
Micro-morphology of {3-FeOOH 319> 

DISCUSSION 

D.H. DONNAY: You seem to imply that twinning in (112) is common in body-centred 
In order to get a row quasi-perpendicular to (112) the value of c/a tetragonal lattice. 

should be criticaL 

A_L. MACKAY: The appropriate pseudo-cell is really cubic with a'=3A7 and c=3.03A 
and hence closely recalls the situation in Mo and W. 
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Some f .c.c. metals- Ni, Cu, Pd, AI, Au, Ag and Pb- were evaporated in vacuo on to 
oriented Ag, Pd and Ni fi lms and the structure of these films were studied by the 
transmission method of electon diffraction. Some films were composed of intermetallic 
compounds of deposit and substrate metals. But some films were composed of two 
layers of deposit and substrate metals. In the latter case, the deposit metals grew in 
an oriented overgrowth on a substrate at a temperature higher than an epitaxial tem
perature. Two kinds of oriented overgrowth were observed and their occurrence 
depended on the percentage misfit. 

1. Introduction 

So far cleavage surfaces of some minerals 
or salts' 1 have often been used as the 
substrates on which oriented overgrowths of 
some materials from the vapour phase were 
formed. But there are only a few investig
ations of the oriented overgrowth of metals 
deposited on the surface of metallic single 
crystaF1 • In order to obtain some infor
mations concerning the mechanism of epitaxy, 
it seems to be very desirable to make further 
systematic studies on metal layers deposited 
on single crystal metal surfaces. In the 
present paper, an investigations will be 
described in which some f. c. c. metals- Ni, 
Cu, Pd, AI , Au, Ag and Ph- were deposited 
from the vapour in vacuo on to oriented Ag, 
Pd and Ni films and the structure of these 
films were examined by the transmission 
method of electron diffraction. Some films 
were composed of intermetallic compounds 
of deposit and substrate metals. But some 
films were composed of two layers of deposit 

. and substrate metals. In the latter case the 
deposit metals grew in an oriented over
growth on a substrate at a temperature 
higher than an epitaxial temperature. Two 
kinds of oriented overgrowth were observed. 
The occurrence of these kinds of oriented 
overgrowth depended mainly on the percent
age misfit. 

2. Experimental method 

Oriented metal films about 40 m.u in 
thickness were deposited in vacuo on the 
cleavage surfaces of NaCl crystal heated to 
about 200°C (for Ag) or about 400°C (for Pd 
and Ni). After the dissolution of NaCl 
crystal in water, the oriented metal film was 
caught on a hole 0.1 mm in diameter per
forated in a thin Ni plate. After it was 
ascertained by the method of electron 
diffraction that the metal film was a quasi
single crystal film having the (001) plane 
parallel to the film surface and the {111} 
twinning was comparatively less marked, it 
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was used as a substrate. 
Ni, Cu, Pd, AI, Au, Ag and Pd metals 

generally about 30 m,u in thickness were 
.evaporated in vacuo on to the oriented Ag, 
Pd or Ni films. When an oriented Ag or Pd 
film was used as a substrate, this was 
maintained at - 196°C or temperatures rang
ing at an interval of 100°C between - 100°C 
.and 400°C during the evaporation of samples. 
When an oriented Ni film was used as a 
-substrate, it was maintained at temperatures 
ranging at an interval of 100°C between 0°C 
.and 400°C. A definite quantity of sample 
put in a small coi l furnace made of tungsten 
wire 0.2 mm in diameter was evaporated by 
supplying a heating current 4.5 A for 5 sec. 
The distance between the tungsten coil 
furnace and the substrate was about 3.5 em. 

In general, the pressure of residual gas 
was 5 x 10- • ~ 5 x lQ- 6 mmHg before the 
sample was evaporated, and it became 5 x 10- • 
mmHg or more after the evaporation was 
completed. The structure of bimetal film 
.about 70 m ,u in thickness prepared in this 
way, was examined by the transmission 
method of electrons of an accelerating 
potential about 40 kv . 

.3. Experimental results 

The films are classified in the following 
two groups from the view point of their 
.structure: (I) The films are composed of 
intermetallic compounds of deposit and 
substrate metals. (II) The films are composed 
Qf deposit and substrate metals. 

(I) Al on Ag, Cu on Pd (in this case the 
substrate temperature was 400°C); Al on Pd; 
Pb on Pd and Al on Ni. The pairs of 
deposit and substrate metals belonging to 

this group are able to be alloyed in inter
metallic compounds. The components of 
films as a function of substrate temperature 
tb oc are summarized in Table I. In some 
films, crystallites of intermetallic compounds 
had certa in orientations with respect to the 
substrate crystal. As an example in this 
case, a diffraction pattern due to an Al on 
Ag bimetal film is shown in Fig . 1. But in 

Fig. 1. AI on Ag. tb = 400°C. 

Fig. 2. Cu on Pd. tb = 400°C. 

Table I. The components of fi lms as a function of the substrate temperature t b oc. 

- 100 0 100 200 300 400 

AI on Ag AI Ag,Al Ag,Al Ag,AI 

I 
Ag2AI Ag2AI Ag,AI 

AgaAI 

Cu on Pb I CuPd 

AI on Pd AI AI AI AI 

I 
AI 

Pd,Ala Pd,Ala Pd2Aia Ad,Aia 

Pb on Pd Pb,Pd Pb,Pd Pb,Pb3 Pb,Pda Pb,Pda 
PbPds PbPda PbPda 

AI on Ni AI AI AI AINi AlNi 
A !aNi, AlaNi, 



~ 
Ni 

Cu 

Pd 

AI 

Au 

Ag 

Pb 

a 

Ag 

m 

I 
m' 

I % % 

- 13.8 - 25.4 

- 11.5 - 23.4 

- 4.8 - 17 .6 

- 0.9 - 14.2 

- 0.02 - 13.4 

0 - 13.4 

21.1 4.9 

deposit metal 
substrate metal 
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Table II. 

Pd 

tep 

I 
Or m 

I 
m' 

I 
tep 

I 
Or oc % % oc 

100 0 - 9.4 - 21.5 100 0 
0 0 - 7.1 - 19. 5 - 100 0 * 

< - 196 0 0 - 13.4 100 0 
4. 1 - 9.8 

- 100 0 4.9 - 9.2 - 100 0 
<-196 0 5.0 - 9 .1 - 100 0 

- 100 6 27.3 10.2 

percentage misfit for the parallel ove rg rowth 
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Ni 

m 

I 
m' 

I 
tep 

I 
Or 

% % oc 

0 - 13 .4 300 0 
2.6 - 11.1 200** 0 

10 .4 - 4.4 300 0 
14. 9 - 0 .5 

15.7 0.2 300 ~ 
16.0 0.5 300 IZ'$1 

40.5 21.7 

b 
m % : 
m'%: 
t cp °C : 

a percentage multiple misfit for the (111) oriented ove rg rowth on the (001) surface of substrate 
epitaxia l tempe rature 

Or 

0 
6 
~ 
* 
** 

orientation 
(001). II (001)b and [100]. II [100]b 
(111). II (OOl )b and [llO]a II [110]b or [110]& 
0 and 6 occur simultaneously. 
random orientation of CuPd in the ordered state at tb= 400°C 
Weak D.S. rings due to deposit metal a lso appeared at a substrate temperature higher than 
tep °C. 

some films, intermetallic compound crystal 
lites were randomly oriented. As an example 
in this case, a diffraction pa ttern due to a 
Cu-Pd bimetal film is shown in Fig. 2. 

(II) Ni on Ag; Cu on Ag; Pd on Ag; Au 
{)n Ag; Ag on Ag; Pb on Ag; Ni on Pd; Cu 
on Pd (in the case where the substrate 
temperature was lower than 300°C); Pd on 
Pd; Au on Pd; Ag on Pd, Ni on Ni; Cu on 
Ni; Pd on Ni; Au on Ni and Ag on Ni. The 
pairs of deposit and substrate combinations 
belonging to the group (II) are able to form 
solid solutions over limited or whole ranges 
of solution3>. The results in this case are 
summarized in Table II. The epitaxial temper
ature for each combination belong ing to the 
gorup II is shown in the 4th, 8th and 12th 
columns in Table II. The orientation of 
-crystallites in a deposit layer obta ined at a 
substrate temperature higher than the epi
taxial temperature is shown in the 5th , 9th 
and 13th columns. 

Two kinds of oriented overgrowth were 
·Observed. One kind was s uch that the 
Qrientation of crystall ites in a deposit layer 
was (001).11 (001)b and [100] .11 [100]b. This 
parallel overgrowth is quoted hereafter as 
the (001) orientation. As an example of this 
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case, a diffraction pattern due to a Ni-Ag 
bimetal film is shown in Fig. 3. The other 
kind of oriented overgrowth was such that 
the orientation of crystallites in a deposit 
layer was (111)aii(001)b and [IlO]all [110]b or 
[IlO]b. This oriented overgrowth is quoted 
hereafter as the (111) orientation. As an ex
ample of this case, a diffraction pattern due 
to a Pb-Ag bimetal film is shown in Fig. 4. 
In the cases of Ag on Ni and Au on Ni, 
both the (001) and (111) orientations occurred 
simultaneously in the deposit layer (Fig. 5). 
In the case of Pb on Ni, diffraction pattern 
which was perfect enough to be analysed was 
not obtained. 

4. The (001) and (111) orientations and the 
percentage misfits 

It is assumed that the surface of the 
substrate is the (001) plane, and the kind 
of oriented overgrowth versus percentage 
misfits is plotted in Fig. 6. One of two 
percentage misfits in two orthogonal direct
ions for the (111) oriented overgrowth on 
the (001) surface of substrate is equal to the 
percentage misfit m% for the parallel over-

ODD DO 

0 
D 
D D 
ODD D 

1 1 1 ·~6 1 I I '-b 1 I I I 6 I I I I 5 I I I . ,6 I I I · ~s I I I 26 Jm!O/o 

-20 -15 - 10 -5 0 ~% 

D (00 I J orientat ion 
6. (II II orientati on 

~ D S. 6. occur simultaneously. 

Fig. 6. 

growth on the (001) surface of substrate. 
The other misfit m '% (a multiple misfit) is 
equal to (0.866m - 13.4)%. m'% is tabulated in 
the 3rd, 7th and 11th columns in Table II. 
It will be seen from Fig. 6 that the (001) 
orientation occurs when m% is smaller than 
about 16%, and the (111) orientation occurs 
for low values of m'96 . 

The authors would like to express their 
sincere thanks to Mr. M. Nomura for his 
assistance in conducting the experiments. 
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fund of the Ministry of Education in Aid of 
Scientific Researches. 

References 

1 J. H. van der Merwe : Disc. Faraday Soc . No. 
5 (1949) 201. Z. G. Pinsker: Electron Diffrac
tion (Butterworth, London, 1953). H. Mayer: 
Physik der Diinner Schichten, Teil II (Wissen
schaftliche Verlag., Stuttgart, 1955). D. W . 
Pashley : Adv. in Phys. 5 (1956) 173. 

2 L. Briick: Ann . Phys. 26 (1936) 233. 0 . Haase : 
Z. Naturforsch. llA (1956) 862: 16A (1961} 
202 ; Ibid. 16A (1961) 206. R . C. Newman and 
D. W . Pashley: Phil. Mag. 46 (1955) 927. R. B. 
Kehoe , R. C. Newman and D. W . Pashley: Phil. 
Mag. 1 (1959) 783. R. C. Newman: Phil. Mag. 
2 (1957) 750. E. Griinbaum : Proc. Phys. Soc. 
72 (1958) 459. E . Griinbaum, R. C. Newman 
and D. W . Pashley : Phil. Mag. 3 (1958) 1337 . . 

3 M. Hansen: Constitution of Binary Alloys 
(McGraw-Hill , New York, 1958). 

DISCUSSION 

M. BLACKMAN: How long the specimen is kept at a given temperature before it is 
concluded that there is no alloying? We have for instance found that tin on silver 
at room temperature gives the tin pattern if examined immediately; if the specimen 
is kept for twenty hours, there is definite sign of alloying. 

S. SHIRAI: The film was warmed or cooled to the room temperature promptly after 
it was evaporated onto the substrate and kept at the room temperature for about 5 hours. 

L. L. MARTON: On this occassion, I should like to add another example of the 
application of electron diffaction recently obtained in my laboratory. Dr. E. Hoerl has 
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just concluded a study of the structure and imperfections of solid f3 ·oxygen, using 
electron diffraction techniques. The structure of /3-oxygen was investigated and a 
rhombohedral structure was found. Its hexagonal cell has the dimensions a=3.307±0.008 
A, c= 11.256+0.015 A and contains three molecules parallel to the hexagonal axis at 
the positions: (1/3,1/3,0), ( - 1/3,0,1/3) and (0,-1/3,2/3). Faults in the stacking sequence 
of the (001) layers were observed with the Paterson treatment of growth faults in 
f. c. c. crystals. 
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