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FORMATION PECULIARITIES OF IRON (I1I) ACETATE:
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In this study, iron (III) acetate was synthesized using acetic acid/hydrogen peroxide type synthesis. The obtained material
was characterised using thermogravimetric analysis (TG), X-ray diffraction (XRD) analysis, scanning electron microscopy (SEM)
coupled with energy-dispersive X-ray spectroscopy (EDX), infrared (IR) spectroscopy and Mossbauer spectroscopy. The chemi-
cal composition, microstructure and properties of iron (III) acetate were investigated and discussed. The results of XRD analysis
showed that the synthesized iron (III) acetate is amorphous. The obtained iron (III) acetate is a potential candidate as a precursor

for the synthesis of iron metal-organic frameworks (MOFs).
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1. Introduction

Iron (I1I) acetateisacoordination compound more com-
monly known as a basic iron acetate. With the formu-
la of [Fe,O(OAc) (H,0),]OAc, (OAc is CH,CO,") it is
asalt, composed of the cation [Fe,(4’0)(OAc) (H,0),]*
and acetate CH,CO, anion [ﬂ]. Reduction of the cation
affords the neutral mixed-valence derivative that con-
tains one ferrous and two ferric centres. Former inves-
tigations revealed that iron (III) acetate is a trinuclear
cluster [EI, E]. The Fe centres are equivalent, each being
octahedral and bound to six oxygen ligands, including
a triply bridging oxide at the centre of the equilateral
triangle || ,Eg]

Iron (III) acetate was used as a starting material for
the preparation of nearly monodispersed superpara-
magnetic maghemite nanoparticles [f{]. The as-pre-
pared particles were exploited for the development of
magnetic nanocomposites with possible applicability
in medicine and biochemistry. Single-molecule mag-
nets have important technological applications in in-
formation storage and quantum computation. Recent
experimental results indicated that Mn and Fe acetates
showed the physical properties of molecular nanomag-
nets [H]. Recently, it was demonstrated that iron (III)
acetate is one of the best precursors for the impreg-

nation of a commercial activated carbon which was
evaluated as the best catalyst in the removal of the azo-
dye Orange II from water [ﬂ] and for the fabrication
of next-generation iron-based phosphate binders [E].
The processes of thermal decomposition of iron ac-
etates are used for the production of hematite which is
one of the most investigated oxides for energy applica-
tions, protein adsorption, and specifically for photoca-
talysis [E, ]. Similar processing is used for the fabri-
cation of hematite nanoparticles and nanocubes, high
quality magnetite/carbon core-shell and shell-core
nanoparticles and porous magnetite nanospheres
[]. A trinuclear iron acetate precursor was used
for the synthesis of new iron-cobalt clusters [@].
The investigations revealed the presence of Fe** ions
in high spin state and having the close environment.
The results of the thermogravimetric analysis, how-
ever, indicated improving in the thermal stability by
replacing acetate anions with silicon-containing car-
boxyl ligands. This widens the temperature range in
which such compounds can be used in practical ap-
plications. The catalytic activity of similar clusters
was dependent on the properties of starting materi-
als [@, ]. The macrocyclic complexes of the type
[M(C, H,N)X] X,, where M = Fe(Ill) and X = CI,
NO,", and CH,COO" were synthesized by the template
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method in the presence of trivalent metal salts [].
The in vitro antimicrobial and antioxidant activities of
metal complexes were evaluated and found to be de-
pendent on the nature of the anion. Mononuclear, di-
meric and polymeric iron complexes with conjugated
ligands also showed different magnetic, thermal, me-
somorphic and thermoelectric properties [@]. These
observations clearly show the influence of the precur-
sor on the properties of the final synthesis product.

Metal-organic frameworks (MOFs) have received
great attention in different applications. The spe-
cific cation exchange behaviour between Fe’* and
the framework AI’* allows highly sensitive detection of
Fe** in an aqueous solution [@]. However, the selectiv-
ity of the developed method and the stability of MOFs
might be dependent on the nature of the precursor. It
was also demonstrated that the physical properties of
iron (III) carboxylate MOFs depend significantly on
the synthesis method [@, @]. Moreover, the magnetic
properties of iron associated magnetic metal-organic
framework nanoparticles depend on the morphologi-
cal features of precursors and MOFs [@]. Thus, several
approaches could be used for the synthesis of iron ac-
etate as a precursor for MOFs. However, most of these
methods suffer from a number of disadvantages, such
as small quantities of the product, and the assembly of
nanostructures is usually a secondary process. Besides,
complex architectures are often found among metal-
organic framework compounds [@, @]. The mixed-
metal approach to this type of materials offers an addi-
tional degree of structural complexity, and a potential
tunability of their properties, which remains largely
unexplored. Herein, we present a facile and large-scale
synthesis of iron (III) acetate as a precursor for the po-
rous mixed-valence, iron metal-organic frameworks
(MOFs) in “solvent-free” type synthesis. Our approach
is based on acetic acid/hydrogen peroxide type synthe-
sis and additional recrystallization.

2. Experiment

2.1. Materials and instruments

All chemicals were purchased from Merck and Sigma
Aldrich. Thermogravimetric analyses were conducted
using a simultaneous thermal analyser 6000 (Perkin-
Elmer) and Pyris software. Infrared spectra (1800-
450 cm™) of powdered samples were taken using
a Frontier FT-IR (PerkinElmer) spectrometer. X-ray
diffraction patterns were recorded using a MiniFlex II
diffractometer (Rigaku). The morphology of particles
was investigated using a scanning electron micro-
scope (SEM) Hitachi SU-70. The Mossbauer spectra
were recorded with a Mdssbauer spectrometer (Wis-

senschaftliche Elektronik GmbH) at room temperature
using the source of *’Co in the rhodium matrix.

2.2. Synthesis of [Fe,O(0,C-CH,) (H,0),]O,C-CH,

For the preparation of iron (III) acetate, acetic acid/hy-
drogen peroxide type synthesis was chosen for its sim-
plicity. 11.2 g of iron powders were placed in a beaker
and 12 ml of 50% acetic acid are added. The reaction
mixture was heated to 75 °C and mixed till metallic
iron fully reacted with acetic acid and the colour of
the mixture turned to green. Next, 6 ml of 30% hydro-
gen peroxide were added to oxidise Fe** ions to Fe’*.
The obtained mixture was filtered and the solvent was
evaporated. 2.95 g of dark red crystals were obtained,
the yield was 81%.

2.3. Recrystallization of [Fe,0(0,C-CH,) (H,0),]JO,C-CH,

Crude iron (III) acetate crystals were purified by re-
crystallization. 1 g of crude iron (III) acetate crystals
was placed into a 250 ml beaker, and 100 ml of 96.5%
ethanol was added. The mixture was heated to 70 °C
and mixed on a magnetic stirrer. The most part of iron
(III) acetate was dissolved. The solution was then fil-
tered through a fine paper filter. The filtrate was cen-
trifuged at 5200 rpm for 5 min. The resulted clear dark
red solution was poured on an evaporating dish and
air-dried. 0.4 g of shiny dark red crystals were obtained,
the yield was 40%.

2.4. Synthesis of Fe,O(F BDC)(H,0),.(DMF),

Iron (III) acetate was further used in the metal-organic
framework synthesis. Triethylamine was diffused into
a solution of 2,3,4,5-tetrafluorbenzene-1,4-dicarbo-
xylic acid (0.04 g, 0.15 mmol) and iron (III) acetate
(0.125 g, 0.15 mmol) in an ethanol/N,N-dimethylfor-
mamide (DMF) (1:1 v/v) mixture. The solution was
kept in a 2 ml glass vial covered with a plastic cap,
one hole punctured in a rubber seal for slower diffu-
sion. The atmosphere of triethylamine was created by
placing the beaker with triethylamine in a dessicator.
The vial was kept in the dessicator for 2 weeks.

The precipitated red powders of Fe,O(F,BDC),
(H,0),(DMF), were filtered and washed with DMF
(3 x 5ml) and hexane (3 x 5 ml). The yield was 0.008 g,
~2%. The precipitate is slightly soluble in water, but sta-
ble in organic solvents.

3. Results and discussion

The thermal decomposition behaviour of the syn-
thesized iron (III) acetate was investigated using
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Fig. 1. TG-DTG curves of synthesized and recrystallized iron (III) acetate.

thermogravimetric (TG) analysis by heating the sam-
ple at a heating rate of 10 °C/min in air atmosphere.
The TG-DTG curves of iron (III) acetate are shown in
Fig. E] The first weight loss of about 2% in the TG curve
was observed from room temperature to about 100 °C,
and it is due to the evaporation of residual water in
the sample. A rapid mass loss continuously occurs with
increasing the temperature up to 320 °C. This abrupt
weight loss is associated with the decomposition of
iron (III) acetate, but the oxidation of Fe(II) to Fe(III)
occurs [R7]:

6 Fe(CH,COO0),
>2Fe0,+9CH,COCH, +9CO,+ %0, (1)

4 Fe(CH,COO0),
>2Fe,0, + 6 CH,COCH, + 6 CO,, (2)
2Fe,0,+ % 0,> 3 Fe,0, (3)

Afterwards, the weight remains constant and that
indicates that the decomposition of iron (III) acetate
has been completed below 320 °C.

The phase crystallinity and purity of the synthe-
sized sample were characterized by means of X-ray dif-
fraction (XRD) analysis. The powder XRD pattern of
synthesised and recrystallized iron (III) acetate is given
in Fig. [l

The results of the X-ray diffraction analysis evi-
dently show that complete crystallization of iron (III)

acetate does not take place during the recrystallization,
and the synthesised iron (III) acetate is partially amor-
phous.

The Fourier transform infrared (FTIR) spectrum of
the synthesised and recrystallized iron (III) acetate is
presented in Fig. E The assignments of the iron (III)
acetate bands observed in the infrared spectrum are
summarized in Table 1.

The difference between the v (COO") and v (COO")
modes is 108 cm™', which is slightly larger than the ion-
ic value (137 cm™). Therefore, the formation of a bridg-
ing trinuclear iron complex might be suggested from

100~

754

Intensity (%)

254

0 T T T T T T T T T T T 1
10 20 30 40 50 60 70

20 (degrees)

Fig. 2. The XRD pattern of synthesized and recrystal-
lized iron (III) acetate.
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Fig. 3. The FTIR spectrum of synthesised and recrystal-
lized iron (III) acetate.

Table 1. Assignments of the iron (III) acetate bands ob-
served in the FTIR spectrum. Abbreviations: v, stretch-
ing; 8, deformation; p, rocking; oop, out-of-plane; ip, in-

plane; s, symmetric; a, asymmetric.

Acetate anion | Iron (IIT) acetate AsEggrir;l;]nts
1553 1523 v,(CO0O")
1416 1415 v,(COO")
1347 1345 8(CH)

- 1047 Poop(CH3)
1020 1025 pip(CH))
928 973 »(C-C)

- 658 8(CO0O")

- 581 Poop(COO")

the infrared data [@, @]. Besides, the infrared spec-
troscopy analysis also revealed some unidentified
peaks in the FTIR spectra, the origin of which is not
clear.

The SEM micrographs of the obtained iron (III)
acetate are shown in Fig. E

As seen, the crude iron (III) acetate sample is com-
posed of irregular form rods 50-80 ym in size. These
microrods are partially covered with cloudy particles.
However, the recrystallized iron (III) acetate sample
shows a different surface microstructure. Apparently,
sharp-edged plate-like particles about 85-100 ym in
size have formed during the recrystallization process.
Energy-dispersive X-ray spectroscopy (EDX) was used
for the determination of elemental composition of
the synthesised sample (see Table 2).

Table 2. Elemental analysis data for C ,H, O Fe, deter-
mined by EDX.
Calculated % C, 26.96; O 46.18; Fe 26.86
Found % C, 27.04; O 45.63; Fe 27.33

The results presented in Table 2 show a good agree-
ment between the determined and calculated data.

Mossbauer spectroscopy was used for the charac-
terization of crude and recrystallized iron (IIT) acetate
samples. The Mossbauer spectra of the prepared and
recrystallized iron (III) acetate samples are shown in
Fig. p.

The Mossbauer spectrum of crude iron (III) ac-
etate shows a doublet and a sextet. The recrystallized
iron (III) acetate contains only a doublet. The areas of
both subspectra and samples are similar. The hyperfine
parameters of Mdssbauer spectra of the prepared and
recrystallized iron (III) acetate samples are summa-
rized in Table 3.

28/11/2014
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28/11/2014 A D76 x10k  10pm

Fig. 4. SEM micrographs of crude (left) and recrystallized (right) iron (III) acetate. Magnification 10k x.
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Fig. 5. (a) Mossbauer spectra of crude iron (III) acetate.
(b) Mossbauer spectra of recrystallized iron (III) acetate.

Table 3. Hyperfine parameters of the Mossbauer spectra
of the prepared and recrystallized iron (III) acetate sam-
ples. IS is isomer shift, QS is quadrupole splitting, B,  is
hyperfine splitting.

Iron (III) Iron (III)
acetate acetate Sextet
(crude) (recrystallized)
IS, mm/s  0.25+0.01 0.25+0.01 0.23+0.01
QS, mm/s 0.7£0.3 0.620.3 -0.2+0.3
By, T - - 42+4

According to literature [@] a doublet matches
iron (III) acetate (IS = 0.29+0.02 mm/s, QS = 0.63+
0.03 mm/s). The sextet parameters are similar to the fine
(20 nm) a-FeO(OH) parameters (IS = 0.24 mm/s,
QS = -0.3 mm/s, B, = 38.3 T). By theory, the quadru-
pole splitting (QS) is proportional to the electric field
gradient (EFG). Iron (III) acetate does not display EFG
if all ligands are the same. EFG is only observed on
the #-O-Fe-OH, axis. Also, such QS inaccuracies are
related to relaxation (strongly coupled spin-system) or
partial polymerization (different iron positions occur)
by different authors.

The recrystallized iron (III) acetate was used as
a precursor for the fabrication of iron metal-organic
frameworks (MOFs).

The FTIR spectrum_of Fe, O(F,BDC),(H,0),
(DMF), . is shown in Fig. E
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Fig. 6. The FTIR spectrum of Fe O(F,BDC),(H,0),-
(DMF), ..

The authors of Ref. [@] define that the framework of
Fe,O(F,BDC),(H,0),:(DMF), , has +1 charge per for-
mula unit due to all iron having the oxidation state +3,
it is necessary for counter ions (acetate) to reside in
the pores, limiting the pore volume. To reduce the aver-
age oxidation state of iron ions, iron (II) acetate could
be used instead of iron (III) acetate as a precursor.

Solvothermal syntesis [@, @] might improve the crys-
tallinity and yield of the Fe,O(F,BDC),(H,0),-(DMF), .
metal-organic framework.

4. Conclusions

According to this study, iron (III) acetate was syn-
thesized using acetic acid/hydrogen peroxide type
synthesis. The obtained iron (III) acetate was purified
by recrystallization in 96.5% ethanol. The thermal
decomposition behaviour of synthesized iron (III)
acetate was investigated by thermogravimetric (TG)
analysis. The weight loss in the TG curve was ob-
served from room temperature to about 320 °C. After-
wards, the weight remains constant and that indicates
that the decomposition of iron (III) acetate has been
completed below 320 °C. The results of XRD analysis
show that the synthesized iron (III) acetate is partially
amorphous. The obtained iron (III) acetate sample
was composed of irregular rods of 50-80 ym in size.
However, sharp-edged plate-like particles about 85-
100 pm in size have formed during the recrystalliza-
tion process. Moreover, FTIR and Mossbauer spec-
troscopies revealed some unidentified features, which
may result from impurities. The recrystallized iron
(IIT) acetate was successfully used as a precursor for
the fabrication of mixed-metal-organic frameworks
(MOFs).
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GELEZIES (IIT) ACETATO, POTENCIALIOS PRADINES MEDZIAGOS
METALOORGANINEMS STRUKTUROMS (MOFs) GAUTI, SINTEZES YPATUMAI

A. Laurikénas ?, J. Barkauskas ?, J. Reklaitis ®, G. Niaura ¢, D. Baltrtinas ®, A. Kareiva

* Vilniaus universiteto Neorganinés chemijos katedra, Vilnius, Lietuva

® Fiziniy ir technologijos moksly centro Fizikos institutas, Vilnius, Lietuva

< Fiziniy ir technologijos moksly centro Chemijos institutas, Vilnius, Lietuva

Santrauka

Apragyta, kaip acto ragsties / vandenilio peroksido
metodu susintetintas ir pakartotinai 96,5 % etanolyje
iskristalintas gelezies (III) acetatas. Susintetinti ir pa-
kartotinai kristalinti pavyzdziai buvo istirti termogravi-
metrinés (TG) analizés, rentgeno spinduliy difrakcinés
(XRD) analizés, Fourier transformacijos infraraudono-
sios (FTIR) spektroskopijos, skenuojancios elektroni-
nés mikroskopijos (SEM) ir Mgssbauer spektroskopijos
metodais. Nustatyta, kad gelezies (IIT) acetato terminis
skilimas oro atmosferoje baigiasi ties 320 °C. Istirtas ir

aptartas geleZies (III) acetato fazinis grynumas bei kris-
taliskumas. XRD tyrimy rezultatai leido padaryti i$va-
da, kad susintetintas gelezies (III) acetatas buvo i§ da-
lies amorfinis. Susintetintas geleZies (III) acetatas buvo
sudarytas i§ nereguliariy 50-80 ym dydzio strypeliy.
Taciau perkristalinus, etanolyje buvo gauti 85-100 ym
dydzio plok$tuminiai kristalitai. Parodyta, kad taip su-
sintetintas gelezies (III) acetatas gali bati sékmingai
panaudotas kaip pradiné medziaga metalo organinéms
struktiroms (MOFs) gauti.
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