
Chemical Bulletin of “Politehnica” University of Ti misoara, ROMANIA 
Series of Chemistry and Environmental Engineering 

Chem. Bull. "POLITEHNICA" Univ. (Timisoara)                                                                                                                            Volume 55(69), 2, 2010 
                                                               

180 

Thermal and FT-IR Studies on the Interaction Between Cr(NO3)3·9H2O 
and Some Diols 

 
M. Barbu, M. Stoia, O. Stefanescu and M. Stefanescu 

 
University “Politehnica” of Timisoara, Faculty of Industrial Chemistry and Environmental Engineering, Victoriei Square no.2,  

300006, Timisoara, Romania 

 
Abstract:  This paper presents a study regarding the interaction between Cr(NO3)3 and 1,2- propanediol, 1,3-propanediol 
and 1,4-butanediol, respectively. Previous studies on the reaction between metal nitrates and diols showed that the primary 
C-OH groups of diols are oxidized by NO3

- to –COO-. The resulted carboxylate anions coordinate to the metal ions 
forming complexes that can be used as precursors for nanocrystalline metal oxides. The evolution of the redox reaction 
between Cr(NO3)3 and the diols was studied by thermal analysis and by FT-IR spectrometry.  The FT-IR spectra of the 
obtained reaction products have confirmed the formation of carboxylate coordination compounds of Cr(III) evidenced by 
υass(–COO-) at ~1680 cm-1 and ~1560 cm-1 and υs (–COO-) at ~ 1370 cm-1. These compounds thermally decompose in the 
range 250-300°C leading to amorphous nonstoechiometric chromium oxide (Cr2O3+x) which turns into nanocrystalline 
Cr2O3 oxide above 400°C.     
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1. Introduction 
 

In the last decade, the unconventional soft chemical 
methods such as co-precipitation [1], sol-gel method [2] 
and the hydrothermal process [3, 4] have been widely used 
for the synthesis of nanocrystalline simple and mixed metal 
oxides. These are wet chemical methods that first 
synthesize an intermediate product (precursor) containing 
the metal ions which is further converted to simple and 
mixed oxides by a series of reactions taking place at high 
temperatures. 

Among these unconventional methods, a particular 
interest is devoted to those using as precursor, complex 
combinations of metal ions with carboxylate type ligands 
like citrates [5], oxalates [6, 7], malates [8, 9].   

One of the methods that insure the formation of 
coordination compounds that thermally decompose at 
relatively low temperatures to the corresponding oxides is 
based on the redox reaction between transitional metal 
nitrates and diols [10, 11]. In the redox reaction between 
nitrate ions and diols, the ≡C-OH (primary) group is 
oxidized at -COOH leading to carboxylates anions that 
coordinate to the transition metal ions present in the 
system.   

In our previous studies we have reported the 
formation of Fe3+ [12], Ni2+ [7, 15] and Co2+ [13, 14] 
coordination compounds of in the redox reactions between 
the metal nitrates and different diols: ethane diol (EG), 1,2-
propanediol (1,2PG),1,3-propanediol (1,3PG), 1,4-
butanediol (1,4BG).   

In this paper we present a study regarding the 
interaction between Cr (III) nitrate and different diols: 
1,2PG, 1,3PG, 1,4BG. The formed coordination 
compounds have been characterized by thermal analysis, 
FT-IR spectrometry and UV –VIS spectrometry. The 
formed coordination compounds have been thermally 

decomposed under a controlled thermal treatment and the 
decomposition products have been characterized by 
thermal analysis, FT-IR spectrometry, XR diffractometry.       
 

2. Experimental 
 

The reagents used in synthesis of Cr2O3 were: 
Cr(NO3)3 · 9H2O as chromium source, the diols: 1, 2- 
propanediol (1,2PG), 1, 3- propanediol (1,3 PG), 1, 4- 
butanediol (1,4 BG), all of purity >98%, Merck. 

The synthesis involves two stages: the synthesis of the 
precursors and the obtaining of Cr2O3 by corresponding 
thermal treatment of the precursors. 

The synthesis of the precursors is based on the redox 
reaction between Cr (III) nitrate and diol, which takes place 
during the heating of chromium (III) nitrate – diol solution, 
with formation of Cr(III) carboxylate type precursors. 
Cr(NO3)3 · 9H2O was dissolved in the corresponding diol 
amount and the obtained solution was heated, in the drying 
stove, up to 130°C when the redox reaction took place with 
reddish-brown nitrogen oxides emission. The mass reaction 
was kept at 130°C for 3 hours, in order to obtain the 
corresponding Cr(III) carboxylate compound, further used 
as chromium oxide precursor. The obtained precursors 
were annealed at different temperatures.  

The compositions and some characteristics of the 
synthesized samples are presented in Table 1. 
  
TABLE 1. Characteristics of the synthesized samples 

 
Quantities/mol 

Sample Diol 
Cr(NO3)3.9H2O Diol 

Molar 
ratio 

NO3
- : 

Diol 
Cr12PG 1,2 PG 0,0394 0,1329 1: 1,1250 
Cr13PG 1,3 PG 0,0394 0,0664 1: 0,5625 
Cr14BG 1,4 BG 0,0394 0,0664 1: 0,5625 
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The progress of the redox reactions between 
chromium (III) nitrate and diols as well as the thermal 
decomposition of the formed precursors, were achieved by 
thermal analysis using a 1500 D MOM Budapest 
derivatograph. The experiments have been done with 
platinum plates, in air, in the temperature range 20-500 0C, 
with a heating rate of 5 0C· min-1, using as reference α-
Al 2O3. 

The synthesized powders were characterized by FT-
IR spectrometry with a Shimadzu Prestige FT-IR 
spectrometer, in KBr pellets, in the range 400- 4000 0C. 
The phases analysis of the thermally treated samples was 
achieved on a D8 Advanced- Bruker AXS diffractometer, 
using Cu- Kα radiation (λCu= 1, 54056 Ǻ). 

The spectrometric analysis of Cr(VI) in the powders 
obtained at 320° C was performed on a Perkin-Elmer 
Spectrometer UV-VIS Lambda 25. 

The presence of Cr(VI) in the studied compounds was 
evidenced by spectrometric analysis on a Perkin-Elmer 
Spectrometer UV-VIS Lambda 25. 

 
3. Results and Discussion 

 
In the literature only the redox reaction between 

Cr(NO3)3.9H2O and ethylene glycol [10] has been studied. 
The reported studies have evidenced that the oxidation of 
EG by NO3

- leads to the glyoxylate anion, which 
coordinates to the Cr3+ ions forming the complex 
[Cr2(OH)2(C2H2O4)2]. The thermal decomposition of this 
compound up to 500°C leads to Cr2O3 oxide.  

 

In this paper we are extending the studies on the 
interaction of Cr(NO3)3.9H2O with  diols, by using other 
three diols: 1, 2- propanediol (1,2PG), 1, 3- propanediol 
(1,3PG), 1,4-  butanediol (1,4BG). This study is motivated 
by the further studies on the interaction of metal (II) and 
Cr(III) nitrates mixtures and diols in order to obtain 
carboxylate type precursors for different chromites with 
controlled properties. The redox reactions between 
Cr(NO3)3 and each diol (1,2PG, 1,3PG, 1,4BG) were 
studied by thermal analysis of the prepared Cr(NO3)3 – diol 
solutions deposed as thin film on Pt plates. The registered  
TG and DTA curves (Fig.1) have evidenced two 
exothermic processes with mass losses: the first process in 
the range 80-100°C assigned to the redox reaction and the 
second around 300°C assigned to the thermal 
decomposition of the reaction product.  

Fig. 1 presents the TG and DTA curves of the 
solution  Cr(NO3)3 – 1,4BG.     

From the thermal curves presented in Fig.1 we have 
selected 130°C as optimum temperature for the synthesis of 
the chromium oxide precursors.   

The powders obtained at 130°C have been 
characterized by FT-IR spectrometry. The FT-IR spectra of 
the powders Cr12PG, Cr13PG and Cr14BG obtained at 
130°C are presented in Fig.2.  

All FT-IR spectra of the synthesized compounds 
exhibit a strong band at around 3400 cm-1 which may be 
assigned to the OH stretching vibration of water and to the 
secondary –OH group (in case of Cr12PG) [16].   

 
 
 

 
Figure 1. TG and DTA curves of Cr(NO3)3 – 1,4BG solution 
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Figure 2. FT-IR spectra of the precursors Cr12PG (1), Cr13PG (2) and Cr14BG (3) obtained at 130°C 

 
The bands in the range 2800-2900 cm-1 correspond to 

the vibrations of the C – H bond from the -CH2- groups and 
-CH3 group. All compounds exhibit two bands 
characteristic to the asymmetric stretching vibrations υass(–
COO-) at ~1680 cm-1 and ~1560 cm1 [16]. This evidences 
the presence of the carboxylate group coordinated bidentate 
and monodentate to the Cr(III) cations,  in the synthesized 
compounds. In the range 1400-1450 cm-1 some weak bands 
are present, corresponding to bending vibration of CH2 and 
CH groups [17]. The band characteristic to the symmetric 
stretching   vibration  of  the  group  –COO-  appears  in  all  

 
spectra at ~ 1370 cm-1. The band from 1280 cm-1 can be 
assigned to the υCC(O)O vibrations [17]. The region 1200-
1000 cm-1 is characterized by the vibration frequency of the 
–OH groups. Spectrum (1) for the precursor Cr12PG 
presents, in this region, a supplementary band at 1124 cm-1 
due to the presence of the un-oxidized secondary –OH 
group. The bands which appear in the range 563 - 500 cm-1 
are assigned to M – O stretching vibrations.  

Thus, the FT-IR study evidenced the formation of 
carboxylate coordination compounds of Cr(III) in all 
synthesized products.  

 

 
Figure 3. TG and DTA curves of sample Cr12PG synthesized at 130°C 
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TABLE 2. The results of thermal analysis of all compounds 

 
Sample 

∆mt/% 
20-500°C 

∆mt/% 
20-250°C 

∆mt/% 
250-350°C 

∆mt/% 
350-400°C 

mresCr2O3, % (500°C) 

Cr12PG 70 14 52 4 30 
Cr13PG 71 15 52 4 29 
Cr14BG 69 17 48 4 31 

 
The thermal decomposition of the Cr(III) carboxylates 

synthesized at 130°C was studied by means of thermal 
analysis, in air atmosphere up to 500°C. The registered 
thermal curves have evidenced a similar thermal behavior 
for all three samples. Up to 200°C a slow mass loss occurs 
associated to the loss of both crystallization and 
coordinated water. In the range 250-320°C a significant 
mass loss takes place with a strong exothermic effect due to 
the oxidative decomposition of the organic ligands, with 
formation of a nonstoechiometric Cr2O3+x oxide, according 
to the literature [18]. The mass remains constant up to 
380°C, when a mass loss occurs due to the transition 
Cr2O3+x → Cr2O3 + xO, associated to an exothermic effect 
attributed to the crystallization of Cr2O3. Figure 3 presents 
the TG and DTA curves obtained for the sample Cr12PG. 
The results of thermal analysis of all synthesized 
compounds are listed in Table 2. 

In order to elucidate the thermal evolution of the 
synthesized compounds we have annealed them at different 
temperatures and studied the as obtained powders by 
thermogravimetry and FT-IR spectrometry. Figure 4 

presents the TG curves of the sample Cr13PG annealed at 
different temperatures. From the TG curves (1) and (2) 
results that by the thermal treatment of the powder at 
250°C only small changes in the thermal behavior of  
Cr(III) carboxylate occur. Thus, up to 250°C a very small 
mass loss is registered, compared to the TG (1) for the as 
synthesized sample, due to the loss of crystallization and 
coordinated water and –OH groups. The thermal behavior 
in the range 250-500°C is almost identical, due to the fact 
that the organic part does not change by heating up to 
250°C.  

By annealing of the sample at 320°C, the  major part 
of the organic ligand decomposes, as it results from the 
slow and little mass loss registered up to 350°C. The mass 
loss registered in the range 350-400°C corresponds to the 
loss of oxygen, during the transition: 2CrO3 → Cr2O3 + 
3/2O2.  TG curve (4) of the sample annealed at 500°C 
evidences no mass losses, due to the complete transition of 
Cr2O3+x to Cr2O3.. 

The FT-IR spectra of the samples annealed at 
different temperatures are presented in Figure 5.  

 

 

Figure 4. TG curves of sample Cr13PG thermally treated at different temperatures: 
(1) 130°C, (2) 250°C, (3) 300°C, (4) 500°C 
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Figure 5. FT-IR spectra of sample Cr13PG thermally treated at different temperatures: 

(1) 130°C, (2) 320°C; (3) 500°C 
 

 
The thermal treatment of the synthesized compounds 

at 250°C had minor effects on the FT-IR spectra. By 
raising the annealing temperature at 320°C (spectrum (2)), 
the organic part decomposes, thus the bands from the range 
2900-2800 cm-1, 1700-1500 cm-1 and 1400-1200 cm-1 
almost disappear. A large band appears in the range 450-
700 cm-1 that can be assigned to the Cr – O bond 
vibrations, due to the formation of the corresponding 
chromium oxide. Another new band assigned to CrO3 
appears at ~940 cm-1 [18], but disappears from the 
spectrum of the sample annealed at 500°C (spectrum (3)). 
By annealing of the sample at 500°C, the transition CrO3 to 
Cr2O3 takes place with appearance of two strong bands at 
~560 cm-1 and ~ 635 cm-1, which can be attributed to 
hexagonal Cr2O3 [8, 19]. Thus, the FT-IR spectrometry 
confirms the results of the thermal analysis.    

The presence of Cr(VI) in the powders obtained at 
320°C was confirmed qualitatively by the reaction with the 
diphenylcarbazide [20]. The reaction was negative in the 
case of the as synthesized precursor (130°C) and of the 
powders obtained at 500°C, confirming the interpretation 
of both thermal analysis and FT-IR spectrometry. In the 
table 3 we present the composition of the oxide powders 
obtained at 320°C, according to the experimental data of 
thermogravimetric analysis. 

 

From the data presented in table 3 it results that the 
CrO3 content does not depend on the precursors nature. 
 
TABLE 3. The composition of the powders obtained at 320° 
obtained from TG curves 

 

Sample 
mrez 

(320°C) 
Mass loss 

(350-400°C) 
%CrO3 %Cr2O3 

Cr12PG 31 4 54 46 
Cr13PG 33 4 50 50 
Cr14BG 35 4 48 52 

 
The powders obtained by annealing the synthesized 

precursors at 320° C and 500°C have been characterized  
by XR diffraction. The XRD patterns obtained for the 
powders at 320°C evidenced no crystalline phases, the 
oxides Cr2O3+x being amorphous. By annealing the 
precursors at 500°C, Cr2O3 appears as single phase, well 
crystallized in all samples. Figure 6 presents the XRD 
patterns of the sample Cr13PG annealed at 320°C (pattern 
2) and 500°C (pattern 1). 

From the full width at half maximum (110) of the 
main diffraction peaks results that the average of the 
crystallites size obtained at 500°C is ~ 25 nm. This proofs 
that the thermal decomposition of the synthesized 
precursors leads to nanocrystallites oxides.   
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Figure 6. XRD patterns of sample Cr13PG annealed at 320°C (2) and 500°C (1) 

 
4. Conclusions 

 
In the reported research, nanocrystallites of Cr2O3 

were successfully prepared via the thermal decomposition 
of some carboxylate type coordination compounds of 
Cr(III). The studied carboxylate type precursors have been 
obtained in the redox reaction between chromium nitrate 
and three different diols: 1,2- propanediol, 1,3- propanediol 
and 1,4- butanediol. All synthesized precursors present 
similar thermal behaviour, leading by thermal 
decomposition to the formation of an amorphous oxide 
Cr2O3

.xCrO3, which turns to nanocrystalline Cr2O3 arround 
400°C. The obtained nanocrystallites have the average size 
of  ~25 nm. This type of precursors will be used in the 
further works for the preparation of nanocrystalline 
chromites with controlled properties.  
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