
- 1 -

07/07/2007 

The Cordination Cemistry of the Mercury(II) Ion in Liquid and 

Aqueous Ammonia Solution, and the Crystal Structure of 

Tetraamminemercury(II) Perchlorate  

 

Kersti B. Nilsson, Mikhail Maliarik, Ingmar Persson,* Andreas Fischer, Ann-Sofi 

Ullström, Lars Eriksson and Magnus Sandström 

Electronic Supporting Information 

 



- 2 -

Table S1. Hydrogen bonds with H⋅⋅⋅A hydrogen bonds shorter than radius of A 

+ 2.000 Å, and a D-H⋅⋅⋅A bond angle larger than 110 o.

D-H            d(D-H)    d(H⋅⋅⋅A)    ∠ D-H⋅⋅⋅A d(D⋅⋅⋅A)    A 

N1-H1A         0.890 

 N1-H1B         0.890     2.045    169.80     2.925     O11B_b 

 N1-H1B         0.890     2.294    158.98     3.141     O12_a  

 N1-H1B         0.890     2.980    165.55     3.848     Cl1_a  

 

N1-H1C         0.890     2.579    136.04     3.278     O11_a 

 N1-H1C         0.890     2.592    137.22     3.301     O12B_b  

 

N2-H2A         0.890     2.086    158.21     2.931     O12B_b  

 N2-H2A         0.890     2.277    157.20     3.117     O11_a  

 

N2-H2B         0.890     2.146    146.63     2.931     O12B_b  

 N2-H2B         0.890     2.341    145.70     3.117     O11_a 

 

N2-H2C         0.890     2.313    174.03     3.200     O12_a  

 N2-H2C         0.890     2.924    152.93     3.739     Cl1_a  

 

N3-H3A         0.890     2.469    136.03     3.170     O22  

 

N3-H3B         0.890     2.441    148.87     3.236     O11_a  

 N3-H3B         0.890     2.530    117.32     3.043     O23  

 

N3-H3C         0.890     2.183    162.52     3.043     O23  
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Cif file for the structure [Hg(NH3)4](ClO4)2

data_r2  
 
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;
?

;
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_formula_moiety          ?  
_chemical_formula_sum  'H6 Cl Hg0.50 N2 O4'  
_chemical_formula_weight          233.81  
 
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'Hg'  'Hg'  -2.3894   9.2266  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 
_symmetry_cell_setting            orthorhombic 
_symmetry_space_group_name_H-M    'P n m a' 
 
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, -y, z+1/2'  
 'x+1/2, -y+1/2, -z+1/2'  
 '-x, y+1/2, -z'  
 '-x, -y, -z'  
 'x-1/2, y, -z-1/2'  
 '-x-1/2, y-1/2, z-1/2'  
 'x, -y-1/2, z'  
 
_cell_length_a                    10.8918(14)  
_cell_length_b                    8.031(3)  
_cell_length_c                    13.847(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
_cell_angle_gamma                 90.00  
_cell_volume                      1211.2(5)  
_cell_formula_units_Z             8  
_cell_measurement_temperature     293(2)  
_cell_measurement_reflns_used   3054 
_cell_measurement_theta_min     3.8830 
_cell_measurement_theta_max     32.0586 
 
_exptl_crystal_description        prism 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.30  
_exptl_crystal_size_mid           0.25  
_exptl_crystal_size_min           0.20 
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_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     2.564  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              872  
_exptl_absorpt_coefficient_mu     13.177  
_exptl_absorpt_correction_T_min                   0.45873 
_exptl_absorpt_correction_T_max                   1.00000 
_exptl_absorpt_correction_type            'multi-scan' 
_exptl_absorpt_process_details 
;
CrysAlis RED, Oxford Diffraction Ltd., 
Version 1.171.31.8 (release 12-01-2007 CrysAlis171 .NET) 
(compiled Jan 12 2007,17:49:11) 
Empirical absorption correction using spherical harmonics, 
 implemented in SCALE3 ABSPACK scaling algorithm. 
;

_exptl_special_details  
;
?

;

_diffrn_ambient_temperature       293(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source 'Enhance (Mo) X-ray Source'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type   'Excalibur-II with Sapphire-
III CCD' 
_diffrn_measurement_method        '\w scans at differnt \f' 
_diffrn_detector_area_resol_mean 16.5467  
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         .  
_diffrn_reflns_number             10121  
_diffrn_reflns_av_R_equivalents   0.0640  
_diffrn_reflns_av_sigmaI/netI     0.0653  
_diffrn_reflns_limit_h_min        -15  
_diffrn_reflns_limit_h_max        12  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -20  
_diffrn_reflns_limit_l_max        19  
_diffrn_reflns_theta_min          4.02  
_diffrn_reflns_theta_max          31.95  
_reflns_number_total              2083  
_reflns_number_gt                 1053  
_reflns_threshold_expression      I>2\s(I)  
 
_computing_data_collection 
;
CrysAlis CCD, Oxford Diffraction Ltd., 
Version 1.171.31.8 (release 12-01-2007 CrysAlis171 .NET) 
(compiled Jan 12 2007,17:49:11) 
;
_computing_cell_refinement 
;
CrysAlis RED, Oxford Diffraction Ltd., 
Version 1.171.31.8 (release 12-01-2007 CrysAlis171 .NET) 
(compiled Jan 12 2007,17:49:11) 
;
_computing_data_reduction 
;
CrysAlis RED, Oxford Diffraction Ltd., 
Version 1.171.31.8 (release 12-01-2007 CrysAlis171 .NET) 
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(compiled Jan 12 2007,17:49:11) 
;
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1990)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     ?  
_computing_publication_material   ?  
 
_refine_special_details  
;
Refinement of F^2^ against ALL reflections.  The weighted R-

factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R 
are based  
 on F, with F set to zero for negative F^2^. The threshold 
expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) 
etc. and is  
 not relevant to the choice of reflections for refinement.  R-
factors based  
 on F^2^ are statistically about twice as large as those based 
on F, and R-  
 factors based on ALL data will be even larger.  
;

_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1241P)^2^] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment    constr  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.055(4)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          2083  
_refine_ls_number_parameters      76  
_refine_ls_number_restraints      30  
_refine_ls_R_factor_all           0.1110  
_refine_ls_R_factor_gt            0.0578  
_refine_ls_wR_factor_ref          0.2227  
_refine_ls_wR_factor_gt           0.1743  
_refine_ls_goodness_of_fit_ref    1.069  
_refine_ls_restrained_S_all       1.070  
_refine_ls_shift/su_max           0.002  
_refine_ls_shift/su_mean          0.000  
 
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Hg1 Hg 0.76749(7) 0.2500 0.58468(5) 0.0709(4) Uani 1 2 d SU . .  
N1 N 0.6914(11) 0.4841(12) 0.6556(7) 0.086(3) Uani 1 1 d U . .  
H1A H 0.6425 0.5369 0.6142 0.129 Uiso 1 1 calc R . .  
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H1B H 0.7532 0.5507 0.6723 0.129 Uiso 1 1 calc R . .  
H1C H 0.6489 0.4562 0.7080 0.129 Uiso 1 1 calc R . .  
N2 N 0.9726(14) 0.2500 0.6070(11) 0.072(3) Uani 1 2 d SU . .  
H2A H 0.9961 0.1512 0.6296 0.108 Uiso 0.50 1 calc PR . .  
H2B H 0.9926 0.3289 0.6493 0.108 Uiso 0.50 1 calc PR . .  
H2C H 1.0099 0.2698 0.5510 0.108 Uiso 0.50 1 calc PR . .  
N3 N 0.6857(18) 0.2500 0.4414(11) 0.080(4) Uani 1 2 d SU . .  
H3A H 0.6221 0.1803 0.4404 0.120 Uiso 0.50 1 calc PR . .  
H3B H 0.7413 0.2175 0.3983 0.120 Uiso 0.50 1 calc PR . .  
H3C H 0.6601 0.3523 0.4270 0.120 Uiso 0.50 1 calc PR . .  
Cl1 Cl 1.0118(4) 0.2500 0.3352(3) 0.0699(9) Uani 1 2 d SDU . .  
O11 O 0.9404(11) 0.1156(11) 0.3471(11) 0.253(10) Uani 1 1 d DU . 
.
O12 O 1.0977(17) 0.2500 0.4023(14) 0.237(13) Uani 1 2 d SDU . .  
O13 O 1.060(2) 0.2500 0.2487(10) 0.31(2) Uani 1 2 d SDU . .  
Cl2 Cl 1.3625(4) 0.2500 0.6049(3) 0.0677(9) Uani 1 2 d SDU . .  
O21 O 1.4448(16) 0.2500 0.6759(11) 0.160(7) Uiso 1 2 d SDU . .  
O22 O 1.415(2) 0.2500 0.5200(10) 0.285(17) Uiso 1 2 d SDU . .  
O23 O 1.2913(13) 0.1154(11) 0.6148(14) 0.50(4) Uiso 1 1 d DU . .  
 
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Hg1 0.0746(6) 0.0678(5) 0.0703(6) 0.000 -0.0070(3) 0.000  
N1 0.093(7) 0.073(6) 0.093(7) 0.003(5) 0.014(5) 0.007(5)  
N2 0.080(6) 0.056(6) 0.080(8) 0.000 -0.008(6) 0.000  
N3 0.105(11) 0.046(6) 0.090(8) 0.000 -0.026(8) 0.000  
Cl1 0.075(2) 0.0594(18) 0.075(2) 0.000 -0.0007(18) 0.000  
O11 0.237(16) 0.173(12) 0.35(3) -0.102(15) 0.112(16) -0.121(12)  
O12 0.15(2) 0.32(3) 0.24(2) 0.000 -0.097(17) 0.000  
O13 0.33(4) 0.46(6) 0.152(13) 0.000 0.148(17) 0.000  
Cl2 0.0549(17) 0.087(2) 0.061(2) 0.000 0.0029(15) 0.000  
 
_geom_special_details  
;
All esds (except the esd in the dihedral angle between two l.s. 

planes)  
 are estimated using the full covariance matrix.  The cell esds 
are taken  
 into account individually in the estimation of esds in 
distances, angles  
 and torsion angles; correlations between esds in cell 
parameters are only  
 used when they are defined by crystal symmetry.  An approximate 
(isotropic)  
 treatment of cell esds is used for estimating esds involving 
l.s. planes.  
;

loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Hg1 N3 2.175(14) . ?  
Hg1 N2 2.255(16) . ?  
Hg1 N1 2.277(9) 8_565 ?  
Hg1 N1 2.277(9) . ?  
N1 H1A 0.8900 . ?  
N1 H1B 0.8900 . ?  
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N1 H1C 0.8900 . ?  
N2 H2A 0.8900 . ?  
N2 H2B 0.8900 . ?  
N2 H2C 0.8900 . ?  
N3 H3A 0.8900 . ?  
N3 H3B 0.8900 . ?  
N3 H3C 0.8900 . ?  
Cl1 O13 1.306(12) . ?  
Cl1 O12 1.319(12) . ?  
Cl1 O11 1.341(11) . ?  
Cl1 O11 1.341(10) 8_565 ?  
Cl2 O22 1.306(13) . ?  
Cl2 O21 1.331(12) . ?  
Cl2 O23 1.337(12) . ?  
Cl2 O23 1.337(12) 8_565 ?  
 
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
N3 Hg1 N2 122.1(7) . . ?  
N3 Hg1 N1 104.1(4) . 8_565 ?  
N2 Hg1 N1 107.5(4) . 8_565 ?  
N3 Hg1 N1 104.1(4) . . ?  
N2 Hg1 N1 107.5(4) . . ?  
N1 Hg1 N1 111.3(5) 8_565 . ?  
Hg1 N1 H1A 109.5 . . ?  
Hg1 N1 H1B 109.5 . . ?  
H1A N1 H1B 109.5 . . ?  
Hg1 N1 H1C 109.5 . . ?  
H1A N1 H1C 109.5 . . ?  
H1B N1 H1C 109.5 . . ?  
Hg1 N2 H2A 109.5 . . ?  
Hg1 N2 H2B 109.5 . . ?  
H2A N2 H2B 109.5 . . ?  
Hg1 N2 H2C 109.5 . . ?  
H2A N2 H2C 109.5 . . ?  
H2B N2 H2C 109.5 . . ?  
Hg1 N3 H3A 109.5 . . ?  
Hg1 N3 H3B 109.5 . . ?  
H3A N3 H3B 109.5 . . ?  
Hg1 N3 H3C 109.5 . . ?  
H3A N3 H3C 109.5 . . ?  
H3B N3 H3C 109.5 . . ?  
O13 Cl1 O12 111.3(9) . . ?  
O13 Cl1 O11 110.2(5) . . ?  
O12 Cl1 O11 108.9(5) . . ?  
O13 Cl1 O11 110.2(5) . 8_565 ?  
O12 Cl1 O11 108.9(5) . 8_565 ?  
O11 Cl1 O11 107.2(8) . 8_565 ?  
O22 Cl2 O21 111.8(9) . . ?  
O22 Cl2 O23 110.1(6) . . ?  
O21 Cl2 O23 108.4(6) . . ?  
O22 Cl2 O23 110.1(6) . 8_565 ?  
O21 Cl2 O23 108.4(6) . 8_565 ?  
O23 Cl2 O23 107.9(9) . 8_565 ?  
 
_diffrn_measured_fraction_theta_max    0.938  
_diffrn_reflns_theta_full              31.95  
_diffrn_measured_fraction_theta_full   0.938  
_refine_diff_density_max    2.014  
_refine_diff_density_min   -1.431  
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_refine_diff_density_rms    0.236  
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Legends to Figures 
 

Figure S1. The distribution functions of the mercury(II)-ammonia complexes 
in water using the stability constants given by Bjerrum, ref. 14. 

 
Figure S2. Normalised XANES spectra of the analysed mercury(II) complexes: 

[Hg(NH3)4]2+ in NH3(aq), (offset 1.75); [Hg(NH3)4]2+ in NH3(l), 
(offset 1.25); [Hg(NH3)4](ClO4)2 (s)(offset 0.5) and 
[Hg(NH3)2](ClO4)2 (s)(no offset). 

 
Figure S3. Fourier transforms of the EXAFS data: experimental (solid line) 

and model (dashed) of: [Hg(NH3)4]2+ in NH3(aq), (offset 2.75); 
[Hg(NH3)4]2+ in NH3(l), (offset 2); [Hg(NH3)4](ClO4)2 (s)(offset 
1.5), and [Hg(NH3)2](ClO4)2 (s)(no offset). 

 
Figure S4. UV-VIS spectra (l = 0.1 mm) of the aqueous ammonia solutions of 

mercury(II) perchlorate with R = (a) 0, (b) 2, (c) 4 and (d) 8, CHg2+ = 

0.15 (a) and 0.064 (b) mol.dm-3.
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Fig. S2. 
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Fig. S3. 
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Fig. S4.
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