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SUMMARY 

Several c a t a l y t i c  t r i t i u m  exchange procedures have 

been i n v e s t i g a t e d  i n  o rde r  t o  accomplish un i fo rm 

and random inco rpo ra t i on  o f  t r i t i u m  i n t o  the  

d iverse organic so lu tes  present  i n  an o i l  shale 

process water. Comparative p ro ton  and t r i t i u m  

nuclear magnetic resonance (NMR) spectroscopy 

revealed t h a t  a Raney n i c k e l  /THO system r e s u l t e d  

i n  a reproducib le  procedure wherein the  i n d i v i d u a l  

components are t r i t i a t e d  randomly i n  s tab le  pos i -  

t i o n s  i n  p r o p o r t i o n  t o  t h e i r  concentrat ion.  Th is  

approach t o  the l a b e l l i n g  of complex organic mix- 

t u r e s  opens new avenues f o r  r a d i o t r a c e r  s tud ies i n  

env i ronmenta l ly  impor tant  areas. 
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OVERVIEW 

Radiotracer methodology, so widely employed over the past t h i r t y  years 

t o  support biological, environmental, chemical, and physical investigations of 

organic compounds, has evolved around the preparation and use of single, 

radiolabelled compounds o r  re la t ive ly  simple mixtures. There are,  however, 

numemus areas wherein the organic material of i n t e re s t  ex i s t s  as a very 

complex mixture containing hundreds o r  thousands of individual compounds. 

Examples of these are foss i l  energy products and by-products, and industrial  

process and waste streams. Information i s  needed on the composite or d i f f e r -  

ential  f a t e ,  interaction, parti t ioning, and general biodynamics and chemody- 

namics of such complex mixtures, especially f o r  environmental and process con- 

t ro l  studies. The a t t r i bu te s  of the radiotracer methodology for the study of 

single compounds would appear equally valid f o r  the study of complex mix-  

tures. We have, therefore,  undertaken a long-range project to develop methods 

fo r  the preparation of radiolabelled organic mixtures and t o  apply radiotracer 

techniques i n  the investigation of such mixtures. T h i s  paper i l l u s t r a t e s  the 

general approach t o  the problem of labell ing complex organic material u s i n g  

the dissolved organic fraction of an i n  situ-produced o i l  shale process water 

as an example. 

INTRODUCTION 

The development of o i l  shale retorting and extraction technologies t o  

produce shale o i l  as an a l te rna te  fos s i l  fuel t o  augment d w i n d l i n g  petroleum 

reserves i s  being actively pursued, both in the United States and elsewhere. 

Both surface and underground ( i n  situ) o i l  shale processes a re  accompanied by 

the coproduction of process waters. As a m i n i m u m ,  the amount of o i l  shale 

process water coproduced equals the amount of shale o i l  produced (1). These 

waters are typically yellow to  brown i n  color,  odiferous, have an alkaline pH, 

and contain h i g h  l eve ls  of inorganic and organic consti tuents ( 2 ) .  T h e  pri- 

mary organic consti tuents include both polar and non-polar materials w i t h  

carboxylic acids, heterocyclic compounds, and aliphatic compounds being note- 

worthy organic contributors ( 3 , 4 ) .  
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A s i g n i f i c a n t  p o r t i o n  o f  o i l  shale environmental research i s  being 

d i r e c t e d  a t  t he  cha rac te r i za t i on ,  t ranspor t ,  i n t e r a c t i o n ,  b i o l o g i c a l  e f f e c t s ,  

treatment, and u t i l i z a t i o n  o f  process waters (1). Because of t h e  complex 

nature and abundance o f  so lu tes i n  these waters, environmental s tud ies  based 

on s p e c i f i c  i n d i c a t o r  compound approaches cannot begin t o  cover the  number o f  

so lu tes  present  and p rov ide  r e l a t i v e l y  l i t t l e  i n fo rma t ion  about t h e  so lutes 

a c t i n g  together  i n  a ma t r i x .  Clear ly ,  t he  a v a i l a b i l i t y  o f  a "un i formly 

l a b e l l e d  f r a c t i o n "  represent ing the  d isso lved organic so lutes would open new 

r a d i o t r a c e r  approaches f o r  studying t h e  environmental parameters of t he  

organic ma te r ia l  present  i n  these waters. I n  view o f  the chemical d i v e r s i t y  

and m u l t i p l i c i t y  of compound types i n  t h e  d i sso l ved  organic component of o i l  

shale process waters, i t  i s  n e i t h e r  p r a c t i c a l  nor exper imenta l ly  f e a s i b l e  t o  

r e c o n s t i t u t e  a " l a b e l l e d  f r a c t i o n "  by admixture o f  s p e c i f i c  l a b e l l e d  i n d i c a t o r  

compounds. This  paper describes research r e s u l t i n g  i n  a procedure f o r  prepar- 

i n g  a un i fo rm ly  l a b e l l e d  sample o f  d isso lved organics der ived from an i n  s i t u  

o i l  shale process water r e f e r r e d  t o  as "Omega-9" process water (see Exper i -  

mental 1. 

I nco rpo ra t i on  o f  a r a d i o a c t i v e  isotope was chosen i n  preference t o  a 

s t a b l e  isotope, such as 'H o r  I3C, on the  bas i s  o f  g rea te r  a n a l y t i c a l  

s e n s i t i v i t y ,  ease o f  detect ion,  and absence of n a t u r a l l y  occu r r i ng  i n t e r f e r -  

ence. The use of a 14C i nco rpo ra t i on  procedure was excluded f o r  two rea- 

sons. F i r s t ,  i t  would be impossible t o  impar t  a "uniform" i nco rpo ra t i on  o f  

14C i n t o  t h e  d i ve rse  compound types present  s ince t h i s  approach i s  reac t i on -  

dependent. More impor tan t l y ,  t h e  i nco rpo ra t i on  o f  14C would i n h e r e n t l y  

a l t e r  t h e  nature of t he  m a t e r i a l  t o  be l a b e l l e d  as a r e s u l t  o f  the chemical 

reac t i on (s1  needed t o  be employed. A t r i t i u m  exchange procedure i s  the o n l y  

a l t e r n a t i v e  where the  o b j e c t i v e  i s  un i form inco rpo ra t i on  o f  the rad io isotope.  

T r i t i u m  inco rpo ra t i on  has the advantages o f  lower  cos ts  and at ta inment  o f  

h igher  s p e c i f i c  a c t i v i t i e s .  Poss ib le  compl icat ions r e s u l t i n g  from r a d i a t i o n  

decomposition of t r i t i a t e d  compoirnds ( a u t o r a d i o l y s i s )  and unce r ta in t y  i n  the 
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s t a b i l i t y  and p o s i t i o n  o f  l a b e l l i n g  are p o t e n t i a l  disadvantages r e q u i r i n g  

experimental reso lu t i on .  Recent developments i n  t r i t i u m  nuclear  magnetic 

resonance spectroscopy ( H NMR) (8 )  w i t h  i t s  a b i l i t y  t o  de l i nea te  the  

p a t t e r n  o f  l a b e l l i n g  and t o  moni tor  the s t a b i l i t y  o f  the l a b e l  support the 

a t t r a c t i o n  o f  t r i t i u m  as a t r a c e r  f o r  t h i s  type study. 

3 

I d e a l l y ,  t he  l a b e l l e d  product  sought i n  t h i s  study should conform t o  the  

f o l l o w i n g  c r i t e r i a :  ( a )  i t  should be rep resen ta t i ve  o f  t he  t o t a l  d i sso l ved  

organic ma te r ia l  o r i g i n a l l y  present  i n  the sample; ( b )  i t  should be un i fo rm ly  

l a b e l l e d  i n  s tab le  p o s i t i o n s  f o r  a l l  components present ;  ( c )  i t  should be o f  

high spec i f i c  a c t i v i t y ,  ( d )  i t  should be m in ima l l y  contaminated w i t h  a r t i f a c t s  

induced by i s o l a t i o n  procedures o r  a u t o r a d i o l y s i s ;  and ( e )  i t  should be repro-  

duci b l y  prepara b l  e. 

EXPERIMENTAL 

OMEGA-9 Sample. The o i l  shale process water used i n  t h i s  i n v e s t i g a t i o n  

was obtained from the Rock Springs, Wyoming, S i t e  9 t r u e  -- i n  s i t u  o i l  shale 

combustion experiment conducted by the  Laramie Energy Technology Center i n  

1976, and c a r r i e s  the i n t e r n a l  des ignat ion "Omega-9'' process water. The 

experimental d e t a i l s  o f  t he  c o l l e c t i o n ,  homogenization, f i l t r a t i o n  through a 

nominal 0.4-micron f i l t e r ,  and subsequent 4°C storage o f  t h i s  sample were pre-  

v ious l y  described ( 5 ) .  De ta i l ed  c h a r a c t e r i z a t i o n  s tud ies  have been repor ted 

( 2 - 7 ) .  Chemical parameters i n d i c a t i v e  o f  the composit ion o f  t h i s  sample are: 

NH; 3,470 mg/L, S20i 2,740 mg/L, HCO; 15,930 mg/L, SO; 

1,990 mg/L, pH 8.7, t o t a l  organic carbon 1,020 mg/L, and t o t a l  d i sso l ved  s a l t s  

30,000 mg/L. The complex i ty  and d i v e r s i t y  o f  organic  compound types present  

i n  the water were i n d i c a t e d  by reverse phase, g rad ien t  e l u t i o n  high- 

performance 1 i q u i d  chromatographic c h a r a c t e r i z a t i o n  whereby over 200 mu1 ti- 

component peaks were detected (3). Nit rogen bases ( i n c l u d i n g  quino l ines,  

py r id ines ,  and n i t r i l e s ) ,  as we l l  as ca rboxy l i c  acids, carbonyls, a lcohols ,  

branched-chain a l i p h a t i c s .  and heteroaromatics are known components o f  the 

sample (3,71. It i s  est imated t h a t  t he re  are several hundred d isso lved 
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organic omponents i n  t h e  sample w i t h  r e l a t i v e l y  h igh  concentrat ion and several 

thousand components a t  extremely low concentrat ions.  The sample was main- 

t a ined  a t  4°C throughout i t s  h i s t o r y ,  i n c l u d i n g  shipment. 

I s o l a t i o n  o f  Dissolved Organics. A 4 L q u a n t i t y  o f  Omega-9 process 

water was f reeze-dr ied t o  produce 100 g o f  powdery residue. The res idue was 

suspended i n  500 m l  o f  a c e t o n i t r i l e  and s t i r r e d  a t  room temperature f o r  20 

minutes. The s o l u t i o n  was f i l t e r e d  and t h e  f i l t r a t e  evaporated t o  dryness by 

r o t a r y  evaporation. The f i l t e r e d  ma te r ia l  was ex t rac ted  tw ice  again i n  the  

same manner us ing the  recovered a c e t o n i t i l e .  On average, 3.6 g o f  organic  

ma te r ia l  was i s o l a t e d  from the Omega-9 water i n  t h i s  way f o r  a c a l c u l a t e d  

minimum recovery of 88% based on t h e  t o t a l  d i sso l ved  carbon value o f  1,020 

mg/L. 

I n i t i a l l y ,  a number o f  d i f f e r e n t  k inds  o f  so lvents  va ry ing  from p o l a r  

( a c e t o n i t r i l e ,  ch loroform) t o  aromatic (benzene), a l i p h a t i c  (n-hexane), non- 

p o l a r  (carbon t e t r a c h l o r i d e )  and a p r o t i c  (d imethy l  sulphoxide) were t r i e d .  

For  ma te r ia l  con ta in ing  such a wide range o f  cons t i t uen ts  a t  low concentra- 

t i ons ,  a small d i sc r im ina to ry  f a c t o r  would seem l i k e l y  and t h i s  turned o u t  t o  

be the  case, t he re  being l e s s  than a f a c t o r  o f  f i v e  d i f f e r e n c e  between the  

best  ( a c e t o n i t r i l e )  and l e a s t  successful solvents, t h e  order  being 

CH3CN>CHC13>C6H6-CC14>>n-C6H14 Dimethyl sulphoxide could n o t  be used because 

o f  i t s  tendency t o  d i sso l ve  o r  i n t e r a c t  w i t h  some o f  the  inorganic  ma te r ia l  

present. 

PtO, Isotope Exchange Procedure. The ma te r ia l  t o  be l a b e l l e d  (50-100 

mg) together  w i t h  a known amount o f  c a t a l y s t  (50-100 mg) t h a t  had been f r e s h l y  

reduced w i t h  NaBH4 and 10 ~1 o f  HTO (50  Ci /ml)  were placed i n  a narrow tube 

which was then frozen ( l i q u i d  N2) and evacuated. The tube was sealed and 

the contents kept  a t  a known temperature f o r  a pre-determined time. A f t e r  

being cooled, the tube was opened and the  contents  mixed w i t h  20 m l  o f  e ther ;  

t he  c a t a l y s t  was f i l t e r e d  o f f  and the  s o l u t i o n  tw ice  washed w i t h  1 -m l  quan- 

t i t i e s  of  water i n  order  t o  remove any l a b i l e  t r i t i u m .  A f t e r  d r y i n g  over 
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anhydrous sodium sulphate, t h e  e the r  was f reeze-dr ied and the remaining 

ma te r ia l  taken up i n  100 p1  o f  CD3CN t o  which had been added a t r a c e  o f  

t e  t rame thy1 s i  1 ane . 
Raney Nickel  Isotope Exchange Procedure. The c a t a l y s t ,  which was pre-  

pared according t o  the  method o f  Dominquez and Lopez (91, was t r a n s f e r r e d  as a 

s l u r r y  i n  ethanol (0.05-0.5 m l )  t o  a small tube. Excess ethanol was removed 

before adding the ma te r ia l  t o  be l a b e l l e d  (50-100 mg) and HTO (10 ~ 1 ,  50 

Ci/ml). The contents  were cooled w i t h  l i q u i d  n i t rogen,  the  tube evacuated, 

and then sealed. A f t e r  heat ing a t  a known temperature ( u s u a l l y  100-160°C) f o r  

a g iven t ime (2-6 days) the  tube was cooled, opened, and the contents  taken up 

i n  20 m l  o f  e the r  before working up as descr ibed above. 

T Gas Exchange Experiments. I n  t h i s  work, a standard vacuum man i fo ld  -2 

apparatus was used a l l ow ing  the ma te r ia l  t o  be l a b e l l e d ,  together  w i t h  a cata-  

l y s t  and, i f  need be, a so lvent ,  t o  be s t i r r e d  w i t h  a known amount (usua l l y  

2.5 m l )  o f  a T2:H2 m ix tu re  ( i n  the  r a t i o  o f  1:lO). On complet ion o f  t h e  

react ion,  any unused gas was removed, the  c a t a l y s t  f i l t e r e d  o f f ,  the so lvent  

removed by r o t a r y  evaporation, and any l a b i l e  t r i t i u m  removed by c a r r y i n g  o u t  

t h ree  successive evaporations w i t h  a hyd roxy l i c  so lvent  (MeOH). 

3H NMR Analysis. The so lu t i ons ,  which usua l l y  conta ined 30-100 m C i  o f  

r a d i o a c t i v i t y ,  were separately loaded by syr inge i n t o  3 -n -d iamete r  combina- 

t i o n  tubes (Wilmad, SK 1374A) which were then sealed and mounted i n  spinner 

adapters f o r  a 3 - n  microprobe. The 3H NMR spectra were obta ined (most ly  

w i t h  'H no ise decoupling a t  25°C) w i t h  a Bruker WH-90 pulse spectrometer 

operat ing a t  96 MHz f o r  'H and w i t h  quadrature detect ion.  The f l i p  angle 

was usua l l y  30°, the r e p e t i t i o n  i n t e r v a l  1.6 sec., and, depending on the 

r a d i o a c t i v i t y  present, between l o 4  and l o 5  t r a n s i e n t s  were acquired. The 

data were s tored i n  4K channels. Each FID was z e r o - f i l l e d  t o  8K and F o u r i e r  

transformed t o  prov ide spect ra l  d i sp lay  w id ths  o f  up t o  13 ppm. Referencing 

was t o  a ghost re ference generated from the  'H resonance frequency o f  t he  

i n t e r n a l  standard (measured a t  90 MHz) by m u l t i p l y i n g  by the  Larmor r a t i o  

1.06663974. 



3 
[ HlOrganic Mixture6 from O i l  Shale Process Waters 219 

S t a b i l i t y  o f  t he  Label. The successful use o f  t he  product  depends on 

the  l a b e l  being present  i n  s tab le  pos i t i ons ,  o r  a t  l e a s t  t h a t  t he  r a t e  o f  l o s s  

of l a b e l  under s p e c i f i e d  cond i t i ons  be known. 3H NMR spectroscopy enables 

t h i s  i n fo rma t ion  t o  be obtained, and i n  the present  study the  s t a b i l i t y  o f  the 

l a b e l  was assessed by making up separate s o l u t i o n s  i n  CH30D/OCHi 

(0.1 M) and CH3COOD/D20 (0.1 M) and running 3H NMR spectra a t  monthly 

i n t e r v a l s .  

RESULTS AND DISCUSSION 

The f i r s t  c r i t e r i a  f o r  the des i red l a b e l l e d  product  i s  t h a t  i t  be as 

representat ive as poss ib le  o f  t he  o r i g i n a l  d i sso l ved  organic compound composi- 

t i o n .  I f  t h i s  and the  o the r  c r i t e r i a  are achieved, then the  l a b e l l e d  product 

may be re in t roduced t o  the  i n a c t i v e  s o l u t i o n  w i t h  the surety  o f  impar t i ng  a 

s p e c i f i c  a c t i v i t y  un i fo rm ly  throughout the organic  ma t r i x .  It i s ,  therefore, 

c r i t i c a l  t o  the success o f  t h i s  approach t o  a r r i v e  a t  an e f f i c i e n t  i s o l a t i o n  

procedure. Consideration and experimentation i n  f r a c t i o n a l  d i s t i l  l a t i o n  and 

so lvent  e x t r a c t i o n  e l im ina ted  these two approaches because o f  p r e c i p i t a t i o n  

phenomena upon pH adjustment, thermal ly  induced a r t i f a c t s ,  o r  i n s u f f i c i e n t  

recovery of organic ma te r ia l .  Independent experiments (7,lO) revealed a low 

concentrat ion ( <  2 % o f  v o l a t i l e  components b u t  experienced recovery d i f f i -  

c u l t i e s  using a number of s o l i d  sorbents (10). A se r ies  o f  ho t  and c o l d  

e x t r a c t i o n s  o f  the res idue obtained from f reeze-dr ied Omega-9 process water 

w i t h  a v a r i e t y  of so l ven ts  r e s u l t e d  i n  t h e  se lec t i on  o f  a c e t o n i t r i l e  as an 

e f f i c i e n t ,  nondiscr iminatory  e x t r a c t i o n  so lvent .  This method was se lected f o r  

the i s o l a t i o n  o f  d i sso l ved  organic m a t e r i a l .  

The organic ma te r ia l  i s o l a t e d  by the  f reeze d r y i n g / a c e t o n i t r i l e  ex t rac -  

t i o n  procedure i s  a dark co lored,  viscous gum. Charac te r i s t i c  f ea tu res  of i t s  

'H NMR spectrum (F igure 1) are s t rong absorpt ions a t  6 0.90, 0.97, 1.06, 

1.14, 1.22, 1.38, 1.57, 1.78, 1.9, 2.25, and 2.61, r e f l e c t i n g  a s t rong ly  

a l i p h a t i c  composition. The s igna ls  i n  the  range 6 1.96-2.01 a r i s e  main ly  from 

small amounts of hydrogen i n  t h e  CD3C.N solvents. Terminal and branched 
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methyl hydrogens ( a  < 11, methylene hydrogens i n  s t r a i g h t  cha in  o r  branched 

hydrocarbons ( a  1.2-1.3), and c y c l i c  methylene hydrogens ( 6  1.1-1.8) are among 

the most impor tant  c o n t r i b u t i o n s .  A1 though the re  i s  l i t t l e  evidence o f  alkene 

hydrogens ( a  5.3-5.41, i n  some spectra these may be obscured by t h e  s igna l  

a r i s i n g  from the t race  amounts o f  water t h a t  are d i f f i c u l t  t o  remove - i t s  

chemical s h i f t  va r ies  g r e a t l y  from sample t o  sample, presumably r e f l e c t i n g  

s l i g h t  changes i n  pH. The resonances a t  6 6.8-8.0 suggest t h a t  the aromatics 

c o n t r i b u t e  somewhat l e s s  than ten percent  t o  the  m ix tu re  o f  compounds. 

The next  impor tant  c r i t e r i o n  f o r  the des i red  l a b e l l e d  product  i s  t h a t  i t  

be un i fo rm ly  t r i t i a t e d  i n  s tab le  p o s i t i o n s  throughout the  extens ive a r ray  of 

compound types present. Uniform l a b e l l i n g  i s  de f i ned  as when t h e  two condi -  

t i o n s  o f  ( a )  random and nonspeci f ic  exchange i n  terms o f  t he  l a b e l l i n g  p a t t e r n  

and (b)  equal ly  p ropor t i ona l  i nco rpo ra t i on  i n  terms o f  t he  t r i t i u m  popu la t i on  

o f  each exchange s i t e  have been simultaneously met. The degree t o  which the  

chemical s h i f t  t r a c i n g  o f  a 3H NMR spectrum may be superimposed on t h a t  from 

the  corresponding 'H NMR spectrum o f  a t r i t i a t e d  sample was es tab l i shed  as a 

measure f o r  t he  f i r s t  cond i t i on .  L ikewise,  t he  degree o f  correspondence 

between the i n t e g r a t i o n  s igna ls  was used as an independent measure f o r  t he  

second cond i t i on .  

An extens ive experimental survey of hydrogen i so tope  exchange procedures 

was conducted as sumnarized i n  Table 1. Th is  work even tua l l y  po in ted  towards 

metal -catalyzed exchange as being most e f f i c i e n t  and r e s u l t e d  i n  s e l e c t i o n  o f  

a Raney n i cke l  procedure as optimum. 

Both ac id -  and base-catalyzed procedures were i n e f f e c t i v e .  With the  

Lewis a c i d  B B r 3  t he re  was some evidence o f  a s ide  reac t i on .  T r i s ( t r i p h e n y 1 -  

phosphine1ruthenium d i c h l o r i d e ,  which has proved t o  be a very e f f e c t i v e  cata-  

l y s t  f o r  l a b e l l i n g  a l i p h a t i c  aldehydes and a l coho ls  (11,121, was a l s o  unsuc- 

cessful.  The heterogeneous metal -cata lyzed exchange r e a c t i o n  us ing pre-  

reduced Pt02 o r  Raney n i c k e l  turned ou t  t o  be t h e  most e f f e c t i v e  and f o r  

these c a t a l y s t s  a number of va r iab les  were a l t e r e d  i n  order  t o  opt imize the 

l a b e l  1 i n g  condi t ions.  
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Table 1. Various Kinds of  Hydrogen Isotope Exchange Reactions 

Ca ta l ys t  General C m n t s  Refs 

Base Choice depends on the a c i d i t y  o f  13 
the  organic compound and the 
b a s i c i t y  required. 

f requent ly used t o  l abe l  
aromatics; combination o f  h igh  
temperature and low a c i d  con- 
c e n t r a t i o n  o f f e r s  new opportun- 
i t i e s .  

'Super ' -acids may cause o the r  15 
reac t i ons  as well as exchange; 
f l u o r i n a t e d  acids which are a l so  
good solvents are a t t r a c t l v e .  

Lewis acids such as BBr3, 
EtAlC12 u s u a l l y  under hetero- 
geneous cond i t i ons  have met w i t h  
wide success. 

Acid E l e c t r o p h i l i c  s u b s t i t u t i o n  i s  14 

16 

Metal A t t r a c t i v e  i n  p r i n c i p l e  b u t  17 
(homogeneous) c a t a l y s t  choice i s  l i m i t e d ,  

potassium t e t r a c h l  oropl  a t i n a t e  
being the  most svccessfut t o  date. 

Metal A wide range o f  m e t a l l i c  s a l t s  18 
(heterogeneous) have been used and o f  thesr, 

ac t i va ted  palladfum, pre-reduced 
Pt02 and Raney n i c k e l  have met 
w i t h  most success; HTO i s  usua l l y  
the source o f  the l a b e l  b u t  Tp gas 
can a l so  be used; a c t i v a t i o n  o f  
the l a t t e r  by a microwave d i s -  
charge can g r e a t l y  fmpmve the  
spec i f i c  a c t i v i t y  o f  the product. 

19 

Comnents on Label 1 i n g  of 
Dissolved Organics i n  
Omega-9 Process Uater 

Unsuccessful - components 
are too weakly ac id i c  

Unsuccessful - components 
are no t  e a s i l y  protonated 

Both c a t a l y s t s  proved 
i n e f f e c t i v e  

Unsuccessful 

Pre-reduced PtOZ and 
Raney n i cke l  e r e  the  
most successful 

Table 2. Resul ts o f  Some C a t a l y t i c  T r i t i a t i o n s '  

Volme o f  Weight o f  
Raney Nickel  Weight of  Ma te r ia l  t o  Heat ing A c t i v i t y  

S l u r r y  PtOp Ca ta l ys t  be T r i t i a t e d  T i m  (mCi/lOO r l  
Ca ta l ys t  (m l )  (mg) (mg) (days) of  NMR so lven t )  

Raney 0.05 ( +  0.159 
Nickel  o f  ac t i va ted  

charcoal 1 

0.50 

0.50 

0.50 

0.50 

Pt02 50 

50 

50 4 10 

100 4 30 

50 4 35 

50 6 27 

50 18 74 

100 3.0 30 

100 5.5 66 

'Using 10 e l  o f  HTO 150 Ci /m l )  and a temperature o f  12O'C f o r  Raney 
n i cke l  and 40 "1 o f  HTO o f  the same s p e c i f i c  a c t i v i t y  f o r  Pt02, also  a t  
120'C. 
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I n i t i a l l y ,  poor i nco rpo ra t i on  was observed even i n  the metal -cata lyzed 

exchange react ions.  The deep c o l o r a t i o n  o f  t he  organic ma te r ia l  suggested 

t h a t  c a t a l y s t  po isoning cou ld  be l i m i t i n g  the metal- induced exchange. This  

problem has been approached i n  two ways. F i r s t ,  the ma te r ia l  t o  be l a b e l l e d  

was t r e a t e d  w i t h  a c t i v a t e d  charcoal p r i o r  t o  c a r r y i n g  o u t  t h e  exchange. 

Although improved i n c o r p o r a t i o n  was achieved, t h i s  was on ly  a t  t he  expense o f  

a1 t e r i n g  the r e l a t i v e  p ropor t i ons  o f  t he  components present, thereby n u l l i f y -  

i n g  one of t he  main o b j e c t i v e s  of the work. The p r e f e r r e d  s o l u t i o n  was t o  

a l t e r  the subs t ra te :ca ta l ys t  r a t i o  i n  such a way t h a t  t h e  a v a i l a b l e  surface 

area o f  t he  c a t a l y s t  i s  g r e a t l y  increased. Some rep resen ta t i ve  r e s u l t s  are 

presented i n  Table 2 and the general f i n d i n g s  can be summarized as f o l l o w s :  

( a )  When t r i t i a t i o n s  were c a r r i e d  ou t  i n  t h e  presence o f  both 
c a t a l y s t  and a c t i v a t e d  charcoal, t h e  s p e c i f i c  a c t i v i t y  o f  
the product  decreased. C1 ea r l y ,  adsorpt ion onto charcoal 
i s  a f a s t e r  process than exchange. 

( b )  Decreasing the  subs t ra te - to -ca ta l ys t  r a t i o  l e d  t o  improved 
tri ti um inco rpo ra t i on .  

( c )  When the  heat ing t ime  was increased, so a l so  d i d  the 
degree o f  t r i t i u m  inco rpo ra t i on .  On balance, t he  sho r te r  
heat ing t ime  was favored as t h e  danger o f  heat-induced 
a r t i f a c t s  a r i s i n g  from prolonged heat ing outweighed the  
bene f i t s .  

O f  t he  two c a t a l y s t s  most ex tens i ve l y  studied, Raney n i c k e l  was the most 

a c t i v e  and prov ided a product  t h a t  met the  requirements most c l o s e l y .  Th i s  

can bes t  be seen i n  F igures 2 through 4, where d i f f e r e n t  3H NMR spectra a re  

presented. The r e s u l t s  show t h a t  f o r  t h e  Pt02 c a t a l y s t  (F ig .  2)  t he  main 

3H resonances a re  confined t o  t h e  6 2.2-2.6 range and the  aromatic reg ion 

whereas w i t h  the  Raney n i c k e l  c a t a l y s t  (F ig .  3 )  t he  l a b e l  i s  more un i fo rm ly  

d i s t r i b u t e d .  Comparison o f  F igures 4 and 5 reveals  t h a t  t he  3H and 'H NMR 

spectra o f  the rad ioac t i ve  product  obta ined by the  Raney n i c k e l  cata lyzed 

exchange procedure are near l y  superimposable. Th is  demonstrates the  random- 

ness and general u n i f o r m i t y  o f  t r i t i u m  exchange achieved by the  Raney n i cke l  
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Figure 1 .  
material i so la ted  from an o i l  sha le  process 
water (CD3 CN so lvent ) .  

' H  NMR spectrum of  the organic 

1 I 1 I I I I I I I 
n x) 9 8 7 6 5 4 3 2 1 0 6  

1 Figure 2.  
the  organic mater ia l  i s o l a t e d  from an o i l  
sriale process water following t r i t i u m  exchange 
catalyzed by pre-reduced Pt02. 

3H NMR spectrum ( H decoupled) o f  
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1 Figure 3 .  
organic material i s o l a t e d  from an o i l  sha le  process 
water following t r i t i u m  exchange catalyzed by 
Raney n icke l .  

3H NMR spectrum ( H decoupled) o f  the  

I I I I I I 
11 

8 I 1 
10 9 8 7 6 5 4 3 2 ' 0 6  

Figure 4 .  
organic material i so la ted  from an o i l  sha le  process 
water following a r e p e t i t i o n  o f  the i s o l a t i o n  and 
Raney nickel -catalyzed t r i t i u m  exchange procedures. 

3H NMR spectrum ( 1 H decoupled) of  the  

I I I I I I I 1 I I I 1 
11 10 9 8 7 6 5 c 3 2 1 0 6  

Figure 5.  
gave r i s e  t o  Fiqure 4 .  

' H  NMR spectrum o f  the  sarnpTe t h a t  

I i I 
11 

I 
8 7 

1 1 
10 9 6 5 4 3 2 1 0 6  
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procedure among t h e  d i v e r s i t y  o f  organic  compounds present. Although the  

comparative 3H and 'H NMR analyses does n o t  prov ide d i r e c t  p roo f  t h a t  a l l  

o f  t he  organic cons t i t uen ts  are l abe l1  ed, t he  near l y  i d e n t i c a l  f i n e  s t r u c t u r e  

and i n t e g r a l  seen i n  the  two spectra supports the content ion t h a t  un i fo rm 

t r i t i u m  exchange, as defined e a r l i e r ,  has occurred. The r e p r o d u c i b i l i t y  o f  

t he  c a t a l y t i c  procedure i s  good, as can be seen by comparing the  r e s u l t s  

(F igures 3 and 4 )  from two d i f f e r e n t  experiments. 

S u b s t i t u t i o n  o f  t r i t i u m  gas f o r  t r i t i a t e d  water i n  both meta l -cata lyzed 

systems resu l ted  i n  considerably  reduced inco rpo ra t i on  a t  low temperatures 

wh i l e  the resu t s  a t  h igher  temperature d i d  n o t  prov ide the same degree o f  

r e p r o d u c i b i l i t y  as was obta ined us ing t r i t i a t e d  water. 

The s tab i  i t y  o f  the l a b e l  i n  the product  was assessed by mon i to r i ng  the 

3H NMR spectra o f  samples kep t  i n  0.1 M NaOMe/MeOH o r  0.1 M HOAc a t  room 

temperature over the  course o f  several months. The r e s u l t s  showed t h a t  no 

more than f i v e  percent  o f  t he  t r i t i u m  i s  released (as HTO) from the  f i r s t  

medium over a two month t ime  i n t e r v a l  and even l e s s  from the  a c i d i c  medium. 

As the l a b e l l e d  product  i s  l i k e l y  t o  be used under m i l d e r  experimental condi -  

t i o n s  and over a much sho r te r  t ime i n t e r v a l ,  these f i n d i n g s  p rov ide  the  neces- 

sary reassurance t h a t  t he  l abe l  has been incorporated i n t o  chemical ly  s tab le  

p o s i t i o n s  by the Raney n i cke l  procedure. 

- - 

CONCLUSION 

This  work has demonstrated the f e a s i b i l i t y  o f  us ing a Raney nickel/THO 

system t o  e f f e c t  a t r i t i u m  exchange i n  a rep resen ta t i ve  sample o f  d i sso l ved  

organic ma te r ia l  i s o l a t e d  from an o i l  shale process water. The method meets 

r i go rous  c r i t e r i a  of un i fo rm l a b e l l i n g  (as  a t t e s t e d  t o  by comparative 'H and 

3H NMR spectroscopy) throughout the  m u l t i p l i c i t y  o f  compound types present, 

h igh s p e c i f i c  a c t i v i t y  i nco rpo ra t i on ,  s t a b i l i t y  o f  the incorporated l a b e l  t o  
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back exchange, and r e p r o d u c i b i l i t y  o f  preparat ion.  The a v a i l a b i l i t y  o f  such a 

sample opens new r a d i o t r a c e r  approaches f o r  s tudy ing complex organic mater- 

i a l s .  The p r i n c i p l e  o f  t he  t r i t i a t i o n  approach w i l l  be expanded i n  the study 

o f  o t h e r  complex organic ma te r ia l s .  
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