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Abstract: The complex of cadmium perchlorate, [Cd(HMTA)2(H2O)4](ClO4)2•2H2O was synthesized 

by the reaction with hexamethylenetetramine (HMTA). C, H, N analyses, FT-IR, and X-ray 

crystallography were used to characterize the obtained complex. TG in the static air, simultaneous 

thermogravimetry-derivative thermogravimetry (TG-DTG), and differential scanning calorimetry 

(DSC) in streaming nitrogen atmosphere were evolved for thermal decay of prepared cadmium 

complex. To evaluate the reaction with quick warming, explosion delay measurements were attempted. 

The model-free isoconversional and model-fitting kinetic methodologies were applied to isothermal TG 

data for kinetic examination of the complex's thermal decomposition. At higher temperatures, the 

complex explodes to synthesize highly thermally stable residue most closely resembles cadmium oxide. 
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1. Introduction 

Hexamethylenetetramine (HMTA) or tetraazaadmantane (taad), commercially known 

as urotropine having four nitrogen atoms at corners of a tetrahedron, is a ligand of 

polycyclicploydentate type. HMTA behaves as a monodentate or bidentate ligand [1,2] and 

exhibits non-chelating behavior [2,3]. A. A. Dalvi et al. have used HMTA as a strong chelating 

agent for platinum and rhodium at the same time [4] HMTA when complexed with a transition 

metal or hydrogen-bonded with coordinated water [5,6] having the oxidizing group as a counter 

anion (NO3
- or ClO4

-) exhibits the properties of stable high energetic compounds (HECs) and 

undergo self-propagative exothermic thermal decomposition. As the sensitivity parameters are 

concerned, such type of metal amine perchlorate complexes lies between primary and 

secondary explosives [7]. In explosives, propellants, and pyrotechnics, transition metal 

complexes which are energetic are used. These complexes [8-12] behave as a burning rate 

promoter for propellants. In addition, at elevated temperatures, these complexes provide ultra-

fine metal oxides which may find applications in gas sensors, photocatalysis, self-cleaning [13], 

anode material for lithium-ion battery [14], inorganic electrochromic films [15], and in 

composite solid propellants as burning rate modifier [16]. 

Homo- and heterometallic compounds derived from s-indacene shift the peak 

temperature to the left and increase released heat during thermal decomposition of ammonium 
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perchlorate [17]. Cobalt complex of 2,6-diamino-3,5-dinitropyrazine-1-oxide exhibited 

excellent catalytic activity on the thermal decomposition of ammonium perchlorate [18]. The 

low-temperature molar heat capacities and thermodynamic properties (TG, DSC) of a 

crystalline complex of copper perchlorate are coordinated with imidazole Cu(C3N2H4)4(ClO4)2 

[19] and a crystalline rare-earth complex Er2(μ2-Gly)6(H2O)4•Na2(ClO4)8(H2O)2•4H2O [20] has 

been recently studied. The complex [Fe(HMTA)2(H2O)3(NO3)](NO3)2•2H2O has been used as 

a precursor for crystalline nanoparticles of α-Fe2O3 [21]. Co(II) and Zn(II) complexes of 

hexamethylenetetramine were found as a single source precursors for nanoparticles of Co3O4 

and ZnO [22]. Co(II) complex with HMTA and succinic acid was taken as ligands exhibit 

increased antibacterial test in comparison to the parent ligands [23]. 

[Ni(HMTA)2(NCS)2(H2O)2 has been synthesized, characterized, and found to be moderate 

antibacterial [24]. At present, strong attention is being given to the thermal decomposition 

studies of energetic metal amine perchlorate complexes [25-28]. CdO nanoparticles have been 

obtained by calcination of cadmium HMTA complex [{Cd(HMTA)(NO3)2(H2O)2}n] at 500ºC 

[29]. The compounds [Cd1.5I3(HMTA)•H2O] and [CdI2(HMTA)•H2O] were formed, 

characterized, and have been found to show luminescence activity [30]. In this work 

dichlorotetrakis(1-vinylimidazole)cadmium(II), [CdCl2(vim)4] complex was synthesized using 

1-vinylimidazole (vim) ligand and CdCl2 [31].   Synthesis, structure, and luminescent 

properties have been investigated for cadmium complex with 1,3-bis(1,2,4-triazol-1-

yl)propane [32]. Mononuclear and dinuclear species of (1,10-phenanthroline)bis(4-

formylbenzoate) cadmium(II) complex are found to be fluorescent [33]. Cadmium complex 

containing azobenzene carboxylato co-ligands has been found as a photoswitching agent [34]. 

Synthesis, structural diversity, luminescent properties, and antibacterial effects of cadmium(II) 

coordination compounds with bis(1,2,3-benzotriazol-1-yl) alkanes have been studied by R.D. 

Marchenko et al. [35]. Cadmium(II) complex with ligand [N-(3-acetylphenylcarbamothioyl)-

2- chloroacetamide] found to be antibacterial agent [36]. [Cd (aminotetrazole) (CH3COO) 

(H2O), displays good chemotherapeutic potential with reduced nephrotoxicity compared to 

cisplatin [37]. Structure, DFT studies, Hirshfeld surface analysis, and antimicrobial activity for 

cadmium complex of sulfathiazole dihydrate with secondary ligand pyridine were studied [38]. 

Compounds {[hmt][Cu3Br3][H2O]}n 2 has been found to have good photocatalytic degradation 

properties for the dye methylene blue. It also exhibited a high-sensitivity and high-selectivity 

fluorescence response to Cr3+ [39,40].  Earlier, we have analyzed the TG–DSC, crystal 

structure, impact, and friction sensitivity of lanthanum nitrate with HMTA [41]. This paper 

depicts the synthesis, characterization, and thermal behavior of cadmium perchlorate complex 

with HMTA as monodentate ligands. 

2. Materials and Methods 

 2.1. Materials. 

 Cadmium carbonate (s.d.fine; impurity limit 0.65%), perchloric acid (s.d. fine; 60%), 

hexamethylenetetramine (Merck; 99%)), all of AR grade were used as received.  

2.2. Preparation. 

 Two steps synthesis was involved in the complex formation. In the 1st step, 

Cd(ClO4)2•6H2O was obtained by the reaction of the metal carbonate with 60% perchloric acid, 

followed by recrystallization. In the 2nd step, the mixture of metal perchlorate and 
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hexamethylenetetramine (HMTA) in an aqueous medium was reacted together in the 

stoichiometric amount at room temperature. The solution was filtered off. The filtrate was kept 

in a vacuum to afford colorless crystals, which were washed with distilled water and dried in 

desiccators over dried calcium chloride. 

2.3. Characterization. 

2.3.1. Spectral characterization. 

 The characterization of complexes was done by elemental analyses (C, H, N; Elementar 

Vario EL III), IR [42-44] (Thermo Nicolet, Avatar 370 FT-IR spectrometer; KBr beam splitter, 

resolution 4.0 cm-1), and thermogravimetry (Table1). 

 2.3.2. X-ray crystallographic study. 

 Crystal of the complex, {[Cd(HMTA)2(H2O)4](ClO4)2•2H2O}with diameter 0.23 × 

0.16 × 0.08 mm was set up on a Nonius Kappa CCD diffractometer. Rotating anode generator, 

Nonius FR591 is used for statistics collection at low temperature, 223(2)K. Data collection 

collects (Nonius B. V.; 1998) and data reduction [45] applications are used for data collection 

and reduction, respectively. For absorption correction, DENZO-SMN [46] is used. 

Specific methods (SHELXS-97) have proven the structure [47]. For non-

hydrogen atoms, the complete matrix, the least square approach on F2 was used. The range of 

θ for data collection exists from 4.11 to 26.37˚. Anisotropic thermal parameters for non-

hydrogen atoms have been refined and produced an R-value of 0.034. The crystal structure 

(graphic did with SCHAKAL, made in XP with 30% probability) [48] of the desired complex 

is given in Figure 1.  

In Table 2, information on crystal data and refinement are given. Table 3 contains 

selected bond lengths and bond angles. 

2.4. Thermal analysis. 

 Thermogravimetry in static air with a heating rate of 10 ºC min-1 (figure 2) was recorded 

using 20 mg sample mass on indigenously fabricated TG equipment [49]. Simultaneous TG-

DSC traces have been acquired in flowing nitrogen atmosphere (sample mass 2.845 mg; 

heating rate 10 ºC min-1
; N2 flow rate 100 mL min-1) on Perkin Elmer, Diamond TG-DSC 

equipment (figures 3 and table 4). DSC was recorded in an inert atmosphere (N2 gas, flow rate 

of 100 mL min-1) with sample mass 9.2 mg at a heating rate of 10 ºC min-1(figures 3, table 4).  

 Isothermal TG curves were registered at five different temperatures (200, 210, 220, 

230, and 240 ° C) for 30% mass loss (figure 4). This was performed on the same indigenous 

developed TG apparatus, as previously described. The sample mass taken was 10 mg. 

Kinetics of decomposition has been explored utilizing isothermal TG data applying 

model-fitting (table 5) [50] and isoconversional method [51,52]. Figure 5 shows changes 

inactivation energy with the extent of conversion, α. Explosion delay experiment (sample mass 

10 mg) has been performed utilizing tube furnace technique [54], at temperatures 280, 300, 

320, 340, and 360ºC (table 6) within the experimental limit of ±1°C given in figure 5. 

Equal sizes of ignition tubes (4.0 cm long and 0.4 cm diameter) were used. Time has 

been recorded between the insertion of the ignition tube into the furnace and the explosion of 

the sample. (DE) data were fitted in the Arrhenius equation shown in Eq. (1), 
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DE = A exp E*/RT                        (1) 

where A represents the Arrhenius factor; E* represents the activation energy for the explosion; 

T represents absolute temperature, and R represents the universal gas constant. A plot of ln DE 

vs 1/T is exhibited in figure 6. Table 6 presents the different kinetic parameters of the explosion. 

3. Results and Discussion 

Elemental data (C, H, N) given in table 3 show a great agreement among the calculated 

and observed value of mass percentage of C, H, and N, which support the molecular formula 

of the complex. In the FT-IR spectral data (table 1), absorption frequencies at 508 and 626 cm-

1 have been assigned for ν(Cd-N) and ν(Cd-O) stretching. The peak at 1087 cm-1 confirms the 

presence of ionic ClO4
- (unligated). Other spectral peaks provided in table 1 are according to 

the standard text. 

The obtained complex has a monoclinic crystal system within the space group P21/C 

no.14 (Z=2). From the molecular structure of the complex given in figure 1, it is confirmed that 

cadmium ion is six-fold coordinated, in which N and O- atoms are involved.  

 

 
Figure 1. Crystal structure of the complex. 

 

Out of six atoms, four are O-atoms of four water molecules (O5, O5*, O6, and O6*), 

and two are N-atoms of two HMTA moiety (N1 and N1*). Cd-O(5) and Cd-O(5*) bond length 

are the same (2.286Å ) but slightly shorter than Cd-O6 and Cd-O6* bond length (2.291Å), 

which is still shorter than Cd-N1 and Cd-N1* bond length (2.396Å) (table 3). Bond angles O5-

Cd-O5*, O6-Cd-O6*, and N1-Cd-N1* are all 180˚ but angles O5-Cd-O6*, O6*-Cd-N1*, N1*-

Cd-O5*, O5*-Cd-O6, O6-Cd-N1, and N1-Cd-O5 are all close to 90° but not exactly 90º (table 

3). Thus, the complex shows a distorted octahedral geometry.  

Table 1. IR frequencies and elemental analysis data for the complex. 

Assignments IR 

ν/cm-1 

Element 

 

%, Obs. / 

(cald.). 

Ionic 

perchlorate 

626 N 15.88 

(16.0) 

M-N, M-O 445, 507 C 20.33 

(20.57) 

CH2 rocking 776 H 5.96 

(5.14) 

C-H str. 2882, 2935   

ClO4
- 1087   

C-H def. 1466 

1682 

  

O-H str. 3359   

C-N str. 999, 1021   
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Two uncoordinated water molecules are also involved in the crystal lattice. Bond length 

data (table 3) reveals that the two ClO4
- which are although uncoordinated to Cd++ - metal ion, 

remain close to cadmium and HMTA moiety. Table 3 exhibits the rest selected bond lengths 

and bond angles. Atomic coordinates, equivalent isotropic, and anisotropic displacement 

parameters, along with hydrogen coordinates, are tabulated in the supplementary material 

(tables 1-3). 

Table 2. Crystal parameters and refinement parameters for cadmium hexamethylenetetramine perchlorate 

complex (CHPC). 

C12 H36 Cd Cl2 N8 O14 Empirical formula                                     

699.79 Formula weight  

223(2) K Temperature  

0.71073 Å Wavelength  

2, 1.832 Mg/m3 Z, Calculated density  

0.23 x 0.16 x 0.08 mm Crystal size  

monoclinic, P21/c (No. 14) Crystal system, space group  

a = 8.0031/1Å 

b = 19.2897/4 Å b = 103.394(1)° 

c = 8.4481/2Å 

Unit cell dimensions  

1268.72(4) Å3 Volume  

1.152 mm-1 Absorption coefficient  

716 F(000)  

4.11 to 26.37° Theta range for data collection  

-9<=h<=9, -22<=k<=24, -10<=l<=10 Limiting indices  

6908 / 2543 [R(int) = 0.034] Reflections collected / unique  

98.3 % Completeness to theta = 26.37  

Semi-empirical from equivalents Absorption correction  

0.9135 and 0.7775 Max. and min. transmission  

Full-matrix least-squares on F2 Refinement method  

2543 / 136 / 239 Data / restraints / parameters  

1.061 Goodness-of-fit on F2  

R1 = 0.0345, wR2 = 0.0774 Final R indices [I>2s(I)]  

R1 = 0.0393, wR2 = 0.0807 R indices (all data)  

0.854 and -0.539 e.Å-3 

991077 

Largest diff. peak and hole 

        CCDC No. 

 

Table 5 glimpses the weight loss and the nature of the decomposition as depicted by 

the DSC curve. TG curve of the complex taken in a static air atmosphere (figure 2) and in a 

flowing nitrogen atmosphere (figure 3) shows that the complex decomposes in three steps.  

 

 
Figure 2. TG curve of complex in static air atmosphere. 

 
Figure 3. TG-DSC curve of complex in flowing N2 atmosphere. 
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Table 3. Bond lengths and bond angles for the complex. 
Length Bond Angle Bond Angle Bond 

2.286/3 

2.286/3 

2.291/3 

2.291/3 

2.396/2 

2.396/2 

1.408/4 

1.417/5 

1.433/5 

1.435/5 

1.407/15 

1.415/14 

1.417/14 

1.429/14 

1.488/4 

1.489/4 

1.494/4 

1.467/4 

1.475/4 

1.481/4 

1.469/4 

1.469/4 

1.478/4 

1.467/4 

1.468/4 

1.473/4 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.77/2 

0.77/2 

0.77/2 

0.768/19 

0.77/2 

0.77/2 

Cd/1-O/5  

Cd/1-O/5* 

Cd/1-O/6*  

Cd/1-O/6  

Cd/1-N/1*  

Cd/1-N/1  

Cl/1-O/4  

Cl/1-O/3  

Cl/1-O/2  

Cl/1-O/1  

Cl/1A-O/2A  

Cl/1A-O/4A  

Cl/1A-O/3A  

Cl/1A-O/1A  

N/1-C/1  

N/1-C/3  

N/1-C/4  

N/2-C/1  

N/2-C/2 

N/2-C/5  

N/3-C/3  

N/3-C/2  

N/3-C/6  

N/4-C/6  

N/4-C/4  

N/4-C/5  

C/1-H/1A  

C/1-H/1B  

C/2-H/2A  

C/2-H/2B  

C/3-H/3A  

C/3-H/3B  

C/4-H/4A  

C/4-H/4B  

C/5-H/5A  

C/5-H/5B  

C/6-H/6A  

C/6-H/6B  

O/5-H/01  

O/5-H/02  

O/6-H/03  

O/6-H/04  

O/7-H/05  

O/7-H/06  

180.00/9 

89.23/10 

90.77/10 

90.77/10 

89.23/10 

180.000/1 

85.90/9 

94.10/9 

86.85/9 

93.15/9 

94.10/9 

85.90/9 

93.15/9 

86.85/9 

180.000/1 

111.8/3 

110.2/3 

110.6/3 

109.3/4 

109.2/3 

105.5/4 

115/2 

111/2 

110/2 

106/2 

102.2/19 

112/2 

107.8/2 

107.7/2 

107.5/2 

108.40/18 

111.28/18 

113.98/18 

108.2/3 

108.4/3 

108.6/3 

108.4/3 

108.1/3 

108.3/3 

108.7/3 

108.4/3 

108.7/3 

112.1/3 

109.2 

109.2 

109.2 

109.2 

107.9 

112.0/3 

109.2 

O/5-Cd/1-O/5* 

O/5-Cd/1-O/6* 

O/5*-Cd/1-O/6* 

O/5-Cd/1-O/6 

O/5*-Cd/1-O/6 

O/6*-Cd/1-O/6 

O/5-Cd/1-N/1* 

O/5*-Cd/1-N/1* 

O/6*-Cd/1)-N/1* 

O/6-Cd/1-N/1* 

O/5-Cd/1-N/1 

O/5*-Cd/1-N/1 

O/6*-Cd/1-N/1 

O/6-Cd/1-N/1 

N/1*-Cd/1-N/1 

O/4-Cl/1-O/3 

O/4-Cl/1-O/2 

O/3-Cl/1-O/2 

O/4-Cl/1-O/1 

O/3-Cl/1-O/1 

O/2-Cl/1-O/1 

O/2A-Cl/1A-O/4A 

O/2A-Cl/1A-O/3A 

O/4A-Cl/1A-O/3A 

O/2A-Cl/1A-O/1A 

O/4A-Cl/1A-O/1A 

O/3A-Cl/1A-O/1A 

C/1-N/1-C/3 

C/1-N/1-C/4 

C/3-N/1-C/4 

C/1-N/1-Cd/1 

C/3-N/1-Cd/1 

C/4-N/1-Cd/1 

C/1-N/2-C/2 

C/1-N/2-C/5 

C/2-N/2-C/5 

C/3-N/3-C/2 

C/3-N/3-C/6 

C/2-N/3-C/6 

C/6-N/4-C/4 

C/6-N/4-C/5 

C/4-N/4-C/5 

N/2-C/1-N/1 

N/2-C/1-H/1A 

N/1-C/1-H/1A 

N/2-C/1-H/1B 

N/1-C/1-H/1B 

H/1A-C/1-H/1B 

N/3-C/2-N/2 

N/3-C/2-H/2A 

 

109.2 

109.2 

109.2 

107.9 

112.2/2 

109.2 

109.2 

109.2 

109.2 

107.9 

111.8/3 

109.3 

109.3 

109.3 

109.3 

107.9 

111.4/3 

109.4 

109.4 

109.4 

109.4 

108.0 

112.1/3 

109.2 

109.2 

109.2 

109.2 

107.9 

1284 

113/4 

108/5 

116/4 

132/3 

103/5 

106/6 

N/2-C/2-H/2A 

N/3-C/2-H/2B 

N/2-C/2-H/2B 

H/2A/-C/2-H/2B 

N/3-C/3-N/1 

N/3-C/3-H/3A 

N/1-C/3-H/3A 

N/3-C/3-H/3B 

N/1-C/3-H/3B 

H/3A-C/3-H/3B 

N/4-C/4-N/1 

N/4-C/4-H/4A 

N/1-C/4-H/4A 

N/4-C/4-H/4B 

N/1-C/4-H/4B 

H/4A-C/4-H/4B 

N/4-C/5-N/2 

N/4-C/5-H/5A 

N/2-C/5-H/5A 

N/4-C/5-H/5B 

N/2-C/5-H/5B 

H/5A-C/5-H/5B 

N/4-C/6-N/3 

N/4-C/6-H/6A 

N/3-C/6-H/6A 

N/4-C/6-H/6B 

N/3-C/6-H/6B 

H/6A-C/6-H/6B 

Cd/1-O/5-H/01 

Cd/1-O/5-H/02 

H/01-O/5-H/02 

Cd/1-O/6-H/03 

Cd/1-O/6-H/04 

H/03-O/6-H/04 

H/05-O/7-H/06 

 

Table 4. TG-DSC data of the complex. 

Step TG DSC 

Temp. range (ºC) Decomp. (%) Peak  position/°C Nature of peaks 

I 93 to 150 15 –(6 H2O) 118 endo 

II and III 154 to 229 40 -2(CH2)6N4 157 and 224 exo 

IV 239 to 392 Ignition 353 exo 

In the first step, all the six hydrate molecules (~15%, calculated mass 15.42%) (four 

coordinated and two uncoordinated) release in between the temperature range 93-150°C. This 

step is endothermic as an endothermic peak has appeared at 130ºC in DSC curve. The second 

and third steps are not well separated. In these steps, HMTA moiety and perchlorate ion 

undergo redox reaction (ignition) in-between temperatures 154-229°C. These two steps are 

exothermic as two exothermic DSC peaks appeared at temperatures 157˚C and 224ºC, 

correspondingly. In these two steps, the HMTA molecules oxidize by the perchlorate oxygen, 

releasing heat and gases, causing weight loss and exotherms in DSC curve, and they are 

corresponding to all these three steps DTG peaks have been recorded. Above 300°C the 

remaining residue of the third step ignited slowly, giving a broad exothermic peak in DSC 
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curve. At last, a residue corresponding to CdO has been left. Thus, as depicted by the above 

discussions, the thermolysis pattern of the complex can be given as below in which the second 

reaction includes the last three steps of decomposition: 

 

[Cd(HMTA)2(H2O)4](ClO4)2.2H2O                            [Cd(HMTA)2](ClO4)2            (1) 

 

[Cd(HMTA)2](ClO4)2                                                        CdO + Gases                     (2) 

 

Table 5. The activation energy (Ea), Arrhenius factor, and correlation coefficients (r) for the isothermal 

decomposition of the complex. 

S.No. Model [Integral form] r Std dev Mean dev E/kJ mol-1 

1 Power law [α1/4] 0.9195 2.502 2.363 41.6 

2 Power law [α 2/3] 0.9204 2.388 2.255 41.6 

3 Power law [α 1/2] 0.9221 2.147 2.120 41.7 

4 Power law [α 3/2] 0.9312 2.015 1.898 42.5 

5 Parabolic law [α2] 0.9349 1.997 1.880 42.8 

6 Mampel [-ln(1-α)] 0.9508 1.447 1.350 47.1 

7 Avrami-Erofeev [-ln(1- α)]1/4 0.9273 2.334 2.203 41.9 

8 Avrami-Erofeev [-ln(1- α)]1/3 0.9424 1.986 1.869 46.3 

9 Avrami-Erofeev [-ln(1- α)]1/2 0.9447 1.794 1.685 46.5 

10 Contracting sphere [1(1-α)1/3] 0.9419 2.131 2.008 44.4 

11 Three-dimensional diffusion 0.9509 2.196 2.069 46.3 

12 Contracting cylinder [1(1- α)1/2 0.9371 2.091 1.970 43.5 

13 Prout-Tompkins [ln(α/1- α)] 0.9428 1.146 1.053 46.4 

14 Ginstling-Brounshtein 0.9443 2.651 2.504 44.4 

 In the request to compute activation energy (Ea) for early thermolysis (30% mass loss), 

a collection of reaction models (table 5) [50] was utilized on isothermal TG data in temperature 

extend 200-240ºC (figure 4).  

 
Figure 4. Isothermal TG of complex in a static air atmosphere at different temperatures. 

Ea values obtained were ~44±3 kJmol-1. Kinetic investigation of isothermal TG data 

applying isoconversional technique [51-53] regards the estimation of activation energy free of 

the model yet relating to the degree of change (α) of the complex. Figure 5 demonstrates that 

for a different value of α, Ea values are different.  

   - 6 H2O 

93-150ºC 

Ignition 

 154-229°C 
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Figure 5. Variation of activation energy of thermolysis for the complex with the extent of conversion (α) 

Along these lines, without the model, isocoversional strategy is a superior way to deal 

with, to get dependable and predictable kinetic data which contrasted with model-fitting 

methods. The complex, when subjected to sudden high temperature, explodes with loud noise 

and smoke. To decide the activation energy of the explosion (E*), an explosion delay was 

recorded at five unique temperatures (table 5) and observed to be 25.2 kJmol-1. A graph of lnDE 

versus 1/T (figure 6) shows that the explosion delay does not depend exponentially on 

temperatures. 

Table 6. Explosion delay, the activation energy for the thermal explosion (E*) and correlation 

coefficient (r)of the complex. 

DE/s at temperature/ºC r  E*/kJ mol-1 Std. Dev. Mean Dev. 

280±1 300±1 320±1 340±1 360±1 

101 80 66 56 51 0.9937 25.2 2.235  2.113 

 
Figure 6. Graph of ln DE vs. 1/T for the complex. 

4. Conclusions 

 X-ray crystallography shows that the prepared complex has coordination number six. 

TG-DSC observations exhibit that the synthesized complex decomposes in four steps. After an 

initial weight loss (~15% mass, corresponding to six water molecules) reducing group, i.e., 

HMTA and ClO4, undergo a redox reaction to give two exothermic peaks in DSC. The end 

product of thermolysis corresponds to CdO as a solid residue (~18%). 
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