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Th e m or pho logy of soli d phase pro ducts of thermal tra nsformation of

transition metal acrylates or its cocrystalli tes is studied . The thermal trans -
formation of the metal- containing monomers studied consists in dehydration ,
solid phase polymeri zatio n and thermolysis pro cess. T he top ography of the

initia l comp ounds and solid phase pro ducts of thermal decay, as w ell as their
comp ositio n, are analyzed by optical and electron microscopie s. The aver-
age particle sizes, d E M , are: 6.0{ 13. 0 nm in the case of FeA cr 6 (based on the
data of electron di ˜racti on, the main pro duct is Fe3 O 4 ), 6.0 nm for FeC oA cr 8

and Fe2 C oA cr14 (F e3 O 4 , CoO , Fe2 CoO 4 ), and 6 nm for C oMal 2 (C oO ). T he
material formed consists of nanosized metal particles unif ormly allotted in
p olymer matri x.

PAC S numb ers: 81.07.{b, 81.07.Bc

1. I n t rod uct io n

In chemical reacti ons of the sol id phase the m orpho logical characteri stics of
the starti ng com pounds, such as di spersity , speciÙc surface, and to pography of
the parti cles, are the most im porta nt facto rs whi ch inÛuence the vel ocity of the
pro cess. On the one hand, the kno wl edge about the evoluti on of the m orpho logy
of sol id phase pro ducts al lows one to estimate the ki neti c peculiari ti es of the pro-
cess. On the other hand, the study of the to pography of solid phase pro ducts, in
parti cul ar, at the end of the tra nsform ati on, perm i ts us to understa nd physi co-
chemical properti es of the m ateri als f orm ed [1]. In thi s respect the m orpho logy of
m etal -conta ini ng polymer nanocom posites obta ined, for exam ple, by therm olysis
of corresp ondi ng m etal -conta ining m onom ers in the regim e of self-organi zati on,
has been li ttl e studi ed.
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In the last years we have elaborated the appro ach incl udi ng synthesi s of
m etal -conta ini ng polym ers duri ng the therm al tra nsform ati on of the metal -conta in-
ing monomers, com bined wi th generati on and growth of the parti cles of the m etal
or m etal oxi des and thei r sim ul ta neous stabi l izati on by polym ers. Thi s paper deals
wi th the study of the m orpho logy duri ng the therm al tra nsform ati on of the un-
satura ted meta l carb oxyl ates | tra nsiti on m etal acryl ates (MAcr 2 ) and m aleates
(MMa l n ), where M is n -valence m etal , Acr is the acryl ic group (C H2 =CHCOO),
Ma l is the m aleic group (OOCCH=CHCOO or OCOCH=CHCOOH). These are:
Cu 2 [CH 2= CHCOO ] 4 Â 2C2 H5 OH ( CuAcr 2 ) [2],
Co [CH 2= CHCOO ]2 Â H2 O ( CoAcr 2) [3],
Ni [CH 2= CHCOO 2 H2 O Ni Acr 2) [4],
Co [OOCCH=CHCOO 2H2 O CoMa 2 [5],
i ron ñ 3 -oxoacryl ate Fe3O OH CH 2 CHCOO 6 3H 2O FeAcr 6 [6]
and ñ 3 -oxomaleate Fe3O OH OOCCH CHCOOH 6 3H2 O FMa l 6 ) [7],
cocrysta l l i tes FeAcr 6 CoAcr 2 and FeAcr 6 Ni Acr 2 wi th ato m ic rati o
Fe:Co = 1:0.8 (F eCoAcr 8 ) and Fe:Co = 2:1 (F e2 CoAcr 1 4 [8],
Fe:Ni = 2:1 (F e2 Ni Acr 1 4 ) [4],
as well as polym eric Ni acryl ate of di ˜erent metal content, obta ined by polym eriza-
ti on of the Ni Acr 2 , [Ni (CH 2 CHCOO) 2 n (Ni Pacr- 1), and by the polym er-analogous
reacti on of polyacryl ic aci d wi th Ni (I I) acetate, [Ni m (CH 2 CHCOO) n ] (Ni PAcr- 2).
The therm olysis of the com pounds studi ed [2{ 8] is accom pani ed by gas evoluti on
and the mass loss, tha t is caused by three consequent tem perature- di stinguished
m acroki neti c pro cesses: dehydra ti on (i n the case of crysta l hydra tes) | 373{ 393 K ;
radi cal sol id phase (co)p olymerizati on | 453{ 493 K; and decarb oxyl ati on of
(co )polym ers form ed > K (> K in the case of CuAcr 2 ).

The m etal carboxyl ates are obta ined as described previ ously [8]. Therm ol -
ysis of the compounds is carri ed out under isotherm al condi ti ons. The ki neti cs
of conversi on was m oni to red ta ki ng into account gas evoluti on in self-generated
atm osphere (the sampl e is previ ously v acuated at 293 K and pressure 1 Pa for
0.5 h) in stati c noni sotherm al reactor, using the m embra ne nul l -manom eter (the
heati ng volum e of the reactor vessel did not exceed 0.05V , where V was the vol -
um e of the reactor vessel). Af ter com pleti on of the therm olysis, the am ount of
gases evolved and the wei ght loss of the sam ples ( m , g) were determ ined, and
low- temperature f racti onati on (77 K) of the gaseous products was carri ed out.
Opti cal microscopic (OM) studi es were carri ed out on an M BI- 6 instrum ent using
tra nsmi tted polari zed and nonpolari zed l ight. El ectron m icroscopy studi es were
perform ed using the H U- 125 tra nsmission electro n micro scope wi th accelerati ng
vo l tage of 100 kV. The speciÙc surf aces (S 0

s p ; m 2=g) of the powders were deter-
m ined from the low-tem perature adsorpti on of ni tro gen.
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3. R esul t s an d d iscu ssio n

3.1. T he mor phology of the ini ti al metal-cont aini ng monomer s

Al l compounds studi ed are the powders wi th rather extended S 0
sp . The m ain

characteri sti cs of the di spersity of the com pounds are given in T abl e.
Cu Acr 2 . Accordi ng to the data of opti cal microscopy, the ini ti al sampl es

of CuAcr 2 are com posed of bri ght green crysta ls, m ainly in the form of pl ates,
and of thei r spl ices wi th the somewhat spongy surface (whi ch is due to alcohol
desolvati on). Needl e-shaped pri smati c crysta ls and amorpho us glassy products are
also form ed in a smal l pro porti on (up to 10 m ass%). The average size of the pl ates
am ounts to (5 Ë 2 0 ) È (5 Ë 5 0 ) È ( 1 ñ m3 al tho ugh parti cles wi th dim ensions
below 2 ñ m3 are also observed.

Co Acr 2 . The sampl e of Co Acr 2 consists of glassy shapelessparti cles colored
from light- orange (i n tra nsmitted l ight) to yel low (i n thi ck layers). The average
size of the parti cles is about 100 ñ m , al tho ugh smaller parti cles (l ess tha n

ñ m ) are also present. The parti cl es do not rota te the plane of polari zati on. The
speciÙc surface of the starti ng sam ple is equal to 20.0 m 2 / g (T able).

Ni Acr 2 . The powder of Ni Acr 2 has the extended S 0
sp and consists of glassy

parti cl es as pl ates of the various shape and size (T able). Som e parti cles have sizes
as high as 1 mm . In thi n layers they are of bri ght green color, tra nsparent and do
not rota te the plane of polari zati on in skew polari zers. It is interesti ng tha t for
som e large parti cles ( mass%) the scarce nontra nsparent impregnati ons are
observed in the tra nsmi tted l ight. Thei r shape is close to spheri cal one and sizes
are about 5 ñ m . The im pregnati ons consist of m ore smal l form atio ns (l esstha n

ñ m).
Co Mal 2 . The ini ti al powder of CoMa l 2 consists of tra nsparent parti cles,

whi ch rota te the plane of polari zed l ight in skew polarizers and occur both as
crysta l l ine Ûattened pri sms (in som e cases, they are well -f aceted) wi th average size

ñ m 3 (fracti on 1) and as shapelessglassy parti cles wi th size 5 ñ m,
whi ch exhi bi t no pronounced opti cal acti vi ty (f racti on 2). The characteri sti c sizes
are given in T able. Thi s is associated wi th the condi ti ons of crysta ll izati on in
the course of synthesi s and characteri zes the m orphological compositi on of cobal t
m aleate. Fracti on 1 is a well crysta l l ized com pound. Some large crysta ls have
m acrodefects as spal ls and cracks. The estimated weight ra ti o of fracti ons 1 and 2
wa s 1:1.

F eAcr 6 . Opti cal m icroscopic exam inati ons showed tha t the starti ng FeAcr 6

sam ple was shapeless glassy aggregates wi th the average size of 40 ñ m con-
sisti ng of blocks whi ch are smaller by order (T able). Both aggregates and blocks
are am orpho us, they exhi bi t no opti cal acti vi ty in tra nsmi tted l ight.

F eMal 6 . The m orpho logy of the FeMal 6 powder is close to tho se of FeAcr 6 .
They consist of the blocks (T abl e) of shapelessam orpho us glassy aggregates whi ch
are stra w in thi n layers and thei r sizes are about 80 ñ m.
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TAB LE

Morphology characteristics of the starting metal carb oxylates.

The shape of

particle The size of blo cks S 0
sp [ m2 = g ] L [ñ m ]Ê

Sample agglomerates, L OM [ ñ m 3
]

Ê

the color in

thin layers

CuA cr 2 Plate crystals, ( 5 Ë 20 ) 14. 7 140.0

bright green

CoA cr2 Glassy blo cks, 20.0 100.0

light orange

NiA cr 2 Plates, light ( 2 15. 9 130.0

green

CoMal 2 Plate prismatic ÊÊ 30.0 70.0

crystals and ÊÊÊ

glassy blo cks,

pink

FeA cr 6 Glassy blo cks, 15.0 140.0

straw

FeMal 6 Glassy blo cks, 21.0 90.0

straw

FeCoA cr 8 Glassy blo cks, 8.1 255

light brow n

Fe2 C oA cr 14 Glassy blo cks, 9.0 230

light brow n

FeNiA cr 14 Plate ( 2 8.5 260.0

agglomerates,

yellow -orange

NiP A cr-1 Plate 2 35.0 60.0

agglomerates,

straw

NiP A cr-2 Blo cks 31.6 67.0

agglomerates,

straw
Ê

L OM is an average size of the particles on the data of the OM ; L s is an average size
of the particles on the data of S 0

sp
ÊÊ CoMal 2 , the plane crystal prism; ÊÊÊ C oMal 2 ,

glassy blo cks
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F eCo Acr 8 , F e2 Co Acr 1 4 . The data of the opti cal studi es testi fy tha t the
FeCoAcr 8 and Fe2 CoAcr 1 4 sam ples are m orpho logically sim i lar. The com pounds
are l ight brown tra nsparent crysta ls wi th i rregular shapes. Thei r average sizes
are given in Tabl e, the size distri buti ons are fai rly narro w. The crysta ls f orm
agglom erates 100 to 1 5 0 ñ m in size, some of whi ch reach ¤ 1 to 2 m m.

F e2 Ni Acr 1 4 . Co crysta l l i te is the yellow powder in the reÛected l ight. It
consists of shapeless pl ates whi ch are tra nsparent in the tra nsmi tted l ight, the
color of whi ch changes from l ight- yellow in the thi n layers to bri ght orange in the
thi ck layers. The parti cles are characteri zed by the wi de di stri buti on of the size
(T able), som e reach 300À 5 0 0 ñ m.

Ni PAcr -1 , Ni PAcr -2 . Tho ugh the metho ds of thei r synthesi s are di ˜erent
the to pography of the compounds is characteri zed by the identi cal pattern. These
are agglom erates of tra nsparent shapeless blocks, thei r average sizes are given in
T able. The agglomerate sizes amount to a hundred microns. In the polari zed l ight
the parti cles are not acti ve.

Thus, the m orpho logies of the compounds studi ed are close. Being highl y
di spersed, the parti cles are am orpho us f orm ati ons as blocks and agglomerates,
wi th rare excepti ons (CuAcr 2 , CoMa l 2 ). It should be mentio ned when the sampl es
are prepared dry , m ost of the compounds (Co Acr 2 , Ni Acr 2 , CoMa l2 , Ni PAcr 2 -1,
Ni PAcr 2 -2) are opalescent in the polari zed l ight. It does not depend on the degree
of rota ti on and di sappears, when the observati ons are carri ed out in im mersion oi l
(the blocks becom e tra nsparent and opti cal ly inert). Thi s indi cates an appreci able
porosity of the materi al (i n the case of Ni Pacr2 the size of the element of periodi city
am ounts to 50À 1 0 0 ñ m ). The com pari son of the L O M and L S avera ge sizes of the
parti cl es (under the assumpti on tha t the parti cles are spheri cal and the average
density £ ¤ 2 : g=cm 3) shows tha t L S L OM requi rement is rea lized, conÙrm ing
also the possible porosity of the parti cl es. For subsequent therm al tra nsform ati ons
i t is im porta nt tha t the m ajori t y of large f orm ati ons incl ude m acro defects, such as
cra cks and chips.

3.2. Evolut ion of the mor phology dur ing thermal t ransfor mat ions
of metal -cont aining monomer s

The systemati c OM studi es of the evoluti on of m orpho logy of sol id phase
duri ng therm olysis of the com pounds and of the data on thei r speciÙc surface show
tha t the therm al tra nsform ati on proceeds homogeneous-hetero geneousl y [2{ 8]. At
the sam e ti m e the tra nsform ati on of the indi vi dual compound is characteri zed by
both com mon and speciÙc features.

Cu Acr 2 T t her m 463 513 K). D uri ng therm olysis the param eter S sp grows
three ti mes m ore tha n the S 0

sp 14:7 m 2=g . The speciÙc surface by the end of tra ns-
form ati on S f

sp depends on T the rm in a peculiar way. W i th increasing T the rm up to
493 K the S f

sp Ùrst increases: 48.0 (463 K), 53.8 (473 K), 60.8 m2 / g (493 K), and
then decreases: 59.4 (503 K), 43.7 m2 / g (513 K). Thi s apparentl y is associated



140 A .D. Pomogai lo et al.

wi th agglom erati on of the pro ducts. Therm olyzed pro ducts are agglomerates of
nontra nsparent dark- bro wn parti cles wi th meta ll ic lustre (apparentl y due to the
form ati on of m etal copp er parti cles). Thei r sizes are 2 to 100 ñ m. Am ong ag-
glom erates there are smal l crysta ls of cubi c shape and of the size (2 Ë 5 ) 3 ñ m 3,
tra nsparent parti cles as pri sm needles up to 2 0 ñ m of length and 1 Ë 5 ñ m in
di ameter, as well as glassy form ati ons whi ch rotate the plane of polari zati on in
the skew polaro ids. The content of tra nsparent parti cles am ounts to 20{ 30 wt% .
But wi th growi ng T the rm i t decreases and does not exceed 10 wt% at 613 K. The
glassy parti cles wi th impregnati ons l ike nontra nsparent islands, whi ch do not ro-
ta te the pl ane of polari zati on, have been observed. At 613 K the average sizes of
nontra nsparent parti cles are sti l l larger.

Co Acr 2 . Opti cal m icroscopy studi es have shown tha t the main part of the
decay pro duct consists of opaque parti cles wi th average size c a: 5 ñ m (up to 40%),
varyi ng in dim ensions from 6 0 ñ m to lesstha n 1 ñ m. The m icroparti cles (< ñ m)
account for 45 m ass%. Al l these parti cles are bl ack. Mo reover, they di splay
m agneti c pro perti es and can be tenta ti vel y identi Ùed as Co or i ts oxi des. The
tra nsparent glassy parti cl es ( 20%), either isolated or coveri ng the opaque
parti cl es and reta ining thei r color in polari zed light, were also observed.

Ni Acr 2 T the rm 573 633 K). D uri ng therm olysis of Ni Acr 2 di spersity of
the sol id pro duct increases and changes from S 0

sp 15:9 m 2/ g to S f
sp 29:5 m 2/ g

at the end of the tra nsform ati on. The change in T the rm does not inÛuence sig-
ni Ùcantl y the di spersity of the pro ducts. The yi eld product is a bl ack ferrom ag-
neti c powder consisting of two fracti ons: parti cles whi ch are nontra nsparent in
the tra nsmi tted l ight (> wt% ), and parti cles app eari ng as nontra nsparent im -
pregnati ons homogeneously distri buted in relati ve tra nsparent m edium . T he sizes
of these par t icles are about ñ m and thei r amount is increased both in vol ume
and on the sur face of the par ticles dur ing conver sion. Nontra nsparent parti cles
are smal l form ati ons (l ess tha n ñ m) and thei r aggregati ons (up to ñ m),
whi ch get separated into blocks of 10 ñ m under a weak m echanical force. The
smal l parti cles can form agglomerate chain structures tha t, apparentl y, cause thei r
ferrom agneti sm.

Co Mal 2 T the rm 613 643 K). The dispersity of the products of CoMa l2
tra nsform ati on is practi cal ly not changed duri ng therm olysis. The speciÙc surface
of the sam ples under study remained vi rtua l ly uncha nged up on therm olysis and
wa s : : m2 g 1 (T abl e). The behavi or of f racti ons 1 and 2 duri ng therm al
conversion is di ˜erent. Opti cal studi es of the changesin the to pography of parti cles
of fracti on 1 dem onstra ted tha t, even at low degrees of gas evoluti on, parti cles lost
thei r abi l i t y to rota te the plane of polari zati on of tra nsmitted l ight. Thi s indi cates
tha t the sampl e becam e am orpho us and is, apparentl y, associated wi th high rates
of dehydra ti on and polym erizati on, whi ch occurred before the m ajor gas evoluti on.
In the course of conversi on, a dark Ùlm wa s form ed on parti cles, whi ch points to
the fact tha t surface reacti on occurred, a dislocati on decorated netwo rk app eared,
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and the reacti ons were localized on growth defects. Al l the aforesaid are evidence
for the hetero geneous character of conversi on of crysta ls of the fracti on 1.

R eacti on centers and a dark Ùlm are observed on shapeless blocks (f rac-
ti on 2), and a dislocati on netwo rk is absent. At the end of conversi on of CoMa l 2 , a
powder of the pro duct consists of nontra nsparent parti cles, whi ch reta in the shape
of the ini ti al parti cles.

F eAcr 6 ( T the rm = 473À 643 K) and FeMal 6 (T the rm = 573À 643 K). The
character of evoluti on of m orpho logy for the sam ples of FeAcr 6 and FeMa l 6 i s the
sam e. The speciÙc surface practi cal ly does not change duri ng therm olysis and is
cl ose to S 0

sp (T abl e). The conversi on resul ts in the enlargement of agglomerates (up
to 1 m m); consequentl y, the contri buti on of large agglom erates increases. T aki ng
into account tha t in thi s case S sp i s practi cally not changed one can supp ose tha t
the porosity of these form atio ns is high enough. Under weak m echanical distur-
bance largeagglom erates spli t into smal l blocks of shapelessparti cl es of 1À 3 ñ m in
size. At low T the rm and low degree of conversion the parti cles reta in the tra nsmi t-
ta nce, exhi bi t no acti vi ty in polari zed l ight, conta in no defects, and are homoge-
neously colored. At early stage of conversion the pro ducts are non-m agneti c. W ith
the increase in T the rm and conversi on the parti cles becom e dark bro wn. The num -
ber of agglom erates decreases, the isolated glassy pl ates of large sizes (60À ñ m
for FeAcr 6 and 50 ñ m for FeMa l 6 ) do app ear. They easily spli t into blocks.
D uri ng therm olysis the plates become dark, but they rem ain relati vel y tra nsparent
as thi n layers. At T the rm > 583 K the pro ducts of tra nsform ati ons of FeAcr 6 and
FeMa l 6 are m agneti c. It should be mentio ned tha t OM studi es reveal large defects
of the surface of the large parti cl es, such as num erous craters of 0.5 : ñ m.

F eCo Acr 8 T the rm 613 663 K), F e2 Co Acr 1 4 T the rm 613 663 K),
F e2 Ni Acr 1 4 (T the rm 603 643 K). Mo rpho logical changes in these com pounds
are characteri zed by som e general features. D uri ng therm al tra nsform ati on of
cocrysta l l i tes an increase in the dispersity of sol id phase pro ducts is observed. At
the end of gas evoluti on the valuesof S f

sp reach 13.6 (F eCoAcr 8 ), 11.3 (F e2 CoAcr 1 4 ),
14.8 m 2 / g (F e2 Ni Acr 1 4 ), so they are higher tha n tho se for S 0

sp (T able). Accordi ng
to OM observati ons duri ng therm olysis the enlargement of aggregati ons pro ceeds.
They are bri ttl eporous form ati ons consisti ng of glassy pl ates (about 100 ñ m).
As above m enti oned, the tra nsparency of these pl ates evenly declines: wi th the
devel opm ent of gas evoluti on, the color changes from l ight to deep brown. Thi s
indi cates tha t therm olysis of cocrysta l li tes pro ceeds hom ogeneousl y in the bul k.
At the end of tra nsform ati on the parti cles lost thei r tra nsparency. The size of
agglom erates decreases, resulti ng in the form atio n of shapeless blocks, whi ch spli t
into gri ts of small shapeless parti cles under the mechanical di sturba nce (Fi g. 1).
The sizes of these parti cles are : : ñ m FeCoAcr 8 ; Fe2Co Acr 14 ), and
10.0 : ñ m (F e2 Ni Acr 1 4 ). In the reÛected light the parti cl esare bl ack. The yi eld
pro ducts of the tra nsform ati on of cocrysta l li tes are ferrom agneti c. The smal l non-
tra nsparent parti cl es resulti ng at the end of therm al tra nsform ati on of Fe2 Ni Acr 1 4
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Fig. 1. OM photograph of the pro ducts of thermolysi s of N iA cr 2 at 613 K , È 100 .

Fig. 2. OM photograph of agglomerate chains in the pro duct of thermolysis of

Fe2 N iA cr 1 4 at 643 ; È 500.

( ç 1 0 : 0 : ñ m ) f orm fracta l -l ike agglom erates, such as small chains (Fi g. 2, 3),
l ike tho se f or Ni Acr . Ferromagneti sm of the parti cles is appa rentl y determ ined
by such a structure. The average length of the chain aggregates consisting of 6{ 7
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Fig. 3. Electron microscop e photograph of the pro duct of thermolysis of Fe2 C oA cr at

663 K , È 3 00,000.

smal l parti cles m ay reach 50À 7 0 ñ m .
Ni PAcr -1 (T the rm = 563À 598 K), Ni PAcr -2 (T the rm = 573 643 K). D ur-

ing therm olysis the speciÙc surf ace is not changed. At the end of therm olysis the
S f

sp values are equal to 31.0( : m 2/ g and are close to tho se of S sp (T able).
The pro ducts of the tra nsform ati on are black powders in the reÛected light. The
parti cl es are agglomerates of the size up to a hundred m icrons, consisti ng of blocks
of 15 ñ m. Agglom erates are easily separated under a m echani cal disturba nce.
The sam ple studi ed consisted of tw o fracti ons: black nontra nsparent m agneti c par-
ti cles and semi tra nsparent non-magneti c form ati ons, the m ass rati o being
(Ni PAcr- 1) and :7 (Ni PAcr- 2). OM observati ons in polari zed l ight show tha t
the parti cles exhi bi t opalescence independent of the degree of rota ti on, tha t may
be associated wi th high porosity of the m ateri al . Af ter putti ng the sampl e into
im mersion medium the opalescence is lost | the parti cles become inacti ve.

Thus, the analysis of the character of m orphology changes indi cates tha t
in spite of indivi dual behavi or of each com pound, one can see som e uni versal
features. For crysta l hydra tes at earl y stages of conversi on the therm olysis leads
to parti al loss of tra nsparence of the parti cles. Thei r surf ace becomes rough due
to dehydra ti on reacti on. At Ù : the dispersion of large bl ocks is observed.
Thus, for the sam ples of Ni Acr at Ù : L OM i s equal to ñ m,
Ù : L OM | ñ m , Ù : L OM | ñ m . Al so the small
parti cl es are observed (< ñ m ). Thei r content increases wi th growi ng Ù and at
Ù : i t i s higher tha n tha t of large parti cl es. D uri ng therm olysis at Ù >

: 0.30 the tra nsparent parti cles becom e dark and local loss of tra nsparency is
observed in the region of macro defects. Thi s shows a reacti on hetero geneity wi thi n

0

0
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the parti cle. Such a to pography structure shows the hom ogeneous-hetero geneous
character of the tra nsform ati on. The reacti vi ti es of the parti cles of the com -
pounds are di ˜erent. Thus, a part of the parti cles (f or exam ple, in case of FeAcr 6 ,
FeMa l 6 , Ni Acr 2 , Fe2 Ni Acr 1 4 ) even at Ù ¤ 0 : 3 0 À 0.40 becom es nontra nsparent,
whi le at the sam e ti me there are tra nsparent ones am ong smal l parti cl es (about
30.0 wt% in case of Ni Acr 2 ). At Ù > 0 :4 0 À 0.50 al l parti cles are nontra nsparent.

3.3. Elect ron-mi croscopic studies

D etai led electronic microscopi c observati ons of to pography and m icrodi ˜ra c-
ti on of the products of therm olysis of FeAcr 6 , FeCoAcr 8 , Fe2 Co Acr 1 4 , Fe2 Ni Acr 1 4

and CoMa l2 have shown tha t they have the sim i lar morpho logy. It is charac-
teri zed by pra cti cal ly spheri cal parti cles of electron density havi ng narro w size

Fig. 4. T he size distributi on of the particles (f rom the electron microscopy data): 1 |

FeA cr 3 (
P

), 2 | Fe2 C oA cr 14 ), 3 | C oMal 2 );

is the numb er of particles w ith the size .

di stri buti on and allotted in low- electron-density matri x (Fi g. 4). The parti cles are
uni form ly distri buted in the m atri x at an average distance of about 8.0 nm . The
average parti cl e sizes, d , are 6.0{ 13.0 nm in the case of FeAcr 6 (based on the
data of electron di ˜ra cti on, the m ain product is Fe3 O 4 ), 6.0 nm for FeCoAcr 8 and
Fe2 CoAcr 1 4 (F e3 O4 , CoO, Fe2 CoO 4 ), and 6 nm for CoMa l 2 (m ainly CoO). The
parti cl es are present both indi vi dual ly and as agglom erates (about 50 mass%) of
three to 10 parti cles.

Thus, in the course of therm al tra nsform ati on of com pounds studi ed the m a-
teri al consi sts of nanosized metal parti cles wi th narro w size distri buti on stabi l ized
by polym er m atri x.
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