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Abstract:Abstract: We prepared a so far unknown class of hexaaza crown ethers substituted with six adamantyl side-arms and used them for extraction 
of alkali metal cations from an aqueous medium. These host molecules were designed to take advantage of intramolecular London dispersion 

interactions in order to tune the host's structural organization and enhance its binding capability. The studied adamantyl hexaaza crown ethers 
all showed efficient extraction capabilities for alkali metal cations, unlike the parent hexaaza-18-crown-6.  The  experimental  study  was 
supported by a computational analysis and a global minima structure search afforded geometries that highlighted the importance of non-

covalent interactions for complex formation and adoption of specific molecular conformations. In addition, the obtained binding energies for 
complex formation further supported our experimental findings. This new class of alkali metal cation binding hosts could find future application 
in bioactivity studies that apply supramolecular recognition processes. 
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INTRODUCTION 

XPLORATION of innovative host molecule scaffolds 

remains an ever present pursuit of supramolecular 

chemistry. Among many attractive classes of hosts, aza 

crown ethers[1] have a special place due to their ability to 

bind both cations and anions, depending on the pH value  

of their solution.[2] Some supramolecular applications of 

hexaaza crown ethers include their use as complexation 

agents for transition metals,[3] as receptors with multiple 

redox-active groups,[4] as components in ultrathin separation 

membranes,[5] as ionophores in PVC membrane ion-selective 

electrodes, etc.[6] Various hexaaza crown ethers were also 

studied as monolayer-forming amphiphiles,[7] as complexing 

agents in ion pairing studies,[8] as cores in dendrimers 

capable of binding metal nanoparticle,[9] as organocatalysts 

for polymerizations,[10] and in biological systems as chelating 

agents applicable in radioimmunotherapy.[11]  

 Although many different subclasses of aza crown 

ethers are known,[12] with some novel synthetic methods 

for their preparation recently developed,[13] in this study 

we focused our attention on substituted hexaaza crown 

ethers, macrocycles containing six nitrogen atoms in the 

crown core (Figure 1), in order to apply them for alkali 

metal cation extractions. Since these nitrogen centers can 

be readily functionalized with side-arms, we set out to use 

the influence of a bulky adamantane group on 

conformational re-organization of the crown scaffold. Our 

goal was to encourage the formation of numerous 

intramolecular close contacts between the introduced 

hydrocarbon subunits and thereby stabilize the system by 

taking advantage of London dispersion interactions.[14] 

Dispersion in general arises from instantaneous induced 

dipoles and is crucial for molecular aggregation.[15] Its 

influence thrives in increasingly larger and hence more 

polarizable structures,[11] and it can therefore be used as 

“molecular glue” in many otherwise unstable molecules, 

resulting in many practical applications.[16] Notably, some 

diamondoid[17] structures containing extremely long C–C 

bonds can thank their existence to London dispersion 
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interactions.[18] Bulky, hydrocarbon-based groups are ideal 

candidates to act as dispersion energy donors (DEDs)[19] 

and, if designed accordingly, enable the overall prevalence 

of dispersion contributions in a given system. 

 Since we have prior experience in preparing similar 

polycyclic oxa and aza crown ethers[20] and cryptands,[21] 

we now expanded our study to a sterically demanding 

hexaaza crown scaffold. Thus, the crown core functional-

ized with six adamantyl side-arms was designed with an 

intention to maximize the DED potential of the incorp-

orated adamantane cages. The resulting dense substituent 

packing in the host structures was envisioned to be 

beneficial for alkali metal cation binding and to enable the 

formation of more stable complexes when compared to the 

parent hexaaza-18-crown-6, in the end resulting in more 

efficient extraction of cations from the water environment. 

 

EXPERIMENTAL DETAILS 

Synthesis. 1H and 13C NMR spectra were recorded with 

Bruker AV-300 or AV-600 NMR spectrometers and the NMR 

spectra were measured in CDCl3 and referenced to 

tetramethylsilane as an internal standard. IR spectra were 

recorded with a FT-IR ABB Bomem MB 102 spectro-

photometer. MALDI-TOF MS spectra were obtained in 

“reflectron” mode with an Applied Biosystems Voyager DE 

STR instrument (Foster City, CA). UV-Vis spectra were 

recorded on a Phillips P 8730 spectrophotometer. All 

solvents and the parent hexaaza-18-crown-6·3H2SO4 were 

obtained from commercial sources and used without 

further purification. 1-Adamantanoyl chloride (8),[22]  

1-(chloroethanoyl)adamantane (9),[23] 1-(2-chloropropanoyl)-

adamantane (10),[19] 1-(2-tosyloxyethyl)adamantane (11),[20a] 

and 1-(3-tosyloxypropyl)adamantane (12)[20a] were prepared 

according to previously published procedures. 

Hexaaza-18-crown-6 (7). Hexaaza-18-crown-6·3H2SO4 

(3· 3H2SO4) (1.0 g, 1.81 mmol) was dissolved in 50 mL of 

distilled water and aqueous 20 % NaOH was added until  

pH = 13 was reached. The resulting mixture was continuously 

extracted in a Soxhlet apparatus (extraction liquid-liquid) 

using 500 mL of chloroform. The layers were then 

separated and the organic phase was evaporated yielding 

0.41 g (88 %) of hexaaza-18-crown-6 (7). 1H NMR (300 MHz, 

CDCl3) δ/ppm: 2.38 (br. s, 6H), 2.77 (br. s, 24H). 13C NMR 

(CDCl3) δ/ppm: 48.8 (t, 12C). 

General Procedure for the Preparation 
of Amido-hexaaza Crown Ethers 4–6 

Hexaaza-18-crown-6 (7) (0.100 g, 0.39 mmol) and  

4-dimethylaminopyridine (DMAP, 0.005 g, 0.039 mmol) 

were dissolved in 25 mL of dimethylacetamide (DMA)  

and 50 mL of CH2Cl2 under a nitrogen atmosphere and  

0.64 ml (6.8 mmol) Et3N was added. The reaction mixture  

was cooled to 0 °C and a solution of the corresponding 

adamantanoyl chloride (4.8 mmol) in 25 mL of CH2Cl2 was 

added dropwise during 60 min. The mixture was then 

heated to 50 °C and refluxed for 5 days. After cooling to 

room temperature 50 mL of a saturated aqueous solution 

of NH4Cl was added and the layers were separated in a 

separation funnel. The water phase was washed with 

chloroform (2 × 50 mL) and the combined organic extracts 

were washed with 50 mL of a saturated aqueous solution 

of NaHCO3, with water (2 × 100 mL) and with 50 mL of  

a saturated aqueous solution of NaCl. The obtained  

organic extract was dried over Na2SO4, filtered off and  

evaporated, yielding the crude product that was purified by  

column chromatography (Al2O3, activity II/III, 0→10 % 

MeOH/CH2Cl2), yielding a colorless oil. Analytically pure 

sample of the product was obtained by rechromatography 

(Al2O3, activity II/III, 0→10 % MeOH/CH2Cl2). 
 
1,4,7,10,13,16-hexa(1-adamantanoyl)-1,4,7,10,13,16-

hexaazacyclooctadecane (4). Hexaaza crown ether 4 

(0.240 g, 34 %) was obtained from 0.150 g (0.58 mmol) of 

crown 7 and 1.100 g (5.60 mmol) of 8. 1H NMR (300 MHz, 

CDCl3) δ/ppm: 1.72 (br. s, 36H), 1.95–2.10 (m, 54H), 3.45–

3.65 (m, 24H). 13C NMR (75 MHz, CDCl3) δ/ppm: 28.5 (d, 

18C), 36.5 (t, 18C), 39.1 (t, 18C), 42.1 (s, 6C), 47.7 (t, 12C), 

178.1 (s, 6C). IR (KBr) ν̃max/cm–1: 2904 (s), 2850 (m), 1630 

(s), 1402 (m), 1228 (w), 1173 (m), 1101 (w), 1051 (w), 729 

(w), 665 (w). HRMS (MALDI): calcd. for C78H114N6O6 

1231.8872; found 1231.8842. 
 
1,4,7,10,13,16-hexa[1-oxo-2-(adamantyl)ethyl]-

1,4,7,10,13,16-hexaazacyclooctadecane (5). Hexaaza crown 

ether 5 (0.302 g, 59 %) was obtained from 0.100 g (0.39 

mmol) of crown 7 and 0.932 g (4.80 mmol) of 9. 1H NMR 

(300 MHz, CDCl3) δ/ppm: 1.50–1.90 (m, 72H), 1.90–2.15  

(m, 24H), 2.25–2.50 (m, 6H), 3.30–3.65 (m, 24H). 13C NMR 

 
Figure  1.Figure  1. Structures  of  hexaaza  crown  ethers 11––33 subs-

tituted with six adamantyl subunits. 
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(75 MHz, CDCl3) δ/ppm: 28.7 (d, 18C), 33.9 (s, 6C), 36.7  

(t, 18C), 42.7 (t, 6C), 42.9 (t, 18C), 45.9 (t, 12C), 172.3 (s, 6C). 

IR (KBr) ν̃max/cm–1: 2902 (s), 2847 (m), 1640 (m), 1457 (w), 

1416 (w), 1196 (w), 1144 (w). HRMS (MALDI): calcd. for 

C84H126N6O6 1137.9631; found 1137.9673. 
 
1,4,7,10,13,16-hexa[1-oxo-3-(adamantyl)propyl]-

1,4,7,10,13,16-hexaazacyclooctadecane (6). Hexaaza crown 

ether 6 (0.231 g, 50 %) was obtained from 0.080 g (0.31 

mmol) of crown 7 and 0.700 g (3.10 mmol) of 10. 1H NMR 

(300 MHz, CDCl3) δ/ppm: 1.35–1.80 (m, 84H), 1.95 (br. s., 

18H), 2.10–2.55 (m, 12H), 3.25–3.70 (m, 24H). 13C NMR (75 

MHz, CDCl3) δ/ppm: 26.7 (t, 6C), 28.6 (d, 18C), 32.1 (s, 6C), 

37.0 (t, 18C), 39.7 (t, 6C), 42.1 (t, 18C), 47.2 (t, 12C), 175.0 

(t, 6C). IR (KBr) ν̃max/cm–1: 2901 (s), 2845 (m), 1645 (w), 1419 

(w), 1191 (w), 1098 (w). HRMS (MALDI): calcd. for 

C90H138N6O6 1137.9631; found 1400.0653. 

General Procedure for the Preparation 
of Amino-hexaaza Crown Ethers 1–3 

A solution of amido-hexaaza crown ether (0.10 mmol) in  

5 mL of dry ether was added dropwise to a suspension of 

LiAlH4 (0.78 mmol) in 10 mL of dry ether. The reaction 

mixture was refluxed for 7 h, cooled to room temperature 

and the excess of LiAlH4 was decomposed by adding water, 

accompanied by a formation of a white precipitate. The 

organic layer was decanted, the precipitate washed  

with CH2Cl2 (3 × 50 ml) and the combined organic phase  

was washed with a saturated aqueous solution of NaCl  

and dried over MgSO4. After filtration and evaporation of  

the solvent the crude oily product was purified by  

column chromatography (Al2O3, activity II/III, 0→10 % 

MeOH/CH2Cl2). Analytically pure sample of the product was 

obtained by rechromatography (Al2O3, activity II/III, 0→10 % 

MeOH/CH2Cl2). 
 
1,4,7,10,13,16-hexa[2-(1-adamantyl)methyl]-

1,4,7,10,13,16-hexaazacyclooctadecane (1). Hexaaza crown 

ether 1 (0.031 g, 15 %) was obtained from 0.219 g (0.18 

mmol) of amido-hexaaza crown ether 4. 1H NMR (300 MHz, 

CDCl3) δ/ppm: 1.44 (br. s, 36H), 1.58–1.72 (m, 36H), 1.93 

(br. s, 18H), 2.01 (br. s, 12H), 2.48 (br. s, 24H). 13C NMR  

(75 MHz, CDCl3) δ/ppm: 28.6 (d, 18C), 34.9 (s, 6C), 37.3  

(t, 18C), 41.4 (t, 18C), 56.8 (t, 12C), 70.1 (s, 6C). IR (KBr) 

ν̃max/cm–1: 2901 (s), 2843 (m), 1450 (w), 1093 (m), 611 (w). 

HRMS (MALDI): calcd. for C78H126N6 1148.0116; found 

1148.0115. 
 
1,4,7,10,13,16-hexa[2-(1-adamantyl)ethy]-1,4,7,10,13,16-

hexaazacyclooctadecane (2). Hexaaza crown ether 2 

(0.067 g, 36 %) was obtained from 0.200 g (0.152 mmol) of 

amido-hexaaza crown ether 5. 1H NMR (300 MHz, CDCl3) 

δ/ppm: 1.20–1.30 (m, 12H), 1.49 (br. s, 36H), 1.55–1.75  

(m, 36H), 1.93 (br. s, 18H), 2.42–2.70 (m, 36H). 13C NMR  

(75 MHz, CDCl3) δ/ppm: 28.6 (d, 18C), 31.7 (s, 6C), 37.1  

(t, 18C), 40.8 (t, 6C), 42.5 (t, 18C), 49.2 (t, 6C), 52.5 (t, 12C). 

IR (KBr) ν̃max/cm–1: 3440 (m), 2901 (s), 2845 (s), 1676 (w), 

1449 (m), 1344 (w), 1098 (w), 1012 (w), 733 (w). HRMS 

(MALDI): calcd. for C84H138N6 1232.1055; found 1232.1097. 
 
1,4,7,10,13,16-hexa[3-(1-adamantyl)propyl]-

1,4,7,10,13,16-hexaazacyclooctadecane (3). Hexaaza crown 

ether 3 (0.035 g, 24 %) was obtained from 0.148 g  

(0.11 mmol) of amido-hexaaza crown ether 6. 1H NMR  

(300 MHz, CDCl3) δ/ppm: 0.95–1.08 (m, 12H), 1.34–1.55  

(m, 48H), 1.55–1.75 (m, 36H), 1.93 (br. s, 18H), 2.35–2.45 

(m, 12H), 2.50–2.65 (m, 24H). 13C NMR (75 MHz, CDCl3) 

δ/ppm: 20.2 (t, 6C), 28.8 (d, 18C), 32.2 (s, 6C), 37.3 (t, 18C), 

42.3 (t, 6C), 42.6 (t, 18C), 52.8 (t, 12C), 56.7 (t, 6C). IR (KBr) 

ν̃max/cm–1: 3432 (m), 2900 (s), 2845 (s), 1450 (m), 1098 (w), 

733 (w). HRMS (MALDI): calcd. for C90H150N6  1316.1995; 

found 1316.1997. 

Alternative Procedure for the 
Preparation of Amino-hexaaza Crown 

Ethers 2 and 3  
Adamantane tosylate (1.0 mmol) and hexaaza-18-crown-6 

(7) (0.10 mmol) were dissolved in dry acetonitrile (50 mL) 

under a nitrogen atmosphere, Na2CO3 (4.00 mmol) was 

added and the reaction mixture was refluxed for 5 days. The 

reaction mixture was cooled to the ambient temperature 

and concentrated in vacuuo. The oily residue was dissolved 

in CH2Cl2 and filtered through a plug of celite. The combined 

filtrates were concentrated under reduced pressure to 

afford the crude product which was purified by column 

chromatography (Al2O3, activity II/III, 0→10 % MeOH/CH2Cl2). 

 Hexaaza crown ether 2 (0.065 g, 13 %) was obtained 

from 1-(2-tosyloxyethyl)adamantane (11) (0.777 g, 2.32 mmol) 

and hexaaza-18-crown-6 (7) (0.050 g, 2.0 mmol). 

 Hexaaza crown ether 3 (0.074 g, 16 %) was obtained 

from 1-(3-tosyloxypropyl)adamantane (12) (0.674 g, 2.0 mmol) 

and hexaaza-18-crown-6 (7) (0.050 g, 2.0 mmol). 
 
Computational methods. Global minima structures for 

compounds 1–3 and their Na+ complexes were found using 

the semiempirical GFN2-xTB[24] method through the Global 

Optimizer Algorithm (GOAT) implemented in the Orca 6.0. 

program package.[25] The obtained minima geometries 

were further refined at the r2SCAN-3c level of theory[26] and 

verification of the minima by frequency computations was 

done. Non-covalent interactions (NCI) plots were const-

ructed using Multiwfn 3.6[27] and visualized with Visual 

Molecular Dynamics (VMD) software.[28]  
 
Extraction experiments. Alkali metal picrate salts were 

used for performing the respective cation extraction from 

an aqueous environment. Na+, K+, Rb+, and Cs+ picrates 

were freshly prepared by reacting each of the respective 
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alkali metal hydroxide with picric acid, the formed salts 

were then isolated and dried prior to use. Li+ picrate was 

prepared in situ due to its high solubility in water and 

subsequently used as such. CAUTION: Alkali metal picrates 

are highly explosive compounds and should be handled 

with extreme care! We prepared solutions of alkali metal 

picrates in redistilled water, c = 3 ×  10–4 mol dm–3, and 

solutions of the studied hexaaza crown ethers in two times 

distilled CH2Cl2, c = 3 × 10–4 mol dm–3. A CH2Cl2 solution (0.5 

mL) of the corresponding hexaaza crown ether was placed 

into a 5 mL screw-top vial, and the aqueous solution of 

alkali metal picrate (0.5 mL) was added. Another portion of 

alkali metal picrate solution (0.5 mL) was added to the 

second vial containing only pure CH2Cl2 (0.5 mL) with no 

host compound (blank probe). The vials were stoppered, 

shaken on a Termolyne Maxy-Mix III Type 65800 mixer for 

4 min and then allowed to stand at ambient temperature 

for 1 h. A 0.3 mL aliquot of the respective aqueous phase 

was taken with an automatic pipette and diluted in a 

volumetric flask by adding redistilled water to a total 

volume of 2 mL. UV-Vis spectra were then obtained for the 

two solutions and the percentage of the extracted picrate 

was in each case calculated from the absorbance value 

measured at 356 nm, using the following formula: % 

extraction = [(Ablank – Asample) / Ablank] × 100. All respective 

extraction measurements were performed five times in 

order to obtain the average value of the percent picrate 

extracted (Table 1). Note that in the absence of a hexaaza 

crown ether, no alkali metal picrate extraction was detected. 

 

RESULTS AND DISCUSSION 

During the design of target hexaaza crown ethers 1–3 and 

their amido-analogues 4–6 some concerns were raised 

whether such derivatives would be feasible for preparation 

due to their sterically demanding framework. However, 

preliminary molecular modeling studies revealed that the 

planned derivatives would possess enough conformational 

freedom of their side-arm groups to overcome potential 

steric hindrances. Moreover, the fine balance between 

repulsion and London dispersion interactions was tilted in 

favor of the attractive effect in the studied adamantyl 

hexaaza crown ethers and we were therefore confident to 

undertake synthetic efforts to obtain such derivatives. 

 Preparation of hexaadamantyl hexaaza crown ethers 

1–3 was thus accomplished according to a modified 

literature procedure.[29] Commercially available hexaaza-

18-crown-6·3H2SO4 was neutralized[30] to obtain the parent 

compounds 7 in order to perform a coupling reaction with 

six equivalents of the corresponding adamantanoyl 

chlorides 8–10 (Scheme 1). The obtained amido-derivatives 

4–6 were subsequently reduced using LiAlH4, giving the 

desired adamantyl hexaaza compounds 1–3 in acceptable 

overall yields. Note that we also prepared more flexible 

hexaaza crown ethers 2 and 3 according to a previously 

published method using adamantyl tosylates,[20a] but the 

yields were lower and the purification was much more 

challenging. This approach included the condensation of 

the parent crown 7 with 1-(2-tosyloxyethyl)adamantane 

(11) or 1-(3-tosyloxypropyl)adamantane (12), respectively 

(see the Experimental section for more details). 

 After the successful synthesis of hosts 1–3, we tested 

their ability to bind alkali metal cations by performing the 

corresponding picrate salt extraction experiments. Extrac-

tions of aqueous alkali metal (Li+, Na+, K+, Rb+, and Cs+) 

picrates were carried out at room temperature with 

dichloromethane solutions of the hexaaza crown ethers  

(3 × 10–4 M) and the picrate ion concentrations were deter-

mined by UV/Vis spectroscopy. The obtained values of the 

percent picrate extracted for 1–3 were compared with the 

parent hexaaza crown ether 7 (Table 1). 

 The measurement results show that host molecules 

1–3 are indeed capable of extracting alkali metal cations 

from water into the organic phase. As no extraction was 

observed when no hexaaza crown ethers were added 

(blank experiment), it can be concluded that the cation 

transfer is a consequence of complex formation between 

the hexaaza crown ether hosts and alkali metal cation 

 

 

SchemeScheme  1.1. Preparation of hexaadamantyl hexaaza crown ethers 11–33. (a) DMA, DMAP, Et3N, CH2Cl2, (b) LiAlH4, Et2O. 
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guests occurring on the water-dichloromethane phase 

boundary. Even though no marked selectivity for a specific 

alkali metal was observed, hosts 1–3 bind alkali metal 

cations quite well and are much more efficient when 

compared to the poorly performing parent hexaaza crown 

ether 7. The best extraction percentages were found for 

smaller cations like Li+ and Na+, where smaller host 1 

showed a similar preference for both of those cations, 

while a larger host 3 showed a pronounced preference for 

Na+. In general, there is an underlying trend that smaller 

and more rigid hosts extract better smaller alkali metal 

cations, while bigger and flexible hosts prefer to 

incorporate alkali metals of larger radii. Additionally, the 

highest overall alkali metal cation extraction percentage 

was achieved with hexaaza crown ether 2 (83.9 % for Na+), 

making it the most efficient host in the series. Here it 

should also be noted that the amido derivatives 4–5 bind 

alkali metal cations very poorly or not at all (< 2 %) in the 

described experimental conditions. Such behavior of amido 

macrocyclic receptors of this type is in line with previous 

observations, both in the literature and in our laboratory. 

To gain more insight into the complex structures and 

stabilities of hexaaza crown ethers 1–3, we performed a 

computational analysis of both the host molecules and the 

formed complexes. Since all three hosts extracted Na+ very 

well and since compound 2 possessed the best overall 

extraction capability in the explored series for exactly that 

alkali metal, we narrowed down our computational study 

to complexes of 1–3 with a sodium cation. Conformational 

flexibility of the crown host plays an important role in 

energetic stabilization of the whole scaffold but the 

question remains how exactly this structural reorganization 

is driven. We have previously shown that similar crown 

ethers and cryptands have a wide conformer distribution 

due to their inherent high flexibility.[20,21] This molecular 

feature can also be observed from the NMR spectra of pure 

hexaaza crown ethers prepared in this study (see Figures 

S1–S12).  Namely the peaks in 13C NMR corresponding  

to the crown core are not symmetry equivalent but  

are instead distinct. Our hypothesis was that intra-

molecular dispersion interactions significantly influence  

the conformer distribution of such hexaaza crown ethers 

substituted with bulky adamantyl side-arms (and of their 

complexes), but this needed to be confirmed. We therefore 

first performed a global minima search for compounds 1–3 

and for their Na+ complexes with the Global Optimizer 

Algorithm (GOAT) that uses a GFN2-xTB method, as 

implemented in Orca 6.0. After identifying the minima 

structures, we then further optimized the obtained geometries 

at the r2SCAN-3c level of theory to get the final structures. 

Other hexaaza derivatives have been studied previously by 

computational means and the use of DFT proved to be a valid 

approach.[31] In case of our somewhat larger molecules, use 

of the composite electronic-structure method r2SCAN-3c 

that incorporates adapted D4 (for London dispersion) and 

geometrical counter-poise (for basis set superposition 

error) corrections allowed for a reliable analysis of 

structures where non-covalent interactions are prominent. 

 Firstly, one immediately notices the stark structural 

difference between the respective hexaaza crown ether 

and its sodium cation complex (Figure S13). In principle, the 

host molecule not engaged in binding exhibits a kind of 

expansion of its side-arms into the surrounding space; this 

is especially apparent for the most rigid compound 1. As the 

linker size and flexibility increases, so does the tendency of 

the present bulky substituents to group and engage in 

intramolecular close contacts. This is effectively a 

demonstration of London dispersion in action after the 

conformational energetic penalties originating from the 

crown core are reduced, since in host 2 four + two 

adamantane cages are in close contact and in the most 

flexible host 3 even five of them interact with each other. 

Going next to the complexes, when comparing the 

obtained structures of 1·Na+, 2·Na+, and 3·Na+, respectively 

(Figure 2), we found that all studied hexaaza crown ethers 

bind Na+ with the crown core, as is to be expected since this 

is the primary binding region of the host. However, in all 

three complexes the adamantane side arms also take part 

in the binding stabilization (Figure S13, Table S2). One can 

observe that the hexaaza crown ether 1 additionally binds 

the cation with three adamantane side arms. As these 

adamantyl cages are connected to the crown core through 

Table Table 11.. Extraction of alkali metal picrates with studied hexaaza crown ethers(a). 

Host 
% of picrate salt extracted(b) 

Li+ Na+ K+ Rb+ Cs+ 

11  47.7 ± 0.5 43.2 ± 0.8 35.0 ± 0.7 27.8 ± 0.3 35.2 ± 0.5 

22  73.3 ± 0.4 83.9 ± 0.6 75.3 ± 0.5 72.3 ± 0.3 55.5 ± 0.3 

33  15.2 ± 0.5 68.3 ± 0.7 52.4 ± 0.5 59.9 ± 0.7 48.4 ± 0.5 

77  < 2 < 2 7.6 ± 0.5 2.7 ± 0.1 < 2 

(a) The extraction experiments were performed using a 3 × 10–4 M CH2Cl2 solution of hexaaza crown ethers and a 3 × 10–4 M aqueous solution of alkali metal 
picrates. The picrate ion concentrations were determined by UV/Vis spectroscopy.  

(b) Defined as a percentage of picrate extracted into the organic phase. Each value is the average of five independent extraction experiments. 
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one CH2 group, the conformational flexibility of the 

molecule is somewhat reduced and the remaining three 

side-arms do not appear to engage in complex formation. 

Apart from the previously mentioned complementarity of 

the host size with the alkali metal radius, this effect can also 

contribute to the observed lower extraction capabilities of 

1. On the other hand, in the structure of complex 2·Na+ four 

adamantyl substituents connected with the core through 

two CH2 groups are engaged in cation stabilization, with a 

fifth side-arm providing further dispersion stabilization 

through close contacts with two of these four cages. Note 

that only the sixth side-arm is not conformationally 

grouped around the binding region. Such close packing of 

the bulky substituent seems to be very beneficial for 

sodium cation capture and is in line with the experimentally 

observed 83.9 % of Na+ extraction (Table 1). Lastly, the 

structure of the hexaaza crown ether 3 complex with a 

sodium cation again points to a beneficial effect of the four 

adamantyl substituents on the binding but since the linker 

to the crown core is composed of three CH2 groups, the 

host possesses more flexibility when compared to 2. 

Consequently, the fifth and the sixth side-arm can more 

easily orient closer to each other and therefore engage in 

dispersion interactions between themselves (Figure S13 

and S14). This added flexibility is also reflected in a slightly 

reduced Na+ extraction percentage (68.3 %). Based on 

these observations we can conclude that for this type of 

bulky hexaaza crown ethers one needs to hit the sweet spot 

to achieve the most efficient alkali metal cation extraction: 

a structure that is too rigid binds poorly but too much 

flexibility also leads to a reduced performance. It appears 

that host 2 with a linker two CH2 groups long is positioned 

just right on this flexibility scale. 

 In addition to qualitative comparison of the global 

minima structures, we also computed binding energies for 

the complex formation. Thus, for complexes 1·Na+, 2·Na+, 

and 3·Na+ the binding energies amount to –44.1, –76.9, and 

–64.1 kcal mol−1, respectively (Table S1). It is gratifying to 

see that the obtained values closely match both the 

experimental extraction data and the structural analysis 

rationale. Namely, host 2 that extracts the sodium cation 

the best, also has the most favorable binding energy  

(–76.9 kcal mol−1) and the best 4+1 side-arm stabilization 

of the binding region. Analogous comparisons can be made 

for hexaaza crown ethers 1 and 3. 

 Lastly, we also constructed non-covalent inter-

actions (NCI) plots for the studied complexes in order to 

better visualize the regions in the computed structures 

where the intramolecular attractive contributions are the 

strongest. The performed r2SCAN-3c computations 

provided us with the needed electron density and its 

derivatives that we then used for the NCI plot generation. 

The corresponding structures are depicted in Figure S14 

and their inspection once more confirms the prevalence 

and importance of non-covalent stabilizing interactions in 

the structures of adamantane-substituted hexaaza crown 

ether complexes. 

 

CONCLUSIONS 

We designed and prepared hexaaza crown ethers 1–3 

substituted with six adamantyl side-arms of different 

 

 

 

Figure Figure 22.. Optimized structures of sodium complexes with 

hosts 11–33, from top to bottom: 11·Na+, 22·Na+, and 33·Na+. 
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linker length for application as alkali metal cation binders. 

These hexaadamantyl hexaaza crown ethers were 

specifically tailored to take advantage of London 

dispersion interactions acting inside the molecules and 

subsequent complexes, in order to surpass the poor 

binding capabilities of the parent hexaaza-18-crown-6 (7), 

which was successfully accomplished. While the 

performed extraction experiments did not reveal a 

marked preference for any single alkali metal cation type, 

the studied host molecules 1–3 all demonstrated 

efficiency in alkali metal extraction from the aqueous to 

the organic phase. The best result in the series was 

achieved for the extraction of Na+ with host 2, reaching 

83.9 %. The computational analysis that included a global 

minima search and structure refinement revealed the 

structural characteristics of the host molecules and the 

formed complexes with a sodium cation. In addition to 

identifying numerous close contacts between the 

adamantyl side-arms in the final geometries and thereby 

confirming the importance of dispersion interactions for 

conformer stabilization, the obtained binding energies for 

complex formation and their match with experimental 

extraction percentage trends further supported our 

proposed structural analysis rationale. We next plan to 

test these new adamantyl hexaaza crown ethers 1–3 for 

their potential biological activity, especially for disrupting 

the alkali metal cation intake into cells. A possible strategy 

would be to use the lipophilic adamantyl side-arms as an 

anchoring unit in various lipid bilayers (liposomes or cell 

membranes),[32] while the crown core would be partially 

exposed and could act as an alkali metal cation receptor 

unit. Such dual supramolecular system would thereby 

take advantage of its inherent non-covalent interaction 

capability and its highly flexible and adaptable nature to 

push the resulting conformational distribution towards a 

desired mode of action, like supramolecular recognition 

processes[33] applicable in medicinal chemistry. 

 

Acknowledgment.Acknowledgment. We acknowledge the financial support 

from the Ministry  of  Science,  Education  and  Sports  of  

the Republic of Croatia (grant no. 098-0982933-2911). The 

computations were performed on the HPC Supek based in 

SRCE–University of Zagreb, University Computing Centre for 

computational resources. 

 

Supplementary  Information. Supplementary  Information. Supporting  Information  contains 

NMR spectra of the prepared compounds, figures depicting 

computed structures, computational details and coordinates of 

the computed structures, and is attached to the electronic 

version of the article at: https://doi.org/10.5562/cca4146. 
 
PDF files with attached documents are best viewed with Adobe Acrobat 
Reader which is free and can be downloaded from Adobe's web site. 
 

REFERENCES 

[1] K.  E. Krakowiak, J. S. Bradshaw, D. J. Zamecka-

Krakowiak, Chem. Rev. 1989, 89, 929‒972. 

https://doi.org/10.1021/cr00094a008 

[2] E. Kleinpeter, A. Holzberger, Tetrahedron 2006, 62, 

10237‒10247.  

https://doi.org/10.1016/j.tet.2006.07.074 

[3] T. Kurisaki, Y. Matsuki, H. Wakita, Polyhedron 2013, 65, 

200‒205. https://doi.org/10.1016/j.poly.2013.08.031 

[4] J. M. Lloris, R. Martinez-Manez, J. Soto, T. Pardo, M. 

E. P. Tosta, A. Benito, M. D. Marcos, Polyhedron 

1999, 18, 3689‒3694. 

[5] K. Hoffmann, B. Tieke, J. Membr. Sci. 2009, 341, 261‒

267. https://doi.org/10.1016/j.memsci.2009.06.017 

[6] J. Lizondo-Sabater, M.-J. Segui, J. M. Lloris, R. 

Martinez-Manez, T. Pardo, F. Sancenon, J. Soto, 

Sens. Actuators, B 2004, 101, 20‒27.  

https://doi.org/10.1016/j.snb.2004.02.018 

[7] C. Mertesdorf, H. Ringsdorf, Liq. Cryst. 1989, 5, 

1757‒1772.  

https://doi.org/10.1080/02678298908045686 

[8] R. Riedel, A. G. Seel, D. Malko, D. P. Miller, B. T. 

Sperling, H. Choi, T. F. Headen, E. Zurek, A. Porch, A. 

Kucernak, N.  C. Pyper, P.  P. Edwards, A. G. M. 

Barrett, J. Am. Chem. Soc. 2021, 143, 3934–3943. 

https://doi.org/10.1021/jacs.1c00115 

[9] M. Ujihara, J. Orbulescu, T. Imae, R. M. Leblanc, 

Langmuir 2005, 21, 6846‒6854. 

https://doi.org/10.1021/la046817d 

[10] A.  D'Amato, M. Voccia, F. Bruno, S. D'Aniello, L. 

Caporaso, F. De Riccardis, I. Izzo, G. Della Sala, M. 

Mazzeo, Catal. Sci. Technol. 2025. 

https://doi.org/10.1039/D4CY00952E 

[11] (a) K. A. Deal, I. A. Davis, S. Mirzadeh, S. J. Kennel, M. 

W. Brechbiel, J. Med. Chem. 1999, 42, 2988‒2992.  

https://doi.org/10.1021/jm990141f 

(b) S. J. Kennel, M. W. Brechbiel, D. E. Milenic, J. 

Schlom, S. Mirzadeh, Cancer Biother. Radiopharm. 

2002, 17, 219‒231. 

https://doi.org/10.1089/108497802753773847 

[12] J. S. Bradshaw, K. E. Krakowiak, R. M. Izatt, Aza-

Crown Macrocycles: An Overview. ed., John Wiley & 

Sons, Inc.: Hoboken, NJ, USA, 1993, p 1‒29. 

[13] (a) R. Schettini, A. D’Amato, G. Pierri, C. Tedesco, G. 

Della Sala, O. Motta, I. Izzo, F. De Riccardis, Org. Lett. 

2019, 21, 7365–7369.  

https://doi.org/10.1021/acs.orglett.9b02668 

(b) R. Schettini, A. D'Amato, A. M. Araszczuk, G. Della 

Sala, C. Costabile, A. M. D'Ursi, M. Grimaldi, I. Izzo, F. 

De Riccardis, Org. Biomol. Chem. 2021, 19,  7420–

7431. https://doi.org/10.1039/D1OB00733E 

https://doi.org/10.5562/cca4146
https://get.adobe.com/reader/otherversions/
https://doi.org/10.1021/cr00094a008
https://doi.org/10.1016/j.tet.2006.07.074
https://doi.org/10.1016/j.poly.2013.08.031
https://doi.org/10.1016/j.memsci.2009.06.017
https://doi.org/10.1016/j.snb.2004.02.018
https://doi.org/10.1080/02678298908045686
https://doi.org/10.1021/jacs.1c00115
https://doi.org/10.1021/la046817d
https://doi.org/10.1039/D4CY00952E
https://doi.org/10.1021/jm990141f
https://doi.org/10.1089/108497802753773847
https://doi.org/10.1021/acs.orglett.9b02668
https://doi.org/10.1039/D1OB00733E


 
 
 

8 (not final pg. №) T. ŠUMANOVAC et al.: Synthesis, Alkali Metal Cation Binding and Computational Analysis … 
 

Croat. Chem. Acta 20202255, 98(2) DOI: 10.5562/cca4146 

 

 

 

[14] (a) J. P. Wagner, P. R. Schreiner, Angew. Chem., Int. 

Ed. 2015, 54, 12274‒12296.  

https://doi.org/10.1002/anie.201503476 

(b) J. P. Wagner, P. R. Schreiner, J. Chem. Theory 

Comput. 2014, 10, 1353‒1358. 

https://doi.org/10.1021/ct5000499 

(c) L. Rummel, P. R. Schreiner, Angew. Chem., Int. Ed. 

2024, 63, e202316364.  

https://doi.org/10.1002/anie.202316364 

[15] (a) A. Jiemchooroj, B. E. Sernelius, P. Norman, Phys. 

Rev. A 2004, 69, 044701.  

(b) J. N. Israelachvili, In Intermolecular and Surface 

Forces (Third Edition), ed., Academic Press: San 

Diego, 2011, p 107‒132. 

https://doi.org/10.1016/B978-0-12-391927-4.10006-4 

[16] (a) S. Löffler, J. Lübben, A. Wuttke, R. A. Mata, M. 

John, B. Dittrich, G. H. Clever, Chem. Sci. 2016, 7, 

4676–4684. https://doi.org/10.1039/C6SC00985A 

(b) S. Löffler, A. Wuttke, B. Zhang, J. J. Holstein, R. A. 

Mata, G. H. Clever, Chem. Commun. 2017, 53, 

11933–11936.  

https://doi.org/10.1039/C7CC04855F 

(c) M. Paul, M. Breugst, J.-M. Neudörfl, R. B. Sunoj, 

A. Berkessel, J. Am. Chem. Soc. 2016, 138,  5044–

5051. https://doi.org/10.1021/jacs.5b13236 

(d) E. Detmar, V. Müller, D. Zell, L. Ackermann, M. 

Breugst, Beilstein J. Org. Chem. 2018, 14,  1537–

1545. https://doi.org/10.3762/bjoc.14.130 

(e) L. Pecher, S. Schmidt, R. Tonner, Beilstein J. Org. 

Chem. 2018, 14, 2715–2721.  

https://doi.org/10.3762/bjoc.14.249 

(f) G. Bistoni, A. A. Auer, F. Neese, Chem. Eur. J. 2017, 

23, 865–873.  

https://doi.org/10.1002/chem.201604127 

(g) A.-M. Preda, M. Krasowska, L. Wrobel, P. 

Kitschke, P. C. Andrews, J. G. MacLellan, L. Mertens, 

M. Korb, T. Rüffer, H. Lang, A. A. Auer, M. Mehring, 

Beilstein J. Org. Chem. 2018, 14, 2125–2145.  

https://doi.org/10.3762/bjoc.14.187 

(h) S. Rösel, H. Quanz,  C. Logemann, J. Becker, E. 

Mossou, L. Cañadillas-Delgado, E. Caldeweyher, S. 

Grimme, P. R. Schreiner, J. Am. Chem. Soc. 2017, 

139, 7428–7431.  

https://doi.org/10.1021/jacs.7b01879 

(i) R. Pollice, M. Bot, I. J. Kobylianskii, I. 

Shenderovich, P. Chen, J. Am. Chem. Soc. 2017, 139, 

13126–13140. 

https://doi.org/10.1021/jacs.7b06997 

[17] A.  A. Fokin, M. Šekutor, P. R. Schreiner, The 

Chemistry of Diamondoids. Building Blocks for 

Ligands, Catalysts, Materials, and Pharmaceuticals, 

1st Edition, 2024, Wiley-VCH, Weinheim. 

https://doi.org/10.1002/9783527812950 

[18] (a) A. A. Fokin, L. V. Chernish, P. A. Gunchenko, E. Y. 

Tikhonchuk, H. Hausmann, M. Serafin, J. E. P. Dahl, 

R. M. K. Carlson, P. R. Schreiner, J. Am. Chem. Soc. 

2012, 134, 13641‒13650.  

https://doi.org/10.1021/ja302258q 

(b) A. A. Fokin, T. S. Zhuk, S. Blomeyer, C. Pérez, L. V. 

Chernish, A. E. Pashenko, J. Antony, Y. V. 

Vishnevskiy, R. J. F. Berger, S. Grimme, C. Logemann, 

M. Schnell, N. W. Mitzel, P. R. Schreiner, J. Am. 

Chem. Soc. 2017, 139, 16696‒16707. 

https://doi.org/10.1021/jacs.7b07884 

[19] S. Grimme, P. R. Schreiner, Angew. Chem., Int. Ed. 

2011, 50, 12639‒12642. 

https://doi.org/10.1002/anie.201103615 

[20] (a) K. Mlinarić-Majerski, T. Šumanovac Ramljak, 

Tetrahedron 2002, 58, 4893‒4898.  

https://doi.org/10.1016/S0040-4020(02)00444-1 

(b) T. Šumanovac Ramljak, K. Mlinarić-Majerski, B. 

Bertoša, Croat. Chem. Acta 2012, 85, 559‒568.  

https://doi.org/10.5562/cca2100 

(c) A. P. Marchand, K. A. Kumar, A. S. McKim, S. 

Alihodžić, H. S. Chong, K. Krishnudu, M. Takhi, K. 

Mlinarić-Majerski, G. Kragol, T. Šumanovac Ramljak, 

Kem. Ind. 2001, 50, 129–138.  

(d) F. Supek, T. Š. Ramljak, M. Marjanović, M. 

Buljubašić, G. Kragol, N. Ilić, T. Šmuc, D. Zahradka, K. 

Mlinarić-Majerski, M. Kralj, Eur. J. Med. Chem. 2011, 

46, 3444–3454.  

https://doi.org/10.1016/j.ejmech.2011.05.009 

(e) I. Guberović, M. Marjanović, M. Mioč, K. Ester, I. 

Martin-Kleiner, T. Šumanovac Ramljak, K. Mlinarić-

Majerski, M. Kralj, Sci. Rep. 2018, 8, 14467.  

https://doi.org/10.1038/s41598-018-32770-y 

(f) M. Mioč, Á. Telbisz, K. Radman, B. Bertoša, T. 

Šumanovac, B. Sarkadi, M. Kralj, Histochem. Cell Biol. 

2022, 158, 261–277. 

https://doi.org/10.1007/s00418-022-02106-z 

[21] (a) A. P. Marchand, S. Alihodžić, A. S. McKim, K. A. 

Kumar, K. Mlinarić-Majerski, T. Šumanovac, S. G. 

Bott, Tetrahedron Lett. 1998, 39, 1861‒1864.  

(b) T. Šumanovac Ramljak, I. Despotović, B. Bertoša, 

K. Mlinarić-Majerski, Tetrahedron 2013, 69, 10610‒

10620.  

https://doi.org/10.1016/j.tet.2013.10.039 

[22] E. W. Della, B. Kasum, K. P. Kirkbride, J. Am. Chem. 

Soc. 1987, 109, 2746‒2749. 

https://doi.org/10.1021/ja00243a030 

[23] C. Singh, S. Chaudhary, S. K. Puri, Bioorg. Med. Chem. 

Lett. 2008, 18, 1436‒1441. 

https://doi.org/10.1016/j.bmcl.2007.12.074 

[24] (a) S. Grimme, C. Bannwarth, P. Shushkov, J. Chem. 

Theory Comp. 2017, 13, 1989‒2009.  

https://doi.org/10.1021/acs.jctc.7b00118 

https://doi.org/10.1002/anie.201503476
https://doi.org/10.1021/ct5000499
https://doi.org/10.1002/anie.202316364
https://doi.org/10.1016/B978-0-12-391927-4.10006-4
https://doi.org/10.1039/C6SC00985A
https://doi.org/10.1039/C7CC04855F
https://doi.org/10.1021/jacs.5b13236
https://doi.org/10.3762/bjoc.14.130
https://doi.org/10.3762/bjoc.14.249
https://doi.org/10.1002/chem.201604127
https://doi.org/10.3762/bjoc.14.187
https://doi.org/10.1021/jacs.7b01879
https://doi.org/10.1021/jacs.7b06997
https://doi.org/10.1002/9783527812950
https://doi.org/10.1021/ja302258q
https://doi.org/10.1021/jacs.7b07884
https://doi.org/10.1002/anie.201103615
https://doi.org/10.1016/S0040-4020(02)00444-1
https://doi.org/10.5562/cca2100
https://doi.org/10.1016/j.ejmech.2011.05.009
https://doi.org/10.1038/s41598-018-32770-y
https://doi.org/10.1007/s00418-022-02106-z
https://doi.org/10.1016/j.tet.2013.10.039
https://doi.org/10.1021/ja00243a030
https://doi.org/10.1016/j.bmcl.2007.12.074
https://doi.org/10.1021/acs.jctc.7b00118


 
 
 

 T. ŠUMANOVAC et al.: Synthesis, Alkali Metal Cation Binding and Computational Analysis … (not final pg. №) 9 
 

DOI: 10.5562/cca4146 Croat. Chem. Acta 20202525, 98(2) 

 

 

 

(b) C. Bannwarth, S. Ehlert, S. Grimme, J. Chem. 

Theory Comput. 2019, 15, 1652–1671.  

https://doi.org/10.1021/acs.jctc.8b01176 

(c)  C. Bannwarth, E. Caldeweyher, S. Ehlert, A. 

Hansen, P. Pracht, J. Seibert, S. Spicher, S. Grimme, 

Wiley Interdiscip. Rev.: Comput. Mol. Sci. 2021, 11, 

e1493. https://doi.org/10.1002/wcms.1493 

[25] F. Neese, Wiley Interdiscip. Rev.: Comput. Mol. Sci. 

2022, 12, e1606.  

https://doi.org/10.1002/wcms.1606 

[26] S. Grimme, A. Hansen, S. Ehlert, J.-M. Mewes, J. 

Chem. Phys. 2021, 154, 064103. 

https://doi.org/10.1063/5.0040021 

[27] T. Lu, F. Chen, J. Comput. Chem. 2012, 33, 580–592. 

https://doi.org/10.1002/jcc.22885 

[28] W. Humphrey, A. Dalke, K. Schulten, J. Mol. Graphics 

1996, 14, 33–38. 

https://doi.org/10.1016/0263-7855(96)00018-5 

[29] S. H. J. Idziak, N. C. Maliszewskyj, P. A. Heiney, J. P. 

McCauley Jr., P. A. Sprengeler, A. B. Smith III, J. Am. 

Chem. Soc. 1991, 113, 7666‒7672.  

https://doi.org/10.1021/ja00020a031 

[30] S. Chandrasekhar, D. G. Fortier, A. McAuley, Inorg. 

Chem. 1993, 32, 1424‒1429. 

[31] (a) P. R. Varadwaj, A. Varadwaj, G. H. Peslherbe, H. 

M. Marques, J. Phys. Chem.  A 2011, 115, 13180‒

13190. https://doi.org/10.1021/jp206484m 

(b) C. A. Austin, M. T. Rodgers, J. Phys. Chem. A 2014, 

118, 5488‒5500.  

https://doi.org/10.1021/jp502275q 

(c) J. Dyke, W. Levason, M. E. Light, D. Pugh, G. Reid, 

H. Bhakhoa, P. Ramasami, L. Rhyman, Dalton Trans. 

2015, 44, 13853‒13866.  

https://doi.org/10.1039/C5DT01865J 

(d) W.-M. Sun, Y. Li, X.-H. Li, D. Wu, H.-M. He, C.-Y. 

Li, J.-H. Chen, Z.-R. Li, ChemPhysChem 2016, 17, 

2672‒2678.  

https://doi.org/10.1002/cphc.201600389 

(e) J. R. Aviles-Moreno, G. Berden, J. Oomens, B. 

Martinez-Haya, ChemPhysChem 2017, 18, 1324‒

1332. https://doi.org/10.1002/cphc.201700091 

(f) S. G. Dale, E. R. Johnson, Phys. Chem. Chem. Phys. 

2017, 19, 12816‒12825.  

https://doi.org/10.1039/C7CP00882A 

(g) W. M. Sun, X. H. Li, J. Wu, J. M. Lan, C. Y. Li, D. 

Wu, Y. Li, Z. R. Li, Inorg. Chem. 2017, 56, 4595‒4601. 

[32] (a) M. Šekutor, A. Štimac, K. Mlinarić-Majerski,  

R. Frkanec, Org. Biomol. Chem. 2014, 12 (31),  

6005–6013.  

https://doi.org/10.1039/C4OB00592A 

(b) A. Štimac, M. Tokić, A. Ljubetič, T. Vuletić, M. 

Šekutor, J. Požar, K. Leko, M. Hanževački, L. 

Frkanec, R. Frkanec, Org. Biomol. Chem. 2019, 17,  

4640–4651.  

https://doi.org/10.1039/C9OB00488B 

(c) A. Štimac, M. Šekutor, K. Mlinarić-Majerski, L. 

Frkanec, R. Frkanec, Molecules 2017, 22, 297. 

https://doi.org/10.3390/molecules22020297 

[33] M. Alešković, M. Šekutor, RSC Med. Chem. 2024, 15, 

433–471. https://doi.org/10.1039/D3MD00596H 

 

https://doi.org/10.1021/acs.jctc.8b01176
https://doi.org/10.1002/wcms.1493
https://doi.org/10.1002/wcms.1606
https://doi.org/10.1063/5.0040021
https://doi.org/10.1002/jcc.22885
https://doi.org/10.1016/0263-7855(96)00018-5
https://doi.org/10.1021/ja00020a031
https://doi.org/10.1021/jp206484m
https://doi.org/10.1021/jp502275q
https://doi.org/10.1039/C5DT01865J
https://doi.org/10.1002/cphc.201600389
https://doi.org/10.1002/cphc.201700091
https://doi.org/10.1039/C7CP00882A
https://doi.org/10.1039/C4OB00592A
https://doi.org/10.1039/C9OB00488B
https://doi.org/10.3390/molecules22020297
https://doi.org/10.1039/D3MD00596H




 


S1 
 


Supporting Information 


 


Synthesis, Alkali Cation Binding and Computational Analysis of 


Adamantane-substituted Hexaaza Crown Ethers 


Tatjana Šumanovac, Mihaela Jakić, Kata Mlinarić-Majerski* and Marina Šekutor* 


Department of Organic Chemistry and Biochemistry, Ruđer Bošković Institute, Bijenička 
cesta 54, 10 000 Zagreb, Croatia 


Email: majerski@irb.hr, msekutor@irb.hr 


* Corresponding authors 


 


Table of content 


Figure S1. 1H NMR (300 MHz, CDCl3) spectrum of compound 1. S2 


Figure S2. 13C NMR (75 MHz, CDCl3) spectrum of compound 1. S3 


Figure S3. 1H NMR (300 MHz, CDCl3) spectrum of compound 2. S4 


Figure S4. 13C NMR (75 MHz, CDCl3) spectrum of compound 2. S5 


Figure S5. 1H NMR (300 MHz, CDCl3) spectrum of compound 3. S6 


Figure S6. 13C NMR (75 MHz, CDCl3) spectrum of compound 3. S7 


Figure S7. 1H NMR (300 MHz, CDCl3) spectrum of compound 4. S8 


Figure S8. 13C NMR (75 MHz, CDCl3) spectrum of compound 4. S9 


Figure S9. 1H NMR (300 MHz, CDCl3) spectrum of compound 5. S10 


Figure S10. 13C NMR (75 MHz, CDCl3) spectrum of compound 5. S11 


Figure S11. 1H NMR (300 MHz, CDCl3) spectrum of compound 6. S12 


Figure S12. 13C NMR (75 MHz, CDCl3) spectrum of compound 6. S13 


Figure S13. Optimized structures of compounds 1–3 and their Na+ complexes 
computed at the r2SCAN-3c level of theory. 


S14 


Figure S14. NCI plots for Na+ complexes of compounds 1–3. S15 


Table S1. Electronic energies, zero-point vibrational energies, enthalpies and 
Gibbs energies of compounds 1–3 and their Na+ complexes in hartree and complex 
binding energies in kcal mol–1 optimized at the r2SCAN-3c level of theory. 


S16 


Table S2. Geometries of compounds 1–3 and their Na+ complexes in Cartesian 
coordinates in Å computed at the r2SCAN-3c level of theory. 


S16 


 







 


S2 
 


 


Figure S1. 1H NMR (300 MHz, CDCl3) spectrum of compound 1. 
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Figure S2. 13C NMR (75 MHz, CDCl3) spectrum of compound 1. 
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Figure S3. 1H NMR (300 MHz, CDCl3) spectrum of compound 2. 
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Figure S4. 13C NMR (75 MHz, CDCl3) spectrum of compound 2. 
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Figure S5. 1H NMR (300 MHz, CDCl3) spectrum of compound 3. 
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Figure S6. 13C NMR (75 MHz, CDCl3) spectrum of compound 3. 
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Figure S7. 1H NMR (300 MHz, CDCl3) spectrum of compound 4. 
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Figure S8. 13C NMR (75 MHz, CDCl3) spectrum of compound 4. 
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Figure S13. Optimized structures of compounds 1–3 (left) and their Na+ complexes (right) 
computed at the r2SCAN-3c level of theory. 
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Figure S14. NCI plots for Na+ complexes of compounds 1–3. Attractive non-covalent 
interactions are depicted in green. 
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Table S1. Electronic energies, zero-point vibrational energies, enthalpies and Gibbs energies 


of compounds 1–3 and their Na+ complexes in hartree and complex binding energies in kcal 


mol–1 optimized at the r2SCAN-3c level of theory. 


Structure E  ZPVE  H   G  Ga 


1 -3375.889831 1.944322 -3373.873559-3374.036064 – 


2 -3611.697641  2.114991 -3609.504894 -3609.676466 – 


3 -3847.517959 2.284316 -3845.146554-3845.336462 – 


1•Na+ -3538.035689  1.948192 -3536.014830 -3536.176380-44.1 


2•Na+ -3773.893022 2.119465 -3771.693845-3771.869009-76.9 


3•Na+ -4009.696107  2.289828 -4007.318904 -4007.508587-64.1 
a Binding energies are defined as a difference between the Gibbs energy of the complex and the energies of the 
optimized corresponding hexaaza crown ether and the sodium cation (G (Na+) = -162.070051 hartree). 


 


Table S2. Geometries of compounds 1–3 and their Na+ complexes in Cartesian coordinates in 


Å computed at the r2SCAN-3c level of theory. 


1 
6        1.453079000      2.499967000      2.025341000 
1        1.324859000      3.560401000      1.721021000 
1        1.815140000      2.525128000      3.060803000 
6        3.849833000      2.152201000      1.544430000 
1        3.886529000      3.025382000      2.217565000 
1        4.388602000      2.452584000      0.630519000 
6        2.189129000      1.764385000     -0.210356000 
1        1.259983000      1.202289000     -0.376698000 
1        2.985374000      1.183951000     -0.694762000 
6        2.103536000      3.130134000     -0.905992000 
1        1.184971000      3.663138000     -0.589961000 
1        2.945258000      3.744742000     -0.561555000 
6        2.365056000      4.301531000     -3.035969000 
1        2.117454000      5.132061000     -2.351310000 
1        1.653718000      4.377967000     -3.874697000 
6        1.188394000      2.147251000     -2.968064000 
1        1.337037000      1.118821000     -2.612556000 
1        1.378956000      2.118848000     -4.049153000 
6       -0.266941000      2.583705000     -2.711024000 
1       -0.492630000      2.502423000     -1.639109000 
1       -0.374625000      3.648479000     -2.956544000 
6       -1.353644000      2.201934000     -4.881443000 
1       -1.218384000      1.305688000     -5.510384000 
1       -0.529242000      2.885451000     -5.145835000 
6       -1.307231000      0.407625000     -3.209341000 
1       -0.386370000     -0.099886000     -3.556900000 
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1       -2.131741000     -0.017714000     -3.795561000 
7        2.461030000      1.804683000      1.222911000 
7        2.209285000      3.007181000     -2.361016000 
7       -1.287952000      1.848901000     -3.459304000 
6       -1.561154000      0.089525000     -1.726727000 
1       -2.358559000      0.756000000     -1.368257000 
1       -0.668326000      0.332134000     -1.133725000 
6       -3.281607000     -1.650044000     -1.908262000 
1       -3.724711000     -0.805951000     -2.461010000 
1       -3.231768000     -2.489334000     -2.623670000 
6       -0.901775000     -2.283612000     -1.676269000 
1       -1.367972000     -3.271620000     -1.603125000 
1       -0.472193000     -2.211178000     -2.697161000 
6        0.264192000     -2.253082000     -0.676528000 
1        0.779317000     -1.272720000     -0.731081000 
1        0.992648000     -2.989850000     -1.038085000 
6        0.766966000     -3.540370000      1.392266000 
1        1.740681000     -3.622572000      0.878382000 
1        0.992303000     -3.161475000      2.401069000 
6       -0.587926000     -1.483717000      1.498928000 
1       -1.235271000     -0.865214000      0.868488000 
1       -1.235928000     -1.871470000      2.297739000 
6        0.499829000     -0.588010000      2.118039000 
1        1.214414000     -0.285668000      1.342289000 
1        1.092883000     -1.145941000      2.854794000 
6        0.094981000      0.721709000      4.205253000 
1        1.144716000      0.543951000      4.518248000 
1       -0.127316000      1.768076000      4.460832000 
6        0.060743000      1.835786000      2.025016000 
1       -0.278353000      1.667235000      0.992664000 
1       -0.641364000      2.570029000      2.445558000 
7       -1.942854000     -1.285684000     -1.433859000 
7       -0.112585000     -2.602979000      0.689964000 
7       -0.093645000      0.588642000      2.764919000 
6        0.323732000     -7.875119000      1.131700000 
6       -0.717561000     -7.005816000      0.411091000 
6       -1.995981000     -6.926069000      1.258546000 
6       -1.667156000     -6.310755000      2.627020000 
6       -1.094584000     -4.900968000      2.425913000 
6        0.182835000     -4.951479000      1.569346000 
6        1.213468000     -5.837566000      2.291838000 
6        0.654193000     -7.253917000      2.497301000 
6       -0.625264000     -7.181576000      3.344897000 
6       -0.152405000     -5.592363000      0.213766000 
1       -0.063274000     -8.894691000      1.266706000 
1        1.234937000     -7.950932000      0.521945000 
1       -0.951851000     -7.446525000     -0.568015000 
1       -2.748717000     -6.311798000      0.744321000 
1       -2.425209000     -7.929121000      1.389314000 
1       -2.581048000     -6.249777000      3.234625000 
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1       -1.834491000     -4.255456000      1.937058000 
1       -0.859399000     -4.452266000      3.403653000 
1        2.143142000     -5.881186000      1.704653000 
1        1.465957000     -5.389496000      3.264969000 
1        1.403177000     -7.871555000      3.012155000 
1       -0.398411000     -6.755510000      4.332263000 
1       -1.023812000     -8.192310000      3.509853000 
1        0.753754000     -5.632920000     -0.410439000 
1       -0.886091000     -4.964400000     -0.307384000 
6        4.640439000     -0.239676000      1.278473000 
6        5.429449000     -1.384663000      1.929032000 
6        6.875346000     -0.929156000      2.178080000 
6        6.875241000      0.293472000      3.107987000 
6        6.219642000     -0.085123000      4.444890000 
6        4.773425000     -0.539528000      4.196310000 
6        3.988898000      0.601062000      3.535167000 
6        4.628332000      0.997244000      2.195146000 
6        6.081038000      1.433690000      2.450879000 
6        4.772402000     -1.760690000      3.265121000 
1        5.092602000      0.023285000      0.309877000 
1        3.606490000     -0.557483000      1.086423000 
1        5.427228000     -2.255584000      1.258928000 
1        7.456781000     -1.744982000      2.629564000 
1        7.357003000     -0.674718000      1.223693000 
1        7.908478000      0.623147000      3.284368000 
1        6.790735000     -0.890289000      4.927615000 
1        6.231037000      0.775732000      5.127946000 
1        4.298103000     -0.803495000      5.151591000 
1        2.953964000      0.290048000      3.350209000 
1        3.957839000      1.475142000      4.204098000 
1        6.094275000      2.323158000      3.098743000 
1        6.555059000      1.719038000      1.499619000 
1        3.741319000     -2.101988000      3.092678000 
1        5.317123000     -2.592725000      3.732481000 
6       -5.146706000      2.959128000     -6.899469000 
6       -3.962617000      3.890957000     -7.198638000 
6       -4.128837000      5.197635000     -6.408306000 
6       -4.167492000      4.886596000     -4.904709000 
6       -2.860292000      4.194440000     -4.492511000 
6       -2.674780000      2.881849000     -5.274217000 
6       -3.875066000      1.964512000     -4.981882000 
6       -5.186734000      2.647274000     -5.395890000 
6       -5.351203000      3.954369000     -4.606288000 
6       -2.654256000      3.204318000     -6.778355000 
1       -6.086801000      3.435019000     -7.211061000 
1       -5.046557000      2.027568000     -7.473565000 
1       -3.929821000      4.112168000     -8.274473000 
1       -3.295737000      5.879121000     -6.630077000 
1       -5.054493000      5.705053000     -6.713312000 
1       -4.281154000      5.820552000     -4.337143000 
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1       -2.005447000      4.860438000     -4.687582000 
1       -2.868847000      3.972835000     -3.417039000 
1       -3.757885000      1.016879000     -5.529763000 
1       -3.891261000      1.727892000     -3.908996000 
1       -6.030884000      1.977720000     -5.180079000 
1       -5.397247000      3.738839000     -3.529970000 
1       -6.295318000      4.444201000     -4.882127000 
1       -2.514005000      2.278006000     -7.355482000 
1       -1.798909000      3.859041000     -7.003285000 
6        4.835503000      4.479428000     -2.481843000 
6        3.776444000      4.531332000     -3.597351000 
6        3.834140000      5.915801000     -4.266571000 
6        5.231890000      6.174236000     -4.848454000 
6        5.558044000      5.097169000     -5.894049000 
6        5.519522000      3.711643000     -5.232168000 
6        6.559294000      3.657751000     -4.102701000 
6        6.236392000      4.734305000     -3.056275000 
6        6.271334000      6.119810000     -3.718645000 
6        4.120761000      3.462558000     -4.649788000 
1        4.603010000      5.235540000     -1.716260000 
1        4.799124000      3.493966000     -1.997177000 
1        3.079279000      5.971746000     -5.065222000 
1        3.584900000      6.693829000     -3.529561000 
1        5.253107000      7.165959000     -5.321151000 
1        4.833335000      5.141738000     -6.718948000 
1        6.552020000      5.282032000     -6.324410000 
1        5.747485000      2.939128000     -5.979619000 
1        6.553417000      2.664124000     -3.633823000 
1        7.566344000      3.820292000     -4.511214000 
1        6.976706000      4.694143000     -2.245253000 
1        7.274024000      6.321478000     -4.120321000 
1        6.056809000      6.898033000     -2.973033000 
1        4.069656000      2.470315000     -4.182186000 
1        3.370758000      3.487668000     -5.455313000 
6       -2.706147000     -2.351058000      5.638664000 
6       -1.245626000     -2.434455000      6.106185000 
6       -0.365328000     -1.625071000      5.143283000 
6       -0.807142000     -0.148734000      5.106676000 
6       -0.693298000      0.405381000      6.543824000 
6       -1.574161000     -0.393550000      7.515020000 
6       -3.038692000     -0.311627000      7.056845000 
6       -3.163288000     -0.884113000      5.636885000 
6       -2.281758000     -0.070403000      4.678087000 
6       -1.123761000     -1.860846000      7.523731000 
1       -2.802236000     -2.778712000      4.630353000 
1       -3.348554000     -2.944294000      6.304159000 
1       -0.916920000     -3.483467000      6.102026000 
1        0.690155000     -1.683140000      5.451379000 
1       -0.435200000     -2.072302000      4.146237000 
1        0.357010000      0.371364000      6.870786000 
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1       -1.000382000      1.461579000      6.550731000 
1       -1.478571000      0.029360000      8.524764000 
1       -3.681519000     -0.871597000      7.750245000 
1       -3.378020000      0.733375000      7.070217000 
1       -4.209109000     -0.826914000      5.303555000 
1       -2.601961000      0.982462000      4.670843000 
1       -2.392485000     -0.435903000      3.650204000 
1       -1.742743000     -2.441032000      8.221994000 
1       -0.083586000     -1.934408000      7.870343000 
6       -4.869033000     -2.415222000      2.088806000 
6       -4.714403000     -3.608307000      1.135029000 
6       -6.078128000     -3.959078000      0.521759000 
6       -6.615640000     -2.749141000     -0.258043000 
6       -5.626527000     -2.375298000     -1.373454000 
6       -4.252888000     -2.023625000     -0.776042000 
6       -4.430824000     -0.840861000      0.193108000 
6       -5.413970000     -1.206272000      1.313916000 
6       -6.777490000     -1.559737000      0.701052000 
6       -3.734944000     -3.236737000      0.013411000 
1       -5.545904000     -2.673708000      2.915255000 
1       -3.895073000     -2.163782000      2.531595000 
1       -4.324973000     -4.474889000      1.688695000 
1       -5.974459000     -4.823896000     -0.148501000 
1       -6.788559000     -4.241922000      1.310981000 
1       -7.588940000     -2.999649000     -0.702583000 
1       -5.521652000     -3.214189000     -2.077872000 
1       -6.014206000     -1.518100000     -1.944684000 
1       -3.457338000     -0.570927000      0.622367000 
1       -4.802165000      0.034331000     -0.362190000 
1       -5.524005000     -0.351144000      1.995440000 
1       -7.180696000     -0.692773000      0.159356000 
1       -7.495229000     -1.812350000      1.493842000 
1       -2.744853000     -3.001949000      0.424544000 
1       -3.610432000     -4.093106000     -0.668678000 
 
2 
6       -0.688469000     -1.112665000      0.280678000 
7       -1.729035000     -1.414568000     -0.695871000 
7        1.102211000     -1.924202000      1.789004000 
6        0.302210000     -2.237406000      0.604777000 
7        3.864502000      0.503888000      0.933150000 
6        2.828984000     -0.475612000      0.597038000 
6        1.810321000     -0.640556000      1.734984000 
7        1.250359000      2.338519000     -0.056245000 
6        2.684789000      2.633123000      0.090379000 
6        3.377003000      1.853463000      1.223586000 
6       -1.231433000     -1.618887000     -2.057918000 
6       -2.030288000     -0.831956000     -3.100927000 
7       -1.905225000      0.621444000     -2.934218000 
6       -1.603791000      1.331653000     -4.178367000 
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6       -0.126743000      1.282438000     -4.583603000 
7        0.714335000      2.166077000     -3.779304000 
6        1.088843000      1.664706000     -2.454974000 
6        0.782430000      2.722373000     -1.394051000 
6        1.857995000      2.721996000     -4.502349000 
6        2.828985000      1.683610000     -5.096732000 
6       -3.006081000      1.226978000     -2.171666000 
6       -4.336181000      1.364552000     -2.930599000 
6       -2.727610000     -2.409877000     -0.297399000 
6       -3.542773000     -1.951828000      0.910697000 
6        1.970406000     -3.035747000      2.177143000 
6        1.240729000     -4.244602000      2.773609000 
6        4.992824000      0.473118000     -0.003349000 
6        5.927337000     -0.701467000      0.307527000 
6        0.473345000      3.026360000      0.990017000 
6       -0.984877000      2.553194000      1.028874000 
6        9.515095000      0.341307000     -0.831721000 
6       10.233004000     -0.929271000     -0.355181000 
6        9.371495000     -2.155792000     -0.686957000 
6        8.014793000     -2.023988000      0.015163000 
6        7.265690000     -0.754488000     -0.443551000 
6        8.154537000      0.464886000     -0.127640000 
6        9.148811000     -2.233566000     -2.203788000 
6        9.292994000      0.264454000     -2.349622000 
6        7.074052000     -0.832066000     -1.970219000 
6        8.430821000     -0.962883000     -2.680449000 
6       -2.611848000      3.945243000      4.291847000 
6       -4.018757000      3.380843000      4.037520000 
6       -3.905967000      1.953685000      3.481006000 
6       -3.109033000      1.991652000      2.173687000 
6       -1.689220000      2.549780000      2.394238000 
6       -1.814401000      3.969370000      2.977820000 
6       -3.175390000      1.059069000      4.492566000 
6       -1.885433000      3.051651000      5.307751000 
6       -0.983224000      1.651642000      3.430951000 
6       -1.772589000      1.625628000      4.749286000 
6        5.701690000      3.965614000     -6.434262000 
6        6.429715000      4.181350000     -5.098020000 
6        6.456062000      2.864682000     -4.307126000 
6        5.015793000      2.404524000     -4.037716000 
6        4.256408000      2.186074000     -5.361983000 
6        4.261915000      3.506042000     -6.157765000 
6        7.189977000      1.793554000     -5.125361000 
6        6.437416000      2.893348000     -7.250144000 
6        5.022375000      1.126126000     -6.177829000 
6        6.461645000      1.578056000     -6.458513000 
6       -7.989752000      2.484343000     -2.263323000 
6       -8.336365000      1.454315000     -1.178148000 
6       -7.145376000      1.303652000     -0.221306000 
6       -5.910566000      0.836295000     -1.004641000 
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6       -5.535898000      1.851017000     -2.100568000 
6       -6.751885000      2.010619000     -3.036436000 
6       -6.843909000      2.658543000      0.435512000 
6       -7.686652000      3.839912000     -1.607825000 
6       -5.261205000      3.211103000     -1.430801000 
6       -6.495769000      3.688998000     -0.650127000 
6       -6.689299000     -2.852568000      2.964652000 
6       -7.680987000     -3.024252000      1.805024000 
6       -6.996975000     -3.779731000      0.657541000 
6       -5.768229000     -2.991548000      0.174002000 
6       -4.754919000     -2.805285000      1.319529000 
6       -5.470471000     -2.065661000      2.469560000 
6       -6.549797000     -5.162442000      1.155021000 
6       -6.232655000     -4.232278000      3.462017000 
6       -4.334146000     -4.197327000      1.828057000 
6       -5.555501000     -4.992445000      2.312726000 
6        0.156176000     -2.970425000      6.305380000 
6       -1.183599000     -2.334371000      5.903328000 
6       -1.892926000     -3.235122000      4.881574000 
6       -0.999524000     -3.379436000      3.642645000 
6        0.355663000     -4.016211000      4.012836000 
6        1.041786000     -3.118624000      5.057985000 
6       -2.153645000     -4.612112000      5.505087000 
6       -0.102775000     -4.350767000      6.926769000 
6        0.073641000     -5.389914000      4.659011000 
6       -0.813756000     -5.248328000      5.902498000 
1       -1.162037000     -0.799076000      1.219977000 
1       -0.140115000     -0.240166000     -0.095778000 
1        0.931939000     -2.454319000     -0.283773000 
1       -0.261745000     -3.154705000      0.816157000 
1        2.305497000     -0.224533000     -0.347226000 
1        3.329813000     -1.438378000      0.438522000 
1        1.072888000      0.169064000      1.683954000 
1        2.346056000     -0.526770000      2.687610000 
1        3.189747000      2.394411000     -0.854589000 
1        2.839675000      3.721309000      0.253770000 
1        4.245612000      2.438009000      1.556356000 
1        2.708117000      1.796212000      2.091246000 
1       -0.187959000     -1.284741000     -2.111121000 
1       -1.229940000     -2.690927000     -2.337868000 
1       -3.087156000     -1.153773000     -3.073378000 
1       -1.654343000     -1.117142000     -4.093862000 
1       -2.211755000      0.957903000     -5.027626000 
1       -1.859541000      2.390112000     -4.041681000 
1        0.230116000      0.232833000     -4.591979000 
1       -0.070531000      1.633094000     -5.623539000 
1        0.502080000      0.774095000     -2.215818000 
1        2.154357000      1.371763000     -2.419598000 
1       -0.305682000      2.839115000     -1.379887000 
1        1.198222000      3.703363000     -1.704234000 
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1        1.482624000      3.375567000     -5.302151000 
1        2.390407000      3.376519000     -3.799445000 
1        2.896521000      0.821618000     -4.416282000 
1        2.410019000      1.299447000     -6.037868000 
1       -3.130006000      0.618146000     -1.269620000 
1       -2.669283000      2.218989000     -1.840689000 
1       -4.202745000      2.059356000     -3.772315000 
1       -4.605204000      0.393366000     -3.372823000 
1       -3.402684000     -2.535884000     -1.153724000 
1       -2.279801000     -3.406934000     -0.108190000 
1       -2.889483000     -1.878849000      1.791553000 
1       -3.898359000     -0.933873000      0.698219000 
1        2.582514000     -3.405166000      1.327438000 
1        2.684284000     -2.655595000      2.919430000 
1        0.634800000     -4.746400000      2.005501000 
1        2.027131000     -4.966028000      3.042824000 
1        5.545692000      1.414096000      0.111447000 
1        4.659171000      0.432109000     -1.059942000 
1        5.401497000     -1.647473000      0.116330000 
1        6.131685000     -0.676142000      1.387122000 
1        0.952935000      2.813318000      1.951528000 
1        0.524405000      4.127661000      0.860249000 
1       -1.597229000      3.164551000      0.351176000 
1       -1.015234000      1.533254000      0.628045000 
1       10.127674000      1.222076000     -0.594228000 
1       10.410491000     -0.877286000      0.727943000 
1       11.214279000     -1.012270000     -0.842637000 
1        9.876268000     -3.067866000     -0.339370000 
1        8.156711000     -1.985553000      1.105075000 
1        7.394462000     -2.907051000     -0.197311000 
1        7.662292000      1.389142000     -0.460261000 
1        8.294369000      0.544807000      0.960467000 
1        8.549023000     -3.120235000     -2.451775000 
1       10.111977000     -2.336531000     -2.722361000 
1       10.258332000      0.199553000     -2.870548000 
1        8.794746000      1.178783000     -2.700797000 
1        6.563552000      0.073821000     -2.326022000 
1        6.427279000     -1.686692000     -2.218794000 
1        8.271472000     -1.020505000     -3.766247000 
1       -2.691388000      4.966743000      4.688896000 
1       -4.558524000      4.019014000      3.323350000 
1       -4.595088000      3.378507000      4.972973000 
1       -4.909515000      1.548611000      3.286036000 
1       -3.628802000      2.620637000      1.436235000 
1       -3.036559000      0.982953000      1.742438000 
1       -0.814067000      4.389306000      3.157716000 
1       -2.311647000      4.621419000      2.244322000 
1       -3.098622000      0.035062000      4.098622000 
1       -3.742884000      1.005264000      5.432029000 
1       -2.433867000      3.040154000      6.259854000 
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1       -0.883682000      3.453686000      5.514121000 
1        0.033461000      2.016493000      3.629601000 
1       -0.886165000      0.629840000      3.035489000 
1       -1.245028000      0.990363000      5.473708000 
1        5.680796000      4.908892000     -6.997332000 
1        5.919979000      4.960687000     -4.514592000 
1        7.455319000      4.530381000     -5.281112000 
1        6.973774000      3.018323000     -3.349290000 
1        4.500875000      3.151697000     -3.417760000 
1        5.021056000      1.463302000     -3.467390000 
1        3.718425000      3.366616000     -7.104302000 
1        3.733428000      4.286458000     -5.594023000 
1        7.221216000      0.850598000     -4.564597000 
1        8.230280000      2.099552000     -5.304310000 
1        7.463482000      3.222193000     -7.465504000 
1        5.934027000      2.743020000     -8.215247000 
1        4.493716000      0.944564000     -7.125070000 
1        5.027289000      0.175256000     -5.623732000 
1        6.980879000      0.804579000     -7.041346000 
1       -8.836296000      2.589642000     -2.956034000 
1       -8.572534000      0.485368000     -1.640030000 
1       -9.227999000      1.776458000     -0.622666000 
1       -7.384406000      0.561360000      0.554089000 
1       -6.104350000     -0.140801000     -1.471148000 
1       -5.070689000      0.703042000     -0.310426000 
1       -6.507467000      2.731807000     -3.830065000 
1       -6.959225000      1.048400000     -3.527643000 
1       -6.007151000      2.557391000      1.140635000 
1       -7.714643000      2.999946000      1.012253000 
1       -8.567916000      4.199864000     -1.058974000 
1       -7.455183000      4.586625000     -2.379964000 
1       -4.985910000      3.950868000     -2.197359000 
1       -4.409274000      3.125384000     -0.743392000 
1       -6.275175000      4.657443000     -0.179866000 
1       -7.170678000     -2.303834000      3.785921000 
1       -8.025539000     -2.040366000      1.456261000 
1       -8.567418000     -3.578213000      2.143801000 
1       -7.701060000     -3.898036000     -0.177764000 
1       -6.077967000     -2.007407000     -0.204762000 
1       -5.302365000     -3.530290000     -0.662447000 
1       -4.762536000     -1.907101000      3.296417000 
1       -5.780341000     -1.069470000      2.117698000 
1       -6.081859000     -5.724985000      0.335090000 
1       -7.421697000     -5.740923000      1.490426000 
1       -7.093461000     -4.803333000      3.836517000 
1       -5.528814000     -4.115241000      4.298510000 
1       -3.619400000     -4.081664000      2.653553000 
1       -3.821891000     -4.751875000      1.029676000 
1       -5.228527000     -5.979890000      2.667118000 
1        0.663999000     -2.326012000      7.036438000 
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1       -1.010782000     -1.342205000      5.464397000 
1       -1.817221000     -2.195739000      6.790466000 
1       -2.848327000     -2.773331000      4.590989000 
1       -0.818955000     -2.396338000      3.193577000 
1       -1.493088000     -4.005245000      2.884634000 
1        2.016759000     -3.548274000      5.334369000 
1        1.229320000     -2.127596000      4.622892000 
1       -2.680078000     -5.258479000      4.787652000 
1       -2.800568000     -4.511435000      6.387873000 
1       -0.719454000     -4.247246000      7.830389000 
1        0.847560000     -4.810636000      7.231665000 
1        1.026597000     -5.864633000      4.935813000 
1       -0.411858000     -6.045901000      3.920790000 
1       -0.990824000     -6.240496000      6.340781000 
 
3 
6       -3.661204000      1.206394000     -1.918895000 
7       -4.435295000      1.282657000     -0.690886000 
7       -3.114447000      2.106040000     -4.151465000 
6       -4.056092000      2.191826000     -3.029379000 
7       -1.689405000     -0.497420000     -5.039003000 
6       -2.357146000      0.492707000     -5.886023000 
6       -3.542199000      1.145671000     -5.170163000 
7        1.553033000      0.636630000     -3.665826000 
6        0.255889000      0.847943000     -4.311104000 
6       -0.232850000     -0.406206000     -5.053574000 
6       -4.238909000      2.494210000      0.102495000 
6       -3.363378000      2.238837000      1.331200000 
7       -1.992636000      1.896116000      0.951371000 
6       -1.136747000      3.066571000      0.747114000 
6       -0.169794000      2.917241000     -0.429767000 
7        0.928103000      1.976949000     -0.180507000 
6        1.135378000      1.024469000     -1.267330000 
6        1.756175000      1.577259000     -2.562102000 
6       -2.791135000      3.414360000     -4.721782000 
6       -1.818482000      4.206737000     -3.848459000 
6       -1.508623000      5.577801000     -4.446575000 
6        6.679234000     -3.840475000     -4.342072000 
6       -2.200749000     -1.847651000     -5.273028000 
6       -1.761481000     -2.863282000     -4.210695000 
6       -2.040286000     -2.373253000     -2.788773000 
6       -1.047126000     -3.057275000      0.878246000 
6        2.663079000      0.632463000     -4.623782000 
6        3.826918000     -0.248571000     -4.164883000 
6        3.414058000     -1.717405000     -4.058128000 
6        2.132220000      2.668013000      0.280944000 
6        3.254231000      1.735094000      0.736142000 
6        2.842411000      0.821753000      1.890378000 
6       -1.413981000      0.831342000      1.769323000 
6       -1.282710000      1.101114000      3.276416000 
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6       -0.720348000     -0.137252000      3.972038000 
6       -5.807642000      0.801378000     -0.759269000 
6       -6.252864000      0.140734000      0.553897000 
6       -5.417485000     -1.100763000      0.867861000 
6        7.284497000     -3.484936000     -2.976043000 
6        6.174608000     -3.452614000     -1.914708000 
6        5.125587000     -2.399385000     -2.302796000 
6        4.506346000     -2.725902000     -3.674306000 
6        5.633512000     -2.780940000     -4.722742000 
6        5.505763000     -4.831787000     -1.830770000 
6        6.011377000     -5.220575000     -4.257768000 
6        3.863797000     -4.126066000     -3.584053000 
6        4.900982000     -5.188096000     -3.196835000 
6       -1.323834000     -4.567273000      0.912710000 
6       -0.819321000     -5.208245000     -0.389326000 
6       -1.545942000     -4.579836000     -1.590993000 
6       -1.285765000     -3.063779000     -1.645862000 
6       -1.770612000     -2.439396000     -0.322604000 
6        0.693043000     -4.964357000     -0.519458000 
6        0.460434000     -2.808528000      0.739335000 
6        0.235234000     -2.839904000     -1.760597000 
6        0.967187000     -3.453626000     -0.558602000 
6        4.253385000     -2.121091000      3.982086000 
6        5.614292000     -1.507038000      4.341204000 
6        6.189829000     -0.786159000      3.113255000 
6        5.227098000      0.326359000      2.667329000 
6        3.852524000     -0.262041000      2.298440000 
6        3.300285000     -1.009870000      3.527683000 
6        6.366894000     -1.795132000      1.967383000 
6        4.429090000     -3.129322000      2.838280000 
6        4.050769000     -1.291286000      1.169874000 
6        5.005450000     -2.409576000      1.611297000 
6        0.358712000     -1.395248000      7.470958000 
6       -0.981885000     -1.205388000      8.195178000 
6       -1.611320000      0.127335000      7.763232000 
6       -1.842315000      0.119381000      6.244066000 
6       -0.510936000     -0.066156000      5.491105000 
6        0.118340000     -1.395751000      5.956609000 
6       -0.662539000      1.279065000      8.128417000 
6        1.307918000     -0.242771000      7.829650000 
6        0.433403000      1.084782000      5.885283000 
6        0.677979000      1.090479000      7.401613000 
6       -4.882085000     -3.729392000      3.662457000 
6       -6.356090000     -4.076697000      3.918157000 
6       -7.193840000     -2.790034000      3.907502000 
6       -7.059745000     -2.094943000      2.544026000 
6       -5.589813000     -1.737618000      2.254399000 
6       -4.755423000     -3.033625000      2.301522000 
6       -6.688157000     -1.844649000      5.007237000 
6       -4.377307000     -2.783400000      4.761696000 







 


S27 
 


6       -5.078626000     -0.814334000      3.379053000 
6       -5.214666000     -1.496743000      4.748760000 
6        0.645544000      8.717335000     -3.722636000 
6        2.013533000      8.025833000     -3.627432000 
6        1.868074000      6.712644000     -2.845095000 
6        0.873664000      5.789318000     -3.566038000 
6       -0.510365000      6.456890000     -3.675919000 
6       -0.342951000      7.787391000     -4.438467000 
6        1.347363000      7.017979000     -1.432704000 
6        0.122524000      9.019843000     -2.310943000 
6       -1.007974000      6.776666000     -2.253308000 
6       -0.022062000      7.706845000     -1.528589000 
1       -3.714782000      0.179344000     -2.305304000 
1       -2.607232000      1.378142000     -1.668724000 
1       -4.034601000      3.210060000     -2.623163000 
1       -5.099351000      2.017622000     -3.355940000 
1       -2.706388000      0.041659000     -6.835018000 
1       -1.638285000      1.270537000     -6.170290000 
1       -4.121713000      0.352626000     -4.680393000 
1       -4.216485000      1.616047000     -5.916241000 
1        0.285982000      1.732445000     -4.982124000 
1       -0.497038000      1.068699000     -3.544854000 
1        0.178116000     -0.459474000     -6.083134000 
1        0.175509000     -1.259988000     -4.503171000 
1       -5.211122000      2.891514000      0.435315000 
1       -3.778506000      3.294127000     -0.500853000 
1       -3.795045000      1.392196000      1.876983000 
1       -3.408854000      3.114595000      2.010870000 
1       -1.783756000      3.925271000      0.518212000 
1       -0.574283000      3.344407000      1.659381000 
1        0.220948000      3.920611000     -0.691321000 
1       -0.752274000      2.580374000     -1.297322000 
1        1.759169000      0.189747000     -0.915503000 
1        0.156545000      0.586177000     -1.501152000 
1        1.331201000      2.575304000     -2.794822000 
1        2.833039000      1.728753000     -2.416479000 
1       -2.320956000      3.259006000     -5.702459000 
1       -3.705712000      4.015634000     -4.912311000 
1       -2.235875000      4.321207000     -2.839971000 
1       -0.903571000      3.612322000     -3.738626000 
1       -2.447819000      6.142824000     -4.552501000 
1       -1.119934000      5.439556000     -5.468047000 
1        7.471773000     -3.860053000     -5.103011000 
1       -1.920370000     -2.227984000     -6.279054000 
1       -3.298723000     -1.781407000     -5.261773000 
1       -2.291434000     -3.803221000     -4.411309000 
1       -0.697398000     -3.093073000     -4.339682000 
1       -3.121321000     -2.451364000     -2.591126000 
1       -1.803332000     -1.301938000     -2.742430000 
1       -1.405647000     -2.590105000      1.806600000 
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1        2.290934000      0.234492000     -5.576825000 
1        3.019107000      1.661517000     -4.833798000 
1        4.204100000      0.111228000     -3.198243000 
1        4.647773000     -0.125140000     -4.883452000 
1        2.987169000     -2.030955000     -5.024506000 
1        2.598553000     -1.789360000     -3.325636000 
1        2.529419000      3.361394000     -0.491822000 
1        1.838897000      3.300921000      1.131996000 
1        4.097878000      2.369428000      1.036287000 
1        3.611934000      1.142883000     -0.115762000 
1        2.619835000      1.447178000      2.769607000 
1        1.898015000      0.325103000      1.626717000 
1       -2.038667000     -0.064728000      1.629705000 
1       -0.423830000      0.597966000      1.360041000 
1       -2.264573000      1.360963000      3.693652000 
1       -0.623560000      1.962307000      3.442423000 
1        0.244816000     -0.387782000      3.505204000 
1       -1.388265000     -0.989508000      3.763712000 
1       -5.858860000      0.050895000     -1.561350000 
1       -6.529393000      1.599543000     -1.026906000 
1       -6.182826000      0.876141000      1.367014000 
1       -7.316376000     -0.117787000      0.466435000 
1       -4.358834000     -0.839252000      0.729912000 
1       -5.644752000     -1.867185000      0.109360000 
1        8.046772000     -4.225954000     -2.698264000 
1        7.784147000     -2.507474000     -3.027321000 
1        6.610347000     -3.191067000     -0.940447000 
1        4.326107000     -2.364815000     -1.547842000 
1        5.595518000     -1.406449000     -2.323502000 
1        5.203977000     -3.008508000     -5.709822000 
1        6.122935000     -1.800836000     -4.800873000 
1        6.241773000     -5.591379000     -1.532948000 
1        4.717603000     -4.821628000     -1.063626000 
1        5.588640000     -5.494315000     -5.234356000 
1        6.757673000     -5.984520000     -3.999124000 
1        3.407363000     -4.381071000     -4.551997000 
1        3.052779000     -4.103945000     -2.841036000 
1        4.414637000     -6.171819000     -3.139663000 
1       -0.822341000     -5.025434000      1.776711000 
1       -2.402027000     -4.746610000      1.029006000 
1       -1.016444000     -6.289169000     -0.368246000 
1       -1.195908000     -5.051727000     -2.520136000 
1       -2.627996000     -4.766283000     -1.517876000 
1       -2.855334000     -2.595940000     -0.231138000 
1       -1.608354000     -1.351347000     -0.350574000 
1        1.072939000     -5.438874000     -1.435678000 
1        1.222637000     -5.422234000      0.327840000 
1        0.654821000     -1.726060000      0.726245000 
1        0.996007000     -3.225500000      1.604528000 
1        0.616041000     -3.299548000     -2.683488000 







 


S29 
 


1        0.450708000     -1.764955000     -1.831261000 
1        2.048932000     -3.278086000     -0.663304000 
1        3.830775000     -2.626704000      4.862075000 
1        6.306059000     -2.292765000      4.675306000 
1        5.499044000     -0.799108000      5.173897000 
1        7.163123000     -0.344156000      3.367974000 
1        5.655061000      0.849437000      1.801313000 
1        5.107984000      1.070152000      3.469783000 
1        3.135663000     -0.294390000      4.347134000 
1        2.320267000     -1.439656000      3.274213000 
1        7.072661000     -2.582955000      2.265370000 
1        6.791779000     -1.292705000      1.086706000 
1        3.459795000     -3.581519000      2.585149000 
1        5.098662000     -3.943277000      3.148929000 
1        4.459070000     -0.799801000      0.277051000 
1        3.077072000     -1.717067000      0.889696000 
1        5.126221000     -3.127737000      0.789670000 
1        0.808766000     -2.351731000      7.771323000 
1       -0.830170000     -1.214900000      9.283520000 
1       -1.659196000     -2.036164000      7.952042000 
1       -2.573196000      0.264466000      8.276663000 
1       -2.319623000      1.060498000      5.939151000 
1       -2.528878000     -0.695498000      5.972036000 
1       -0.548683000     -2.226575000      5.681451000 
1        1.067805000     -1.556352000      5.425993000 
1       -0.501227000      1.302891000      9.215117000 
1       -1.110731000      2.241251000      7.844026000 
1        2.274083000     -0.382534000      7.323732000 
1        1.503872000     -0.236961000      8.910935000 
1       -0.005244000      2.045898000      5.585478000 
1        1.385771000      0.980775000      5.344823000 
1        1.355165000      1.917199000      7.657949000 
1       -4.279401000     -4.648560000      3.661175000 
1       -6.461650000     -4.586680000      4.885852000 
1       -6.717895000     -4.767940000      3.144333000 
1       -8.249352000     -3.035687000      4.089724000 
1       -7.441850000     -2.747245000      1.744273000 
1       -7.673774000     -1.183735000      2.537154000 
1       -5.084924000     -3.710746000      1.499275000 
1       -3.702308000     -2.787689000      2.103779000 
1       -6.792454000     -2.321993000      5.991511000 
1       -7.294521000     -0.928208000      5.024904000 
1       -3.317702000     -2.544845000      4.589336000 
1       -4.445965000     -3.270536000      5.744579000 
1       -5.638857000      0.130790000      3.381876000 
1       -4.022053000     -0.566344000      3.193846000 
1       -4.856970000     -0.812812000      5.530972000 
1        0.743274000      9.653404000     -4.289726000 
1        2.736061000      8.684567000     -3.126158000 
1        2.402014000      7.821963000     -4.634887000 
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1        2.843770000      6.211567000     -2.777329000 
1        1.245484000      5.544395000     -4.572272000 
1        0.791251000      4.844054000     -3.013247000 
1        0.009811000      7.577634000     -5.459020000 
1       -1.322525000      8.279219000     -4.530314000 
1        2.058216000      7.665760000     -0.901365000 
1        1.260669000      6.087439000     -0.854243000 
1        0.814089000      9.695089000     -1.788338000 
1       -0.848236000      9.531192000     -2.371142000 
1       -1.116076000      5.848201000     -1.675999000 
1       -2.002634000      7.244145000     -2.306682000 
1       -0.399258000      7.918684000     -0.518456000 
 
1•Na+ 
6        3.421394000     -0.669081000      0.207126000 
1        4.408462000     -0.991956000     -0.170026000 
1        2.695881000     -1.241559000     -0.386976000 
6        4.459056000      1.560135000     -0.006958000 
1        4.726434000      1.868570000     -1.033675000 
1        5.279812000      0.916101000      0.340256000 
6        2.354617000      1.050571000     -1.166054000 
1        2.296987000      2.136798000     -1.278205000 
1        1.321525000      0.737257000     -0.930949000 
6        2.754787000      0.387007000     -2.504894000 
1        3.462284000      1.037035000     -3.054950000 
1        3.292364000     -0.542534000     -2.301113000 
6        1.970641000     -0.889115000     -4.418209000 
1        3.054501000     -0.815432000     -4.622207000 
1        1.470072000     -0.591041000     -5.348613000 
6        1.048863000      1.316848000     -3.919230000 
1        1.771526000      1.717652000     -4.655337000 
1        0.974219000      2.063041000     -3.119309000 
6       -0.336841000      1.226089000     -4.576836000 
1       -0.343643000      1.906597000     -5.432062000 
1       -0.507259000      0.212242000     -4.988704000 
6       -2.666953000      1.939653000     -4.435879000 
1       -3.527974000      1.544241000     -3.876158000 
1       -2.668362000      1.409520000     -5.407102000 
6       -1.655622000      0.629628000     -2.646815000 
1       -0.675715000      0.202774000     -2.395898000 
1       -2.279467000     -0.214491000     -3.008002000 
7        3.212865000      0.766493000     -0.017122000 
7        1.585464000      0.058011000     -3.343787000 
7       -1.433689000      1.631007000     -3.685556000 
6       -2.243494000      1.235905000     -1.378877000 
1       -3.155214000      1.817243000     -1.598017000 
1       -1.512363000      1.953363000     -0.992413000 
6       -3.835669000     -0.439343000     -0.627970000 
1       -4.595876000      0.046516000      0.009211000 
1       -4.122980000     -0.217485000     -1.664447000 







 


S31 
 


6       -2.510394000      0.784908000      0.996482000 
1       -3.339485000      1.510267000      1.091771000 
1       -2.718699000     -0.018560000      1.711358000 
6       -1.178315000      1.469578000      1.398926000 
1       -1.252330000      2.555638000      1.260030000 
1       -0.375435000      1.139109000      0.721158000 
6       -1.710166000      1.609778000      3.797566000 
1       -2.491677000      2.221347000      3.324068000 
1       -2.225941000      0.734005000      4.233245000 
6       -0.164186000     -0.123980000      2.909765000 
1       -0.300580000     -0.456375000      3.943159000 
1       -0.689586000     -0.884862000      2.286897000 
6        1.326850000     -0.083866000      2.544386000 
1        1.886475000      0.324645000      3.406076000 
1        1.479505000      0.629512000      1.726182000 
6        1.907319000     -2.348112000      3.239943000 
1        2.868249000     -2.276546000      3.780428000 
1        1.135397000     -2.056668000      3.962408000 
6        3.293834000     -1.161981000      1.646303000 
1        3.831015000     -0.481735000      2.331021000 
1        3.807437000     -2.125265000      1.694336000 
7       -2.512752000      0.193226000     -0.361745000 
7       -0.744541000      1.203855000      2.764153000 
7        1.899091000     -1.377890000      2.114472000 
6        1.189198000      3.796190000      6.232210000 
6        0.556134000      2.534593000      6.836845000 
6       -0.568985000      2.932226000      7.802508000 
6       -1.639761000      3.726168000      7.040558000 
6       -2.212203000      2.856856000      5.909683000 
6       -1.097243000      2.450832000      4.927563000 
6       -0.465198000      3.729983000      4.352109000 
6        0.118437000      4.596352000      5.476258000 
6       -1.005581000      4.992690000      6.445751000 
6       -0.021891000      1.671975000      5.705230000 
1        1.630162000      4.413870000      7.025838000 
1        2.001917000      3.517727000      5.546348000 
1        1.320908000      1.959998000      7.376907000 
1       -1.012370000      2.034575000      8.255295000 
1       -0.163942000      3.540856000      8.621903000 
1       -2.449608000      4.006326000      7.727161000 
1       -2.686751000      1.957970000      6.331060000 
1       -2.993407000      3.413342000      5.370621000 
1        0.316335000      3.448631000      3.634361000 
1       -1.228140000      4.298142000      3.797830000 
1        0.570038000      5.499390000      5.043350000 
1       -1.765976000      5.586013000      5.919736000 
1       -0.603953000      5.622287000      7.250892000 
1        0.789725000      1.381113000      5.024896000 
1       -0.458128000      0.750817000      6.122319000 
6        3.331954000      3.794782000      0.530360000 
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6        3.420830000      5.055944000      1.404705000 
6        3.289211000      4.659551000      2.881761000 
6        4.421096000      3.692635000      3.255505000 
6        5.775792000      4.379706000      3.032323000 
6        5.908013000      4.779351000      1.555590000 
6        5.814923000      3.522369000      0.679784000 
6        4.461365000      2.811882000      0.885527000 
6        4.328434000      2.439476000      2.372480000 
6        4.774559000      5.744240000      1.178637000 
1        2.358909000      3.305955000      0.687366000 
1        3.400682000      4.075829000     -0.532155000 
1        2.607042000      5.741744000      1.132684000 
1        3.331326000      5.554085000      3.517839000 
1        2.314901000      4.183875000      3.056882000 
1        4.324419000      3.400494000      4.310322000 
1        5.857583000      5.268050000      3.672597000 
1        6.593407000      3.701727000      3.312902000 
1        6.878339000      5.265727000      1.389656000 
1        5.933639000      3.794480000     -0.379463000 
1        6.634058000      2.831856000      0.930014000 
1        5.123571000      1.729230000      2.646502000 
1        3.365855000      1.938515000      2.536150000 
1        4.873010000      6.050434000      0.128041000 
1        4.837713000      6.655606000      1.787855000 
6       -4.765234000      5.751893000     -4.456797000 
6       -4.549282000      5.029558000     -5.794910000 
6       -3.384974000      5.688382000     -6.548662000 
6       -2.108221000      5.593850000     -5.700999000 
6       -1.777731000      4.117603000     -5.434161000 
6       -2.932781000      3.433032000     -4.681733000 
6       -3.159852000      4.176461000     -3.353019000 
6       -3.487903000      5.654812000     -3.609460000 
6       -2.323576000      6.314226000     -4.362609000 
6       -4.212925000      3.555127000     -5.531563000 
1       -5.018781000      6.805193000     -4.636006000 
1       -5.610947000      5.302945000     -3.917770000 
1       -5.463836000      5.091232000     -6.399545000 
1       -3.232438000      5.192427000     -7.517076000 
1       -3.620353000      6.740470000     -6.757188000 
1       -1.272195000      6.058961000     -6.240522000 
1       -1.596911000      3.600722000     -6.389158000 
1       -0.859119000      4.047513000     -4.834860000 
1       -3.994034000      3.704659000     -2.811117000 
1       -2.263149000      4.083897000     -2.725071000 
1       -3.642812000      6.164459000     -2.648736000 
1       -1.407316000      6.268398000     -3.757750000 
1       -2.543638000      7.375541000     -4.538699000 
1       -5.049482000      3.067263000     -5.009008000 
1       -4.075435000      3.026041000     -6.486093000 
6        2.100140000     -3.187586000     -5.384002000 
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6        1.608054000     -2.364784000     -4.174269000 
6        0.085263000     -2.542208000     -4.061887000 
6       -0.288242000     -4.018927000     -3.892908000 
6        0.370803000     -4.564903000     -2.620533000 
6        1.895671000     -4.426176000     -2.728214000 
6        2.392404000     -5.222471000     -3.944784000 
6        1.735383000     -4.670588000     -5.218383000 
6        0.211384000     -4.814381000     -5.108250000 
6        2.267109000     -2.947405000     -2.913021000 
1        1.649285000     -2.790356000     -6.304582000 
1        3.189187000     -3.077333000     -5.485710000 
1       -0.291753000     -1.952733000     -3.212768000 
1       -0.401335000     -2.135533000     -4.959528000 
1       -1.379908000     -4.109725000     -3.816683000 
1       -0.002878000     -4.013331000     -1.737824000 
1        0.091738000     -5.614616000     -2.459561000 
1        2.370013000     -4.810218000     -1.813872000 
1        3.485441000     -5.148234000     -4.018389000 
1        2.147981000     -6.285753000     -3.823279000 
1        2.096879000     -5.230557000     -6.090362000 
1       -0.063235000     -5.872474000     -5.006016000 
1       -0.271541000     -4.441518000     -6.021064000 
1        3.360086000     -2.840290000     -2.972463000 
1        1.948161000     -2.372150000     -2.029482000 
6        0.797886000     -6.034342000      1.102314000 
6        2.267003000     -5.850040000      1.504999000 
6        2.549382000     -4.361813000      1.762020000 
6        1.645576000     -3.823621000      2.886455000 
6        1.918417000     -4.653254000      4.160981000 
6        1.643263000     -6.142603000      3.916136000 
6        0.174154000     -6.328989000      3.515108000 
6       -0.109032000     -5.532209000      2.233309000 
6        0.175911000     -4.045501000      2.486096000 
6        2.550567000     -6.649361000      2.785849000 
1        0.586038000     -5.481402000      0.174773000 
1        0.593249000     -7.093330000      0.896981000 
1        2.920204000     -6.206189000      0.696790000 
1        3.605682000     -4.237278000      2.040580000 
1        2.385313000     -3.785524000      0.837087000 
1        2.963942000     -4.510332000      4.468594000 
1        1.287968000     -4.283539000      4.982965000 
1        1.850121000     -6.704245000      4.836234000 
1       -0.039816000     -7.392722000      3.347925000 
1       -0.486721000     -5.989298000      4.324093000 
1       -1.161483000     -5.660457000      1.949725000 
1       -0.486528000     -3.658793000      3.274627000 
1       -0.050020000     -3.469966000      1.573403000 
1        2.370363000     -7.717740000      2.608800000 
1        3.605826000     -6.542584000      3.070709000 
6       -4.957534000     -4.557221000     -1.512115000 







 


S34 
 


6       -5.681270000     -3.825460000     -0.374207000 
6       -5.119701000     -4.299439000      0.974075000 
6       -3.619814000     -3.976975000      1.042484000 
6       -3.422640000     -2.461031000      0.901687000 
6       -3.958530000     -1.962423000     -0.450264000 
6       -3.263742000     -2.721771000     -1.596018000 
6       -3.457370000     -4.236686000     -1.447906000 
6       -2.887072000     -4.693303000     -0.099214000 
6       -5.463023000     -2.311791000     -0.514989000 
1       -5.114371000     -5.640193000     -1.425327000 
1       -5.365351000     -4.247380000     -2.483482000 
1       -6.756645000     -4.039883000     -0.421765000 
1       -5.648503000     -3.806220000      1.800476000 
1       -5.276525000     -5.379822000      1.089083000 
1       -3.212935000     -4.303536000      2.009399000 
1       -3.940521000     -1.940323000      1.720009000 
1       -2.352804000     -2.219697000      1.006770000 
1       -3.673331000     -2.381488000     -2.558188000 
1       -2.188441000     -2.486910000     -1.631207000 
1       -2.934523000     -4.755790000     -2.261965000 
1       -1.808510000     -4.472906000     -0.053455000 
1       -2.990112000     -5.781439000      0.006098000 
1       -5.882234000     -1.957836000     -1.467943000 
1       -5.994104000     -1.781870000      0.288123000 
11      -0.031492000     -1.542022000     -0.349625000
 
2•Na+ 
6        1.334680000     -2.232369000     -4.778676000 
7        0.140113000     -1.574094000     -4.238961000 
7        2.242870000     -2.494978000     -2.467438000 
6        2.010407000     -3.142771000     -3.767255000 
7        0.911959000     -3.156700000      0.202670000 
6        1.618908000     -4.104575000     -0.681962000 
6        2.741873000     -3.492790000     -1.504272000 
7       -2.225647000     -2.461955000      0.609897000 
6       -1.537142000     -3.638797000      0.077354000 
6       -0.223944000     -3.894924000      0.816136000 
6       -0.270572000     -0.460139000     -5.096547000 
6       -1.289267000      0.461414000     -4.444787000 
7       -0.914121000      0.942151000     -3.098998000 
6       -2.063018000      1.717549000     -2.571245000 
6       -3.103841000      0.878322000     -1.844538000 
7       -2.736292000      0.582131000     -0.448963000 
6       -3.624284000     -0.484735000      0.054752000 
6       -3.180972000     -1.893713000     -0.343240000 
6       -2.931987000      1.801490000      0.374770000 
6       -2.104812000      1.806382000      1.655979000 
6        0.254827000      1.851939000     -3.180923000 
6        0.876575000      2.110257000     -1.801891000 
6       -0.959253000     -2.513158000     -3.934194000 







 


S35 
 


6       -1.570446000     -3.287061000     -5.110112000 
6        3.121078000     -1.309180000     -2.543412000 
6        4.539107000     -1.537492000     -3.088227000 
6        1.840433000     -2.623976000      1.225371000 
6        1.183605000     -1.611991000      2.161367000 
6       -2.899085000     -2.775661000      1.903871000 
6       -2.291847000     -2.073345000      3.123729000 
6        2.211400000      1.235994000      4.559488000 
6        3.381641000      0.525454000      5.256492000 
6        4.207661000     -0.245319000      4.215240000 
6        3.320781000     -1.288306000      3.517154000 
6        2.136755000     -0.599736000      2.813407000 
6        1.334445000      0.186659000      3.866278000 
6        4.752104000      0.735667000      3.166888000 
6        2.759205000      2.219412000      3.515063000 
6        2.687598000      0.407386000      1.785961000 
6        3.582834000      1.450259000      2.473677000 
6       -4.724282000     -2.986226000      6.037891000 
6       -3.874594000     -2.399046000      7.174277000 
6       -3.273714000     -1.058717000      6.725620000 
6       -2.401473000     -1.288263000      5.485425000 
6       -3.229304000     -1.879041000      4.325533000 
6       -3.844715000     -3.210288000      4.797310000 
6       -4.403207000     -0.079504000      6.375900000 
6       -5.855372000     -2.007115000      5.689174000 
6       -4.370400000     -0.893057000      4.006289000 
6       -5.254791000     -0.665917000      5.241569000 
6       -3.807973000      4.533140000      3.889667000 
6       -2.955970000      4.305388000      5.145681000 
6       -1.493616000      4.085609000      4.735120000 
6       -1.405796000      2.865431000      3.811239000 
6       -2.254737000      3.060573000      2.538750000 
6       -3.715105000      3.305716000      2.969159000 
6       -0.974812000      5.322106000      3.987029000 
6       -3.292793000      5.770375000      3.138085000 
6       -1.737218000      4.320169000      1.818996000 
6       -1.827676000      5.551396000      2.732073000 
6        0.958108000      5.973398000     -1.268091000 
6        1.662515000      5.957436000      0.096328000 
6        2.780684000      4.905065000      0.081111000 
6        2.172978000      3.529531000     -0.214987000 
6        1.462521000      3.514646000     -1.580372000 
6        0.356755000      4.588016000     -1.555608000 
6        3.799579000      5.252446000     -1.013637000 
6        1.975949000      6.321704000     -2.364829000 
6        2.491449000      3.887148000     -2.664524000 
6        3.095898000      5.270710000     -2.378731000 
6       -4.090638000     -5.726364000     -3.393393000 
6       -5.181061000     -4.700016000     -3.051757000 
6       -5.350001000     -3.717425000     -4.220271000 







 


S36 
 


6       -4.020064000     -2.987134000     -4.464802000 
6       -2.902436000     -3.994362000     -4.804088000 
6       -2.763967000     -4.990185000     -3.636807000 
6       -5.752928000     -4.489899000     -5.483800000 
6       -4.492058000     -6.496905000     -4.658977000 
6       -3.333433000     -4.778280000     -6.061151000 
6       -4.659963000     -5.512540000     -5.825400000 
6        6.117163000      1.984945000     -2.537568000 
6        6.400984000      1.854714000     -1.034235000 
6        6.936349000      0.446735000     -0.732960000 
6        5.884775000     -0.595344000     -1.145214000 
6        5.568241000     -0.480960000     -2.650932000 
6        5.063935000      0.943826000     -2.941741000 
6        8.230084000      0.208226000     -1.524553000 
6        7.410122000      1.742941000     -3.329476000 
6        6.880343000     -0.702782000     -3.429677000 
6        7.939271000      0.333177000     -3.026815000 
1        2.035910000     -1.443960000     -5.080395000 
1        1.131082000     -2.819443000     -5.692435000 
1        2.948744000     -3.514974000     -4.218313000 
1        1.391222000     -4.031797000     -3.587916000 
1        2.040427000     -4.944074000     -0.094197000 
1        0.875378000     -4.546624000     -1.362364000 
1        3.276897000     -4.313945000     -2.010639000 
1        3.484411000     -3.026158000     -0.848894000 
1       -2.176479000     -4.544017000      0.109650000 
1       -1.306026000     -3.468660000     -0.983947000 
1       -0.344685000     -3.583362000      1.855218000 
1       -0.006406000     -4.975626000      0.842051000 
1        0.633217000      0.105432000     -5.350666000 
1       -0.691085000     -0.788398000     -6.064588000 
1       -2.257906000     -0.048808000     -4.365399000 
1       -1.452468000      1.313280000     -5.133521000 
1       -1.679633000      2.482816000     -1.891442000 
1       -2.548666000      2.271704000     -3.394992000 
1       -4.081291000      1.400046000     -1.887817000 
1       -3.246177000     -0.069092000     -2.382020000 
1       -3.654113000     -0.421635000      1.146549000 
1       -4.662312000     -0.312228000     -0.291511000 
1       -2.704339000     -1.853742000     -1.332824000 
1       -4.076343000     -2.537645000     -0.461943000 
1       -2.651164000      2.673404000     -0.224052000 
1       -4.007017000      1.924698000      0.600896000 
1       -2.356842000      0.929211000      2.265972000 
1       -1.044260000      1.691935000      1.381375000 
1        1.010604000      1.405088000     -3.834484000 
1       -0.045283000      2.799810000     -3.662818000 
1        0.125528000      1.926792000     -1.017751000 
1        1.682294000      1.376821000     -1.631758000 
1       -0.587021000     -3.228137000     -3.186946000 







 


S37 
 


1       -1.747619000     -1.932102000     -3.436790000 
1       -1.741407000     -2.604370000     -5.953279000 
1       -0.855793000     -4.043796000     -5.463130000 
1        2.610222000     -0.545252000     -3.145850000 
1        3.179579000     -0.902951000     -1.523256000 
1        4.904492000     -2.522447000     -2.763126000 
1        4.511524000     -1.563980000     -4.186983000 
1        2.660133000     -2.127595000      0.695811000 
1        2.296164000     -3.447166000      1.808449000 
1        0.662294000     -2.136466000      2.970799000 
1        0.404868000     -1.063657000      1.607517000 
1       -3.959210000     -2.504240000      1.817424000 
1       -2.893722000     -3.864381000      2.062021000 
1       -1.417706000     -2.638581000      3.473877000 
1       -1.908071000     -1.094174000      2.810462000 
1        1.611280000      1.780939000      5.301256000 
1        3.000478000     -0.165469000      6.020527000 
1        4.017563000      1.258203000      5.770734000 
1        5.043600000     -0.754930000      4.712305000 
1        2.941697000     -2.016279000      4.249558000 
1        3.924569000     -1.847160000      2.787693000 
1        0.474191000      0.666070000      3.378227000 
1        0.926726000     -0.512183000      4.611408000 
1        5.357373000      0.197311000      2.422843000 
1        5.409448000      1.472877000      3.646447000 
1        3.384311000      2.979348000      4.002842000 
1        1.932064000      2.751051000      3.021986000 
1        1.845782000      0.904030000      1.279684000 
1        3.271724000     -0.114225000      1.012829000 
1        3.976082000      2.149607000      1.723637000 
1       -5.153273000     -3.945740000      6.356101000 
1       -3.073115000     -3.099053000      7.447380000 
1       -4.494935000     -2.252668000      8.068482000 
1       -2.658132000     -0.639653000      7.532865000 
1       -1.574856000     -1.972869000      5.727039000 
1       -1.948231000     -0.339516000      5.160190000 
1       -4.452956000     -3.651990000      3.995161000 
1       -3.041143000     -3.926035000      5.027437000 
1       -3.979443000      0.886943000      6.066120000 
1       -5.028591000      0.107612000      7.258765000 
1       -6.500846000     -1.854509000      6.564134000 
1       -6.484539000     -2.424841000      4.891066000 
1       -4.993598000     -1.268719000      3.182639000 
1       -3.940450000      0.064927000      3.678700000 
1       -6.061604000      0.034214000      4.985483000 
1       -4.856300000      4.688063000      4.177636000 
1       -3.327176000      3.431134000      5.698567000 
1       -3.034530000      5.170407000      5.817542000 
1       -0.878859000      3.909136000      5.628240000 
1       -1.747539000      1.964583000      4.342861000 







 


S38 
 


1       -0.359277000      2.693487000      3.522769000 
1       -4.350018000      3.470939000      2.088955000 
1       -4.102303000      2.415561000      3.487700000 
1        0.078279000      5.176447000      3.705244000 
1       -1.017328000      6.204439000      4.639208000 
1       -3.377891000      6.660208000      3.775702000 
1       -3.907677000      5.951157000      2.245649000 
1       -2.316407000      4.509306000      0.904219000 
1       -0.692895000      4.153512000      1.515792000 
1       -1.457929000      6.432563000      2.189452000 
1        0.153642000      6.720862000     -1.259287000 
1        0.940943000      5.727593000      0.892410000 
1        2.080461000      6.948857000      0.315322000 
1        3.278769000      4.878661000      1.060270000 
1        1.453483000      3.258606000      0.572923000 
1        2.958412000      2.759533000     -0.212797000 
1       -0.176898000      4.617647000     -2.515913000 
1       -0.379566000      4.332095000     -0.780652000 
1        4.614408000      4.514706000     -1.017297000 
1        4.251256000      6.232377000     -0.810853000 
1        2.398626000      7.318130000     -2.180905000 
1        1.479168000      6.356668000     -3.344222000 
1        2.016978000      3.891573000     -3.656133000 
1        3.288356000      3.131358000     -2.688962000 
1        3.822454000      5.516167000     -3.165008000 
1       -3.967909000     -6.426852000     -2.556336000 
1       -4.910619000     -4.155254000     -2.135517000 
1       -6.131301000     -5.212889000     -2.853516000 
1       -6.126336000     -2.980767000     -3.973330000 
1       -3.764712000     -2.411465000     -3.562331000 
1       -4.128622000     -2.267302000     -5.290192000 
1       -1.964629000     -5.712214000     -3.862935000 
1       -2.476075000     -4.460672000     -2.717502000 
1       -5.896618000     -3.795025000     -6.322338000 
1       -6.710346000     -5.001735000     -5.320102000 
1       -5.430248000     -7.040303000     -4.485907000 
1       -3.725850000     -7.244865000     -4.904169000 
1       -2.547158000     -5.500360000     -6.324692000 
1       -3.432220000     -4.083960000     -6.908358000 
1       -4.937676000     -6.060966000     -6.734977000 
1        5.736327000      2.992278000     -2.757370000 
1        5.481368000      2.039511000     -0.458425000 
1        7.134248000      2.610109000     -0.722574000 
1        7.137477000      0.351758000      0.342628000 
1        4.977436000     -0.440560000     -0.542825000 
1        6.251935000     -1.608785000     -0.925025000 
1        4.821906000      1.041549000     -4.011505000 
1        4.137111000      1.132113000     -2.380887000 
1        8.630822000     -0.788951000     -1.297771000 
1        8.992997000      0.939423000     -1.226626000 







 


S39 
 


1        8.162537000      2.494123000     -3.055728000 
1        7.219207000      1.852897000     -4.405683000 
1        6.680193000     -0.633157000     -4.508746000 
1        7.252541000     -1.719234000     -3.235455000 
1        8.859126000      0.153174000     -3.598329000 
11       0.177274000     -1.139765000     -1.678513000 
 
3•Na+ 
6       -2.134542000      0.301814000      2.390351000 
7       -1.210222000      0.611310000      1.272449000 
7       -3.182027000     -1.756506000      1.369749000 
6       -3.405576000     -0.415603000      1.959009000 
7       -3.773317000     -2.073600000     -1.644402000 
6       -4.201471000     -2.983804000     -0.560901000 
6       -4.437687000     -2.249328000      0.752470000 
7       -1.011279000     -1.658192000     -3.089535000 
6       -2.314805000     -2.057770000     -3.683623000 
6       -3.247338000     -2.852939000     -2.781820000 
6       -1.626251000      1.901232000      0.672449000 
6       -0.850543000      2.250983000     -0.596570000 
7       -1.504379000      3.317475000     -1.364254000 
6       -1.718971000      2.974277000     -2.773400000 
6       -0.472190000      2.739612000     -3.638212000 
7        0.112094000      1.390164000     -3.487448000 
6       -0.538201000      0.470425000     -4.427159000 
6       -0.230387000     -1.001548000     -4.172804000 
6       -2.747518000     -2.680190000      2.449833000 
6       -2.426284000     -4.116932000      2.044007000 
6       -1.157229000     -4.266476000      1.204706000 
6        5.979885000     -3.994251000     -3.323303000 
6       -4.915119000     -1.217853000     -2.080996000 
6       -4.776288000      0.285044000     -1.838714000 
6       -6.159677000      0.935335000     -1.953568000 
6       -7.909028000      4.382415000     -1.926364000 
6       -0.281771000     -2.878858000     -2.651299000 
6        1.150571000     -2.633115000     -2.132477000 
6        2.175428000     -3.366242000     -3.008696000 
6        1.574958000      1.448636000     -3.659240000 
6        2.258219000      1.917017000     -2.377563000 
6        3.768708000      2.074192000     -2.523850000 
6       -0.867949000      4.629993000     -1.197394000 
6       -0.912493000      5.177658000      0.229426000 
6       -2.328790000      5.425614000      0.749035000 
6        0.171843000      0.710300000      1.803743000 
6        0.795459000     -0.647802000      2.108831000 
6        2.128571000     -0.500452000      2.845422000 
6        6.445173000     -2.531612000     -3.295691000 
6        5.642369000     -1.762165000     -2.237509000 
6        4.146128000     -1.817358000     -2.581098000 
6        3.653483000     -3.275618000     -2.614551000 







 


S40 
 


6        4.484747000     -4.041731000     -3.665077000 
6        5.866356000     -2.400172000     -0.858971000 
6        6.209009000     -4.632146000     -1.945268000 
6        3.909918000     -3.923047000     -1.241453000 
6        5.403399000     -3.864733000     -0.887040000 
6       -7.196024000      4.981671000     -0.706589000 
6       -5.705416000      4.623912000     -0.761194000 
6       -5.526860000      3.097122000     -0.755657000 
6       -6.245130000      2.467224000     -1.963693000 
6       -7.736719000      2.858311000     -1.906111000 
6       -5.086474000      5.188525000     -2.047122000 
6       -7.292851000      4.949488000     -3.213314000 
6       -5.646457000      3.059486000     -3.253282000 
6       -5.801067000      4.589037000     -3.267883000 
6        4.824481000      4.210931000      0.571446000 
6        6.309654000      4.349234000      0.206669000 
6        6.829307000      3.011061000     -0.338029000 
6        6.017701000      2.622510000     -1.579986000 
6        4.520224000      2.472067000     -1.242209000 
6        4.017905000      3.814029000     -0.674452000 
6        6.668935000      1.922780000      0.732649000 
6        4.663298000      3.124272000      1.645297000 
6        4.380441000      1.397779000     -0.145362000 
6        5.185374000      1.786466000      1.102396000 
6       -4.138142000      6.770330000      3.904121000 
6       -3.389472000      8.104991000      4.030957000 
6       -1.895990000      7.879398000      3.759009000 
6       -1.705782000      7.317613000      2.341640000 
6       -2.449478000      5.977486000      2.179945000 
6       -3.942727000      6.213151000      2.488213000 
6       -1.334640000      6.875743000      4.776957000 
6       -3.579166000      5.768377000      4.924011000 
6       -1.905023000      4.986483000      3.228030000 
6       -2.085654000      5.542031000      4.649990000 
6        2.624613000     -3.771680000      4.922259000 
6        3.983817000     -3.401049000      5.532333000 
6        4.855270000     -2.724404000      4.464623000 
6        4.146901000     -1.460370000      3.960769000 
6        2.777403000     -1.802634000      3.339712000 
6        1.921928000     -2.501968000      4.414463000 
6        5.072217000     -3.687123000      3.287147000 
6        2.841072000     -4.736093000      3.746687000 
6        3.008702000     -2.788227000      2.183941000 
6        3.712870000     -4.059702000      2.678693000 
6       -1.373379000     -7.658566000     -0.725527000 
6       -1.343865000     -8.596763000      0.490286000 
6       -0.332735000     -8.070976000      1.520043000 
6       -0.758984000     -6.664722000      1.967205000 
6       -0.793333000     -5.697401000      0.766916000 
6       -1.788016000     -6.249499000     -0.272421000 
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6        1.064038000     -8.013860000      0.886928000 
6        0.023073000     -7.602013000     -1.361100000 
6        0.607031000     -5.677699000      0.121606000 
6        1.032757000     -7.079520000     -0.329731000 
1       -2.430883000      1.231680000      2.908508000 
1       -1.602955000     -0.293890000      3.135990000 
1       -3.926872000      0.201101000      1.216493000 
1       -4.079252000     -0.474520000      2.836084000 
1       -3.419017000     -3.735722000     -0.417830000 
1       -5.122920000     -3.530665000     -0.838193000 
1       -4.982967000     -2.913573000      1.443361000 
1       -5.106453000     -1.399231000      0.569740000 
1       -2.135556000     -2.674541000     -4.585696000 
1       -2.828615000     -1.148317000     -4.021164000 
1       -4.066629000     -3.241418000     -3.412969000 
1       -2.734375000     -3.739208000     -2.396089000 
1       -1.545989000      2.710900000      1.416765000 
1       -2.688401000      1.833475000      0.402561000 
1       -0.759195000      1.359268000     -1.231737000 
1        0.185293000      2.534107000     -0.354995000 
1       -2.359090000      2.081139000     -2.813026000 
1       -2.300001000      3.790154000     -3.223845000 
1        0.282459000      3.486518000     -3.371265000 
1       -0.722821000      2.934180000     -4.699595000 
1       -1.621771000      0.638817000     -4.372891000 
1       -0.248587000      0.700091000     -5.473741000 
1       -0.375273000     -1.560205000     -5.115733000 
1        0.830293000     -1.092896000     -3.938579000 
1       -1.847329000     -2.261901000      2.913526000 
1       -3.528309000     -2.702799000      3.235009000 
1       -2.293664000     -4.664801000      2.984306000 
1       -3.289003000     -4.584781000      1.554694000 
1       -0.313521000     -3.857481000      1.781697000 
1       -1.237105000     -3.638037000      0.301580000 
1        6.544734000     -4.547632000     -4.085109000 
1       -5.829890000     -1.565685000     -1.576986000 
1       -5.097748000     -1.375227000     -3.152881000 
1       -4.358161000      0.470070000     -0.840883000 
1       -4.071848000      0.717118000     -2.561491000 
1       -6.773071000      0.563737000     -1.117451000 
1       -6.645852000      0.565160000     -2.869870000 
1       -8.978660000      4.628115000     -1.889536000 
1       -0.869025000     -3.357217000     -1.859107000 
1       -0.249231000     -3.612450000     -3.481491000 
1        1.228202000     -2.987591000     -1.097973000 
1        1.359424000     -1.556781000     -2.092183000 
1        2.068809000     -3.007935000     -4.045088000 
1        1.896933000     -4.431683000     -3.033007000 
1        1.958553000      0.451373000     -3.905595000 
1        1.853405000      2.101570000     -4.510515000 
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1        2.017473000      1.191118000     -1.589452000 
1        1.821581000      2.871674000     -2.061979000 
1        4.197758000      1.129979000     -2.893936000 
1        3.977731000      2.830419000     -3.295680000 
1        0.193358000      4.615567000     -1.519096000 
1       -1.390766000      5.333430000     -1.861195000 
1       -0.347512000      6.117912000      0.219656000 
1       -0.356097000      4.508206000      0.899369000 
1       -2.906641000      4.492891000      0.684200000 
1       -2.826171000      6.130788000      0.064692000 
1        0.184528000      1.348566000      2.708673000 
1        0.799376000      1.214374000      1.060921000 
1        0.112548000     -1.253235000      2.715538000 
1        0.934510000     -1.190917000      1.163122000 
1        1.980495000      0.157432000      3.715179000 
1        2.845943000      0.015973000      2.189648000 
1        7.517046000     -2.480312000     -3.062872000 
1        6.305180000     -2.070738000     -4.283062000 
1        5.972755000     -0.714215000     -2.216590000 
1        3.580351000     -1.239497000     -1.835489000 
1        3.966646000     -1.348408000     -3.561408000 
1        4.141425000     -5.085752000     -3.708038000 
1        4.312211000     -3.604146000     -4.659403000 
1        6.929508000     -2.347730000     -0.588291000 
1        5.310613000     -1.842936000     -0.090830000 
1        5.901499000     -5.686611000     -1.961697000 
1        7.277631000     -4.610347000     -1.693432000 
1        3.569139000     -4.969205000     -1.264103000 
1        3.324954000     -3.412131000     -0.467400000 
1        5.562582000     -4.319387000      0.100443000 
1       -7.318046000      6.073037000     -0.695103000 
1       -7.643643000      4.596364000      0.220036000 
1       -5.193113000      5.050456000      0.108759000 
1       -4.450835000      2.870715000     -0.798561000 
1       -5.923532000      2.668379000      0.178376000 
1       -8.186847000      2.444426000     -0.991810000 
1       -8.265474000      2.407210000     -2.758591000 
1       -4.014292000      4.947600000     -2.072837000 
1       -5.175698000      6.283343000     -2.060048000 
1       -7.811038000      4.540887000     -4.091541000 
1       -7.417443000      6.040142000     -3.241851000 
1       -4.582417000      2.799055000     -3.330145000 
1       -6.153979000      2.623672000     -4.126532000 
1       -5.357818000      4.988686000     -4.190305000 
1        4.449037000      5.168475000      0.957169000 
1        6.886754000      4.646306000      1.092615000 
1        6.441899000      5.139102000     -0.545203000 
1        7.888665000      3.108633000     -0.610169000 
1        6.392944000      1.675150000     -1.994695000 
1        6.139540000      3.384725000     -2.363227000 
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1        4.098483000      4.594088000     -1.446045000 
1        2.954871000      3.736988000     -0.402549000 
1        7.257700000      2.177876000      1.624003000 
1        7.051233000      0.963228000      0.355814000 
1        3.604687000      3.027764000      1.929695000 
1        5.217490000      3.405263000      2.550816000 
1        4.730627000      0.431207000     -0.534226000 
1        3.322424000      1.271543000      0.127563000 
1        5.070213000      1.007843000      1.869374000 
1       -5.209348000      6.927791000      4.089034000 
1       -3.530427000      8.522472000      5.036928000 
1       -3.796550000      8.834394000      3.317559000 
1       -1.356588000      8.832092000      3.845506000 
1       -0.632660000      7.178932000      2.153023000 
1       -2.076231000      8.034867000      1.594281000 
1       -4.362798000      6.910941000      1.748753000 
1       -4.488081000      5.262981000      2.382550000 
1       -1.443474000      7.271104000      5.795683000 
1       -0.260633000      6.722844000      4.601689000 
1       -4.123487000      4.816009000      4.853817000 
1       -3.721930000      6.148465000      5.944469000 
1       -0.839759000      4.785052000      3.047414000 
1       -2.441933000      4.029474000      3.135094000 
1       -1.681996000      4.821525000      5.374870000 
1        1.996409000     -4.253064000      5.683799000 
1        4.482993000     -4.302065000      5.912797000 
1        3.841669000     -2.724372000      6.385782000 
1        5.825330000     -2.449144000      4.899226000 
1        4.006995000     -0.749726000      4.788347000 
1        4.771338000     -0.958363000      3.207125000 
1        1.739750000     -1.809134000      5.249054000 
1        0.940760000     -2.777452000      3.999453000 
1        5.592638000     -4.591427000      3.629550000 
1        5.707637000     -3.213270000      2.525429000 
1        1.871804000     -5.022500000      3.313771000 
1        3.322597000     -5.658413000      4.098036000 
1        3.613633000     -2.296267000      1.408625000 
1        2.047409000     -3.062804000      1.725193000 
1        3.857566000     -4.744518000      1.830697000 
1       -2.099582000     -8.030172000     -1.460829000 
1       -1.066830000     -9.610653000      0.173224000 
1       -2.343212000     -8.660937000      0.941924000 
1       -0.315510000     -8.736393000      2.393138000 
1       -1.751769000     -6.725056000      2.432232000 
1       -0.065710000     -6.280013000      2.729866000 
1       -2.803157000     -6.283000000      0.147900000 
1       -1.817621000     -5.577497000     -1.145565000 
1        1.381239000     -9.020131000      0.583174000 
1        1.797104000     -7.650782000      1.621125000 
1        0.317901000     -8.601108000     -1.707906000 
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1        0.011397000     -6.943764000     -2.242297000 
1        1.337121000     -5.274303000      0.838803000 
1        0.601575000     -5.003037000     -0.746292000 
1        2.032545000     -7.027200000     -0.782515000 
11      -1.731929000     -0.968707000     -0.647490000
 
 


 





