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Str uctur e and magnet ic pr opertie s of the therma l decomp osition pro d-
ucts of Fe(I I I )C o(I I) acrylate comple x were analysed . T he crystallin e phases,
w hich w ere found in the fully pro cessed material, at 643 K , w ere Fe3 O 4 ,

C oFe2 O 4 , and CoO and had a mean particle size of ab out 30 nm. In the
intermediate stages of the thermolysi s iron was present in a form of FeI I I

(tri valent low-spin iron), Fe2 + (div alent high- spin iron), and Fe3 O 4 . T he co-
ercivity and remanence were measured versus temp erature in the range of

5{300 K , in 1.1 T applied Ùeld. Both, M H c and M r , decreased show ing room
temp erature values of 0.038 T and 7.49 mT , for coercivity and remanence,
resp ectively . A t temp eratures below 200 K the hysteresis loops w ere asym-

metrical, opened and shif ted tow ards negative Ùeld values.

PACS numb ers: 81.07.Bc, 82.35.N p

1. I n t rod uct io n

Therm al tra nsform ati on of m etal -conta ini ng m onom ers is a uni que tech-
ni que, whi ch al lows produci ng nano-sized parti cles stabi l ised in a polym er m a-
tri x [1]. Thi s m etho d inv olv es solid state polym erisati on of the ini ti al m onom er
fol lowed by decarb oxyl ati on of the m etal -conta ining fragm ents of polym ers. Meta l
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form ed in the last reacti on can be oxi dized by CO 2 or H2 O. The com posite m a-
teri al can be in a f orm of MOr(CH 2 CHCOO) p À x ( CH 2CH ) x (CHCHCOO) q À

y ( CHCH ) y , where M is tra nsiti on m etal . The com positi on of the com posite m a-
teri al depends on the tem perature and ti m e of therm al decay [1]. The therm al
decompositi on pro ducts of metal acryl ates such as Fe (I I I), Fe (I I), Co(I I), Ni (I I)
can be used for the pro ducti on of ferro magneti c m ateri als.

In the present study the form ati on and structure of nanocomposites pro-
cessed by therm olysis of the com plex:
[Fe3O (CH 2 CHCOO ) OH Co CH CHCOO 3H O has been investigated.

Therm al tra nsform ati on of the Fe(I I I)Co (I I) acryl ate compl ex was perform ed.
The fol lowing specim ens were analysed:

Sampl e 1 | precursor (the Fe(I I I)Co (I I) acryl ate compl ex);

Sampl e 2 | pro duct of a therm al decom positi on at 493 K, wei ght loss,
m : %;

Sampl e 3 | pro duct of a therm al decom positi on at 643 K, wei ght loss,
m : %;

Sampl e 4 | pro duct of a therm al decom positi on at 643 K, wei ght loss,
m % (l onger anneal ing ti me).

X- ray phase analysis was perf orm ed at room tem perature wi th the appl i -
cati on of a Phi l ips PW 1050 di ˜ra ctom eter, using Cu K radiati on. For the
M �ossbauer spectroscopy the 5 7 Co - in-Rh source wa s used. The specim ens were
tested at di ˜erent temperatures in the range of 80 to 370 K. For the TEM inv es-
ti gati ons a Phi l ips EM 300 m icroscope, operati ng at 100 kV, was used. Ma gneti c
m easurements were carri ed out using a PAR -155 and Oxf ord Instrum ents vi bra ti ng
sam ple magneto m eters.

The X- ray di ˜ra cti on pattern of the precurso r m ateri al revealed a very com -
pl ex crysta l l ine structure, whi ch was not analysed at thi s stage. In the specim en,
whi ch wa s annealed at 493 K ( m : %), crysta l l ine phases were not found.
Af ter the therm olysis at 643 K, ( m : %), the only phase, whi ch wa s de-
tected was Fe3 O4 . Af ter a longer anneal ing at thi s tem perature ( m %) CoO,
Fe3 O 4 , and CoFe2 O 4 pha seswere found, however, the crysta l lographi c param eters
for cubi c inverse spinels Co Fe2 O 4 and Fe3 O 4 are very sim i lar. Som e uni denti Ùed
reÛections were also present (Fi g. 1).

The TEM investi gatio ns for sampl e 4 pro ved the existence of m etal lic parti -
cl es, whi ch were distri buted in a polym er m atri x. A m ean size of the parti cl es was
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Fig. 1. X -ray di˜racti on patterns for the precursor complex 1 and for the samples 2, 3

and 4.

30 nm , however, at thi s stage we are unabl e to state whether these parti cles are
m ono- or polycrysta l l ine.

The M�ossbauer spectra , whi ch were recorded at 295 K, are shown for al l the
sam ples in Fi g. 2a. For the precurso r acryl ate a presence of FeI I I only was apparent
from the spectrum . In the course of anneal ing at 493 K a reducti on of the FeI I I to
Fe2 + occurred whi ch is represented in Fi g. 2a for sam ple2 by an addi ti onal doubl et.
On increasing the anneal ing tem perature up to 643 K (sam ple 3) the reducti on of
FeI I I proceeded further. For sam ple 4 the Fe3 O 4 appeared, whi ch was evi denced
from the values of the tw o sextets representi ng hyp erÙne Ùelds of tri valent i ron in
the tetra hedra l sites (A) as wel l as tri valent and di valent i ron in the octahedra l
sites (B). The values of tho se Ùelds were 48.68 T and 45.866 T, respectivel y. W e
supp ose tha t the e˜ect from cobal t ferri te, CoFe2 O 4 , was incl uded in the FeI I I

spectrum . The results of low tem perature M�ossbauer spectroscopy for sampl e 4
are shown in Fi g. 2b. In these spectra: FeI I I , Fe2 + , Fe3 O 4 , Co Fe2 O 4 components
were detecte d. The values of hyp erÙne Ùelds for CoFe2 O 4 , in sites A and B, were
49 T and 52 T, respectivel y [2].

The hysteresis loops were recorded in a tem perature range of 5{ 300 K, in
1.1 T appl ied Ùeld. Below 200 K the loops were open and shifted to wards negati ve
m agneti c Ùeld. The shift increased wi th decreasing tem perature. Thi s behavi our
we attri bute to the stro ng i rreversi ble m agneti c processes, whi ch at tem peratures
below 200 K, coul d not pro duce a conti nuous closed loop in a presence of low ex-
terna l magneti sing Ùeld. Ho wever, we cannot exclude som e addi ti onal contri buti on
to thi s phenomenon from the e˜ect associ ated wi th \ freezing" of di sordered sur-
face spins of nanoparti cles, whi ch are bonded to the organi c m olecules [3]. These
conÙgurati ons, in our case, becom e frozen at tem peratures below 200 K.

In Fi g. 3a the coerci vi ty and remanence are plotted versus tem perature in
the range of reversibl e m agneti sati on processes, i.e. over 200 K. Both the M H c

and M r decreased showi ng room tem perature values of 0.035 T and 7.49 mT for
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Fig. 2. T he 295 K M �ossbauer spectra for all the samples investigated (a) and the 295 K

and 80 K spectra for the specimen 4 (b).

Fig. 3. T he coercivity M H c and remanence M r versus temp erature for sample 4 (a),

and magnetisation versus temp erature after ZFC and during FC for sample 4 (b).

the coerci vi ty and rem anence, respect ively. In Fi g. 3b the m agneti c m oment versus
tem perature is shown af ter zero Ùeld cool ing (ZFC) and in the course of 2 È 1 0 À 3 T
Ùeld cooling (FC). The m easurement of the m agneti sati on versus tem perature af ter
ZFC indi cated conti nuous increase in thi s param eter. The curve changes i ts slope at
around 100 K, whi ch m ay indi cate changesin a magneti c structure of the m ateri a l,
whi ch conta ins tw o magneti c phases. FC led to a smal l decrease in magneti sati on
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wi th increa sing tem perature. The di ˜erence in the shapes and positi ons of both
the curves is related to the stro ng i rreversi ble processes, ori gin of whi ch at thi s
stage cannot be f ul ly expl ained. They may arise f rom m agneti c intera cti ons wi thi n
the parti cles, between the parti cles or the parti cles and polym er m atri x.

4 . Su m m ar y

Crysta l l ine phases, whi ch were found in the ful ly pro cessed m ateri al (643 K,
Â m = 4 2%), were ferri m agneti c Fe3 O4 and Co Fe2 O 4 , and anti ferrom agneti c CoO.
At the interm ediate stages of the tra nsform ati on i ron wa s present in a form of
FeI I I ; Fe2+ and Fe3+ ; Fe2+ in Fe3 O 4 . The m icrostructure of the m ateri al con-
sisted of 30 nm polycrysta l l ine metal l ic parti cl es, whi ch were homogeneously di s-
tri buted in the polym er m atri x. The precursor acryl ate as wel l as sam ple 2 (493 K,
Â m = 2 5 : 1%) were nonm agneti c. The room tem perature coerci vi ty and rem anence
values for sam ple 4 were 0.038 T and 7.49 mT , respectivel y.
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