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Several catalytic hydrogen-tritium exchange procedures have been 

investigated in order to accomplish uniform and random incorporation of 

tritium into the diverse organic components present in two engine oil 

basestocks. The most successful procedure involved the use of Raney nickel 

and tritiated water at elevated temperatures. Comparative proton and tritium 

nuclear magnetic resonance spectroscopy shows that the incorporated tritium 

was representative of the organic components present in the basestocks. 

Comparative gas- and radio-gas chromatography studies provided supplementary 

information. These investigations demonstrate that engine oils can be 

satisfactorily labelled with tritium for studies of engine oil consumption. 
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During the ope ra t ion  of an i n t e r n a l  combustion engine small  amounts of 

l u b r i c a t i n g  oil pass i n t o  t h e  engine 's  cy l inde r s  and a r e  consumed Gi th  t h e  

engine 's  charge of fue l .  Conventional methods f o r  a s ses s ing  the  consumption 

of o i l  depend on e i t h e r  measuring a small mass d i f f e r e n c e ,  namely the  amount 

introduced i n i t i a l l y  minus t h e  remainder a f t e r  a long per iod of engine 

ope ra t ion  (during which t i m e  consumption may not n e c e s s a r i l y  remain s t a b l e ) ,  

o r  adding known amounts of o i l  over a s i m i l a r  period so as  t o  maintain the oil 

l e v e l  a t  a f ixed  value.  Both c o n s t i t u t e  i n h e r e n t l y  u n s a t i s f a c t o r y  procedures 

f o r  which an a t t r a c t i v e  a l t e r n a t i v e  is required.  

Ana ly t i ca l  methods based on t h e  use of r ad ioac t ive  i so topes  o f f e r  high 

s e n s i t i v i t y  and t h e r e  have been s e v e r a l  r e p o r t s ,  f o r  i n s t ance ,  (1 -4)  of t h e i r  

u se  i n  measuring o i l  consumption. Those involving,  f o r  example, 35S, 65Zn, 

8 2 B r  and 1311 a l l  s u f f e r  from the  p o t e n t i a l  disadvantage t h a t  not  being t r u l y  

r e p r e s e n t a t i v e  of t h e  o i l s  they may not  c o r r e c t l y  r e f l e c t  i t s  rate of consump- 

t i on .  For t h i s  t o  be t r u e  one would need t o  be ab le  t o  l a b e l  t he  i n d i v i d u a l  

components of t h e  l u b r i c a t i n g  oils (mainly hydrocarbons) i n  proport ion t o  

t h e i r  concentrat ion.  To inco rpora t e  I4C i n  t h i s  way would be very d i f f i c u l t ,  

if not  impossible,  so 3H is t he  p r e f e r r e d  choice. An approximation t o  t h e  

above requirement has been achieved (5) by t r i t i a t i n g  the  o i l  and then 

f r a c t i o n a t i n g  i t  i n t o  s e v e r a l  f r a c t i o n s  before  these  were then recombined with 

appropr i a t e  amounts of corresponding un labe l l ed  f r a c t i o n s  t o  y i e l d  a uniformly 

l a b e l l e d  product.  With the  development of 3H nmr spectroscopy ( 6 )  t h i s  is no 

longer necessary as t h e  o i l  can be t r i t i a ted  through the  use of one o r  more 

c a t a l y t i c  procedures (7) and mere comparison of t h e  'H and 3H nmr s p e c t r a  show 

how c l o s e l y ,  or otherwise,  t h e  o b j e c t i v e s  have been achieved. A s i m i l a r  

comparison between gas chromatographic and radio-gas chromatographic 

d a t a  provides  complementary information.  This approach, which has been 

previously i l l u s t r a t e d  i n  an o i l  s h a l e  research p r o j e c t  (8 ,9)  seems i d e a l l y  

s u i t e d  f o r  t he  complex o rgan ic  mixtures encountered i n  engine o i l  basestocks.  

The ob jec t  of t h e  p re sen t  i n v e s t i g a t i o n  was t h e r e f o r e  t o  undertake t h e  
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t r i t i a t i o n  of two o i l  basestocks (10WJ30 and 15WJ40) t o  high s p e c i f i c  a c t i v i t y  

i n  such a way t h a t  t h e  incorporated l a b e l  is  both r e p r e s e n t a t i v e  of t he  t o t a l  

o rgan ic  material p resen t  and loca ted  i n  s t a b l e  pos i t i ons .  Furthermore t h e  

p repa ra t ions  should be r e a d i l y  r ep roduc ib le  and t h e  products  free of any 

a r t i f a c t s .  

I n i t i a l l y  both oil basestocks were t r i t i a t e d  by hea t ing  t h e  i n a c t i v e  

material i n  t h e  presence of c a t a l y s t  (pre-reduced Pt02, Raney n i cke l ,  conc. 

HC1, o r  1OM NaOH) and t r i t i a t e d  water of 5 Ci m l - l  s p e c i f i c  a c t i v i t y  f o r  a 

r e l a t i v e l y  s h o r t  time ( 2 0  h.). Subsequently t h e  experiments were repeated 

over a much longer  t i m e  i n t e r v a l .  F i n a l l y  f o r  t h e  most s u c c e s s f u l  c a t a l y t i c  

procedures these  were repeated using t r i t i a t e d  water of 50 C i  m l - l  s p e c i f i c  

a c t i v i t y .  The products  of t hese  last r e a c t i o n s  were then sub jec t ed  t o  both 

'€I and %i nmr and radio-gas chromatographic ana lys i s .  

Pt07 I so tope  Exchange Procedure. 

A known amount of t h e  o i l  (50-100 mg) was placed i n  a narrow g l a s s  tube 

followed by a sma l l  q u a n t i t y  (- 75 mg) of platinum dioxide t h a t  had been 

f r e s h l y  reduced with sodium borohydride (10) and 5 p l  of t r i t i a t e d  water  

before  f r e e z i n g  t h e  tube i n  l i q u i d  n i t rogen ,  evacuat ing and sea l ing .  A f t e r  

h e a t i n g  a t  t h e  required temperature f o r  t h e  des i r ed  t i m e  t he  tube was cooled 

and t h e  contents  taken up i n  a few m l  of e the r .  The c a t a l y s t  w a s  f i l t e r e d  

off and t h e  s o l u t i o n  t w i c e  washed with 1 m l  q u a n t i t i e s  of water i n  order  to 

remove any l a b i l e  t r i t i u m .  After drying over anhydrous sodium s u l p h a t e  t h e  

ether w a s  removed by passing N2 over t h e  surface.  The l a b e l l e d  oil w a s  t hen  

normally d i s so lved  i n  a small q u a n t i t y  of a d e u t e r i a t e d  so lven t  e.g. CDC13 o r  

CgDg, a trace of t e t r ame thy l s i l ane  (m) added, t he  r a d i o a c t i v i t y  measured 

and, i f  s u f f i c i e n t ,  t h e  sample s e n t  f o r  % nmr ana lys i s .  I f  t h e  s o l u t i o n  was 

too  viscous f u r t h e r  d i l u t i o n  with t h e  d e u t e r i a t e d  so lven t  w a s  c a r r i e d  out and 

some 50 p1 of t h i s  s o l u t i o n  analysed. 
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Raney Nickel Isotope Exchange Procedure. 

The catalyst which was prepared according to the method of Dominguez and 

Lopez (ll), was transferred as a slurry in ethanol (0.05-0.5 ml) to a small 

tube. Excess ethanol was removed before adding the o i l  to be labelled 

(typically 15-100 mg) and tritiated water (5 p1). The contents were cooled 

with liquid nitrogen, the tube evacuated, and then sealed. After heating at 

a known temperature for a given time the tube was cooled, opened and the 

contents taken up in a few ml of ether. The subsequent workup was as for the 

PtOZ procedure. 

Acid (HC1) and Base (NaOH) Catalysed Isotope Exchange Procedure 

To a known amount of the oil (usually 100 mg) in a narrow glass tube was 

added either 10 p1 of concentrated hydrochloric acid or the same quantity of 

10 molar sodium hydroxide solution followed by the tritiated water (5 p1). 

The tube was then sealed and the contents heated for the necessary length of 

time before working up as described above. 

'H and 3H NMR Analysis 

For 'H nmr analysis of the inactive oils some 5-10 pl were dissolved in a 

deuteriated solvent (50 p1, usually C1)C13 or C6D6) and a trace of internal 

standard (tetramethylsilane) added before transferring the solution to a 3 mm 

diameter tube (Wilmad SK 13748). 

For 3H nmr analysis (and also 'H nmr of the radioactive product) the 

procedure was the same except f o r  the fact that the tube was now sealed. 

Experience showed that if more than 10 p1 of the oil was used the solutions 

became unduly viscous and the nmr signals broadened considerably. The sealed 

tube was then mounted in spinner adapters for a 3 nun microprobe and the 3H nmr 

spectrum obtained (mostly with '€I noise decoupling at 25'C) with a Bruker WH90 

pulse spectrometer operating at 96MHz for 3H and with quadrature detection. 

The flip angle was usually 30° ,  the repetition interval 1.6 sec and, depending 

on the radioactivity present, between lo4 and lo5 transients were acquired. 
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The d a t a  was s t o r e d  i n  4K channels .  Each FID w a s  z e r o - f i l l e d  t o  8K and 

F o u r i e r  transformed t o  p rov ide  s p e c t r a l  d i s p l a y  widths  of up t o  13 ppm. 

Referencing was t o  a ghost  r e f e r e n c e  gene ra t ed  from t h e  'H resonance frequency 

of t h e  i n t e r n a l  s t anda rd  (measured a t  9OMHz) by mul t ip ly ing  by t h e  Larmor 

r a t i o  (1.06663974). 

Gas and Radio-Gas Chromatographic Analysis  

The gas chromatograph used was a Carlo Erba 4200 i n s t rumen t  t h a t  had been 

duly modified so t h a t  one of t h e  two flame i o n i s a t i o n  d e t e c t o r s  could be used 

t o  d e t e c t  r a d i o a c t i v i t y .  Details of t h i s  mod i f i ca t ion  have been publ ished 

elsewhere (12).  The column used was  a l m  x 1/8" SS packed wi th  5% OV1 on 

Chromosorb W80-100 mesh. 

S t a b i l i t y  of t h e  Label 

The s u c c e s s f u l  use of t h e  products  depends on t h e  l a b e l  being p r e s e n t  i n  

s t a b l e  p o s i t i o n s  and 3H nmr spectroscopy can provide t h i s  i n fo rma t ion  i n  a 

most d i r e c t  way-the s p e c t r a  of s o l u t i o n s  kep t  over a per iod  of t i m e  are 

recorded. 

RESULTS dM) DISCXSSION 

The 'H nmr spectra of both o i l  basestocks were v i r t u a l l y  i d e n t i c a l ,  as 

a l s o  were t h e  I3C nmr s p e c t r a .  The former were decep t ive ly  s imple ( s e e  f o r  

example Fig.  l a ) ,  showing no s i g n  of e i t h e r  an a romat i c  o r  unsa tu ra t ed  

presence and c h a r a c t e r i s t i c  of an  a l i p h a t i c  'compound' w i th  both a 3  and CH2 

groups.  13C nmr s p e c t r a  were a good d e a l  more in fo rma t ive  ( s e e  f o r  

example Fig. l b )  i n d i c a t i n g  t h e  complex n a t u r e  of t he  o i l  mixture  wi th  some 

t h i r t e e n  d i s c e r n i b l e  s i g n a l s .  

The 

The c a t a l y t i c  t r i t i a t i o n  s t u d i e s  provided very similar r e s u l t s  f o r  both 

o i l  basestocks,  some of which are p resen ted  in Table 1. I n  t h e  short- term 

low l e v e l  t r i t i a t i o n  s t u d i e s  Raney Nickel  proved t o  be t h e  most e f f e c t i v e  and 

sodium hydroxide t h e  l e a s t  e f f e c t i v e  c a t a l y s t  and when the experiments  were 
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Figure 1 Nmr spec tra  of oil basestock 15W/40 
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Table 1. Results of Various Catalytic Tritiations 

O i l  basestock Catalyst Amount ETO Tew 
(38) OC 

Qadioactivit 
in product 

Time 

Pt02 75mg 5 p1 120 20 hrs 5 pci 

Raney Nickel -1OOmg 198 pCi 

HC1 1Op1. conc 54 pci 

NaOH 1 0 ~ 1  of 1OM " 3 pci 

Raney Nickel -1oomg 95 pci 

150-180 4 weeks + 
6 weeks 
at room 
temperature 6.0 mCi 

.. * -50% 

,.* 

.I * 

8 weeks 26 mCi 

30 mCi I, .* 

12 mCi .. .* 

* 50 Ci d-', in all other cases 5 Ci ml-' 
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Figure 2 Gas chromatogram (a) and radio-gas chromatograph 

(b) of oil basestock 15W/40 

extended over a longer period the results for Raney Nickel were again best. 

Using the high level tritiated water it was possible to produce some 10-30 mCi 

of product, more than sufficient for a 3H nmr spectrum even allowing for the 

fact that the high viscosity permitted the use of only 10-20% of the 

product. The result in Figure lc shows that the two large signals 

effectively reproduce those in the corresponding 'H nmr spectrum with the same 

relative intensities. The Raney Nickel method is therefore able to achieve 
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the objectives as set out, very much in the same way as it did for the diverse 

organic solutes present in an oil shale process water ( 8 , 9 ) .  

Despite its unique application for elucidating the radiochemical 

character of a sample, nmr spectroscopy is relatively insensitive to the 

analysis of multicomponent mixtures and radiochromatographic methods nust be 

used to substantiate the relationship of incorporated radioactivity and 

concentration of constituents. The gas chromatogram of oil basestock 15W/40 

(Fig. 2a) illustrates the difficulty associated with the separation of a large 

number of similar hydrocarbons. Although the broad peak contains some sign 

of fine structure the corresponding radio-gas chromatogram (Fig. 2b) shows 

even less. The radioactivity is clearly associated with the main components 

of the oil basestock but only when a better separation can be achieved will it 

be possible to comment in detail on the relationship between radioactivity and 

the concentration of individual components. In this respect the present o i l  

basestock study is more demanding than the previously reported oil shale 

project ( 9 ) .  

Finally, monitoring of the 3H nmr spectra of samples of both oil 

basestocks over a period of approximately 6 months failed to reveal any 

release of tritium (as tritiated water) or the formation of other products. 

Clearly both products satisfy the specified requirements and provide another 

example of the possible use of complex labelled mixtures. 

We are grateful to Ricardo Consulting Engineers plc for financial support 

and for permission to publish. We also thank Dr. 0. Howarth (University of 

Warwick) for providing the 13C nmr spectra. The oils were kindly supplied by 

BP Research Centre, Sunbury-on-Thames. 
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