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Beischer , D., and A. Winkel, lxperimerttal determination of the

magn itudes of the elemental magnetic domains of nickel and iron. Direc-

tional coagulation of aerosol. II (1) . (Kaiser Wilbeim— Institu t fuer

physikalieche Chemie und Elektrochemie). Die Naturwissenschaf ten, v2

420—S (yr? )

The hypothes is of the elemental maanetic domain

Whi le the characteri stics of dia— and para magnetism can be explained

aln~oat completely from the magnetic properties of the single atom ., the

characteristics eviden t with ferr omagnetic materials (size , field dependent

• value of the permeability , appearance of hysteresis phenomena , and a

Curie tei~perature) can be understood only if the mutually alternating

effec ts between adjacent atoms are considered. There are no “ferromagnetic”

atoms , but ferromagnetic phenomena appear only when there is a multitude

of atoms in a f~articular geometric arrangement. In the classical theor y

of ferr omagneti em, which was developed essentially by P. WEISS , it is

assumed that the moments of the individual atoms of small regions (elemental

dor~ains ) will act together in the same direction because of the mutual

relations between the atoms. The moments of the elemental domain that

arise in this way though , cancel themselves out by their mutually random

direc tions in a crystal , so that in the absence of an external field it

does not show any magnetic moment. The type of the interaction between

the atoms of a ferromagneti c subst c was made understandable by

W. IIEISE1.BERG (2) as a firm coupling Cr onant coupling) betwasn the spins.

By assuming an interch angeable magnetic c ling between the spin moments

and the spin and orbital moments , F. BLOCR able to explain hcmogenou.

magnetization , hypothetical ly supposieg formation of elemental domains.
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However , so far in accordance with this theory only a little can be said

• about the size and form of these domains. For energetic reasons, the

orientation of the unit domains to one another has an oblong form.

AKULOV (4) speak s of “filamentous” domains. R. BECKER (5) concludes from

thd relationship between coercive force and internal tension a size of 100

to 1,000 interatomic distances.

• Aagregatjon o~ nickel nd iron aerosols. Studies below the Curie point.

Because the particular magnitudes fall into the ultramicroscopic

area, we have tried to draw upon the working methods of aerosol investiga-

tion (6) for a clarification of the problem of the sizes of the elemental

magnets. For tnis purpose we studied the nickel and iron fogs which were

produced by thermal decomposition of nickel tetracarbanyl or iron pants-

carbonyl in nitrogen. The choice of the carbonyls as starting material

has the advantage that at a relatively law temperature the metal aerosols

can be produced by condensation from the gaseous phase.

A well purified stream of nitrogen (2 1/hour) was saturated with

carbonyl at a certain temperature , and then mixed with a stream of nitrogen

(40 1/hour ) preheated to 150°. Imediately upon mixing the aerosol which

is produced is blown into a sedimentation vessel of 1 1 voltmie. Thus , the
• flow method has the advant age that the aerosol which arises is exposed to

the higher temperature for only a bri.f time (about 114 second). The

fogs stud ied mostly have a concentration of 0.1 to 1 ir i$Il.

Pig. 1 shows a sedimen t from a nickel aerosol. The particles consist

of long chain s that are ccunpos.d of numerous single filements. The

filaments are abou t 0.1 em long and 0.5 p thick . After some time they
become intertwin .d into small flakes and bundles. In Pigs. 2 and 3 sediments
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from an older iron fog have formed. The filaments of iron are longer and

thinner than those of nickel.

An aggregation that leads to chain— like forms like this is unusual.

As a rule, more or less spherical forms arise from aggregation , because

.ach possibility for the orientation of the deposition is equally probable.

Previously, we have observed a chain formation only if directional forces

acted during the aggregation. Thus we were able to show (1) that small

electrical dipoles arose in a pyroelectric substance during cooling from

the condensation temperature to room temperature , which form similar chains

during the aggregation through mutual electrostatic attraction, as Fig. 1

shows. In ni~ke1 and iron aerosols only a magnetic moment comes in to the

picture, in which case it is of no consequence to the mechan is~t of the

aggregation how this first arises. The following studies will show that it

is very probable that during the condensation of nickel or iron fumes that

originally arise during the decomposition of the carbonyls small magnets of

the order of magnitude of the spontaneously saturated elemental domains are

formed and that these particles arise from the mutual attraction of the chains

observed. In addition to the directional arrangement of the particles, one

support for this point of view is the very great velocity of aggregation.

The chains f ori~ in fractions of a second , while with clouds consisting of

other substances an aggregation period of many seconds is necessar y to r.a ch

• a comparable weight of particles.

Studies above the Curie Doint

If the explanation given for th. aggregation machanism is correct,

chain formation should not take place abov, the Curi, point , because this

3.
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is where the large ferromagnetic moments of iron-and nickel disappear.

• Carrying out the studies results in experimental difficulties, because the

Curie temperature of nickel (360°) and of iron (770°) are far above the

decomposition temperature of the carbonyls (l00_1500). Hence, same

aggregation with chain formation starts before the metal fog has reached

the Curie temperature. A successful setup f or this study was one in which

we introduced a email amount of liquid carbonyl C 0.001 ml) through a gas
lock by way of a quartz capillary into a quartz vessel of 35 ml volume open

• at one side, filled with nitrogen which was preheated to the experimental

• temperature. Sedimentation of the vapor took place at the temperature of

preparation. Fig. 4 shows a sedimentation of a nickel aerosol that was

produced above the Curie point at 4000. Only a very few, extremely short

chains are visible, along with numerous *andom , almost modular clemps. At

a still higher temperature the chain formation disappears completely. We

obtained the sirne result with iron fogs that were prepared above the Curie

point. At temperatures between 800 and 9000 only modular shaped aggregates

appeared, while below the Curie point the aggregates arranged in the way

• shown before were obtained imediately. These studies are a direct indica—

tiort for our assumption of an aggregation shaped by magnetic forces.

Estimation of size of the elemental domains

• The size of the smallest particles of which the metal filaments are

composed cannot be measured under the microscope because the branched chains

observed •:ould be a clumping together of even smaller crystals. Therefore,

vs have used the method for estimating the size of ultramic roscopic crystal —

lit.. first proposed by P. SCHE RRER , and expanded by I~.v. LAIJE (7) and
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R. BRILL (8). From the broadening of the interfe2~ences in the Dsbye..Scherrer

diagram conclusions could be drawn as to the sizes and shapes of crystallite.

of less than 10~~ cm diameter. Fig. 5 shows by diagram and then by the

corresponding photometer curves the broad lines for crystallite. of nickel

aeropol as compared to a similar photograph of a granular crystalline nickel

powder. We have found from a series of photographs that the smallest par-

ticles of which the nickel filaments consist have a prismatic form. The

basal surf ace of the prism, indicated cubically, is the Ill—surface. It has
0

a dimension of about 35 x 60 A (11 x 7 interatomic distances). The length
• - of the prisms is 210 (60 interatomic distances)*. The long axis of the

The shape of the iron crystallite is given in relation to studies of

oxidation processes in the crystal].itic surface. Without considering

the shape, the iron crystallites have a mean size of 70 (25 interatomic

distances) (8)

crystallites has the same crystallographic direction as the direction of the

most nominal magnetizability measured by HONDA and XAYA (9). The crystallites

primarily formed from the vapor phase have the order of magnitude and shape

of the elemental domains given in the W~j~s~Heisenber~ theory of ferro—
magnetism, and in the case at hand we can readily identify these directly

**with them.

The sizes for the primary particles that are stated above should not

be taken as inflexible qvantiti~es for the elemental magnetic domains of

nickel and iron. It must be assumed that the elemental magnet. become

_ _ _ _  
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smaller as the temperature increases, and that also they can increase

during hosnogenous magnetization of a large crystallite.

• These then collect free moments and accumulate into the chains observed in

the sediments.

Spontaneous magnetization of the elemental domains

• When aggregation takes place under the influence of the magnetic earth

field a magnet moment can be induced in the pr imary particles by this field,

which would lead to the caine ordered aggregates as those we have observed.

• - In order to indicate- that the moment of the elemental domains appears spon-

taneously, or in other words, without any external field effect, we have

tried to exclude the earth field dur ing the formation and aggregation of the

aerosol as much as possible. However, so far we have been able to reduce

its strength in the experimental container only to 0.004 Oersted. A field

like this would probably be sufficient for a constrained magnetization of

• the particles. The fact that under these conditions an ordered aggregation

occurs can still not be regarded as conclusive evidence for the spontaneous

appearance of moments in the elemental domains, as it is required by the

theory of ferromagnetism.

Properties of the aerosol particles in the magnetic field

Under the ultramicroscope the particles of a nickel or iron fog

appear to be a series of luminous points like a string of pearls, which bend

and curve in a varied way because of the Brownian movement. If a weak mag-

netic field of about 3 Oersted is imposed on the test cell, then the filaments

ism.diately arrange themselves with their long axis in the direction of the
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fi.ld. When the pole. are reversed , they rotate about by 1800. The resis-

tance to a magnetic reversal is also larger than the force required for a -

• mechanical rotation of the particles in the gas. Unfortunately, quantitative

measurements of the rotatory velocity of the particles by the Browhian

movem ent are very difficult to make. 
-
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Fig. 1 Sediment from a nickel aerosol prepared below the Curie tempera- 
-

ture. ~1agnification z 300) - 
: ‘

Fig. 2 Sedimen t from an aged iron aerosol with floc f ormation , pre— • -

pared below the Curie temperature. ($agnification x 180)

Fig. 3 Sediment from an aged iron aerosol with strand formation, pr.- -;
pared below the Curie temperature. (hagnification x.300) -

Pig. 4 A sediment from a nickel aerosol prepared £bove the Curie point,

showing no chain formation. (hagnificauon x 300)

Tig. 5 Debye—Sherre~ diagram with photometer Curve for a nickel sediment
- 0

with the crystallite size 200 x 50 x 35 A (a) compared with the

corresponding diagrams for granular crystalline nickel powder (b).
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