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In a recent paper dealing with ceramic compounds formed by heating 

vanadium at low air pressures 1 ~·Edington and Smallman ( l) report experimental 

· . data. which are almost identical to those reported by us for· ordered tantalum-
. . . 

. ~arbon al:!;.oys. (2,3) Consequently we believe that .. _the reported transformation(l.) . 

is actually that of interstitial -ordering viz •. the spatial arrangement of' the . 
I 

matrix V atoms remains virtually undisturbed, but the interstitial atoms 

occupy definite crystallographic positions, producing ~ body centered tetragonal 

. structure as ~escribed in ref. 3. Thus, the so called ~adium compound(l) 
I 

is actually an· ordered phase identical to that of Ta64c and the structure 

should be as shown in· fig. l where the squares represent vandium unit cells . . 
l . ' ' 

and the circles interstitial atoms in <o,2,0> octahedral positions. ·Both 

the diffraction patterns and micrographs of' ref. l ·can be successf'ully in

terpreted in terms of such ordered structures. For ~xample1 the diffraction 

pattern~ of Edington and Smallman are actually superlattice patterns and are 

in cOmplete agreement with those. predicted from·: the ·structure of •. fig. l •. · : 

Their sketches of figs. 3a1_ 4b also satisfy this structure. However the 
·' ,1' • 

remainder of their. diagrams a.re ~ncompatible with their diffraction patt~rns 

(fig. 2a1 'Tb). If the diffraction patterns are indexed relative to super ... 

lattice diffraction spots there are no systematic absences and this is in 
' \ 

accord wi~h the space group of the Ta64c structure viz. I4/rririrrA • 

• 

·•-• •· ')' I t 1 P, I 



In figs. 3b,c·;·d and_. 5b the authors indicate missing diffraction spots 
.. 

in the higher l~yers. of the re_ciprocal, lattice but in the reported. diffraction' .. · 

data and some of .their sketches these absences are not observed.. We conclude · ,t~ 

'""· 
therefore that if the authors' diagra.nis were all cons is tent with their . 

diffraction data, systematic absences cannot exist. The non observance of .. 

superlattice diffraction patterns in apparently ordered areas can be explained 

' 
if one considers the high degree of order necessary to produce a superlattice 

diffraction pattern. This is because in certa-in regions the superlattice · 

___ .pattern. is not reinforced due to the different diffracting .. ~ondi tions from . 

domain to domain. 

The reciprocal lattice of "the ordered structure can be physically des~' 

eribed as two interpenetrating, coincident, face centered tetragonal.reciprocal· 
\ . ; . . . . ··. ..;' , . 

lattices. The complete analysis of such structures has been described else~ 

where. 3 

The formation of the~e ordered structures does not take placeat high 

· temperatures, but rather .on cooling from high temperatures. This can be 
. / . 

. explained when one considers that the :interstitial must be present in a given· 

volume of the specimen i:n the right proportion to cause the ordering re.action .. 

· (about 1. 5% at • % interstitial). In the case of a thin foil the ordering 

reacti.on will first occur in the thinnest regic:>ns of the foil. 

The micrographs of Edington :a,nd Sma.llman. are typic:al of those· expected,-~ 

from .ordered ~lloys_ con~aining domai~; bo~daries.(3-5) Both foils and bulk 

speciihens exhi bi ~ ,_d_.omain contrast.· ';rhe images of fig. 6, ref. l are consistent, : r \ 

with those expe9.ted .from overlapping domain boundaries3 the exac;:t ~ature of which ( .. 
L 

can be determined. by dark field work. Th~ domains in figs. 7a1 c are both 

high and lo~ angle domain boundaries. 3 Fig. 8 shows high angle domain 

Qoundaries (viz. the domains are parallel to the electron beam) on (011). 

The domain boundaries can take up any orientation, and a single domain can 



~, 

"' I 

·. 

-3-

lie on more th~ one plane.3 It is apparent-when domain configurations are · 
I ' 

. . 
considered, that the (110) is the most stable and habit plane determinations 

confirm this. 

The formation of these domain boundaries is a growth process rather than · 

. a a+slocation process as suggested b~ the authors. (l) Actually to form cohere.rit·, c 

. domain boundaries ( (110) twins) the matrix material, vanadi~1 is only ·sllghtly 

distorted while the interstitial atoms require the greatest shifts·-•. We believe 

this to be more compatible with a growth phenomenon. 

It is interesting to note the similarities between the Ta-C and.V-0 

systems. Beshers(6) has suggestedon the basis.of geometric and energetic 

arguments that in the group V-A metals the intersti tia.ls should occupy tet- . · · 

rahedral sites except for oxygen in vanadium and carbon in .. ta.ntal 'UDh. Since · 
:• . ..-

the space group for the Ta~C and V-0 superlattices are identical viz. I4/'J!JJII1l!; :. 
i . .. 

and on the basis of our st~ucture factor work and c/a ratio determinations and 
J . . . ' 

the striking similarity between Ta-C and V-01 we conclude that the_interstitials 
. . 

·must occupy octahedral sites in the structure •. A receilt detailed analysis of 

. th~ Nb-·o ordering reaction<7~ suggests· that the <?rdered structure is Nb20 ·i~ 

. which oxygen e. toms are most· likely located in tetrahedral sites t •. · This 

limited evidence supports Beshers' . conclusions • · ·. 

This work was supported by the United s·tates. Atomic Energy Co'Uimission •. 
. ' 

..... ' 

t . We wish to t~l'lk tl').e authors . (~ef. 7) for sending us a copy of their ·work prior 
to. publication. 
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FIG. • CAP • 

· ... · · Propos~d structure of the V 64x super lattice (X is an interstitial 

atom). The subscripts s refer to th~ superlattice cell when .. 
'. ' ' . ·. 

a =4a I= c • a is the unit cell length of vanadium (BCC). · ' s 0 s 0 1 ' 
The circles represent interstitial atoms in <0,21 0> definin~·the 

BCT cell.; ... 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of th~ Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
~ission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or hi~ employment with such contractor. 
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