(sin θ/λ)max (Å−1) 1.186
R[F > 6σ(F)], wR(F2), S 0.009, 0.0223, 0.75
No. of reflections 2091
No. of parameters 66
Δρmax, Δρmin (e Å−3) 0.72, −2.86
Absolute structure parameter −0.003 (8)

Computer programs: CrysAlis PRO 1.171.42.50a (Rigaku OD, 2022), SHELXS, Volkov et al., 
(2006).

Table S3. Data collection and refinement details for Br1

Chemical formula Br2H2EuO
Mr 329.80
Crystal system, space group Orthorhombic, Pnma
Temperature (K) 100
a, b, c (Å) 11.349 (1), 4.278 (1), 9.144 (1)
V (Å3) 443.95 (12)
Z 4
Radiation type Mo Kα
µ (mm−1) 31.93
Crystal size (mm) 0.13 × 0.08 × 0.05
Diffractometer Xcalibur, Ruby, Gemini ultra
Tmin, Tmax 0.122, 0.344
No. of measured, independent and
observed [I > 2σ(I)] reflections

3250, 667, 632 

Rint 0.024
(sin θ/λ)max (Å−1) 0.698
R[F2 > 2σ(F2)], wR(F2), S 0.012, 0.026, 1.13
No. of reflections 667
No. of parameters 32
Δρmax, Δρmin (e Å−3) 0.72, −0.57

Computer programs: CrysAlis PRO 1.171.41.80a (Rigaku OD, 2020), SHELXS, 
SHELXL2018/3 (Sheldrick, 2018).

Table S4. Data collection and refinement details for Br6

Chemical formula Br2H12EuO6

Mr 419.88
Crystal system, space group Trigonal, P321
Temperature (K) 100

eucl6%2520_reflns_threshold_expression
eucl6%2520_diffrn_reflns_number
eucl6%2520_reflns_number_total
eucl6%2520_reflns_number_gt
eucl6%2520_diffrn_reflns_av_R_equivalents
eucl6%2520_refine_ls_R_factor_gt
eucl6%2520_refine_ls_wR_factor_ref
eucl6%2520_refine_ls_goodness_of_fit_ref
eucl6%2520_refine_ls_number_reflns
eucl6%2520_refine_ls_number_parameters
eucl6%2520_refine_diff_density_max
eucl6%2520_refine_diff_density_min
eucl6%2520_refine_ls_abs_structure_Flack
eubr%2520_chemical_formula_sum
eubr%2520_chemical_formula_weight
eubr%2520_space_group_crystal_system
eubr%2520_space_group_name_H-M_alt
eubr%2520_cell_measurement_temperature
eubr%2520_cell_length_a
eubr%2520_cell_length_b
eubr%2520_cell_length_c
eubr%2520_cell_volume
eubr%2520_cell_formula_units_Z
eubr%2520_diffrn_radiation_type
eubr%2520_exptl_absorpt_coefficient_mu
eubr%2520_exptl_crystal_size_max
eubr%2520_exptl_crystal_size_mid
eubr%2520_exptl_crystal_size_min
eubr%2520_diffrn_measurement_device_type
eubr%2520_exptl_absorpt_correction_T_min
eubr%2520_exptl_absorpt_correction_T_max
eubr%2520_reflns_threshold_expression
eubr%2520_diffrn_reflns_number
eubr%2520_reflns_number_total
eubr%2520_reflns_number_gt
eubr%2520_diffrn_reflns_av_R_equivalents
eubr%2520_refine_ls_R_factor_gt
eubr%2520_refine_ls_wR_factor_ref
eubr%2520_refine_ls_goodness_of_fit_ref
eubr%2520_refine_ls_number_reflns
eubr%2520_refine_ls_number_parameters
eubr%2520_refine_diff_density_max
eubr%2520_refine_diff_density_min
eubr6%2520_chemical_formula_sum
eubr6%2520_chemical_formula_weight
eubr6%2520_space_group_crystal_system
eubr6%2520_space_group_name_H-M_alt
eubr6%2520_cell_measurement_temperature


a, c (Å) 8.200 (2), 4.138 (1)
V (Å3) 240.96 (13)
Z 1
Radiation type Mo Kα
µ (mm−1) 14.78
Crystal size (mm) 0.17 × 0.10 × 0.08
Diffractometer Xcalibur, Ruby, Gemini ultra
Tmin, Tmax 0.194, 0.434
No. of measured, independent and
observed [I > 2σ(I)] reflections

3999, 454, 453 

Rint 0.040
(sin θ/λ)max (Å−1) 0.702
R[F2 > 2σ(F2)], wR(F2), S 0.012, 0.029, 1.13
No. of reflections 454
No. of parameters 25
H-atom treatment All H-atom parameters refined
Δρmax, Δρmin (e Å−3) 0.46, −0.51
Absolute structure parameter 0.022 (18)

Computer programs: CrysAlis PRO 1.171.41.80a (Rigaku OD, 2020), SHELXS, 
SHELXL2018/3 (Sheldrick, 2018).

Table S5. Data collection and refinement details for I6

Chemical formula EuH12I2O6

Mr 513.86
Crystal system, space group Trigonal, P321
Temperature (K) 100
a, c (Å) 8.565 (2), 4.241 (1)
V (Å3) 269.43 (14)
Z 1
Radiation type Mo Kα
µ (mm−1) 11.53
Crystal size (mm) 0.17 × 0.11 × 0.05
Diffractometer Xcalibur, Ruby, Gemini ultra
Tmin, Tmax 0.251, 0.603
No. of measured, independent and
observed [I > 2σ(I)] reflections

5433, 514, 510 

Rint 0.031
(sin θ/λ)max (Å−1) 0.699
R[F2 > 2σ(F2)], wR(F2), S 0.021, 0.051, 1.41
No. of reflections 514
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eubr6%2520_diffrn_reflns_number
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eui23%2520_exptl_crystal_size_min
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eui23%2520_exptl_absorpt_correction_T_min
eui23%2520_exptl_absorpt_correction_T_max
eui23%2520_reflns_threshold_expression
eui23%2520_diffrn_reflns_number
eui23%2520_reflns_number_total
eui23%2520_reflns_number_gt
eui23%2520_diffrn_reflns_av_R_equivalents
eui23%2520_refine_ls_R_factor_gt
eui23%2520_refine_ls_wR_factor_ref
eui23%2520_refine_ls_goodness_of_fit_ref
eui23%2520_refine_ls_number_reflns


No. of parameters 25
Δρmax, Δρmin (e Å−3) 2.84, −3.69
Absolute structure parameter 0.027 (14)

Computer programs: CrysAlis PRO 1.171.42.50a (Rigaku OD, 2022), SHELXS, 
SHELXL2018/3 (Sheldrick, 2018).

…Table S6. Hydrogen bonds and interactions.

H-bond D-H (Å) H…A (Å) D…A (Å) (D-H…A) (o)
Cl2

O-H1…Cli 0.87(5) 2.22(5) 3.080(3) 170(4)
O-H2…Clii 0.77(4) 2.54(4) 2.225(3) 149(4)
Cl6

O1W-H1W1…Cliii 0.99 2.21 3.1882(11) 172
O2W-H1W2…Cliii 0.98 2.65 3.5813(6) 159

Br1
OW-H1…Br2iv 0.70(5) 2.84(5) 3.310(3) 128(5)
OW-H1…Br1v 0.70(5) 2.92(4) 3.383(3) 126.14(2)
OW-H1…Br1vi 0.70(5) 2.92(4) 3.383(3) 126.14(2)
OW-H2…Br2vii 0.78(6) 2.77(4) 3.298(3) 126.33(2)
OW-H2…Br2viii 0.78(6) 2.77(4) 3.298(3) 126.33(2)

Br6
O1W-

H1W1…Brix
0.82(4) 2.55(4) 3.3469(18) 165(5)

O2W-H1W2…Brx 0.74(4) 2.63(4) 3.3450(12) 165(4)
I6

O1W-H1W1…Iix 0.87(13) 2.72(14) 3.564(7) 162(14)
O2W-H1W2…Ixi 0.97(13) 2.89(15) 3.566(5) 127(12)
O2W-H1W2…Ix 0.97(13) 3.02(15) 3.811(5) 140(13)

Symmetry codes: i  x, 1-y, -1/2+z; ii  1/2-x, 1/2+y, 3/2-z; iii  1+x-y, 1-y, -z; iv  -1/2+x, 3/2-y, 
3/2-z; v  1/2-x, 1-y, 1/2+z; vi  1/2-x, 2-y, 1/2+z; vii  1/2-x, 1-y, -1/2+z; viii  1/2-x, 2-y, -1/2+z;     
ix  x-y, -y -z; x  1+x, y, z; xi  1+x, y, 1+z;
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eui23%2520_refine_diff_density_max
eui23%2520_refine_diff_density_min
eui23%2520_refine_ls_abs_structure_Flack


Fig. S1. Packing diagram of Cl2. The Eu ellipsoids are drawn at 99 % probability, all others  - 
at 50 %. The hydrogen bonds are dashed blue.

Fig. S2. Packing diagram of Br1. The Eu ellipsoids are drawn at 99 % probability, all others  - 
at 50 %. The hydrogen bonds are dashed blue.



Fig. S3. Packing diagram of Br6. The Eu ellipsoids are drawn at 99 % probability, all others  - 
at 50 %. The hydrogen bonds are dashed blue.

Fig. S4. Experimental1 (upper diagram) and simulated2 (lower diagram) powder diffractogram 
of Cl2.



 Fig. S5. Experimental1 (upper diagram) and simulated2 (lower diagram) powder 
diffractogram of I6.
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