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Abstract  

A new organic–inorganic hybrid with the empirical formula [NH3-CH2-COOH]CdCl3.H2O has 

been crystallised, and the structure was solved at room temperature (system (orthorhombic), 

space group (Pcam), unit parameters cell (a = 7.433(10) Å, b = 7.743(2) Å, c = 25.346(6) Å), 

volume 1458.76 (5) Å
3
), Z = 8). The asymmetric unit cell consists of a combination of [Cd 0.5 

Cl3]
– anions, one organic +NH3(CH2)CO2H cations, and one water molecule to form a two-

dimensional perovskite system. The hydrogen-bonding network ensures cohesion between these 

layers. The micro-Raman spectroscopy measurement technique is used to probe 

organic−inorganic halide perovskite vibration modes. The compound was, also, characterised 

using the vibrating sample magnetometer VSM and the UV-visible absorption techniques.  
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1. Introduction  

Organic–inorganic layered perovskite compounds have been studied for over 80 years. These compounds 

are a sub-family of perovskites AMX3 structure, where A is an organic cation, M is a divalent ion which 

can be Pb2 +, Cu2 +, Sn2+, Co2+, Fe2 +, Mn2 +, Cr2 +, Cd2+, or Yb2+ and X is an oxygen atom in the case of 

oxides but it can be halogen or nitrogen in other cases; note that the electronegative atom is in its ionic 

form (halide) [1-3]. Many studies have been published with the formula [R–NH3]2MCl4. Remy et al 

synthesised a series of compounds containing copper chloride and short alkyl chains with amino groups 

[4]. The organic–inorganic hybrids have received considerable interest in the recent years as they present 

unique thermal, magnetic, electronic, and optical properties offering opportunities for many technological 

applications. Most of the layered organic–inorganic hybrid materials have perovskite-type structures, 

where inorganic sheets consist of corner-sharing MX6 octahedral or tetrahedral as for Zinc and cobalt. 

The ammonium function allows the organic molecule to be inserted between the octahedra, with 

ionic bonds between NH3
+ and X-, which ensures the cohesion of the molecular crystal. There 

are two possible scenarios: one hydrogen atom can bond to the bridging halide and two hydrogen 

atoms to the terminal halides (terminal halogen configuration) or vice versa with two bridging 

and terminal hydrogen atoms (bridging halogen configuration). Various studies of organic–

inorganic hybrids based on ammonium chains with the general formula [(CnH2n+1NH3)2MX4] 

(n = 1-18; X = Cl, Br, I; M = Cd2+, Mn2+…) have been published [5-8]. 

This family of compounds has a wide set of structures, properties, and applications; notably, 

some hybrids are used in solar energy storage field and photovoltaic cells. The first approved cell 

with an efficiency of 12% was manufactured; its performance increased rapidly and reached 20% 

in 2014 [9-11]. The challenge now is to develop photovoltaic cells using chemical methods that 

are inexpensive, reduce manufacturing time, and have a high conversion efficiency [12]. 

Currently, the photovoltaic devices based on PbI3CH3NH3, which is a combination of lead halide 

and short chain (methylamine), present an unprecedentedly rapid rise in energy conversion 

efficiency. Theses composites with short organic chains provided the highest energy conversion 

efficiency [13-19]. In this context, the layered organic inorganic hybrid like perovskite systems 

are an important family of functional materials. Among them those based on copper and 

cadmium halides have been widely studied due to their fascinating structures and versatile 

applications in solar energy, display devices, probes of biological systems. Particularly, cadmium 

halide based on organic inorganic hybrids have shown numerous attractive properties, such as 



photoluminescence, optical, electrical and catalytic properties. The combination of cadmium 

halide and organic cations have been previously highlighted [20-24]. The first reported organic–

inorganic layered perovskite-type hybrids with carboxylic dimers were [(β-aluminium)2CuCl4] 

and [(β-aluminium)2CuBr4] [25]. Other composites, [(HO2C(CH2)3NH3)2PbI4] and [(NH3-

(CH2)3-CO2H)2CdCl4], were also studied [26]. In this work, glycine (NH2-CH2-CO2H) 

considered as the organic moiety was combined to cadmium chloride considered as the inorganic 

moiety to prepare the [NH3-CH2-COOH]CdCl3.H2O composite. Glycine is a short chain amino 

acid ligand that substituted the commonly used monoamines such as methyl amines. The main 

purpose of this study is to investigate the structural, spectroscopic, magnetic and optical 

properties at room temperature of the synthesised composite. 

2. Experimental Section  

Single crystals of [NH3-CH2-COOH]CdCl3.H2O were obtained as follows: a solution of glycine (1g, 

13.3 mmol) in distilled water was prepared and protonated by 1mL of hydrochloric acid (37%) added 

dropwise. The protonated solution  was added dropwise to a solution of cadmium chloride (1.34g, 6.7 

mmol) in distilled water. The transparent reaction mixture was stored at room temperature. The single 

crystals suitable for X-ray diffraction, were obtained after a for several days. 

To evaluate the purity of the compound, X-ray photoelectron spectroscopy (XPS) analyses were 

performed using the K-Alpha XPS System (Thermo Fisher Scientific) equipped with a micro-

focused monochromatic Al Ka X-ray source (1486.6 eV). Raman spectroscopy investigations 

were performed using a SENTERRA II Compact Raman Microscope (Brucker) with a 

wavelength of 532 nm (green laser) and power of 0.25 mW in the wavelength range 50–4000 

cm−1. The optical absorbance was recorded on a JASCO V-570 instrument within the range of 

200–800 nm. 

A scanning electron microscope (Quanta FEG 250) was used to determine the grain morphology 

of this compound. The magnetic measurements were recorded at room temperature using a 

vibrating sample magnetometer (EZ7; MicroSense) with a maximum applied field of 5 kOe. A 

regular single crystal was selected using an optical microscope. The Powder XRD Ultima IV X-

ray Diffractometer equipped with conventional X-ray source Cu Kα radiation (l: 1.54056 Å) was 

used to performed X-ray diffraction pattern with a 2θ range of 5–60°. A Nonius_Kappa_CCD 

diffractometer with a molybdenum anticathode was used for full data collection. The ϕ and ω 

scan modes were used, with a crystal-detector distance of 40 mm. The degree of mosaicity was 



(0.35°). DENZO-SMN program was used to reduce the data. The SIR 97 program allowed us to 

have a structural hypothesis [27], and SHELX 97 allowed us to refine all the atomic parameters 

using the full-matrix least-squares technique on squared structure factor F2 [28]. Hydrogen atoms 

were located theoretically and refined isotropically. All these programs were used within the 

WINGX package [29]. The DIAMOND [30] and MERCURY [31] programs were used for all 

the graphics. All the structural data in the Cambridge crystallographic data center Nos. CCDC 

1985794 and can also be obtained freely at www.ccdc.cam.ac.uk/data_request/cif. 

3. Results and Discussion  

3.1 X-ray diffraction studies  

The powder X-ray diffraction (PXRD) experiment was carried out to confirm the good 

crystallinity and homogeneity of the synthesized product [NH3-CH2-COOH]CdCl3.H2O.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: experimental powder XRD patterns synthesized product [NH3-CH2-

COOH]CdCl3.H2O 

 

The structure of the titled compound was solved at room temperature. The results of data 

measurements and refinement are summarised in Table 1. The SXRD study was performed at 

room temperature and reveals that this compound crystalizes in an orthorhombic system with a 

Pcam space group, a = 7.433(10) Å, b = 7.743(2) Å, c = 25.346(6) Å), volume 1458.76 (5) Å
3
) 
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and Z = 8 parameters. The asymmetric unit contains one cation +NH3-(CH2)-COOH, one anion 

[CdCl3]
-, and one H2O molecule (Fig. 2a). In this structure, three general positions are occupied 

by cadmium and two equatorial chloride ions with a refined occupancy factor 0.5 (Site 

Occupation Factor SOF = 0.5). The site occupation factor (SOF) gives the probability to find an 

atom at a specific site. Its value ranges from nearly 0 (no atom) to a maximum of 1 (100%, site 

always occupied by this atom). The location that are not occupied are voids. In solids 

compounds, these can occur so that the charge on ions can be balanced [32].  

This partial occupancy is a type of disorder encountered during the analysis of the crystal 

structure. 

Moreover, the crystal structure is built by alternating between organic and inorganic parts 

stacked along the c-axis. The inorganic part consists of CdCl6 octahedrons linked with each other 

by chlorine atoms (Fig. 2b); the cohesion is ensured by hydrogen interactions. The hydrogen 

bond involves N-H…Cl connections established between the organic and inorganic layers (Fig. 

2d) along with the first scenario (one hydrogen atom can bond to the bridging halide and two 

hydrogen atoms to the terminal halides (terminal halogen configuration), where the NH-Cl 

distances (Claxial, Claxial, and Clequatorial) 2.368, 2.467, and 2.507 Å, respectively. Moreover, the 

second type of hydrogen bond interactions (+NH3(CH2)COOH…H2O) is formed between the 

acid function and three molecules of H2O with distances ranging between 1.800 Å and 3.030 Å 

(Figs. 2c, 2d). There is another type of hydrogen bond interaction between the octahedron and 

H2O molecule (CdCl6….H2O), separated by about 2.616 Å (Fig. 2d). Indeed, H2O molecules 

play crucial role to ensure the cohesion of this compound. It is obvious that hydrogen bond 

interactions have an important effect on the stabilization of the packing in the crystal structure. 

Despite complex hydrogen bond network, no twisted conformations of the organic chains are 

noted. The torsion angle NCCO is about 172 °. 

The coordination geometry around Cd(II) is a distorted octahedron. Each Cd atom is coordinated 

by six chlorides, in which four chlorides occupy the basal plane while two chlorides occupy axial 

positions. The average Cd-Cl distances for the [CdCl6] octahedron for other Cd(II) salts, found in 

the Cambridge structural database (CSD), range between 2.45 Å and 2.47 Å [33]. However, for 

this compound the Cd–Cl distances lie between 2.520 and 3.061 Å, the Cl-Cd-Cl angle values 

are between 82.99° and 100.28° and the bridging angles Cd-Cl-Cd are 147° and 164.01° (Table 

2). The distance between neighbouring Cd…Cd in the inorganic sheet is 5.077 Å and 5.672 Å. In 



addition, the organic sheets display an alternation between long and short bonds Cd-Cl ( 2.666 

and 3.061 Å) along with a non-linear bridging Cd-Cl-Cd angle (Fig. 2e).  The distortion angle 

parameter ∑, referred to as the sum of all the deviations from 90° of the 12 cis Ф angles in the 

co-ordination sphere, is often used to estimate the coordination-sphere distortion [34]. Herein, ∑ 

(55.5°) shows a significantly hard distortion of the co-ordination spheres of CdCl6 with respect to 

similar compound such as [NH3-(CH2)3-COOH]2CdCl4; (∑ =15.8°) [26]. This strong distortion 

of the octahedron CdCl6 is caused by the hydrogen bonds interactions of the ligand +NH3-CH2-

COOH via +NH3 group and the H2O. Moreover, the interlayer spacing between two adjacent 

inorganic layers (dInt =12.672 Å) (Fig. 2b) was found to be less than the interlayer distance of 

[NH3-(CH2)3-COOH]2CdCl4 (dInt = 15.6 Å).  

Table 1: X-ray diffraction and crystal data of the organic-inorganic hybrid [NH3-CH2-

COOH]CdCl3.H2O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crystal data C2H6Cd0.5Cl2NO3  

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

 

 

Volume 

Z 

Density (calculated) 

Absorption coefficient 

F(000) 

Crystal size 

Theta range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Completeness to theta = 25.242° 

Refinement method 

Data / restraints / parameters 

Goodness-of-fit on F2 

Final R indices [I>2sigma(I)] 

R indices (all data) 

Largest diff. peak and hole 

C2 H8 Cd0.50 Cl2 N O3 

221.19 

293(2) K 

0.71073 Å 

Orthorhombic  

Pc a m 

a = 7.43290(10) Å         α= 90°. 

b = 7.7433(2) Å             β= 90°. 

c = 25.3463(6) Å           γ = 90°. 

1458.81(5) Å-3 

8 

2.014 Mg/m3 

2.244 mm-1 

872 

0.17 x 0.14 x 0.12 mm3 

2.630 to 26.346°. 

-9<=h<=9, -9<=k<=9, -31<=l<=31 

2759 

1525 [R(int) = 0.0225] 

99.7 %  

Full-matrix least-squares on F2 

1525 / 10 / 75 

1.047 

R1 = 0.0275, wR2 = 0.0673 

R1 = 0.0338, wR2 = 0.0700 

0.549 and -0.866 e. Å-3 
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Figure 2. View showing the asymmetric unit (a). Crystal packing along the b-axis, clearly 

showing the alternation between the organic and inorganic layers along the c-axis 

(b). Connection between the organic chains and water by OH…H2O hydrogen bonds 

(dashed lines) (c). Cohesion between the organic and inorganic chains by N-H…Cl 

hydrogen bonds and organic chain and three H2O molecules (dashed lines) (d). View 

showing bridging angles Cd-Cl-Cd and alternation of long and short bonds Cd-Cl in 

inorganic sheet (e). 

 

 

Table 2: Bond lengths [Å] and angles [°] for octahedral [CdCl6] of the organic-inorganic hybrid 

C2H6Cd0.5Cl2NO3 

 

 

 

 

 

 

3.2 X-ray photoelectron spectroscopy (XPS) analysis 

The purity of the prepared compound was examined by using XPS. The XPS survey scan (Fig 3) 

reveals the existence of characteristic peaks assigned to carbon, oxygen, cadmium, chloride, and 

nitrogen. The main peaks are O1s, Cd3d, N1s, C1s and Cl2p centred at 533eV, 406 eV, 400eV, 288 

eV and 201 eV respectively. The atomic percentage is about 42% for carbon, 24.5% for oxygen, 

11.5% for nitrogen, 17% for Chlorine and 5% for cadmium, % which emphasising the purity of 

our compound. 

Bond lengths Cd-Cl [Å] Angles Cl-Cd-Cl [°] Angles Cd-Cl-Cd [°] 

2.520 

2.520 

2.666 

2.697 

2.598 

3.061 

88.49 

90.01 

90.01 

88.49 

83.74 

83.74 

96.2 

96.2 

100.28 

82.99 

83.26 

93.48 

147 

164.01 
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Figure 3: The whole XPS spectrum of [NH3-CH2-COOH]CdCl3.H2O 

 

3.3 Scanning Electron Microscopy 

Morphologic investigations of [NH3-CH2-COOH]CdCl3.H2O were performed by scanning 

electron microscopic (Fig4). The recorded image displays single crystal of foliated-like structure 

as well as several crystal fragments having uniform distribution and a flat surface which 

indicates good crystal quality [24, 35], this confirms the 2D perovskite structure consists of 

metallic layers parallel to the ab-plane, obtained by corner sharing between octahedra built of 

cadmium(II) cations surrounded by six chloride anions. 

 

Figure.4: SEM micrograph of [NH3-CH2-COOH]CdCl3.H2O  

 

 

 



3.4 Raman Analysis 

Raman spectroscopy, as a local and sensitive technique, is usually used to gather information 

about crystallinity. Spectrum were carried out with green laser λ = 352nm and at P = 0.25 mW. 

Typical Raman spectrum of [NH3-CH2-COOH]CdCl3.H2O is shown in figure 5. The analysis of 

the spectrum reveals that the vibrational spectra of the amino acid metal halide category of hybrid 

compounds can be divided into two regions. The region below 400 cm-1 associated with the 

internal modes of crystal including the distorted CdCl6 octahedron vibrations as shown in 

structural part. Indeed, the bands located at 62 cm-1 and 143 cm-1 are assigned to the symmetric 

and asymmetric bending modes of the Cl-Cd-Cl in equatorial plan symmetry. While the 

stretching mode symmetric of the Cd-Cl bonds is observed at 243 cm-1 [36, 37].  

Above 400 cm-1 the Raman active modes are associated to stretching modes of the amino acid 

cation. Specifically, the C-N and C-H stretching modes in the range 1000-1050 cm-1; the 

symmetric and antisymmetric NH bending in the range 1350-1800 cm-1; and symmetric and 

asymmetric NH stretching in the range 3000-3200 cm-1. The bands located at 443, 609 and 853 

cm-1 are characteristic respectively to twisting mode of NH3 groups, C-CO in plane deformation 

vibration and rocking vibration of CH2. The stretching vibration of OH is located at 899 cm-1. 

The C-C skeletal vibrations and the C-N stretching vibrations are observed at 1089 and 1105 cm-

1, while the bands located at 1306 and 1325 cm-1 are assigned to rocking vibration of NH3 group 

and O-H deformation vibration. The band observed at 1418 cm-1 is assigned to deformation 

vibration of CH2. Furthermore, different modes due to N-H…Cl hydrogen bonds and to the 

torsional motion of molecular subunits are observed. Symmetric and asymmetric stretching 

vibrations of the O-H bond are shown at 2966 and 3160 cm-1 [38-41].  
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Figure 5. Raman spectrum of [NH3-CH2-COOH]CdCl3.H2O, with green laser 532 nm at P = 

0.25 mW 

3.5 VSM magnetization curve. 

 

VSM analysis was performed to evaluate the magnetic property of [NH3-CH2-COOH]CdCl3.H2O 

at room temperature. A ferromagnetic hysteresis loop can be clearly seen in Figure 5. Therefore, 

this compound exhibits a ferromagnetic behaviour with a remnant magnetisation Mr of 

approximately 2 x 10-4 emu.g-1 and coercive field, referred to as as the reverse field needed to 

drive the magnetisation to zero after saturation, Hc=334 Oe. The magnetic saturation Ms is 

approximately 6.33 x 10-4 emu.g-1. Generally, in organic-inorganic hybrids, magnetism arises 

from the metal-ions transition in the inorganic moieties [42]. Even if, the copper is diamagnetic 

transition metal, it's become paramagnetic when present in compound. Cu(II) salts exhibit a 

strong Jahn-Teller distortion in [MX6] octahedra, with antiferrodistortive arrangement of the 

molecular axes in the plane of the perovskite sheet which leads to ferromagnetic interactions 

[43]. The Jahn-Teller distortion appearing in copper-based hybrids, where the alternation of long 

and short bonds due to Jahn-Teller effect leads to cooperative antiferro-distortive arrangements 

of the neighbouring octahedra, producing, hence, ferromagnetic interactions so that the spins 

become ferromagnetically ordered [44-46]. The five d atomic orbitals are split into two 

degenerate sets when constructing a molecular orbital diagram. These are represented by the sets' 

symmetry labels: t2g(dxz, dyz, dxy) and eg(dz2 and dx2−y2). When a molecule possesses a 

degenerate electronic ground state, it will distort to remove the degeneracy and form a lower 

energy (and by consequence, lower symmetry) system. The octahedral complex will either 

elongate or compress the z ligand bonds. The cadmium Cd2+ (d10) belong to the case of transition 

metal ion in octahedral coordination the electronic configurations (d3, d5, d8, and d10) do not 

exhibit Jahn-Teller distortions, even if the CdCl6 octahedron present significantly hard distortion 

(∑ =55.5°) as seen in structural description. As known cadmium transition metal is diamagnetic, 

but this 2D [NH3-CH2-COOH]CdCl3.H2O compound exhibit unusual ferromagnetic behaviour at 

room temperature (Figure 6). This let us think that there is presence of paramagnetic impurities. 

This hypothesis is exclude because the XPS technique has shown that our compound is pure. The 

compound present a disorder in the level of the distorted CdCl6 octahedron caused by partial 

occupancy of atoms (Site Occupation Factor SOF = 0.5 for cadmium and equatorial chloride see 



structural part above). In this compound these can occur so that the charge on ions can be 

balanced. 

The distortion and the partial occupancy let us think that Cd2+(d10) (diamagnetic has been 

reduced to Cd+ (d9) which is paramagnetic, this allowed the compression of CdCl6 octahedron 

similar to Jahn – Teller distortion. So, the magnetism behaviour seems to originate from Cd+ 

ions. In fact, it here is super-exchange interactions between neighbouring Cd+ ions via no linear 

pathways Cd-Cl-Cd ( 147° and 167.01°). This interaction is mediated by the non-magnetic 

chlorine ion, with a key role in the magnetic properties. Actually, the compound showed 

significantly hard distortion in the level of the co-ordination spheres CdCl6 giving rise to changes 

in the Cd-Cl bond lengths and alternation of long and short bonds ( Cd-Cl). As known, the 

magnitude of the distortion of the octahedron has an effect on the intensity of the super-exchange 

interaction between ion, further leading to a weak or a strong ferromagnetism [44].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Vibrating sample magnetometer hysteresis loop measurement of [NH3-CH2-

COOH]CdCl3.H2O at room temperature 

 

3.6 Optical measurements. 

Diffuse absorbance spectroscopy is a technique based on the absorption of light in the 

ultraviolet/visible light range (Figure 7a). The layered organic–inorganic hybrid [NH3-CH2-

COOH]CdCl3.H2O show low absorbance (approximately 0.2 arb.units), the absorption edge is 
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approximately 527 nm, and the missing absorption are in the wavelengths 575 nm. 

Tauc plot method was used to determine the correlation between the absorption coefficient α (α 

= 2.303 A/L), incident photon energy hυ, energy independent constant k, the optical band gap 

energy Eg, and the exponent n that represents the nature of transition (direct n = 2 and indirect n 

= ½). By plotting the (α h ν)n versus (h ν) for both n = ½ and n = 2, the actual transition type  

corresponds to the best fit. 

The equation (αhυ)n = k(hυ - Eg), known as the Tauc and Davis–Mott relation, is used to probe 

the optical band gap energy of [NH3-CH2-COOH]CdCl3.H2O from the UV/visible spectroscopy 

(Figure.7b). The estimated energy gap energy equals 2.80 eV. Interestingly, the energy gap value 

of the synthesised compound is lower than that of earlier reported compound [NH3-(CH2)3-

COOH]2CdCl4 (Eg = 3.65 eV) [26]. The use of a short organic chain (NH2-CH2-CO2H) instead 

of a relatively long chain (NH2-(CH2)3-CO2H) seems to be at origin of this appreciable energy 

gap value improvement.  

 

 

 

 

 

 

 

 

 

 

 

Figure 7: UV/vis diffuse absorbance plots of [NH3-CH2-COOH]CdCl3.H2O (a) and tauc plot 

from the UV/Vis analysis of [NH3-CH2-COOH]CdCl3.H2O (b) 

 

4. Conclusion  

A single crystal of new cadmium halide layer perovskite salt [NH3-CH2-COOH]CdCl3.H2O was 

synthesised by slow diffusion at room temperature. The formula unit is formed by [Cd0.5Cl3]
-1, 

protonated +NH3(CH2)CO2H entities, and one H2O molecule. The interlayer cohesion is 
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stabilised through various hydrogen bond interactions. The compound has an ionic structure in 

the form of a layered perovskite system. The attribution of the vibrational bands was carried by 

comparison with the vibration modes frequencies of homologous compounds. The titled 

compound exhibits a ferromagnetic behaviour at room temperature with remaining magnetisation 

(2 x10-4 emu.g-1), a coercive field approximately 334 Oe, and a saturation of approximately 6.33 

x 10-4 emu.g-1. The energy gap value obtained from the optical data using Tauc plot method was 

2.80 eV. 
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