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Manganese (Il) acetates tetrahydrate, zinc dihydrate and anhydrous zirconium, processed by freeze-drying, were heat-treated in free atm
sphere at different temperatures and times, generating the main oxides of these metals. These acetates were structurally characterized
scanning electron microscopy (SEM), thermogravimetry (TG), differential scanning calorimetry (DSC), along with all the oxides generated,
by X-ray diffraction (XRD) and UV-VIS difused absorption spectroscopy. Calculations obtained from TG data showed that manganese ac-
etate lost two waters after freeze-drying, also confirmed by X-ray data and that the same phenomenon may be occurring for zinc acetate. Thi
results indicate that exothermic events occurred at lower temperatures for freeze-dried acetates, which may be related to the high surface are
of the material, and consequent greater reactivity. The total decomposition temperatures of the acetates in the ZnO and ZrO2 semiconductin
oxides and the manganese oxides Mn203 and Me304, with excellent crystallization, were obtained.

Keywords: Freeze-drying; metal acetates; termogravimetry; differential scanning calorimetry; oxide nanostructures.

DOI: https://doi.org/10.31349/RevMexFis.69.011001

1. Introduction The nanostructured materials can be obtained by various
processes, such as chemical routes, high energy milling, fast

) ) ) i solidification, among others. In this study, we will explore
Recently, one-dimensional (1D) semiconductor oxide nanOSye freeze-drying processing of transition metal acetates, fol-

tructures, such as nanowires, nanorods, and nanotubes, hayge | by thermal treatments, to produce simple or complex,
been the intensive research focus for their potential appl'caﬁanostructured oxides

tions in optical, electrical, optoelectronic, photocatalytic, and
hydrophilic/hydrophobic felds [1]. To potentialize the effi-

The freeze-drying is frequently used to dehydrate aque-
ous mixes resulting in a final product with fine or ultrafine

) ) f d s olid particles that maintains the basic structure of the initial
apremise to construction o .nanogtructure materials in tWOéalt, which shows high homogeneity and chemical reactivity
dimensional (2D) or three-dimensional (3D) structures.

due to the increase of its surface area [10,11]. Any modifica-
The study of the production and characterization oftion in the mass of the sample is usually related to the water
nanostructured materials - those with size on the order ofoss.
nanometers and generally smaller than 100 nm - has been ex- Metal acetates are highly water soluble salts which can
tensively explored, because these new nanometric materiateadily decompose into nanostructured oxides by appropri-
have completely different physical and chemical propertiesite heat treatments, releasing® acetic acid, acetone and
when compared to solids macroscopic [2]. These variation€0.. They are generally used as precursors for the synthesis
in properties result from reduced size, crystallite form, lowof numerous compounds with low cost, simplicity and a well-
density and/or coordination number at the interfaces betweetontroled process, through controlled chemical reactions or
the structural elements and also due to its large surface areagimple one-step solid state reaction of pure acetates or stoi-
guantum size effect [3]. Research into these new propertieshiometric mixtures thereof. The thermal decomposition of
(nanoscience) and associated applications (nanotechnologggetates, under various conditions of thermal treatments, has
is one of the most promising areas of research today. Amongttracted the attention of researchers due to the great applica-
these materials, we can mention as nanostructured semicobiity involving the synthesis of ceramic compounds.
ductors, showing the potential of use in the fields of spin- Through freeze-drying followed by thermal treatments of
tronics [4-6], the conversion of solar energy into electricity metal acetates, our research group obtained the following
with solar cells [7], in electronic optics, electronic devicesnanostructured materials: enriched iron(lll) acetate [12], iron
in nanoscale, light-emitting nanodevices, laser technologyacetate (l11) anhydrous [13], the dilute magnetic semiconduc-
waveguide, chemicals and biosensors [3,8,9]. tor oxides ZrFe@[14] e CuFeO [15].
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TABLE |. Acetates used in the preparation of samples and respective purities.

Material Chemical formula Manufacturer Purity (%oat.)
Mangares(ll) acetate tetrahydrate Mn(GEOQ),-4H,O Vetec 99.5
Zinc acetate dihydrate Zn (GEOO0),-2H,0 Synth 99.99
Anhydrous zirconium acetate Zr (GBOO), Aldrich -
The main objectives of this work are to: zinc and zirconium acetates will hereinafter be referred to as

AcMn-L, AcZn-L and AcZr-L, respectively.

(i) obtain the crystalline solid nanostructured products of Subsequently, all amorphous and low-density powders
zinc acetates (host matrix), zirconium (host matrix) optained by the freeze-drying processwere subjected to free
and manganese (dopant) by the freeze-drying procesgitmosphere heat treatments at different temperatures and

times in the case of manganese acetate. Alumina boats

were used to support the samples during the heat treatments,
which were conducted in a resistive oven (type EDG mulffle,

(iii) obtain the pure host matrices of the ZnO and zro EDG10P - S, model 3000) with a heating rate of &min.,

semiconductor oxides: temperatures of 25C, 350¢C and 500C for 1 hour_and 3
hours for manganese acetate, 40Gor 3 hours for zinc ac-

(iv) make a comparative study of acetates received anétate, and 600 for 3 hours for zirconium acetate. At the

freeze-dried; end of the isothermal stage, the oven was switched off and

the samples cooled slowly inside the oven to room tempera-
(v) use freeze-drying process to change the morphology ofure (~ 27°C).

metal acetates and formed solids.

(i) use freeze-drying to reduce the water content of man
ganese (IV) acetate;

) ) 2.3. Characterization techniques
The acetates (as-received and freeze-dried) were

characterized by Scanning Electron Microscopy (SEM),2.3.1. SEM

X-ray Diffractometry (XRD) and Thermogravimetry

(TG)/Differential Exploratory Calorimetry (DSC). The morphological aspect of the studied materidls.,(
Thus, the results presented here supply the lack of mor@CMn, AcMn-L, AcZn, AcZn-L, AcZr and AcZr-L) was an-

focused and condensed studies on the products generat@iyzed by SEM in a Shimadzu (SS 550 Superscan) scanning

from the thermal decomposition of zinc, zirconium and man-€lectron microscope, through the formed image by secondary

ganese metal acetates originally processed by freeze-dryinglectrons.

_ o 2.3.2. TG/DSC
2. Experimental description
The thermal decomposition of the investigated materials was

2.1. Preparation of the samples studied by the TG/DSC techniques (samples wittd mg
mass, contained in an alumina crucible), carried out in a Net-
The marks are specified in Table I. The acetates received 8&ch thermal analyzer (model STA 409 PG/4/G Luxx), in at-
manganese (AcMn), zirconium (AcZr) and zinc (AcZn) were mosphere (N = 80%, flow rate 40 ml/min, ©= 20%, flow
completely dissolved in approximately 100 ml of water (dis-rate 10 ml/min). The empty crucible measurement was used
tilled and deionized) in a beaker at room temperature. TheYor the reference of the baseline (for both TG and DSC). The

were then freeze-dried. temperature was raised from ambient to 8DQAcMn and
AcMn-L) and 1200C (AcZn and AcZr), with a heating rate
2.2. Freeze-drying of 10°C/min.

In the freeze-drying process, the homogenous mixture (aG 3.3. x-Ray Diffraction

etate + water) was placed in a glass bottle, suitable for the

freeze-drier equipment.¢., freeze-drier Liotop brand model The structure/crystallinity of the freeze-dried and thermally
-L101) and frozen in liquid nitrogen. The vial was then cou- treated acetates (and solids formed) was determined by X-ray
pled to the freeze-drier and the solution was dried by sublidiffraction.

mation under low pressure-(250 pumHg) and temperature (- The measurements were conducted at room temperature
58°C). The time for the complete drying of the sample lastedn a Shimadzu diffractometer (model XRD-6000), operating
approximately 20 hours, after which the sample naturally rein geometry i(e., Bragg-Brentanof — 26). The radiation
turned to room temperature. The freeze-dried manganesased was the K of the copper tubeX = 1.54064 A), with a

Rev. Mex. Fis69011001
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voltage of 40 kV and a current of 30 mA. The diffractogramswhere C' is a proportionality constantyy is the energy of
were taken in a range of5 26 < 90°, with step of 0.02  the photong is the molar absorption coefficient of the Beer-
and counting time of 6 s per step.For some samples, Rietveldambert law and: is a factor related to the type of electronic
refinements were performed with the Fullprof program [16]transition in the semiconductor [26].
and the refractive gratings were presented as usually specified
in the literature. : :

The intensity of the peaks indicated according to the3' Results and discussion
ICDD (|nternati0na| Center For Diﬁraction Da.ta) da.tabase. Scanning e|ectron microscopy Of acetates

2.3.4. UV-VIS difused absorption spectroscopy Figure 1 shows the microphotographs of AcZn acetates
(Fig. 1a)) and AcZn-L (freeze-dried), Fig. 1b).

The band gap energy of the samples was obtained at room |t can be observed that the microstructure of both sam-

temperature in a UV-VIS spectrophotometer (Ocean Opticples presents a very distinct aspeet, in the form of sheets

USB2000+), using an integrating sphere attachment. A dif13,17,18], with thicknesses at nanoscale {8.1 nm) for

fused absorption spectroscopy measurement in the range Atzn-L acetate and morphology with micrometric agglom-
200 — 800 nm. The direct optical bandgap of ZnO and ZrO grates for AcZn.

was estimated by difuse reflectance spectra with concentra- The SEM image for AcZr is shown in Fig. 2a), which
tion solution (0.2 mg/crt) and optical path= 1.0 cm and  aiso shows an appearance of micrometric agglomerates. On

analyzed by the Tauc model: the other hand, the micrograph of AcZr-L (freeze-dried),
N Fig. 2b), has a shape characteristic of flakes in submicron
ahy = C(hy - Eg)", scale.

T ——

AceV  Probe  Mag WD Det J . o AccV  Piobe  Mag WD Det Mo
200k 30 x10000 17 SE fam " 150KV 30 x10000 18 SE 1

AccY Piobe Mag WD Det AccV Probe Mag WD Det No.
15.0kV 40  »10000 17 'SE 15.0kV 40  x 20000 17 SE 1

FIGURE 2. Microstructures of acetates: a) AcZr and b) AcZr-L.
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FIGURE 3. Microstructures of acetates: a) AcMn and b) AcMn-L.

Figure 3 shows micrographs of the AcMn acetates 1.sx10’ a) Aczn
(Fig. 3a)) and AcMn-L (freeze-dried), Fig. 3b). It can be
seen that the microstructure of the AcMn sample has a rathel  1.2x10°
irregular appearancég., of indefinite geometry with a mi- .
crometer scale thicknesses. On the other hand, the AcMn-L  6.0x10*-
presents microstructure in the form of Sheetsin submicromet- o .
ric scale. oy aa s

From these results, it can be inferred that the freeze- ]
drying process reduced the average particle size and shap ~ 3x10*

of the precursors by inserting them in the nanometric scale, o' b} Aozl

which can lead to a change in the chemical and physical prop- oy

erties of the precursors, possibly making them more reactive, . |

according to the DSC/TG data below. O A e
Since there is less water available between the acetate 10 20 30 40 50 60 70 80

bonds in the freeze-dried material, this change in shape anc 20(°)

size may be justified considering that the surface area of the
solid product formed is dependent on the availability of wa- .

ter during the dehydration process [19]. In this context, theF'GURE4' X-ray difiractograms of &) Aczn and b) Aczn-L.
advantage of freeze-drying is the possibility of preparation of
nano or submicrometric escaled homogeneous samples [20]
and at lower temperatures [13].

a) AcZr
Diffractometric analyzes =000
Figure 4 shows the X-ray diffractograms of the as-received 1000
zinc acetate (a) and the freeze-dried material (b). Both- £
show diffraction peaks that can be attributed to the dihydrate 3 0
acetate Zn(CkEICOO),-2H,0, according to the record 033- b) AcZr-L

1464 of ICDD. 3000

Different intensities, including the appearance of a peak 2000
(indicated byr) of low intensity at2¢ = 6.5°. We believe
that, similarly to what happens in the case of freeze-dried
manganese acetate (Fig. 6 below), a possible explanation fo
this difference between the two materials could be due to the
fact that the freeze-dried zinc acetate lost structural water dur-
ing the freeze-drying processing.

Figure 5a) shows diffraction of X-rays for zirconium ac- FiIcUre 5. X-ray diffractograms of Zr acetates a) AcZr and b)
etate as-received, then drying at room temperature, once itcZr-L.

1000

20(°)
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— o) — Achin (CH.COOLMN4H.0) measured at 20@ was 17.2%, which is consistent with the
My T B R theoretical value 16.4% [21]. The fact that a greater loss of
4000 i mass for AcZn-L was obtained may be related to an adsorp-
2000 ] tion of water in the AcZn, acquired during the storage of this
@ el o o . material in the laboratory.
§ 800 * e EEREEE Figure 7b) shows the DSC curves, where event | (27-
© 600 b) —— AcMn-L (CH,CO0)Mn2H,0) | 200°C) involves endothermic transitions with two peaks (96
— and 256C) for AcZn-L. These endothermic peaks corre-
spond to the dehydration process for these materials.
200 The TG data of Fig. 7a) indicates that event Il (200-
0 : ‘ 400°C) with 80.1% total mass loss, measured at°4D0ep-
5 10 1% 20 25 30 35 40 resents the thermal decomposition of AcZn-L. The difference
26 (%) between the total mass loss and the mass loss for the decom-
FIGURE 6. X-ray diffractograms ofMn acetates: a) AcMn and b) POSsition was 62.9%. Typically, the decomposition of the zinc
AcMn-L. acetate dehydrate Zn(GBOO),-2H,0 leads to the forma-

tion of ZnO, with a loss of mass of 62.92%. This value is

has been diluted in acetic acid. The Fig. 5b), in turn, refersrery close to the experimental data of 62.90% obtained
to AcZr-L and, as it can be observed, there was no strucfrom TG. Therefore, the ZnO phase corresponds to the solid
tural modifications in relation to AcZr (compared to record product formed from the decomposition of AcZn-L.
28-1494 of ICDD). The DSC data of Fig. 7b) indicates that event Il (200-

Figure 6a) shows the diffractogram of the AcMn, which 440°C) involves multiple steps, with the first two being en-
shows, in addition to the respective standard for that comedotherms and one exotherm at 361 This indicates that the
pound tetrahydrate (compared to record 029-0879 of thelehydrated acetate decomposes completely in the zinc oxide.
ICDD standard), small peaks (indicated by p) which may -as  The results of TG/DSC for AcZr-L, also performed un-
hereinafter disclosed by TG/see Fig. 9 - be attributed to theler synthetic air flow, are shown in Fig. 8. It can be seen
manganese acetate dihydrate Mn¢CDO),-2H,O. Figure that the total mass loss observed at 8D@vas 44%. Con-
6b), meanwhile, refers to the AcMn-L and shows a differentsidering a stoichiometric anhydrous zirconium(lV) acetate,
diffraction pad comparing to the previous one, possibly of thezr(CH;COO), decomposing to zirconium dioxide, the theo-
phase (unique) Mn(CHOO),-2H,0, partially amorphized, retical mass loss would be 44.4%. Therefore, there is a clear

which we did not find files of ICDD to compare it with. convergence between the experimental and the theoretical re-
sults.
3.1. TG/DSC of acetates It is inferred from Fig. 8b) that the endothermic event,

) occurring at 78C, is associated with the decomposition of
TG/DSC measurements performed simultaneously for thene organic groups (0, acetone, C§ among others) [22]
Aczn-L, done under synthetic airflow, are presented in Fig. 7 contained in freeze-dried zirconium acetate. The exothermic
TG/DSC curves analyses indicate the presence of two impogyent, with a single acute peak well defined at<3B/lcorre-
tant thermal events (I-11). sponds to the thermal decomposition of the compound, which
When observing Fig. 7a), it can be verified that the event leads to the formation of zirconia.
(27-200C) is associated to the dehydration and evolution of  TG/DSC measurements for manganese acetates, per-

110
2 133* 1 a) AcZn-L s 100+ a) AcZr-L
o 80 w 90
8 70 2 ol
- gg <= 7
< 9 L 70
S 40 " 5
@ 304 o 60
2 20 =
;104 ; 50 361°C
2 38176 b) AcZn-L 2 0l b) Aczr-L
’éa 0 1 exo 'éi |
= 1 endo £ °
s s 3 m°C
£ -200 E 3
3 96 °C a
o
£l -400 T T T T T T -9 T T T T T T
0 150 300 450 600 750 900 1050 1200 0 150 300 450 600 750 900 1050 1200
Temperature (°C) Temperature (°C)
FIGURE 7. a) TG and b) DSC curves for AcZn-L powders. FIGURE 8. a) TG and b) DSC curves for AcZr-L powders.
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Figure 9b) shows the DSC curves, where event | (27-
200°C) involves endothermic transitions with two peaks (92
and 11tC) for the AcMn-L, and three peaks (75, 92 and
129°C) for the AcMn system. These endothermic peaks cor-
respond to the dehydration process for these materials. The
presence of three peaks for the AcMn indicates a more com-
plex process for the release of the structural waters (30%

TG, weight loss (%)
£y
o
1

E’ . T AcMn-2H,0 + 70% AcMn4H,0), compared to the AcMn-L

% 2] ! (~ 100% Mn-2H,0).

o 2 317 s TG data of Fig. 9a) indicate that event 1l (200-5Q),

8 -] 92 4yq 129 with 64.1% total mass loss for the AcMn-L and 68.6% total

B S A i g e s i loss of the AcMn, both measured at £4@) represent the ther-
Temperature (*C) mal decomposition of the sample. The difference between the

FIGURE 9. a) TG and b) DSC curves for AcMn and AcMn-L pow-  total mass loss and the mass loss for the decomposition was
ders. 45.9% for the AcMn-L and 39.2% for the AcMn. Theoreti-
TG/DSC curves analyses indicate the presence of two impofa!ly the decomposition of the dehydrated manganese acetate
tant thermal events (I-11). (Mn(CH3COOQ),, symbol AcMn-D) leads to the formation of

When observing Fig. 9a), it can be verified that the evenfIn20s, withamass loss of 45.6%. This value is very close to
| (27-200°C) is associated with the loss of structural water, the experimental data of 45.9% obtalned.from TG. Therefore,
both for the AcMn-L and the as-received AcMn. After event the Mn:Os phase corresponds to the solid product of the de-
I, the mass loss for the AcMn-L measured at 200was  composition of the AcMn-D. The fact that 39.2% of the mass
18.2%. Theoretically, the loss of 28 corresponds to a mass 0SS was obtained for the decomposition of the AcMn could
loss of 17.2% [23]. It can be concluded that, after freezeOrrespond to the formation of a mixture of oxides containing
drying, the AcMn-L contains two waters in its structure . The Mn20s (majority) and MO, (minority). This characteristic
mass loss for the AcMn measured at 20Gvas 29.4%. The- Can be related to the morphology of the powder, with this one
oretically, the loss of 4K would correspond to a mass loss €0mposed by more compacted agglomerates in comparison
of 34.5% [23]. Calculations performed from TG data for the 0 the AcMn-L, which presented itself as more reactive (con-
AcMn indicate that it contains 3.4 H20 in its structure. The&ining an amorphous portion observed to the XRD). There-
comparison of AcMn XRD peaks (Fig. 6a)) with the AcMn-L fore, anO_4 could be conmdgred an intermediate phase for
(Fig. 6b)) indicates that the precursor used (AcMn) may conthe formation of MRO;, even in the AcMn.
tain a small portion of Mn(CHCOO),-2H,0 in its structure. DSC data from Fig. 9b) indicate that event Il (200-5G9
Using the TG data, it was possible to estimate the percentagBvolves exothermic transitions with three peaks (308, 318
of the two compounds present & 70% of AcMn-4H,0 and ~ and 33tC) for the AcMn-L, whereas there are three peaks
y = 30% of AcMn-2H,0) in the AcMn, through the relation (305, 317 and 33&) for the AcMn. This indicates that both
24H,0 +4y2H,0 =3.4H,0. dehydrated acetates decompose in much the same way,

Acc¥  Probe Mag WD Det No. { 1um
150kv 40 x10000 16 SE 1

AccV  Probe Mag WD Det No. ! "
150V 40 10000 16 SE 1

FIGURE 10. Semiconductor microstructures: a) ZnO and b) ZrO
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Ao | Pigbe  Mag WD Det  No. b1 10um AccV  Piobe,  Mag, ‘WD Det  No oF——— 10um
150k, 40 %1000 16 SE 1 150KV o400 %1000 17 SE 1

FIGURE 11. Microstructures of manganese oxides: a)J4@a and b) M, Os.

as indicated by the shape of the exothermic peaks and the®.3. DRX of thermally treated acetates
temperatures. These differences could be associated with the

morphologies of the powders, as discussed previously. gy the initial study with the thermal analysis, it was pos-

sible to find a temperature range to obtain the main solids
formed with the transition metal acetates.

The low-resolution SEM image for synthesized ZniG.{ Figure 12 shows the diffractometric data, refined by Ri-
obtained by the heat treatment of AcZn-L at 400for 3  etveld, for the obtained semiconductor oxides. In Fig. 12a),
hours) is shown in Fig. 10a), which does not allow a def-the X-ray diffractogram belonging to the as-synthesized ZnO
inition of the form of the agglomerates with high porosity. can be seen. It is verified that it presents a single pattern,
However, the micrograph of as-synthesized ZiObtained relative to the compact hexagonal structure (wurtzita), with
by the heat treatment of AcZr-L for 3 h at 60D free atmo-  space group 8mc, compared to the file 089-7102 of the
sphere), in Fig. 10b), has nanoplates at nanoseal#8(nm)  ICDD. Figure 12b) shows the as-synthesized tetragonaj ZrO
as its characteristic shape. It is worth mentioning that evegpectrum, which also exhibits a unique zirconia pattern with
after the heat treatment for the formation of zirconium oxide,spatial group B/nmc, compared to the ICDD datasheet 049-
the nanoplates formed by the freeze-drying process were stil642. The structural parameters found in the refinements are
maintained. in full agreement with the values established in the respective
From the SEM results, it is possible to see that thelCDD files.
microstructures of Mn304 oxides (Fig. 11a)) and 403
(Fig. 11b)) are very similar to agglomerates with high POros-o
ityat submicron scales [24].

3.2. SEM of the solid products formed

Figure 13 shows the diffractograms of manganese acetate
eze-dried and thermally treated in free atmosphere at dif-
ferent times and temperatures.

1900 a) ZnO The diffractogram of Fig. 13a) refers to the AcMn-L,
10000 1 Bragg position for ZnO treated at the temperature of 2&Dfor 1 h. As it can be ver-
e ified, this result shows the partial decomposition of AcMn-
) t 2 § ﬁ i L, resulting in hausmanite (Mi®,, major phase) and man-
§ et | e et et | ganese carbonyl (GMn, O, minority phase).
©1200 50 35‘ = 2050 TN 30 The sample AcMn-L also treated at 2% but for 3 h
— b) Zr0, (Fig. 13b)) only provides the diffraction profile of M@,
1 Bragg position for Zr0, (record 080-0382 of the ICDD standard). It can be concluded
4000 from this result that the decomposition of the manganese car-
A J—M bonyl also resulted in MyO, (with the structure of hausman-
oD W nite), which becomes the single component of the sample.
1 0 Figure 13c shows the diffractogram for the AcMn-L,
20 (°) heat-treated at 35C for 1 h. For this condition, it was found
FIGURE 12. X-ray diffractograms of as-synthesized ceramics: a) that the acetate decomposed into manganosite (MnO) minor
ZnO and b) Zr@. phase and MgO, (majority).
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FIGURE 13. Diffractograms of the thermally treated AcMn-L in: a) 280’1 h, b) 250C/3 h, c) 350C/1 h, d) 350C/3 h, €) 500C/1 h and

f) 500°C/3 h.

Figure 13d) refers to the treated AcMn-L at 38Dfor
3 h. As noted, the longer heat treatment gave rise to martemperature, the manganosite is decomposing inteQ4n
ganese oxide (MyOg), accompanied by MyO,4. According
to the literature, hausmanite effectively oxidizes to bixbyitethe sesquioxide becomes the major constituent, according to
when heated/treated above 4QQ whereas for lower temper- the TG data already discussed.

atures there is formation of the M@g phase, intermediate to

lated to manganosite is verified. It is assumed that, at this

(bixbyite), giving indications that in the vicinity of 50C

The X-ray pattern of the AcMn-L sample treated at

Mn30O, and Mn,Oy. In all cases, at temperatures higher than500°C for 3 h (Fig. 13f)) perfectly provides the diffraction

400°C, Mn;0g totally becomes MgO, [25].

profile of Mn,O3 (ICDD standard sheet 071-0636). It is pos-

In the observation of the XRD of the AcMn-L sample sible to associate this result with the transformation of haus-
treated at 500C for 1 h (Fig. 13e)), the absence of peaks re- manite and MgOg completely into bixbyite, which becomes

@
a) ZnO
E =326 eV -
” 20 H
E
o
>
L7
= 1
w
)
5. /"’"
T T T T
1 2 3 4 5
hv (8V)
14
b) ZrO, )

1241 gg=542ev

10
N»—s
P‘E 8
o
T 6]
=
&4
=

2,

g,

’2 T T T T T

46 48 50 52 54
hv (eV)

56

FIGURE 14. Tauc's graph of the a) ZnO and b) Zs@ystem.

the single phase of the sample. Thus, the,@xnphase is the
most stable manganese oxide at this temperature and time,
which is in agreement with the TG data already discussed.

As previously observed, the heat treatment of AcMn-L
caused the organic matter of the acetate to be converted to
oxides. Thus, the various phases of the decomposition of
manganese acetate are attributed to the variety of manganese
oxidation states, allowing the formation of oxides with many
different stoichiometries and most of them with antiferro-
magnetic behavior.

3.4. UV-VIS

From the UV-VIS absorption spectra, the band gap values
were calculated for the ZnO and ZfQusing the linear ex-
trapolation of the Tauc graphs (Fig. 14a-b)).

The band gap value for ZnO is 3.26 eV, which is close
to the value reported in the literature [27]. And to Zr@e
band gap value is 5.42 eV [28], These values confirm that the
synthesis route is also effective in terms of preserving semi-
conductor properties as material values.

4. Conclusions

The pure crystalline phases of the semiconductor oxides of
ZnO and ZrQ and of the oxides of MyO3; and Mn; O, of the

zinc, zirconium and manganese acetates, respectively, were
obtained by freeze-drying processing, followed by thermal
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