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Abstract: This paper presents a study regarding the interabietween Cr(Ng); and 1,2- propanediol, 1,3-propanediol
and 1,4-butanediol, respectively. Previous studiethe reaction between metal nitrates and dialsveld that the primary
C-OH groups of diols are oxidized by WQo —COOQ. The resulted carboxylate anions coordinate tontiedal ions
forming complexes that can be used as precursomaioocrystalline metal oxides. The evolution of tedox reaction
between Cr(NG); and the diols was studied by thermal analysisan&T-IR spectrometry. The FT-IR spectra of the
obtained reaction products have confirmed the ftiomaof carboxylate coordination compounds of Gy(#videnced by
0,{—COO) at ~1680 cni and ~1560 c andv(-COO) at ~ 1370 cil. These compounds thermally decompose in the
range 250-300°C leading to amorphous nonstoechrmettromium oxide (GOs.,) Which turns into nanocrystalline
Cr,O; oxide above 400°C.
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1. Introduction decomposed under a controlled thermal treatmenttlaad
decomposition products have been characterized by

In the last decade, the unconventional soft chdmiciiermal analysis, FT-IR spectrometry, XR diffractiry.
methods such as co-precipitation [1], sol-gel meti2)]
and the hydrothermal process [3, 4] have been widstd 2. Experimental
for the synthesis of nanocrystalline simple andedirmetal
oxides. These are wet chemical methods that first The reagents used in synthesis of,(5r were:

synthesize an intermediate product (precursor)adeing Cr(NOs); - 9H,0 as chromium source, the diols: 1, 2-
the metal ions which is further converted to simpted propanediol (1,2PG), 1, 3- propanediol (1,3 PG),44,
mixed oxides by a series of reactions taking pkchigh putanediol (1,4 BG), all of purity >98%, Merck.
temperatures. _ _ The synthesis involves two stages: the synthediseof
~ Among these unconventional methods, a particulgfrecursors and the obtaining of ,05 by corresponding
interest is devoted to those using as precursanpEx  thermal treatment of the precursors.
combinations of metal ions with carboxylate typgahds The synthesis of the precursors is based on thexred
like citrates [5], oxalates [6, 7], malates [8, 9]. ~ reaction between Cr (1) nitrate and diol, whietkés place
One of the methods that insure the formation Aduring the heating of chromium (I1l) nitrate — dislution,
coordination compounds that thermally decompose @fith formation of Cr(lll) carboxylate type precurso
relatively low temperatures to the correspondingles is Cr(NOy); - 9H,0 was dissolved in the corresponding diol
based on the redox reaction between transitionablmeamount and the obtained solution was heated, inltyiag
nitrates and diols [10, 11]. In the redox reactimiween stove, up to 130°C when the redox reaction tookeplaith
nitrate ions and diols, theC-OH (primary) group is reddish-brown nitrogen oxides emission. The maastian
oxidized at -COOH leading to carboxylates anionat thygg kept at 130°C for 3 hours, in order to obtdie t
coordinate to the transition metal ions presentthe corresponding Cr(Ill) carboxylate compound, furthesed

system. . _ as chromium oxide precursor. The obtained precsrsor
In our previous studies we have reported thgere annealed at different temperatures.
formation of F&" [12], Ni*" [7, 15] and C&' [13, 14] The compositions and some characteristics of the

coordination compounds of in the redox reactiortsveen  synthesized samples are presented in Table 1.
the metal nitrates and different diols: ethane ¢hb), 1,2-

propanediol  (1,2PG),1,3-propanediol  (1,3PG), 1,47ABLE 1. Characteristics of the synthesized samples
butanediol (1,4BG).

In this paper we present a study regarding the Quantities/mol Molar
interaction between Cr (lll) nitrate and differediols: Sample |  Diol ratio
1,2PG, 1,3PG, 1,4BG. The formed coordination Cr(NG;)s.9H,0 | Dol ND?&:
compounds have been characterized by thermal asalys [crizpc|[ 1.2pPG 0,0394 01329 11,1250
FT-IR spectrometry and UV -VIS spectrometry. The | Cri3PG| 1,3 PG 0,0394 0,0664  1:0,5625
formed coordination compounds have been thermally [ Cr14BG| 1,4BG 0,0394 0,0664 10,5625
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The progress of the redox reactions between In this paper we are extending the studies on the
chromium (lll) nitrate and diols as well as therthal interaction of Cr(N@3;.9H,O with diols, by using other
decomposition of the formed precursors, were aghidwy three diols: 1, 2- propanediol (1,2PG), 1, 3- praahol
thermal analysis using a 1500 D MOM Budapestl,3PG), 1,4- butanediol (1,4BG). This study istiraded
derivatograph. The experiments have been done willy the further studies on the interaction of métgl and
platinum plates, in air, in the temperature ran@&@0°C,  Cr(lll) nitrates mixtures and diols in order to aist
with a heating rate of 8C- min?, using as reference- carboxylate type precursors for different chromiteish
Al,Os. controlled properties. The redox reactions between

The synthesized powders were characterized by FTr(NOs); and each diol (1,2PG, 1,3PG, 1,4BG) were
IR spectrometry with a Shimadzu Prestige FT-IRtudied by thermal analysis of the prepared Ce)plO©diol
spectrometer, in KBr pellets, in the range 400-0480. solutions deposed as thin film on Pt plates. Thgstered
The phases analysis of the thermally treated sampbss TG and DTA curves (Fig.1) have evidenced two
achieved on a D8 Advanced- Bruker AXS diffractomete exothermic processes with mass losses: the ficgtgss in
using Cu- K, radiation {¢,~= 1, 54056&). the range 80-100°C assigned to the redox reactidntlze

The spectrometric analysis of Cr(VI) in the powdersecond around 300°C assigned to the thermal
obtained at 320° C was performed on a Perkin-ElImelecomposition of the reaction product.

Spectrometer UV-VIS Lambda 25. Fig. 1 presents the TG and DTA curves of the
The presence of Cr(VI) in the studied compounds wamlution Cr(NQ); — 1,4BG.
evidenced by spectrometric analysis on a PerkineElm From the thermal curves presented in Fig.1 we have
Spectrometer UV-VIS Lambda 25. selected 130°C as optimum temperature for the sgiglof
the chromium oxide precursors.
3. Results and Discussion The powders obtained at 130°C have been

characterized by FT-IR spectrometry. The FT-IR #jaeof
In the literature only the redox reaction betweefhe powders Crl2PG, Cr13PG and Cr14BG obtained at

Cr(NO3)3.9H,0 and ethylene glycol [10] has been studiedl30°C are presented in Fig.2.

The reported studies have evidenced that the deidaf _All FT-IR spectra of the synthesized compounds
EG by NQ leads to the glyoxylate anion, which exhibit a strong band at around 3400 cwhich may be

coordinates to the &t ions forming the complex assigned to the OH stretching vibration of wated t;mthe
[Cry(OH),(C,H,04);]. The thermal decomposition of this Secondary —OH group (in case of Cr12PG) [16].
compound up to 500°C leads to,Os oxide.
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Figure 1. TG and DTA curves of Cr(N@— 1,4BG solution
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Figure 2. FT-IR spectra of the precursors Cr12PGGE13PG (2) and Cr14BG (3) obtained at 130°C

The bands in the range 2800-2900"coorrespond to spectra at ~ 1370 ¢ The band from 1280 chcan be
the vibrations of the C — H bond from the -£igroups and assigned to theCC(O)O vibrations [17]. The region 1200-
-CH; group. All compounds exhibit two bands1000 cnt is characterized by the vibration frequency of the
characteristic to the asymmetric stretching viloragiv,ed— —OH groups. Spectrum (1) for the precursor Cri2PG
COO) at ~1680 crif and ~1560 cm[16]. This evidences presents, in this region, a supplementary band 24 tnm'
the presence of the carboxylate group coordinaitehbate due to the presence of the un-oxidized secondaryl —O
and monodentate to the Cr(Ill) cations, in thetisgsized group. The bands which appear in the range 56® <&
compounds. In the range 1400-1450"csome weak bands are assigned to M — O stretching vibrations.
are present, corresponding to bending vibratio€ldéf and Thus, the FT-IR study evidenced the formation of
CH groups [17]. The band characteristic to the symimetrcarboxylate coordination compounds of Cr(lll) inl al
stretching vibration of the group —CO@ppears in all synthesized products.
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Figure 3. TG and DTA curves of sample Cr12PG s\sitieel at 130°C
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TABLE 2. The results of thermal analysis of all poomds

Am/% Am/% Am/% Amy/% o
Sample 20-500°C 20-250°C 250-350°C 350-400°C | Mhescr20s% (500°C)
CrizpG 70 14 52 2 30
Cri3pG 71 15 52 2 29
Cr14BG 69 17 48 ] 31

The thermal decomposition of the Cr(lll) carboxgkat presents the TG curves of the sample Cr13PG arthedle
synthesized at 130°C was studied by means of thHerndifferent temperatures. From the TG curves (1) é&d
analysis, in air atmosphere up to 500°C. The regist results that by the thermal treatment of the powaer
thermal curves have evidenced a similar thermahtieh 250°C only small changes in the thermal behavior of
for all three samples. Up to 200°C a slow mass ¢mesirs  Cr(lll) carboxylate occur. Thus, up to 250°C a vemall
associated to the loss of both -crystallization andhass loss is registered, compared to the TG (1)hforas
coordinated water. In the range 250-320°C a siggnifi synthesized sample, due to the loss of crystallimaand
mass loss takes place with a strong exothermictefige to coordinated water and —OH groups. The thermal kehav
the oxidative decomposition of the organic ligandi#th in the range 250-500°C is almost identical, du¢hto fact
formation of a nonstoechiometric £k, oxide, according that the organic part does not change by heatingoup
to the literature [18]. The mass remains constgnttar 250°C.
380°C, when a mass loss occurs due to the tramsitio By annealing of the sample at 320°C, thjor part
Cr,0s.x — Cr,03 + XO, associated to an exothermic effecof the organic ligand decomposes, as it resultefthe
attributed to the crystallization of £3;. Figure 3 presents slow and little mass loss registered up to 350%k mass
the TG and DTA curves obtained for the sample C&.2P loss registered in the range 350-400°C corresptmdie
The results of thermal analysis of all synthesizetbss of oxygen, during the transition: 2Gro» Cr,O; +
compounds are listed in Table 2. 3/20,. TG curve (4) of the sample annealed at 500°C

In order to elucidate the thermal evolution of theevidences no mass losses, due to the completétimanst
synthesized compounds we have annealed them atadiff Cr,Os,, t0 CrOs.
temperatures and studied the as obtained powders by The FT-IR spectra of the samples annealed at
thermogravimetry and FT-IR spectrometry. Figure dlifferent temperatures are presented in Figure 5.
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Figure 4. TG curves of sample Cr13PG thermallytewat 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 thermadigited at different temperatures:
(1) 130°C, (2) 320°C; (3) 500°C

The thermal treatment of the synthesized compounds From the data presented in table 3 it results it
at 250°C had minor effects on the FT-IR spectra. BErO; content does not depend on the precursors nature.
raising the annealing temperature at 320°C (spec(@)), N .
the organic part decomposes, thus the bands frematige TABLE 3. The composition of the powders obtained32Q°
2900-2800 cril, 1700-1500 ci and 1400-1200 crh obtained from TG curves
almost disappear. A large band appears in the rd6ge m Mass 1oss
700 cm' that can be assigned to the Cr — O bond SaMPle | (35500) | (350-400°C)
vibrations, due to the formation of the correspogdi Cri2PG 31 4 54 46
chromium oxide. Another new band assigned to f£rO_ Cri3PG 33 4 50 50
appears at ~940 c¢m[18], but disappears from the Cr14BG 35 4 48 52

spectrum of the sample annealed at 500°C (speq{B))m The . . .
. o ' powders obtained by annealing the synthesized
By annealing of the sample at 500°C, the transiGo0; to precursors at 320° C and 500°C have been charzederi

Cr20q talfes place with appearance of two strong bands@ XR diffraction. The XRD patterns obtained foreth
~560 cni and ~ 635 cm, which can be attributed to powders at 320°C evidenced no crystalline phades, t
hexagonal GO; [8, 19]. Thus, the FT-IR spectrometry o .qes CsOs., being amorphous. By annealing the

confirms the results of the thermal analysis. o ;
. . recursors at 500°C, &; appears as single phase, well
The presence of Cr(Vl) in the powders obtained ystallized in all samples. Figure 6 presents XD

320°C was confirmed qualitatively by the reactioithwhe
diphenylcarbazide [20]. The reaction was negativahe gigﬁ:jngoog%weépza:gﬂelfr13PG annealed at 3201(pa

case of the as synthesized precursor (1300_(:) a”_‘“‘eof From the full width at half maximum (110) of the
p;)vl\)/der:s ;)btalnled atl 500°C, dcg_rr_fllrlr?nlng the mtemﬁn main diffraction peaks results that the averagethef
of both thermal analysis an IR spectrometry trie crystallites size obtained at 500°C is ~ 25 nmsTyroofs

tabtilg 3 dwetpgrggoegt the C%’T‘pots't'?h” of the.ox'dfm that the thermal decomposition of the synthesized
obtained a , according o the experimen precursors leads to nanocrystallites oxides.

thermogravimetric analysis.

%CrG; %Cr0s
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Figure 6. XRD patterns of sample Cr13PG anneal@2@C (2) and 500°C (1)

4. Conclusions

In the reported research, nanocrystallites ofOgr
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2009 L5-L8.

were successfully prepared via the thermal decoitipos 5. Varma H.K., Kumar K.P., Warrier G.K. and DamaaA.D.,Journal

of some carboxylate type coordination compounds
Cr(lll). The studied carboxylate type precursorsehbeen
obtained in the redox reaction between chromiumatat
and three different diols: 1,2- propanediol, 1,8ganediol
and 1,4- butanediol. All synthesized precursorssgme
similar thermal behaviour, leading by

Materials Letters8,1989,1313-1316.
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Therm Anal Calorim63,2001, 181-189.
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anuta A.J. Therm. Anal. Calorim74,2003, 789-799.

therma . Prasad R., Sulaxna and Kumar A.Therm. Anal. Calorim 81,2005

decomposition to the formation of an amorphous @xid441-450.

Cr,03xCrOs, which turns to nanocrystalline £¥; arround
400°C. The obtained nanocrystallites have the geesive
of ~25 nm. This type of precursors will be usedthe

10. Stefanescu M., Sasca V. and Birzescu MTherm. Anal. Calorim
72, 2003 515-524.

11. Niculescu M., Kellenberger A., Maghet T., DumiR., Birzescu M.
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further works for the preparation of nanocrystalin 1-6.

chromites with controlled properties.
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