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SUMMARY 

The synthesis and pur i f ica t ion  o f  suitable radioactive tracers 
f o r  organic so l id  s ta t e  s e l f  d i f f u s ion  experiments i s  described. 
Particular a t ten t ion  i s  paid t o  the  isotope e f f e c t  which requi- 
r e s  two tracers containing d i f f e ren t  radioactive isotopes,  and 

wi th  as large a mass difference as  possible.  The l a t t e r  i s  ac- 
complished by incorporating a s tab le  isotope i n  one of the  tracers.  
Active preparations of  adamantune, dt-camphene, bromopentamethyl- 
ethane, and hexmethylethane are reported. 

Intrcduction 

In the l as t  decade, Sherwood (1) has established the f i e l d  of diffusion 

i n  organic solids.  

The coiaaonest experimental technique i s  t o  deposit a t h in  l aye r  of 

radioactive t racer  on the  surface of a pure single c r y s t a l  and t o  analyse 

the r a t e  of penetration of the t racer  i n t o  the crystal '  f o r  the diffusion 

tensor. 

0.1 - 10  microouries/milligram with mass a s  near as possible to  t h a t  of 

the host species. 

This requires small quant i t ies  of t racer  of spec i f ic  a c t i v i t y  

More deta i led  infomat ion  about the  d i f fus ion  process i s  available 
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from isotope e f f ec t  studies (2' i n  which the cfjfferential  diffueicn ro t e  

of two chemirally iden t i ce l  iso;cpes with d i f fe ren t  molsciilrlr weights i- 

assessed. 

and if the mass difference so produced i s  insuf f ic ien t  then additional 

subs t i tu t ion  i n  one t r a c e r  by a s t ab le  isotope i s  essent ia l ;  the object 

i s  t o  produce as la rge  a mass difference as possible. 

This requires two t racers  with d i f f e ren t  radioactive labels,  

The ava i l ab i l i t y  of radioactive forms of carhon and hydrogen, and the 

s tab le  isotope deuterium, gives organic compounds m unrivalled ve r sa t i l i t y  

i n  these respects.  

saturated hydrocarbons CnH2n+2 t o  about 6 - 8  f a r  such a s  polycyclic aromatics, 

approximately CnHn. 

The possi.hle mass difference ranges from about U+$ f o r  

Sherwcod and collaborators have studied diffusion i n  the aromatics 

benzene, naphthalene, anthracene, and phenmthrene; biphenyl, beneoic acid; 

and the p l a s t i c  c rys ta l s  cyclohexane, carnphene, suocinonitri le,  and pivalic 

acid. Labes e t  al(3) have measured imidazole. In a l l  these materials the 

radiotracers were obtained e i t h e r  comerc ia l ly  o r  by established methods ( I c )  . 
Chadwick(5) has synthesiaed radicactive forms of norborylene,  norbornane, 

and hexarnethyldisilane f o r  d i f fus icn  experiments. 

Isotope e f f ec t  experiments have been car r ied  out on benzene(@, 

cyclohexane(7) , and heltametk:ylethane (8). 

and synthesis of  su i tab le  t racers  i s  proceeding f o r  pivelic acid and adnmantane(9). 

It i s  of i n t e r e s t  to  note t h a t  syntheses with deuterated compounds do not 

invariably proceed a s  f o r  the normal compounds, as, f o r  exasple i n  

C6DU3H (7). 

Napthalene has a l so  been attempted, 

Reliable assessment of defect controlled solid s t a t e  properties needs 

highly pure and perfect s ing le  crystals.  

also be as pure a s  i s  reasonably possible, ce r t a in ly  t o  a degree considerabl:, -!hve 

tha t  acceptable f o r ,  say, mechanistic studies. Classical  pur i f ica t ion  methods 

are supplemented by techniques such as gradient sublimation, zone refinj.ng, 

Consequently the  radiotracers must 
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normal f reez ing  and crys ta l  growth (10). 

This communication reports de t a i l s  of the p rep ra t ion ,  pur i f ica t ion ,  and 

analysis of several  radiotracers used i n  the author's research. 

Experimental 

a) Adamsntane 1 - 3€i $ 

TritiRted ethanol was first prepared by reacting sodium ethoxide w i t h  

t r i t i a t e d  water (0.2 curies/ml) t o  obtain a higher a c t i v i t y  than by simple 

equilibration. The active ethanol i n  e therea l  solution was added portionwise 

t o  0.64 p aodium sand and 0.60 gm 1-Bromoadamantane i n  pure refluxing 

diethy1 ether. Reduction of the halide incorporated the  tritium in the  

adamantane 1-position. 

was allowed t o  reac t  completely before adding the next portion. 

was about 36 hours. 

To minimise the k ine t ic  isotope e f fec t  each portion 

Total time 

The p l e  blue solution was decanted off from the  excess sodium and added 

t o  50 m l  d i s t i l l e d  water, upon which the  colour vanished. 

washing, drying, and evaporation yielded a white solid.  

reorys ta l l jaa t ion  from r e d i s t i l l e d  acetone and sublimation gave 0.35 gm (y@) 

adamantane of 99.9% purity (Vapour Phase Chromatography on Apieson L a t  l80"C) 

and spec i f ic  a c t i v i t y  Z.@7 pc/mgm. 

diadamantyl. 

Ehher extraction, 

Pur i f ica t ion  by 

The non vo la t i l e  residue could have been 

EtO: AdBr + 2Na ___) h a  + NaBr + Na OEt 

This synthesis i s  readi ly  adaptable t o  the deuterated form, and w l t h  the  

ava i l ab i l i t y  of --tang 2- % (ll), the  isotope e f f ec t  i s  feasible.  - 
4 Footnote 

The metal - halogen exchange between l-Brom&amantane and n-Butyl l i th ium 

t o  produce adamntyl l i thium, f o r  reaction with t r i t i a t e d  water t o  give 

t r i t i a t e d  adamantane, f a i l e d  t o  work. The 3 6  y ie ld  of adamantane was t o t s l l y  
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inactive,  presumably having formed by reaction with the  solvent e the r  before 

addition of the water. Reducing the re f lux  time or changing the solvent 

d ra s t i ca l ly  cu t  the y ie ld  of adamantane. Another a l t e rna t ive  reaction - 
reduction with l i thium aluminium hydride-produced hardly any adamantane. 

b) dl - Camphene - (@'H 
The racemisation of camphene under the influence of ac id i c  catalysts(12) 

was adapted t o  a t racer  synthesis. The tritium dis t r ibu te s  throughout the 

camphene by exchange with and rearrangement of the carbonium ion  fcmed by 

protonation a t  the ethylenic group. 

highest  ac t iv i ty ,  even i f  not the highest  purity. 

product could almost cer ta in ly  have been improved by varying the experimental 

conditions but t h i s  was not investigated in de ta i l .  

Pyruvic acid appeared l i ke ly  t o  give the 

The purity of the crude 

2 gms of r e d i s t i l l e d  pyruvic ac id  (Xa = 3.2 x a t  25OC) was 

equilibrated with about 1 ml of t r i t i a t e d  water (0.2 curies) and the water 

then d i s t i l l e d  o f f  under vacuum. About 

transferred in to  the ac t ive  pyruvic ac id  and the vacuum sealed vessel held 

a t  l.40- 150°C f o r  f i f t e e n  minutes. 

yellow mixture was d i lu ted  with 50 m l  d i s t i l l e d  water and extracted with ether. 

Bicarbonate washings, drying, and removal of solvent yielded a complex 

mixture of terpenic compounds with camphene 6C$ tr icyclene 13; and bornylene 3 

gm of purified DL - camphene was 

After ccoling t o  room temperature the pale 

preaominaJlt. 

Fractional d i s t i l l a t i o n  on a micro-Vigreux column removed nearly a l l  the 

Tricyclene could not be separated except on a high lower boi l ing  impurities. 

efficiency s p i r a l  band column c r  by preparative GLC. 

cold t r a p  a t  O°C, zone refining i n  a capi l la ry  tube using a single loop wire 

heater,  and vapour phase c rys t a l  growth provided f a i r l y  pure camphene, 

99.9% by GLC on Apieeon, apar t  from tricyclene which i s  present i n  a l l  

camphene syntheses. 

1.74 pc/mgm. 

Sublimation trhough a 

The y ie ld  of camphene was 0.5 gm, spec i f ic  a c t i v i t y  
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c) Bromo-pen tamethyle thane and Hexame thyle thane 

Two radioactive t r ace r s  were prepared f o r  each, one containing % and 

normal hydrogen, and the  other containing 3H and twelve deuterium atoms. 

The equation f o r  the l a t t e r  is shown below 

CD3 CD3 Xemr CD3 CD3 
I I r e -  I I  r +  ' I * 

CD3 - C - E - CH2T (vi) CD3 - C - C - CHpT (v) CD3- C - C -CHZT 
I I I I  I 1  

CD3 CH3 CD3. Br CD3 OH 

Steps (i) (ii) (iii) (Reference 13) followed established procedures t o  

obtain pinacclone-DI2 from acetone- D6 v ia  pinacol hydrate. Deuterated 

water and deuterc-sulphuric ac id  were employed to  avoid  possible loss of D 

in the hydrolysis and rearrangement steps. Step (iv) (Reference U+), the  

Grisnard synthesis of pentamethylalcchol, was chosen f o r  incorporation of 

the radioactive t r ace r  (as CH2 H MgI for the deuterated precursor and as 
x 
CHjMgI i n  the other case). 

f r ac t iona l  d i s t i l l a t i o n  was e s sen t i a l  f o r  success; about 3 gm aloohol m e  

obtained from 5 &m pinacolone. 

f o r  use i n  s t ep  (y), and proteated from moisture t o  avoid formation of t he  

Solid hydrate. 

x 

Pur i f ica t ion  of the crude pinacolone by 

The alcohol W8S a l s o  fractionally d i s t i l l e d  
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Step (v) - A gas saturation method was u t i l i s e d  t o  eliminate any losses of 

deuterium and other complications a r i s ing  from the  carbonium ion rearrangements 

noted by Roberts (14). 

hydrogen bromide from a cylinder, foming first a yellow l iqu id  and then a 

white prec ip i ta te  over several  hours. 

carbonate, ex t rac t ing  and drying, and removal of solvent gave crude 

bromopentamethyethane, which was purified by vacuum sublimation. 

was obtained from 3 gm alcohol. 

was 1.4 po/mgm. 

energy &-c compound (O.lpc/mgm) underwent self-radiolysis,  especially in 

solution, which precluded r e l i ab le  d i f fus ion  measurements. 

Step (vi) - This 6 i g n a r d  coupling, although not uncommon(l5), proceeds i n  

low y ie lds  f o r  non-activated halides;  

it is s t i l l  r a the r  low f o r  pentamethylethyl halides because of s t e r i c  fac tors  (16). 

It was decided t o  use the more conveniently handled bromide reaction with 

M e w r  prepared from methyl bromide (boiling point 4OC). 

a f t e r  f i l t r a t i o n  i n  an i n e r t  atmosphere, was added i n  threefold excess t o  the 

solution of the bromide i n  ether. 

chloride drying tube was allowed t o  stand a t  raom temperature for a week. 

was the optimum procedure found from the  tr ial  reactions. 

occurred and two l i qu id  layers  formed, the bottom one eventually yielding a 

white prec ip i ta te  of MgBr2. 

t o  decompose excess Orignard. 

upper l aye r ,  was i so la ted  from the e ther  ex t rac ts  i n  the usual way. 

An e therea l  solution of the alcohol was saturated with 

Flushing with nitrogen, washing with 

3s gm (SO@ 
% 

The spec i f ic  activity,from 25 mc of CH2HI, 

The tritium compound was reasonably s tab le ,  but the  hifihrr 

the bes t  y ie ld  is for the chlorides but 

The Grignard solution, 

The reaction vessel,  protected by a calcium 

T n i s  

Slow evolution o f  ges 

The layers  were t rea ted  with ice  cold aqueous H C 1  

14 gms of crude product, nearly a l l  from the 

I so la t ion ,  Purification. and Analysis 

Analysis by vapour phase chromatography on Apiezon L a t  100°C indicated 

41$ hexamethylethane, 3@ unchanged bromide, and 3@ of a saturated hydrocarbon 

impurity boi l ing  around 70°C, together with a l i t t l e  residual ether. I so la t ion  

of the hexamethylethane proved d i f f i c u l t ,  par t icu lar ly  since chemical methods 
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were unsatisfactory. A reasonably sa t i s fac tory  procedure was as follows:- 

225 

(i) Sublimation under vacuum through a U-trap cooled by dry ice/acetone. 

21;e e ther  and hydrocarbon impurity collected as a l iqu id  a t  the bottom 

of t h e  t r ap  while the HME and the bromide so l id i f ied  a t  the top. A 

rapid localised heating at  the bottom of  the t r a p  while stil-1 under 

suction removed a l l  the imgurity f rac t ion  with negligible loss of 

HME from the  cold region. 

(ii) Further sublimation, over a longer period of time, under suction thr3ugh 

two U-traps held at  0% and -2OoC, with a t h i r d  t r ap  a t  l i qu id  nitrogen 

tenperatures t o  co l lec t  the vo la t i l e  fraction. An excellent separation 

of the HME and the bromide resulted; the process was followed by 

f i l l i n s  the two U-traps with solid s i l v e r  n i t r a t e  c rys ta l s .  

first t r ap  a t  O°C the c rys t a l s  turned yellow green a l l  through, while 

i n  the second, only those a t  the entrance were tinged with yellow. 

A purity ir ,  the region of 99.$ HbR was achieved, which was fur ther  

enhanced by gradient sublimation and micro-zone refining. About 0.5 gms 

hexsm&hylethane - DI2 was obtained, spec i f ic  ac t iv i ty  2.0 pc/mgm. 

C-l.4 synthesis yielded material  of ac t iv i ty  0.15 pc/mgm. 

were stahle.  

In the 

The 

Both t racers  

( i i i )  It was possible t o  recover about half  of the unchanged bromide 

by resubliming the l e a s t  vo la t i l e  f rac t ions  through a t r a p  a t  O°C till 

half the material  had been pumped off. 

a l l  the HI43 had been removed. 

VFC analysis indiCated nearly 

(iv) The chemical i den t i ty  of the hexamethylethane t racers  w a s  shown by 

comparison in jec t ion  on the  VPC. 

isotopic d is t r ibu t ion  of the deuterium tracer.  

complex and possessed negligible parent ion peak(l7). 

the number, in tens i t ies ,  and d is t r ibu t ion  o f  the groups of fragmentation 

peaks indicated tha t  the  deuterium was asymmetrically d is t r ibu ted  and 

Mass spectrometry confirmed the 

The spectrum w a s  very 

Nevertheless, 
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i n  a r a t i o  of 2:l with normal hydrogen atoms. 

the expected structure.  

This i s  i n  acc'>d with 
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