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Various methods  used in the p repara t ion  of FlS-labelled aryl fluorides are described. 
Neut ron- i r rad ia ted  l i th ium carbona te  is dissolved in a small  quan t i ty  of glacial  acetic acid;  the 
solution is di luted wi th  acetone conta in ing  ethanol ,  and  then  passed th rough  a co lumn of 
cellulose powder  in order  to remove the l i thium. T h e  adsorbed F Is is eluted wi th  acetone 
conta in ing  a trace of f luoroboric acid and  a d iazon ium fluoroborate is dissolved in the effluent, 
p rec ip i ta ted  by  add ing  ether ,  and  conver ted into the FlS-labelled aryl fluoride by  the 
Sch i emann  decomposit ion.  A simpler process is described which  can be appl ied when  the 
d iazon ium f luoroborate  is relatively stable in acetonic solution conta in ing l i thium. O t h e r  
possible methods  are also discussed. In  the course of the experiment ,  it is proved tha t  the 
Sch iemann  decomposi t ion proceeds via the ionic mechanism.  

L A  P R E P A R A T I O N  DES F L U O R U R E S  A R Y L I Q U E S  
M A R Q U E S  DE F is 

O n  ddcrit  une  vari6td de mdthodes  employdes ~t la p r @ a r a t i o n  des fluorures aryliques 
marquds  de F is. Du ca rbona te  de l i th ium irradi6 de neutrons  est dissous dans  une  pet i te  
quant i td  d 'ac ide  ac6tique glacial;  on fait une  di lut ion de la solution avec de l 'ac6tone 
con tenan t  de l '6 thanol ,  puis on la fait passer pa r  une  colonne de poudre  de cellulose afin 
d ' en  enlever le l i th ium.  O n  fait l '61ution du  F is absorbd, avec de l 'ac6tone con tenan t  une  
t race d 'ac ide  f luoroborique et un  f luoroborate  de d iazon ium se t rouve dissous dans l 'effluent, 
lequel on pr6cipite en a jou tan t  de l '~th~re puis on conver t i t  pa r  la ddcomposit ion de Sch iemann  
en le f luorure aryl ique m a r q u d  de F is. 

O n  ddcrit  un  proc~dd plus simple qui  peu t  s 'employer  q u a n d  le f luoroborate  de d iazonium 
est rd la t ivement  stable en solution acdtonique con tenan t  du  l i th ium.  O n  discute aussi des 
autres  m6thodes  qui  seraient  possibles. Au cours de l 'expdrience on mon t re  que la d6com- 
position de Sch iemann  p r e n d  lieu pa r  le mdcanisme ionique. 

I I P H F O T O B / I E H H E  (I )TOPHCTLIX APHSIOB C B B E ~ E H H L I M H  
M E H E H b I M H  ATOMAMH F 18 

OIIHC/,IBaIOTC;I pa3J IHqHble  MeTO~bl, I lpHMeHgeMI,le ~JIg  IIpHFOTOBJIeHHII ~TOpIICTLIX a p ~ n o B  
c BBe~eHHblMH MeqeHHblMH aTOMaMg F is. O6JIyqeHHbIfi ttefiTpOHaMH yrJIeK~lC~bli~ ~I~ITX4fl 
paCTBOpaeTCa B HeSO~IbmOM HOJIHqeCTBe JIe~HHOlYl yKcycHoif ~HCJIOTJ, I. DTOT paCTB0p pa3- 
6aBJIneTC~i coAepmaumM ~TaHOJI aE~eTOHOM H 3aTeM nponycHaeTca qepea HOHOHHy i~eJiJimzloaM 
A~H ycTpaHeHI4H JIHTHH. IIorJ1alI~eHHbIi~ F ~s ~I3B~eHaeTcH alLeTOHOM, co~epmai~i~M cJIeAl~i 
~pTOp6OpHOi~ mlCJIOTLI, a ~TOpO6OpaT R~aaoH~I pacwBopaeTca B B~ITe~ammeM noTo~e, 
oeamAae~ca IIp~6aBH0ii o4pHpa ~ ~OH~epTHpyewea BO ~TOpHCTi,Ifi apl~i e ~BeAeHHblM~t MeqeH- 
HBIMH awOMaM~I F ~8 pacmetI~eH~eM no IIIHMaHHy. OIIHCI, IBaeTcH IlpOCWOfl npollecc, gOT0pbli~ 
MOH~HO IIpHMeHHTb, ~or~a ~TOpO6OpaT AHa3OHHa cpaBHHTe~IbH0 yCTOflqHB B aI~eTOHOBOM 
pacwnope, coAepmallmM mlT~fl. 

O6cymRalowca TaHme ~pyrHe BOSMOHiHt,Ie MeTORb~. B Te~eHlae 0IIl~ITa 6l~IJI0 ~oHa3aHo, qTO 
paci!jei]JieHHe no IIIHMaHHy IIpOXO~HT ,~epea HOHHLII~ MexaHHaM. 

D I E  V O R B E R E I T U N G  V O N  M I T  F xs M A R K I E R T E N  A R Y L F L U O R I D E N  

Es werden  verschiedene M e t h o d e n  ftir  die Herste l lung yon m i t  F is mark ie r t en  Aryffluoriden 
beschrieben.  Neut ronenbes t rah l tes  L i t h i u m k a r b o n a t  wird in ein wenig Eisessig aufgelSst, 
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die L6sung mit fi~thanol enthaltendem Aceton verdtinnt und dann durch eine Kolonne 
mit Zellulosepulver geleitet, um das Lithium zu entfernen. Das adsorbierte F is wird mit 
Spuren von Fluorbors~iure enthaltendem Aceton ausgewaschen und ein Diazoniumiluorborat 
wird in dem Ausfluss aufgel6st, durch Zusatz yon ~ther ausgeschieden und durch die Schiemann 
Zersetzung in das mit F is markierte Arylfluorid verwandelt. Ein einfacheres Verfahren wird 
dann beschrieben, das verwendet werden kann, wenn das Diazoniumfluorborat in einer Lithium 
enthaltenden Aeetonl6sung verhfdtnism/issig stabil ist. Andere mSgliche Methoden werden 
ebenfalls er6rtert. Im Laufe des Experiments wurde bewiesen, dass die Schiemann Zersetzung 
fiber den Ionenmechanismus vor sich geht. 

1. I N T R O D U C T I O N  A N D  TH E 

P R I N C I P L E  OF TH E P R E S E N T  

M E T H O D S  

ALTHOUGH FlS-label led organic  compounds  are  
r ega rded  as useful in t racer  s tudy,  (1) their  use 
has as yet  been l imited.  I n  o rde r  to make  a 
fuller use of  them,  it is essential to develop 
sui table  methods  of  synthesizing them. In  this 
paper ,  convenien t  methods  will be presented  for 
the synthesis of  FlS-label led aryl  fluorides. T h e  
processes are  s imple and  can be car r ied  out  
wi th in  a half-life of  F as (1-8 hr) .  

F is is usual ly  p roduced  by  i r r ad i a t i ng  l i t h ium 
ca rbona te  in an  a tomic  reactor .  I t  can also be 
p r o d u c e d  efficiently by  i r r ad i a t i ng  pure  l i t h ium 
oxide wi th  an  c~- or Hea -beam of  a convenien t  
energy.  (z) These  l i th ium compounds  are  soluble 
in a small  quan t i t y  of  g lac ia l  acet ic  acid,  and  
the solut ion can be d i lu ted  wi th  acetone con- 
ta in ing  e thanol  wi thou t  forming any  precipi -  
tates. T h e  F is in such a non-aqueous  solut ion 
is h ighly  adsorbab le  on m a n y  kinds of  po la r  
substances,  such as ionic crystals and  cellulose. 
This  p r o p e r t y  can be m a d e  use of  in the 
p r e p a r a t i o n  of  m a n y  kinds of  l'US-labelled 
organic  compounds  inc lud ing  ary l  fluorides. 

W h e n  the non-aqueous  solut ion is passed 
th rough  a co lumn of  cellulose powder ,  the F as 
is adsorbed  in the co lumn and  the l i th ium passes 
th rough  it. T h e  F is is easily e lu ted  wi th  acetone 
conta in ing  a t race of  f luorobor ic  acid.  A di- 
azon ium f luorobora te  can  be labe l led  wi th  the 
F is by  dissolving i t  in the effluent. By add ing  
e ther  to the solution, the label led  d i azon ium 
f luorobora te  is p rec ip i ta ted .  I t  yields the F 1s- 
labe l led  ary l  f luoride by  the Sch iemann  
decomposi t ion .  

Another ,  s impler  me thod  is also app l i cab le  
when the d i azon ium f luorobora te  is re la t ive ly  
s table in a non-aqueous  solut ion conta in ing  

l i th ium.  By s t i r r ing e ther  r a p id ly  into the 
solution,  the d i azon ium f luorobora te  is pre-  
c ip i t a ted  together  wi th  most  of  the F as. T h e  
FlS-label led aryl  f luoride is ob ta ined  by  the 
Sch iemann  decompos i t ion  of  the prec ip i ta te .  

1.1 The diazonium fluoroborate and aryl fluoride 

The  d i azon ium f luoroborates  listed in Co lumn  
2 of  T a b l e  1 were chosen as the s ta r t ing  sub- 
stances of  our  exper iment ,  because most  of  them 
give aryl  fluorides useful in organic  or biological  
chemis t ry  and  because their  subst i tuents  a re  
m a r k e d l y  different  from one ano the r  in p rop-  
erties. Most  of  the d i azon ium f luoroborates  are  
ob ta ined  (3) as p rec ip i t a te  from an  aqueous  
solution, bu t  some are  synthesized in acet ic  
ac id  and  p rec ip i t a t ed  by  add ing  ether.  T h e y  
are  soluble in acetone in genera l ,  the measured  
solubi l i ty  being given in Co lunm 3 o f ' F a b l e  1. 
Acetoni t r i le  is a still be t te r  solvent.  O n  a d d i n g  
e ther  or kerosine to the acetonic  or ace toni t r i lc  
solution, the d i azon ium f luorobora te  precipi ta tes  
in a pur i f ied state. 

Most  kinds of  aryl  fluorides a re  p r e p a r e d  via 
the Sch iemann  decompos i t ion :  la) 

heat 
ArN2BF 4 > A r F  @ N 2 -~- BF a. 

This  reac t ion  is also the most widely  useful in 
the p r epa ra t i on  of  FlS-label led ary l  fluorides. 
I t  can be comple ted  wi th in  several  minutes  for 
a few g rammes  of  d i azon ium f luoroborate .  
R e m a r k a b l y  different  values have sometimes 
been r epor t ed  for the decomposi t ion  po in t  of  a 
given d i azon ium f luoroborate .  131 In  our  exper i -  
men t  also, the decomposi t ion  po in t  va r i ed  
cons iderab ly  accord ing  to the ra te  of  hea t ing ;  
the h igher  the rate ,  the h igher  the a p p a r e n t  
decomposi t ion  point .  The  valucs in Co lunm 
4 of  T a b l e  1 were  observed at  the hea t ing  ra te  
of  abou t  2°C/min.  
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The  yield of  a reaction usually varies ac- 5 ~, 
cording to the scale and the required pur i ty  
of  the product .  Column 5 of  Table  1 gives the a i 
observed yield in the Schiemann decomposit ion,  ~ 4 i- 
when a few grammes of  the d iazonium fluoro- ~ ~ i 
borate were converted into the aryl fluoride ~ 3 
with the melt ing or boiling point  shown in .~ 
Column 6. The  purification involved was -~ 
carried out  within 30 min. The  melt ing points ~ 2 
or boiling points for a further purified state (or ~. 
the commonly  accepted values) are given in 
Column 7. "~ 

2 .  T H E  L A B E L L I N G  P R O C E D U R E  

2.1 Method A (a widely applicable method) 

This method is applicable to all of  the 
d iazonium fluoroborates that  can be obtained 
in acetonic or acetonitrile solutions. Since 
d iazonium fluoroborates are usually unstable 
in a basic solution, the I :Is is made  free from 
lithium before it is brought  into contact  with 
them. 

The  irradiated lithium carbonate  (about 100 
rag) was dissolved in glacial acetic acid (2 ml) 
in a polyethylene beaker. The  solutior~ was 
then diluted with a mixture of  acetone (25 ml) 
and ethanol (3 ml) to give a non-aqueous 
solution. Only  a nfinute fraction of  the F is was 
adsorbed onto the polyethylene produced by 
the high-pressure polymerization. A poly- 
ethylene column (11 m m  in diameter) was 
impregnated tightly with cellulose powder  (for 
chromatographic  purposes, 4 g) with the aid of  
benzene. The  non-aqueous solution was passed 
through the column, which was then washed 
with acetone (20 nil). The  F is was found to be 
in the upper  par t  of  the column. I t  was then 
eluted with acetone containing a trace (0.6 
vol. ~ )  of  fluoroboric acid (40 per cent). The  
flow rate was about  2-5 ml/min.  Figure 1 shows 
the elution curve. The  process required 
35-40 min;  more than 93 per cent of  the 
l i thium was thus removed (as determined by 
the thoron spectrophotometr ic  method(41). 

A diazonium fluoroborate (a few grammes) 
was dissolved in the effluent (about 30 nal), 
addit ional acetone or acetonitrile being added 
for a compound  with a low solubility. After 
several minutes, the d iazonium fluoroborate 

1 ! 
i i ! 
0 
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10 20 30 40 

I~ffluent V.lume (ml) 

50 

FIG. I. Elution curve of F is from a cellulose 
column. Eluent--acetone containing a trace 

of fluoroboric acid. 

was precipitated in the FlS-labelled state by 
adding ether. W h e n  the volume of  ether was 
more than twice that  of  the d iazonium solution, 
the recovery exceeded 80 per cent. The  F is 
activity per mole of  the d iazonium fluoroborate 
was measured both in the solution and in the 
precipitate state; the two values always agreed 
within the limits of  experimental error (2 per 
cent). No  significant decrease was observed in 
the specific activity of  the precipitated diazoni- 
um fluoroborate when its acetonic solution was 
passed through a column of  cellulose or silica 
gel. Hence,  the true isotopic exchange was the 
main  cause of  the labelling. 

2.2 Method B (a simpler but less widely applicable 
method) 

The  diazonium fluoroborate (1-3 g) was dis- 
solved in acetone (30-70 ml), and the solution 
mixed with a non-aqueous solution of  F 18 which 
had been prepared from irradiated l i thium 
carbonate  (about 100 mg), glacial acetic acid 
(2 ml), ethanol (5 ml), and acetone (20 ml). 
The  mixture was deeply coloured. Immediately ,  
ether was stirred into the mixture. The  
d iazonium fluoroborate precipitated with a 
minute  fraction of  the l i thium (as determined 
by the thoron method(4)), leaving deeply col- 
oured substances in the solution. A varying frac- 
tion of  the F is was caught  in the precipitate 
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according to the conditions of the ether addition 
and the nature of the diazonium fluoroborate. 
When the addition was rapid with good stirring, 
most of the F is was usually caught. 

The  desired FlS-labelled aryl fluoride was 
obtained by the Schiemann decomposition of 
the precipitate. Its specific activity sometimes 
appeared to indicate that the isotopic exchange 
was complete, but also sometimes much lower. 
In the latter case, however, the specific activity 
was made higher by dissolving the precipitate 
in acetone containing a trace of acetic acid and 
by then reprecipitating it prior to the decom- 
position. 

Figure 2 shows the FlS-activity per mole of 
I I  (4-phenylbenzenediazonium fluoroborate) 
and its product (4-fluorobiphenyl) after treat- 
ment  under various conditions. The  correction 
due to the decay o f F  is has already been applied 
to the observed activity. The "original solution" 
in Fig. 2 is the mixture containing the irradiated 
lithium compound and the diazonium fluoro- 
borate;  its FlS-activity per mole diazonium 
fluoroborate is taken as 100. Hence, if a com- 
plete isotopic exchange had taken place, the 
FlS-activity per mole would always have been 
100 for the diazonium fluoroborate and 25 for 
the aryl fluoride. In  Table  2, the FlS-activity 
per mole is given for V (2-methoxybenzene- 

diazonium fluoroborate) and VI  (3-acetamino- 
benzenediazonium fluoroborate) treated by this 
process under suitable conditions. 

The  diazonium fluoroborate precipitated 
together with F is was made almost free from 
the F is by treating its acetonic solution with a 
column of cellulose or silica gel (Fig. 2). There-  
fore, the F is was coprecipitated; no significant 
degree of the isotopic exchange had taken place. 
The  specific activity of the precipitated di- 
azonium fluoroborate sometimes exceeded the 
value corresponding to the complete isotopic 
exchange. Minute dusts, especially fibres from 
filter paper, when they were present in the 
solution, caught a considerable part  of the F is 
and lowered the specific activity of the final 
product. 

Method B, although very simple, was not 
applicable to some of the compounds. When 
treated with an acetonic solution containing 
lithium, V I I  precipitated as lithium salt, which 
gave aryl fluoride in a poor yield, while I X  
gave a yellow, explosive precipitate, probably 
the diazonium acetate or oxide. Further, VI  
gradually precipitated into fairly large crystals, 
no matter  how rapidly ether was stirred into 
the acetonic solution. In such a case, a con- 
siderable part  of the F is was lost, remaining in 
the solution as is obvious from Table 2. 

TABLE 2. Chemical yield and specific activity 
in Method B 

~ _ _ N 2 B F  4 ~ - -  __N2BF 4 2> 
\ / 
OCH 3 NHAc 

Compound 

Chem. Chem. 
yield Activity yield Activity 
(%) per mole (%) per mole 

Original 
Solution 100 100 100 I00 

(ArN2BF 4) 

1st p.p.t. 
(Ar N2BF4) 68 119 90 47 

2nd p.p.t 
(Ar N2BF4) 63 126 ~ 

ArF 39 103 × ¼ 35 47 × ¼ 

3. T H E  YIELD F O R  T H E  F TM 

On assuming that the complete isotopic 
exchange had taken place, the molar activity 
(the FlS-activity per mole) of the aryl fluoride 
was calculated. The observed molar activity of  
the aryl fuor ide  was then divided by the 
calculated one; the quotient is shown in 
Column 8 of Table  1 as the molar  activity 
yield (M.A.Y.). The  method of labelling is also 
shown in the same column, A and B denoting 
Method A and Method B respectively. For 
two of the compounds, V I I  and IX,  the molar  
activity yield in Method A differs from 1.00. 
The  product from IX,  2,4,6-tribromofluoro- 
benzene, was not obtained in a pure state; 
probably a small quanti ty of tr ibromobenzene 
was simultaneously formed and remained per- 
sistently after careful purification. For VI I ,  it 
is possible that the isotopic exchange was rather  
slow and that some of the F is was caught by 
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coprecipitation; in repeated experiments con- 
siderably different values (0-78, 0.71 and 0"59) 
were obtained. 

The  entire process can be carried out within 
1 hr for Method B and 1.5 hr for Method A, 
unless a remote-controlled operation is required. 
The  overall chemical yield, based on the initial 
diazonium fluoroborate, is smaller than the 
yield in the Schiemann decomposition, usually 
by a factor of 0.7-0.9, due to the loss of the 
diazonium fluoroborate in the precipitation 
and, in some cases, reprecipitation. Therefore, 

[Fla-activity in the aryl fluoride] 
FF18-activity in the 7 

= [l i thium compound]  × (0.7-0.9) 

× l[yield in the Schiemann decomp.] 
× [molar activity yield] × (0-7-0.5). 

The  last factor, 0.7-0.5, is due to the decay 
of F 18 during the process. In  Method A, the 
entire process requires a longer time, but the 
loss of diazonium fluoroborate is smaller than 
in Method B. Hence, for both of the methods, 

[overall FlS-yield] 

[F18-activity in the aryl fluoride] 
[FlS-activity in the lithium compound] 

= e[yield in the Schiemann decomp.] 
X [molar activity yield] 

where ct has a value between 0.12 and 0-16. 
The  overall F18-yield is given in Column 9 
of Table  1. 

4. O T H E R  P O S S I B L E  M E T H O D S  

After the Schiemann decomposition, the 
product aryl fluoride contains only one quarter 
of the fluorine in the diazonium fluoroborate. 
The  loss of fluorine in the decomposition 
would be lowered by the use of diazonium 
fluorosilicate, fluoroberyllate or fluoride instead 
of fluoroborate if the chemical yield were the 
same. The  chemical yield when they were 
employed was, however, found to be too poor 
for general use. The  boron trifluoride formed 
in the decomposition can be caught by a liquid 
nitrogen trap or by a suitable liquid or solution. 

The  utilization of the recovered boron tri- 
fluoride, however, usually involves more tedious 
procedures than the production of F is by 
neutron irradiation. 

There  are other methods of preparing F 1s- 
labelled aryl fluorides : (1) by means of the 
recoil effect of the F is following the nuclear 
reaction; (2) by the use of already-labelled 
fluoroborate ions in an aqueous solution; (3) by 
the derivation from another, already-labelled 
aryl fluoride, and (4) (in a few special cases) by 
using the halogen interchange. 

The recoil labelling was studied by ANBAR 
and NETTA, 15"6) who also compared it (1) with 
other possible methods as to the usefulness in 
preparing the labelled compounds. The recoil 
labelling, in general, gives a mixture of  many  
compounds similar to one another, and their 
separation is tedious, t lence,  unless no other 
method is practicable, this method seems to be 
of little use in preparing a compound labelled 
at a desired definite position. 

An aqueous solution of the FlS-labelled 
fluoroborate ion is produced very effectively by 
irradiating a borate with ~- or Hea-particles 
fi-om a cyclotron (2) and then by dissolving it in 
a small quantity of hydrofluoric acid. Also, a 
very dilute aqueous solution of labelled fluoro- 
boric acid is prepared by a similar irradiation 
of water containing a trace of the acid, the 
isotopic exchange of fluorine between fluoride 
and fluoroborate being fast in an acid solution.(7) 
When such an irradiation is possible, an F 1s- 
labelled, sparingly soluble diazonium fluoro- 
borate can be conveniently prepared as the 
precipitate from an aqueous solution. 

There are many  aryl fluorides for which the 
only practical synthetic method is derivation 
fi-om another aryl fluoride. For example, F 18- 
labelled 3-fluoroaniline and 2-fluorophenol 
should be prepared by the hydrolysis of the F 18- 
labelled 3-fluoroacetanilide and 2-fluoroanisole 
respectively. 

Few aryl fluorides can be prepared by the 
halogen interchange. A proper FlS-labelled 
fluorinating agent is necessary for obtaining 
F18-1abelled aryl fluoride by this method, and 
the reaction usually requires a rather long 
t ime) S) Thus, FaS-labelled 2,4-dinitrofluoro- 
benzene should be prepared by the nitration of 
the 4-nitrofluorobenzene. 
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4.1 A note on the mechanism of  the Schiemann 
decomposition 

Three reaction mechanisms have been pro- 
posed for the Schiemann decomposition: 19'1°) 
(1) an ionic (carbonium ion) reaction; (2) a 
radical (aryl free radical) reaction, and (3) an 
intramolecular rearrangement. In the decom- 
position of the diazonium fluoroborate, as has 
been described above, the adsorbed (copre- 
cipitated) F is can be taken in the product awl 
fluoride with almost the same probability as the 
fluorine in the fluoroborate. Hence, the intra- 
molecular rearrangement mechanism must be 
rejected. The coprecipitated F is can be regarded 
to be in an anionic state, probably in the form 
of lithium fluoride. Therefore, the ionic reac- 
tion appears to be the most probable mech- 
anism for the decomposition of the solid 
diazonium fluoroborate. 

5. E X P E R I M E N T A L  

5.1 The preparation and purification of  the diazonium 
fluoroborate 

I - IV ,  VI  and V I I I  were prepared by the 
diazotization of the corresponding amines in 
hydrochloric acid, followed by precipitation 
with fluoroboric acid. V was obtained as 
precipitate by treating a concentrated solution 
of 0-anisidine in fluoroboric acid with sodium 
nitrite, p-Aminobenzoic acid fluoroborate (I 0 g) 
was suspended in acetic acid (50 ml) ; then iso- 
amyl nitrite was rapidly stirred into the mixture 
to give momentarily a clear solution, from 
which VI I  soon precipitated. 2,4,6-Tribromo- 
aniline (15 g) was suspended finely in acetic 
acid (100 ml) containing fluoroborie acid (46 ~ ,  
15 ml), and treated with iso-amyl nitrate (10 g) ; 
the resulting mixture was stirred for 30 rnin and 
diluted with ether to give IX. 

The diazonium fluoroborates were dissolved 
in acetone or acetonitrile and precipitated by 
adding ether in the crystalline state. The 
purification was also carried out every time 
just before use. The solubility was measured 
by weighing the solid obtained by drying up a 
known volume of the saturated solution under 
reduced pressure. 

5.2 Irradiation 

Lithium carbonate was prepared from lithium 
chloride and ammonium carbonate and purified 
by the use of its reverse solubility in water. I~1~ 
It  (about 100 mg) was placed in a polyethylene 
tube and neutron-irradiated under a 4 × 1012 
n/cmZ-sec or a 5 × 1011 n/cmZ-sec flux for about 
10 min. 

5.3 The Schiemann decomposition 

The vessel used for the decomposition was a 
suitably bent glass tube with a side-arm also 
shaped suitably in view of properties of tile 
product. For a volatile product (from I or IV), 
the arm was long and was wound for efficient 
cooling with ice water. For a less volatile liquid 
product (from V or VI I I ) ,  the arm was Y- 
shaped and closed in order to collect the product 
in one side and to then distill it into the other. 
For a solid product with a relatively high 
vapour pressure (from II ,  I I I  or VII) ,  the arm 
was short and closed; for that with a relatively 
low vapour pressure (from VI or IX),  the arm 
was long and open in order to collect the product 
in it by vacuum sublimation. The outlet of the 
vessel was stuffed with glass wool and cooled to 
minimize the escape of the product along with 
the stream of the boron trifluoride and nitrogen. 

The decomposition was effected by heating 
with a small flame. In some cases, it was 
performed under reduced pressure (with the 
aid of a water aspirator). After the decomposi- 
tion, the product was caused to condense in the 
side-arm by cooling it and by heating the other 
parts of the vessel. The side-arm was then cut 
open to take out the product, which was 
treated with a sodium hydroxide solution (3 N) 
and distilled or sublimed. 
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