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The thermal decomposition of iron(Ill)citrate pentahydrate, Fe(CEHsO 7) �9 5 H20, 
has been investigated at different temperatures in air using MEssbauer spectroscopy, non- 
isothermal techniques (DTA-TG) and X-ray diffraction. The reduction of iron(Ill) to 
iron(ll) takes place at 553 K. At higher temperature the formation of <~-Fe20 3 and 
3,-Fe203 as the ultimate thermal decomposition products has been confirmed. 

Thermogravimetry or allied techniques in combination with other physico-chemical 
techniques (spectroscopic, microscopic~ diffraction, etc.), provide extremely useful 
information about the decomposition of solids [1]. For complexes of iron, MEssbauer 
spectroscopy has recently been employed to identify the various intermediates and the 
change in oxidation state of the iron nucleus during thermal decomposition [2, 3]. 
In the thermal decomposition of iron(Il l) monocarboxylates and iron(Il l) dicar- 
boxylates, an iron(ll) species has been detected as an intermediate [2-5] .  Gallagher 
and Kurkjian [2], using M~ssbauer spectroscopy, reported the reduction of iron(l I I) 
to iron(l I) at 473 K, and at higher temperature ~-Fe203 is formed as the end-product. 
In our earlier publications the formation of iron(ll) in iron(Il l) monocarboxylates 
(propionate and butyrate) [3] and iron(ll I) dicarboxylates (adipate and succinate) [5] 
has been reported. However, the thermal decomposition behaviour of iron(Il l) tri- 
carboxylates has not been described; the present work was therefore undertaken. 
The photo<lecomposition of iron(Il l) citrate has been reported [6], but its thermal 
decomposition does not seem to have been investigated in the literature. The present 
work deals with the thermal decomposition of iron(Il l) citrate pentahydrate using 
D T A - T G  and MSssbauer spectroscopic techniques. 

Experimental 

Material  

Iron(Il l) citrate pentahydrate, Fe(CEH50 7) �9 5 H20, was prepared by the method 
already reported [7]. The composition of this complex was established by chemical 
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analysis and infrared spectroscopy. Iron was estimated gravimetrically [8] and the 
carbon and hydrogen were determined by microanalysis. The estimated percentages of 
the elements are Fe = 16.8, C = 21.6, H = 4.6 (calcd. Fe = 16.7, C = 21.5, H = 4.5). 

Methods 

The infrared spectrum of iron(Ill) citrate pentahydrate was recorded on a 
Spectromom-2000 spectrophotometer (Hungarian Optical Works, Hungary). It showed 
a broad band in the region 3520-3400 cm -1 due to the (OH) stretching of the 
water molecules, a strong band in the region 1640-1610 cm -1 due to Vasy m (C--O) 
and a band at 1380 cm -1 due to /~sym (C--O). These values indicate the presence 
of coordinated carboxylate groups [9]. 

Non-isothermal analysis was carried out by means of a Paulik-Paulik-Erdey MOM 
derivatograph (Hungary) with 200 mg of sample at 200 rng sensitivity at a heating 
rate of 10 deg min-1 in static air atmosphere. 

A M6ssbauer study was made of samples heated in a silica crucible at different 
temperatures for different periods in static air atmosphere. 

A MBS-35 M6ssbauer spectrometer (ECIL, India) coupled with an MCA-38B con- 
stant acceleration drive was employed to record the spectrum. A 5 mi 57Co(Rh) 
source was used. The isomer shift values are reported with respect to natural iron. 
All the spectra were recorded at 298+2 K. A sample containing approximately 
10 mg/cm 2 of natural iron was taken for each measurement. The isomer shift, quad- 
rupole splitting and internal magnetic field values are reported with experimental 
errors of -+0.04 mm/s, -+0.04 mm/s and • KOe, respectively. 

Results and discussion 

The M6ssbauer spectrum of iron(Ill) citrate pentahydrate, Fe(C6H50 7) �9 5 H20, 
at room temperature consists of a doublet (Fig. l a) with isomer shift and quadrupole 
splitting values of 0.40 and 0.57 mm/s, respectively. These values are in good agree- 
ment with those reported for iron(Ill) citrate pentahydrate [10]. The isomer shift 
shows this complex to be high spin, with the iron nucleus in the + 3 oxidation state, 
while the quadrupole splitting indicates its distortion from cubic symmetry. 

The M6ssbauer spectrum of the sample heated at 553 K for 7 minutes exhibits two 
quadrupole doublets (Fig. l b), one with isomer shift and quadrupole splitting values 
of 1.18 and 2.52 mm/s, respectively, indicating the formation of an iron(ll) species, 
and the other doublet due to the presence of the parent complex. The isomer shift 
and quadrupole splitting values agree with the values for the iron(ll) moiety obtained 
by the photolysis and gamma-radiolysis of iron(Ill) citrate pentahydrate [6, 11]. A 
complex nuclear Zeeman pattern is obtained for the sample heated at 673 K. The 
M6ssbauer spectrum of the final residue obtained by heating the sample at 1073 K for 
one hour, exhibits a doublet (Fig. lc) with isomer shift and quadrupole splitting values 
of 0.34 and 0.67 mm/s, respectively. These values are in agreement with those re- 
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ported for (x-Fe203 with a particle size < 10 nm [12]. The X-ray powder diffraction 
pattern also confirms the formation of (x-Fe203 (Table 1). The table shows that the 
end-product is not pure ~-Fe203, since certain lines cannot be exclusively assigned 
to (x-Fe203 [13]. A strong line at d = 2.99 ~ is assigned to T-Fe20 3 (literature value, 
d = 2.95 ~ [14]). Thus, T-Fe203 is also present in small amounts in the final product, 
along with ~-Fe203 . 

Thermal study of iron(Ill) citrate pentahydrate 

Figure 2 shows the simultaneous D T A - T G  curves of iron(l I I) citrate pentahydrate. 
There are four endothermic peaks, at 433, 513, 613 and 683 K, and three exothermic 
peaks, at 653, 743 and 1033 K. Dehydration of the compound starts from 353 K. The 
arrest in the TG curve corresponding to the DTA peak at 433 K shows a loss of 10.5%, 
indicating the loss of two water molecules of crystallization (calcd. loss = 10.7%). 
The dehydration continues, and is completed at 512 K. The observed loss in weight in 
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Table 1 X-ray diffraction data on the final ther- 
mal decomposition product 

28 d, ~ I ntensiw 

27.5 4.08 W 
30.4 3.69 MS 
37.8 2.99 S 
40.6 2.79 W 
42.0 2.70 VVS 
45.2 2.52 VS 
46.8 2,44 W 
52.0 2.21 MS 
55.5 2.08 VW 
57.0 2.03 W 
62.3 1.87 W 
63.4 1.84 S 
69.8 1.69 S 
72.5 1.64 VW 
74.5 1.60 MS 
81.2 1.49 S 
83.5 1.45 S 

W = weak, M = medium, S = strong, V = very 

T 
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T 
~T 

J i I i I , l 
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Fig. 2 Simultaneous DTA-TG curves of iron(I l l)  citrate pentahydrate at a heating rate 
10 degree minute-  1 

of 
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the TG curve corresponding to the endothermic DTA peak at 513 K is 26.6%, in- 
dicating the loss of five water molecules of crystallization (calcd. loss = 26.9%). 

The loss in the TG ~urve corresponding to the DTA peak at 613 K is 41%. This 
weight loss indicates the formation of iron(l I) acetonedicarboxylate, Fe(CsH40 5) 
(calcd. loss = 40.3%). The decomposition of citric acid into the acetonedicarboxylate 

ion, (C5H405) 2 - ,  wi th the evolution of carbon dioxide and water has been reported 
in the literature [15]. The existence of the Fe(ll) species has also been detected by 
taking the M6ssbauer spectrum of the compound heated at 553 K for 7 minutes. 
Further decomposition of this complex is a complicated multistep process. The TG 
shows a weight loss of 75% at 1033 K, indicating the formation of Fe20 3 (calcd. 

loss = 76.2%). 
4$ SF 4$ 

The authors are grateful to Dr. B. Mukherjee, C. G. C. R. Institute, Calcutta, for recording the 
X-ray diffraction pattern. 
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Zummmemd~zung - Die thermische Zerzetzung des Pentahydrates yon Eisen(lll)-citrat in Luft 
wurde hei verschiedenen Temperaturen durch M6ssbauer-Spektroskopie, nicht-lsotherme Tech- 
niken (DTA, TG) und R6ntgendiffraktometrie untersucht. Die Reduktion von Eisen(lll) zu 
Eiun(ll) erfolgt bei 553 K. Bei h6heren Temparaturan entsteben (~-Fe20 3 und ?-Fe20 3 als End- 
produkte der thermischen Zersetzung. 
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PeamMe -- HCrlOnbSyR Het43OTepMHqecKHe MeTOJlbl (~ ,TA-T I ' ) ,  M~CC6ay3poBCKylO crleKTpO- 
CKOnHIo H peHTFeHO-AI4(IX~pSKW4OHHbI~ MeTO,0,, 6blTIO Hccnfl,O, OBaHO TepMHqeCKOe pa3no~KeHHe 
nRTHrHApQT8 JlHMOHHOKHCnOrO ~Kene3a (111) s aTMOCq)epe Bo3Ayxa. np. 553 K npOTeKSeT 
BOCCTSHOBneHHe TpeXBaneHTHOfO )Ke~e38 Ao ABVXBaneHTHOrO. nOATBep)K/IeHo, qTO npH 6onee 

BblCOKHX TeMrlepsTypax HMeeT M6CTO COBMBCTHOe OISp83OBaHHe a-Fe20 3 H "y-Fe20 3, KSK KO- 
HeqHblX npo/tyKTOB TepMHq0CKOrO pa3RO)KeHHR. 
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