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No evidence for e i ther  of these suggestions has 
been found in the present  work. The s t ruc ture  refine- 
ment ,  dens i ty  measurement  and  chemical composi- 
t ion  all indicate  t h a t  the  'molecule'  is not  MeAl18 but  
MeAl12. 

In  all three s t ruc tures  the  t rans i t ion-meta l  to alu- 
minum distance is s ignif icant ly  shorter  t h a n  the  inter- 
a luminum distance,  which suggests t h a t  the  s t rongest  
in te rac t ion  is between a luminum and t rans i t ion-meta l  
atoms.  This shor tening of these bonds is more marked  
in MeAl12 t h a n  in the  other  Me-A1 phases, wi th  the  
except ion of MeAl4 (Leake, p r iva te  communicat ion) ,  
bu t  is not  so marked  as in the  phases of a luminum 
wi th  t r ans i t ion  metals  of the f irs t  long period (Taylor, 
1954). 
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and  Dr W. H. Taylor  for provision of facilit ies and for 
the i r  in te res t  and  encouragement .  I am indebted  to 
Dr M. V. Wilkes  and Mr E. N. Mutch for providing 
t ime on the EDSAC I I  computer.  The t echne t ium 
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Neutron activation analysis has been applied to the 
determination of the empirical formulae of some tech- 
ne t ium-a luminum and molybdenum-aluminum com- 
pounds. An outline of the technique is given, as this 
method is of general application and is particularly 
suitable when accurate results are required from limited 
quantities (ca. 5 rag) of material. 

In  neutron activation analysis (see e.g. Jenkins & 
Smales, 1956), the sample for analysis is irradiated with 
neutrons together with a known standard of the element 
to be determined. The induced activities for each con- 
st i tuent  element can be characterized by the natures 
and energies of emitted radiations and their half-lives. 
When the measured radioactivity is of short half-life, 
it is usual for the analysis to be non-destructive, using 
some form of ~-ray spectrometry. 

Several advantages are offered: 

(i) I t  is highly sensitive, which means tha t  only small 
quantities of material  are required. Satisfactory results 
can be obtained with one milligram or less. 

(ii) I t  is specific for the element determined, provided 
tha t  elementary precautions are taken to ensure measure- 
ment  of radioactivity which is characteristic of tha t  

element. Gamma-ray spectrometry and half-life deter- 
minations are often sufficient for this. 

(iii) Where the act ivi ty is short-lived, repeat analyses 
can be carried out on the same sample to improve 
precision. 

When the specimen contains nuclides which absorb 
neutrons strongly, errors can arise if the distributions 
of these elements in the specimen and sample differ. 
This is because the full neutron flux is unable to reach 
the inner regions of the solid sample. This source of error 
can usually be overcome by dispersing the material in 
a medium with a low neutron cross-section (e.g. in 
aqueous solution). The method is then destructive to 
the sample, but  repeated measurements can still be made 
on the solution, if the half-lives are suitable. 

Examples of analyses 
Some doubt about the true composition of the inter- 
metallic compound 'MeAl12' has resulted from the con- 
ventional chemical analyses reported by Clare (1960). 
These analyses indicate a deficiency of molybdenum and 
an average composition corresponding to MoAlla, although 
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'TeAII2' (1) 

(2) 

'MoAllz' (3) 

(4) 

Table 1. The analysis of the intermetallic compounds 'TcA112' and 'MeAl12' 

(AI-t- To- Sample) x l00 
Sample wt. Te found A1 found A1/Te Mean A1/Te Sample 

1.0060 mg 0.246 mg 0.779 mg 11.66 11.80 + 1.8 
0.232 0.756 11.94 -- 1-8 

0.5834 0.137 0.452 12.09 11.80 + 0.9 
0.140 0.439 11.50 -- 0-7 

(A1 + Me-Sample) 

Me found A1 found A1/Mo Mean A1/Mo Sample 

2.566 mg 0.580 mg 1.87 mg 11.80 11.7 --4-7 
0.575 1.92 11.87 --2.7 

2. i43 0.482 1.67 12.30 12.2 + 0.5 
0-487 1.66 12.12 + 0.5 

x 100 

only the mo lybdenum conten t  was measured.  However ,  
an  X- ray  s t ructure  ref inement  by  Walford (1964) (p. 57 
of this issue) failed to detec t  any  deviat ion from the 
composit ion M o : A I = I : 1 2 .  Very l imited quanti t ies  of 
ex t rac ted  single crystals of 'MeAlie' and the isomorphous 
'TcAll~' were available;  results obtained by neu t ron  
act ivat ion analysis have  allowed a choice to be made  
between these conflicting results. 

The Tc:A1 ratio was de te rmined  by use of the reactions 

SgTe (n?) l°°Tc (half-life 16 see). 
Ene rgy  (?) = 0.54 meV 

~TA1 (n?) 2SA1 (half-life 2.3 rain). 
Ene rgy  (?) = 1.78 meV. 

Specimens were weighed on a deci-microbalance and 
sealed in clean poly thene  containers for irradiation.  
Weighing provided a check on the total  weight  of the 
two const i tuents ,  which were de te rmined  individually.  
A luminum s tandards  were prepared in a similar manner ,  
using freshly cut  pieces of 99.99% pure  a luminum.  
Techne t ium s tandards  were made  by weighing out  
appropria te  amounts  of an a m m o n i u m  per techne ta te  
solution. 

The respective ?-rays were measured  with  a scintil lation 
counter  after  i r radiat ion in the Harwel l  reactor  BEPO.  
A pneumat ic  device which t ransferred the samples 
rapidly from reactor  to laboratory  allowed count ing to 
be s tar ted  wi th in  20 seconds of irradiation.  For  techne- 
t ium, which ~eas de te rmined  first because of its short  
half-life, a single-channel spectrometer  was set to select 
the 0.54 meV ?-ray after  i r radiat ion for 3 seconds. 
A luminum was de te rmined  by count ing all ?-rays of 
energy greater  t han  1.75 meV after  i r radiat ion for 20 
seconds. I n  both  cases, decay curves were p lot ted  from 
the  results of a l te rna te  counts on sample and s tandard .  

The M0:A1 ratio was determined using the reaeti0ns 

97A1 (n?) ~SA1 (half-life 2.3 min).  
Ene rgy  (?) 1.78 meV 

98MO (nT) 99M0 A -99roTe (half-life 6 hr). 
Ene rgy  (?) 0.14 meV. 

The a luminum was de te rmined  in the  same way  as 
in Te : A1. 

Molybdenum was de te rmined  by i r radiat ing samples 
wi th  s tandards  of a m m o n i u m  molybda te  for 30 minutes ,  
allowing a two-day delay, and then count ing the 0" 14 meV 
?-ray due to 99roTe wi th  a 100-channel kicksorter .  

The results of these analyses are summarized  in 
Table 1. 

A check on the overall  accuracy of de te rmina t ion  is 
provided by summing the  weights of the const i tuents  
as de te rmined  by neu t ron  act ivat ion analysis and 
comparing these wi th  the  direct ly measured  sample 
weight.  Differences are listed in the last column of the  
table as percentages of the total  sample weight.  

Sample (4) was dissolved and i r radia ted  as an aqueous 
n i t ra te  solution. The results by this me thod  are more  
reliable. 

A full account  of the techniques will be published. 

C o n c l u s i o n s  

Although there  is some spread in the results they  are 
sufficiently consistent to indicate probable 'crystallo- 
graphic '  formulae of MeAl12 and TcA1,2 with  mil l igram 
quant i t ies  of material .  Ref inements  of technique should 
make  it possible to obtain equal ly sat isfactory results 
wi th  single crystals in the 10 pg range. 

The au thor  wishes to t hank :  Mr W. J .  McCabe, 
I .A.E.A.  Fellow, for valuable  help wi th  this work, and 
Drs J .  B. Forsyth ,  D. Gibbons and G. T. Rogers for their  
advice. 
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