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Abstract. Single-crystals of the layered copper hydroxide dodecylsulfate Cu2(OH)3(C12H25SO4) 

have been obtained for the first time, by controlled hydrolysis of an aqueous copper acetate 

solution. Interestingly this compound crystallizes in a non-centrosymmetric space group (P21, a = 

5.591(10) Å, b = 6.108(11) Å, c = 26.96(5) Å,  =  = 90°,  = 92.76°), which is further confirmed 

by non-linear optical measurements. Within the course of the synthesis, a probable intermediate 
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between Cu(OAc)2·H2O and the layered Cu2(OH)3(C12H25SO4) was isolated and characterized. X-

ray structure analysis showed that this intermediate presents a ribbon-like structure, of formula 

Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2. The magnetic properties of the layered 

Cu2(OH)3(C12H25SO4) have been analyzed in the high-temperature region (T > 20 K) by 

considering a high-temperature series expansion for a S = ½ Heisenberg 2D triangular lattice. At 

lower temperature, the compound shows a 3D antiferromagnetic ordering (TN = 10.8 K). The 

ribbon-like compound Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2 presents an overall 

antiferromagnetic behaviour, resulting from a combination of ferro and antiferromagnetic 

interactions between nearest neighbours within the chains. 

 

Introduction. 

Layered materials have long proved to be materials of choice in the field of organic-inorganic 

hybrid systems.1,2 Among these materials, one may quote layered oxalate,3 Layered Double or 

Simple Hydroxides (LDH4 or LSH5), clays,6,7 hexathiohypodiphosphates (MPS3),
8,9 layered 

perovskite10 or MX4-based layered perovskite-like materials.11 Hybrid materials based on these 

systems can have interesting properties in magnetism,3,5,12,13 ferroelectricity,14 multiferroicity,15–17 

magnetoelectricity,18 luminescence,19,20 trapping of molecular species,21,22 anti-corrosion23 or 

catalysis24 for instance. 

In this respect, Layered Hydroxides are particularly interesting because they can be 

functionalized by various anionic molecules. LDH and LSH possess a similar hydrotalcite 

structure but they essentially differ in their composition and in the charge of the inorganic layers. 

LDHs are synthetic anionic clays, of formula [MII
(1-x),M

III
x(OH)2][A

n-
(x/n)(H2O)] (MII = Mg, Co, 

Ni, Zn,…; MIII = Al, Cr, V, Ga, Rh,…). The positive charge of the hydrotalcite [M(OH)2] layers 
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is compensated by anionic species located in the interlayer space. They can be functionalized by 

exchange of these An- anions.4 LSH contains only divalent transition metal ions, with a formula 

M2(OH)4-nx(A
n-)x (MII = Co, Cu, Ni, Mn, … and An- = carboxylate, sulfate, sulfonate or 

phosphonate anion). Inserted anion A is coordinated to the inorganic layers, which are thus neutral. 

Several strategies have been reported for the synthesis of functionalized LSH: insertion-

grafting,25–28 direct hydrothermal synthesis,29,30 in situ synthesis,31 controlled hydrolysis32 or, very 

recently, confined condensation.33 The most widely used method is insertion-grafting, which 

consists in an anionic exchange between the starting layered hydroxy-acetate and the molecule of 

interest bearing an anchoring group (carboxylate, sulfonate or phosphonate).5,18 A pre-intercalation 

method has been shown to be very effective to allow the insertion-grafting of large, hydrophobic 

or prone to hydrolysis molecules, including coordination complexes in Layered Simple 

Hydroxides.25,26,34,35 This method consists in the insertion-grafting of molecules bearing long-alkyl 

chains by anion-exchange from the starting layered hydroxy-acetate. In the case of layered copper 

hydroxide, dodecyl sulfate can be readily inserted into copper hydroxy-acetate, much more easily 

than less flexible molecules. Compared to copper hydroxy-acetate, copper hydroxy-dodecylsulfate 

presents a much larger and more hydrophobic interlamellar spacing which enables the subsequent 

insertion of various molecules. 

The precise understanding of the properties of the layered hybrid compounds (optical, magnetic 

or dielectric for instance) requires a deeper knowledge of their structure. To this aim, it is worth 

investigating the structures of the starting materials, which appears not to be an easy task. The 

single-crystal structure of copper hydroxy-acetate Cu2(OH)3(OAc)·H2O was only reported in 

2011, whereas research involving this compound has been performed for more than 25 

years.5,27,28,36–41 Concerning the dodecylsulfate analogue, now widely used as a starting compound 
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for insertion, to the best of our knowledge, no precise description of its structure has ever been 

reported. 

We describe here the synthesis of high crystallinity Cu2(OH)3(C12H25SO4). Single-crystal 

structure determination shows that this compound crystallizes in the non-centrosymmetric space 

group P21. The non-centrosymmetry is confirmed by non-linear optical measurements. Moreover, 

during the synthetic approach, we managed to isolate and to characterize by single-crystal X-ray 

diffraction a ribbon-like compound of formula Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2 which 

can be considered as an intermediate in the synthesis of Cu2(OH)3(C12H25SO4) from 

Cu(CH3COO)2·H2O. Finally, the magnetic properties of 

Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2 and Cu2(OH)3(C12H25SO4) are described. 

Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2 presents a combination of ferro and antiferromagnetic 

interactions between nearest neighbours within the chains, whereas the properties of 

Cu2(OH)3(C12H25SO4), which presents an antiferromagnetic ordering at TN = 10.8 K, can be 

interpreted in the high-temperature regime (T > 20 K) using a Heisenberg 2D triangular spin lattice 

model. 

 

Experimental Section.  

Synthesis of Cu2(OH)3(CH3COO)·H2O, (Cu2(OH)3(OAc)·H2O) : The synthesis is adapted from 

the one of Švarcová et al.42 4 g (20 mmol) of Cu(CH3COO)2·H2O are solubilized in 100 mL of a 

mixture water/ethanol (90/10 v:v), then heated under reflux at 60°C during 72 h. Blue-green 

crystals are then collected by filtration and washed with water and ethanol. The filtrate is then 

heated again at 60°C for 48 h, and the blue green crystals are collected, washed with water and 

ethanol and mixed with the first fraction. This procedure is repeated twice. Yield: ca. 4%. 
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Synthesis of Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2 (1) : Cu(OAc)2·H2O is added to 0.5 

equivalent of a solution (0.05 M) of C12H25SO4Na in a water/ethanol mixture (70/30 v:v), stirred 

vigorously during 1 h at room temperature and let slowly evaporated at room temperature without 

stirring. Small crystalline needles grow within a few days (3 days for a total volume of 100 mL). 

Yield: ca. 30%. 

Synthesis of Cu2(OH)3(C12H25SO4), (Cu2(OH)3(DS)) (2) : 1.33 g (5 mmol) of sodium 

dodecylsulfate are dissolved in 100 mL of a water/ethanol mixture (70/30 v:v). Cu(OAc)2·H2O (2 

g, 10 mmol) are added to the solution which is stirred during 1 h. The mixture is then heated under 

reflux at 60°C for 3 days, without stirring. The blue solid is filtered, washed three times with water, 

twice with a water/ethanol mixture and once with ethanol, then dried under vacuum. Yield: 40% 

(based on NaDS) (885 mg, 2 mmol). 

 

The Powder X-Ray Diffraction (PXRD) diagram of Cu2(OH)3(C12H25SO4)·(2) was measured in 

transmission geometry on a PANalytical X’Pert PRO diffractometer equipped with a focusing 

mirror (Cu-λKαmoy) and a PIXcel detector. The polycrystalline sample was loaded in a capillary of 

0.3 mm diameter. The PXRD diagram was recorded at room temperature between 3 and 60°(2θ) 

with a step size of ~0.013°(2θ) for 2 hours. The Rietveld refinements were performed with the 

JANA2006 program43 to check the composition of the polycrystalline sample of 

Cu2(OH)3(C12H25SO4). Assuming the crystal structure model obtained from the single crystal X-

ray data only the scale, unit cell and profile parameters were refined. The low R factors (Robs = 

7,01 ; RBobs = 13,15 ; Rwp = 8,43, gof = 1,80) and the absence of any extra peaks testify that the 

polycrystalline sample correspond to a single-phase sample of Cu2(OH)3(C12H25SO4) (Figure S1). 
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Powder X-ray diffraction (XRD) patterns of the ribbon-like compounds (compound 1, Figure S2) 

were collected with a Bruker D8 diffractometer (Cu Kα1 = 0.1540598 nm) equipped with a 

LynxEye detector discriminating in energy. 

Single crystal X-ray diffraction measurements were performed using Mo K radiation produced 

with a micro focus Incoatec Iµs sealed X-ray tube on a KappaCCD (Bruker-Nonius) four circles 

diffractometer equipped with an Apex2 bi-dimensional detector (CCD: charge coupled device). 

Crystals of suitable crystalline quality were selected for single crystal XRD; details of the data 

collection are given in Table 1. Data were corrected from absorption using Sadabs program 

developed for scaling and absorption corrections of area detector data.44,45 The structure was 

determined with Superflip46 using charge-flipping algorithm and introduced in the program 

Jana2006.43  

 

FT-IR spectra of the hybrid compounds were collected in ATR mode on a SpectrumII spectrometer 

(PerkinElmer). TGA-TDA experiments were performed using a TA instrument SDT Q600 

(heating rates of 5°C·min-1 under air stream, using Pt crucibles). The SEM images were obtained 

with a JEOL 6700F microscope equipped with a field emission gun, operating at 3 kV in the SEI 

mode and with a ZEISS GeminiSEM 500 microscope, operating at 1 kV or 5kV in secondary 

electron imaging mode. The magnetic studies were carried out with a SQUID magnetometer 

(Quantum Design MPMS3) covering the temperature and field ranges 2–300 K and +/– 7 T, 

respectively. Magnetization versus field measurements at room temperature confirm the absence 

of ferromagnetic impurities. Data were corrected for the sample holder, and diamagnetism was 

estimated from Pascal constants. 
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Non-Linear Optical (NLO) activity was evaluated by detecting the Second-Harmonic Generation 

(SHG) process. SHG measurements have been performed with an inverted microscope (Olympus 

IX71). The SHG process is induced by focusing in the sample a pulsed laser beam at 900 nm 

(Spectra Physics, Tsunami) with ultrashort pulse durations (100 fs at 80 MHz) and input power of 

50 mW. Samples in powder form deposited onto a microscope slide are excited by this laser beam 

using a low-aperture microscope objective (Olympus, SLMPlan, X20, N.A. = 0.35). The SHG 

signal emitted at 450 nm is separated from the excitation beam by a dichroic mirror and collected 

during 1 s in reflection mode using a spectrometer (Acton research SP2300) coupled with a CCD 

camera (Princeton Instruments PIXIS400). For SHG imaging, a micrometric displacement stage 

is combined with a photon photomultiplier in counting mode (Hamamatsu, H7421). 

 

Results and discussion 

 

Syntheses and crystal structures 

Since it is possible to obtain Cu2(OH)3(OAc)·H2O as single crystals,42 and considering that 

anionic exchange reactions from Cu2(OH)3(OAc)·H2O have been well studied,5 including for the 

synthesis of Cu2(OH)3(C12H25SO4),
41 we first tried to obtain single crystals of 

Cu2(OH)3(C12H25SO4) by single-crystal to single-crystal modification from Cu2(OH)3(OAc)·H2O. 

In order to maximize the chance to keep the crystallinity of the starting material, we performed 

exchange reaction from Cu2(OH)3(OAc)·H2O without stirring and using softer condition than for 

the classical exchange (25°C during 48 h instead of 60°C during 72 h). Yet we could obtain only 

partial exchange (Figure S3) and even though the crystallinity remains very good (Figure S4), the 

single-crystal character is lost.  
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Therefore, we adopted another method, derived from the one described by Švarcová et al. which 

has enabled to obtain single crystals of Cu2(OH)3(CH3COO)·H2O,42 or from the one used by Fujita 

to obtain single crystals of copper hydroxides with sulfonates, either with a layer structure or with 

a distorted diamond chain structure.32,47 In the present case, it consists in adding copper acetate to 

a solution of sodium dodecylsulfate in a water/ethanol mixture heating the solution at 70°C for 

several days. Despite the relative simplicity of this procedure, several observations can be made. 

When the two reactants are mixed (either solid Cu(OAc)2·H2O or concentrated aqueous solution 

of Cu(OAc)2·H2O added to 0.5 equivalent of a solution (0.05 M) of C12H25SO4Na in a 

water/ethanol (70/30 v:v) mixture, or the reverse, C12H25SO4Na poured onto solid Cu(OAc)2·H2O 

or into concentrated aqueous solution of Cu(OAc)2·H2O), a blueish precipitate forms immediately. 

This precipitate is filtered after 1 h of stirring at room temperature. Powder X-ray diffraction 

(Figure S2) and infrared spectroscopy (Figure S5) clearly show that this blueish precipitate is 

composed of sodium dodecylsulfate and at least one other phase which could not be identified and 

which corresponds neither to copper acetate nor to copper dodecylsulfate nor to the ribbon-like 

structure which forms when the suspension is let evaporate (see below). 

Indeed, when, instead of being filtered, this suspension is slowly evaporated at room temperature 

without stirring, crystalline needles form (compound 1) (Figure 1 left). Interestingly, when the 

reactants are only mixed during 5 min, without full dissolution of Cu(OAc)2·H2O, similar needles 

appear to grow from the remaining Cu(OAc)2·H2O crystals (compound 1’) (Figure 1 right), which 

suggests that the corresponding compound may be an intermediate between Cu(OAc)2·H2O and 

Cu2(OH)3(DS). 
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Figure 1. Optical microscopy image of the crystals of compound 1 (left) and of compound 1’ 

(right). 

Single-crystal structure determination on the needles showed that compounds 1 and 1’ are in fact 

identical. The crystal structure of compound 1 can be described by 2 Cu, 1 S, 8 O, 14 C independent 

atoms. All the atomic positions were refined and then atomic displacement parameters (ADP) were 

considered as anisotropic for copper and sulfur atoms and isotropic for all remaining atoms. At 

this step, 25 independent hydrogen atoms were introduced using geometric considerations to fill 

the carbon environment. Bond valence sum calculations performed for all the atoms lead to low 

value for two O atoms: O2 and O3 (0.4 and 1.3 respectively); these weak values can be attributed 

to the presence of H atoms. Two hydrogen atoms were then added around O2 and one hydrogen 

around O3; the position of the H atoms was determined based on geometrical considerations and 

restricted in link to their O first neighbour. The resulting model corresponds to the composition 

Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2, where 2 water molecules and 2 hydroxide groups per 

formula are present. Final reliability factors and details of the refinement are reported in Table 1 

and the atomic parameters of compound 1 are summarized in Tables S1a and S1b. 

 

 

1 mm 2 mm 
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Table 1. Crystallographic data for 1(1’) and 2. 

sample 1 2 

Chemical formula Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2 Cu2(OH)3(C12H25SO4) 

Molecular weight (g.mol-

1) 
905.5 444.5 

Space group P1̅ P21 

a (Å)  5.602(2) 5.591(10) 

b (Å)  8.314(3) 6.108(11) 

c (Å)  21.283(8) 26.96(5) 

α (°) 83.02(2) 90 

 (°) 85.87(2) 92.76(3) 

 (°) 81.85(2) 90 

Cell volume (Å3) 972.4(7) 920(3) 

Z 1 2 

Density (g.cm–3) 1.546 1.6053 

μ (mm–1) 1.798 2.452 

wavelength (Å) 0.71069 0.71069 

scan strategy / Dx (mm) ω/φ scan / 50 ω/φ scan / 50 

Θ max 29.17 29.03 

Reflections index limit 

-6≤ h ≤7  

-10≤ k ≤ 11 

-27≤ h ≤ 28 

-7≤ h ≤7  

-8≤ k ≤ 8 

-36≤ h ≤ 36 

unique reflections with 

I≥3σ(I)  
1199 1093 

Absorption correction  multi-scan / SADABS multi-scan / SADABS 

Internal R value before 

/after correction (%)   
15.1% / 6.2% 15.3% / 4.9% 

# refinement parameters 119 78 

ρmin / ρmax (e/ Å 3)  -1.72/1.21 -2.43/1.19 

F(000) 473 460 

Reliability factors % 9.95% 6.98% 
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Compound 1 adopts a distorted diamond chain structure, analogous to that of azurite 

Cu3(OH)2(CO3)2.
48 A similar arrangement has been described by Fujita et al. for sulfonate 

compounds of general formula Cu3(OH)2(RSO3)2(CH3COO)2(H2O)2,
47 but, to the best of our 

knowledge, it is the first time such a structure is reported with sulfate groups. Although the general 

diamond-like structure of the chains remains essentially the same, it is worth underlining here that 

in the present case, the sulfate groups are mono-coordinated to one copper atoms, whereas the 

sulfonate groups in the compounds described by Fujita et al. are, depending on the nature of the 

alkyl chain, either coordinated in µ2 bridging mode to two copper ions or not coordinated (instead, 

water molecules are coordinated in µ2 bridging mode). The chains in 1, well separated from each 

other by the dodecyl groups, develop along the a direction (Figure 2).  

 

 

 

Figure 2. View of the structure of Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2 (1) along the a 

(left) and b (middle) axis. Structure of the inorganic layer, (ab) plane (right). Cu (purple (Cu1) 

and blue (Cu2)), O (red), S (green), C (grey), H (white).  

Both crystallographically independent copper atoms are octahedrally coordinated by oxygen 

atoms. Hydroxide groups are in µ3 bridging coordination mode and bridge one Cu1 and two Cu2. 
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Acetate groups are in (1-(1-µ2))-µ3 bridging mode are coordinated to one Cu1 in 1 mode and 

bridge one Cu1 and one Cu2 in 1-µ2 mode. Finally, the sulfate groups are bridging one Cu1 and 

one Cu2 in 1-µ2 mode. One water molecule completes the coordination sphere of Cu2. 

If, using the same starting conditions, the solution is heated at 60°C without stirring and with a 

condenser during 3 days instead of being slowly evaporated, blue platelet-like crystals form with 

a relatively high yield (around 40%). Despite the very thin plate-like shape, the structure could be 

solved on a single crystal. The compound is a layered copper hydroxide of formula 

Cu2(OH)3(C12H25SO4) (compound 2).  

Compound 2 crystallizes in the non-centrosymmetric space group P21. The structure 

determination was performed using Superflip and the charge flipping algorithm using the P1 space 

group. The determined electron density was then analysed to evidence symmetry operators as 

described by Palatinus et al.49 This method led to the P21 space group. All the attempts of structural 

determination in a centro symmetric space group (using charge flipping but also direct methods) 

were unsuccessful, supporting the assumption of an acentric space group and this despite the lack 

of high angle diffraction. This is further confirmed by SHG measurements (see below).The crystal 

structure of compound 2 can be described by 2 Cu, 1 S, 7 O, 12 C independent atoms. All the 

atomic positions were refined and then atomic displacement parameters (ADP) were considered 

as anisotropic for copper and sulfur atoms and isotropic for all remaining atoms. In addition, 25 

independent hydrogen atoms were further introduced using geometric considerations to fill the 

carbon environment. As for oxygen atoms, bond valence sum calculations indicated low values 

for O2, O3 and O7 attributed to the presence of H atoms. Each of these O are surrounded by 3 

copper atoms and the hydrogen is building a OCu3H tetrahedron. The position of the H atoms was 

determined based on these geometrical considerations and restricted in link to their O first 
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neighbour. The model results in the elemental formula Cu2(OH)3(C12H25SO4). Since the space 

group is non-centrosymmetric, a twin law corresponding to an inversion center has been 

introduced and the ratio of the possible twin domains (i.e. the Flack parameters) was refined to 

0.26(9)/0.74(9).  Final reliability factors and details of the refinement are reported in Table 1 and 

the atomic parameters of the crystal 2 are summarized in Tables S2a and S2b.  

Compound 2 consists in layers of copper hydroxide of botallackite type structure, separated by 

dodecylsulfate ions, with an interlamellar distance of 26.93 Å (Figure 3). The dodecylsulfate 

molecules are coordinated to the layers by the sulfate group in 1-µ3 position. The structure 

resembles one recently reported with aromatic sulfonate molecules, yet to the best of our 

knowledge, it is the first time the crystal structure of a sulfate-containing layered copper hydroxide 

is reported, despite the fact that Cu2(OH)3(C12H25SO4) is often used as a precursor for intercalation 

compounds.5,25,26 
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Figure 3. Views of the structure of 2 Cu2(OH)3(C12H25SO4) left: along a; middle: along b. 

Structure of the inorganic layer, (ab) plane (right). Cu (purple (Cu1) and blue (Cu2)), O (red), S 

(green), C (grey), H (white). 

 

One peculiar aspect of the structure of 2 is that it crystallizes in a non-centrosymmetric space 

group. The non-centrosymmetry comes from the fishbone arrangement of the alkyl chains in the 

interlamellar spacing. This arrangement is different from the one which was classically and 

empirically drawn, where the alkyl chains were simply interdigitated in the interlamellar 

spacing.41,50,51 This compound constitutes one relatively rare example of a chiral compound 

obtained from achiral building blocks,52–54 even though, as in most of the cases reported in the 

literature,54 the bulk sample of 2 likely contains both enantiomorphs (i.e. of opposite handedness). 

Interestingly, Cu2(OH)3(OAc)·H2O also crystallizes in a non-centrosymmetric space group 

(P21),
42 with the acetate molecules forming a fish-bone arrangement, contrarily to what was 

initially inferred by calculations (P21/m).55 Here, even though it could not be obtained via a crystal 

to crystal transformation from Cu2(OH)3(OAc)·H2O, Cu2(OH)3(C12H25SO4) crystallizes in the 

same non-centrosymmetric crystal space group as Cu2(OH)3(OAc)·H2O. It is worth noting here 

that layered copper hydroxides functionalized by sulfonate molecules, as reported by Fujita et al., 

crystallize in centrosymmetric space groups, even though the synthetic procedure is similar to the 

one described here.32 Hence, functionalizing the hydroxide layers with sulfate instead of sulfonate 

has a significant influence on the structure that can lead to different properties. 

 

Non-Linear Optics  
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In order to fully ascertain the non-centrosymmetry of the structure of 2, Non-Linear Optical 

microscopy was performed. Measurements on a single crystal show a clear Second Harmonic 

Generation signal (Figure S6). To avoid any false-positive signal due to surface Second Harmonic 

Generation (all the more since the thickness of the crystals is small), we managed to record SHG 

intensity as a function of thickness on a partially cleaved crystal (Figure 4). The enhancement of 

the SHG signal with the thickness rules out a surface effect. Since non-centrosymmetry is a 

necessary condition for Non-Linear Optical activity, the observation of a clear SHG signal for 2 

confirms its non-centrosymmetry. 

 

Figure 4. Non-Linear Optical microscopy observation of a partially cleaved crystal of 2. From left 

to right : optical microscopy image, SHG intensity image, and SHG intensity profile (for 

observation reasons, the image and profile are flipped with respect to optical microscopy image). 

 

Comparison with classical method and morphology control 

The method used to synthesize the compound 2 enables to obtain more than 800 mg for each 

synthesis, with a yield of about 40%. This synthesis does not involve any pH adjustment like the 

one used by Okazaki et al.50 Compared to the « classical » ion-exchange method from 

Cu2(OH)3(OAc)·H2O,41 this one-step hydrolysis method enables to increase greatly the crystallite 

size (Figure 5). 
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Figure 5. SEM image of Cu2(OH)3(C12H25SO4) obtained via ion exchange from 

Cu2(OH)3(OAc)·H2O (left) and via the one-step hydrolytic synthesis described in the present work 

(right). 

 

Finally, it is worth noticing that depending on the water/ethanol ratio and of the reaction 

temperature, it was possible to control the morphology of the Cu2(OH)3(DS) crystallites. Using up 

to 30% of ethanol, as described in the experimental part, the crystallites have the classical regular 

platelet shape. For an ethanol content larger than 40%, associated with a lower reaction 

temperature (30°C instead of 60°C), the crystallites adopt a “butterfly” morphology (Figure 6). 

We checked by Rietveld refinements of the powder X-ray diffraction data that the crystal structure 

does not change (Figure S1). 



 17 

 

Figure 6. Optical images of the regular platelet morphology (left) and of the butterfly morphology 

(right). 

 

Magnetic properties 

The magnetic properties of compounds 1 and 2 were recorded in the range 1.8-300 K under a dc 

magnetic field of 5000 G. 

The magnetic properties of compound 1 are presented in Figure 7. The fit of the 1/ = f(T) curve 

in the high-temperature region (above 200 K) leads to a Curie constant of 1.73 emu·K·mol-1 (i.e. 

0.58 emu·K·mol-1 per Cu(II) ion, within the range of expected values56) and negative Weiss 

temperature of -77 K, which indicates dominant antiferromagnetic interactions. The  = f(T) for 

compound 1 indicates a paramagnetic behaviour on the whole temperature range with short-range 

interactions. The curve presents a sharp maximum at 10.5 K with a very broad shoulder centered 

around 70 K. This peculiar shape, with two, more or less defined, peaks in  = f(T) has already 

been observed in other diamond-like Cu(II) hydroxide chains, with sulfonate and acetate ligands,47 

or for the related Cu3(OH)2(CO3)2 azurite.48 

The  = f(T) curve for 1 could be fitted above 7 K, considering isolated chains (separated by the 

long dodecylsulfate molecules), and the spin topology schematized on figure 8. Below 7 K, the 
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model used is too simplified to be valid, because other intrachain or 3D interchain interactions are 

likely to be taken into account in this temperature range and because of the finite size of the model. 
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Figure 7.  = f(T) curve at 5000 G for compound 1 (open squares: experimental points, full red 

line: best fit). 

 

 

Figure 8. Spin topology considered for 1 above 13 K. This topology is identical to the one used 

by Fujita et al. for related diamond-like chain compounds bearing sulfonate molecules.47 
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The fit was performed considering the following Hamiltonian for spin-spin interactions :  

Ĥ = Σ – Jij Ŝi Ŝj. We considered a ring of twelve spins to reproduce the chain behaviour without 

edge effect. The numerical resolution of the Hamiltonian was carried out by using the program 

SPIN including a refinement routine.57 A very good adjustment of the experimental data was 

obtained with the refined values : J1 = 11(6) cm-1, J2 = -75(1) cm-1, J3 = -52(2) cm-1, J4 = 28(2) cm-

1 and g = 2.29(3) (the fit was performed with a single g factor for the two different copper ions to 

limit over-parameterization). Standard deviations on Ji values are quite high due to important 

correlations between parameters. Given the fact that several exchange pathways exist between two 

spin carriers, it is here difficult and beyond the scope of this study to perform a clear correlation 

between the J values determined and the structure of the compound. Yet it is worth noticing that 

the J values are moderate, and within the usually observed range for Cu-O-Cu (OH, (1-µ2)-sulfate 

or (1-µ2)-carboxylate bridges) or Cu-OCO-Cu (((1-1)-µ2)-carboxylate) motives.47,58,59 In 

particular, it is noteworthy that the Cu-Cu interaction via the ((1-1)-µ2)-carboxylate (J4) is 

ferromagnetic, as expected for a syn-anti carboxylate.60 Clearly, the peculiar behavior of 

compound 1 can be explained by the competition between ferromagnetic and antiferromagnetic 

nearest neighbour exchange interactions. 

 

As for compound 2, the fit of the 1/ = f(T) curve in the high-temperature region (above 200 K) 

leads to a Curie constant of 0.89 emu·K·mol-1 (i.e. 0.45 emu·K·mol-1 per Cu(II) ion, within the 

range of expected values56) and very small negative Weiss temperature of -0.3 K, which indicates 

dominant antiferromagnetic interactions. Approximating the triangular magnetic lattice as being 

regular, the  = f(T) can be fitted using the high-temperature series expansion for a S = ½ 

Heisenberg 2D triangular lattice (Figure 9) for T > 20 K.61,62 
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Figure 9.  = f(T) curve at 5000 G for compound 2 (open squares: experimental points, full red 

line: best fit). 

 

The best fit provides J = -0.40(1) cm-1 and g = 2.17(1). The exchange interaction is significantly 

smaller (by two orders of magnitude) than the ones obtained by Fujita for a series of layered 

hydroxides containing aromatic sulfonates.32 The sharp maximum observed around 11 K in the  

= f(T) curve and the very abrupt decrease of T = f(T) (Figure S7), can be associated with the 

occurrence of a long-range (3D) antiferromagnetic ordering. The ordering temperature can be 

determined precisely from the maximum of the in-phase susceptibility (Figure S8) leading to TN 
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= 10.8 K. This value is slightly higher than the one determined recently for an analogous compound 

(synthesized by confined condensation, a totally different approach, and for which no crystal 

structure could be obtained) (TN = 8 K).33 The magnetization vs. field curve at 1.8 K shows a clear 

spin-flop transition for a critical field of 2 T (Figure 10) which supports an antiferromagnetic 

ordering at low temperature in compound 2. 
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Figure 10. M = f(H) (black squares) and dM/dH = f(H) (red squares) at 1.8 K for 2. Full lines are 

just guides for the eye. 
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Conclusion. 

Single crystals of 1D and 2D copper hydroxides bearing dodecylsulfate molecules have been 

obtained by a hydrolysis method from copper acetate. This method has already been employed to 

obtain single crystals of Cu2(OH)3(OAc)·H2O,42 various layered copper hydroxides containing 

aromatic sulfonates32 and copper hydroxide distorted diamond chains bearing sulfonate 

molecules47 but to the best of our knowledge, it is the first time this method is proved efficient to 

obtain single crystal of sulfate containing low dimensional copper hydroxide based hybrids. 

The structure determination of Cu2(OH)3(C12H25SO4) is particularly noteworthy since this 

compound is widely used for further functionalization by ion-exchange reaction. Interestingly, X-

ray structure analysis and NLO measurement clearly indicate that it crystallizes in a non-

centrosymmetric space group just like the parent compound Cu2(OH)3(OAc)·H2O, contrarily to 

what was observed for layered copper hydroxides containing aromatic sulfonates.32 

In addition, we isolated and fully characterized a 1D, ribbon-like, copper-hydroxide based 

compound, which can be considered as an intermediate between the “0D” copper acetate and the 

2D Cu2(OH)3(C12H25SO4). 

Extension of this hydrolysis approach to the preparation of highly crystalline hydroxide-based 

low dimensional hybrids networks with other transition metal ions is currently under study. 

 

Supporting Information. Powder X-Ray diffraction diagram of 2 with butterfly morphology. 

Powder X-Ray diffraction diagram of the blueish precipitate and compound 1. Powder X-Ray 

diffraction diagram and SEM images resulting from attempts of single-crystal to single-crystal 

functionalization of Cu2(OH)3(OAc)·H2O. IR spectra of the blueish precipitate and compound 1. 



 23 

Positional parameters and Atomic Displacement Parameters for 1 and 2. Second Harmonic 

Generation signal for 2. T = f(T) and ac susceptibility data for compound 2. 

CCDC 1588057 and 1588059 contains the supplementary crystallographic data for this paper. 
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A non-centrosymmetric Cu(II) layered hydroxide: synthesis, crystal structure, non-linear 

optical and magnetic properties of Cu2(OH)3(C12H25SO4) 
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Single-crystals of the layered copper hydroxide dodecylsulfate Cu2(OH)3(C12H25SO4) have been 

obtained by controlled hydrolysis of an aqueous copper acetate solution. This compound 

crystallizes in the non-centrosymmetric space group P21. An intermediate compound with a 

ribbon-like structure, of formula Cu3(C12H25SO4)2(CH3COO)2(OH)2(H2O)2, was isolated and fully 

characterized. The magnetic properties of both compounds are thoroughly analyzed. 
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