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Abstract

The thermal decomposition of Co(NR-6H,0 (1) as well as that one of NO[Co(N®] (Co(NOs),-N,0,) (2) was followed by thermo-
gravimetric (TG) measurements, X-ray recording and Raman and IR spectra. The stepwise decomposition redctioth® lefading to
anhydrous cobalt(Il)nitrate (3) were established. pralinosphere, cobalt oxides are finally formed whereasiN{(10% H,) cobalt metal
is produced. Rapid heating of cobalt(ll)nitrate hexahydrate causes melting (formation of a hydrate melt) and therefore side reactions in the
hydrate melt by incoupled reactions and evolution/evaporation of different species as, e.g, NMdCetc. In case of larger amounts in dense
packing in the sample container, the formation of oxo(hydoxo)nitrates is possible at higher temperat2résfoermal decomposition to
3 was followed and its decomposition mechanism is proposed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction confusing and partially contradictory theories and facts are
presented8-15]. Especially thermogravimetry (TG) in its

Beside the fact that the knowledge of anhydrous transi- quasi-isothermal variant is a very helpful tool for the study of

tion metal nitrates is scanty such metal nitrates (hydrates)decomposition reactions in combination with structure sensi-

are widely used for preparation of high-surface area materi- tive methods as, e.g., Raman and IR spectroscopy and X-ray

als as, e.g., for catalysts as oxides and mdfia8]. Espe- diffraction measurements.

cially, cobalt and alumina supported cobalt oxide catalysts In the course of studies on anhydrous metal nitr§té$

have been widely applied in Fischer—Tropsch synthesis, hy-also NO[Co(NQ)3] [17,18] was prepared and investigated

drocracking and selective hydrogenation reactjdr3]. The thermogravimetrically.

Fischer—Tropsch synthesis involves the conversion of car-

bon monoxide and hydrogen to predominantly hydrocarbon

products, either olefins or paraffins. Therefore, the thermal 2. Experimental

decomposition processes of metal nitrate hydrates are impor-

tant to know. Even in most recent corresponding publications 2.1. Substances and methods
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torius, type 4201) in which the sample compartment is sepa- 0T 573
rated and kept magnetically in suspension (magnetic suspen- 10 \\TMass loss
sion balance). Therewith, it is possible to investigate decom- A - 523
position reactions evolving corrosive gases as, e.g., §NO 20 4 N
NOy, etc., as well as using different atmospheres. By a home-
made computer-supported driving, the heating rate is con-
trolled/varied by relative mass loss in response to the sam-
ple decomposition allowing quasi-isothermal measurements,
too [19]. Further details are given in Sectiéh In effect, 50
this method is comparable to the “Dynamic Rate Controlled
Method”[20]. -0 7
The FT-Raman spectra were recorded with a Raman mod-
ule FRA 106 (Nd:YAG laser: 1064 nm, <200 mW) attached to . i
a Bruker IFS 66v interferometer. Corresponding FT-IR spec- 0 10 20 30 40 50
tra were obtained from KBr (sample) pellets (where the pellet Time [h]
IS pro.teCtedllsmate.d by an inert Baér a Gso layer) Wl.th the_ Fig. 2. Mass loss and temperature process during the thermal decomposi-
mentioned FT-IR interferometer. X-ray powder diffraction tion (TG) of 1 (for the TG curve ofFig. 1 elucidating the unusual (quasi-
measurement was carried out with a STADI P (Fa. Stoe) at isothermal) driving modus.
room temperature in afNatmosphere and Cu Kradiation.
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dration steps. The further thermal decompositioB adsults
in the formation of the cobalt oxides @03 and Ca@O4 in
N, atmosphere, whereas inMl; finally metallic cobalt is
generated (Figs. 1 and 3). All the corresponding experimen-
tal details and thermo-analytical characteristics including all
corresponding chemical reactions are collectélinle 1land
indicated inFigs. 1 and 3, respectively.

Different sample loadings result in slightly differing
Sdegradation temperatures caused by an adjusted relative mass

3. Results and discussion

3.1. Thermal decomposition of cobalt(ll)nitrate
hexahydrate (1)

The very slow thermal decomposition &f presented
in Fig. 1, reveals the stepwise formation of distinct hy-
drates as tetra- and di-hydrate, respectively, and of anhydrou

cobalt(ll)nitrate as a pink coloured product. To elucidate the loss in the quasi-isothermal modus driving @y, 1: Table 1,

unusual quasi-isothermal driving modus of the investigation If partial reaction of the leaving water is possible in the third

method examplarily the time dependgnce on .t'he mass IOSSstep (small sample container, greater sample amount, dense
and on the temperature, respectively, is showign 2. The

, packing) cobalt(lll)oxonitrate is formed likely according to
usedatmosphere gor H/N2) has no influence for the dehy- the calculated mass loss and the proposed equation (Fig. 1,
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Fig. 1. Thermal decomposition (TG) of cobalt(ll)nitrate hexahydratezn N
atmosphere showing the influence of sample loading and possible side re-Fig. 3. Thermal decomposition (TG) of anhydrous Co@}Oin N
action with leaving water (encirclement): (a) full line, 180 mg and (b) dot- and H/N2> (10% H) atmosphere (full line), respectively, in the range
ted/broken line, 291 mg. Temperature range, 293-773K; heating rate be-293-773 K. Heating rate between the quasi-isothermal decomposition steps,
tween the quasi-isothermal decomposition steps, 0.6 K in 0.6 Kmin,
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Table 1

Thermal decomposition reactions band2, and their characteristics (¢figs. 1-4)

Reaction/step T (K)2 Am (%)P Atmosphere

Experimental Calculated

(1) Co(NO)2-6H20 — Co(NOs)2-4H,0 + 2H,0 ~308 12.3 12.38 N2; Hao/Ny

(2) Co(NO)2-4H20 — Co(NOs)2-2Ho0 + 2H,0 ~340 24.8 24.75 N2; Ha/N2

(3) Co(NGs)2:2H20 — Co(NG3)2 +2H,0 ~383 375 37.12 N2; H2/N2
(3a) Possible side reactigr2Co(NG)2-2H,0 — [Co(NO3)2]20 + Hp + 3H,0 ~385 34.7 34.37 N2; Ho/N2
(3b) [CO(NO)2]20 — 2Co(NQy) + 1/20» ~398 375 37.12 N2; Ha/Ny

(4a) 2Co(NQ@)2 — C003 + N2O4 + N2Os ~45¢ 71.0 71.50 N2; H2/N2

(4b) 3Co(NQ), — C0304 + N2O4 + 2N, 05 72.4 72.20

(5a) C@O3 +3H, — 2Co + 3H0 ~458 Fig. 3 H2/N2

(5b) CxO4 +4Hy — 3Co +4H,0

(6) NO[CO(NQ)3] — Co(NOs)2 + 2NO, ~343 335 33.46 N; (Fig. 4)

2 Decomposition temperature, sligthly dependent on sample amount (cf. S8ktion
b In relation to the starting compourid and for Eq. (6) t®.

¢ (NO3)2Co0Co (NQ),: cf. Section3.

d Beginning.

encirclement):
2C0(NGs)2:2H20 — Co(NG3)20C0o(NGs)2 + Hz + 3H0

-10 H

\
1
(33) {
!
I
!

=20 4
This oxonitrate is decomposed inBoby further heating
(Fig. 1;Table 1, Eqg. (3b)).
Rapid heating ofl causes a hydrate melt changing the
system drastically by side reactions and evaporation of
HNOs3 and other species. Such a corresponding TG curve
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(cf. Fig. 2 in Ref.[13]) is contourless and dependent on ex- 0 - 1
perimental conditions according to own measurements, too. | o
The formation of a hydrate melt df might be excluded by 0 4 €0,0,---1 = = = = = 0]
the storage of over R,O;¢in a desiccator (1 week) yielding T T T T T
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the tetrahydrate only.

The low temperature decomposition behaviour of Pb, Cu,
Cd and Ag nitrates in vacuo was investigated by residual gasrig. 4. Thermal decomposition (TG) of NO[Co(NJ] in comparison
analysig11,12]. Several metals containing species as MeO, to that of Co(N@); in the range 293-573K in Natmosphere. Heat-
Me(N03)+ and Me™* were detected in the gas phase. Only ing rate between the quasi-isothermal decomposition steps, 1.2#€min
Pb(NG;), and Cd(NQ)» are comparable to the here relevant NOICO(NOs)s]. full line; Co(NOs),, dotted line.

Co(NGs)2 for which no such species are found (Table 1).

Recently, the thermal decomposition of molten AgNO 100 1
and Cd(NQ), was studied21,22]. For Cd(NQ)2, which is
comparable to Co(N§)2, the evolution of oxygen (O atoms)
was detected. This might be interpreted as an indication for 80
the formation of nitrite, which is not found for Co(ND.

Temperature [K]

3.2. Thermal decomposition of nitrosyl nitratocobatate,
NO[Co(NGs)3]

Relative Intensity (%)

Anhydrous cobalt(Il)nitrate is formed also by the thermal
decomposition 02 (Fig. 4; Table 1) under milder conditions.
Both Co(NQ)2 products, obtained by thermal degradation 20 ~
of 1 and2, respectively, show identical properties proved by
Raman and IR spectra as well as by X-ray diffraction pattern. l l l l

In Fig. 5, the X-ray diffraction pattern &fis given. Suited o M
single crystals for crystal structure determination could not
be obtained. Fig. 5. X-ray powder diffraction pattern (Cuckradiation) of Co(NQ).
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Table 2
IR and Raman frequencies (ch) of Co(NQ); (3) and Co(NQ),-6H,0 along with their relative intensities and proposed assignments
Co(NGs)2 Co(NQG;)2-6H,0 NOs3~/solution[28]
Raman IR Raman IR D3n/assignment
3340 vbr (H20)
2772 vw
2760 vw
2428 vw 2427 vw Combination bands
2396 vw 2396 vw
1773 vw
1763 vw 1763 vw
(1632 vw, br) 1631 m, br (£0)
1461w (HO)
1446 w-m
1392 vw 1389 vs 1384 vs 13904JF’; IR, R)
1356 vs 1355 vw
1086 sh
1079 vs
1057 vs 1057 (yA}; R)
1050 vw
1032w 1040 w 1033 m
829 s 829 m 830 (J4%; IR)
806 m 807 w
797 vw, sh
750 m-s 752 w 751 vw 720 (J/EIR, R)
747 sh 725 vw
603 w
491m
273 vw
252 m
207 m
192s
155w Lattice vibrations
145 vw, sh 139w
132 vs 128 w
122 vw, sh
108 vw
84 vw, sh
s, Strong; m, medium; w, weak; v, very; sh, shoulder; br, broad.
3.3. Vibrational spectrum of Co(NJ®» found in Raman spectra of nitratf8]. Finally, v4 (E') is
the bending mode.
The corresponding FIR and Raman frequencie8 afe Comparing thev; (A7) mode of the series of the alkali

given inTable 2along with their proposed assignment. While nitrates as well as that of AgN©n solution, and in the crys-
the presented IR data dfare in fair agreement with the cor-  talline and molten state, Buf28] found the frequency range
responding published IR frequenci@8,24], our IR values  from 1035 cnv? (solid AgNGs) to 1086 cnT? (solid LiNO3),
of 3 (Table 2) are in fair accordance with these in R2§] whereas the/; mode of the “free” nitrate anion in solution
but they disagree with those given in RE¥4]. is found at 1048 cmt. With the exception of AgN@), thev
According to Ref[15] Co(NQO;); crystallizes in the trig- nitrate-mode dependency on the alkali cations is explained by
onal space grouR3 (no. 148) an=12 ZB=4). As in the packing density respective the needed volume o NO
Cd(NG;s)2 and Pb(NQ@)2 [26] the nitrate units ir83 are mainly ions in the solids only.
ionic bonded. Therefore, the interpretation of the vibrational vy for Co(NO3)2-6H20 — [Co(H20)s]%* (NO3™), with
spectra ofl. and3 might proceed from the N& anion with 1057 cn? it does fit very well with the existence of ionic
Dsn symmetry. Its vibrational analysi27] does yield the NO3~ units. In3, v1 is found at 1079 cm! which agrees
following distribution of the fundamentals well with that of LiINO3 corresponding to comparable ionic
_ _ L ” , radii of Li* ) with Co?*(g). In AgNOs, an additional specific
Fip(NO3™/Ds3n) : Ay(R)+ A2 (IR) + 2 EX(R, IR). Ag* effect( gauses a cge)crease of the N—O binding force in
The pulsatiorv; (A7) dominates the Raman spectrum of NOs™ and therewith its loweov; [28].
ionic nitrates whereas the asymmetrical stretchiggE’) is The asymmetric N@~ stretchinguz (E') is strongest in
the most intense in the IR spectra. The out-of-plane mode IR and mostly weak/very weak in Raman spectra. For the
v2 (A3) is only IR active, but the combination 2ids often “free” NO3 ™, it is found at 1380cm! (1.7M NaNGQ; so-
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