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R ing  a n a l y s i s  o f  hydrocarbon samples i s  a t e c h n i q u e . o f  longstanding use. 
The n-d-M method o f  VanNes and VanWesten i s  one of t h e  t ime- tes ted  procedures ( 6 ) .  
Hazelwood has p resen ted 'a  m 3 d i f i c a t i o n  o f  t h i s  method f o r  use w i t h  h i g h l y  a romat i c  
samples ( 3 ) .  

However, no r i - n g  a n a l y s i s  method has eve r  been r e p o r t e d  for h igh  oxygen 
c o n t e n t  samples. Such m a t e r i a l s  a r e  n o t  i n f r e q u e n t l y  encountered i n  va r ious  f i e l d s  
o f  rejearci-. .  I n  work on low-temperature coa l  t a r s ,  v a r i o u s  oxygen c o n t a i n i n g  
f r a c t i o n s  a r e  obtained, such as t a r  a c i d s  c o n t a i n i n g  pheno l i c  compounds, n e u t r a l  
o i l s  c o n t a i n i n g  aromat ic  e thers,  and p i t c h  r e s i n s ,  c o n t a i n i n g  both phenol ic  
hyd roxy l  and aromat ic  e t h e r  groups. 

This paper descr ibes a m o d i f i c a t i o n  o f  t h e  n-d-M method t h a t  makes it 
p o s s i b l e  -fo o b t a i n  acceptable r i n g  analyses o f  h i g h  oxygen c o n t e n t  samples i n  which 
i h e  oxygen i s  p resen t  i n  a romat i c  e t h e r  groups a n d / o r , p h e n o l i c  hydroxy l  groups. 
T h i s  m o d i f i c s t i o n  i s  based on t h e  comparison of t h e  r e f r a c t i v e  i nd i ces  and den- 
si;ies o f  B v e r y  l a r g e  number o f  oxygen compounds w i t h  t h e  va lues f o r  t h e  s t r u c -  
t u r a l l y  ana!r,gous hydrocarbons. The phys i ca l  p r o p e r t i e s  of over 1200 oxygen 
compooncs have been S i the red .  Those f o r  l o w - b o i l i n g  phenols have been pub l i shed  (4); 
2 s i m i l a r  list f o r  a romat i c  e t h e r s  w i l l  appear s h o r t l y  as a Bureau o f  Mines p u b l i c a -  

' f i m .  The va lues f o r  t h e  analogous hydrocarbons a r e  a v a i l a b l e  f rom c u r r e n t  American 
P?irc!eum I n s t i t u t e  l a t a  sheets  ( f )  and E g l o f f  ( 2 ) .  

The a p p i i c a t i l i t y  o f  t h i s  m o d i f i c a t i o n  i s  demonstrated w i t h  a v a r i e t y  of 
These samples c o n s i s t  o f  s y n t h e t i c  blends o f  pure sanples j i  k.?own r i n g  con ten ts .  

a roca - i c  oxygen compounds, t h e  r e f r a c t i v e  i n d i c e s  and d e n s i t i e s  bei.ng determined 
?xperime??al ! y  on i h e  m i x t u r e s .  

DER [VATION OF EQUATIONS 

W i t h  an i nc reas ing  p r o p o r t i o n  o f  a l k y l  groups t h e  r e f r a c t i v e  index and 
dcns i ry of aroma? i c  hydrocarbons and t h e  i r oxygen ana I ogs gradua I I y change toward 
the  values f o r  t h e  l i m i t i n g  p a r a f f i n  or p a r a f f i n  o f  i n f i n i t e  mo lecu la r  weight, 
namely, flp 1.475 and d$ 0.851. (Both normal and branched a l k y l  groups through 
b u t y l  were i nc luded  in t h e  present  study, t h a t  i s ,  a l l  isomers fo r  which data were 
evai lab, la . )  The r a t e  of t h i s  change i s  app rox ima te l y  I inear  w i t h  r e s p e c t  t o  t h e  
r e c i p r o c a l  07 t h e  mo lecu la r  weight, and may be expressed as f o l l o w s :  

d y  - 0.851 
dd = 
dM IOOOIM 
- 



The average r e f r a c t i v e  index o r  d e n s i t y  f o r  t h e  isomers o f  a g i ven  molecu la r  weight,  
i f  i n s e r t e d  i n  t h e  approp r ia te  equat ion  a long w i t h  t h e  molecular weight,  w i l l  g i v e  
the  r a t e  o f  change. 
weights the  degree of l i n e a r i t y  may be observed and t h e  average r a t e s  f o r  a c l a s s  
o f  oxygen compound (0), and i t s  analogous hydrocarbon (HI, may be obtained. 
n o t a t i o n s  f o r  these a r e  as fo l l ows :  

With t h e  r e f r a c t i v e  index and d e n s i t y  a t  severa l  molecular 
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The d i f f e r e n c e  between t h e  r e f r a c t i v e  index or dens i t y  of an oxygen com- 
pound m i x t u r e  and i t s  analogous hydrocarbon m i x t u r e  a t  a g i ven  average molecu la r  
we igh t  may be ob ta ined from t h e  f o l l o w i n g  equat ions :  

c 

The f 
go i  ng 
as f o  

(7) 

These may be expressed w i t h  t h e  s imp le r  n o t a t i o n  of p r o p o r t i o n a l i t y  con- 
s tan ts ,  i n  t h e  f o l l o w i n g  manner: 

[ - y  - (*)j = kn 

[(*)o - (dj = kd 
( a )  

The d i f f e rences  shown i n  Equat ions 5 and 6 would be less  when cons ider ing  
m ix tu res  c o n s i s t i n ?  only i n  p a r t  o f  oxygen compounds. [n  t h i s  ins tance the  d i f -  
ference i s  decreased by t he  f a c t o r  OM/1600, where 0 i s  t he  weight percent o f  oxygen. 

na l  equat ions f o r  de termin ing  t h e  change i n  r e f r a c t i v e  index o r  d e n s i t y  i n  
from an oxygen compound m i x t u r e  t o  the  s t r u c t u r a l l y  analogous hydrocarbons are 
I ows : 

An: = k, 6 = k: 0 (9) 

i? 
Ad? = k 0 = kd 0 

d 1.6 

OETERM [NAT ION OF FRO WORT I ONAL [lY CONSTANTS 

( I O )  

The r a t e s  o f  change o f  r e f r a c t i v e  index and d e n s i t y  w i t h  mo lecu la r  weigh 
for I /  d i f f e r e n t  c lasses  of oxygen compounds and the  s t r u c t u r a l l y  analogous hydro- 
carbons a re  presented i n  Table I .  The average phys ica l  p r o p e r t i e s  o f  t h e  isomers 
a t  va r ious  molecu la r  weights,  from which the  r a t e s  were determined, a re  a l s o  g iven 
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The proportional ity constants kn and kd were determined from the dif- 
ferences In the rates, as indicated In Equations 7 and 8, and these are presented 
in Table 1 1 .  
density for each I percent increase in oxygen content of the sample as compared to 
the structurally analogous hydrocarbons. 

The values of k: and k$ indicate the increase in refractive index and 

EXPERIMENTAL 

n 
slsted of pure oxygen compounds and thelitjmthetic blends. - A I  I of the blends were 
IIquids, although In some instances individual components, like dlbenzofuran, were 

A variety of samples of known ring contents were examined. rhese con- 

4 sol Ids. 

The physlcal properties were determined on these samples by semlmicro 
methods essentially the same as those described by Sullivan, Fries, McClenahan, and 
Wllllngharn (5). 

The values of An? and Ad%o were determined from Equations 9 and 10, 
US ing the known oxygen contents and the average k: and k$ for e ither aromatic ethers 
or phenollc compounds. These values were subtracted from the experimental values of 
refractive index and density, respectively, in order to obtain the approximate 
physical properties of the structurally analogous aromatic hydrocarbons. The ring 
analysis method of Hazelwood (31 for highly aromatic hydrocarbon samples was then 
applied. 
sented in Table [ I [ .  The ring analysis values found without taking the oxygen 
content into consideratio are glven in parentheses. The known ring contents are 
given for comparison. 

The resulting values of np and dy are given in Table 111. 

The resulting values for total rings, 3, and aromatic rings, RA, are pre- 

The r ing conten 
values for both synthetic 
On the other hand, if it 

D fSCUSS ION 

s found by the modified method agree well with the known 
blends of oxygen compounds and individual constituents. 
s assumed that there is no oxygen presenl', ring contents 

are found which are very much different from the known values. 

The small discrepancies observed with the modified method are probably as 
much owing to the inherent limitations of the Hazelwood method (at least for pure 
compounds and their simple mixtures) as to the small errors inherent in the modifi- 
cation. In ail instances in which it is assumed that there is no oxygen present 
the values of H are much too large while the values of RA are much too smal l .  With 
the modified m$Thod the values of RT are just 51 ightly too large while the values of 
RA are slightly too small. 

In some instances it may be desired to obtain ring analyses on samples 
which contain both aromatic ethers and phenolic compounds in an undetermined Tatio. 
Since the effect of oxygen in either form is up  to ten times greater for density 
than for refractive index the values of kz are of primary significance. A mixture 
with a small proportion of phenolic compounds would require a kz of about 0.008 * 
whereas a mixture with a large proportion of phenolic compounds would require a kd 
of about 0.010. The aromatic ether ki, 0.007, and the phenol IC compound k:, 0.01 I, 
give an average value of 0.009. 
0.008 and 0.010 mentioned previously. Therefore, the average k;, 0.009, could be 
used for an unknown mixture of aromatic ethers and phenolic compounds. 

This differs by only 0.001 from the values of 



6 .  

Table t ! .  

Oxvoen Commund Class 

Aromatic Ethers: 

Monoal koxybenzenes 

D i a I koxy ben zenes 

Alkenoxybenzenes 

Phenoxybenzenes 

A I  koxynaphthalenes 

Di hydrobenzofurans 

Chroma ns 

Benzofurans 

Benzopyrans 

R e n o l  ic Compounds: 

Pheno I s 

Catechols 

R o p o r t i o n a I I t y  Constants for Use 
In Equations 9 and IO 

kn 

0.0013 

0.0034/2a 

0.0013 

0.6007 

0;ooi l 

0.001 I 

0.0007 

0.0007 

0.001 I 

k" n 

0.0008 

0.001 I 

0.0008 

0 .00w 

0.0007 

0.0007 

0 .oow 
0.0004 

0.0007 

kd 

0.01 I 

.O .026/ 2a 

0.010 

0.009 . 

0.01 I 

0.012 

0.01 I 

0.010 

0.010 

avg.. 0.0007 

0.0037 0.0023 

0.0075/2= 0.0023 

avg. 0.0023 

- k: 

0.007 

0.008 

0.006 

0.006 

0.007 

0.008 

0.007 

0.006 

0.006 - 
avg. 0.007 

0.017 0.01 I 

O.O36/P 0.01 I 

avg. 0.011 
- 

,/i 

c 

a Divided by 2 since there  a r e  oxygen atoms per molectile. 

i 
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