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S1. X-ray powder diffraction 

 

Figure S1 The experimental (red) and calculated (blue) powder patterns for (I) and their difference 

(grey) curve. At room temperature a = 8.2944, b = 9.0237, c = 9.7791 Å, α = 64.79, β = 78.38, γ = 66.30°, 

RWP = 3.660. 
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S2. Multipole refinement 

       

 (a)     (b)    (c) 

Figure S2 Isosurface representation (contour value = 0.20 e Å-3; red is positive, fuchsia is negative) of 

the residual density at Cl1 and Cu1 atoms in various refinement models: (a) a model neglecting 

anharmonic nuclear motion for both atoms; (b) a model including anharmonic nuclear motion to third 

order for both atoms; (c) a model including anharmonic nuclear motion to fourth order for both atoms. 

The model neglecting anharmonic motion for Cu1 and Cl1 atoms (Fig. S2, a) shows the shashlik pattern of 

residual density isosurfaces at the chlorine atom typical for unmodeled anharmonic motion (Meindl et al., 

2010). It disappears after inclusion of anharmonic nuclear motion Gram-Charlier fourth order parameters 

only (Fig. S2, c). Refinement of the fourth order Gram-Charlier parameters for copper significantly 

decreases the residual density at Cu1 atom, and slightly improves egross values estimated according to Meindl 

& Henn (2008) from 15.22 e to 14.46 e (see next Section). In order to escape abundant parameters 

refinement only non-zero Gram-Charlier parameters were refined, whilst the values of the Gram-Charlier 

parameters zero within three e.s.d. were set to zero for further refinement. Non-zero values were obtained 

for two parameters for the copper atom (D1111 and D2222) and nine parameters for the chlorine atom (C333, 

C113, C133, D1111, D2222, D3333, D1112, D1222, D1122). These Gram-Charlier parameters were refined with the 

positional and thermal parameters keeping all multipolar parameters fixed. In the next step, only the 

multipolar parameters were refined. In all further steps of the refinement the above mentioned eleven Gram-

Charlier coefficients were fixed at the obtained values and the other coefficients were set to zero. Positive 

probability density distribution (pdf) obtained for the Cu1 and Cl1 atoms using the MoleCoolQT program 

(Hubschle & Dittrich, 2011) (Figure S3) indicates that the obtained coefficients are meaningful. 

 

 (a)     (b) 

Figure S3 Graphical representation of the probability function at the 50 % probability level: (a)  the 

harmonic pdf, and (b) Cu1 and Cl1 4th order. 
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S3. Residual density distribution 

   

Figure S4 The residual density map in the equatorial plane of copper atoms (left) and near atoms of 

asymmetric unit (right) calculated using all data. Isocontours are drawn every 0.1 e Å-3; positive contours 

are shown in red, the negative contours are dashed blue. Isosurfaces are drawn at  ±0.2 e Å-3. 

The residual density map (Figures S2, c and S4) demonstrates that there still remains some small unfitted 

density at copper atom. However, this map is comparable with other medium accuracy experiments on 3d 

metal complexes characterized with the residual density of ±0.3-1.0 e Å−3  (Pillet et al., 2004; Farrugia et 

al., 2008; Flierler et al., 2008; Overgaard et al., 2009; Farrugia & Senn, 2010). 

Inspection of the residual density with jnk2RDA developed by Meindl & Henn (2008) results in the 

distribution seen in Figure S5. The deviation from ideal Gaussian shape originates mainly from the not 

ideal description of copper atom. df(0) = 2.63 is similar with values given in paper describing this procedure 

suggesting a successful refinement. The residual reaches its maximum near the Cu atom as seen in the 

residual density map (Fig. S4). Broadening of the distribution results in relatively high egross value and may 

be accounted for insufficiently accurate s.u. values of intensities measured with a CCD area detector. In 

this triclinic crystal errors in s.u. values are caused by low redundancy (< 5) for data measured at resolution 

of 0.55 - 0.42 Å-1. Normal probability plot plotted against full dataset (Fig. S6, a) also shows excursions 

from ideal behavior characteristic for insufficiently accurate s.u. values (Zhurov et al., 2008). At the same 

time scale factor plot vs. the resolution confirms good data quality over the whole resolution range and its 

internal consistency (Fig. S6, b). The Gaussian distribution of structure factor residuals (Fig. S7) indicates 

satisfactory quality of data and model (Henn & Meindl, 2014). 
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Figure S5 Plot of the fractal dimension df vs. the residual electron density (ρ0) in the unit cell. No 

resolution cutoff was applied to the data used for the Fourier transformation.  

   

   (a)       (b) 

Figure S6 (a) Normal probability plot plotted against full dataset of (I); (b) Scale factor plot against 

resolution. 
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Figure S7 SFR histogram (green bins) and a Gaussian distribution with the same mean and standard 

deviation as the residuals (red line) for (I). 



 

 

Acta Cryst. (2015). B71,  doi:10.1107/S2052520615015279        Supporting information, sup-6 

S4. Properties 

 

Figure S8 Molecular graph of (I). Red and yellow circles denote CP (3,-1) and (3,+1). 
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Table S1 Atomic charges (Q, e), Malliken spin densities (S, e) and volumes (Å3), obtained within the 

QTAIM approach (VAIM) and the Voronoi tessellation (VV).a  

Atom Qexp Qtriplet S VAIM (exp) 
VAIM 
(triplet) 

VV 

Cu1 0.74 1.14 0.67 12.36 11.34 11.59 

Cl1 -0.36 -0.65 0.10 31.00 36.61 16.92 

O1 -0.67 -0.71 0.01 16.82 16.18 9.30 

N1 -0.51 -0.64 0.07 11.61 12.18 9.42 

N2 -0.60 -0.73 0.07 11.55 12.36 9.19 

N3 -0.73 -0.73 0.07 12.69 12.77 10.14 

N4 -0.70 -1.16 0.00 13.11 14.52 10.30 

C1 -0.78 0.02 0.01 19.14 10.49 2.88 

C2 0.54 0.62 -0.01 9.27 8.46 7.69 

C3 0.33 0.41 0.00 10.13 9.54 8.34 

C4 -0.23 -0.04 0.00 14.26 13.26 7.02 

C5 0.49 0.43 0.00 11.11 11.27 6.85 

C6 0.56 0.50 0.00 10.12 10.59 6.66 

C7 -0.20 -0.01 0.00 12.51 12.52 7.19 

C8 -0.17 0.00 0.00 12.11 12.30 7.17 

C9 -0.18 -0.01 0.00 12.89 12.55 7.63 

C10 0.39 0.50 0.00 11.07 10.56 7.14 

H1 0.57 0.59 0.00 2.23 2.46 11.14 

H1A 0.29 0.06 0.00 3.85 6.77 14.61 

H1B 0.28 0.02 0.00 3.68 7.27 14.25 

H1C 0.28 0.04 0.00 4.63 7.29 14.26 

H4 0.10 0.04 0.00 6.48 7.30 13.81 

H5 0.10 0.09 0.00 5.85 6.40 12.00 

H6 0.08 0.07 0.00 7.58 6.68 13.68 

H7 0.07 0.04 0.00 7.89 7.27 14.38 

H8 0.12 0.04 0.00 5.76 7.28 12.69 

H9 0.09 0.04 0.00 6.92 7.25 13.52 

H10 0.10 0.06 0.00 6.10 6.90 13.65 

a Qtriplet, spin population and VAIM (triplet) are given for the triplet model of isolated molecule, the 

remaining values correspond to experimental data. VAIM (triplet)  values are given for 0.001 a.u. 

isodensity envelope. 
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Table S2 Coordinates of optimized structures  

  singlet   triplet   

  x y z x y z 

Cu1  -0.14864 0.03046 0.12225 -0.15132 0.03131 0.12379 

Cu2  0.14864 -0.03046 -0.12225 0.15132 -0.03131 -0.12379 

Cl3  -0.28295 -0.06359 0.29627 -0.28392 -0.06215 0.29663 

Cl4  0.28295 0.06359 -0.29627 0.28392 0.06215 -0.29663 

O5  -0.42010 0.16534 0.16260 -0.42150 0.16700 0.16192 

O6  0.42010 -0.16534 -0.16260 0.42150 -0.16700 -0.16192 

N7  -0.31115 0.14905 0.08162 -0.31239 0.14933 0.08118 

N8  -0.09967 0.10351 -0.05998 -0.09964 0.10450 -0.05818 

N9  0.00258 0.09766 -0.14218 0.00452 0.09870 -0.14313 

N10  -0.04701 0.19855 0.25004 -0.04974 0.19810 0.25013 

N11  0.31115 -0.14905 -0.08162 0.31239 -0.14933 -0.08118 

N12  0.09967 -0.10351 0.05998 0.09964 -0.10450 0.05818 

N13  -0.00258 -0.09766 0.14218 -0.00452 -0.09870 0.14313 

N14  0.04701 -0.19855 -0.25004 0.04974 -0.19810 -0.25013 

C15  -0.41722 0.31104 -0.06968 -0.41649 0.31318 -0.06905 

C16  -0.30864 0.21712 -0.02766 -0.30880 0.21807 -0.02777 

C17  -0.18836 0.19472 -0.10650 -0.18834 0.19461 -0.10627 

C18  -0.13946 0.24837 -0.22604 -0.14039 0.24819 -0.22605 

C19  -0.01766 0.18363 -0.24469 -0.01825 0.18430 -0.24491 

C20  -0.08463 0.22152 0.37649 -0.08518 0.22055 0.37735 

C21  -0.02420 0.31769 0.45688 -0.02353 0.31656 0.45695 

C22  0.07997 0.39326 0.40401 0.07951 0.39255 0.40249 

C23  0.11970 0.36965 0.27273 0.11692 0.36949 0.27044 

C24  0.05341 0.27150 0.19980 0.04961 0.27149 0.19830 

C25  0.41722 -0.31104 0.06968 0.41649 -0.31318 0.06905 

C26  0.30864 -0.21712 0.02766 0.30880 -0.21807 0.02777 

C27  0.18836 -0.19472 0.10650 0.18834 -0.19461 0.10627 

C28  0.13946 -0.24837 0.22604 0.14039 -0.24819 0.22605 

C29  0.01766 -0.18363 0.24469 0.01825 -0.18430 0.24491 

C30  0.08463 -0.22152 -0.37649 0.08518 -0.22055 -0.37735 

C31  0.02420 -0.31769 -0.45688 0.02353 -0.31656 -0.45695 

C32  -0.07997 -0.39326 -0.40401 -0.07951 -0.39255 -0.40249 

C33  -0.11970 -0.36965 -0.27273 -0.11692 -0.36949 -0.27044 

C34  -0.05341 -0.27150 -0.19980 -0.04961 -0.27149 -0.19830 

H35  -0.40727 0.09304 0.22842 -0.40960 0.09493 0.22804 

H36  -0.51369 0.27460 -0.03441 -0.51407 0.27354 -0.04082 

H37  -0.41912 0.32239 -0.17806 -0.41343 0.33137 -0.17642 

H38  -0.40090 0.40967 -0.02504 -0.40402 0.40883 -0.01727 

H39  -0.18434 0.32314 -0.28935 -0.18604 0.32230 -0.28954 
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H40  0.05624 0.19320 -0.32241 0.05425 0.19438 -0.32394 

H41  -0.16557 0.15955 0.41356 -0.16528 0.15824 0.41565 

H42  -0.05840 0.33239 0.55860 -0.05595 0.33081 0.55931 

H43  0.12935 0.46895 0.46390 0.12978 0.46814 0.46176 

H44  0.20044 0.42572 0.22725 0.19670 0.42591 0.22372 

H45  0.08140 0.25016 0.09719 0.07569 0.25050 0.09513 

H46  0.40727 -0.09304 -0.22842 0.40960 -0.09493 -0.22804 

H47  0.51369 -0.27460 0.03441 0.51407 -0.27354 0.04082 

H48  0.41912 -0.32239 0.17806 0.41343 -0.33137 0.17642 

H49  0.40090 -0.40967 0.02504 0.40402 -0.40883 0.01727 

H50  0.18434 -0.32314 0.28935 0.18604 -0.32230 0.28954 

H51  -0.05624 -0.19320 0.32241 -0.05425 -0.19438 0.32394 

H52  0.16557 -0.15955 -0.41356 0.16528 -0.15824 -0.41565 

H53  0.05840 -0.33239 -0.55860 0.05595 -0.33081 -0.55931 

H54  -0.12935 -0.46895 -0.46390 -0.12978 -0.46814 -0.46176 

H55  -0.20044 -0.42572 -0.22725 -0.19670 -0.42591 -0.22372 

H56  -0.08140 -0.25016 -0.09719 -0.07569 -0.25050 -0.09513 

ENERGY, H  -5565.62   -5565.67   
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