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} ‘{ RING ANALYSIS OF HIGH OXYGEN CONTENT SAMPLES;
v < - A MODIFICATION OF THE n-d-M METHOD

' Clarence Karr, Jr. and Joseph R. Comberiati

' . Low-Temperature Tar Laboratory, Bureau of Mines
U. S. Department of the Interior, Morgantown, W. Va.

! Ring analysis of hydrocarbon samples is a fechnique.of tongstanding use.
The n-d-M method of VanNes and VanWesten is one of the time-tested procedures (6),
Hazeiwood has presented '@ modification of this method for use with highly aromatic
samples (3). i

! However, no ring analysis method has ever been reported for high oxygen
content samples. Such materials are not infrequently encountered in various fieids
of research, [n work on |ow-tempsrature coal tars, various oxygen confaining )
tractions are obtained, such as tar acids containing phenolic compounds, neufral
oils containing aromatic ethers, and pitch resins, confaining both phenolic
hydroxyl and aromatic ether groups.

This paper describes a modification of the n-d-M method that makes it
possible to obtain acceptable ring analyses of high oxygen content samples in which
the oxygen is present in aromatic ether groups and/or phenolic hydroxy! groups.

This -modificaTion is based on the comparison of the refractive indices and den-
sities of a very large number of oxygen compounds with the values for the struc-

- turally analcgous hydrocarbons. The physical properties of over 1200 oxygen
compounds have been gathered. Those for low-boiling phenols have been published (4);
& simitar list for aromatic ethers will appear shortly as a Bureau of Mines publica-
"+ion. The va'ues for the analogous hydrocarbons are available from current American
Petrcieum Institute data sheets () and Egloff (2). ’

The applicability of this modification is demonstrated with a variety of
samples of known ring contents. These samples consist of synthetic biends of pure
aromatic oxvgen compounds, the refractive indices and densities being determined
' axperimentally on The mixtures.

DER[VATION OF EQUATIONS

With an increasing proportion of alkyl groups the refractive index and
density of aromatic hydrocarbons and. their oxygen analogs gradually change tfoward
the values for the limiting paraffin or paraffin of infinite moiecular weight,
namely, n%ﬁ [.475 and d%p 0.851. (Both normal and branched alky! groups through
sutyl were included in the present study, that is, all isomers for which data were
available.) The rate of this change is approximately |inear with respect to the
reciprocal of the molecular weight, and may be expressed as follows:

20

g atmaiude oo,

. dn_ - ny " [.475 _ _
v dM {000/M (§D)]
1
/ 20 _
g . Sy - 085l )
aM [000/M

S



The average refractive index or density for the isomers of a given molecular weight,
if inserted in the appropriate equation along with the molecular weight, will give
the rate of change, With the refractive index and density at several molecular
weights the degree of linearity may be observed and the average rates for a ciass
of oxygen compound (0), and its analogous hydrocarbon (H), may be obtained. The
notations for these are as follows:
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The difference between the refractive index or density of an oxygen com-
pound mixture and its analogous hydrocarbon mixture at a given average molecular
weight may be obtained from the following equations:

0 H
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These may be expressed with the simpler notation of proportionality con=
stants, in the following manner:
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The differences shown in Equations 5 and 6 would be less when considering
mixtures consisting only in part of oxygen compounds. [n this instance the dif-
ference is decreased by the factor OM/ 1600, where O is the weight percent of oxygen.
The final equations for determining the change in refractive index or density in
going from an oxygen compound mixture to the structurally analogous hydrocarbons are
as follows:

20 _ 0 _ . * -

AnD —knT'.—s'—knO ) (9)
20 _ 0 . .*

Ad4 —kd |.5—kdo (10)

DETERMINAT[ON OF PROPORT [ONALITY CONSTANTS

The rates of change of refractive index and density with molecular weighf
for Il different ciasses of oxygen compounds and the structurally analogous hydro-
carbons are presented in Table [. The average physical properties of the isomers
at various molecular weights, from which the rates were determined, are also given.
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The proportional ity constants k, and kg were determined from the dif-
terences in the rates, as 1ndicafed in Equafions 7 and 8, and these are presented
in Table [I. The values of k and k* indicate the Increase in refractive Index and
density for each | percent Increase In oxygen confenf of the sample as compared to
the structurally analogous hydrocarbons.

EXPER [MENTAL

A variety of samples of known ring contents were examined. These con-
slsted of pure oxygen compounds and their synthetic blends. ~All of the blends were
liquids, although In some Instances individual components, |ike dibenzofuran, were
sol lds; 2_ '

The physical properties were determined on these samples by semimicro-
methods essentialiy the same as those described by Sullivan, Fries, McClenahan, and
Witlingham (5). The resulting values of n%? and d%? are given in Table [1l.

The values of An%? and Ad%? were determined from Equations 9 and [0,
using the known oxygen confents and the average k: and kg for elther 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 Hazeiwood (3} for highly aromatic hydrocarbon samples was then

applied. The resulting values for total rings, , and aromatic rings, R,, are pre-

sented in Table [[{. The ring analysis values found wlthout taking the oxygen
content into consideration are given In parenfheses. The known ring contents are

given for comparison.
D{SCUSSION

The ring contents found by the modjfled method agree wel| with the known
values for both synthetic blends of oxygen compounds and individual constituents.
On the other hand, if it Is assumed that there is no oxygen present, ring contents
are found which are very much different from the known values.

The small discrepancies observed wjth the modified method are-probably as
much owing to the inherent |imitations of the Hazelwood method (at least for pure
compounds and thelir simpie mixtures) as to the small errors inherent in the modifi-
cation. [n all instances in which it Is assumed that there is no oxygen present
the values of Rt are much too large while the values of Rp are much too smaii. With
the modified meThod the values of Ry are just sIlgthy too large while the values of

Rp 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 ratio.
Since the effect of oxygen in either form is up to ten times greater for density
than for refractive index the values of kj"are of primary significance. A mixture
with a small proportion of phenolic compounds would require a ky of about 0.008
whereas a mixture with a large proportion of phenollc compounds would requlre a kyg
of about 0.010. The aromatic ether kg 0.007, and the phenolic compound kd, 0.0114,
give an average value of 0.009. This differs by only 0.00! from the values of
0.008 and 0.010 mentioned previously. Therefore, the average kg, 0.009, couid be
used for an unknown mixture of aromatic ethers and phenolic compounds.



Table {![.

Oxygen Compound Class

Aromatic Ethers:
Monoaikoxybenzenes
Dialkoxybenzenes
Alkenoxybenzenes
Phenoxybenzenes
Alkoxynaphfhalenes.
Dihydrobenzotfurans
Chromans
Benzofurans
Benzopyrans

Phenol ic Compounds:
Phenols

Catsechols

Proportional ity Constants for Use
in Equations 9 and 10

kn k:> kd k:
0.0013 - 0.0008 0.011 0.007
0.0034/2° 0.0011 .0.026/2% 0.008
0.0013 0.0008 0.010 0.006
0.0007 0.0004 0.009 ' 0,006
0.0011 - 0.0007 0.0l 0.007
0.0011 0.0007  0.0i2 0.008
0.0007 0.0004  0.0fl 0.007
0.0007 0.0004  0.010 0.006
0.0011 0.0007  0.010 0.006

avg. 0.0007 avg. 0.007
0.0037 0.0023 0.017 0.0l 1
0.0075/2%  0.0023  0.036/22 0.0l

avg. 0.0023 avg. 0.0t

a .Divided by 2 since there are iwo oxygen atoms per molecule.

4
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