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IDENTIFICATION OF DISTILLABLE TAR ACIDS AND TAR
BASES FROM A LOW-TEMPERATURE BITUMINOUS COAL
TAR"®
By
Clarence Karr, Jr.,? Patricia A. Estep,® Ta-Chuang Lo Chang,* and Joseph R. Comberiati

Summary and Introduction

An extensive characterization was conducted on the tar acids and tar
bases in a low-temperature bituminous coal tar. Approximately 130 individual
compounds were identified, mostly with respect to individual isomers, and the
amounts were determined or estimated in nearly all instances.

On the basis of the nature of the tar acids and bases and the thermodynamic
and kinetic distributions of isomers, consideration was given to the possibility
of correlating tar composition with coal structure.

Detailed descriptions are presented for the separatory and qualitative
and quantitative procedures for the characterization of the tar acids and
bases. These include microvacuum fractional distillation, infrared and ultra-
violet spectrophotometry, gas-liquid chromatography, and countercurrent
distribution.

Descriptions are presented for the synthesis of authentic specimens of
tar acids and tar bases. An appendix contains the ultraviolet and infrared
spectra of 189 individual tar acids and tar bases.

Origin of Low-Temperature Tar Laboratory

In December 1954 Congress was requested to provide funds for a much-
expanded program of research on low-temperature tars. The purpose of this
program was ‘* * * to develop through analysis and research end uses and
realization values for low-temperature tars and products therefrom * * * .

In July 1955 the Federal Bureau of Mines established a Low-Temper-
ature Tar Laboratory at its Appalachian Experiment Station, Morgantown,
W. Va. Many inquiries from private industry for information on the com-
position and value of tars from low-temperature carbonization of coal pointed
to the need for such a laboratory. Its objective is to investigate the yields and
chemical and physical properties of tars from low-temperature carbonization
processes, to investigate means of upgrading economically these tars, and to
make available to industry and to the public data essential for increasing coal
utilization by establishing a new coal-chemical industry based on utilization
of low-temperature tars.

It appeared that initial experimental data of importance could be obtained
relatively quickly by emphasizing the elucidation of the tar acids and tar bases
in the low-temperature tar. The tar acids and tar bases are the most reaily
isolated classes of components and also the most economically important con-
stituents at the present time.

Purpose of Identifying Indiwidual Tar Acids and Tar Bases

The main reason for identifying and determining the amounts of individual
compounds in a low-temperature coal tar is to obtain a true picture of the
chemical nature of the tar so that refining and utilization can then be approached
from a logical standpoint.

' Work on manuseript completed February 1960.

2 Supervisory organic chemist, Low-Temperature Tar Laboratory, Branch of Bituminous Coal, Bureau of Mines, Morgantown, W. Va.
¢ Chemist (analytical), Low-Temperature Tar Laboratory, Branch of Bituminous Coal, Bureau of Mines, Morgantown, W. Va.

4 Chemist (organic), Low-Temperature Tar Laboratory, Branch of Bituminous Coal, Bureau of Mines, Morgantown, W. Va.



2 IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

The refining of low-temperature tars will require the development and
application of a partly different set of chemical processes to suit the special
chemical nature of these tars. It is impossible to say what these chemical proc-
esses should be without a correct idea of the chemical makeup of the tar.

A Productive Research Program Based on New Semi-Micro Techniques

Early in the development of the project a decision was made in favor of
utilizing exclusively the separatory and analytical techniques developed in the
last few years for composition studies of natural products in the pharmaceutical
and petroleum field. All these techniques emphasize simplicity, accuracy, and
especially micro or semi-micro quantities. The various chromatographic
methods—gas-liquid chromatography and related partitioning processes such
as countercurrent distribution—are preeminent and require only milligram
quantities. Micro-infrared analysis and semi-micro physical-property deter-
minations are also included. This new approach is strictly opposed to the
classic approach to composition research in which large quantities of material
are handled by cumbersome, time-consuming methods, which frequently alter
the nature of the material being examined. Classically, components are in-
variably characterized by isolation of large quantities of each component and
p(lile formation of innumerable derivatives and degradative products to establish
identity.

The problems involved in characterization are numerous; the characteri-
zation of low-temperature tars constitutes an essentially virgin field of investi-
gation. Few standard procedures can be applied without modification, and
even these fail to meet more than a small fraction of the required methods.

Essential Need for Infrared and Ultraviolet Spectra of Pure Compounds

The inescapable requirement for a very wide selection of reliable infrared
and ultraviolet spectra of different tar acids and tar bases has forced its
attention repeatedly upon the individuals responsible for characterization re-
search. A typical situation was to have obtained a good separation of com-
ponents but to be frustrated by lack of the required spectra for identification
and accurate determination of quantity.

This situation has not been limited to original research in characterization.
Even in the so-called “routine’” analysis of the low-boiling tar acids there has
been a lack of both spectra and accurate physical properties, such as boiling
point. This is because in distillation, or any other separation, phenol, the 3
cresols, and the 6 xylenols are not neatly received as simple mixtures of these
components but are intimately associated with various amounts of the 3
ethylphenols and more than 12 different ethylmethyl-trimethyl- and propyl-
phenols. Reliable spectra of all of these have been difficult to obtain; indeed,
1t is not certain exactly which components must be considered, since accurate
boiling points are not available for all of these compounds. As the spectro-
scopist knows, even if it is desired to have only the quantities of phenol, the
cresols, and the xylenols, these other compounds must also enter into the equa-
tions and calculations of the analysis.

It was believed, therefore, that by far the most practical and desirable
contribution, from the standpoint of persons doing research in the characteri-
zation and analysis of low-temperature tar and its refining products, would be
a compilation of infrared and ultraviolet spectra used by the Low-Temperature



SUMMARY AND INTRODUCTION

Tar Laboratory. This collection of spectra (in appendix) represents a great
many man-hours devoted to the following fields of investigation:

1. Thorough search of the literature for infrared spectra, ultraviolet spectra, and boiling
points—mainly in Chemical Abstracts.

2. Synthesis of some representative tar acids and tar bases, which could not be obtained
by gift or purchase and for which no literature spectra were available. This necessitated a
search of the literature and often modification of published methods of synthesis.

3. Accurate recording of purified compounds obtained by synthesis and purchase in
both the infrared and ultraviolet regions. This invariably required determination at several
concentrations to ascertain that the proper concentration was used for bringing out all
absorption bands of analytical significance.

4. Preparation of lists of precise wavelength and intensity values for all analytical
bands in the infrared and ultraviolet spectra of about 190 compounds. This is of special
importance to other investigators, since it is not possible to look at spectra that have been
reduced severalfold for publication and interpret the positions of absorption bands with the
required degree of precision.



PREVIOUS INVESTIGATIONS OF ACIDS AND BASES FROM
VARIOUS LOW-TEMPERATURE TARS REPORTED IN MOD-
ERN LITERATURE

Although a fairly large number of publica-
tions list tar acids and bases identified in
various low-temperature tars, most of this in-
formation could not be utilized in this investi-
gation because of the following limitations:

1. Most investigators list only a few compounds
found in a particular tar, and since low-temperature
tars vary so widely, depending on the nature of the
coal used and the carbonization temperature, combining
the results reported by different investigators can be
misleading and illogical.

2. Many identifications, especially in the older work,
are based on inconclusive evidence, such as melting
points of picrates.

3. Amounts of the compounds usually are not given,
and even if they are they are sometimes based on the
quantity of compound that could be crystallized from
a mixture or a technique that does not constitute a
comprehensive analysis.

Table 1 shows the amounts of individual
low-boiling phenols in various low-temperature
tars as determined by Karr and others, of the
Bureau of Mines Staff (110)%, Brewer and Smith
(17), Fowkes and others, of the Bureau of Mines
Staff (110), and Jéger and Kattwinkel (50).

Table 2 gives the amounts of individual high-
boiling phenols in a low-temperature tar as
determined by Jiger and Kattwinkel (50).

8 Italicized numbers in parentheses refer to items in the bibliography
at the end of this report.

Irvine and Mitchell (49) and Parant (89) have
identified individual high-boiling phenols but
have not reported the amounts. Terres, Ge-
bert, Hiilsemann, Petereit, Toepsch, and Rup-
pert (108) have identified 2-isopropylphenol.

Table 3 gives the amounts of individual
dihydric phenols as determined by Fowkes
and others, of the Bureau of Mines Staff (110),
and Barker and Hollingworth (7). The
dihydric phenols produced from the aqueous
liquor by Coalite and Chemical Products,
Ltd., have been listed by Pound (93); and
Leibnitz, Behrens, and Ringpfeil (70) have
reported the identification of a number of
dihydric phenols in a commercial carbonization
water.

The amounts of individual pyridines have
not been previously reported. Table 4 shows
individual pyridines identified in some low-
temperature tars by Jiger and Kattwinkel
(51), Matsumoto and Ihara (76), and Yeh
and Kalechits (120). Parant (89) identified
aniline, 2-methylaniline, and 4-methylaniline,
but did not report any amounts. Jéiger and
Kattwinkel (51) identified isoquinoline and
quinoline but likewise did not report any
amounts.

TABLE 1.—Amounts of individual low-boiling phenols from various low-temperature tars

Wyoming subbituminous Lignite “ Bltun,nll-
nous
Type of tar
Stansbur Hanna Big Horn | Wyodak Texas North German
v € v (Sandow) Dakota
geference.....ﬁ _______________________________________________ (110) (110) (110) (110 an (110 (60)
ry tar, weight-percent:

P enol.E..B ............................................ 0.27 0.63 0.75 0.81 0.80 1.5 1.4
0-Cresol .19 .37 .57 .36 .39 7 111.6
m-Cresol. - .31 .43 .81 .72 .50 1.2 1. 55
p-Cresol.____ .36 .60 1.1 .74 .42 1.2 1.55
o-Ethylphenol..._ .01 .01 .04 L11 .06 .1 | Present.
m-Ethylphenol.________________________ .12 .13 .26 .34 .09 .1 Do
p-Ethylphenol .16 .27 .53 .43 .15 4 .15
2,3-Xylenol.__ .04 .03 .02 .02 .09 .2 .2
2,4-Xylenol. _. 47 .57 .55 .14 .18 4 .9
2, 5-Xylenol. __ o .07 .14 .18 .43 .09 .3 1.1
2,6-Xylenol. . ... .01 .07 .07 .04 .03 .05 | Present.
3,4-Xylenol ... .06 .16 .25 .20 .06 4 .5
3,5-Xylenol.____________ .13 .21 .30 .09 .2 1.3
2, 3, 5-Trimethylphenol. 06 | e .28
2, 4, 6-Trimethylphenol ... 11 ) N I B .4
3-Ethyl-5-methylphenol .___ 04 |oo | .30
4-Ethyl-2-methylphenol __._______________________________ I 11 I D P, .6

1Including amount in aqueous liquor.
4
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TaABLE 2.—Amounts of indwidual high-boiling
phenols from various low-temperature tars

Type of tar German English French
“bituminous”| (low-rank) (Bruay) !
Reference ... oo (50) 49) 89)
Dry tar, weight-percent:

2, 3,4-Trimethylphenol (?) 0.25 | oo
2, 4, 5-Trimethylphenol... (- T I Present.
3, 4, 5-Trimethylphenol.___ .13 | Present___ Do.
2-Ethyl-4-methylphe- | Present_ . ___|...__.__.___

nol (?).
2- E%hyl 5-methylphe- |-_.._ (6 1 N

no
3-Ethyl-2-methylphenol __
3-Ethyl-4-methylphenol ..
5-Ethyl-2-methylphenol .
2-Isopropylphenol 2_______
3-Ispropylphenol. . _
4-Isopropylphenol. Present (?)._[----- do____. Present.
3-n-Propylphenol. 1 do.....
4-n-Propylphenol__..__.__ .04 L. do.____
2,3, ii(g -Tetramethylphe- D -
2, 3 5 6-Tetramethylphe- S N DO
2, 3 D1methvl 6-ethylphe- 02 |l

nol (or 3, 4-Dimethy-6-

ethylphenol) .
3, 5—11)imethy1-4—ethy1phe- <01 |emceo.

nol.
2, 4-Diethylphenol_.__._..
2, 6-Diethylphenol (?)__.
3, 5-Diethylphenol ________ Present.
2-Isopropyl-4-methylphe- . 035 ____________

nol (7).
4- Isolpr';)pyl-li -methylphe- <01 |oooo___.
5- Iso]propyl -2-methylphe- |.........._... Present. ..
2- M?thyl -4-n-propylphe- |- |l Present.
4- Met(h 1-2-n-propylphe- W08 s
2-; n-Butylphenol (€9 J— 09 ol
4-n-Butylphenol.. <.01 | Present...
4-Indanol______. Y N P do___.. Present.
§-Indanol_________ I S P Do.
6-Methyl-4-indanol. [ T P, Do.
6-Methyl-5-indanol_______ I N I Do.
X-Methyl-X-indanol (?)_. 16 |l
4-Phenylphenol <01 oo
1-Naphthol__.__ PR T I P Present.
2-Naphthol 8__._____ 45 |- Do.
5-Methyl-2-naphthol 4. ___|_____________ | ____._____
7-Methyl-2-naphthol (?)_. __________________________ Present (?).

675 1 Ix(l3 mixed tar; 30 percent produced at 475° C., 70 percent produced at

2 Identified in a German bituminous tar by Terres and others (108).

3 Quantity in North Dakota lignite tar, 0.4 percent of the crude tar,
Fowkes and others (110).

4 Identified in North Dakota lignite tar by Fowkes and others (110).

There is only one instance among previous
investigations in which a significantly large
number of tar acids and tar bases have been
identified in a single low-temperature tar
and the amounts of many of these determined.
Jager and Kattwinkel have identified about
60 individual tar acids and bases in a German
tar produced at 600°-650° C. in a Krupp-Lurgi
plant. There is some question that this is
a true low-temperature tar since aromatization
reactions start to make a significant contribution
at about 600° C.

TaBLE 3.—Amounts of ndividual dihydric

phenols from low-temperature tars, weight-
percent
North English | English | German
Type of tar Dakota (Derby- | bitumi- (brown
lignite! shire) 2 nous3 coal) 4
Reference . ....._.....__ (110) () (93) 70)
Catechol_ . .. _._._..._ (1 S 1.03 | Percent..| Present.
3-Methylcatechol. - .58 |...d Do.
4-Methylcatechol. . ___._. Do.
Guaiacol (2-Methoxy-
phenol).
4-Methylguaiacol. ... ...
4-Ethylguaiacol.____
3,5- Dxmethylcatechol.-.. Present.
3, 6 Dimethylcatechol. _ Do.
4 5- D;methylcatechol-. - Do.
3-Ethylcatechol._.__
4-n-Propylcatechol. .
Resoreinol. ... Present.
2-Methylresorcinol. -
5-Methylresorcinol. . Present.
4-Methylresorcinol_. Do.
2,4-Dimethylresorcinol. ..
4, ’5- Dimethylresorcinol_ . Present.
4 6-D1methy1resorcmol. - Do.
Hydroquinone ___________ -
2-M ethylhydroquinone. - Present.
2,3-Dimethylhydroqui- | o e Do.
none.
2,5-Dimethylhydroqui- |- oo e caoo oo eeaee Do.
none. .
2,6-Dimethylhydroqui- |- oo oo Do.
none.
Pyrogallol. . o e Do.

1 Weight-percent on basis of crude tar.

2 Concentration (g./1.) in ammoniacal liquor.

3 In aqueous liquor from “‘Coalite’ process (carbonization temperature
600-620° C.).

4 In aqueous liquor.

s Concentration of “hlgher catechols.”

¢ Concentration of “higher resorcinols.”

TaBLE 4.—Identification of individual pyridines
m low-temperature tars

German Japanese Chinese
Type of tar “bitumi- “‘coal” ‘“‘coal”
nous’’ 1
Reference. - - coooooocccoceeae (61) (75) (120)
Compound:

Pyridine ... Present.__| Present_._| Present,
2-Methylpyridine .
8-Methylpyridine.

2,3-Dimethylpyridine._
2,4-Dimethylpyridine_
,5-Dimethylpyridine. ..
-Dimethylpyridine___
-Dimethylpyridine._
-Dimethylpyridine_
thylpyridine._.___ -
-Ethylpyridine. ._______._.._
4-Trimethylpyridine
-Trimethylpyridine
-Trimethylpyridine
-Trimethylpyridine__ ... Present.
,6-Trimethylpyridine.____. _..do__
thyl-4-methylpyridine...
-Ethyl-6-methylpyridine.
-Ethyl-2-methylpyridine_..__
-Dimethyl-4-ethylpyridine_ |- oo Do.

O P G
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1 Total tar bases distilling to 300° C. comprised 2.5 weight-percent
of tar.



PRIMARY SEPARATION PROCEDURES

DISTILLATION OF TAR

The tar used in this work was made from
Arkwright (W. Va.) Pittsburgh-seam, high-
volatile bituminous coal in a fluidized carboniza-
tion pilot plant at about 480° to 510° C.
The raw tar was deashed, dehydrated, and
topped to about 175° C. at the plant.

The tar was distilled under very mild tem-
perature conditions so as to reduce structural
alterations of tar components to a minimum.
For this purpose, a rotary vacuum stripper was
constructed.

The stripper consisted of a 12-liter-capacity
stainless-steel spherical flask, which was rotated
about 6 r.p.m. in a 20-gallon-capacity oil bath.
A mechanical vacuum pump with a free air-
flow rate of 375 liters per minute was used to
reduce the pressure, and oxygen-free nitrogen
was employed to maintain an inert atmosphere
in the system. An ionization vacuum gage with
a range of 1,000 mm. to 1 micron was used for
continuous pressure indication. The main
distillate was recovered with a cold-water
Friedrichs condenser. A small portion of
distillate representing components distillable
at room temperature and about 133 microns
pressure (equivalent to approximately 215° C.
at 1 atmosphere) was recovered in a trap cooled
by a mixture of trichloroethylene and solidified
carbon dioxide. A similar trap was used to
protect the sensing head of the ionization gage.
In operation, the bulk of distillation took place
from the fresh film of hot tar, which was con-
tinually drawn up the wall at one side of the
flask, owing to the slow rotary motion. Near
125° C. and 133 microns, about 21 weight-
percent of the tar was distillable. The equiva-
lent temperature at atmospheric pressure was
calculated to be about 350°-360° C., with 20.8
weight-percent of the tar in the main distillate
and less than 1 percent collected in the dry-ice
trap.

EXTRACTION OF TAR ACIDS AND
BASES; BATCH PROCEDURES

A Claisen alkali extraction was performed
on both portions of distillate following the
procedure of Woolfolk and others (718). The
phenols extracted from the low-boiling portion
represented about 0.08 weight-percent of the

6

tar, and the phenols extracted from the main
distillate represented 3.54 weight-percent of
the tar. About 3 liters (2,660 g.) of the main
distillate was extracted by the method of Fisher
and Eisner (36) to remove tar bases. These
bases represented about 0.31 weight-percent of
the total tar. Essentially no bases were present
in the low-boiling portion from the dry-ice trap.
A special purification technique was devised
for the tar bases. The pH of the acid extract
containing the tar bases was adjusted to 12 by
adding solid potassium hydroxide, and the
resulting mixture was extracted with one 1-liter
portion and three 500-ml. portions of ether.
About 300 ml. of 15-percent sulfuric acid was
added to the combined ether extracts, and most
of the ether was removed by bubbling oxygen-
free nitrogen through the mixture at room tem-
perature. The acid solution was washed with
one 200-ml. and two 100-ml. portions of pen-
tane, the combined pentane washings were
extracted twice with 50 ml. of 15-percent
sulfuric acid, and these acid extracts were com-
bined with the main acid solution. Enough
potassium hydroxide pellets were added to the
acid solution to adjust the pH to 12, and the
liquid was decanted from the resulting pre-
cipitate of potassium sulfate. The precipitate
was washed with three 70-ml. portions of
benzene, and these washings were added to the
base solution. The mixture of base and benzene
was dried in a Dean-Stark apparatus for 3 days,
utilizing an atmosphere of dry, oxygen-free
nitrogen. The small amount of residual ben-
zene was removed by fractional distillation and
yielded about 40 g. dry tar bases, representing
about 0.31 weight-percent of the total tar.

MULTISTAGE COUNTERCURRENT
EXTRACTION

A series of five extraction runs was made on
the main tar distillate, using 70 weight-percent
methanol in water as the extractant and n-
hexane as the raffinate solvent in the 1-inch by
4-foot, 11-stage Scheibel column (operation
shown in fig. 1). Use of the Scheibel-type
column for recovering high-purity tar acids
from low-temperature coal tars has been
described in detail, including the technique for
determining tar acid purity (81). The results
with these five runs are given in table 5. The
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Freure 1.—Countercurrent Liquid-Liquid Extraction Apparatus Used to Recover Tar Acids From Tar Distillates.

TaBLE 5.—Extraction results from I1-inch by
4~foot, 11-stage Scheibel extraction column

Run No.
1 2 3 4 5
Lengt_h ofrun.._._____ hr__ 4.75 4.75 3.5 4 1.75
Equilibrium time_____hr__|._________|________ 2.75 2 2
Shaft speed.-._.____ r.p.m__| 1,200 920 920 927  |1,195
Feed rates, ml./min.:
Tar distillate 8.6 2.95 2.5 3 6
Methanol-water N 5 5 2.5 4 6
n-Hexane...___________ 18 15 7.5 9 10.5
n-Hexane raffinate compo-
sition, vol.-pct.:
Carboxylic acids 2.48 1.25 2.98 1.5 2.5
Tar bases. 2.23 2.75 1.98 1.5 2.5
Tar acids. 0 0 0.49 0 0
Neutral oil.._ - 95.29 | 96 94. 55 97 95
Taracid purity! vol.-pet__|--__..____|.c..____ 95 97 90

1 Aqueous methanol extract.

n-hexane raffinate was analyzed according to
the method of Fisher and Eisner (36). From
these runs it appeared that the tar acid content
of the main distillate was about 26 volume-
percent.

The column was converted from a 4-foot,
11-stage column to an 8-foot, 23-stage column,
with three inlet choices: Below the 6th stage
from the top, the 11th, and the 17th. The feed
and both solvents were delivered to the column
from stainless-steel reservoirs by a few pounds
nitrogen pressure.

One run was made on this 8-foot column using
bituminous coal-tar distillate as feed, aqueous
methanol as the extractant, and n-hexane as
the raffinate solvent; the flow rates were 5, 4.5,
and 6 ml. per minute, respectively. Analysis
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of the n-hexane raffinate gave the following
volume-percents: Tar bases, 1.4; carboxylic
acids, 1.0; phenols, 0.0; and neutral oil, 97.6.
The aqueous methanol extract was subsequently
fractionated in a cation-exchange column.

The purity of the tar acids obtained by coun-
tercurrent extraction with aqueous methanol
was not as satisfactory as the purity of the tar
acids obtained by Claisen alkali extraction.
Therefore, only tar acids obtained by the latter
procedure were used for detailed charac-
terization.

ION-EXCHANGE CHROMATOG-
RAPHY

The aqueous methanol extract solution ob-
tained by countercurrent liquid-liquid extrac-
tion of tar distillate in the 8-foot Scheibel
column was percolated through a cation-
exchange column in order to recover the tar
bases. The column consisted of a 100-ml.
burette containing 85 g. of wet amberlite IR 120
(H); moisture content was 45 percent and the
bed length about 29 in. After backwashing
with water, the bed volume was about 95 ml.
Following a 500-ml. wash with 70 weight-
percent aqueous methanol, about 1,500 ml. of

methanol extract, representing about 1,200 ml.
tar distillate was percolated through the
column at a flow rate of about 19 ml. per
minute, followed by about 25 ml. aqueous
methanol. Total pyridines and total quinolines
were determined by the ultraviolet spectro-
photometric procedure developed in this labora-
tory on the distillate, the methanol extract
solution, and the n-hexane raffinate solution.
These results are shown in table 6.

The tar bases adsorbed by the resin were
regenerated and recovered by percolating about
6 liters of 4-percent hydrochloric acid in 70
percent methanol through the column.

TABLE 6.—Removal of tar bases from methanol
extract by 1on-exchange chromatography

Methanol solution
n-Hexane
solution

Tar
distillate
Before ion | After ion

exchange | exchange

Sample volume._._._. ml._| 1,200 1,487 1, 510 1, 507
. 014 12.3

Total pyridines.....__ g 12.7 0.181
Total quinolines....-. g 6.0 .019 trace 6.3
Total base.-. ... g 18.7 .20 .014 18.6
Total base distribution

pet_. 100 1.1 .0 98.9
Pyridine in total base

pet.. 68 90 feemeeeeoa- 65
Quinoline in total base

pet.. 32 D (1 D, 35
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FRACTIONATION OF TAR ACIDS AND
BASES IN A MICRO-SPINNING-BAND
VACUUM STILL

A Piros-Glover micro-spinning-band vacuum
still, shown in operation in figure 2, consti-
tuted one of the most useful devices for obtain-
ing a good fractionation at low pressures of
30- to 40-g. quantities of either tar acids or tar

bases. The unique feature of this still is that
the column contains a close-fitting, rapidly
rotating metal band instead of the conventional
packing. The pressure drop through this col-
umn is almost negligible, making it possible to
conduct vacuum distillations with very low
pressures in the pot.

Because of the large proportion of high-
boiling components in the tar acids and bases,
a test distillation was conducted at virtually the

Ficure 2.—Fractional Distillation of Tar Acids or Bases Using a Micro-Spinning-Band Vacuum Still.

9
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lower pressure limit of the still; that is, 0.5 mm.
head pressure. Since the pressure drop 1is
about 0.5 mm. at normal boilup rates, lowering
the head pressure below 0.5 mm. will have
essentially no effect on the pot pressure. A
suggested test mixture for operation at these
pressures is n-hexadecanol and n-octadecanol
(80). A 15.83-g. charge was distilled at 0.5
mm. Hg. Only 0.19 g. remained in the pot,
probably all of which represented column hold-
up. The results of this test distillation are
shown in table 7. A good fractionation was
indicated; the charge components were obtained
in as pure a state as before blending to make the
test mixture.

TABLE 7.—Results of low-pressure fractionation
of test mixture in spinning-band still

JRefractive | Melting
index, point,
n’ °C.
D
n-Hexadecanol. .. ... 1 1.4318 46. 4
n-Octadecanol_ . ______________________________ } 1. 4345 56. 8
Fraction1._____ - 1. 4316 46.0
Fraction 2_.. - 1. 4342 56. 4
Fraction 3 1. 4346 57.3
Fraction 4 1.4347 57.1

1 Test mixture.

DISTILLATION OF LOW-BOILING TAR
ACIDS RECOVERED FROM DRY-ICE
TRAP

A 37.25-g. portion of the low-boiling mixture
of phenols isolated from the distillate in the
dry-ice trap was fractionated in the Piros-
Glover micro-spinning-band vacuum still. All
air was flushed out of the still with oxygen-free
dry nitrogen before the distillation was started.
The still was operated at a head pressure of 20
mm. Hg, which very nearly represents the pot
pressure since the pressure drop in the spinning-
band column is almost negligible. The boilup
rate was approximately 30 to 40 ml. per hour
and the reflux ratio 10:1. The speed of the
band was fixed at 1,800 r.p.m. Under these

conditions the efficiency of the still was esti-
mated to be about 30 theoretical plates. Seven
fractions were isolated, with a recovery ot 96.2
weight-percent. All fractions were initially
colorless, but fraction 7 developed a slight color
on standing 2 days. The results of this distil-
lation are shown in figure 3. The temperature
readings in figure 3 are for an iron-constantan
thermocouple in the still head as recorded on a
10-mv., 5-inch span recorder; the cold junction
is at room temperature, which was essentially
constant.

DISTILLATION OF LOW-BOILING
TAR ACIDS RECOVERED FROM
MAIN TAR DISTILLATE

The phenols recovered from the main tar
distillate were fractionated in the Piros-Glover
micro-spinning-band still. The charge was
35.66 g., and the distillation was conducted at a
pressure of 19.80 to 22.20 mm. with a reflux
ratio of 20:1 and a boilup rate of 33 to 54 ml.
per hour. The reflux temperature was meas-
ured with a model 8667 Leeds and Northrup
potentiometer using a water-ice mixture for the
reference junction. The total amount distilled
after 26.2 hours was 77.79 weight-percent.
The results are shown in figure 4.

DISTILLATION OF HIGH-BOILING TAR
ACIDSRECOVERED FROM MAIN TAR
DISTILLATE

A 200-g. portion of tar acids from the main
distillate, representing 3.54 weight-percent of
the low-temperature bituminous coal tar, was
distilled at 20 mm. through a column filled with
glass helices. All the material boiling up to
118° head temperature, equivalent to 232° at
760 mm., was removed as a single fraction, leav-
ing a residue of 50 g. high-boiling phenols
or 25 weight-percent of the original tar acid
mixture. A charge of 41.68 g. high-boiling
tar acids was distilled at 2.9 mm. and a reflux
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ratio of 20:1 in the spinning-band still, with
the results shown in table 8.

TaBLE 8.—Fractionation of high-botling tar acids
i spinning-band still

Boiling range
Fraction ‘Weight,
No. g.
2.9 mm. 760 mm
1 77.5-78.0 231 0.71
2 78.0-79.0 231-232 1.31
3 79.0-84.0 232-238 1.10
4 84.0-88.0 238-244 1.35
5 88.0-91.0 244-247 1.14
6 91.0-94.0 247-251 1.00
7 94.0-96.0 251-253 1.40
8 96.0-98.0 253-255 86
9 98.0-102.0 255~-258 86
10 102. 0-103. 0 258-260 85
11 103. 0-106. 0 260-264 51
12 106. 0-110. 0 264-270 96
13 110.0-116.0 270-278 87
14 116.0-117.0 278-280 1.15
15 117.0-124.0 280-290 1.15
16 124.0-129.0 290-297 1.17
17 129.0-132.0 297-300 1.08
18 132.0-139.0 300-308 .96
19 139.0-152.0 308-325 .85
20 152.0-157.0 325-331 .88
21 157.0 331 .24

DISTILLATION OF TOTAL TAR BASES
RECOVERED FROM MAIN TAR
DISTILLATE

A 37.50-g. portion of the dry tar bases was
fractionated in the Piros-Glover micro-spinning-
band still, using a reflux ratio of 15:1, a kettle
temperature of about 25° to 186° C., and a head
pressure of 80 to 3 mm. from the beginning to
the end of the run, respectively. The boilup
rate ranged from 32 'to 95 drops per minute but
was usually around 50 drops. The results of
this distillation are presented in table 9; all

head temperatures have been converted to those
at 760 mm. Hg pressure by means of a standard
nomograph.

TaBLE 9.—Fractionation of bases from low-tem-
perature bituminous coal tar distillate in
spinning-band still

Weight,
percent

Fraction |Boiling-point range, ° C./760 mm.| Weight of
No. 11 sample, g.
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Total distilled over._.---_- 32.12
R M Receiverﬁmllélup ....... .26
37 Column holdup . _. - .
38 - Residue in kettle_ ... 4.10 10.93

tal recovery....--------- 36.95 98. 53
Loss.. o FeOVerY 55 147
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1 No fractions 14 and 33.



QUALITATIVE AND QUANTITATIVE ANALYTICAL
PROCEDURES

ANALYSIS OF TAR ACIDS AND BASES
BY INFRARED SPECTROPHOTOM-
ETRY

A Model 21 Perkin-Elmer infrared recording
spectrophotometer, shown in operation in
figure 5, was the analytical instrument with
the greatest utility; it was indispensable for
characterization of the tar acids and bases.
The essential need for spectra of pure com-
pounds is discussed in the introduction to this
report. The compilation of spectra used by
the Low-Temperature Tar Laboratory is given
in the appendix of this report.

INFRARED SPECTROPHOTOMETRIC
ANALYSIS OF TAR-ACID DISTIL-
LATE FRACTIONS

The seven distillate fractions of low-boiling
tar acids recovered from the dry-ice trap were
analyzed by infrared spectrophotometry, using
the analytical wavelengths, in microns, listed in
table 10. The same analytical wavelength was
not always used for a compound that appeared
in more than one fraction, but the most suit-
able wavelength was chosen, depending on the
particular mixture that had to be analyzed.
The weights of each component in each fraction,

Ficure 5.—Identification and Analysis of Tar Acids and Bases With an Infrared Recording Spectrophotometer.

569705 0—61——2

13
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TaBrLe 10.—Wavelengths for infrared spectro-
photometry of low-boiling tar acids recovered
from dry-ice trap

Fraction microns,

Compound

14.57| 14.57
0-Cresol._._ 11.86| 11.86

o-Ethylphenol_ ____|.___.__
2,4-Xylenol____
2,5-Xylenol _ .
2,3-Xylenol. _

I -] 1104 -
8,6-Xylenol =7 Z7| T T I T 9.73| 14.64,10.56
3,4-Xylenol 12.35,12. 56

as determined by this analysis, are shown in
table 11. This table also gives the weight, in
grams, and the refractive index, at 70° C., for
each fraction.

The distillate fractions through number 17
of low-boiling tar acids recovered from the main
tar distillate were analyzed by infrared spectro-
photometry. Care was taken to select the most
suitable analvtical wavelength for each com-
ponent in each fraction. For example, in the
case of 2,4-xvlenol it was necessary to use 13.97
microns in fractions 5, 6, and 7, 12.30 microns
in fractions 8, 9, and 10, and 13.03 microns in
fractions 11 and 12. Fair and Friedrich (3/),
however, show that for their synthetic mixtures
one analytical wavelength suffices for a phenol.
The various analytical wavelengths used and
the quantitative results are given in table 12.
Due to the unusually low proportion of phenol
and o-cresol in these particular tar acids, these
compounds could not be separated from the
other phenols and the first four fractions are
much more complex than in a typical tar acid
distillation. This is reflected in the accuracy of
the infrared analysis, in particular for the
cresols.

ANALYSIS OF TAR ACIDS AND BASES
BY ULTRAVIOLET SPECTROPHO-
TOMETRY

A Beckman DEK-2 ultraviolet recording
spectrophotometer, shown in operation in
figure 6, was a highly useful analytical instru-
ment in the characterization of tar acids and
bases. Ultraviolet analysis offered the special
advantages of simplicity, speed, and ability to
work with very dilute solutions. Infrared anal-
vsis is, however, generally superior for positive
identification of components that are isomers.
These two spectrophotometric methods are
largely complementary rather than duplicative.

ULTRAVIOLET ANALYSIS OF SMALL
QUANTITIES OF INDIVIDUAL TAR
BASES OBTAINED BY SUCCESSIVE

EXTRACTIONS

In studying the sorption of individual pyri-
dine bases by cation-exchange resins, an accu-
rate and relatively quick method was developed
to determine small quantities of these tar bases
in aqueous methanol solutions (22).

The analytical method that was developed
was based on extracting the pyridine bases from
an aqueous solution with iso-octane wherein the
bases were subsequently determined spectro-
photometrically. Owing to an unfavorable dis-
tribution of some of the bases in iso-octane,
several extractions would usually have been re-
quired for quantitative recovery, therefore the
operation would have become cumbersome.
However, with the data from two successive
extractions, the distribution coeflicients could
be estimated. From this coefficient the amount
of pyridine bases in the original solution was
readily calculated.

Before developing this procedure, a literature
search revealed that the Kjeldahl method for

TABLE 11.—Infrared analysis of low-boiling tar acids recovered from dry-ice trap

Components by infrared analysis, g.
Fr?\?tion Welght Refractive po Y s e
0. Veight, g. 70
index, np, Major Minor Trace
8.00 1.5243 | Phenol, 5.2______ . ______________________ 0-Cresol, 2.8. o
7.84 1.5224 | 0-Creso), 4.8. .. .._...__... _-| Phenol, 3.0_- o
7.88 1.5190 | m-Cresol, 3.4 . . ... p-Cresol, 2.3 oo 2,6-Xylenol, 0.8.
0-Cresol, 1.4 ...
4. 3.39 1.5180 | m-Cresol, 1.85_ .. ..____.______________ p-Cresol, 0.6- o-Ethylphenol, 0.15.
2,4-Xylenol, 1.3 |
TR 3.07 1.5173 | 2,4-Xylenol, 2.1._ 2,5-Xylenol, 0.74. - oo 2,3-Xyleno}, 0.12.
o-Ethylpheno], 0.1.1
[ B 4.76 1.5150 | 2,4-Xylenol, 1.5 __________________ 3,5-Xylenol, 0.9 o 2,3-Xylenol, 0.3.
p-Ethylphenol, 0.8 ... o-Ethylphenol, 0.1.
m-Ethylphenol, 0.6_
2,5-Xylenol, 0.6
T .90 1.5152 | 3,4-Xylenol, 0.3 ' _________________.._. m-Ethylphenol
3,5-Xylenol, 0.3 1. . _____________________ 2,3-Xylenol_____
2,3,5-Trimethylphenol ___

! Estimated quantities.
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TABLE 12.—Infrared analysis of distillate fractions of low-boiling tar acids from main tar distillate *

Phenols, weight-percent
Fraction Weight,
No. g.
Phenol 0-Cresol m-Cresol p-Cresol | 2,6-Xylenol
1 1.96 13.8 41.8 20.9 13.8 10. 2
(9.37 ») (14.12 p) (10.77 p) (12.25 p) (11.02 )
2 .99 10.1 12.1 44.5 29.3 6.1
3 1.27 3.2 3.2 54.3 37.0 4.7
4 1.12 7.1 5.4 51.8 33.9 1.8
2,4-Xylenol | 2,5-Xylenol
5 1.25 12.8 12.8 42. 4 32.0
(13.97 p) (10.04 ) (10.77 p) (13.54 )
6 1.47 34.0 23.1 25.8 17.0
7 1.38 58.0 33.4 5.8 2.9
2,3-Xylenol m-Ethyl- p-Ethyl- 3,5-Xylenol
phenol phenol
8 1.04 67.3 15.4 8.7 2.9 6.7 0
(12.30 ) (10.04 ) (14.17 p) (11.04 ) (12.08 ) 9.73 »)
9 1.53 37.3 15.0 15.0 11.1 11.1 11.1
10 1.09 24.8 4.6 4.6 22.0 23.8 19.3
3,4-Xylenol | 4-Ethyl-2-
methylphenol
11 1.94 20.1 4.6 8.3 18.0 17.0 32.0
(13.03 u) (9.98 1) (11. 35 1) (11.04 1) (12.08 p) (9.73 )
12 1.40 5.0 15.7 25.0 7.9 . 5.0 40.7
2,3,5- 3-Ethyl-5-
Trimethyl- methyl-
phenol phenol
13 1.04 8.7 28.8 25.0 (1 PO 36.6
(9.27 w) (9.98 ) (13.10 ) (10. 40 1) 9.73 )
14 1.80 32.2 27.8 27.2 5.0 8.9
4-Indanol 5-Indanol
15 1.34 34.3 5.2 11.9 34.3 6.0 9.0
(9.27 u) (9.98 ) (11.35 p) (10. 40 ) (10.18 p) (10. 69 u)
16 1.06 34.9 2.8 5.7 28.3 25.5 3.8
17 1.31 19.1 8.4 9.9 16.0 29.0 16.8

! Values in parentheses are analytical wavelengths.

total nitrogen and several methods based on
acid-base titration, or on color formations of the
bases with reagents, were available. However,
the Kjeldahl method and the titration methods
can only determine the total amount of the
bases and cannot differentiate among individual
compounds in the case of simple mixtures. The
colorimetric methods either suffer from fading
of the color with time or are not rapid enough.

Two ultraviolet methods have been described,
one by LeRosen and Wiley (71) and the other
by Herington (44). In the former procedure the
absorbance of total pyridines was measured in
phosphoric acid solution. In the latter, the
estimation of individual water soluble pyridines
was based on the difference in extinction co-
efficients in 0.1N acid and 0.1N alkaline solu-
tions. The difficulty in applying either method
to the present base samples was that these frac-
tions were recovered from a cation-exchange
column by eluting with hydrochloric acid in 70-

percent methanol solution. The concentrations
of both acid and methanol naturally varied from
fraction to fraction. In removing the methanol
by distillation, the acidities of the samples were
altered by different amounts. Since the concen-
tration of acid affects the absorbance of pyri-
dines, accurate results could not be obtained
under these conditions. In addition, the frac-
tions from the exchange column were often
found to be either cloudy or yellow in color,
indicating that some impurities were present.
These impurities interfered in the ultraviolet
determination by absorbing strongly in this
region. To overcome these difficulties, extract-
ing the base in alkaline solution with iso-octane
was found to be satisfactory.

The present method gave about 98- to 102-
percent recovery and was suitable for samples
that could be purified by extracting with
iso-octane or similar solvents.

Specific extinction coefficients (K) for four
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FicurE 6.—Characterization of Tar Acids and Bases With an Ultraviolet Recording Spectrophotometer.

bases were first determined, using iso-octane as
the solvent and reference. These results are
shown in table 13.

“Known solutions of bases were prepared by
dissolving a definite amount of base in 70-
percent methanol solution. For analyzing a
known solution, 25 ml. was pipetted into a
50-ml. distilling flagk, followed by the addition
of 12.5 ml. of 10-percent HCl and 1-2 boiling
chips. The pH of the solution was about 2.
The flask was then connected to the fractional
distilling apparatus, and the temperature of
the column heating jacket was adjusted to 45°
C. About 25 ml. of distillate was collected at
a distilling head temperature below 73° C.
The purpose of the distillation was to remove
the methanol. After distillation the heating
mantle of the flask was removed immediately,

TaBLE 13.—Euxtinction coefficient (K) of individ-
ual tar bases in iso-octane at given wave-

lengths !
251 mpu 256 mu 265 mu 313 mpu
Pyridine .. _______________ 23.75 22.71 13.33 0
a-Picoline._._____________.._. 21.91 26. 57 20. 57 0
2,3-Lutidine._ - 18.17 23.37 27.81 0
Quinoline. 18. 36 20.92 26.07 20.07

1 Cell thickness=1 cm.

and a stream of cooling air was introduced
through the bottom of the jacketed column.
After the column was cooled, it was washed
from the top several times with a fine stream
of distilled water. The flask was then removed
and placed in an ice-cold water bath. The pH
of the residue solution was adjusted to about
10, as indicated by multirange pH paper, by
adding enough potassium hydroxide pellets with
constant stirring. Solid potassium hydroxide
was required to avoid dilution of the sample.
The final solution was transferred quantita-
tively to a 25-ml. volumetric flask and diluted
to the mark with distilled water. After shaking
well, 10 ml. of the solution was pipetted to a
separatory funnel and extracted with 10 ml.
of iso-octane. The lower layer (aqueous layer)
was then transferred to another separatory
funnel and extracted again with 10 ml. of
iso-octane. The concentrations of base in
the iso-octane layers were then determined
spectroscopically, and the total amount of
base present in the original sample was
calculated.

In calculating the distribution -coefficient
from the successive extractions, it was assumed
that, for such low concentrations as were
encountered in this work, the distribution curve
would be linear. Following this assumption,
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the following three equations were used for
calculating the total amount of base in the
original sample:

Since

and

or

Therefore,

T=XI+Y1)

where

X; and X,=concentrations of base, grams
per liter present in the first and
second iso-octane extracts,

Y, and Y,=concentrations of base, grams
per liter present in first and
second aqueous layer,

k=distribution coefficient of base
between iso-octane and aqueous
layers, and

T=total concentration of base,
grams per liter present in original
sample.

For bases less soluble in water, the total
concentration could be obtained directly by
adding the concentration of the bases in the
iso-octane layer, that is, X; and X,. In other
words, the distribution coefficient of the
slightly water-soluble base is so great that
two successive extractions with iso-octane
result in substantially quantitative recovery.
For example, quinoline has an average distri-
bution coefficient around 20 (the & values of all
of the bases depend on the actual pH of the
aqueous solution). Its Y3, 0.00107, calculated
from k£, almost equals X;, 0.00104. Therefore,
calculation of its distribution coefficient can
be omitted, and its total concentration equals
(X;+X,). This is also true for 2,3-lutidine.
Table 14 compares the results. The variation
in distribution coefficient for the same com-
pound is due to the fact that the pH was seldom
adjusted to exactly the same value. This was
of no significance as long as the correct k value
was used for the particular pH involved.

For a mixture of several bases, X; and X, of
each component were calculated from the
spectra of the two iso-octane extracts of the
mixture at proper wavelengths. The wave-
lengths used for calculating a-picoline, 2,3-
lutidine, and quinoline mixtures were 256 muy,
265 mpu, and 313 my, respectively.

A direct extraction of the base with iso-octane
from the original sample at pH 10 without
distillation was tried, and the results were
unsatisfactory because the base was prefer-
entially soluble in 70 percent methanol and
passed to iso-octane only in a small amount.
As a result, the concentrations of the first and
the second extracts were so close that only a
slight error in readings of the absorbances
would have resulted in a great error in the
distribution ‘coefficient. The distillation part

TABLE 14.—Determination of tar bases obtained by two different calculations

Iniso-octane layers, g./1. | Distribu- Found, Found,
Present, tion g./l. calcu- | Recovery, | g./1. calcu- | Recovery,
Compound g/l coefficient, | lated from pet. lated from pet.
X1 X, k k Xi+ X
Single base sample:
Pyridine. ... 0. 0240 0.01052 0. 00593 0.773 0.02412 101.0 0. 02088 89.0
. 0240 . 01132 00593 . 909 . 02367 98.6 . 01725 71.9
I 03504 . 0158 00868 . 825 . 03499 99.9 . 02448 69.9
a-Picoline.. ... . 0276 . 01981 00596 2.34 . 0282 102.2 . 02577 93.3
. . 0276 . 01900 00526 2.38 . 02698 97.8 . 02426 87.9
2,3-Lutidine. ... .0340 . 03045 0030 9.15 .033 99.3 . 03345 98.4
. . 0340 . 03066 0032 8. 58 . 03416 100. 5 . 03386 99. 6
Quinoline.._._____..___________________. .0262 .0252 00104 23.0 . 02629 100.3 . 02624 100. 2
. 0262 . 0252 00145 16. 38 . 0267 101.9 . 02665 101.8
No. 1 mixture of bases:
a-Picoline. . 0138 . 00866 00317 1.73 .0137 99.3 .01183 85.8
2,3-Lut‘1dlne 01136 . 01042 00091 10. 45 .01141 101.0 .01133 99.9
01308 . 0126 (.0132) 100.8 . 0132 100. 8
03824 (. ___________ . 03831 100. 2 . 03636 95.0
0069 . 00458 00167 1.74 . 00721 104.5 . 00625 90. 6
02272 . 02079 00172 11. 087 . 02266 99.7 . 0225 99.0
01308 . 01285 00059 |-coooocaaos (.01344) 102.8 01344 102.8
0427 | e . 04331 101.4 04219 98.8
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of this procedure was mainly to remove the
methanol from the solution so that the extrac-
tion could be improved. Table 15 compares the
results obtained with and without distillation.
If the distribution coefficient calculated from
X; and X, should be greater than 0.5, it would
be quite possible to extract the sample directly
with iso-octane and eliminate the distillation.
If the sample is an aqueous solution containing
no methanol, the distillation can be eliminated.
According to the distribution law, the fraction
of solute left in the aqueous layer after a number
of successive extractions with equal volumes
of solvent equals [1/(1+£)]?, where n is the
number of extractions. When n=3 and k=4,
the fraction of original base left in the aqueous
layer should be [1/(1+44)]*=1/125, which is so
small that it will not cause appreciable error
in recovery of the base. Therefore, when the
distribution coefficient is greater than 4, three
successive extractions can be used and the
concentration of the base can be determined
directly from the combined extracts by ultra-
violet spectrophotometry. When the original
solution contained less than 0.01 g./l. of total
base, the concentration of the second extract,
X, was usually so low that the absorbance was
close to zero. 'This concentration, therefore,
was considered as the lower limit for this method
at the desired accuracy of about 4+ 2 percent.

DETERMINATION OF TOTAL PYRI-

DINES AND TOTAL QUINOLINES

BY ULTRAVIOLET SPECTROPHOTO-
METRY

For the analysis of pyridine and quinoline and
their homologs according to chemical type
(that is, as pyridines and quinolines), it was
desired to develop a method that would apply to
low-temperature coal-tar distillates and crude-
tar bases (23). Previously LeRosen and Wiley
(71) had attempted to determine pyridines in
petroleum products by extracting the sample
with phosphoric acid wherein the pyridines were

TasLe 156.—Fffect of distillation on results with

pyridine
Concentration X1, g/l X, g./1. k T, g/l
present, g./1.
Without distillation

0. 024 0. 00291 0.00211 0.31 0. 0106

. 03504 . 00421 . 00333 .272 01971
With distillation

. 024 . 01052 . 01036 773 . 02412
. 03504 .0158 . 00868 . 825 . 03499

TABLE 16.—Absorptivities of indiwvidual tar

bases
Absorptivity, at
wavelength
260 mu 316.5 mu
Pyridine bases:

Pyridine - cceeo oo 17. 44 0
2-Methylpyridine.. 25.43 0
3-Methylpyridine.. [ 23.47 0
4-Methylpyridine. ... - 14,22 0
2,3-Dimethylpyridine._.. - 26. 86 0
2,4-Dimethylpyridine.._. 22.41 0
2,6-Dimethylpyridine._._ 26. 74 0
3,5-Dimethylpyridine. - 22.87 0
2-Ethylpyridine_ ... - 24,47 0
4-Ethylpyridine....-..... - 13.07 0
5-Ethyl-2-methylpyridin - 20.99 0
3-Ethyl-4-methylpyridine. . - 18.87 0
2,4,6-Trimethylpyridine_ .. ..o......o_.__ 20.33 0

AVErage - oo 21.25 0

Quinoline bases:

Quinoline. . .o 24,23 9.84
2-Methylquinoline_ . ... 23.90 24.71
4-Methylquinoline. 27.69 8.97
6-Methylquinoline. 17.79 12.39
7-Methylquinoline. 19. 16 18.95
8-Methylquinoline. 12. 56 12.87
2,4-Dimethylquinoline._. _ 24.24 17. 25
2,6-Dimethylquinoline 21.25 13. 56
Isoquinoline__.._..... - 28. 67 27.27
3-Methyl-isoquinoline_ ... ... 27.08 13. 69

AVerage . - oot 23.24 15.95

determined by ultraviolet spectrophotometry
and expressed as pyridine by referring to a
standard graph of pyridine itself.

The ultraviolet spectra of 23 individual tar
bases were determined in iso-octane. The
absorptivities of the bases and their averages
at 260mp and 316.5 mu were then calculated
and are presented in table 16.

Stocks of 12 synthetic mixtures containing
bases listed in table 16 were prepared in 10-
percent sulfuric acid. The concentration of
each compound was about 0.001 to 0.002 g./1.
Neutral oil (0.03 g./1.) from low-temperature
coal tar was added to four of these, and they
were washed three times with an equal volume
of iso-octane, which was discarded. For all
mixtures, 10 ml. of the acid layer was adjusted
to pH 12 by slowly adding potassium hydrox-
ide pellets. The alkaline solution was ex-
tracted three times with 10 ml. of iso-octane,
the extracts were combined, and the ultravio-
let spectrum was determined. The concen-
trations of total quinolines and pyridines were
determined by the absorbances and average
absorptivities at 316.5 and 260 mu. The re-
covery of bases was excellent for all mixtures,
as shown in table 17.

The procedure used for tar distillates was as
follows: For samples containing 1 to 2 per-
cent base by weight, 10 ml. of distillate was
weighed in a separatory funnel and extracted
three times with 10-percent sulfuric acid, 20
ml. the first time and 10 ml. each the second
and the third times. The acid layers were col-
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TABLE 17.—Recovery of total pyridines and quinolines from synthetic
mixtures by using average absorptivities

Mixture Total Total Recovery, Total Total Recovery,
No. pyridines pyridines pct. quinolines quinolines pct.
present, g./l. | found, g./l. present, g./1. | found, g./1.

0.0202 0.0201 99.3 0.0155 0.0155 100.0

.0282 .0281 99.7 .0093 .0091 97.8

. 0081 . 0080 99.8 .0248 . 0245 98.7

.0181 0181 100.0 .0171 . 0166 97.3

.0179 0173 96. 2 0184 . 0201 109.0

.0179 0192 107.0 0184 . 0206 112.0

01875 .0193 103.0 01238 .0116 93.7

01875 . 0206 109. 8 01238 L0117 94.5

01875 . 0208 111.0 01238 L0117 9.5

01875 0199 106.0 01238 . 0119 96.1

02203 01905 87.0 .01354 0135 99.0

02203 01868 85.0 .01354 0135 99.0

! These mixtures contained 0.03 g./1. neutral oil obtained from low-temperature tar.

lected in a 100-ml. volumetric flask. The
oil residue remaining in the funnel was ex-
tracted three times with 10 ml. of 10-percent
sodium hydroxide to remove tar acids that
make complete extraction of tar bases difficult.
The alkaline layer was discarded, and the oil
layer was extracted three times with 10-per-
cent sulfuric acid as before. These extracts
were added to the flask, and the volume was
diluted to 100 ml. with 10-percent sulfuric acid.

The procedure used for crude-tar base was as
follows: About 0.1 g. of crude-tar base was
weighed and dissolved in 10-percent sulfuric
acid in a 50-ml. volumetric flask. The solu-
tion was diluted to the mark with 10-percent
sulfuric acid.

Twenty-five milliliters of either of the above
acid solutions was washed three times with an
equal volume of iso-octane to remove any
residual neutral oil, and the acid solution was
adjusted to 25 ml. with water if necessary.
Two milliliters of the acid solution was pipetted
into a small beaker containing a few milliliters
of water, and the beaker was placed in an ice-
water bath. Potassium hydroxide pellets were
added to the acid solution with constant stirring
until the pH of the solution reached 12. The
solution was transferred quantitatively to a
25-ml. volumetric flask and diluted to the mark
with distilled water. Five milliliters of the
alkaline solution was extracted three times with
10 ml. of iso-octane, the extracts were combined,
and an ultraviolet spectrum was determined.
Total quinolines and total pyridines were
obtiiined from equations (1) and (2), respec-
tively.

A
Q=15 Ge XFIX Py, (1)
Aggo— ‘14531§~g><23.24)
P= 51.95 XFXF,  (2)

where ¢  =total quinolines, grams,
P =total pyridines, gras,
Ajge.s=2absorbance at 316.5 muy,
Ay =absorbance at 260 muy,

F; =dilution. factor for final iso-
octane extract, if any (Fi=1
in aforementioned procedure),

F, =dilution factor for sample (Fy=

7.5 for distillate and 3.75 for
crude-tar base).

The pyridine bases of tar distillate contain a
great many pyridine and quinoline derivatives,
and the exact composition varies with the type
of tar and manner of distillation. To represent
all possible compositions an unlimited number
of synthetic mixtures would be required. To
develop this procedure the best approach was to
make representative synthetic mixtures con-
taining the main bases found in tar distillates.
The spectra of the synthetic mixtures followed
the general pattern that also applied to the
lspectra of bases extracted from the tar distil-
ates.

In extracting the bases from the distillate, a
small amount of acid-soluble phenols and hydro-
carbons that also possess an absorption for
ultraviolet energy at 250 to 260 mpyu 1s carried
over to the acid solution and eventually will
interfere with the determination of the bases.
This interference can be overcome by washing
the acid extract with iso-octane and by holding
all phenols in the alkaline solution during the

final extraction of the bases with iso-octane.

The four synthetic mixtures, which were con-
taminated purposely with hydrocarbons from
tar distillate, demonstrated the removal of the
hydrocarbons by washing the acid extract with
iso-octane.

The distillate from the bituminous low-
temperature tar contained a significant amount
of anilines. Therefore, this procedure was
expanded to include total anilines by using
average absorptivities of 19.7 and 14.2 at 290
and 260 my, respectively, based on measure-
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TaBLE 18.—Spectrophotometric identification of individual compounds in tar-base distillate fractions

Compound identified Fractions Observed analytical wavelengths ! (infrared in g, ultraviolet in mu)
2,4-Dimethylpyridine____ R 0to2 | 13.80, 12.75, 12.30, 10.95, 9.70
2,3-Dimethylpyridine_________ .. 1 | 13.70, 12.76, 10.30, 9.80, 8.92
3,5-Dimethylpyridine_______.___.___ 1| 14.12,11.70, 9.68, 8.78, 8.57
2,4,6-Trimethylpyridine_.._.___ - 0to3 | 13.85, 11.90, 10.80, 9.70, 8.20
4-Isopropylpyridine 2 | 12.25, 13.30, 9.47, 8.19, 7.62
5-Ethyl-2-methylpyridine._ 2,3 | 15.50, 13.65, 12.10, 9.72, 8.82, 8.05
4-Ethyl-2-methylpyridine 1,2 | 13.33, 11.93, 11.20, 9.41, 8.91, 8.55
2,3,5-Trimethylpyridine 1to 3 | 14.00, 13.82, 11.41, 8.77, 8.03
Aniline..___________ 2to4 | 14.53, 13.42, 11.47, 9.72, 8.52, 7.83
2,6-Dimethyl-4-ethylp: 2to4 | 11.67, 11.24, 10.03, 9.69, 9.39, 8.17, 7.47
N,N-Dimethylaniline " __ 3 | 14.52, 13.35, 10.57, 8.58, 8.40, 8.14
3-Ethyl-4-methylpyridine 2to 6 | 13.42, 12.12, 12.00, 10.84, 10.36, 9.43
2,3,5,6-Tetramethylpyridine 4to5 | 13.70, 11.10, 10.00, 9.79, 8.25
2,3-Cyclopentenopyridine. .. 4to5 | 13.85, 12.76, 9.25, 8.70, 8.23
3-Methylaniline____________ 4 to 8 | 14.55, 13.00, 10.78, 8.54, 7.73
2,3,4,6-Tetramethylpyridine. _____________ 3to7 | 13.57, 11.67. 10.47, 9.85, 8.13
N-Methyl-2-methylaniline____________.___ 5,6 | 14.02, 13.42, 11.47, 9.72, 8.52, 7.83, 7.69
3,4-Diethylpyridine (?) 2. 7t09 | 15.32, 12.19, 11.69, 10.85, 10.36, 9.43, 8.37
2,5-Dimethylaniline____________________________ 8,9 | 12.59, 11.76, 10.05, 7.80, 7.72, 7.65
2-Ethylaniline._ 5t07 | 13.45, 10.82, 9.45, 8.75, 8.66, 7.85, 7.22
2,6-Dimethylaniline . ._____________________._____ 7 to 12 | 13.72, 13.22, 9.17, 8.13, 7.86
3,5-Dimethylaniline_ _____________________________.___________ 7 to 11 | 14.60, 12.11, 9.70, 8.51, 7.52
Quinoline___________ 7 to 12 | 13.65, 12.76, 12.46, 10.55, 9.69, 8.95, 7.61
2-Methylquinoline_._____.___________________________________ 10 to 16 | 13.46, 12.80, 12.25, 10.55, 10.32, 8.96, 8.77, 8.19
8-Methylquinoline___ - 11 to 13 | 14.46, 13.31, 12.69, 12.23, 10.26, 9.34, 8.86, 7.61
2,8-Dimethylquinoline. .. ___________________________________ 11 to 17 | 13.21, 12.66, 12.8, 8.83, 8.17, 7.64
7-Methylquinoline ... _______ 15 to 18 | 13.09, 12.78, 12.50, 12.67, 11.31, 10.25, 9.66, 8.73
6-Methylquinoline. 15 to 17 | 13.16, 12.60, 12.06, 10.26, 9.67, 8.94, 7.55
4-Methylquinoline___ 15 to 23 | 14.22, 13.25, 11.95, 11.75, 10.52, 9.81, 8.80, 8.05
2,7-Dimethylquinoline . 15 to 21 | 12.88, 11.97, 11.47, 9.74, 8.77, 8.20, 7.68
2,4-Dimethylquinoline .. ... _____________ 15 to 25 | 15.47, 13.45, 13.22, 11.67, 10.52, 9.76, 8.39, 7.47
2,6-Dimethylquinoline. 16 to 24 | 15.41, 12.39, 12.68, 11.41, 8.95, 8.19, 7.61
2-Phenylpyridine _______. e 18 to 22 | 14.35, 18.35, 12.50, 10.80, 10.07, 9.80, 9.30, 8.72
2,4,8-Trimethylquinoline. . 24 to 30 | 13.96, 13.16, 11.62, 9.70, 8.60, 8.31
2,6,8-Trimethylquinoline___ 19 to 26 | 12.68, 11.67, 9.66, 8.30, 7.47
4,6-Dimethylquinoline (?). . R 24 to 27 | 12.24, 11.92, 11.48, 8.79, 8.04
4-1\’4her111y11pyri1(]iine,l___..d_._._(:?.) 22 to 25 | 14.50, 13.90, g% }8’32' 8'2(7)' g‘%, 7.64
2-Methyl-6-phenylpyridine (?)__.. . 26,27 | 14.45, 13.95, 13.15, 10.35, 9.67, 9.
2,4,7-Trimethylquinoline 25 to 30 | 15.45, 15.06, 12.90, 12.39, 11.65, 11.31, 10.87, 9.71, 8.79, 8.36
2,4,6-Trimethylquinoline ._.___._____________________________ 26 to 32 | 15.40, 12.92, 12.18, 11.70, 11.45, 9.70, 8.85
3,4-Dimethylquinoline (?) - - oo 29 to 32 | 14.20, 13.25, 11.22 (or 11.35
2-Naphthylamine____ 30 to 34 | 13.60, 12.42, 11.97, 9.82, 8.90, 8.75, 8.47, 8.18, 7.78
N-Benzyl-2-methylaniline. .. ___._____________________________ 30 to 32 | 14.40, 14.05, 13.85, 13.45, 9.52, 8.87
N-Benzyl-4-methylaniline_.____________ 34,35 | 14.40, 13.55, 12.44, 9.74, 8.91, 8.03, 7.95, 7.72
Benzo[h]quinoline (7,8-Benzoquinoline) . 38 | 13.92, 13.46, 12.44, 12,03, 8.54 (330, 315, 295, 264.5)
Acridine (2,3-Benzoquinoline)._._._____ 34,35 | 13.61, 12.72, 11.75, 11.05, 10.47, 8.78 (360, 339, 331, 323, 310)
Phenanthridine (3,4-Benzoquinoline) ___ 34 to 37 | 13.94, 13.41, 13.06, 11.28, 10.46, 9.65, 8.08 (356, 343.5, 336, 328, 313)
Benzo[f]quinoline (5,6-Benzoquinoline) . 34to 38 | 14.17, 13.37, 12.25, 11.92, 11.49, 9.13, 8.80, 8.09, 7.69 (345, 331, 315, 293.5)
2,4-Dimethylbenzo[h]quinoline (?)______ 37,38 | (347, 330, 316, 297, 287)
2,4-Dimethylbenzo(g]quinoline (?)______ 34 to 38 | (381, 357, 347, 338, 331)
2,4-Dimethylbenzo[f]quinoline (?).._... .. .. ___________ 35 | (347, 330, 295, 268)

1 Major absorption band in italics; ultraviolet bands in parentheses.
2 (?) indicates uncertainty as to which isomer is present.

ments of 22 individual anilines. Also these
bituminous-tar bases contained a large propor-
tion of polymethylquinolines. For this reason
eight polymethylquinolines, svnthesized in this
laboratory, were included in the determination
of the average absorptivity. The average
absorptivities that may be employed for a tar
distillate or a total tar-base mixture are as
follows: Total quinolines (based on 18 com-
pounds), 14.4 at 316.5 my, 17.5 at 290 mpu, and
23.3 at 260 muy; total anilines (based on 22
compounds), 0 at 316.5 mu, 19.7 at 290 mu, and
14.2 at 260 my; total pyridines (based on 13
compounds), 0 at 316.5 my, 0 at 290 my, and
21.3 at 260 mu. When applied to the tar-base
mixture isolated from the bituminous low-
temperature tar, this gave 49 weight-percent
total quinolines, 16 weight-percent total anilines,
~and 35 weight-percent total pyridines.

SPECTROPHOTOMETRIC ANALYSIS
OF TAR-BASE DISTILLATE FRAC-
TIONS

Infrared spectra of the tar-base distillate
fractions shown in table 9 were obtained with
the Model 21 Perkin-Elmer infrared spectro-
photometer and ultraviolet spectra with the
Beckman DK-2 spectrophotometer. For the
infrared spectra 1.0 to 3.5 weight-percent
sample in carbon disulfide was used in a 0.5-mm.
sodium chloride cell, and for the ultraviolet
spectra 0.015 to 0.035 g./l. in iso-octane was
used in a 10-mm. quartz cell. )

These spectra were compared with those of
individual compounds that conceivably could
be present in the various fractions on the basis
of boiling point. For this purpose the tar-base
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boiling-point index, given in the appendix of
this report, was found to be very useful. The
compounds found in the distillate fractions are
listed in table 18, which also gives the wave-
lengths of absorption bands, by means of which
the compounds were identified. The distillate
fraction or fractions involving the wavelengths
for each compound are listed in table 18. By
referring to table 9, it is apparent which identi-
fying wavelengths are involved in the analysis
of any specific fraction.

It was possible in almost all instances to
make at least an approximation of the quantity
of each compound 1n each fraction, and in many
instances it was possible to employ conven-
tional infrared and/or ultraviolet quantitative
analyses (59). In the latter situation, when
both methods could be employed, the quanti-
tative results compared satisfactorily with each
other.

For the higher boiling fractions containing
quinolines, the ultraviolet spectrophotometric
method for total pyridines and total quinolines
was used; modification for including total ani-
lines was employed. The weight-percentages
of total quinolines, total anilines, and total
pyridines for each tar-base distillate fraction
were determined and are presented in figure 7.
The wavelengths used for quinolines were 313
mu for fractions 7 to 10, 316.5 my for fractions
11 to 26, 319 mu for fractions 27 to 28, 321 mu
for fractions 29 to 32, and 329.5 mu for fractions
34 to 38. The wavelengths used for anilines
and pyridines were 290 mu and 260 mg, respec-
tively, for all fractions. The average absorp-
tivities, however, varied slightly from one
fraction to the other, reflecting the information
on individual compounds identified mainly
through infrared analysis.

Possible methods of correlating the infrared
spectra of quinolines with their structures, such
as those discussed in this report, were also
employed to obtain some preliminary ideas as
to which quinolines might be present.

It is not feasible to discuss the analytical
details of each of the approximately 75 infrared
and ultraviolet spectra of tar-base fractions
involved in this work; however, two such spectra
were chosen and are presented in figures 8 and
9. Figure 8 shows the infrared spectrum of
fraction 13, which contained three different
alkyl quinolines as significant components.
Some of the smaller absorption bands are not
too evident after the size of the spectrum is
reduced for reproduction, but the more promi-
nent bands are indicated. Each of the 51 com-
pounds identified usually had a single fraction
that was best for definite spectral identification.

For example, 2-methylquinoline was readily
identified in the spectrum shown in figure 8.
Once the characteristic absorption bands were
clearly identified for a given compound, they
could usually be followed in the spectra of the
adjacent fractions, even when they were too
small to have been noticed in the original inspec-
tion. The three high-intensity absorption bands
marked A (B,C), B (A,C), and C (A,B) in figure
8 were those used for quantitative analysis of
the three different alkyl quinolines in fraction
13. The absorption bands marked A,X could
not be used for this quantitative analysis, be-
cause a small amount of a fourth component
was present, which also absorbed at these two
wavelengths. This is cited as an example of
the fact that sometimes there were high-
intensity absorption bands that could not be
used for quantitative analysis.

Figure 9 shows the ultraviolet spectrum of
fraction 35. It can be seen that identification
of the components in a fairly complex mixture,
such as fraction 35, would have been rather
difficult if restricted solely to the ultraviolet
spectum. Although at least seven well-defined
absorption peaks or shoulders can be picked out,
this is not a large enough number for really
positive identification of all of the four or five
components present in significant amounts.
However, components A, B, and C were all
readily identified by means of the infrared spec-
trum of this same fraction, as well as adjacent
fractions. Having this information on the
composition of the fraction, the ultraviolet ab-
sorption due to components A, B, and C was
easily determined. This left about three dis-
tinet features of the ultraviolet spectrum that
appeared to be due to alkylated benzoquinolines,
on the basis of the ultraviolet spectra of the

2,4-dimethyl derivatives of benzo[f], [g], and

[h] quinoline,® all of which were available from
the literature. Also the last distillate fraction
or two contained material boiling at about 355°
C. or a little higher. This could have included
alkylated benzoquinolines such as 2,4-dimethyl-
benzo[h]quinoline, boiling point 355° C. Al-
though the spectra of other methyl derivatives
of benzoquinolines were not available, it was
assumed that, in general, it would be impossible
to distinguish between isomers of the same
parent benzoquinoline from the ultraviolet
spectra alone. Therefore there may be some
doubt as to the location of the methyl groups
in these three compounds.

6 The Chemical Abstracts system of structural formulas assigns the
name 1,3-dimethylbenzo[flquinoline to the structure that is named
2,4-dimethylbenzo[f]quinoline by many investigators.
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Freure 8.—Infrared Spectrum of Tar-Base Fraction 13.

INFRARED SPECTRAL-STRUCTURAL
CORRELATIONS OF QUINOLINES

It was desired to obtain spectral-structural
correlations of quinolines that might aid in the
characterization of high-boiling tar-base distil-
late fractions consisting of polymethylquino-
lines (61). There are well over 100 isomeric
possibilities, with very few published spectra
and no practical possibility of synthesizing all
of the compounds. Nine quinolines were syn-
thesized to supplement the few spectra available
from the literature.

The occurrence of strong absorption bands,
originating in the out-of-plane deformation vi-
brations of hydrogens on aromatic rings, in the
approximate region between 900 and 700 cm.™?,
is a well-established phenomenon that has been
thoroughly reviewed by Bellamy (9). He points
out (9, p. 236) that, although he could locate in-
frared spectra of only six quinolines in the
literature, these appeared to fall in line very
well with the expected absorption pattern for

aromatics in general. Apparently no other
reference to quinolines exists except a Japanese
publication by Shindo and Tamura (104). For
the correlations with the general aromatic pat-
tern they considered the carbocyclic and hetero-
cyclic rings separately, in the same manner as
Bellamy ; that is, the possibility of bands arising
from vibrational interaction of adjacent hydro-
gens on the carbocyclic and heterocyclic rings
was not discussed. They go farther than Bel-
lamy in pointing out that, when bands originat-
ing from the heterocyclic ring are compared
with the bands of a pyridine with the same
hydrogen structure, the quinoline band is “al-
ways’’ at slightly higher frequency. This is, of
course, due to the fact that a benzene ring has
been fused to the pyridine ring in the 2,3-posi-
tion, replacing two adjacent alkyl substituents.
The same phenomenon can be observed in going
from benzenes to naphthalenoid benzene rings
with the same hydrogen structures; that is,
replacing two adjacent alkyl substituents with a
fused benzene ring shifts the frequency to a



24 IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

greater value. When benzenes (B), naphtha-
lenoid benzene rings (N’), pyridines (P), and
quinoline heterocyclic rings (Qu), all of the same
hydrogen structures, are considered it is ob-
served that the frequency increase in going
from benzenes to naphthalenes is about the
same as the frequency increase in going from
pyridines to quinolines. In addition, when
naphthalenoid benzene rings (N) and quinoline
carbocyclic rings (Qc) with the same hydrogen
structures are considered, the frequencies are
about the same. These relationships appear
reasonable and are best evaluated by examina-
tion of the pertinent frequencies. It was there-
fore proposed that these relationships, as ex-
pressed in the following two equations, were
worth studying as a possible means of better
understanding the similarities that may exist
among benzenes, naphthalenes, pyridines, and

quinolines.
4 5 4
3 6 3
2 7 2
8

C

IR

U

alkylquinolines, and their sources, are pre-
sented in the appendix of this report.

Using the above-mentioned spectra, observed
values for the frequencies of B, N, N’, P, Qg,
and Qg were obtained, and these are all pre-
sented in table 19 so that they may be readily
available for the study of possible relationships.”

In most instances assignment of the bands to
a specific number of hydrogens was straight-
forward. In these, only a few major bands
occur in the 900- to 700-cm.~! region, as can be
seen in the infrared spectra of the quinolines
presented in the appendix of this report.
Bellamy’s ranges for the different numbers of
hydrogens in aromatic compounds were used
as a guide in making these assignments. In
a few instances there were bands of approxi-
mately equal probability for a certain assign-
ment; and in these, whichever major band
agreed better with the various pertinent cor-

4 5 4
3 6 3
N 5 N

~NS

(1)

with hydrogens in the same positions in Q¢ and N.

(a4

4

(2)
B

with hydrogens in the same positions in Qy, P, N' and B.

To examine these equations it was necessary
to collect as many spectra of benzenes, naph-
thalenes, pyridines, and quinolines as possible.
The American Petroleum Institute (API)
series of hydrocarbon spectra (2) was the main
source for spectra of benzenes and naphthalenes.
Mosby (79) has published the spectra of nine
different polymethylnaphthalenes. The infra-
red spectra of various alkylpyridines and

relations was chosen. A few errors may have
been made in band assignment.

In some instances infrared spectra were
available for the naphthalenes that correspond
exactly in structure to the quinolines. In

7 Two tables, (1) the frequencies and intensities of all bands in the 900
to 700 cm.-! region for all of these compounds, and (2) the compounds
used to obtain each observed frequency listed in table 19, have been

deposited as Document 5711, with the ADI Auxiliary Publications
%r(gect, Photoduplication Service, Library of Congress, Washington 25,
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Ficure 9.—Ultraviolet Spectrum of Tar-Base
Fraction 35.

others, it was necessary to use one naphthalene
for the N ring and another naphthalene for the
N’ ring. In two instances for the N’ ring the
required naphthalene spectra could not be
located; namely, for 1,2,3- and 1,2,4-trimethyl-
naphthalene. In these, satisfactory estimates
of the two missing single hydrogen frequencies
were obtained as follows: A number of naph-
thalenes were chosen approximating one of the
missing naphthalenes in structure and having
single hydrogens. The benzenes having the
same structures as the naphthalene rings with
the single hydrogens were then located, and
the frequency differences were obtained for
each pair, as indicated by the term in paren-
theses in equation 2. The average difference
was obtained and added to the single hydrogen
frequency for the benzene, or benzenes, with
the same hydrogen structure as the missing
N’ ring.

Using equations 1 and 2, calculated values
for the frequencies of Q¢ and Qg were obtained,
and these are recorded in table 19 so that ready
comparisons with observed values can be made.
With very few exceptions, the following re-
lationships can be seen to hold for the observed
frequencies when the identical hydrogen struc-

tures are considered: Qe >P>B<N’. Two
of these relationships have been discussed
previously; the fact that the pyridine fre-
quencies are greater than the frequencies of
benzenes with the same hydrogen structures
has been mentioned, but not elaborated on, by
Cannon and Sutherland (21).

When the observed Q¢ frequencies are com-
pared with the calculated Q¢ frequencies and
the observed Qu frequencies compared with the
calculated Qg frequencies, for the identical hy-
drogen structures (for the same individual
quinoline), they agree well in most instances.
In 27 out of 50 instances the above-mentioned
comparisons showed differences ranging from 0
to 5 ecm.™!, which is very good agreement. In
16 out of 50 instances the differences ranged
from 6 to 10 cm.™!, which should be considered
fair agreement; in 3 instances the differences
ranged from 11 to 15 em.™!, which is poor agree-
ment; and in 4 instances the differences ranged
from 16 to 22 em.™!, which is very poor agree-
ment. Therefore, there is a significant number
of instances in which the relationships proposed
for study are not in agreement with the ob-
served frequencies. This could be due in part
to improper band assignments or inaccurate
spectra, but probably in other instances these
discrepancies indicate that a different relation-
ship exists than is shown in the equations.
This may imply that all these relationships are
more complex than can be visualized at the
present time.

When the carbocyclic and heterocyclic rings
of a quinoline each have the same number of
adjacent hydrogens, two separate absorption
bands are calculated from the equations and
apparently are also always observed. In gen-
eral, the frequency of the heterocyclic band is
greater than that of the carbocyclic band, for
the same number of adjacent hydrogens. This
is what would be expected from the fact that
the pyridine frequencies are greater than the
benzene frequencies for the identical hydrogen
structures.

USE OF SPECTRAL-STRUCTURAL
CORRELATIONS FOR TAR-BASE
DISTILLATE FRACTIONS

In several spectra of tar-base distillate frac-
tions there were some absorption bands that
could not be accounted for with the available
spectra of individual compounds. Spectral-
structural correlations were employed to ad-
vantage in demonstrating the probable presence
of several tar bases.

Fractions 7 and 8, boiling 210°-228° C., had
absorption bands at 12.19 microns in the range

for the out-of-plane deformation vibration of
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TABLE 19.—Infrared absorption bands for out-of-plane hydrogen deformation vibrations of

methylquinolines
Hydrogen Frequencies, em.~!
Methylquinoline C
No. Position B N N/ P e =
Observed | Calculated | Observed | Calculated
2- 2 3,4 804 808 817 817 821
3 4 56,7,8 743 742 743
= 1 2& 849 861 876 888 888
4 5,6,7,8 746 752 746
4= 2 2,3 804 824 815 836 835
4 5,6,7,8 754 754 754
5 3 2,3,4 766 784 784 799 802
3 6,7,8 810 813 810
6~ 3 2,3,4 766 784 784 794 802
1 5 870 874 870
~ 2 7,8 816 830 816
- 3 2,3,4 766 775 784 799 793
1 8 870 885 870
2 5,6 824 828 824
8- 3 2,3,4 766 765 784 788 783
23.Di 3 56,7 815 818 815
y3-Di- 1 4 862 871 893 898 902
9 4.Di 4 5,6,7,8 739 749 739
»4-Di- 1 862 871 857 856 866
2.6-Di 4 5,6,7,8 739 743 739
,6-Di- 2 3,4 804 808 817 828 821
1 5 883 876 883
2 7.Di 2 7,8 810 807 810
,7-Di- 2 3,4 804 808 817 835 821
}z 586 833 877 883
. ) 792 770 792
2,8-Di- 2 3,4 804 808 817 829 821
2.3.8Tri 3 56,7 791 791 791
,3,8-Tri- 1 4 862 871 893 907 902
. 3 5,6,7 769 764 769
2,4,6-Tri- 1 3 862 882 857 875 877
1 5 853 857 853
9.4.7-Tri 2 7,8 810 826 810
4Tl 1 3 862 882 857 885 877
% 586 geln SGg 861
. , 0 80! 810
2,4,8-Tri- 1 3 862 871 857 862 866
2 5.7-Trl 3 5,6,7 752 761 752
,5,7-Tri- 2 ,4 804 808 817 819 821
2.5 .8 1 6&8 861 858 861
»5,8-Tri- 2 3,4 804 808 817 818 821
. 2 6,7 824 830 824
2,6,8-Tri- 2 3,4 804 808 817 829 821
) 1 5&7 861 859 861
2,7,8-Tri- 2 3,4 804 808 817 838 821
24 58T 2 5,6 808 791 808
»4,5,8-Tetra- % 637 862 871 857 857 866
, 824 818 824
2,4,7,8-Tetra- 1 862 871 857 860 866
2 5,6 808 815 808

two adjacent hydrogens on an aromatic ring
and 11.69 microns for a single hydrogen. This
suggested the presence of a 2,4-, 2,5-, or 3,4-
dialkylpyridine. These two bands and bands
at 15.32, 10.85, 10.36, 9.43, and 8.37 microns
were similar to those of 3-ethyl-4-methylpyri-
dine, boiling point 196° C., found in fractions
2 to 6. From this it appeared probable that
these bands were due to the presence of 3,4-
diethylpyridine, boiling point 212° C.
Fraction 26, boiling point 280° C., had a band
at 13.95 microns for five adjacent hydrogens,
that is, a phenyl group, and 13.15 microns for
three adjacent hydrogens. This immediately
suggested a pyridine with a phenyl group and
an alkyl group in the 2,3- or 2,6-positions. The
only such compound that boils low enough is
the diortho-substituted isomer, 2-methyl-6-
phenylpyridine, boiling point 281° C. "The
strong likelihood of its presence was substanti-
ated by bands at 10.35, 9.67, and 9.25 microns

for 1,2,3-substitution in a benzene ring (the
pyridine N being one of the substituents, of
course), and by a band at 14.45 microns for
monosubstitution in a benzene ring (the phenyl
group).

Fractions 29 to 31, boiling 290°-305° C.,
had a strong absorption band at 13.25 microns
in the range for four adjacent hydrogens,
which can be observed in the spectra of these
specific lower boiling quinolines: 2-methyl-
(13.42 microns), 3-methyl-(13.32 microns),
4-methyl-(13.25 microns), 2,3-dimethyl-(13.42
microns), and 2,4-dimethyl-(13.21 microns).
These fractions likewise had a medium band
at 11.1 to 11.3 microns in the range for a single
hydrogen, which can be observed in the spectra
of two specific lower boiling quinolines,
3-methyl-(11.25 microns) and 2,3-dimethyl-
(11.14 microns). These two bands in fractions
29 to 31 thus strongly indicated the presence
of 3,4-dimethylquinoline, boiling point 295° C.
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GAS-LIQUID  CHROMATOGRAPHY
OF TAR ACIDS RECOVERED FROM
DRY-ICE TRAP

To complement as well as check the results
obtained by distillation and infrared analysis,
a completely independent method of separation
and analysis was chosen for the tar acids
recovered from the dry-ice trap. This was
a gas-liquid chromatographic technique for
phenols (56), which had been developed early
in 1956. A Perkin-Elmer model 154 chro-
matographic apparatus, shown in operation
in figure 10, was used for gas-liquid chro-
matography of tar acids.

For this investigation a 12-foot column of
J-inch tubing packed with Johns-Manville
C-22 firebrick, 30-60 mesh, containing 31
weight-percent di-n-octyl phthalate was used
at 160° C., with a carrier gasflow rate of 150
cc. helium per minute (15 p.s.i.g. inlet, outlet
at 1 atm.), and a 250-pl. sample (57). The
efficiency of this column was determined using

a charge of o-cresol and the equation given by

Wiebe (115):
Ve \2
pg2<vm_ Ve) ’

where p=number of theoretical plates,
Vn=volume of effluent that has passed
through the column when the zone
maximum appears in the effluent,
Ve,=volume of effluent that has passed
through the column when a point
on the elution curve has been
reached where the solute concentra-
tion is 1/e‘* of the maximum

(e=2.71828).

A value of 966 theoretical plates was obtained.
The results of fractionating the tar phenols
are shown in figure 11, where there are eight
obvious concentration maxima. Traps, con-
sisting of a short length of 12-mm.-i.d. glass
tubing fitted with a rubber serum bottle cap
and syringe needle, were filled with about 1 ml.
of spectrograde cyclohexane and used in an
attempt to isolate the components producing
the major peaks in the elution curve. Infrared

F1GURE 10.—Separation and Analysis of Low-Boiling Tar Acids Using Gas-Liquid Chromatography.
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Ficure 11.—Gas-Liquid Chromatography of Tar Acids Recovered From Dry-Ice Trap and Retention Times of
Individual Pure Phenols.

analysis of the solutions corresponding to peaks
1 and 2 showed beyond any doubt that the
compounds responsible for these peaks were
phenol and o-cresol, respectively. However,
contamination of subsequent solutions with
residual phenol and o-cresol in the collection
system made positive identification of the
components responsible for other peaks impossi-
ble with this type of collecting device. TFurther
identification was possible by comparing the
relative retention times of the various peaks
with the relative retention times of individual
pure low-boiling phenols under identical oper-
ating conditions, as shown in table 20. The re-
tention times of the individual pure phenols are
indicated in the lower portion of figure 11.

The areas under each of the peaks in figure 11
were obtained by a planimeter and the weight-
percentages of phenols were calculated from
these areas and the total area. The thermal
conductivities of the components are assumed
equal, being homologs; therefore, areas under
the recorded curves are directly proportional
to the weight-percent of the components (19).
Synthetic blends showed that, for the phenols

TaBrLe 20.— Comparison of relative retention
times of tar acids recovered from dry-ice trap
with those of pure compounds

Peak Retention Retention
No. time relative Compound time relative

to peak 2 to o-cresol

1 0.75 | Phenol. .. ___ ... ... 0.79

2 1.00 | o-Cresol_ . _____________ 1.00

3 1.13 2,6-é§y1e}101 1.12

‘m-Cresol._ _

4 1.31 p-Cresol. __ 1.29

5 1.53 | o-Ethylpheno! 1.53

167 {2,&Xy1enol 1.66

6 -67 112)4-Xylenol . 1.70

7 2.01 {2,3-Xylenol - - 1.98

. p-Ethylpheno. - 2.02

8 2.16 | 3,5-Xylenol.__ - 2.08

9 2.42 | 34-Xylenol.________________.__ 2.47

involved, the areas were closely proportional
to the grams of phenols but not to the moles of
phenols. These values are given in table 21,
which also includes the weight-percents cal-
culated from the infrared data given in table 11.

Figure 11 demonstrates that by means of
gas-liquid chromatography alone a low-boiling
mixture of phenols with as many as a dozen
components can be fairly well characterized,
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both qualitatively and quantitatively. There
can be no question about the identity of a com-
ponent for those retention times for which cali-
brations have been made on all theoretically
possible phenols and where the peaks for
individual phenols are essentially isolated in
time. Examples of this would be peaks 1, 2, 3,
and 5. The quantitative analysis is always
obtainable with acceptable accuracy from the
areas under these peaks. In general the gas-
liquid chromatographic analysis is more simple
and direct. However, it is limited in scope
by the difficulty of resolving certain phenols
that have very similar partition coeflicients.

In table 21 the agreement between weight-
percentages of phenols by infrared analysis and
gas-liquid chromatographic analysis is fairly
good. In the case of two compounds, 2,6-
xylenol and o-ethylphenol, only an estimate of
the quantity could be made by infrared analysis.
In the gas-liquid chromatographic analysis,
these two compounds gave two distinet peaks
whose areas could be obtained with fair accuracy

GAS-LIQUID CHROMATOGRAPHY OF
LOW-BOILING TAR ACIDS RECOV-
ERED FROM MAIN TAR DISTILLATE

The mixture of tar acids boiling up to 234° C.,
that is, including 3-ethyl-5-methylphenol and
2,3,5-trimethylphenol, was fractionated in the
gas-liquid chromatographic apparatus (68). For
this separation the total mixture of tar acids
was subjected to a preliminary vacuum distilla-
tion to remove most of the material boiling
above approximately 240° C., as these phenols,
starting with the indanols, had excessively long
retention times, which flattened their peaks
sufficiently to make them useless. A 4-meter
column of Y%-inch copper tubing packed with

TasLe 21.—Comparison of infrared and gas-
liquid chromatographic analysis of tar acids
recovered from dry-ice trap

Weight-percent
Compound
IR GLC
Phenol ——- 22.5 21
- %g 26
DX anot. : 5 2 ”
2,4-Xyleno
2/5-Xylenol 3. 5}16~ 5 }13
2,6-Xylenol - >2 5
3,5-Xylenol R 3 3
o-Ethylphenol. - _ ~1 2
m-Ethylphenol.__ - 1.5
p-Ethylphenol. R 4.5 3
2,3-Xylenol ... 1
3,4-Xylenol. . iaao ~.8 <1
~96 ~99

Johns-Manville C-22 firebrick, 30-60 mesh,
containing 34.7 weight-percent di-n-octyl
phthalate was used at 160° C., with a carrier
gasflow rate of 127 cc. helium per minute,
measured at approximately 26° C. and 1 atm.,
the column inlet pressure being 15 p.s.i.g. The
sample size was approximately 250 ul. The
results are shown in figure 12. Thirteen peaks,
or shoulders on peaks, were obvious, indicating
a minimum of 13 phenols. Retention times of
the substances producing these peaks, relative
to peak 1, were determined and compared with
the relative retention times of individual pure
phenols under identical operating conditions.
This comparison is shown in table 22.

A collecting system, based on one previously
described (92), was used to advantage in
identifying the components in peaks that were
incompletely resolved. This system consisted
of a short length of electrically heated X-inch
stainless steel tubing leading from the thermal
conductivity cell and connected to an electrically
heated stainless steel sample block into which

6
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Fraure 12.—Chromatogram of Tar Acids From Main Tar Distillate.
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TaBLE 22.—Comparison of relative retention  insulation placed between the heated block and

times of tar acids from the main tar distillate the dry ice container. The capillaries were
with those of pure compounds plugged with round-type toothpicks. When
collection of a portion of a peak was desired, the

Peak | Retention Combound Retention toothpick was removed from a capillary for
© | Mo peak 1 poun o phenol - the proper time interval. Figure 13 shows this
collecting system. For analysis, the capillary

1.00 1o was screwed into the microcell, and a drop or

18 18 two of carbon disulfide was introduced at the top

L.70 172 andforced down with nitrogen. Figure 14 shows

2.00 206 a capillary in place in the microcell and solvent

2,20 221 being introduced with a syringe and needle.

Toemoees 248 24 As little as 0.5 mg. of sample per capillary was
o 269 sufficient for infrared analysis. In addition to
“““““ 2.86 21 collecting samples for infrared analysis, it was
32 32 found that, by collecting about 5 mg., good

3.99 | Unknown oo . molecular-weight determinations or melting-

" | 3B thyl-5-methylphenal -1 26  point determinations could also be made, thus

extending the usetulness of this device. For

! Possibly 5-ethyl-2-methlyphenol. example, during the determination of the reten-
tion times of the individual pure phenols,

were screwed eight stainless steel capillaries.  samples of 2,4-xylenol and also 2,6-xylenol

These capillaries were about 3 inches long and  were collected. The sample of 2,4-xylenol was
were threaded at one end to fit an infrared  washed into the microboiler of an ebullio-
microcell. In operation the capillaries were  scopic molecular-weight apparatus by sus-
surrounded by powdered dry ice, with cork  pending the capillary in the refluxing benzene.

ROUND-TYPE

|~ TOoOTHPICK

DRY-ICE
N p I CONTAINER

| STAINLESS—
STEEL CAPILLARY
Py COLLECTION TUBE
WITH 0.12 IN.
| THREADED END
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~— INSULATOR

: '-;::’ :-7| 0.540 IN.
e 7 - THREADED

I [ £ i I | OPENING
OUTLET ‘> ////

‘ELECTRICALLY HEATED
STAINLESS-STEEL BLOCK
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F16UurE 13.—Fraction Collector Used in Gas-Liquid Chromatography.
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F1Gure 14.—Fraction Collection Tube and Micro-
infrared Cell.

The weight of sample removed by washing was
determined to be 5.637 mg., and the molecular
weight was subsequently determined to be 119,
compared with the theoretical value of 122.
The capillary containing the sample of 2,6-
xylenol was scraped with a fine wire to remove
a small amount of white powder, which was
examined in a melting-point apparatus having
a low-power microscope. A sharp melting
Point of 45° C. was obtained, the same as the
iterature value (6§4).

By using the collecting system, followed by
infrared analysis, identities of the phenols pro-
ducing the various peaks were confirmed in nearly
all instances. In particular, all phenols listed
in table 22, except 2-n-propylphenol, were shown
beyond any doubt to be present in the same
peaks indicated by the retention times of the
individual pure phenols. This indicates that
retention times of pure compounds could be
used as the sole means of identification of the
materials producing peaks, without introducing
widespread errors. The material producing
peak 8 appeared to contain m-ethylphenol in
addition to the other phenols shown in table 22.

The presence of 2-n-propylphenol could not be
definitely established, although the spectral
evidence was fairly good. This consisted of its
orthoband at 13.33 p in conjunction with the
required boiling point. The unknown phenol
was believed to be 5-ethyl-2-methylphenol,
but an authentic sample was not available for
confirmation. The material producing the
first portion of peak 13 contained 2,3,5-
trimethylphenol, and the last portion contained
3-ethyl-5-methylphenol—the peak having a
gradient composition of these two components.
This phenomenon of a gradient composition
was observed for other peaks containing two or
more components. It appeared unlikely that
any of the peaks were due to azeotropic
mixtures.

The areas under the peaks in figure 12 were
obtained by means of a planimeter and the
weight-percents of phenols were calculated
from these areas. Examination of synthetic
blends showed that, for the phenols involved
in this work, the areas were closely proportional
to the grams of phenols but not to the moles of
phenols. Synthetic blends of the available
pure phenols were also examined to test quanti-
tative recoveries using peak areas and to test
the sample-collecting system. Determination
of the areas under ill-defined peaks, such as 5,
was aided by sketching in peak 6 as it would
probably look if it were an isolated peak, thus
establishing a reasonable baseline for peak 5.
The weight-percents of the phenols, on the
basis of the total tar acids obtained from the
main tar distillate, are presented in the right-
hand column of table 23. Table 23 also
contains, for the purpose of comparison, the
weight-percents of these phenols obtained from

TaBLE 23.—Comparison of infrared and gas-
liguwid chromatographic analysis of tar acids
from main tar distillate

Weight-percent in
total tar acids
Compound

By IR By GLC
Phenol. oo 1.4 1.9
o-Céesoli_._ _______________________ :; g 5.1
m-Cresol. X
p'C§s?l"'1 _______ gg 14.6 1.8
2,4-Xylenol.______ 3
2,5-Xylenol.._.... 3 5j13.6 12.8
2,6-Xylenol_______ 1.0 1.3
o-Ethylphenol.___ (O] 1.5
m-Ethylphenol._. 2.5
p-Ethylphenol. . _ 2.5
2-n-Propylphenol. () 12,2 10.9
2,3-Xylenol ______ 1.3
3,5-Xylenol____ 5.9,
3,4-Xylenol..________ - 3.7
UnKnown. - - - occeecceceeeee O] 8.2 7.9
4-Ethyl-2-methylphenol. .. _____ 4.5
3-Ethyl-5-methylphenol. _ 3. 0} 7.9 5.4
2,3,5-Trimethylphenol . _______ - 4.9/ © .
2,4,6-Trimethylphenol .. __________ ... ) 1.4

1 Quantitative infrared analysis not possible.
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the results of the infrared analysis given in
table 12.

It can be seen in table 23 that fairly good
agreement was obtained in the quantitative
analysis of the bituminous coal-tar phenols by
the completely independent techniques of infra-
red analysis and gas-liquid chromatographic
analysis. It should be emphasized that, al-
though there are several phenols that cannot
be completely resolved by gas-liquid chroma-
tography, the quantities of the resolved phenols
and the total quantities of the various combina-
tions of unresolved phenols can be obtained
with a much larger measure of assurance that
they are correct than is frequently the case in
infrared analysis of distillate fractions. In the
latter technique no matter how efficient a dis-
tillation column one has, the many possible
azeotropic systems that exist amongst phenols
(88) smear most of them together. As an
example, 2,4-xylenol (b. p., 210° C.) has been
shown to form an azeotrope with 2,46-tri-
methylphenol (b. p., 222° C.), and the occur-
rence of 2,4-xylenol with 4-ethyl-2-methylphenol
(b. p., 222° C.) and 3,4-xylenol (b. p., 225° C.)
in distillate fractions 11 and 12 may be due to
azeotropism. In addition, the choice of an ap-
propriate analytical wavelength for each compo-
nent is not always as easy as it may appear; as
a general rule, when dealing with a mixture of
homologs, a component in the range of about
10 percent can be analyzed only semiquantita-
tively, and around 5 percent or lower compo-
nents are frequently missed altogether. On the
other hand, in gas-liquid chromatography cer-
tain phenols produce their own discrete peaks,
which can be identified readily by retention
time and of which the area is easily calculated
for the quantitative analysis. As far as is
known, no azeotropes have ever been reported
as occurring in gas-iquid chromatography.
Symmetrical-appearing peaks containing two
components can be shown to have a gradient
composition by collecting different portions of
the peak and analyzing for the two compounds
by conventional methods.

Two phenols, o-ethylphenol and 2,4,6-tri-
methylphenol, defied analysis by infrared spec-
trophotometry due to low concentrations in
their respective distillate fractions but were
readily identified and analyzed by gas-liquid
chromatography. As previously explained, the
infrared analysis of the cresols was not as
accurate as it would have been had the typical
distillation fractionation been possible. This is
shown in table 23 in the comparison of the infra-
red results with the more reliable gas-liquid
chromatography results. It can be seen that,
by the combination of retention times, infrared
analysis of peaks containing more than one
phenol, and the peak areas, a reasonably good

analysis of a total tar acid mixture boiling up to
234° C. can be obtained with gas-liquid chroma-
tography without recourse to time-consuming
procedures such as fractional distillation.

COUNTERCURRENT DISTRIBUTION OF
HIGH-BOILING TAR-ACID DISTIL-
LATE FRACTIONS

To complete the characterization of the tar
acids it was necessary to fractionate and analyze
the high-boiling phenols. The method chosen
for this complex material was countercurrent
distribution, supplemented by ultraviolet and
infrared spectrophotometry (60).

Complex mixtures of phenols are frequently
encountered in various fields of research, but
the capabilities of countercurrent distribution
for fractionation of these substances have never
been fully demonstrated. The only previous
use of countercurrent distribution for high-
boiling phenols is that described by Golumbic
and others (41) for material obtained from coal-
hydrogenation oils. This work was done more
than 10 years ago, prior to the availability of
modern equipment with its distinct advantages
of all-glass construction, higher number of
transfers, greater sample capacity, fraction col-
lector, and completely automatic operation.
In addition, a considerably larger selection of
authentic specimens and spectra have become
available in recent years. The net result of
these new factors 1s an analytical method
especially well suited to extremely complex
mixtures of high-boiling phenols.

Infrared spectra were obtained on all the
high-boiling tar-acid distillate fractions shown
in table 8; they were then combined on the basis
of qualitative similarity to give 10 samples and
subsequently fractionated by countercurrent
distribution, except for the lowest boiling one.

The instrument used was a 60-tube all-glass
model with 200 tubes in the fraction collector
and an automatic robot mechanism. This
apparatus is shown in operation in figure 15.
Each tube held 40 ml. of each phase. The
instrument was operated so as to obtain 100
to 105 transfers or plates. The average sample
size was about 185 mg.; the upper phase con-
sisted of spectrograde cyclohexane, and the
lower phase was a phosphate buffer made from
varying proportions of 0.5M Naz;PO, and 0.5M
Na,HPO, so as to give a pH from 9.94 to 11.86.
The pH selection was made on the basis of the
phenols that might be present in each boiling
range and the known partition coefficients at
various pH values of these phenols. After the
completion of each fractionation, 8 ml. of 1:1
hydrochloric acid was added to each tube to
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Ficurg 15.—Separation and Analysis of High-Boiling Tar Acids Using Countercurrent Distribution.

neutralize the buffer and mixed well so as to
dissolve the phenols in the cyclohexane.
Ultraviolet spectra were obtained on each
cyclohexane solution, and plots of total absorb-
ance (most of them at two informative wave-
lengths) versus tube number were prepared.
These are presented in the upper halves of
figures 16 to 24, inclusive. On the basis of
these plots and the qualitative similarity of the
ultraviolet spectra, combinations of the cyclo-
hexane solutions were made for infrared anal-
ysis. Almost all the cyclohexane had to be
evaporated off to get good infrared spectra, and
it was found that conventional methods resulted
in the loss of the easily sublimed phenols. A
satisfactory technique was as follows: About
150-ml. cyclohexane solution, containing on the
average 6 mg. phenols, was placed in an ordi-
nary distillation flask with sidearm ; the cold fin-
ger was kept at 0°-5°. The cyclohexane was
almost completely removed in about 45 minutes,
with no detectable loss of phenols, by reducing
the pressure to about 65 mm. and immersing the
flask in a water bath maintained at 40°-50°.

The volume of the solution was reduced to 0.25
ml., which was just enough to fill a 0.5-mm.
sodium chloride cell. A matched cell contain-
ing cyclohexane was used in the reference beam
to obtain the infrared spectrum.

On the basis of the combined qualitative re-
sults from the ultraviolet and infrared spectra
the constituents from each countercurrent dis-
tribution fractionation were distinguished from
one another and assigned numbers, as shown
in tables 24 to 32, inclusive. The distribution
curve of each constituent was readily visualized
by following the appearance and disappearance
of characteristic absorption bands in the spectra
of consecutive countercurrent fractions. This
was made easier by the fact that the distribu-
tions were essentially Gaussian as well as sym-
metrical. Distribution peaks observed in this
manner always coincided with peaks in the plot
of total absorbance versus tube number.

For example, the first appearance of con-
stituent 6, 3-ethyl-5-methylphenol, was in tube
22 (upper half of fig. 16), as indicated by its
characteristic bands. The last appearance was
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Fraure 16.—Countercurrent Distribution of Tar Acids Boiling 238°-251°; 100 Transfers; pH 11.58.

TasLE 24.—Countercurrent distribution of tar acids boiling 238°-251°; 100 transfers; pH 11.58

Constituent Peak tube
Partition
Observed analytical wavelengths (UV in mp, IR in )| coefficient
No. Identity Calculated | Experi-
mental
1| Unknown I o . 285.2, 275.2, 252.5, 245.5 My oo [/ R P 0
2 | 3,5-Xylenol 281.2, 273.8 mu 114 12 12
3 | 3,4-Xylenol 285.0, 278.7 my, 18.72, 12.52, 12.32, 11.85, 11.58, 10.57, 116 13 14
9.95, 9.80, 8.97, 8.66, 8.42, 7.90, 7.73 i
4 {4Indanol.. ... 276.4, 271.0, 268.7 my, 14.25, 13.07, 12 98, 10.18, 10.00, 131 23 21
9.52, 8.72, 8.32, 7.85, 7.62 1
5| &Indanol. . .. . ... 289.6, 283.3, 280.2, my, 14.45, 13.49, 12.52, 12.32, 11.91, 135 26 26
11.65, 10.68, 9.23, 8.82, 8.52, 7.92 .
6 | 3-Ethyl-5-methylphenol .. ______._______________ 280.9, 276.5, 273.3, 271.0, 267.0, 264.0 mp, 14.47, 12.02, 1.59 37 37
11.86, 11.67, 11.07, 10.40, 8.68, 8.58 u.
7 | 8-Ethyl-4-methylphenol ... .. _____ 12.40, 11.49, 10.81, 8.61, 8.31, 7.95, 7.70 s _ ... 64| 39
8 | 4-n-Propylphenol_______________________________ 285.4, 278.9, 276.0, 273.0, 270.0, 267. 0, 264 0 261.0 mp, 1,87 46 41
. 14.20, 13.08, 12.62, 12.20, 9.02, 8.56, 6
9 | 2,3,5-Trimethylphenol . _________________________ 282.4, 977.9, 273.4 mpu, 12.06, 11.90, 10 30, "9.27, 8.77, 12,6 228FC 25FC
. 8.62, 8.17, 7.88, 7.62 4.
10 | 2,6-Dialkylphenol___.___________________________ 285.0, 277.5 My, 13.83, 13.08 oo oo 9.8 |ooooooos 6FC
(2-Ethyl-6-n-propylphenol)
11 | 2,3,5,6-Tetramethylphenol . __._________________ 13.08, 12.95, 12.06, 9.17, 8.46 p_ - - oooooooooeeae 159 1FC 1FC

1 Partition coefficient determined from authentic specimen; other values calculated from experimental peak tube.

2 Tube in fraction collector.
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TUBE NUMBER
Fraure 17.—Countercurrent Distribution of Tar Acids Boiling 251°-258°; 100 Transf

ers; pH 11.20.

TaBLE 25.—Countercurrent distribution of tar acids boiling 251°-2568°; 100 transfers; pH 11.20

Constituent Peak tube
Partition
Observed analytical wavelengths (UV in my, IR in x)| coefficient
No. Identity Calculated | Experi-
mental
12 | 4Indenol . . . ... ___,, 299.5, 287.8, 252.5 mu, 14.45, 13.45, 13. 42, 12.20, 10.13 11 13
11.10, 1098 1060 10.00, 6.42 u

13 | 5-Indemol._____ .. 307.0, 290 268 258 mu, 14 60, 14 48 13.65, 13.00, 10.52 I 2 U 24
940 9.00, 825 6.42, 6.29, 627;4

4| 4-Indanol..____.____.....oo_______.____|2764 271.0, 268.7 mpu. _ 1.68 41 39

5| &Indanol __..______._______ 289.6, 283.3, 280.2 mMu. __ 1.79 45 45

14 | Unknown IX____.___________ (No distinctive bands. ) L96 | 50

15 | 3,4,5-trimethylphenol 284.7, 280.0, 276.0 mpu, 14.33, 13.52, 12.04, 8.82, 8.44, l1 2 55 56
8.06 u.

16 | 1-, dZ lo(r? » 3-Methyl-5-indanol  (1-Methyl-5- | 288.8, 284.0, 280 mg, 12.54, 12.32, 11.95, 10.68, 9.24, 8.55 u_ -7 2 D 218FC

indano
17 | 1-, dZ-, ]o(g?) 3-Methyl-4-indanol (3-Methyl-4- | 276.5, 271.5, 269.0 mg, 14.27, 13.12, 12.98, 10.21, 8.73, 3.8 | 16FC
indaho 8.34 u.

18 | 3,5- D;alkylphenol (3-Methyl-5-n-propylphenol) .| 280.3, 276.6, 273.4 my, 14.47, 12.04, 11.95, 10.38, 8.72 u__ 6.0 |-ocoooaoo 10FC

19 | 3,4-Dialkylphenol (4-Ethyl-3-n-propylphenol)_..| 285, 278.3 my, 14.34, 13.60, 12.84, 12.45, 12.35, 11.87, 1 4FC
10.53, 10.37, 8.70 p.

! Partition coefficient determined from authentic specimen; other values calculated from experimental peak tube.
2 T'ube in fraction collector.



36

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

. 20
{ 6
w
(&)
z
<<
@
o
(o]
(2}
@
<
14—
12—
» 10—
=
<
x
© 8 23
-
S i
= e 20
4
2 zll 3 Taz 2l4
0 /\
T T 1 1 T T T T T ml
0 10 20 30 40 50 40 30 20 10 o

l—FRACTION COLLECTOR—+|

TUBE NUMBER

Ficure 18.—Countercurrent Distribution of Tar Acids Boiling 258°-260°; 100 Transfers; pH 10.49.

TaBrLE 26.—Countercurrent distribution of tar acids boiling 268°-260°; 100 transfers; pH 10.49
Constituent Peak tube
Partition
Observed analytical wavelengths (UV in my, IR in u)| coefficient
No. Identity Calculated | Experi-
mental

20 | Methyl-1-indanone (4-Methyl-1-indanone(?))...| 314.0, 302.5, 206.0, 278.0, 2574 253,5. 249.5, 245.6, 0.85 |- . 26
2420mu 1295 865 59

21 | Methyl-l-indanone (6-Methyl-1-indanone(?))__| 814.0, 278.0, 271. 0 257. 5 253, 5 249.7, 242.0 my, 5.93 u-. 10 |cooiooos 56

13 | 5-Indenol ... . .. ... 307. 0 290. 0 280. 0 268. 0 258 mu, 14 60, 13.00, 10.52, 2.0 fooooooooo- 230FC
10. 38 8. 25 6.27 u

5| &5Indanmol._ . . 289.5, 284 0, 280 0 m;.c, 14.45, 13.47, 12.55, 12.32, 10.68, 12,9 20FC 24FC

9. 25 8.82, 8.5

22 | 2,3- or 2,6-Alkylalken-1-ylphenol (3-Methyl-2- | 296.4 mg, 14, 10 12 88, 10,20 fomm oo 80 |ocooiiaoas 20FC

propen-1-ylphenol).
16 | 1-, dZ-, 1%))3 -Methyl-5-indanol  (1-Methyl-5- | 288.5, 282.9, 279.4, 274.5 my, 14.45, 12,07, 12.30, 9.24, )& T 5FC
indano. 8.55 u.

23 | 3,4-Dialkylphenol (3-Ethyl-4-n-propylphenol)__| 280.5, 273.5 mu, 14.35, 13.61, 12.37, 11.88, 9.21, 9.02, 8.90, L J P, 5FC
8.68 u.

24 | 2-Phenylphenol _____________ .. ... __ 14.25, 13.90, 13.70, 13.82, 13.02, 12.04 ptoeooomoooooooon 134 2FC 4FC

1 Partition coefficient determined from authentic specimen; other values calculated from experimental peak tube.

2 Tube in fraction collector.
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Fraure 19.—Countercurrent Distribution of Tar Acids Boiling 260°-270°; 101 Transfers; pH 11.86.
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TaBLE 27.—Countercurrent distribution of tar acids boiling 260°-270°; 101 transfers; pH 11.86

Constituent Partition Peak tube
Observed analytical wavelengths (UV in mg, IR in x)| coefficient _
No. Identity Calculated g’é%etlgl
20 | Methyl-1-indanone (4-Methyl-1-indanone)...... 314.0, 302.0, 257.0, 253.0, 249.0, 246.0 mpu_ .. ____..___ 0.020 |ooooooo 2
25 | 3,4-Dinuclearphenol 284.8, 280.7, 275.5 mpu. - 2020 [oococaos 2
26 Alkenylphenol I .. 292.0" o Y D086 foeoceanne 8
27 | 1-,2-, or 3-Methyl-4-indeno 309.6, 299 7, 288.6, 265.0, 260.7, 254.5, 249.3 myu, 14.14, 19 | 16
13.15, 13.00, 12.89, 12.77, 12.42, 10.72, 10.51, 9.85, 9.15,
7.95, 6.28, 6.17, 6.14 .
28 | Unknown ITX._ . . .. ... 303.0, 240 L1 Y I - T 28
29 | Cycloalkenylphenol I ?.. | 2530 mp. LI Bl | 34
30 | Methylindenol. _____ 296.5, 261 0, 254.5, 249.3 myu, 10.42, 8.71, 8.45 u_ 1) PR 38
31 | Alkenylphenol II.. | 3080mpu . T 4 T PR 42
32 | 7-Methyl-5-indanol. ._____________._____________ 287.8, 288 0, 279.5 mu, 14.47, 13,10, 12.07, 10.53, 10.20, 1.2 . 55
) 9.87, 8.92, 8.47, 8.07, 7.58, 7.52, 7.26, 6.32 u
33 | Methyl-5-indanol (6-Methyl-5-indanol).____..._ 287.8, 283.0, 279.5 My, 14.45, 13.60, 12.60, 12 50, 12.10, ) I S P 58
11.97, 10.52, 10.05 x
34 | 2,4- or 3,4-Dialkylphenol (?)._......._________._ 287.5, 281.5, 277.0, 272 Moo 1.6 foooeocooiao- 237FC
35 | 2,4- <13rh3 ,4- Blalkylphenol (4-Isopropyl-3-n-pro- | 287. 5 280.5, 2734 Mt oo 4.5 |oceeea- 13FC
pylpheno.
24 | 2-Phenylphenol. ... _____.___________ 283.0, 245.5 mu, 14.25, 13.90, 13.70, 13.32, 13.02, 12.04, 14.5 13FC 13FC
49 u.
36 2,4-h or D 3,4-Dialkylphenol (2,4-Di-n-propyl- | 285.0, 279.0, 273.0 My, 12.45 g ooomoccaae [ R I, 1FC
phenol).

1 Partition coefficient determined from authentic specimen; other values calculated from experimental peak tube.

2 Tube in fraction collector.
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Fraure 20.—Countercurrent Distribution of Tar Acids Boiling 270°-280°; 100 Transfers; pH 10.28.
TaBLE 28.—Countercurrent distribution of tar acids boiling 270°-280°; 100 transfers; pH 10.28

Constituent Peak tube
Observed analytical wavelengths (UV in my, IR in w)| Lartition
No Identity y g M| coefficient | Calculated | Experi-
: mental
37 | Unknown IV__ ... 2480 T - e 0.15 |occecaaaeen 13
38 | Unknown V_______ . .. 307.5, 301 0, 296.0, 286.0, 265.4, 256.5 my, 14.57, 13.50, V22 18
13.00, 12.50, 10.84, 9.34, 9.15, 9.07, 9.02, 8.78, 8.52,
8.32, 8.12, 6.3 .
89 | Unknown VI . . . __ 243.5 My, 14.69, 12.74 . oo .. I B . 25
40 | 2-Naphthol____________________ . 328.6, 324.0, 321.0, 314.0, 310.0, 307.0, 301.0, 285.4, 273.8, 1,59 37 37
263.5, 254.0 my, 13.47, 12.52, 12.41, 11.97, 10.42, 8.95,
8.75, 8.60, 6.60, 6.22, 6.12 u.
41 | Unknown VII ... _________________ (N0 distinetive bands.) - - - - oo oo (N [ 44
42 | Ketone (Alkyl indanone) 314, 263 8, 259.0, 255.0, 248.0 My, 5.92 p_ ... 1.0 50
43 | Alkenylphenol IIT_________ B01.0 IO o oot 1.2 56
27 | 1-, 2-, or 3-Methyl-d4-indenol._.__________________ 309.6, 299 7, 288.6, 265.0, 254.5, 249.3 my, 14.14, 13. 15 2.2 227FC
%3120 12489 12.77, 12.42, 10.72, 10.51, 9.85, 9.15, 6.28,
6.1
28 | Unknown III 303.0, 240.0 ™y, 14.55, 10.87, 10.10, 8.54 g ___-.._. 3.9 |ocomoomen 15FC
30 | Methyl indenol._. 296, 5 254.5,249.0 Mo oo 5.4 |oooocaooao-- 11FC
44 | 5,6,7,8-Tetrahydro-2-naphtho 287.8, 279.5 my, 14. 45 13.60, 12.60, 12.50, 12.10, 11.97, 16.7 9FC 9FC
10.52
45 | Unknown VIII _______________________._________ 256.0 m,;, 10.40, 10.25, 8.92, 8.70, 8.50 gt oo 9.8 | ... 6FC
46 | 5,6,7,8-Tetrahydro-1-naphthol 279.0, 273.0 mp, 14.10, 13.04, 12.07 g oo 117) 25 2FC 1FC
24 | 2-Phenylphenol ... _.__.___________ 28%.5, 245.5 my, 14.25, 13.90, 13.70, 13.32, 13.02, 12.04, 151 1FC 1FC
49 u.

! Partition coefficient determined from authentic specimen; other values calculated from experimental peak tube. 2 T'ube in fraction collector.
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Fraure 21.—Countercurrent Distribution of Tar Acids Boiling 280°-297°; 101 Transfers; pH 9.94.

TUBE NUMBER

!
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39

TABLE 29.—Countercurrent distribution of tar acids boiling 280°-297°; 101 transfers; pH 9.94

Constituent Peak tube
Partition
Observed analytical wavelengths (UV in mg, IR in u)| coefficient
No. Identity Calculated | Experi-
mental
38 | Unknown V.___________________________________ 307.5, 296.3, 265.0, 255.8, 243.5 Mp— _______._.____._____ [0 O IR 24
47 | Cycloalkenylphenol IT (?)__.___________________ 304.5, 292.5, 273.7, 264.5, 256.5 My, 13.30 po_________ 5 20 DR 35
40 | 2-Naphthol_____._________________ 328.6, 324.0, 321.0, 314.0, 310.0, 307 0 301.0, 285.4, 273.8, 1.91 48 48
2635 2540mu 13.47, 12, 52 1242 1198 1042 894
8.80, 8.60, 6.60, 6.24, 6.12 u.
48 | Unknown IX______________ ... (No distinctive bands) ______________________________ 1.2 |ocooooaaos 55
49 | 1-, 2-, or 3-Polyalkyl-4-indenol ._________________ 312 (sh), 307.5, 299.5, 206.3, 265.0, 256.0 mp, 14.65, 1.8 |oooooeoos 232FC
13.12, 12.40, 9.13, 6.33, 6.14 u.
50 | Methyl-2-naphthol (4-Methyl-2-naphthol (?))__| 331.5, 327.0, 324.2, 317.0, 290.5, 276.0, 267.0, 258.0 Mu_ _ __ D T 24FC
51 Dir#%t?%gl -naphthol (5,7- ~ Dimethyl-1-naph- | 327.4, 320.0, 312.0, 306.0, 303.0, 265.0 mu______________ 2 A I 16FC
0.
52 | 4-Methyl-1-naphthol..__________________________ 326.0, 319.0, 312.0, 303.0, 290.0 my, 13.15, 12.40, 6.30 u_— - 155 11FC 10FC
53 | Methyl-2-naphthol (3-Methyl-2-naphthol (?)).__| 331.5, 317.0, 290.0, 278.0 T _ - __________ ... [ T 9FC
54 | 1-Methyl-2-naphthol._._________________________ 335.0, 320.0, 304.0, 265.0 mu, 13.48, 13.72, 12.45, 12.34, A S 8FC
10.55, 10.10, 9.83, 9.45, 8.82, 7.45, 6.63, 6.24, 6.15 u.
55 | Alkyl-1-naphthol (2-Ethyl-1-naphthol (?))....__. 328.2, 321.0, 314.0, 300.0, 290.0 My, 12.52 u___ 30 oo 2FC
56 | 2-Cyclohexylphenol. ... ______.________________ 279 My, 13.30 fhe o oo oo (117) 2400 0-1FC 1FC

1 Partition coefficient determined from authentic specimen; other values calculated from experimental peak tube.

2 Tube in fraction collector.
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Fraure 22.—Countercurrent Distribution of Tar Acids Boiling 297°-300°; 100 Transfers; pH 10.10.
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TUBE NUMBER

TaBLE 30.—Countercurrent distribution of tar acids boiling 297°-300°; 100 transfers; pH 10.10

Constituent Partiti Peak tube
Observed analytical wavelengths (UV in my, IR in u) arm 1ont
No. Identity coetiicien! Experi-
Calculated mental
38| Unknown V_______ ... 307.5, 296.3, 265.0, 255.8, 243.5 Mu_ - . oo [L7] IR 20
47 | Cycloalkenylphenol II(?).. 304.5, 292.5, 273.7, 264.5, 256.5 My, 13.30 g oo .- A3 30
40 | 2-Naphthol.________ . ... ... ... 328.6, 324.0, 321.0, 314.0, 310.0, 307.0, 301.0, 285.4, 1,72 42 42
%738 263.5, 254.0 mu, 13.48, 12.52, 12.42, 11.98,
0.42, 8.60 u
49 312 (sh) 304 5 299 5, 296.3, 265.0, 256.5 mu, 14.65, ) IS I 58
13.12,'12.40, 9.13, 6.33, 6.14 .
57 (No distinctive bands. ) _____________________________ ) O T 38
58 I 309.0, 303.0, 297.0, 285.0, 276.0 My ..o L9 oo 231FC
50 | Methyl-2-naphthol (4-methyl-2-naphthol(?))._.| 331.5, 327. 0 324. 2 317. 0 290.5, 276 0, 267.0, 258.0 my, P2 75 P 24FC
13. 40
59 | Unknown XTI . .. ___...o....___...____.. (No distinctive DANAS.) - - oo e 2.9 oo 21FC
60 | 4-Phenylphenol. ... 255.6 mp, 14.60, 14.05, 13,20, 12,06 u. 13.7 16FC 16FC
54 | 1-Methyl-2-naphthol 335.0, 320.0, 304.0, 265.0 M- .- - 5.5 | occmaaaaan 11FC
61 Dimetl:llgrll-l(-n)z;phthol (2,5~ or 2,7-dimethyl-1- | 827.0, 311.0, 303.0, 290.0, 280.0 Mgt -~ ""o.- [/ N 7FC
naphtho
62 Dlme;thyl( l))naphthol (2,6-dimethyl-1- | 831.5 My oo 9.3 | eciaaes 6FC
naphthol
55 | Alkyl-1-naphthol (2-ethyl-l1-naphthol (?)....... 328.2, 321.0, 314.0, 300.0, 290.0 My, 12.52 proeeoeoooo . /' R 3FC
56 | 2-Cyclohexylphenol. .. ... __.___..._.__._____ 279 Mgty 18.30 s oo an (117)2100 0-1FC 2FC

! Partition coefficient determined from authentic specimen; other values calculated from experimental peak tube.

2 Tube in fraction collector.
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Fraure 23.—Countercurrent Distribution of Tar Acids Boiling 300°-325°; 105 Transfers; pH 11.85.

TaBLE 31.—Countercurrent distribution of tar acids boiling 300°-325°; 105 transfers; pH 11.85

Constituent Peak tube
Partition
Observed analytical wavelengths (UV in mg, IR in p)| coefficient
No. Identity Calculated | Experl-
mental
40 | 2-Naphthol_._..________________________________ 328.6, 314.0, 285.0, 273.8 xp, 13.48 po . 0. 040 5 4
49 | 1-, 2, or 3-Polyalkyl-4-indenol 307.5, 299.5, 296.3, 256.5 Mpm oo oo N L0650 |- 5
50 \/Iethyl 2-naphthol (4-Methyl-2-naphthol(?))_._| 331.0, 317. 0, 290. 5, 276.0, 267.0, 258.0 mpy, 13.40 p-- .- 094 | 9
60 | 4-Phenylphenol- - _____________.________________ 255 6 mu, 14.60, 14.05, 13.20, 12.05, 11.02, 9.30, 8. 97 7. 95 L1 10 10
63 | Unknown XTIT--____________________.____._____ 303 0, 296. 0y 290.0 Mgt m e oo 44 | 32
64 | Methyl-2-naphthol (7-Methyl-2- naphthol(?))_._ 331.0, 317. 0, 275.0, 266.3 T ptev e e oo .59 |- 39
65 | Unknown XIV. 258.5 - o o 72 |- 44
66 | Unknown XV__ e .84 |- 48
67 | Unknown XVI_ 304.0, 294.0 Mg . e 1.3 |- 245FC
68 | Unknown XVII 261.5, 255.0 TIpt- - e 1.9 |- 31FC
69 | Unknown XVIIL o 260 Me e 3.0 - 20FC
55 | Alkyl-l-naphthol (2-Ethyl-1-naphthol(?)).______ 328.2, i .0, 314.0, 300.0, 290.0 my, 14.53, 13.48, 12.52, ) V2 PR 4FC
12. 12 10. 07
70 | 2-Alkyleyeloalkylphenol T .o _________________ 287.0 mu, 13.3‘6 e e e b ;T (RO 4FC

1 Partition coefficient determined from authentic specimen, other values calculated from experimental peak tube.

2 Tube in fraction collector.
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Fiaure 24.—Countercurrent Distribution of Tar Acids Boiling 325°-331°; 100 Transfers; pH 11.85.

in tube 52, which should place the peak at tube
37. This agrees with the total absorbance peak
at tube 37. With the distribution curve for
constituent 6 firmly established, constituents
producing small shoulders in the total absorb-
ance curve could have their distribution curves
delineated. Thus, constituent 8, 4-n propyl-
phenol, first appears in tube 39 and last in
tube 43, as indicated by its characteristic bands
at 285.4 and 278.9 myu. This places its distri-
bution peak at tube 41 in agreement with the

position of the shoulder in the total absorbance
curve.

The milligrams of each phenol in each tube
were determined from the extinction coefficients
at characteristic wavelengths, as obtained from
authentic specimens or literature data. In
those instances where such extinction coeffi-
cients were not available, an average extinction
cocfficient was obtained from phenols with the
most similar structure or, for constitutents of
unknown structure, from phenols with the most
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TaBLE 32.—Countercurrent distribution of tar acids boiling 325°-331°; 100 transfers; pH 11.86

Constituent Peak tube
Partition
Observed analytical wavelengths (UV in my, IR in u)| coefficient
No. Identity Calculated | Experi-
mental
40 | 2-Naphthol. ... ___ 32%6, 286.0, 279.5, 273.0 mp, 14.00, 13.48, 12.52, 12.42, 4
42

71 | Unknown XIX

72 | Methyl-2-naphthol (6-Methyl-2-naphthol(?)).__| 331.0 m,

73 | 3-Phenylphenol P ) 15
74 | Methyl-2-, 3-, or 4-fluorenol
75 | Unknown XX

.98, 10.42 p.
................................. 306.0, 209.0, 204.0, 275.2 M-~~~ ..
60 | 4-Phenylphenol ___________ . - TTTTTTTTTTTTTTTC 256 Tiu, 14.60, 14.05, 13.20, 12.05, 9.30, 8.97, 7.95 4

76 | Unknown XXI_______ | 280.0,260.7, 254.8 mp_ . __ .- . 35
77 | Unknown XXII___.___ _| 302.0, 282.0, 268.0, 260.5, 255.0, 249.0 mp. . 47
78 | 8-Methyl-2-naphthol(?) 14.30, 13.76, 13.16 u 3 226FC
79 | Unknown XXIIT _____________________________ (No distinetive bands.) - -« oooooooooooooo . . 17FC
80 | Unknown XXIV_________________ "7 777" (No distinetive bands.) - - __—____________ . 9FC
55 | Alkyl-1-naphthol (2-Ethyl-1-naphthol(?))_____ .- 328.2, 321.0, 314.0, 300.0, 290.0 mp, 14.53, 13.48, 12.52, . 2FC
12.12, 10.07 p.
81 | 2-Alkyleycloalkylphenol IT_____________________ 18227 e -1 R PR 1FC

! Partition coefficient determined from authentic specimen; other values calculated from experimental peak tube.

similar absorption bands and boiling point.
Plots of milligrams versus tube number were
prepared, as shown in the lower halves of figures
16 to 24, inclusive. One useful technique was
to construct the distribution curve for the com-
pound on the plot of absorbance versus tube
number, as previously described, and as illus-
trated for constituent 40, 2-naphthol, in the
upper half of figure 20. The absorbance value
for each tube number was read off of this distri-
bution curve and divided by the specific extinc-
tion coeflicient for 2-naphthol at this wave-
length, 307 mu. The resulting value of milli-
grams per milliliter was multiplied by 40 to
obtain the milligrams of 2-naphthol in each
tube. This technique could be used even for
small amounts of phenols of unknown structure.
For example, having established the distribu-
tion curve for constituent 40, 2-naphthol (upper
half of fig. 20), the curve for constituent 42, a
ketone, was similarly obtained. The sum of the
absorbances in the overlapping portions of these
two curves was subtracted from the total ab-
sorbance curve to give the shaded portion in
the figure. This gives the absorbance at 307
mu due to constituent 41 (a phenol of unknown
structure) in each tube.

Partition coefficients for the cyclohexane:
phosphate buffer system were obtained for a
large number of authentic specimens of phenols
at a wide variety of pH values. These were
used to calculate the peak tube number, using
the following equations:

k 59
N=nm, NFC=—,
where N ==peak tube number in the instru-
ment,
Nrc=peak tube number in the fraction
collector,

n=number of transfers, and
k=partition coefficient.

2 Tube in fraction collector.

The first equation is the one presented by
Williamson and Craig (116); the second equa-
tion is self-evident. The tubes are numbered
from 0 to 59 in the direction of transfer in the
instrument and from zero up as used in the
fraction collector. Thus, if the last tube used
in the fraction collector is number 40, it will
immediately follow tube 59 in the plot of milli-
grams versus tube number.

If the calculated peak tube agreed well with
the experimental peak tube, this constituted
additional proof of identity, as demonstrated
in tables 24 to 32, inclusive. In those instances
where the authentic specimen was not available,
the partition coefficients of the many other
available phenols were the basis of partition
coefficient-structural correlations, which were
frequently quite useful and reliable in establish-
ing the general structure of constituents.

The weight-percentages of each high-boiling
constituent in the distillable tar acids (3.62
weight-percent of the tar) were calculated from
the milligrams versus tube-number distribution
curves and the amounts of the various distillate
fractions. For completeness certain data were
included, which were obtained by other tech-
niques. It was found that the tar acids boiling
from 231°-238° could be analyzed essentially
as well by the method of fractional distillation
followed by infrared spectrophotometry. In
addition, some of the constituents in this range
have been included in the gas-liquid chroma-
tographic analysis of the tar acids boiling up to
234°. Five phenols were identified in the 231°—
238° fractions, which were not found in either
the gas-liquid chromatography work or
the countercurrent distribution fractionations.
These are 3-ethyl-2-methylphenol, 2-methyl-5-
isopropylphenol, 3-n-propylphenol, 4-isopropyl-
phenol, and 2,3,6-trimethylphenol; evidence for
the presence of the last two is good but not as
good as for the other three. In addition,
5-ethyl-2-methylphenol, which was the struc-
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ture proposed for an unknown phenol found in
the gas-liquid chromatography work (table 22),
was positively identified on the basis of pub-
lished infrared spectral data (49).

1-Naphthol was readily determined to be
present in the tar acids by means of the ultra-
violet and infrared spectra of the distillate
fractions. However, this phenol is easily
oxidized in the presence of air when it is dis-
solved in alkaline solutions, and none of it
could be detected in the countercurrent frac-
tions. 2-Naphthol occurred in two distillate
fractions in such relatively large amounts that
some of it crystallized out. The pure 2-
napththol isolated in this manner was not
added to the charge to the countercurrent
instrument. The amounts of 1-naphthol and
2-naphthol therefore were based on the distillate
fractions.

Aliphatic carboxylic acids were found in
every countercurrent fractionation. From their
infrared spectra these acids were seen to be
mostly long-chain saturated aliphatic carbox-
ylic acids. There could have been a small
amount of terminal unsaturation, but there
definitely was no internal unsaturation, since
this gives a strong C=C stretching band, which
could not be detected in any of the fractions.
These acids have such low partition coefficients
that they always were restricted to the first
few tubes in the instrument and did not inter-
fere with the determination of the phenols.
The weight-percent of total aliphatic carboxylic
acids in each boiling range was determined by
using the intensity of the C==O0 stretching band
at about 5.85 u. A plot of extinction coefficient
versus boiling point for various aliphatic and
externally unsaturated carboxylic acids in the
range 237°-305° showed an exact linear
relationship; that is, e=—0.305¢{+4-133, where
e=extinction coefficient for a 0.1-mm. sodium
chloride cell and t=Dboiling point in ° C. The
results of this quantitative procedure are
presented in table 33.

USE OF SPECTRAL-STRUCTURAL

CORRELATIONS AND PARTITION

COEFFICIENT-STRUCTURAL COR-

RELATIONS FOR HIGH-BOILING
TAR ACIDS

With respect to identification, the high-
boiling' tar acids fell into one of three groups.
The first group consisted of those compounds
for which authentic specimens were available.
For these compounds the Low-Temperature
Tar Laboratory’s own ultraviolet and infrared
spectra and partition coefficients were avail-
able. The second group consisted bf those
compounds for which ultraviolet and/or in-

TaBLE 33.—Quantitative analysis of the high-
boiling aliphatic carbozylic acids

Constituent

Boiling 238°-251° - 0.04
Boiling 251°-258° R

Boiling 258°-260°
Boiling 260°-270°
Boiling 270°-280°..
Boiling 280°-297°__
Boiling 297°-300°__
Boiling 300°-325°
Boiling 325°-331°..

1 On the basis of the distillable tar acids, which constitute 3.62 wt.-pct.
of the tar.

frared spectra were available from the literature
and, in a few instances, partition coefficients
also. The third group consisted of those
compounds for which only the literature boiling
point was available. Compounds in the first
two groups were nearly always identified with
complete certainty. Compounds in the third
group were almost never identified with com-
plete certainty as to the specific isomer, but by
the cautious application of spectral-structural
correlations, partition coefficient-structural cor-
relations, and boiling range-structural correla-
tions the general structure of the compound
could be established. In some instances the
name of a specific isomer is given in parentheses
in the tables. These individual compounds
were selected as being most representative of
the constituent on the basis of the combined
spectral, partition coefficient, and boiling-range
data. These selections must be considered to
be only tentative. A somewhat detailed de-
scription of the identification of the compounds
in this third group is presented here as a general
guide for other investigators. '

1. Alkylphenols: The spectra of constituent
10 indicated that it was a 2,6-dialkylphenol.
Its partition coefficient of about 10 at pH 11.58
is only slightly lower than the 15 for 2,6-
di-n-propylphenol, indicating that it could be
very similar in structure. Both 2,6-di-n-prop-
ylphenol and 2-methyl-6-n-propylphenol were
excluded as possibilities since authentic speci-
mens of these compounds were available for
comparison. It was concluded, therefore, that
constituent 10 could be 2-ethyl-6-n-propyl-
phenol, b. 240°.

Constituent 18, a 3,5-dialkylphenol, had a
partition coefficient of 6.0 at pH 11.20, calcu-
lated from its concentration peak in tube 10
FC. The partition coefficient of 3-ethyl-5-
methylphenol is 1.1, which would place its peak
in tube 55. Therefore, the degree of n-alkyla-
tion must be greater than in 3-ethyl-5-meth yl-
phenol; 3,5-diethylphenol was excluded, since
its infrared spectrum was available. It was
concluded that constituent 18 could be 3-
methyl-5-n-propylphenol (b. p., 254°).
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Constituent 19, a 3,4-dialkylphenol, had a
partition coefficient of 15 at pH 11.20, ounly
slightly lower than the 20 for 2,6-di-n-propyl-
phenol. The degree of n-alkylation must,
therefore, be only slightly less; taking into
consideration the boiling range of the distillate,
constituent 19 could be 4-ethyl-3-n-propyl-
phenol (b. p., 258°).

Constituent 23, a 3,4-dialkylphenol, had a
partition ccefficient of 13 at pH 10.49, whereas
the value for 3-methyl-4-ethylphenol is 5.0.
Since four major infrared absorption bands in
the hydrogen out-of-plane deformation vibra-
tion region are essentially identical to major
bands for constituent 19, this suggests that
these compounds are closely isomeric but not
identical, as shown by the ultraviolet spectra.
Constituent 23 could, therefore, be 3-ethyl-
4-n-propylphenol (b. p., 263°).

Constituent 35, a 2,4- or 3,4-dialkylphenol,
had a partition coefficient of 4.5 at pH 11.86,
which indicates the alkyl groups must have
structures and locations on the ring that would
give only a moderately high partition co-
efficient; for example, there could not be two
long chains close to the OH group. 2,4-Diiso-
propylphenol (b. p., 248°) is too low boiling to be
present, but 4-1sopropyl-3-n-propylphenol (b. p.,
262°), is a distinet possibility. Constituent 36,
also a 2,4- or 3,4-dialkylphenol, had a very high
partition coeflicient of 59 at pH 11.86, requiring
two n-alkyl groups, with at least one in the
ortho position. 24-Di-n-propylphenol (b. p.,
263°) is a likely possibility.

2. Alkenylphenols: Constituent 22, a 2,3- or
2,6-dialkylphenol, had an ultraviolet absorption
band at 296.4 mgy, indicative of an unsaturated
side chain, probably an orthopropenyl group,
conjugated with the benzene ring (6). 2-
Propen-1-ylphenol has a partition coeflicient
of 3.5 at pH 10.49, which is quite close to the
3.0 for constituent 22. 2-Methyl-6-propen-1-
ylphenol (b. p., 243°) is too low boiling to be
present, but 3-methyl-2-propen-1-ylphenol (b.
P, 256°) could be present. Constituent 29 has
the low partition coefficient of an unsaturated
phenol and an absorption band at 253.0 my in
gggg)non with 2-cyclopenten-1-ylphenol (b. p.,

3. Cycloalkylphenols: Constituent 70 has the
13.30 u absorption band in the infrared indica-
tive of mono-ortho substitution. The very
high partition coefficient of 15 at pH 11.85 is of
the same order of magnitude as that for
2-cyclohexylphenol, constituent 56. The higher
boiling range for constituent 70 and the batho-
chromic shift for the ultraviolet absorption
band indicate alkylation on the cycloalkyl ring.
Constituent 81 is similar to 70 but not identical,
as indicated by the slight shift in the mono-

569705 0—61——4

ortho band to 13.27 u and the slight change in
peak tube at pH 11.85 from 4 FC to 1 FC.

4. Indanones: Constituent 20 had no OH
band in its infrared spectrum and had a strong
band at 5.92 u for the C=0 group. The ultra-
violet spectrum was that of a benzene-ring-
substituted 1-indanone (37). An infrared band
at 12.95 u for three adjacent hydrogens on the
benzene ring indicated that constituent 20
could be either 4- or 7-methyl-1-indanone.
Constituent 21 was very similar to 20, excepb
that there was no evidence for three adjacent
hydrogens on the benzene ring. Since the
partition coeficient of constituent 21 is ap-
preciably greater than that of constituent 20,
the methyl substituent must be situated in the
latter so as to decrease the extent of keto-enol
tautomerism as compared to the former. This
suggests that constituent 20 is 4-methyl-1-
indanone and constituent 21 is 6-methyl-1-
indanone.

5. Indanols: Constituent 16 had ultraviolet
and infrared spectra, which clearly indicated a
5-indanol structure. There were infrared bands
for out-of-plane deformation vibrations of two
adjacent hydrogens and also a single hydrogen.
This indicated that the indanol was substituted
in the saturated ring, and most likely the sub-
stituent would be a single methyl group to
place this compound in the same distillate frac-
tion in which 5-indanol itself (constituent 5) is
the major component. In a similar manner, it
was indicated that constituent 17 was a 4-
indanol with a single methyl group in the
saturated ring. Whereas the partition coeffi-
cients of 4- and 5-indanol at pH 11.20 are 0.68
and 0.79, respectively, the values for the methyl-
4- and 5-indanol are 3.8 and 3.3, respectively;
that is, they are reversed with respect to the
parent compounds. This would seem to re-
quire the methyl group in the 1-position of the
5-indanol for the minimum increase of partition
coefficient and the methyl group in the 3-posi-
tion of the 4-indanol for the maximum increase.

Constituents 32 and 33 are both 5-indanols.
In the infrared bands for out-of-plane hydrogen
deformation there is a good match between
4-indanol and 2,3-xylenol, as well as between
5-indanol and 3,4-xylenol. Constituent 32,
7-methyl-5-indanol, identified by the ultra-
violet and infrared spectra of an authentic
specimen, has a good match with 3,4,5-tri-
methylphenol for seven bands in the out-of-
plane region, whereas constituent 33 has a good
match with 2,4,5-trimethylphenol for six bands
in the out-of-plane region, indicating 6-methyl-
5-indanol (b.p., 263°). Orthoalkylated isomers
invariably have the highest partition coefli-
cients, a fact that is in agreement with the
relative positions of these two constituents.
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6. Indenols: Constituent 13 is a meta-sub-
stituted phenol, with split bands at 6.27 and
6.29 p indicative of a conjugated olefinic group.
Although this split band is not unique for con-
jugated olefins I;he absorption at 290 and 307
mp indicates a dinuclear system, such as in
indenes, which absorb in the range 290-295 mu.
There is a 16-mpu increase in the longest wave-
length band in going from indan to 5-indanol.
From this it might be expected that the longest
wavelength band of 5-indenol would be
293416=309 mu as compared with the 307
my band observed. The longest wavelength
band of a 2,3-disubstituted-6-indenol has been
given as 305 mu (105). From all of this
evidence it seems certain that constituent 13 is
5-indenol (b.p., 259°) or its nearly identical
isomer, 6-indenol. The partition coefficient of
0.31 at pH 11.20 is considerably lower than the
0.79 for 5-indanol, as would be expected upon
introducing an olefinic group.

Constituent 27 had an infrared spectrum,
which showed the split at 6.14, 6.17, and 6.28 u
indicative of an olefinic group conjugated with
a benzene ring (30). Also, a band at 7.25 u
indicated an indene-type structure, and a band
at 14.14 p indicated a 2,3-substituted phenol.
Thus, this constituent must be a 4-indenol with
no additional substitution on the benzene ring.
However, since 4-indenol boils around 250°,
this constituent must have a methyl group on
the five-membered ring. The methyl-4-indenol
structure was confirmed by comparison of the
ultraviolet bands at 309.6, 299.7, 288.6, 265,
260.7, and 254.5 myu with the bands obtained
with a sample of 4-indenol synthesized from
4-indanol by R. E. Dean, Coal Tar Research
Association, Leeds, England. This sample
consisted of more indanol than indenol, but
characteristic bands at 306, 300, 289.0, 265,
260, and 252.0 mu could be picked out. Con-
stituent 12 was clearly 4-indenol itself, for
although the longest wavelength band was
obscured, there were three other ultraviolet
bands and nine infrared bands that checked
well with the synthetic material. A synthetic
sample of 5-indenol was also available, which
likewise consisted of more indanol than indenol.
The longest wavelength band of this impure
sample was 304.4 my rather than the 307.0 mu
found for constituent 13. This discrepancy
may be due to a difference in the ratio between
5- and 6-indenol, both of which could be pro-
duced from 5-indanol. However, two other
ultraviolet bands and nine infrared bands
checked well with the synthetic material. The
relative positions of 4-indenol (constituent 12)
and 5-indenol (constituent 13) are the same as
for 4- and 5-indanol. The sample of 4-indenol
had long wavelength bands completely isolated
from the rest of the spectrum, which allowed

determination of the partition coeflicient even
though the sample had more indanol than in-
denol. Using this value, a good check between
calculated and experimental peak tube was
obtained.

7. Naphthols: The spectra of only a relatively
small number of the alkylated 1- and 2-naph-
thols were available for comparison with those
of samples isolated by countercurrent distribu-
tion. However, the ultraviolet spectra of a
large number of alkylated naphthalenes were
available, and it was found that the longest
wavelength absorption bands of the alkylated
naphthols could be estimated quite closely from
the spectra of the corresponding naphthalenes.
For example, the value of the band for 3-methyl-
2-naphthol can be estimated by adding to the
value for 2-naphthol the value of the batho-
chromic increment in going from 2-methylnaph-
thalene to 2,3-dimethylnaphthalene. These
estimated values could not, of course, be used
for positive proof of identity of individual
isomers. ‘

The naphthols were all readily identified as
either 1- or 2-naphthols from the highly
characteristic shapes and relative intensities of
the ultraviolet absorption bands; these were
altered very little by the presence of alkyl
groups. The degree of bathochromic shift of
these bands from the wavelength values for the
parent compounds was an immediate indication
of either monomethyl or dimethyl substitution.
The hydrogen out-of-plane deformation vibra-
tion region around 11 to 15 u was useful in
determining possible arrangements of hydrogen
atoms and hence of methyl groups.

Constituent 55, a dimethyl (or ethyl)-1-naph-
thol, had a strong infrared band at 12.52 g,
indicative of two adjacent hydrogens and
suggesting 2-alkyl substitution as in 2-methyl-
1-naphthol, 12.52 u. This constituent almost
certainly had ortho substitution in order to have
a partition coefficient as high as 30 at pH 9.94.
It is not 2-methyl-1-naphthol itself, because its
prominent analytical band is only 324.4 mg,
determined with an authentic specimen, as
compared with 328.2 mu for constituent 55.
Strong infrared bands at 14.53 and 13.48 u
indicate four adjacent hydrogens as in 2-methyl-
1-naphthol, 14.55 u, and 4-methyl-1-naphthol
(constituent 52), 13.52 u. From this it appears
that constituent 55 must be a 2-alkyl-1-naph-
thol and could be 2-ethyl-1-naphthol. )

There were six distinct countercurrent distri-
bution peaks that were readily determined to
be due to monomethyl-2-naphthols. The 5-
isomer was immediately excluded on the basis
of the available infrared spectrum of this
compound, leaving equal numbers of constitu-
ents and isomers. Constituent 54 was positively
identified as 1-methyl-2-naphthol by means of
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the available infrared spectrum of this com-
pound. Constituent 53, which immediately
preceeds 1-methyl-2-naphthol in the counter-
current distribution, must also have orthosub-
stitution to have such a large partition coeffi-
cient. Thus, constituent 53 appears to be
3-methyl-2-naphthol (b.p., 302°). Constituent
50 had a strong band at 13.40 p, indicating four
adjacent hydrogens. The low partition coefli-
cient of 2.5 at pH 9.94 confirmed the exclusion
of the 1- and 3-methyl isomers already proposed
for other constituents. Thus, constituent 50
appeared to be 4-methyl-2-naphthol. Constitu-
ent 78 had strong bands at 14.30 and 13.16 g,

indicative of three adjacent hydrogens. Since
the 5-isomer was excluded, it appeared that
constituent 78 was 8-methyl-2-naphthol (b.
p., 320°).

8. Fluorenols: Constituent 74 has ultraviolet
absorption bands very similar to those for
8-methyl-2-fluorenol (78). However, the longest
wavelength band in the region around 311 my is
held in common by other methyl-2-fluorenols
and also methyl-3(and 4)-fluorenols.  The
longest wavelength bands for methyl-1-fluo-
renols are at wavelengths at least 10 mu lower.
Thus, constituent 74 is a methyl-2-, 3-, or
4-fluorenol.



SUMMARY OF TAR ACIDS AND TAR BASES IDENTIFIED
AND THEIR AMOUNTS

GENERAL RESULTS

The results of the qualitative and quantita-
tive analytical procedures for the tar acids and
tar bases are summarized in table 34. The
compounds have been arranged in this table
according to groups involving the same funda-
mental ring structures. Approximately 130
individual compounds were identified, mostly
with respect to individual isomers, and the
amounts were determined, or estimated, in
nearly all instances.

NATURE OF TAR ACIDS

Seven different fundamental ring structures
were observed among the tar acids. These were:

1. Phenol 5. Phenylphenol
2. Indanol 6. Naphthol
3. Indenol 7. Fluorenol

4. Tetrahydronaphthol

In addition, aliphatic carboxylic acids were
present in all boiling ranges, and indanones were
present as impurities in a few fractions. The
latter were apparently capable of functioning
as acids in alkaline solutions, probably through
a keto-enol mechanism.

The individual tar acids identified consisted
of these seven fundamental structures; mostly
methyl groups and some ethyl groups were
attached. About 3 tar acids had isopropyl
groups, and about 10 had n-prooyl groups, but
no phenols with butyl groups or higher could
be found. Cyclohexyl groups and probably also
cycloalkenyl groups were present. A small
proportion of alkenyl groups, like propenyl, were
likewise present. Alkylphenols with a total of
more than 6 carbon atoms in alkyl groups were
apparently absent. The most prevalent class
of phenol among the high-boiling tar acids was
the naphthols.

TaBLE 34.—Summary of tar acids and tar bases identified in a low-temperature bituminous-coal tar,
and their amounts

Tar acids (distillable tar acids, wt.-pct.) !

Tar bases (distillable tar bases, wt.-pct.) 2

Phenol (2.3)
o-Cresol (5.6) -
m-Cresol (7.2) - _
p-Cresol (4.9)
o-Ethylphenol (1.5) -
m-Ethylphenol (2.5).
p-Ethylphenol (2.5)..
2,3-X ylenol (1.3)

,4,6-Trimethylphenol (1.4) _.
,4,5-Trimethylphenol (0.13) ___
-Ethyl-2-methylphenol (0.01) - -

4-Ethyl-2-methylphenol (4.5) - _
5 Ethyl-2-methylphenol (0.01)
2-n-Propylphenol (0.01). .
3-n-Propylphenol (0.01)- .
4-n-Propylphenol (0.13) . _
4-Isopropylphenol (0.01) -
2,3,5,6-Tetramethylphenol (0.04)

3-Methyl-5-n-propylphenol(?) (0.29)
2-Methyl-5-isopropylphenol (0.01)
2-Ethyl-6-n-propylphenol(?) (0.26) - - ..
3-Ethyl-4-n-propylphenol(?) (0.12) . __.
4-Ethyl-3-n-propylphenol(?) (0.24)
4-Isopropyl-3-n-propylphenol(?) (0.14)

2,4-Di-n-propylphenol(?) (0.18) - oo e
See footnotes at end of table.
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2,3-Dimethylpyridine (0.01).
2,4-Dimethylpyridine (0.45) -

4-Ethyl-2-methylpyridine (0.11)
5-Ethyl-2-methylpyridine (0.48)--

3,5-Dimethylpyridine (0.04) -

B pLete

Aniline (0.26).
3-Methylaniline (0.48).
2-Ethylaniline (0.22).

2,5-Dimethylaniline (0.22).
2,6-Dimethylaniline (0.60).

3,5-Dimethylaniline (0.77).
N,N-Dimethylaniline (0.06).
N-Methyl-2-methylaniline (0.16).

pYy!
4,6-Tetramethylpyridine (0.99) ...
5,6-Tetramethylpyridine (0.24) _._
Dimethyl-4-ethylpyridine (0.45)_
Diethylpyridine(?) (0.63) 3.__.___
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TaABLE 34.—Summary of tar acids and tar bases identified in a low-temperature bituminous-coal tar,
and their amounts—Continued

Tar acids (distillable tar acids, wt.-pct.) !

Tar bases (distillable tar bases, wt.-pct.) 2

2,4- or 3,4-Dialkylphenol(?) (0.02).-...
3- Methyl- 2- propen - 1- ylphenol(?

(0.003).

Alkenylphenol I (0.005) -
Alkenylphenol IT (0.001). .
Alkenylphenol III (0.03)_.
2-Cyclohexylphenol (0. 20)-.
2-Alkyleycloalkylphenol I (0.
2-Alkyleyeloalkylphenol IT (0. 01).
Cycloalkenylphenol I(?) (0.005) - .-
Cycloalkenylphenol I1(?) (0.04).
4-Indano] (0.53) - _...____
5-Indanol (0.49)- - -
1-Methyl-5-indano; .3
3-Methyl-4- indanol(?) (0. 09) -
6-Methyl-5-indanol (?) (0.005
7-Methyl-5-indanol (0.10)_
4-Indenol (0.03)-..___
5-Indenol (0.27)._
1-, 2-, or 3-\Iethyl-4—lndenol (0.14)
Methyl indenol (0.08) ... _.___
1-, 2-, or 3-Polyalkyl-4-indenol (0.13)
3,4+-Dinuclearphenol (0.06)-_. .._-___
5, 6,7, 8-Tetrahydro-1-naphthol (0.02) __
5,6,7,8-Tetrahydro-2-naphthol (0.02)

4-Methyl-1-indanone (?) (0.15)._.

Alkyl indanone (0.03) -

2-Phenylphenol (0.08)
3-Phenylphenol (0.03)
4-Phenylphenol (0.37)

1-Naphthol (0.20) . . e
2-Naphtho! (1.54). _.____
1-Methyl-2-naphthol (0.02).__
3-Methyl-2-naphthol (?) (0.008) -
4-Methyl-1-naphthol (0.04)_____
4-Methyl-2-naphthol (?) (0.11)

6-Methyl-2-naphthol (?) (0.01)__
7-Methyl-2-naphthol (?) (0.05)..
8-Methyl-2-naphthol (?) (0.02)__
2-Ethyl-1-naphthol (?) (0.85)

2,5-

or 2,7-Dimethyl-1-naphthol (?)
(0.008).
2,6-Dimethyl-1-naphthol (?) (0.008)

6-Methyl-1-indanone (?) (0.01)...

4-Phenylpyridine (1.21).
2-Methyl-6-phenyl-pyridine (?)
.72).

2-Methylquinoline (2.36).__.
4-Methylquinoline (3.21)..-
6-Methylquinoline (0.44) -
7-Methylquinoline (1.02).
8-Methylquinoline (0.33).

2,4-Dimethylquinoline (5.92) ... o

Acridine (2,3-benzoquinoline) (0.13).
2,4-Dimethylbenzo[g]quinoline (?)-.
Phenanthrl)dine
Benzo|! qu)nohne (5,6-benzoquinol-
Benzol[h]quinoline (7,8-benzoquinol-

2 ,4-Dimethylbenzo[flquinoline (?).-

R A

Alkylphenylanilines (?).

N-Benzyl-2-methylaniline (0.19).
N-Benzyl-4-methylaniline (0.29).

2-Naphthylamine (0.63).

6-Dimethylquinoline (1.95)...._.__
7-Dimethylquinoline (1.36)---
8-Dimethylquinoline (1.89)-._
4
6

-Dimethylquinoline (?) (1.33)._.
-Dimethylquinoline (?) (1.32)..-.

4,6-Trimethylquinoline (3.41)_._.__
4,7-Trimethylquinoline (2.85)_._..
4,8-Trimethylquinoline (2.81)____.__
6 1 1

(3,4-benzoquinol-
ine) (0.

ine) (2.13

ine) (1.64).

2,4-Dimethylbenzo[h]quinoline (?)-.

1 The distillable tar acids constitute 3.62 wt.-pet. of the tar.
2 The distillable tar bases constitute 0.31 wt.-pct. of the tar.
3 (?) indicates uncertainty as to which isomer is present.

¢ No data available on tar bases in these groups because of lack of spectra of pure compounds.

5 Tar acids in these groups were not distillable.

Nine individual tar acids were identified;
each comprised more than 3 weight-percent of
the total tar acids and together comprised
nearly one-half of the total tar acids. All were

low-molecular-weight alkylphenols, as follows:
o-, m-, and p-cresol, 2,4-, 2/5- 34- and 3,5-
xylenol 2,3,5- trlmethylphenol and 4- ethyl 2-
methylphenol.
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NATURE OF TAR BASES

Eight different fundamental ring structures
were observed among the tar bases. These
were:

1. Pyridine

2. Cyclopentenopyridine
3. Phenylpyridine

4. Quinoline

5. Benzoquinoline
6. Aniline

7. N-benzylaniline
8. Naphthylamine

Two other ring structures appeared to be pres-
ent, although no individual compounds could be
identified; these were tetrahydroquinoline and
phenylaniline. These structures covered the
boiling range from initial boiling point to about
355° C. It would appear to %)e certain that
the polycyclic structures also would be present
in the distillation residue or ‘‘pitch.”

The individual tar bases identified consist of
these eight fundamental structures, with mostly
methyl and some ethyl groups attached. One
compound with an isopropyl group was identi-
fied, but no alkyl groups with chain lengths
greater than 2 carbon atoms were observed.
Under the conditions of formation of the tar
(500° C.), alkyl chains of three or four carbons
could conceivably cyclize to form fused satu-
rated rings, as exemplified by cyclopentenopyri-
dines and tetrahydroquinolines. The spectra
of alkyl derivatives of these compounds were

not available but 2,3-cyclopentenopyridine was
definitely identified, and tar-base-distillate frac-
tions 10 to 20 (fig. 7) appeared to contain
appreciable amounts of alkyl-5,6,7,8-tetrahy-
droquinolines. There was no doubt, from the
ultraviolet spectra of these fractions, that they
were rich in some kind of pyridine, that is,
compounds with a pyridine ring but no other
unsaturated ring in the molecule. Yet the
boiling range of these fractions was above the
boiling points of the known highly alkylated
pyridines. On the other hand, the boiling points
of the known alkyl-5,6,7,8-tetrahydroquinolines,
which have a pyridine ring but no other aro-
matic ring, covered the boiling range for
fractions 10 to 20 quite closely.

Eight individual tar-base compounds were
identified; each comprised more than 2 weight-
percent of the total tar bases and together
they comprised fully one-fourth of the total tar
bases. All were quinolines, as follows: 2-
and 4-methyl-quinoline, 2,4-dimethylquinoline,
2,4,6-, 24,7-, 2,48- and 2,6,8-trimethylquino-
line, and benzo[f]quinoline. From this stand-
point one can say that quinolines, especially
those alkylated in the 2- and 4-positions,are the
compounds that best typify the tar bases from
low-temperature bituminous coal tar and not
pyridines, as might have been assumed.



CORRELATION OF TAR ACID AND BASE COMPOSITION
WITH COAL STRUCTURE

GENERAL CONSIDERATIONS

Availability of the results of an extensive
characterization of both the tar acids and tar
bases in a single low-temperature tar rather
naturally led to consideration of the possibility
of correlating tar composition with coal struc-
ture.

Not much is known about the dependence
of tar composition on coal structure. It has
been demonstrated by Orning and Greifer (86)
that if a coal sample is heated at 510° C.
under conditions of molecular distillation, the
distillate has an identical infrared spectrum
and therefore the same general molecular con-
figuration as the coal. Under these conditions,
once the molecules (radicals) are released from
the pores of the coal particles they do not enter
into any collisions with each other or the walls
of the vessel until they strike the condensing
surface. Therefore secondary reactions are
limited to those occurring before release from
the coal particle and after condensation, and
these must not be extensive. Under the
conditions of commercial or experimental low-
temperature carbonization there are many
collisions of released molecules or radicals with
each other, the surface of the char particles,
and the walls of the vessel. The longer the
residence time the less ‘“‘primary’” the tar is
at the same carbonization temperature. Mod-
ern fluidized-bed, low-temperature carboniza-
tion can involve relatively short average resi-
dence times (down to some seconds, only) and
when conducted at 500° C. or lower presumably
produces a tar with significant primary charac-
teristics.

It is known that coal is heterogeneous and
frequently contains organic residues, which are
little altered from the original plant material.
These are typically water-insoluble, relatively
heat-stable compounds, such as natural waxes.
From available evidence there seems little
reason to doubt that such substances are
distilled with little alteration under conditions
of true low-temperature carbonization. Vahr-
man (111) showed that the chloroform eluates
from an alumina column of both coal extracts
and their respective low-temperature tars were
similar ester fractions with a pinelike odor.
The yields of ester fractions from the coals were

paralleled by smaller but approximately pro-
portionate amounts of ester fractions from the
respective tars. In the present report it is
shown that there are long-chain aliphatic car-
boxylic acids throughout the entire high
boiling range from about 240°-330° C.; these
include compounds like myristic acid, which
are widespread in plant esters.

The “resinols,” namely the benzene-soluble,
petroleum ether-insoluble materials of a low-
temperature bituminous coal tar, were examined
by Vahrman (712). Upon either pyrolysis or
hydrogenation of the resinols it was found that
the main product was a mixture of lower
phenols. These resinols had molecular weights
of 300 to 600, were thermoplastic resins, and
from their infrared spectra and other considera-
tions were thought to be linear polymers of
monocyeclic rings linked by ether oxygen. This
is a structure that is related in a broad sense to
the structure commonly assigned lignin.

By means of X-ray scattering intensities,
Ergun (32) has shown that both the high-
vacuum distillate and the residue from a bitumi-
nous coal vitrinite contained aromatic layers.
The vitrinite contained 36 percent volatile
matter and was conceived as a polymer of
planar aromatic nuclei with 1 to 3 rings, which
depolymerizes upon heating, setting some of
the structural entities free as vapor. This fin-
ding appears to be analogous to that of Vahrman
with respect to the resinols. ) )

From the extensive studies by many investi-
gators of the oxidation reactions and products
of coal, recently reviewed by Yohe (121), the
firm conclusion is drawn that coal is comprised
of high-molecular-weight substances, containing
single and condensed aromatic rings, and ali-
phatic structures (including oxygen linkages) as
connecting chains between aromatic nuclei or as
parts of hydroaromatic units. It is clear that
depolymerization of these high-molecular-
weight substances would produce mainly alky-
lated and hydroxylated aromatics rather than
the parent hydrocarbons, and it is indeed
observed that under these conditions the parent
hydrocarbons are found only in small amounts.
For example, whereas coke-oven tars contain
around 10 percent naphthalene, true low-
temperature tars contain only about 0.1 percent
naphthalene but do contain a significant
amount of combined alkylated naphthalenes.

51
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There is no question about the fact that,
although the bituminous low-temperature tar
acids and bases were rich in alkylated deriva-
tives, there were no aromatic rings among the
tar acids and bases that had long alkyl groups
attached to them. The Low-Temperature Tar
Laboratory researchers were unable to detect a
single normal-butylated compound among
about 130 tar acids and bases with aromatic
rings, although an excellent collection of au-
thentic specimens and spectra of these com-
pounds was available to them. It is con-
ceivable that cyclization reactions leading to
structures of the indan and tetrahydronaph-
thalene type have accounted for the lack of
n-butylated aromatics and the presence of these
hydroaromatic structures in the tar. However,
there is every reason to believe that the hydro-
aromatics could have been released from the
coal; in addition, identification of about 10
phenols with n-propyl groups is difficult to ex-
plain if cyeclization is occurring so extensively.
The tentative conclusion might be reached that
the connecting aliphatic chains in the coal poly-
mers are limited essentially to 3 carbon atoms.
Once again this is suggestive of the polymeric
structure usually assigned to lignin. Another
observation about the low-temperature tar
acids and bases is that one can apparently
expect to find the same fundamental ring struc-
tures whether they are in the tar acids or tar
bases (table 34). (Liack of authentic specimens
and their spectra prevented this interesting
comparison from being complete in all details.)
This suggests a common origin in the form of
repetitive units in a polymeric structure.

THERMODYNAMIC AND KINETIC DIS-
TRIBUTIONS OF ISOMERS

The tar acids and bases obtained by low-
temperature (500° C.) carbonization of coal may
be examined either from the standpoint of
chemical thermodynamic equilibria or chemical
kinetics (55). In the former case, if thermo-
dynamic equilibrium has been achieved under
the conditions of carbonization, the proportions
of various isomers will be the same as those
predicted by theory. In the latter case, if
thermodynamic equilibrium is far from being
obtained, owing to insufficient time (residence
time at 500° C.), then the most abundant
isomers would be those predicted from the rela-
tive rates of formation. At thermodynamic
equilibrium the more abundant isomers would
be the more stable isomers, while at times rela-
tively short, compared with those required to
approach equilibrium, the more abundant
isomers would be the ones formed at the fastest
rates. These could be the same isomers in both

cases, although this generally should not be
expected.

Not a great deal of precise information is
available on the proportions of isomers at equi-
librium at various temperatures, as determined
by studies in chemical thermodynamics. Data
required for the present comparison were ob-
tained from experiments by others in isomer-
ization and other reactions in which the inves-
tigators concluded that equilibrium distribution
of isomers had been approached. An example
of this would be the work by Pigman, Del Bel,
and Neuworth (91) on the silica-alumina cata-
lyzed isomerization of xylenols at 344° C.
Catalysts may be utilized to speed up the
approach to equilibrium at a given temperature
without distorting the proportions of isomers,
as shown experimentally by Rossini, Mair, and
Streiff (98). The relative amounts of the four
Cs alkylbenzenes in five different catalytically
cracked gasolines were shown to be very close
to the amounts predicted for thermodynamic -
equilibrium. This does not mean, of course,
that all data on catalytic reactions represent
equilibrium conditions; in fact, in most cases
thermodynamic equilibrium probably is not
reached. In the ideal case, if it can be shown
that independent of the nature or proportions
of the reactants and independent of the nature
of the catalyst the same distribution of isomers
is obtained, then it can be assumed that thermo-
dynamic equilibrium has been obtained at the
temperature stated.

Whereas the reaction mechanisms need not
be known in a consideration of the thermo-
dynamic equilibria, a knowledge of them is
required in an examination of products obtained
under nonequilibrium conditions. The com-
pounds involved in the present comparisons
probably should be considered as having been
formed in a free radical process. These isomeric
compounds would all be in the gas phase at
500° C., and at these conditions of phase and
temperature it is generally assumed that a free
radical mechanism is predominant. An ionic
mechanism at 500° C. would almost certainly
imply that the reactions were dominated by
powerful, specific catalysts, that is, that condi-
tions were predominantly those encountered in
intentionally catalytic processes. The metal
walls of the carbonizing equipment and the
char (or the minerals in the char) at 500° C.
probably exert a relatively mild, nonspecific
catalytic effect on the reactions being discussed.
This seems quite likely to be limited to radical
initiation on the surface of the metal or the
char by the removal of a hydrogen atom, the
radical chain then being propagated in the gas
phase.

It is generally accepted that a rate-deter-
mining factor in free radical substitution on
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an aromatic nucleus is the free valence index,
F, at each carbon atom, r. A simplified
concept of the free valence index is that it
is equal to the percentage importance of a
structure containing a lone electron on a
carbon atom; the values of F, for the carbon
atoms of a given aromatic structure are
obtained by molecular orbital calculations.
Isomeric compounds, structurally related to
the reactant isomers of largest values of F,
will be formed at the fastest rates and thus will
predominate in the nonequilibrium mixture.
Thus, among given disubstituted benzenes,
like cresols or dialkyl benzenes, those with
1,2-substitution are formed the most rapidly
because the 2-position of a benzene ring has
the largest F, value (63). Conversely, among
these same dialkyl benzenes, those with
1,3-substitution are more stable (107) at 500° C.
It for a given set of disubstituted benzene
isomers in a low-temperature coal tar the
1,2-isomer is predominant, then thermodynamic
equilibrium was far from being achieved,
and approximate isomeric distributions should
be predictable from the free valence indices.
On the other hand, if for this set of disub-
stituted benzene isomers the 1,3-isomer is
predominant, then thermodynamic equilibrium
was approached fairly closely, and approximate
isomeric distributions should be predictable
from whatever useful information on chemical
thermodynamic equilibria happens to be
available.

Kooyman and Farenhorst (63) have experi-
mentally established that

Frax=a log K;+b (1)

for a series of aromatic hydrocarbons, where
Fpax is the highest free valence number cal-
culated for each molecule by the molecular
orbital method and K; is the reactivity for
the CCl; radical reaction. The differences
between the free valence numbers within
each molecule are so considerable that reactivity
can be expected to be mainly due to the most
reactive positions; that is, Fiy.; is in effect F
for the most reactive position, which is the
ortho position for a monosubstituted benzene
ring. K; is evaluated by determining the
relative reactivity of the aromatic hydrocarbon,
that is, by comparing the rate constant for
the hydrocarbon to the rate constant for some
standard in a competitive reaction with the
CCl; radical. The values of K; are independent
of the numerical value for the rate constant
of the standard, so that the relative reactivity
of each hydrocarbon is directly proportional
to the rate constant for that hydrocarbon.
It can be assumed that the slope of the line
would remain nearly the same for the closely

analogous CH; radical. In addition it can
be assumed that alkylbenzenes would be very
similar to benzene, phenylpyridines to biphenyls,
methylquinolines to naphthalenes, and so on,
in these free radical reactions, so that these
compounds would fall fairly close to Kooyman
and Farenhorst’s plot and the same value of
a would apply to them.

Since K =ka/c, where ks can be the rate
constant for isomer A in the free radical reaction
and ¢ is a constant, and since Fpay is in effect
for the most reactive position, equation 1 may
be rewritten as Fa=a log (ka/c)+b, Fa being
the free valence number for isomer A, or

kale=10F4=D1a, (2)
From this,
keafkes= (1074/%)/(1075/7). @)

The ratios of isomers will be independent of
the concentrations of the reacting species, as
shown by Ingold and Shaw (48) for competitive
substitution reactions. This means that at any
given time in the initial period of reaction the
mole-percent of any of the isomers is directly
proportional to its rate constant.

With the inclusion of a term (p) for the
number of equivalent positions, the following
relationship is obtained:

Mole-percent A/mole-percent B=p.k4/psks
= (pa1074/%)/(pp1075/%).  (4)

This equation has the same form as those that
can readily be derived from equations presented
by Glasstone, Laidler, and Eyring (39) for
determining the relative amounts of ortho-,
meta-, and para-substitution in ionic reactions.
Comparison of these equations with equation 4
shows that the term a is directly proportional
to the absolute temperature, which 1s, of course,
required by the general theory of absolute re-
action rates. Kooyman and Farenhorst have
experimentally determined the value of a at 91°
to be about 0.022; at 500° a should be 0.047.

The approximate isomeric distributions can
be obtained from the free valence numbers or
indices by means of equation 4. These could be
called the “kinetic” distributions, compared
with the thermodynamic equilibrium distri-
butions. The values for these two types of iso-
meric distributions are listed in table 35 for 28
tar acids and bases and their amounts found
in the low-temperature bituminous coal tar
produced at 500° C. by fluidized carbonization.

The accuracy of the quantitative determina-
tions of the tar components was generally quite
adequate for the comparisons made in table 35.
These quantities were determined by infrared
analysis, or gas-liquid chromatography, or both.
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TABLE 35.—Isomeric distributions of tar acids and bases, compared with thermodynamic equilibrium
and kinetic distributions

Isomeric | Thermodynamic Kinetic
distribu- equilibrium . distribu-
Compounds tion in tar, distribution, Free valence, F, of position substituted tion, mole-
mole- mole-percent percent
percent
Pyridine: 2
2-Phenylpyridine.__ . Ortho, 0.091_. 51
3-Phenylpyridine.__ B Meta, 0.079-__ 29
4-Phenylpyridine. Para, 0.086._- 20
Quinoline: 3
2-Methylquinoline.._...._________________________. 2-position, 0.344__________ .. 23
3-Methylquinoline. . ..____________.____.__________ 3-position, 0.290. .- 1.5
4-Methylquinoline._ R 4-position, 0.356. - - 43
5-Methylquinoline. 5-position, 0.338_ 17
6-Methylquinoline. 6-position, 0.290- 1.5
7-Methylquinoline .. 7-position, 0.296. 2
8-Methylquinoline _| 8-position, 0.331 12
Aniline: 4
2,5-Dimethylaniline__._..__________________________ 14 50
2,6-Dimethylaniline. .. .__.________...______________ 38 40
3,5-Dimethylaniline. _______________________________ 48 10
N-Benzyl-2-methylaniline. _ . 40 62
N-Benzyl-3-methylaniline_ . _ 0l 13
N-Benzyl-4-methylaniline 60 25
0-Cresol. .. 31 21 | Ortho, 0.410- - .o oo 49
m-Cresol_.. ..o 41 8160 6161 | Meta, 0.399_ 28
p-Cresol... 28 22 18 | Para, 0.408. 23
2,3-Xylenol. 5 10 |- 16
2,4-X ylenol_ 36 30 26 |- 30
2,5-X ylenol. 15 8|24 oj22 | 16
2,6-Xylenol_._. 6 2 |- 10
3,4-Xylenol._ 15 17 |- 22
3,5-Xylenol__.__ 23 14 23 |- 6
o-Ethylphenol. .. 23 21 |- 49
m-Ethylphenol.. 38 9 Jl(i() - 28
p-Ethylphenol....... ... _________________..___ 38 19 | 23

LAt 105° C.; (46). ‘
2(28),
3 .(100).

The infrared values had maximum deviations of
about 45 percent from the true values for
distillate fractions containing only about three
components and deviated up to about 410
percent for fractions containing about six or
more components; that is, a value of 20 percent
for a component in such a fraction was actually
20 +2 percent. The gas-liquid chromatography
values were demonstrated to have deviated not
more than +3 percent from the true values
when the peaks were essentially completely
resolved and up to about +5 percent for typical
overlapping peaks. The reliability of the
thermodynamic values is perhaps best indicated
by the fair agreement between Given’s values
at 380° C. and Pigman, Del Bel, and Neuworth’s
values at 344° C. for the xylenols, and the good
agreement between Given’s values at 380° C.
and Meissner and French’s values at 164° C.
for the cresols. The values of F, are probably
fairly reliable, since in several cases these were
calculated by two different methods with fairly
good agreement. The kinetic distribution
values, however, should be considered as
approximations, although a twofold change in
the value of a, for example, would generally
have little effect on the distribution values.
Examination of table 35 shows no overall
agreement of isomeric distributions in the tar
with either thermodynamic equilibrium distri-

(7

(90). 2).
5 At'164° C. with AICIy; (77). 8 At 344° C.; (91)
6 At 380° C.; (38).

; 1),
9 At 450° C. with AlFs; (82).

butions or kinetic distributions, although some
isolated instances of fair agreement can be
picked out, as for the thermodynamic distri-
butions of the xylenols or the kinetic distribu-
tions of the methyl quinolines. This cannot
be explained solely on the basis of inaccuracies,
in view of the previously discussed accuracy of
these values. Of particular significance is the
large proportion of tar values that fall com-
pletely outside of the range presented by the
combined thermodynamic and kinetic systems.

Most striking of all was the number of in-
stances in which the para isomer predominated.
Referring to tables 34 and 35 the para isomers
ot phenylpyridine, N-benzylaniline, n-propyl-
phenol, and phenylphenol were present in the
greatest amount. Only the para 1somers of
isopropylphenol and isopropylpyridine could
be detected. In addition, the para isomers of
cresol and ethylphenol, although not quite
present in the greatest amount, were present
in considerably larger amounts than would be
expected from the thermodynamic distribution,
which predicts a predominance of meta isomer,
or the kinetic distribution, which predicts a
predominance of the ortho isomer.

A particularly clear-cut example of the pre-
dominance of the para isomer among both the
cresols and the ethylphenols can be seen for
all four subbituminous tars listed in table 1.
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These tars were obtained under very caretully
controlled carbonization temperatures in a
fluidized-bed carbonizer with relatively short
residence time. The temperaures were as tol-
lows: Stansbury, 510° C.; Hanna, 510° C.; Big
Horn, 499° C.; Wyodak, 482° C.

Here again, the structure usually assigned to
lignin can Le called upon for a plausible expla-
nation. The products of depolymerization of
lignin are generally explained by the assump-
tion that the main building block in lignin is
something comparable to 1-n-propyl-3-me-
thoxy-4-hydroxybenzene (16). The oxygen in
the hydroxy grovp is derived from an ether
linkage between the benzene ring and one of the
chain carbons, which is fundamental to the
polymeric nature of the lignin, whereas the
methoxy group exists as such in the polymer.
In going from lignin to lignite to bituminous

coal, oxygen is lost, and it is evident that one
process involved could be the loss of these
methoxy groups or their equivalent in the lignin-
derived polymers. This is shown by the fact
that catechol derivatives are the major phenolic
compounds obtained upon depolymerization of
lignin and are also present in somewhat smaller
but still relatively large amounts in low-tem-
perature lignite and brown-coal tars, whereas
the low-temperature tars from bituminous
coals contain only small or trace amounts of
catechols. From these considerations it might
be expected that something comparable to
1-n-propyl-4-hydroxybenzene would be a signifi-
cant buif::ling block in the lignin-derived poly-
meric structures of the subbituminous coals,
and that para isomers would be the most
prevalent among the monoalkyl phenols re-
leased upon depolymerization.



SYNTHESIS OF AUTHENTIC SPECIMENS OF TAR ACIDS
AND TAR BASES

PURPOSE OF SYNTHESIS PROGRAM

Authentic specimens of tar acids and tar
bases were required for ultraviolet and infrared
spectra, retention times in gas-liquid chroma-
tography, partition coefficients in countercur-
rent distribution, and boiling points in fractional
distillation. A few pure compounds were
synthesized to meet these essential needs at
least partially. Lack of available man-hours
prevented the synthesis program from being as
extensive as dictated by the requirements of
the characterization research.

SYNTHESIS OF PHENOLS

Hawthorne has presented a procedure for
converting aryl halides to the corresponding
phenols, in which he demonstrated good yields
for phenol, 1-naphthol, and 4-methylphenol
(42). Since a relatively large number of aryl
halides has been made available for purchase 1n
recent years, this apparently general method of
synthesizing phenols seemed to offer an appeal-
ingly ready route for preparing authentic
specimens. However, it was soon discovered
that most of the higher molecular-weight aryl
halides gave little or no phenol according to the
procedure described by Hawthorne.

The difficulty was readily shown to lie in lack
of oxidation of the arylboronic acid with 10
percent hydrogen peroxide. Good yields of the
arylboronic acid could be obtained from the
action of methyl borate with the arylmagnesium
halide, but the subsequent oxidation to the
phenol failed to take place. Kuivila (68) has
demonstrated that the reaction of hydrogen
peroxide with benzene-boronic acid proceeds by
way of the hydroperoxide ion, HOO~, which
attacks the boron atom. The rate of the re-
action depends on concentration of hydro-
peroxide ion, as shown by Kuivila; it is also
logical to assume that an increase in reaction
temperature will increase the reaction rate.
Therefore, 30 percent hydrogen peroxide was
used in place of 10 percent hydrogen peroxide;
and, possibly of more importance, the original
refluxing ether solution employed by Haw-
thorne during the oxidation step was replaced
by a refluxing benzene solution. This meant an
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increase of about 45° C. in the reaction temper-
ature. Under these conditions most of the high-
molecular-weight arylboronic acids were readily
oxidized to the corresponding phenols (119).

Preparation of the Grignard reagents was
straightforward, although some of the aryl
halides, such as 2-bromofluorene and 5-bromo-
acenaphthene, were insufficiently reactive and
required introduction of ethyl bromide to keep
the magnesium active (35). After the Grignard
reagent was added to the ether solution of the
trimethyl borate, as described by Hawthorne,
the reaction mixture was refluxed 15 minutes
as recommended by Seaman and Johnson for
increased yields of arylboronic acid (103).
Nearly all of the ether was removed by evapora-
tion over a water bath, and an equivalent
volume of benzene was added. This benzene
solution was heated to reflux, and 30 percent
hydrogen peroxide was added slowly in a
nitrogen atmosphere and the reaction mixture
refluxed for 45 minutes. The remainder of the
procedure was essentially that described by
Hawthorne. Yields were based on the aryl
halides.

2-Fluorenol. Yield, 23 pct. M.p., 169°-170°
lit. (43) 171°; x‘g;};’hexane 315.2, 308.3,
304.0, 282.3, 276.5, 271.0, 267.0, 262.0 mgu
(log ¢ 3.76, 3.72, 3.74, 4.18, 4.25, 4.33, 4.30,

4.22). Reported (37), A gg}("hexane 315.2,

308.3, 304.0, 282.3, 276.5, 271.0, 267.0, 262.0
my (log € 3.75, 3.70, 3.74, 4.17, 4.24, 4.32, 4.31,
4.26).

Anal. Calculated for C;3H;0: C, 85.69, H, 5.53.
Found: C, 85.69; H, 5.54.

Acetate, m.p. 129°-130° [lit. (73) 130°].

Benzoate, m.p. 169.5°~171° (not previously reported).

Anal. Calculated for CyH 0, C, 83.89, H, 4.93.
Found: C, 83.83; H, 5.01.

5-Acenaphthenol. Yield, 15 percent. M.p.
121.5°-123° [lit. (96) 125°—126°].

Anal. Calculated for C;,H;,O: C, 84.68; H, 5.92.
Found: C, 84.68; H, 6.00.

Picrate, m.p. 173°-174° (dec.) (not previously re-
ported).

Anal. Calculated for C;sH,30:N3: C, 54.14; H, 3.28.
Found: C, 54.02; H, 3.26.
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2-Methyl-l-naphthol.
61°-63° [lit. (100) 62.4°].

Anal. Calculated for C;H.,O: C, 83.51; H, 6.37
Found: C, 83.28; H, 6.37.

Benzoate, m.p. 97°-99° [lit. (43) 94°-95°].

Picrate, m.p. 131°-133° [lit. (43) 133°-134°].

4-Methyl-l-naphthol.  Yield, 33 percent.
M.p. 83°-85° [lit. (43) 84°-85°).

Anal. Calculated for C;;H;,O: C, 83.51; H, 6.37.
Found: C, 83.46; H, 6.44.

Benzoate, m.p. 79.8°-80.5° [lit. (43) 80.6°-81°].
Picrate, m.p. 165°-167° [lit. (84) 163°-165°].

3-Phenylphenol. Yield, 61 percent. M.p.
720740 [lit. (117) 72°-76°); » YClohexane
290.0, 281.0, 249.0 mu (log € 3.50, 3.60, 4.21)
Reported (95), A Ent]‘;f 290, 287, 249 (log € 3.52,
3.58, 4.20).

Anal. Calculated for CpH,,0: C, 84.68; H, 5.92-
Found: C, 84.91; H, 5.86.
13£gien}71urethane, m.p. 131°-133° [lit. (117) 132.5°-
 3,4,5-Trimethylphenol was synthesized from
isophorone using the procedure described by
Beringer and Geering (10). In this reaction
bromine at 0° C., in the presence of 1,2,4-
trichlorobenzene as solvent, dehydrogenates
isophorone and induces rearrangement of the
methyl groups, producing mostly 3,4,5-tri-
methylphenol and small amounts of 2,3,5-tri-
methylphenol and other phenols. The purifi-
cation procedure outlined by Beringer and
Geering was followed.

3,4,5-Trimethylphenol.
M.p. 107° [lit. (43) 107°].

Employing the method of Smith and Opie
(106), 3,5-dimethyl-2-ethyl- and 2,3-dimethyl-
6-ethylphenol were prepared. The experi-
mental details were as follows:

3,5-Dimethylphenyl acetate (I) (70 g., 85
percent yield, b.p. 120°/19mm.) was prepared
from 3,5-dimethylphenol in the usual way, using
acetic anhydride and sulfuric acid.

2-Hydroxy-4,6-dimethyl-acetophenone (I1)
was prepared from (I) by a Fries rearrangement
using aluminum trichloride as catalyst. A
light yellow solid (20 g., 60 percent-yield, m.p.
58°, b.p. 142°-144°/13 mm.) was obtained.
Smith and Opie reported a 67-percent yield of
material that melted at 57°-58.5° C. The
molecular weight of (IT) was determined by the
ebullioscopic method to be 164.6; the calculated
value is 164.2.

3,5-Dimethyl-2-ethylphenol (III) was pre-
pared from (II) by a Clemmensen reduction,
using zinc amalgam and hydrochloric acid.
This yielded the white, crystalline phenol, 8.5 g.

3,5-Dimethyl-2-ethylphenol. Yield, 57 per-
cent. B.p. 90°-93°/1 mm. M.p. 75°-76.5° [lit.
(106) 74°-76°].

Yield, 51 percent. M.p.

Yield, 24.1 percent.

2,3-Dimethylphenyl acetate (IV), (colorless
liquid, 102.3 g., 77-percent yield, b.p. 112°-113°/
12.5 mm.) was prepared from 2,3-dimethyl-
phenol.

2-Hydroxy-3,4-dime thyl-acetophenone (V)
was prepared by rearrangement of (IV). A
yellow-liquid (53.7 g., 51-percent yield, b.p.
120°-126°/8 mm.) was obtained.

2,3-Dimethyl-6-ethylphenol (VI) was pre-
pared by Clemmensen reduction of (V). A
pale-yellow crystalline phenol was obtained,
139 g.

2,3g-Dimethy1-6-ethylphenol. Yield, 62 per-
cent. B.p. 115°-117°/12 mm. M.p. 47°-50°
llit. (54) 53°-54°].

Seven phenols were synthesized from the
eorresponding acetophenone, or propiophenone,
by Clemmensen reduction, using the method
of Brewster and Harris (18), with some modi-
fications in the separation procedures.

3-Ethylphenol. B.p. 115°/20 mm. [lit. (64)
114.5°/20 mm.].

2-Ethyl-4-methylphenol.
mm., n¥ 1.5317.

4-Ethyl-2-methylphenol. B.p.125.5°/17 mm.
n%® 1.5320 [lit. (64) nF 1.5372].

4-Ethyl-3-methylphenol. B.p. 140°/52 mm.
flit. (64) 122°/15 mm.}.

3-n-Propylphenol.
(64)127°/20 mm.].

2-Ethylresorcinol.
2-Ethylhydroquinone.
112°-113°]

SYNTHESIS OF QUINOLINES

2,8-Dimethylquinoline, 2,5,7-trimethylquino-
line, 2,5,8-trimethylquinoline, 2,6,8-trimethyl-
quinoline, and 2,7,8-trimethylquinoline were all
synthesized according to the general procedure
outlined by Bowen and coworkers for prepara-
tion of the 2,5,8-isomer (14). The 2,5,7- and
2,7,8-isomers are apparently previously unre-
ported. The “Handbook” (46) lists 2,5,7-tri-
methylquinoline, m.p. 43°, very soluble in
water, whereas the pure 2,5,7-isomer was found
to be liquid at room temperature and essentially
insoluble in water, as are the other known tri-
methylquinolines. Since 2,5,7-trimethylquino-
line is not listed in Chemical Abstracts,
Beilstein, etc., it was assumed that the
‘“Handbook” entry is probably in error.

2,4 6-Trimethylquinoline, 2,4,7-trimethyl-
quinoline, 2,4,8-trimethylquinoline, 2,4,5,8-tet-
ramethylquinoline, and 2,4,7,8-tetramethylqui-
noline were all synthesized according to the
general procedure outlined by Adams and
Campbell for preparing the 2,4,7-isomer (I).
In this procedure the intermediate imine is
prepared and purified. 2,4,7,8-Tetramethyl-
quinoline and its imine precursor, 4-(2,3-

B.p. 118°-120°/23

B.p. 109°/12 mm. [lit.

M.p. 97°.
M.p. 112.3° [lit. (8)
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dimethylbenzimino)-pentan-2-one, are both
apparently previously unreported.

2,5,8-Trimethylquinoline. A 41-percent yield
of oil, b.p. 143°-145° at 15 mm. [lit. (14)
144-146° at 15 mm.], was obtained. Upon
redistillation this yielded a main cut b.p.
90°-91° at 0.98 mm., 250.4° at 746 mm.; nZ
1.5941; picrate, m.p. 177°-178.5° [lit. (14) n¥
1.5958; picrate, m.p. 181°-182°].

Anal, Calculated for CpH;N: C, 84.17; H, 7.65.
Found: C, 84.12; H, 7.69.

2,8-Dimethylquinoline. A 37-percent yield
of oil, b.p. 89°-90° at about 2 mm. [lit. (74)
93°-95° at 2 mm.], was obtained. Upon redis-
tillation, this yielded a main cut b.p. 85°-86°
at 1.79 mm., 249.1° at 740 mm. [lit. (4) 245-252°
at 760 mm.]; n® 1.5999; picrate, m.p. 183° [lit.
(48) n® 1.6022; picrate, m.p. 183°].

Anal, Calculated for C;H;N: C, 84.04; H, 7.05.
Found: C, 84.24; H, 7.09

2,6,8-Trimethylquinoline. A 46-percent yield
of the quinoline, b.p. 142°-144° at 15 mm., was
obtained. Upon redistillation this yielded a
main cut b.p. 94°-95° at 1.27 mm., 267.4° at
746 mm.; picrate, m.p. 185°-186.5° [lit. (43)
b.p. 266°-267° at 780 mm.; picrate, m.p. 185°].

Anal. Calculated for Cp;H;3N: C, 84.17; H, 7.65.
Found: C, 84.34; H, 7.80.

2,5,7-Trimethylquinoline. A 51-percent yield
of viscous oil, sparingly volatile with steam, b.p.
152°-153.5° at 15 mm., was obtained. Upon
redistillation this yielded a main cut b.p. 107°-
108° at 1.2 mm., 286.6° at 746 mm.; n¥ 1.5980;
picrate, m.p. 204.5°-205.5°d.

Anal. Calculated for Cp,H;3N: C, 84.17; H, 7.65.
Found: C, 84.35; H, 7.60.

2,7,8-Trimethylquinoline. A 22-percent yield
of crystals, very sparingly volatile with steam,
b.p. 144°-146° at 15 mm., was obtained. Upon
recrystallization from 95-percent ethanol this
yielded white needles, m.p. 41°; b.p. 276.1° at
740 mm.; picrate, m.p. 186°. The melting
point of the recrystallized quinoline was not
altered upon sublimation.

Anal. Calculated for C,,H;3N: C, 84.17; H, 7.65.
Found: C, 84.20; H, 7.64.

4-(3-Methylbenzimino)-pentan-2-one. A 74-
percent yield of pale yellow oil, b.p. 109°-109.5°
at 1 mm., n¥ 1.6100 [lit. (I) b.p. 125°-126° at
2 mm., n¥ 1.6105], was obtained.

Anal. Calculated for C,,H;sNO: C, 76.15; H, 7.99.
Found: C, 76.26; H, 8.02.

2,4,7-Trimethylquinoline. Cyclodehydration
of the above imine in sulfuric acid gave a 67-
percent yield of the quinoline, b.p. 116°-117.5°
at 2 mm. [lit. (1) 103°-104° at 1.5 mm.], b.p.
282.9° at 742 mm. [lit. (43) 280°-281° at 760

mm.]; nZ 1.6000 [lit. (1) n¥ 1.5997]; picrate,
m.p. 229.5°-231° d. [lit. (43) 232° d.].

Anal. Calculated for CH;;N: C, 84.17; H, 7.65.
Found: C, 84.09; H, 7.72.

4-(4-Methylbenzimino)-pentan-2-one. Upon
recrystallization of the crude product from n-
hexane a 74-percent yield of white crystals, m.p.
66.8°—67.3° [lit. (13) 65°-66°], was obtained.

Anal. Calculated for C;,H;;NO: C, 76.15; H, 7.99.
Found: C, 76.15; H, 8.01.

9,4,6-Trimethylquinoline. The method of
Adams and Campbell for the 2,4,7- isomer had
to be modified for the 2,4,6- isomer in that the
sulfate of the quinoline was isolated by pouring
the cyclodehydration reaction mixture onto
cracked ice and collecting the precipitate. If
the sulfate was not isolated before neutraliza-
tion no quinoline was obtainable. Upon re-
crystallization of the crude-free quinoline from
95 percent ethanol, a 76-percent yield of white
crystals (containing some water of hydration)
was obtained, m.p. 52° C. This was further
purified by sublimation to give white crystals,
m.p. 41.5° [lit. (97) 43°-45°]; b.p. 286.9° at 742
mm. [lit. (66) 287° at 758 mm.]; picrate, m.p.
191.5°-192.5° [lit. (43) 189°].

Anal. Calculated for CpH;3N: C, 84.17; H, 7.65.
Found: C, 81.58; H, 7.81.

This microanalysis indicates that sublimation
did not yield a completely water-free product,
since the carbon content is slightly low and the
hydrogen content very slightly high.

4-(2-Methylbenzimino)-pentan-2-one. Upon
drying and distillation of the crude product, a
57-percent yield of a very pale yellow oil, b.p.
125.5° at 1 mm., n¥ 1.6032, was obtained.

Anal. Calculated for C,H;;NO: C, 76.15; H, 7.99.
Found: C, 76.28; H, 7.98.

2,4,8-Trimethylquinoline. The quinoline was
isolated as the sulfate. The crude-free quino-
line (64-percent yield) was recrystallized from
95 percent ethanol, giving white crystals, m.p.
42°; b.p. 275.8° at 740 mm.; picrate, m.p.
192.5°-193.0° [lit. (43) m.p. 42°; b.p. 280° at
746 mm.; picrate, m.p. 193°].

Anal. Calculated for CpH;3N: C, 84.17; H, 7.65.
Found: C, 84.18; H, 7.67.

4-(2,5-Dimethylbenzimino)-pentan-2-one.
Upon drying and distilling the crude product, a
46-percent yield of imine was obtained. Re-
distillation gave the pure imine, b.p. 109°-110°
at 0.65 mm. [lit. (15) about 170° at 12 mm.];
nd 1.5940.

Anal. Calculated for C;3sHyNO: C, 76.81; H, 8.43.
Found: C, 76.80; H, 8.21.

2.4,5,8-Tetramethylquinoline. The cyclode-
hydration procedure of Adams and Camp-
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bell yielded neither the quinoline nor its sul-
fate when applied to the above imine.
However, it was observed that, by slowly dis-
tilling the imine, a slightly higher boiling
fraction was obtained at the end of the dis-
tillation, which formed colorless crystals upon
cooling. This material proved to be the quin-
oline in an impure state and had been formed in
small yield by cyclodehydration induced solely by
heating the imine around 110° C. at about 1
mm. pressure. Recrystallization from 95 per-
cent ethanol gave white crystals of the quino-
line, which still contained large amounts of
the imine. Further purification was not suc-
cessful. The literature (15) values for 2,4,
5,8-tetramethylquinoline are b. p. 168°-172° at
12 mm.; m.p. 48°. By comparing the infra-
red spectra of the imine and the quinoline
contaminated with imine, several wavelengths
were determined to be characteristic of the
quinoline.
4-(2,3-Dimethylbenzimino)-pentan-2-one.

Upon recrystallization of the crude product
from n-hexane a 60-percent yield of white
crystals, m.p. 88.0°, was obtained.

Anal, Calculated for C3Hi;NO: C, 76.81; H, 8 43.
Found: C, 76.92; H, 8.45.

2,4,7,8-Tetramethylquinoline. The quinoline
was isolated as the sulfate. The crude-free
quinoline (88-percent yield) was recrystallized
from 95 percent ethanol, giving white needles,
m.p. 30°; b.p. 295.5° at 742 mm.; picrate,
m.p. 180°-180.5°d.

Anal. Calculated for C;3H;sN: C, 84.28; H, 8.16-
Found: C, 84.26; H, 8.28.

In addition to carbon and hydrogen, nitro-
gen analyses were desired for the synthesized
quinolines. It was decided to establish the
Kjeldahl nitrogen method as a reliable ele-
mental analytical procedure for heterocyclic
nitrogen compounds (the predominant form in
which nitrogen occurs in tars). Previous in-
vestigations, made mostly by the petroleum
industry, were limited almost entirely to
reproducibility studies with little work on

individual heterocyclic compounds. The pro-
cedures recommended in the literature were
found to work well enough on some individual
heterocyclics, such as carbazole, but gave very
low yields on most quinolines. After a thor-
ough investigation of all pertinent factors
such as digestion temperature, digestion time,
and various digestion catalysts, it was found
that most quinolines have a very high decom-
position threshold temperature, that is, for
decomposition of the type yielding ammonium
ion. The commercial electrical digestion ap-
paratus being used had to be discarded for a
Fisher burner in order to reach the required
temperature of 370° C. It was necessary to
increase the standard salt to acid ratio several-
fold in order to get a mixture that would
reflux at this high a temperature. It was also
necessary to keep a constant check on the tem-
perature of the digestion mixture by means of
a thermocouple, which was incased in a glass
tube that was closed at the bottom and filled
with a suitable high-boiling liquid. It was,
incidentally, found to be advantageous to mix
up the indicator just before making the ti-
tration for easier detection of the endpoint.
Following these new procedures excellent re-
sults were obtained on all quinolines examined,
as shown in table 36.

TABLE 36.—Resulls of microanalysis of synthe-
sized quinolines with modified Kjeldahl procedure

Nitrogen, wt.-pet.
Compound
Calculated | Found !
Quinoline. __ . s 10. 84 10. 86
2,8-Dimethylquinoline. ... ___________ 8.91 8. 90
2,4,6-Trimethylquinoline.___ 8.18 28.00
2,4,7-Trimethylquinoline.___ 8.18 8.20
2,4,8-Trimethylquinoline_.__ 8.18 8.13
2,5,7-Trimethylquinoline____ 8.18 8.16
2,5,8-Trimethylquinoline____ 8.18 8.10
2,6,8-Trimethylquinoline____ 8.18 8.16
2,7,8-Trimethylquinoline____ o - 8.18 8.19
2,4,7,8-Tetramethylquinoline_ ... ______.__.__ 7.56 7.55

1 Average of two determinations.
2 This microanalysis indicates that the sublimed product did not yield
a completely water-free product, since the nitrogen content is slightly low.



APPENDIX

The appendix of this report contains the
ultraviolet and infrared spectra of 189 individual
tar acids and tar bases. For the most part,
these are the compounds that were identified
in the low-temperature bituminous coal tar
along with their isomers, which did not happen
to be detected in this particular tar but could
very well be present in other tars in significant
amounts.

These compounds have been grouped accord-
ing to isomers, making it easy to see at a glance
which isomers are represented from each group.
The groups of isomers have been arranged ac-
cording to increasing complexity; that is, first
cresols, then xylenols, and so forth.

Each of the compounds has been assigned a
number, which is shown in center right of the
page. These same numbers have been listed
in the indices of individual tar acids and bases
based on boiling point. Since fractional distilla-

tion is frequently used as an intermediate or
even final separatory procedure, these indices
can be used for rapid location of the spectra of
the compounds that could be present in a
particular boiling-range fraction. In addition
these indices have some application to gas-liquid
chromatographic fractionation, since there is
generally a predictable relationship between log
relative retention and normal boiling point for
the members of a homologous series; that is,
it is frequently observed that the members of a
homologous series generally are eluted from
the column in the order of increasing boiling
point, especially when using less polar sub-
strates, such as Apiezon L grease.

The numbers in parentheses refer to the items
in the bibliography that are references for
boiling points or spectra. Spectra and boiling
points without reference numbers were obtained
in this laboratory with authentic specimens.

INDEX OF INDIVIDUAL TAR ACIDS BASED ON BOILING POINT

Compound

2-Methylphenol
2,6-Dimethylphenol
4-Methylphenol

2-Ethyl-6-methylphenol

2-Ethyl-4-methylphenol

2-n-Propylphenol - _ _ _______________

3-TIsopropylphenol . ___________ .
2-Isopropyl-3-methylphenol - _ _______

See footnote at end of table.
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3-Methylphenol ____ .. _____.
2-Ethylphenol _ . __ __ . ___ -
2,4-Dimethylphenol - . _ ______________________________
2,5-Dimethylphenol - - _____________________________
3-Ethylphenol . __ L.
2-Tsopropylphenol .. _ L ____.__
2,3-Dimethylphenol - _ __ ..
4-Ethylphenol - - __ .
3,5-Dimethylphenol . ________________________________
2,3,6-Trimethylphenol - - _ ___________________________
4-Fthvl-2-methylphenol ______________________________
2,4,6-Trimethylphenol - ______________________________
5-Fthyl-2-methylphenol . ____ . ________________________
2-Ethyl-5-methylphenol . _____________________________
3,4-Dimethylphenol . - _______________________________
3-Ethyl-2-methylphenol . ___________________________
2,4-Dimethyl-6-ethylphenol - - _ _ ______________________
3-n-Propylphenol _ _ _ _______ . ___ ...

2-Isopropyl-4-methylphenol . _ ___________________ A
4-Isopropylphenol ___ __ _____ . __
4-Fthyl-3-methylphenol ._____________________________
2-(Propen-1-yl)phenol - _ _ ____________________________
2,4,5-Trimethylphenol - ______________________________
4-n-Propylphenol _ _ _ ______ ...
2-Methyl-6-n-propylphenol ___________________________

Boiling point, ° C.[760 mm. No. Page
_____________ 182 . 1 64
_____________ 190.8_ _ .. 2 65
_____________ 201 . 8 71
_____________ 202.1 - 4 67
_____________ 202.2_ .. 3 66
_____________ 207 . 11 74
_____________ 210 . 6 69
_____________ 210 .. 7 70
_____________ 212-214_ . 16 78
____________ 214 . 12 75
_____________ 214/745_ . 32 92
_____________ 216-218_ o _____ 14 77
_____________ 218 - 5 68
______________ 219 .o 13 76
_____________ 219.5_ - 10 73
_____________ 12201 100/14_ - _____ 25 85
_____________ 220 - 29 89
_____________ 222 .- 21 81
_____________ 222 . 27 87
_____________ 223 e 19 79
_____________ 224.2 - 15 78
_____________ 225 e 9 72
_____________ 227 - 17 79
_____________ 227228 . 48 107
_____________ 228 - 30 90
______________ 228 - 33 92
,,,,,,,,,,,,,, 228.5 . 35 94
_____________ 228-229/763_ - _____ 36 95
,,,,,,,,,,,,, 228-229/745_ _ .- ___ 34 93
,,,,,,,,,,,,,, 228-230 __ o _____ 22 82
_____________ 230-231__ . €0 118
,,,,,,,,,,,,,, 232 oo 26 86
,,,,,,,,,,,,, 2326 oo 31 91
______________ [233] 105-107/12____.___ 42 101
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INDEX OF INDIVIDUAL TAR ACIDS BASED ON BOILING POINT—Continued

Compound Boiling point, © C.[760 mm.
3-Ethyl-5-methylphenol __ . _____________________ . _____ 233 e
2,3,5-Trimethylphenol . _ ________________ . ___ 233 .
2-Isopropyl-5-methylphenol . _ _____________________________________ 233.5 .
4-Isopropyl-2-methylphenol . _ _____________________________________ 230-234_ . ____
3-Ethyl-4-methylphenol____ ______ __ _____________ . _._______ 234-235_ .
2,3,4-Trimethylphenol - ______________________________________ 235-237_ .
5-Isopropyl-2-methylphenol . _ _____________________________________ 236.8-237.4____________
4-Tsopropyl-3-methylphenol - _ _____________________________________ 238 . .
2,3-Dimethyl-6-ethylphenol . _ _ ____________________________________ 1[240] 166/100__________
4-Methyl-2-n-propylphenol __ _________________________ . ____ [2411121-123/18________
3-Isopropyl-5-methylphenol _ _ _ . ______________________ . ______ 241 .
4-Indanol . _ - 245/764_ - .
Catechol ___ _ el 245 .
2,3,5,6-Tetramethylphenol - _ _ _____________________________________ 247-248 _ _____________
3,5-Diethylphenol - ___ __ . ___._ 248 -
3-Methyleatechol . _ _ ___ o ____ 248 -
3,4,5-Trimethylphenol . ____________ _______ . 248-249_ ______________
3,5-Dimethyl-2-ethylphenol . _ _ ____________________________________ [250]1 90-93/1___________
3,4-Dimethyl-6-ethylphenol . _ _ ____________________________________ (52510 )
6-Methyl-4-indanol _________________________ . _____ [250) o .
7-Methyl-4-indanol________________ ... [250] oo
2,3,4,6-Tetramethylphenol - _ _ ________________________ . 250
5-Indanol . _ _ 255 e
2,6-Di-n-propylphenol _ ____ __ __________ . _____ 256764 ________
4-Methyleatechol - - _ ___ . 258
3,5-Dimethyl-2(propen-1-yl)phenol ._ _ _ _____________________________ [260). . .
7-Methyl-5-indanol ____________________ L ______ [260]. oL
2,3,4,5-Tetramethylphenol . _ - _____________________________________ 260 .
5,6,7,8-Tetrahydro-l-naphthol _______ _______________________________ 264.5-265/705___ _______
2-Ethylresoreinol . ____ __ .. [265]- . oo
Pentamethylphenol _______ L ___ 267 .
4-Ethylresoreinol . _____ . _. 12701 131/16_ _________
2-(Cyeclopenten-2-yl)phenot________________________________________ [270] 133-135/12________
2-(Cyclopenten-1-yl)phenol _ ____ _________________ . ______ [272). .
2-Phenylphenol__ __ __ o ___ 275 o
5,6,7,8-Tetrahydro-2-naphthol - . ___________________________________ 275-276_ o _____
4-Methyl-5,6,7,8-tetrahydro-l-naphthol . _ _ __________________________ 1280] .
4-Methyl-2-phenylphenol _ _ _ _ ____________ [280] 101-105/2____. ____
2-Cyeclohexylphenol . _ _ _ ___________ . _____ 282.5-283.5_ . ___._
2-(Cyclopenten-2-yl)-4-methylphenol . - _____________________________ [284] 105-108/1.3_______
2-Fthylhydroquinone__ .- ___ . [285] .
1-Naphthol _____ L . .. 288.01 . ________
3-Methyl-5,6,7,8-tetrahydro-2-naphthol . ___________________________ [290) o
4-Methyl-5,6,7,8-tetrahydro-2-naphthol . ____________________________ [290)._ .
4-(Cyclopenten-1-yl)phenol ________________________________________ [293). .
4-(Cyeclopenten-2-yl)phenol . __ - _________ ___________________________ [293] 114-117/1.5_______
2-Naphthol = . 20485 ..
2-Methyl-1-naphthol _ _ _ ___ L _________ [295) - ..
4-Cyclohexylphenol _ _ _ ______ . ____ 203.5-295.5/752_ _______
4-Methyl-1-naphthol _ . __________ . ___ [298] 177-179/25________
1-Methyl-2-naphthol _ _ __ . _____ [300]____ o ___
1,4-Dimethyl-5,6,7,8-tetrahydro-2-naphthol . _________________________ [305) .. -
5-Methyl-2-naphthol . _ _______________________________________.___ [805). .
3,4-Dimethyl-1-naphthol . ___ _______________ L _____ [315] 205-210/15________
4-Phenylphenol . _ __ __ ___ .. 39 .
7-Fthyl-4-methyl-1-naphthol . _ . ___________________________________ [820]_ .
3-Phenylphenol . _ __ __ __ Ll _____ 325 -
5-Acenaphthenol. - _____________ .. [332] 221/40____________
4-Acenaphthenol .- ________ L _____. [338). . .
1-Fluorenol_ ____ i [845) o .
2-Fluorenol . _____ e 340-350_______________
3-Fluorenol . _ 8507 -
8-Methyl-2-fluorenol . _______________ . ___ [855] oo

No.
20
24
37
39
18
23
41
40
47
43
38
69

1 Figures in brackets are atmospheric boiling points estimated from reduced-pressure data or from boiling-point data of isomers and homologs.

569705 0—61——5
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INDEX OF INDIVIDUAL TAR BASES BASED ON BOILING POINT

Compound Boiling point, ° C.[760 mm. No.
Pyridine_ ______________________ C e 1154 . 98
2-Methylpyridine. - _ . _ ... 12941 _____ 99
2,6-Dimethylpyridine.__ - ________________ . _____ 144,05 .- ______ 104
3-Methylpyridine . - _ e 14414 _________ 100
4-Methylpyridine_ . 1450 . 101
2-Ethylpyridine. .. - . 148 6____ . 108
2,5-Dimethylpyridine__ - ____________ o _______ 15701 __ 106
2,4-Dimethylpyridine_______________________ . __. 15840 ________________ 103
2-Isopropylpyridine_ .. ___ .. 1568.9_ . 111
2,3-Dimethylpyridine_ .- ______________________ o ______ 161.16___ - _______ 102
2 Ethyl-6-methylpyridine . _____________________________ ... 160-161.5.__ .. _________ 122
3-Ethylpyridine___ _ . 162-165/762_ .. _______ 110
2,4,5-Trimethylpyridine_ . ________________________ . _____ 165-168_______________ 117
4-Ethylpyridine __________________________________________________ 169. 6—170/750 __________ 109
3,5-Dimethylpyridine._ .- _______ 17191 ___ 105
2,4,6-Trimethylpyridine_ .. ______________________________________ 171—172 _______________ 118
4-Isopropylpyridine_ . ____ . 173 . 113
5-Ethyl-2-methylpyridine_ - - - ____________________________________ 174-176_ . ____ 120
2,3,6-Trimethylpyridine___ . _________________ o ______ 176-178/7569_ . ____ 116
3-Isopropylpyridine. - _ .. 177-178_ . 112
3,4-Dimethylpyridine______________________________ ... 17913 . 107
4-Ethyl—2—methylpyr1dme _________________________________________ 179-180. .. _______ 121
2,4-Dimethyl-6-ethylpyridine_______________________________________ 181-182__ . ___ 126
2 3,5-Trimethylpyridine_. - ______ 182-183/739._ ... __ 115
Aniline. . T 18393 - 170
2,6-Dimethyl-4-ethylpyridine__ - __________________________________ 186 oo 127
2,4-Diethylpyridine _______________________________________________ 187-188_ . 125
2,3,4-Trimethylpyridine. .. ____ .- ______________ ... 192-193_ . __________ 114
N,N-Dimethylaniline_ . _______________________________________ 192.5-193.5__________.__ 172
3-Ethyl-4-methylpyridine_ - - ______________ . ___ 195-196/753 ... _____ 119
N-Methylaniline _ _ _ _ _ e 1961 - 171
2,3,5,6-Tetramethylpyridine_______________________________________ 197-198 .. 124
2,3-Cyclopentenopyridine_ ... __________________________ 1995 e 128
2-Methylaniline_ __ - _ e 2003 - 173
4-Methylaniline_ . _ . .. . 200.55 - 175
2,3,4,6-Tetramethylpyridine__ .. _____________________________.____ 203/750 . oo 123
3-Methylaniline__ - - __ o ___.____ 20334 .. 174
N-Methyl-3-methylaniline_._______________________________________ 206-207 - _____ 177
N-Methyl-2-methylaniline___ .- _ 207-208_ _ oo 176
N-Methyl-4-methylaniline___ . ____________________________________ 209-211/761____________ 178
2,5-Dimethylaniline. ... _____ . ___ 213.5_ e 180
2,6-Dimethylaniline. . __________________ .. 214/739_ . 181
2-Ethylaniline___.____ o 215-216/769__________.__ 184
2,4-Dimethylaniline_._________________________ o _______ 215.8-216.0/728 - ______ 179
3,5-Dimethylaniline_ _ . ________________________ . ______ 220-221_ o ___ 183
5,6,7,8-Tetrahydroquinoline_ - _____________________________________ 2222 . 129
3,4-Dimethylaniline_ - _ - ____________________ o _______ 226 . 182
Quinoline . . __ e 237,1 __________________ 133
2-Methylquinoline. o 2458 __________ 134
8-Methylquinoline_ ____ o 247 3 248.3/751.3_______ 140
2,8-Dimethylquinoline________________________________________.____ 252 __________________ 145
3-Methylquinoline_ .. _ - . 252/735 ________________ 136
7-Methylquinoline_____ - _ . 251.5-252.5_ . 139
5-Methylquinoline_ . ol __ 253-255/735_ - __ 137
6-Methylquinoline_ ___ .. 257.4-258.6/745_ _______ 138
2,3-Dimethylquinoline_ __________________________ o ______ 261/730 ________________ 143
4-Methylquinoline____ _ e 264.2_ . 135
2,4-Dimethylquinoline_ ________ . _______________ . ______ 264—265 _______________ 141
2,7-Dimethylquinoline._ . - ___ .. 264-265__ __ . __ 144
2,6-Dimethylquinoline_ ______________________ o _______ 266267 - - _____ 142
2,6,8-Trimethylquinoline_____________________ o __________ 267.4/746___ . ____ 153
2-Phenylpyridine__. . oo 268-269_ . __________ 130
3-Phenylpyridine___ - _ e 269-270/749____________ 131
2,5,8-Trimethylquinoline__ . . ______ . [273] 143—1 45/15_ . ___ 152
4,6-Dimethylquinoline. _ _ . ____ . __ .. 273-274_ .. 146
4-Phenylpyridine_____ e 274—275 _______________ 132
2,4,8-Trimethylquinoline_ _ __ _______________ ... 275.8/740__ . ______ 150
2,7,8-Trimethylquinoline___________________ o _______ 276.1/740 . _____ 154
2,3,8-Trimethylquinoline__ ___ __________ ___ o _______. 280/747 - 147
2,4,7-Trimethylquinoline_ __ ____________ o __._._. 280-281_ - 149
2,5,7-Trimethylquinoline_ . _ _ __ __ _________ o _______.__ 286.6/746_ . ___.__ 151
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Compound Boiling point, ° C.[760 mm. No.  Page
2,4,6-Trimethylquinoline_ . _ . ______ ___________ L _________ 287/758 _ . 148 187
2-Naphthylamine_ ... ___ o _____ 204 _____ 189 224
2,4,7,8-Tetramethylquinoline_______________________________________ 295.5/742 . . _________ 155 194
1-Naphthylamine______________________ o _______.___ 300.8 . 188 223
2,4,5,8-Tetramethylquinoline________ _______________________________ 1[310] 168-172/12_______ 169 204
N-Benzyl-2-methylaniline. . ______________________________________ [310] 176/10____________ 185 220
N-Benzyl-3-methylaniline_ ________________________________________ 312 .. 186 221
N-Benzyl-4-methylaniline_________________________________________ 312-313. . 187 222
7,8-Benzoquinoline _ _ _ _ _ _ ___ __ o ____ 335 159 198
6,7-Benzoquinoline_ - __ . ______ o ____ [345] 200-205/14__._..__ 160 199
2,3-Benzoquinoline_ _ - _ _ __ __ ___ . 345-346___ ____________ 156 195
3,4-Benzoquinoline_ _ _ _ __ ___ ___ . 349/769 . ____ 157 196
5,6-Benzoquinoline_ _ __ __ __ __ ___ ____ o ___ 350/721 . ___ 158 197
2,4-Dimethylbenzo[h]quinoline__ ____ ____ ___________________________ 355 168 204
1,3-Dimethylbenzol{flquinoline_ . _ __ ___ _____ . _____.___ [358] 240/35_ - ... _. 164 201
9-Methylacridine__ . - _ . 359-360/740____________ 161 199
2-Methylbenzo[glquinoline_ _____ ___ _____ oo ___ [360). - 162 200
4-Methylbenzo[glquinoline_ _______ _____ o ____ [360]_ - ___ 163 200
2,3-Dimethylbenzo[flquinoline______________________________________ [360] - .. 165 202
2,4-Dimethylbenzo[glquinoline__ ___ ________________________________ [870) . 166 203
3,4-Dimethylbenzo[g]quinoline___ . _________________________________ [370) . 167 203

1 Figures in brackets are atmospheric boiling points estimated from reduced-pressure data or from boiling-point data of isomers and homologs.
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ULTRAVIOLET AND INFRARED SPECTRA OF INDIVIDUAL
TAR ACIDS AND BASES

PHENOL

OH
B. p. 182° (54)

1.0
— .03200 g./1.
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max, my o9 €
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9.77 (w), 9.37 (m), 8.70 (m), 8.57 (w), 8.50 (s), 8.25 ().
7.97 (m), 7.46 (m).
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2-METHYLPHENOL

OH

CHs

B. p. 190.8° (54)

1.0
— .04466 g./I.
sl cyc lohexane |
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'_.
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Q 6 272.3 3,30
o
|
B 4
<
.2
0 T 1 T T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm-!
5,000 ,000 2,000 1,500 1,200 1,000 900 800 700
S R A S I A T O T T A S A T T A O A S S B
100 : :
— 1
! U
80 : ,
L : |
i :
60— ! |
: !
L ! :
| |
401~ dmm. ! !
1
— 292wt% : !
20\~ | CSp
| | |
0 T T R AU IO AU AU AN TN SR SR
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSso
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8.20 (w), 7.97 (m), 7.69 (w), 7.54 (m), 7.24 (w).
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3-METHYLPHENOL

OH
B. p. 202.2° (54)
CHy
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1,72 (w), 11.45 (w), 10.77 (m), 9.97 (w), 9.64 (w), 9.25 (w),
8.68 (s), 8.58 (w), 8.40 (m), 8.15 (w), 7.87 (w), 7.79 (m),
7.63 (m), 7.55 (w), 7.25 (w).
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4 -METHYLPHENOL

OH
B.p. 202.1° (54)
CHs
1.0
- .04362 g./I.
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8.10 (w), 7.98 (s), 7.72 (w), 7.53 (w), 7.47 (w), 7.38 (w),
7.25 (w).
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2, 3-DIMETHYLPHENOL

OH
CH
3 B. p. 218° (54)
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OH
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2, 5-DIMETHYLPHENOL
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2, 6-DIMETHYLPHENOL
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53, 4-DIMETHYLPHENOL
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[1.88 (m), 1l1.62 (m), 10.69 (w), 10.58 (m), 9,98 (m), 9.82 (m),
9.00 (m), 8.69 (s), 8.65 (m), 8.44 (s), 8.29 (w), 7.92 (s),
7.76 (s), 7.67 (W), 7.25 (w).
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ABSORBANCE
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3, 5-DIMETHYLPHENOL

73

OH
B. p. 219.5° (54)
CHy CHx
1.0
— .04000 g./I.
cyc lohexane
max, my log €
281.2 3.29
276.8 3.18
273.8 3.23
271.0 3.16
267.3 3.07
264 .0 2.98
o T | T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
eye) N T I I ) AT AT AR AR l
|
80 |
L E :
oo : :
- i :
a0 : :
- ! i
20 .Imm | Csp !
| 299 wh.% | |
o L v Lo o b b |
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo
Nt 14.64 (s), 12.06 (s), 11.86 (w), I1.54 (w), 10.56 (m),

9.73 (m), 8.68 (s), 8.58 (m), 8.42 (m), 8.22 (w), 7.75 (m),
7.60 (m), 7.56 (m), 7.25 (w).
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ABSORBANCE

TRANSMITTANCE, percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

2-ETHYLPHENOL

OH
CHo» CH-
2>"3 B. p. 207° (54)
1.0
— .05880 gq./I.
81—
|
cyc lohexane |
61— max, mu °g €
B 278.7 3.20
pa 272.2 3.24
266 .5 3.15
2=
0 T T | T T T T T |I
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, ¢m”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
Yo T e T T T S )
— ! :
80 : j
- | 1
] |
60 E |
- o
401~ : :
“r 2é%m % o
— . wt. ! !
O1|[|||1||l||1|1l|l|||l1\l
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo
A o 14.25 (w), 13.82 (w), 13.37 (s), 12.78 (w), 11.94 (m),

10.82 (w), 10.75 (w), 10.35 (w), 9.70 (w), 9.52 (w), 9.42 (w),
9.03 (m), 8.70 (w), 8.57 (m), 8.35 (m), 8.27 (w), 8.08 (w),
7.96 (m), 7.75 (w), 7.55 (m), 7.30 (w).



TRANSMITTANCE, percent

ABSORBANCE

APPENDIX 75

3-ETHYLPHENOL

OH
B. p. 214° (54)
CHyCH3
1.0
— 04971 g/I.
cyc lohexane
N max, M log €
279.5 3.29
272.3 3.27
267.0 3.13
0
T T | T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, cm™!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
0o kL 1 lIllIlLiAllIl'lllll||III|IIlIl|IJII

80

60

40

20

mm.

|
|
|
|
|
|
I
|
|
|
|
|
7 8 9 10 I 12 13 14 15
w

4.44 wt. %
T T TR B A I RO R R U NV N
2 3 4 5
AVELENGTH, microns
CS2
A 14.48 (s), 13.80 (m), 12.84 (s), 11.75 (m), 11.57 (W),

l1.48 (m), 11.04 (s), 10.15 (w), 10,00 (w), 9,51 (w), 9.42 (w),
9.18 (w), 8.68 (s), 8.42 (m), 8.20 (w), 7.97 (m), 7.84 (m),
7.58 (m), 7.28 (w).
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ABSORBANCE

TRANSMITTANCE, percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

4 -ETHYLPHENOL

OH
B. p. 219° (54)
CH20H3
1.0
05352 g./I.
8-
cyc lohexane |
max, My og €
° 285.0 3.30
278.3 3,32
275.3 3.25
4 272.4 3.18
- 269,5 3,13
266 .8 3,02
2+ 264.0 2.91
- 261.0 2.80
0 T T T T I T T I T |3
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, cm.”
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
S TS S T T VT T T [
! I
' ?
80— |
L | |
60 l :
i E l
a0k | |
[ |
- |
Jmm. cs
20 3 77w % LR
- ! !
ol NN AT (NN NN SN ANN SO BNON N | | L
2 3 4 5 6 7 8 9 10 T 12 13 14 15
WAVELENGTH, microns
CS»o

N 140013 (W), 13,75 (w), 12.38 (w), 12.08 (s), 9.84 (w), 9.55 (w),
9.43 (w), 9.02 (m), 8.54 (s), 8.24 (w), 8.02 (w), 7.96 (m),

7.52 (w), 7

35 (w).



TRANSMITTANCE, percent

ABSORBANCE
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APPENDIX

2-ETHYL-4-METHYLPHENOL

OH
CH»CH
e 3 B. p. 216-218° (54)
CP13
1.0
— 04716 g./1.
cyc lohexane |
max, my og €
285.4 3,35
279.0 3,38
0 T I ] T T T _ 171
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm’!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
ookl Lo v L] I T T I T SV O D AT T S
i !
80 VT
- S
60 ! 5
L ! !
40}~ ! l
- o
20 A mm. 1 GS2 |
4. 03 wt % | |
ol||l|||‘|J||1‘1Jll|||||||
2 3 4 5 [ 7 8 9 10 Il 12 13 14 15
WAVELENGTH, microns
CSo
A (4,12 (w), 13.26 (w), 12.85 (w), 12.47 (s), 12,28 (m),
[1.,38 (m), 11.09 (w), 10,82 (w), 10.25 (w), 9.52 (w),

9.42 (w), 8.97 (s), 8.70 (w), 8.50 (s), 8.20 (w), 7.94 (s),
7.56 (m), 7.27 (w), 7.05 (w).

569705 O—61——=6
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TRANSMITTANCE, percent

TRANSMITTANCE, percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

2-ETHYL-5-METHYLPHENOL

QH B.p. 224.2° (54)
CH, CHy
CH3
WAVE NUMBERS, cm !

1,400 1,200 1,000 800 700
|OO 1 | 1 | 1 1 |
80
60
40
20 Jd mm.

3.97 wt. %

0

CS»

NTZ: 14,04 (w), 13.66 (w), 13.40 (w), 12.74 (w), 12.38 (s),

[1.85 (w), 11.50 (w), 10.70 (m), 10.35 (w), 10.00 (w),
9.69 (w), 9.52 (w), 9.42 (w), 8.99 (s), 8.73 (m), 8.63 (w),
8.53 (m), 8.21 (s), 7.84 (s), 7.63 (w), 7.29 (w). (l11) 15
2-ETHYL-6-METHYLPHENOL 16
OH
CH3 CH,CH3 B.p. 212-214° (54)
WAVENUMBERS, cm’'

1,400 1,200 1,000 800 700
|oo | 1 1 1 1 1 1
80
60
40

dmm.

20F 3.98 wt. %

0

352, 13,42 (s), 13.23 (m), 12.95 (s), 12.74 (w), 12.42 (w),

12.03 (s), 11.30 (m), 10.52 (w), 10.29 (w), 10.00 (w),
9.72 (w), 9.5! (w), 9.42 (m), 9.19 (w), 9.10 (m), 8.62 (m),
8.42 (s), 8.06 (w), 7.92 (s), 7.55 (m), 7.29 (w). (1)



APPENDIX 79
3-ETHYL-2~-METHYLPHENOL
OH
CI43
B.p. 227° (54)
CHZCH3

Infrared bands, p : 14.08 (s), 12.90 (s),
11.35 (s), 11.21 (s),
9.35 (s), 9.18 (s), 9.
8.42 (s), 8.10 (m), 7.
7

.38 (s), 7.25 (m).

12.66 (s), 12.21 (w),
[0.34 (m), 9.71 (s),
03 (s), 8.55 (s),

85 (s), 7.72 (s),
(49)

17

3-ETHYL-4-METHYL
OH
CH20H3 B.
CH3

Infrared bands, p : 12.42 (s), 11.49 (s),
9.85 (m), 9.61 (w), 9.

8.6l (s), 8.3l (s), 8.

PHENOL

. 234-235°  (54)

0.
43
10

81 (s), 10.10 (w),
(m), 8.91 (m),
(s), 7.95 (s),

7.70 (s), 7.52 (m), 7.25 (m). (49)
18
5-ETHYL-2-METHYLPHENOL
OH
CHy B.p. 223° (54)
CH3CH2
19
Infrared bands, u : 11.90 (s), 10.99 (m), 10.31 (m), 9.70 (m),

9.35 (m), 8.77 (s), 8.
7.69 (s), 7.50 (s), 7.

12
30

(m), 7.89 (m),
(s). (49)
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TRANSMITTANGE, percent

ABSORBANCE-

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

3-ETHYL~-5-METHYLPHENOL

OH

B. p. 233° (54)
CH3 CHZCH3

1.0
05921 g./l.
cyc | ohexane
max, My log €
280.8 3.35
276.6 3.27
273.3 3,32
270.7 3.27
266.9 3.18
264.0 3.1
0 [ I T T T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 7%0
ookl o Loy T Lil ]lJI T R I A R I B A |
|
|
80 }
— } |
|
60 : |
L | !
! |
40~ ! |
- | |
I mm., : :
20— 2.46 wt. % | CSp |
| | I
Y B R B [ T T R DA R TR R B
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSs

A s 14,47 (s), 12.02 (w), 11.86 (s), 11.67 (w), 11.52 (w),
[1.07 (m), 10.40 (m), 10.12 (w), 9.72 (w), 9.38 (w), 8.68 (s),
8.58 (m), 8.42 (m), 8.20 (w), 8.0l (w), 7.72 (m), 7.47 (m),
7.25 (w).
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4 -ETHYL-2-METHYLPHENOL

OH
CH3 B. p. 222° (54)
CH,CHs
1.0
.051804q.71.
cyclohexane
max, My °g €
w
o .,
zZ 285.0 3.30
& 278.5 3.33
9 275.4 3,30
[as]
<<
% | T I T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS. cm.!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
loolLLllIllIlll'lIIILLIiI!Illlllllllllllllll
= | |
3 |
80 ]
Q
o | |
S 60 |- | {
z L ' |
P | |
Ca40 - | CSp
= | |
@ — | I
z Imm. | |
20 3.42wt% | |
- - | |
ol Lo Lo b by b b b b b b L b
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo

A 1 14.22 (w), 13.90 (w), 13.10 (m), 12.36 (s), 12.17 (m),
[1.35 (s), 11.00 (w), 10.25 (w), 10.02 (w), 9.65 (w), 9.45 (w),
9,00 (s), 8.70 (w), 8.50 (s), 8.47 (m), 8.15 (m), 7.92 (s),
7.72 (w), 7.55 (m), 7.26 (w).
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4 -ETHYL=-3-METHYLPHENOL
OH
B. p. 228-230° (54)
CHy
CHZCH3
1.0
— 04358 q./1.
81— cyc lohexane |
max, mu °g €
S 6 285.0 3.3l
2 279.0 3.33
g - 276.0 3.32
A 271.0 3.2l
<
2
0 T T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, cm™!
5,000 3,000 2,000 1,500 1,200 ,000 900 800 700
ookl Lo 1] || IIJ I T R T N B S
s — | |
§ 80 - i i
i |
<Zz 60— ! '
- - ! I
= ! |
S 40+ i |
n ' |
z I I mm. I i
< o0l 45Twh% | CSp
= | :
ol L v b b b b e b b [
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CS=
AN os 14,06 (m), 13.72 (m), 12.88 (w), [2.72 (w), 12.40 (w),

12.24 (s), 11.84 (m), 11.59 (s), 10.56 (m), 10.35 (m),
9.97 (m), 9.72 (w), 9.58 (w), 9.42 (w), 8.94 (s), 8.65 (s),
8.40 (s), 8.12 (m), 7.86 (s), 7.74 (m), 7.58 (w), 7.25 (w).



TRANSMITTANCE, percent

APPENDIX 83

2, 3, 4-TRIMETHYLPHENOL

ABSORBANCE

OH
CHg B. p. 235 - 237° (54)
CH3
CH3
1.0
| cyc lohexane
.02880 g./1.
g A max, M log €
8—
B 285.9 3.36
281 .2 3.36
B8 276.5 3,36
272.0 3.25
267.2 3.12
4
L
T 23
° T T T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, cm’!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
oY) A S I S N N AR AR A
L | |
80+ : |
| |
— | |
60— | '
|
L | I
L
40— | |
— .5 mm. : }
20— .90 wt. % I CSp {
! i
obv Lo L b by b
2 3 4 5 6 7 8 9 10 ) 12 13 14 15
WAVELENGTH, microns

cs
A Tr 13,97 (W), 13.54 (m), 12,57 (s), 12.34 (m), 10.65 (w),

9.92 (W), 9.49 (s), 9.26 (m), 8.64 (s), 8.46 (m), 8.17 (m),
8.08 (w), 7.95 (w), 7.86 (s), 7.67 (m), 7.26 (m).
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IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

2, 3, 5-TRIMETHYLPHENOL

OH
H
CH3 B. p. 233° (54)
CH3 CH3
1.0
106672 q./1.
. cyc lohexane
8 Y log €
max, mu
w ol 282.4 3,29
z ’ 277.8 3,23
o 273.4 3.23
@)
w
o 4+
<<
2
0 T T T T T T T T T I 24
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
loolLi'lJLl|II]TL]lllllll]]I|Ill|llll||lll|ll
— — | |
c | !
S 80 ! '
5 I I
e ! !
|
S 60 : I
p=d | |
= T s, |
=40 1 G5
s I |
@ B | mm. ! !
pd : | |
g 20+ 1.97 wt. % ' .
o | i
[l — | |
ol o L o e by e e ey by Ly
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CS»o
N T 14,12 (m), 13,45 (w), 12,05 (s), 11.90 (m), [1.00 (w),

10.30 (m), 9.27 (s), 8.77 (m), 8.62 (m), 8.45 (w), 8.37 (W),
8.17 (m), 8.02 (w), 7.88 (s), 7.62 (s), 7.22 (w).
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2, 5, 6 -TRIMETHYLPHENOL

OH
CH3 CH3 B. p. 100°/14 mm. (54)
[est. 220°]
Ci43
1.0
-~ .04080 g./1.
8= cyclohexane
log €
- max, mu
S 6 279.7 3,23
Z 275.0 3.2
z 270.8 3.20
D 4 266.5 3.09
<
<
21~ 25
Y 1 T | | i S A N
230 240 260 280 30 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm’!
5,000 3,000 2,000 1,500 1,200 000 900 800 700
100 kil R 1 S O T T A O I O I A A A o A R I
|
T ! \
3 ! !
5 80— | :
a | |
uw B ! :
I
g 60— | :
g L L
= I !
s 40 | |
[%2] | :
z — 5 mm. | |
< 20 95 wt. % | CS2
L - | |
o) SN IR R U N SRV NAE BT N B R !
2 3 4 5 6 7 8 9 10 T 12 13 14 15
WAVELENGTH, microns
CSo

A : 13.68 (w), 12.55 (s), 11.40 (m), 10,72 (w), 10,02 (m),
9.82 (m), 9.25 (s), 8.62 (w), 8.38 (s), 8.26 (m), 8.17 (s),
7.93 (m), 7.85 (m), 7.67 (m), 7.25 (m), 7.15 (w), 7.10 (w).
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ABSORBANCE

TRANSMITTANCE, percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

2,4, 5-TRIMETHYLPHENOL

OH
CH3 B. p. 232° (54)
Ct13
CP13
1.0
— 02906 g./1.
cyc lohexane log €
8 max, mu 9
B 285.0 3.36
61— 280.0 3.38
4
2
26
0 T T T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm™!
5,000 3,000 2,000 1,500 1,200 000 900 800 700
oY= O S I T T O T T T
|
— : l
80 i
| |
- : ;
60 | !
L | |
I |
40+ ' !
| Smm. : f
77 wt% | CSp |
20} : |
| 1 1
0 [ I T | | L I | . l 1 l [ l L
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo
A 14.78 (m), 13.54 (w), 12,42 (w), 12,22 (w), 11.90 (m),

11.47 (s), 10.20 (w), 10.02 (m), 9.82 (w), 9.7l (w),

9.37 (w), 9.27 (s), 8.75 (m), 8.62 (s), 8.40 (s), 8.2] (s),

7.84 (s), 7.77 (s), 7.67 (w), 7.29 (w), 7.17 (w).



TRANSMITTANCE, percent
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2,4, 6 -TRIMETHYLPHENOL

OH
CH CH
3 3 B. p. 222° (54)
H
CH3
1.0
04336 g./1.
8 cyclohexane
og €
A max, mu log
61— 284.8 3.34
280.2 3,33
B 277.0 3.33
A4
il 27
0 I I I I i I T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
'Oolll Illll 'lllllllllllll|l IIIIIIIIlI'llIIIJ
- | |
80 - | !
L | |
| |
60 — | |
! |
I~ I cs, |
40 |- : e |
L ! |
.Imm. | |
20  3.16 wh% | |
| | |
0 Lo b Lo by b [ IR N R S 1
3 4 5 6 7 8 9 10 I 12 13 14 15

WAVELENGTH, microns

13.84 (m), 13.09 (m), 11.71 (s), 10.82 (m), 10.45 (w),

9.88 (m), 9.80 (w), 9.70 (w), 9.65 (w), 8.80 (w), 8.65 (m),
8.28 (s), 8.18 (w), 8.06 (m), 7.90 (w), 7.64 (m), 7.56 (w),
7.24 (w), 7.05 (w).
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3, 4,5-TRIMETHYLPHENOL

OH
B. p. 248-249° 54
CP13
1.0
104640 g./|
cyc lohexane
log €
max, My
w 284.,7 3.32
=S 280.2 3.3l
g
2 276.0 3.3l
o
(%2}
[es]
@
0 T | y | T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|oo|||||||||||l||||1l|||l[|11||||11||[|1|||
i
t i !
S 8o |
3 | |
a — | |
- I ]
S 60l | !
= ! |
< - : |
= ! |
= 40~ j !
= 1 |
»n - ! |
2 5 mm. I |
< 20 . : I
x B 67 wt % i i
P R R DR R R B N I R R [ R
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo

N 14.33 (m), 13.49 (w), 12.00 (s), [1.72 (s), [1.02 (w),
10.28 (w), 10.05 (w), 9.89 (w), 9.75 (s), 9.30 (w), 8.80 (s),
8.65 (w), 8.44 (s), 8.30 (w), 8.02 (s), 7.73 (w), 7.67 (m),
7.62 (m), 7.57 (w), 7.27 (w).



TRANSMITTANCE, percent
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2-n-PROPYLPHENOL

OH
CH,CH,CH4 B. p. 220° (54)
1.0
[~ 05238 ¢/I. cyc lohexane I
max, my °d €
278.8 3.3l
S 272.2 3,34
S .
<<
[e0]
a
o
wn
@ .
<<
0 T l T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm~!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
ook |11411ll_|'|l||]|l|||||||11|||1||I|111||
]
80 ! |
! i
- ! |
| |
! |
60— ! |
L i :
! 1
| |
40—
' : |
— ] |
I 1
20 5 ! ;
| 1.6 | |
o1 T R RN R RUR R SR [ R TR
2 4 5 6 7 8 9 10 1l 12 13 14 15
WAVELENGTH, microns
CS»o

13.82 (m), 13.35 (s), 13.01 (w), 12,53 (w), [1.95 (m),
11.76 (w), 11.47 (w), 11.20 (w), 10.77 (w), 10.72 (w),

9.64 (w), 9.47 (W), 9.42 (w), 9.27 (w), 9.14 (w), 8.99 (m),
8.69 (w), 8.57 (m), 8.35 (m), 8.23 (w), 7.97 (m), 7.74 (W),
7.63 (W), 7.54 (m), 7.24 (w).
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3-n-PROPYLPHENOL

OH
B. p. 228° (54)
H,CH,CH
CHoCH,CHS
1.0
04152 g /1. cyclohexane
8 max, my °d €
B 279.6 3.29
8 272.6 3.28
z’ 267.0 3.14
c 259.0 2.89
3
o 41—
<<
’ 30
0 T T T T T T T T 1
230 240 260 280 30 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm™!
5,000 3,000 2,000 1500 1,200 1,000 900 800 700
e S T T S S S
T I |
8 ' !
5 80— |
a
W | |
2 60_ : !
<< | |
i L I |
= I i
S 401 ! !
» i !
z T : :
& 20f .1 mm. P
=L 386wt% ' i
ol Lo b b b b ]y
2 3 4 5 6 7 8 9 10 " 12 13 14 15
WAVELENGTH, microns

cs
A8 14,48 (s), 13.98 (w), 13.37 (m), 12.92 (s), 12.56 (w),

[1.85 (w), 11.48 (m), 1l.22 (w), 10.64 (m), 10.56 (m),
10.00 (W), 9.66 (w), 9.41 (w), 9.14 (w), 8.68 (s), 8.45 (m),
7.90 (m), 7.76 (m)_ 7.63 (w), 7.47 (w), 7.26 (w).
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4 -n-PROPYLPHENOL

OH
B. p. 232.6° (54)
CHZCHZCH3
1.0
04705 g./1 cyc lohexane
8 max, my °g €
285.0 3.32
S 6 278 .4 3.35
z 275.6 3,28
@ 272.5 3.22
% 269.5 3.17
2 266.7 3.06
L 264.0 2.97
261.0 2.86
e 258.0 2.75
0 T | T T T T T T ES'
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, cm
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
oy S T T e e T T
: - N
§ 80| ! !
= 60— ! :
<< ! |
= — i |
= | |
240"' | I
il - I mm. i !
520_ 4.80 wi. % | cs ;
L | | t
ol Lo o b b b b e b ey
2 3 4 5 6 7 8 9 10 N 12 13 14 15
WAVELENGTH, microns
CS2
A 14.20 (w), 13.58 (w), 13,07 (m), 12.62 (m), 12,40 (w),

12.20 (s), 11.85 (m), I1.62 (w), 9.86 (w), 9.68 (w), 9.45 (w),
9.28 (w), 9.16 (w), 9.02 (m), 8.56 (s), 8.19 (m), 7.98 (s),
7.54 (m), 7.48 (m), 7.38 (w), 7.27 (m).
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2-1SOPROPYLPHENOL

OH
CH(CH3), B.p. 214°/745 mm.  (54)
WAVENUMBERS, cm |
_ 1,400 1,200 1,000 800 700
S ] ] | ] ]
2100 : .
@
Q
=
O
2
[ 4
-
-
% dmm.
2 3.97 wt. %
a4 0
x
-
S5

N o 14.39 (w), 13,42 (w), 13.33 (s), 12.09 (m), Ll.2] (w),
10.79 (W), 9.71 (m), 9.56 (w), 9.35 (w), 9.26 (m), 8.98 (m),
8.70 (m), 8.55 (s), 8.3l (m), 7.98 (m), 7.76 (m), 7.55 (m),
7.43 (w), 7.25 (w). (11)

3-1SOPROPYLPHENOL
OH
O B.p. 228°  (54)
CH(CH:;))2
Infrared bands, p : 14.71 (s), 12.82 (s), 12.33 (w), 11.63 (s),

10.75 (s), 10,00 (w), 9.52 (w), 8.93 (w),
8.56 (m), 8.45 (s), 8.05 (s), 7.86 (s). (49)



ABSORBANCE

TRANSMITTANCE, percent

APPENDIX

4 -1SOPROPYLPHENOL
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OH
B. p. 228-229°/745 mm. (54)
CH(CH3)2
1.0
— .03596 g./1.
cyc lohexane
8 , N max, mu log e
B 84,2 3.32
B 277.6 3,35
275.2 3.27
271.9 3.22
4 269.2 3.17
266,0 3.05
B 263,2 2.97
2+
Y T T 1 T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons 2541
WAVENUMBERS, cm™! )
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 Jl|||1lll|||||||11L1|111|||11L|11J_Ll|||||
! 1
] f
80| i |
L ! i
- |
60 | :
B | |
40 ! !
: |
— |
e0r 3é?$r% ;052;
- ! |
ol Lo Lo b b b b L
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSo

Ao 14034 (m), 13.83 (w), 12.40 (w), 12.08 (s), 9.85 (w),
9.49 (m), 9.10 (m), 8.97 (w), 8.78 (w), 8.53 (s), 8.2 (w),
8.03 (w), 7.96 (m), 7.79 (w), 7.55 (w), 7.43 (w), 7.33 (w),
7.22 (w).

569705 0—61——7
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TRANSMITTANCE, percent

ABSORBANCE

cs
NS 13.58 (s), 12.92 (s), 10.77 (s), 10.65 (W), 9.90 (w),

9.74 (w), 9.35 (s), 9.19 (m), 9.02 (w), 8.77 (m), 8.62 (m),
8.53 (s), 8.24 (m), 7.88 (s), 7.72 (m), 7.37 (m), 7.25 (m),

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR
2-1SOPROPYL-3-METHYLPHENOL
OH
CH(CH3) B. p. 228.5° (54)
2
CH3
1.0
— .05160 g./I. cyclohexane
max, my og €
81—
- 280.2 3.27
274.,8 3.27
272.2 3,22
0 T | T T T T T 71
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, cm™!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 R T T A O IO NI A AT I A
B | ,
| I
80 | |
| |
| | |
| |
60 | !
L | |
| |
o |
n | |
! |
20 5mm. 1 CSp |
| 95wt % i |
oL Lo Lo Loy b b e b b b
2 3 4 5 6 7 8 9 10 X 12 13 14 5
WAVELENGTH, microns
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2-1SO0OPROPYL-4-ME

95

THYLPHENOL

OH
CH(CH3)2 B. p. 228-229°/763 mm. (54)
CH3
1.0
.06340 g./I.
cyc | ohexane
8 A max, mu log e
W 285.9 3.32
Q6 279.2 3.36
s |- 277.0 3.34
S 271.0 3.20
B 4
<<
2
0 T T T T T T T T 71
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm”
5000 3,000 2,000 1,500 1,200 1,000 900 800 700
oY S T T S T T B WA AT A N
= L | |
£ 80 !
T L }
: o
=z 60~ | :
g | ;
= | |
S 401 !
7] H |
z ok o
domm.
x 201" 398 wi % P
0 IR I T ‘ | l TR 1 Loy l | I | | l |
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo
Noor 14,27 (w), 13,57 (W), 13,27 (w), 12.94 (m), 12.47 (s),

12.27 (m), 11.90 (w), 11.76 (w), 11.50 (w), 11.38 (m),
10.81 (m), 10.67 (w), 10.07 (w), 9.87 (w), 9.60 (w), 9.34 (w),

9.25 (m), 9.07 (w), 9.00 (w), 8.88 (w),
8.44 (m), 8.32 (w), 8.18 (w), 7.95 (s),
7.47 (w), 7.34 (w), 7.24 (w), 7.05 (w).

8.72 (w), 8.60 (s),
7.77 (m), 7.57 (m),
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FROM LOW-TEMPERATURE BITUMINOUS TAR

IDENTIFICATION OF ACIDS AND BASES
2-]1SOPROPYL-5-METHYLPHENOL
OH
CH(CH3) B. p. 233.5° (54)
2
CHz
1.0
cyc lohexane |
max, My og €
S 281 .8 3,34
2 276.0 3.34
< 273.8 3.33
?
o .
<
0 —T T T T T T T 7T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, cm!
5,000 3,000 2,000 1,500 1,200 ) 1,000 900 800 700
IOO‘I‘ |||ll||1,JlLIIJII||l| RN I T A
| | .
s [ | :
s 80 | |
Q | |
g :
S 60 |
= | |
= ! I
S 40 ;
= |
<Z[ B Imm : :
@ 20 565w % | |
S I I NI I RN NN U RO AU AN UN NN BUN S
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CS2
A 14.47 (w), 13.57 (m), 12.40 (s), 11.85 (m), 11.57 (W),

[1.32 (w), 10.85 (w), 10,57 (s), 9.97 (w), 9.65 (w), 9.52 (w),
9.44 (m), 9.2! (m), 9.00 (w), 8.93 (m), 8.70 (s), 8.60 (w),
8.50 (m), 8.23 (m), 8.18 (w), 7.90 (m), 7.75 (s), 7.68 (w),

7.62 (w), 7.35 (W), 7.24 (w), 7.06 (m).



TRANSMITTANCE, percent

ABSORBANCE
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3-1SOPROPYL-5-METHYLPHENOL

OH .
B. p. 241° (54)
CH CH(CH
3 (CHz),
1.0
— .05020 q./I. cyc lohexane
log €
max, My
8
280.5 5.28
273.0 3.25
Y T I [ T | 1 I T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, ¢m”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
oy Tt I I e A e A I A A A s
| [}
: !
80— ' |
! |
— ! [
|
60— . :
: |
- ! :
40~ I :
— S5mm. | X
20+ 57 wt % :csz:
L 1 1
o L v vt b e e b b
2 3 4 5 6 7 8 9 10 11 12 13 14 15
WAVELENGTH, microns

N o%: 14,35 (s), 12,06 (m), 11.88 (m), 11.70 (w), 10.67 (m),
10.37 (m), 9.90 (m), 9.30 (w), 9.07 (w), 8.80 (m), 8.69 (s),
8.64 (w), 8.50 (m), 8.42 (w), 7.88 (s), 7.70 (m), 7.61 (m),
7.48 (m), 7.35 (w), 7.25 (w).
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TRANSMITTANCE, percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

4 -1 SOPROPYL-2-METHYLPHENOL

OH
CH3
B.p. 230-234° (54)
CH(CH3)
32
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
ookl o Lo v v by b b b by b b b b
80
60
40
20
0] | [ L 1 | Lo TR AR R N S [ R B
2 4 5 6 7 8 9 10 Il 12 13 14 15
WAVELENGTH, microns
me |t
¢ 13,87 (s), 12.72 (s), 12.54 (w), 11.70 (s), 11.39 (w), 39

11.00 (m), 10.84 (w), 10.42 (w), 9.70 (s), 9.54 (w),
9.12 (w), 9.00 (w), 8.64 (s), 8.48 (w), 8.17 (w), 7.98 (m),
7.84 (m), 7.62 (w), 7.43 (m), 7.36 (w), 7.23 (w). (99)
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4-1SOPROPYL-3-METHYLPHENOL

99

OH
B. p. 238° (54)
Ct43
CH(CH3)2
1.0
06680 g./I.
8 cyc lohexane
: max, my log e
w 280.7 3.28
S 6 276.4 3.25
@ 273.5 3.24
S
o 4
<<
2
0 T T — T T T T T 1 40
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 70
|001|1 1|||[||ll|||1 Ll P I ST A ST N N AT S S M
i T
= ) :
3 80 ! !
s L !
. | |
— |
& 60 | !
i ! !
= I |
E 40 | |
= | |
[ — 1 |
< 20 _Imm : '
i 7.02wt. % !
— 1
o) L | ] l | | | | J;I 1 I ] | | l ] I | |4L| | | |
2 3 4 5 6 7 8 9 10 ¥ 12 13 14
WAVELENGTH, microns
CSs

[4.35 (s), 13.60 (m), 12.85 (m), 12.40 (s), 12.05 (w),

[1.87 (s), 11.67 (w), Il.24 (m), 10.87 (w), 10,65 (m),

10.58 (m), 10.37 (m), 9.90 (w), 9.77 (w), 9.47 (w), 9.2l (w),
9.05 (w), 8.90 (w), 8.79 (w), 8.67 (s), 8.50 (m), 8.30 (w),
8.22 (m), 7.92 (w), 7.87 (m), 7.76 (m), 7.70 (w), 7.60 (w),
7.48 (w), 7.34 (w), 7.24 (w), 7.07 (w).
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5-1SOPROPYL-2-METHYLPHENOL

OH
CH3 B. p. 236.8-237.4 (54)
(CH3),CH
1.0
— 04130 g./I.
8-
cyc | chexane
I max, My log €
S 6
2 280.8 3,33
g 274.,5 3.3l
3
® .4
<<
2
0 T T T T T T T1 4'
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.™!
5,000 3000 2,000 1,500 1,200 1,000 200 800 700
|Ooljlll||||lj._|||'|llx ! ! 11111111[1111[1
| |
= [ I
% 80 | :
e | !
8 - I '
N | |
g oo :
z | |
2 |
= 40
= | ! |
Z20l 508W% }CSZ |
[ | I |
ol Lo b b b b b b e b e by
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo .
A : 14,40 (w), 14,02 (m), 13.58 (w), 13.22 (w), l2.34 (s),

1,75 (m), 11.49 (m), 10.85 (w), 10.67 (m), 10.62 (m),

10.06 (m), 9.68 (w), 9.47 (w), 9.39 (w), 8.98 (s), 8.75 (w),
8.54 (s), 8.15 (s), 7.97 (m), 7.92 (w), 7.82 (w), 7.68 (m),
7.44 (w), 7.34 (w), 7.23 (w), 7.04 (m).
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2-METHYL-6-n-PROPYLPHENOL

OH

CH<CHACH CH B. p. 105-107/12 mm. (54)
3v2re 3 [est. 233°]

1.0
— .052404q/1.
cyclohexane
log €
max, My
W 284.0 3.13
z ' 277.9 3.33
[aa]
a
[}
()
a
<<
0 T T I T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, cm!
5,000 3,000 2,000 ,5 1,200 1,000 900 800 700
ey T T T ) S T O O
T T
T+ | |
8 | |
s 80 | :
<k I |
S ' |
ZGO— {
2+ | !
[ | |
S 40 | |
(/7_ | |
<ZI Smm |I :
20 :
@ 127wt % ! CSp |
0'I'i'lll'l"'|'|i|'1ll‘l'
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo

Aot 14.35 (w), 13,49 (m), 13.12 (m), 13.00 (m), 12.65 (w),
12.42 (w), 12.32 (w), 12.22 (w), 12.07 (w), 11.44 (w),
10.83 (w), 10.02 (w), 9.67 (w), 9.40 (w), 9.25 (w), 9.15 (w),
9.02 (s), 8.70 (w), 8.61 (w), 8.50 (w), 8.42 (s), 8.17 (w),
7.94 (s), 7.57 (m), 7.26 (m).
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4 -METHYL-2-n-PROPYLPHENOL

OH
CH,CH,CHy B. p. 121-123°/18 mm. (54)
lest. 241°]
CP13
o)
L .04788 g./1.
cyc lohexane |
max, My og €
w 286 .4 3.35
s 280.0 3.38
o 277.5 3.37
S 272.0 3.23
2
<
0
T T I T T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm’
5,000 3,000 2,000 1,500 1,200 ,000 900 800 700
ookt R N S I L O (O A I O O OO ) O O S B
-— | |
5 | !
s 80 |
a ‘ 1
W | :
2 60 I
2 | |
C : |
% 40 i |
zZ |
< .5 mm. ! I
€207 01w % | cs,
S I R I I TN NN NTEN T T BN
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSa

A : 13.45 (w), 13.23 (w), 13.13 (w), 12,90 (w), 12.48 (s),
[2.28 (m), 11.52 (w), 11,34 (w), 10.78 (w), 10,00 (w),
9.65 (w), 9.40 (w), 9.28 (w), 9.16 (w), 8.97 (s), 8.70 (m),
8.54 (s), 8.48 (w), 8.10 (w), 7.96 (s), 7.80 (w), 7.57 (m),
7.26 (m).
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2, 3,4, 5-TETRAMETHYLPHENOL

OH
CH3 B. p. 260° (_5_4)
CH3 CH3
CH3
10
03660 q./1.
cyclohexane
A max, mu log €
W 286.2 3,34
z 282.4 3.33
o 277.2 3.32
S 272.8 3.20
@ 268.0 3.05
<<
] T I I T I { I T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|00JIL|IIL[III|I|II'|IJI|I|]IIIlI_llIIIIIJJ[Il
. - Vo
¢ 80 ! )
& ! |
. | !
& 60— | |
= ! |
T o
5 o o
<ZI 20_ 5 mm. i i
ET 2 W% | 02 |
| |
0Llll|||||l|l|||1;||11111,|
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo
A 14.54 (m), 14.02 (w), 12.35 (w), 12.00 (s), 11.70 (w),

[1.07 (w), 9.91 (m), 9.30 (s), 9.22 (w), 8.60 (m), 8.44 (m),
8.15 (m), 8.02 (s), 7.72 (m), 7.61 (s), 7.24 (m), 7.10 (w).
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2, 3,4, 6 -TETRAMETHYLPHENOL

OH
CHy CH3z B. p. 250° (54)
C}43
CP13
1.0
04855 g1 cyclohexane
max, myu og €
285.0 3,34
S 281 .2 3.33
Z 276.3 3.32
&
(@]
(%]
a .
<<
0 T T 1 T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 LlIllllII||'|lJIII|lllllllllllilll|t||lll
= i i
) ! 1
¢ 80l !
W so- | !
2 !
= | |
E 40— ! |
= : |
wn — | 1
Z oo MM cs, |
T 1Tewt% ! 2 f
o— L v L o by Y
2 3 4 5 6 7 8 9 10 0] 12 3 14
WAVELENGTH, microns
CSo
A : 14.34 (m), 13,76 (m), 12.57 (w), 12.20 (m), 11.57 (s),

10.94 (m), 9.90 (m), 9.82 (w), 9.70(w), 9.20(s), 8.74 (w),
8.37 (s), 8.29 (s), 8.14 (m), 8.02 (m), 7.88 (w), 7.70 (m),
7.50 (w), 7.26 (m).
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2, 3,5, 6 ~-TETRAMETHYLPHENOL
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AT 12,15 (m), 11.82 (m), 11.00 (w), 10.08 (w), 9.78 (m),
9.17 (s), 8.82 (w), 8.28 (s), 8.17 (w), 8.04 (m), 7.72 (m),

7.64 (m), 7.27 (m), 7.17 (m).

OH
CH
CH3 3 B. p. 247-248° (54)
CH3 CH3
1.0
.05019 q./1.
cyclohexane |
max, My og €
W 281.2 3,17
g 277.0 3,14
£ 272.2 3.13
8 268 .4 3,04
< 263,8 2,92
0
230 240 ' o260 | 250 b ﬁo' I34o ‘;63
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”
5,000 3,000 2.000 1,500 1,200 1,000 900 800 700
|OO !l ‘Illl ‘l'l[JJJT|I|I|IIl lJIIIl'llI Llilll
= | !
S 80 ! !
(3] | |
4 60 o
=4 ! '
= ! :
£ 40 | !
s ! .
wn | |
<Zzzo 5 mm. ! i
o 2.67 wh % ! |
’_ 1 1
5 N IO N AN ANV N NI NNV NI NNUNN NN VU N
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSs
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ABSORBANCE

TRANSMITTANCE, percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

2, 3-DIMETHYL-6-ETHYLPHENOL

OH

CH5CH,» CHz B. p. 166°/100 mm. (54)
CHy [est. 240°]

1.0
— .03819 g./I.
cyclohexane |
max, My og €
335.0 2.63
280.2 3,30
270.9 3.47
267.0 3.41
263,0 3.36
~ l I I T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVE NUMBERS, cm”
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
00 K lllllllllllllllllllll R I I A A R
L ' |
|
80 | I
- | !
I |
60— | i
|
L | !
a0 ! |
| ! |
|
20+ .5mm! I |
| 202 wt% |
' IR RTINS N AU N N AU R AN N
2 3 4 5 6 7 8 9 10 ¥ 12 13 14 15
WAVELENGTH, microns
APSZ 14,20 (W), 13,97 (w), 13.38 (m), 13.04 (w), 12.8] (w),

12.65 (m), 12.44 (s), 11.55 (m), 10.84 (m), 10.24 (w),

9.95 (w), 9.44 (m), 9.25 (s), 8.85 (w), 8.63 (w), 8.38 (s),
8.28 (s), 8.03 (m), 7.93 (s), 7.88 (w), 7.72 (m), 7.57 (m),
7.40 (w), 7.32 (w), 7.26 (w), 7.13 (w).



TRANSMITTANCE, percent

APPENDIX

2, 4-DIMETHYL-6-ETHYLPHENOL
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OH
CHzCHp CHa B. p. 227-228° (54)
CH3
1.0
.03260 g./1.
cyc lohexane
max, My log €
w 345.0 3.17
= 284.5 3,08
s 276.0 3.07
S 264.5 3.62
@ - 257.4 3.6l
<<
I T I I T T I T T 7
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
lool[l||1||IlllllllllllllnlLl||||||114111|111
80
60
L : |
40} ! :
- ! I
20+ Imm. ! :
| 532wt % | |
0 | | I | I | J l
3 4 5 6 7
WAVELENGTH, microns
CS2

A

1 13,98 (W), 13.48 (w), 13.28 (w), 12.76 (m), 12.56 (m),
11.68 (s), 11.22 (w), 10.46 (m), 10.18 (w), 9.86 (m),
9.65 (W), 9.40 (m), 8.86 (m), 8.68 (m), 8.40 (s), 8.13 (m),
8.05 (W), 7.89 (m), 7.75 (m), 7.54 (m), 7.32 (m), 7.23 (w),
7.04 (w).
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3, 4-DIMETHYL-6~-ETHYLPHENOL

OH
CH3CH7 B. p. Lest. 250°]
Ct13
CP13
1.0
.03596 g./1.
cyclohexane |
max, My °g €
w 339.,0 2.95
s 286.,0 3.28
> 281.0 ' 3.30
S 278.0 3.29
o 265.3 3,53
< 258.4 3.46
Y I T | T T I I T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm !
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
S I T T e T Tt T T N L
| i
< — |
° 80 {
a [ { |
g cof |
P4 | |
A | |
E 40+ ' |
s ' |
n - | |
zZ | |
= 20 .Imm. | cs, !
F ool 518 wh% P2
N I TR TR A R A AT AT N AT NN R N
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSs

A : 14,87 (m), 13.72 (w), 13.57 (w), l2.82 (w), 12,30 (m), 11.87 (m),
11.57 (w), 11.52 (w), 11.35 (s), 10.51 (m), 9.99 (m), 9.80 (m),
9.57 (W), 9.49 (w), 9.22 (s), 8.79 (w), 8.67 (s), 8.37 (s),
8.22 (m), 7.94 (m), 7.84 (s), 7.62 (w), 7.55 (m), 7.38 (w),
7.30 (m), 7.22 (w), 7.09 (m).
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3, 5-DIMETHYL-2-ETHYLPHENOL

OH
CH,CH4 B. p. 90-93°/1 mm.
CH CH [est. 250°]
3 3
1.0
04020 g./1.
cyc lohexane |
max, mu og ¢
§ . 338.5 2.52
2 286.0 3,3l
S 281.7 3,36
o . 278.5 3.35
< 266,5 3.26
259.,0 3.11
0 [ I [ T I T T [T 1 50
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 ,200 1,000 900 800 700
Iool'lli!iLlllllllllllJIJIllIllll'lllllllllll
s |
© 80 | !
- ! |
S 60 | !
= |
=T )
=40 - I ll
s |
2 B Imm. ! :
T20F  3.99wh% | CSp |
s | | |
0 T I SR RTRN RENTR NN R A R R R R
2 3 4 5 6 7 8 9 10 " 12 13 14 15
WAVELENGTH, microns
CSo

A Tr 14,97 (W), 14.63 (w), 14.00 (w), 13.32 (w), 12.79 (w),
12,05 (s), 11.88 (m), 11.67 (w), 11.54 (w), 11.35 (w),
10.65 (m), 10.25 (w), 9.80 (w), 9.72 (w), 9.40 (w),
9.12 (s), 8.77 (m), 8.67 (m), 8.59 (w), 8.45 (w), 8.21 (m),
8.03 (m), 7.89 (w), 7.78 (m), 7.60 (m), 7.56 (w), 7.25 (w).
569705 0—61——S8
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TRANSMITTANCE, percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

3, 5-DIETHYLPHENOL

OH

B.p. 248°  (54)

Infrared bands, p : 14.29 (s),

10.35 (w),
8.65 (s).

[1.70 (s), 11.29 (w), 10.73 (s),
[0.08 (m), 9.82 (m), 9.43 (m),
(49)

51

52

PENTAMETHYLPHENOL

OH
CH3 CH3 B.p. 267° (43)
CH3 CH3
Cf13
alcohol
N max, my 280.7 (3.20) (12)
WAVE NUMBERS, cm '
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
ool v Lo v Ty o da b b b b b v b 1 1
- | |
80 1
|
60 I
|
40 |
|
20+ 4mm. l
| 100 mg. in CS, : i
ol oot by e by e e by ey
2 3 4 5 [S) 7 8 9 10 H 12 13 14 15
WAVELENGTH, microns
2052, 13,60 (w), 12.34 (m), 10.25 (w), 9.83 (m), 9.36 (m), 9.14 (s),

8.64 (w), 8.24 (s), 7.96 (m), 7.74 (m), 7.62 (w). (99)
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2,6 -DI-n-PROPYLPHENOL
OH
CH3CH,CH, CH,CH,CHy B. p. 256°/764 mm. (54)
10
—.05086 g./I.
8 cyc lohexane
max, My log €
w
z 285.0 3.09
< 278.7 3.36
S 273.0 3.33
4
<<
0 T I [ I I I I T T 7
230 240 260 280 30 340
WAVELENGTH, millimicrons
WAVENUMBERS, c¢m.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 kL 1|1J1|I|]||||||[||1||[|l|l||(|||||||||JJ
£ 8ol ! :
w [ ' !
2 60~ : |
<< | : i
- : |
s 40— i !
2 - Cos, |
< .5 mm ! !
E 201~ 3.66 wi. % 5 ;
5 I I T T O |
2 3 4 5 6 7 8 9 10 T 12 13 14 15
w

AVELENGTH, microns

52 13,75 (W), 13.40 (s), 13.07 (m), 12.65 (w), 12.40 (W),
12,17 (w), 12.05 (w), 11.77 (w), 11.47 (w), 10.78 (w),
10.70 (w), 10.60 (). 10.35 (w). 10.18 (W), 9.84 (w), 9.65 (W),
9.17 (W), 9.02 (s), 8.71 (w), 8.57 (w), 8.45 (s), 8.27 (w),
8.15 (W), 7.99 (s). 7.75 (w). 7.57 (m). 7.49 (w). 7.27 (m).
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CATECHOL

OH
OH B. p. 245° (54)
1.0
— 04240 g./I.
8 cyc lohexane
log €
max, My
S e 282.4 3.20
2 276.6 3.25
z 273.0 3.19
(e}
n
@
<
0 T | I T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAV ENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
0oL 1 coo L e b b e by e b b by
!
\
5 80 ! !
a | i
" ! |
o 60 i E
P-4 1 1
= ! i
= 40 i !
= 5x | !
n ! i
= 5 mm. ! :
g% oz0wn . CS2 |
OJ||[¢LI“11J1[[’|‘!|||1’|[|
2 3 4 5 6 7

8 9 10 Il 12 13 14 15
WAVELENGTH, microns :

S
7\.C s 14,96 (w), 13.52 (s), 13.04 (m), 10.98 (w), 9.73 (w),
9.19 (m), 8.71 (m), 8.56 (w), 8.90 (m), 8.40 (w), 8.03 (s),
7.88 (s), 7.57 (m), 7.37 (m).



APPENDIX 113
3-METHYLCATECHOL

OH
(-]
OH B. p. 248° (12)
C}43
1.0
03846 g./I. cyc lohexane
max, my og €
8
- 280.2 3.24
275.0 3,26
§ 6 272.0 3.25
<
o |-
@
%
o 4
<
o 55
0 T T T T T T T T 1
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, c¢m™!
5,000 3,000 2,000 1,500 1,200 1000 900 800 700
|00[Illlllllll[llllllllllllJlllllllLLiJlllll
= b : I
8 : ,
° 80+ ! 1
a ! '
W[ i :
S 60 ! |
2 — X :
’— 1
= 40 : :
g — Smm : :
| |
; 20 .37 wt % 1 CSp
= L 1 |
O11!|L1111|s]1‘|lll111|ll|
2 3 4 6 7 8 9 10 N 12 13 14 15
WAVELENGTH, microns

A ¢ 14,65 (m), 14,02 (w), 13,85 (s), 13.17 (s), 13,05 (m),
12.05 (m), 10.65 (s), 9.87 (m), 9.33 (m), 9.24 (m), 8.70 (m),
8.60 (w), 8.49 (s), 8.43 (w), 8.16 (w), 8.08 (s), 7.84 (s),
7.69 (m), 7.40 (m), 7.27 (w).
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4 -METHYLCATECHOL

OH

OH
B. p. 258° (12)

CF13

1.0
.04360 g/I.
~ cyc lohexane
max, my log €
288.5 3.34
S 282.5 3,43
2 278.4 3.40
c 274.0 3.30
3
@
<
0 T T T T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”'
5,000 3000 2,000 1,500 1,200 1,000 900 800 700
ook b PP b by Py by e b b by
Il 1
P - ; l
c ]
S 80— j !
o ! |
[=% — : :
W 60— : i
pd ' '
g ! i
§ 40— i
1
o 2 | :
<Z( 20 5 mm. ! :
o 048 wt % ;OS2 |
- i '
oLl T T N TR SRR N N R B ' B R
2 3 4 5 6 7 8 9 10 1 12 13 14 5
WAVELENGTH, microns
CS2

Nt 13.80 (w), 12.80 (m), 12.62 (m), 12.38 (m), 10.65 (m),
9.04 (s), 8.75 (m), 8.57 (s), 8.3 (m), 8.15 (w), 7.97 (s),
7.77 (s), 7.59 (m), 7.48 (w), 7.32 (W), 7.25 (w).
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TRANSMITTANCE, percent

APPENDIX 115
2-ETHYLRESORCINOL

OH
CH,CH3 B. p. lest. 265°]
OH
1.0
o 07044 g./1.
e E+OH |
N max, mu 109 €
6l 280.5 3.10
' 274.5 3.1
a4
57
0
I | T I T T I | I
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5000 3,000 2,000 1,500 1,200 000 900 800 700
|OO illlllllll'y['llll IllllllllIJIlIlIIIIJll
N
80— :' }
L : |
601 ! :
| |
il .
| 5x i i
5 5 mm. : E
o 051wt % | ;
0 | , | L | | 1 [ | L | | | l | | l | l | L | , |
2 3 4 5 6 7 8 9 0 T 2 3 14 5
WAVELENGTH, microns
CS
N2 14,92 (W), 13.92 (s), 12.88 (s), 10.40 (s), 9.42 (w),

9.23 (s), 8.73 (m), 8.65 (w), 8.42 (m), 8.13 (m), 7.99 (m),
7.78 (m), 7.65 (m), 7.50 (m), 7.30 (w).
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4 -ETHYLRESORCINOL

OH
B. p. [31°/15 mm., (12)
OH [est. 270°]
CH2CH3
.0
02790 q./1.
E+OH
8 A log €
max, mit
w 287.0 2.99
s o 281.5 3.07
3 |
x
o
[%2)
o 4
<
2 58
0 T T T T T T T I I T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
ookl 111 1 I o O vl I A RO A |
T -
S ol : |
o | |
2t 1.
360— i i
2 | ]
< — | |
= I |
E 40~ ! |
= 5x | |
n — ! |
220 5 mm. : cs :
E 059 wt.% P bee
— | 1
0l1[|l|1|1|1l1|1[4|||1||
2 3 4 5 6 7 8 9 10 I 12 13 14
WAVELENGTH, microns
CSo
A i 14,05 (w), 13.62 (w), 12.64 (m), 12.44 (w), 12,24 (m),

12,02 (m), 11.77 (w), 10.30 (s), 9.43 (w), 9.04 (s),
8.84 (m), 8.7l (s), 8.48 (m), 8.30 (w), 8.22 (m), 7.72 (m),

7.50 (w), 7.30 (w).
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2-ETHYLHYDROQUINONE

OH
CH,CH
2~"'3 B.p. [est. 285°]
OH
1.0
—.039804¢./1. A ETOH log €
max, my
8
- 293.8 3.2l
w
(&I
4
<
fas]
a
o
(7]
a
<<
0 I [ | T [ T [ | T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
loollllLJ;J;J_LLJ lJlllIlllll|l_llllllLLlllllll
- F
o
[3)
5
Q
W
[&]
=
=
=
=
2 4
= .6 %
._
1 l
4 5

6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns

A ¢ 13.91 (s), 13.72 (w), 13.22 (s), 12.52 (s), 12.28 (m),

12.13 (w), 11.50 (s), 10.91 (m), 10.74 (w), 10.15 (w), 9.51 (w),
9.41 (w), 9.00 (m), 8.64 (w), 8.37 (s), 8.12 (s), 7.80 (w),
7.52 (m), 7.22 (m).
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2-(PROPEN=-1=-YL)PHENOL

OH
CH=CHCH B.p. 230-231° (43)

1.0
01752 g/l cyclohexane log €
max, my 9
8
311.0 3.04
300.0 3,37
§ 6 290.0 3.42
< 2381.7 3.40
= 246 ,5 3.88
2 4
<
2
0 T T T T T I T 1T T 1
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, c¢m-!
5,000 3,000 2,000 1,500 1,200 000 900 800 700
|OOI|LlLli([[[llLlllllllllJ_lIIIIIIIILIJ4MIII
- l !
s | ! '
5 80— |
a : !
W ! |
|
- - H |
= | !
S 40 , |
%) ! '
z | |
< . I mm.
= 207 404w % | ©52
L
OL‘I'I|IIIIIIL|I'I;1IJL1|1L
2 3 4 5 6 7 8 9 10 i 12 13 14 15
WAVELENGTH, microns

52, 14.00 (W), 13.36 (s), 12.75 (W), 12.60 (W), 11.90 (W), 11.60 (w),
10.69 (w), 10.60 (w), 10.40 (w), 10.30 (m), 9.65 (W), 9.25 (W),
9.05 (w), 8.98 (w), 8.70 (w), 8.55 (m), 8.32 (w), 8.26 (w),

8.18 (W), 8.09 (W), 7.99 (m), 7.79 (w), 7.54 (w), 7.49 (W),

7.26 (w).
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3, 5-DIMETHYL-2-(PROPEN-1-YL)YPHENOL

OH

[:::]CH=CHCH3 B.p. [est. 260°]
CHy CHy

KETOH-O.IZ HOAc’ m

max 297 (3.42), 254 (4.00), 220 (4.38).

Nnin® 279 (3.24), 239 (3.87). (6) 6l
2-(CYCLOPENTEN-T-YL)YPHENOL

f?* {T B.p. [est. 272°]

>\.E'I‘OH-O.I% HOAc

iy my : 304 (3.50 infl.), 295 (3.59), 253 (3.88),
227.5 (3.87).
Mmint 274/(3.31), 237 (3.77). (6) 62
4-(CYCLOPENTEN-I-YLPHENOL

| \ B.p. lest. 293°]

KETOH—O.I% HOAC’ m
max

290 (3.43 infl.), 262.5 (4.27).

o 227.5 (3.36). (6)
Mnin = ; 6535
2-(CYCLOPENTEN-2=-YL)-4-METHYLPHENOL

OH —_—
o B.p. 105-108°/1.3 mm. (5)
| _ ‘ lest. 284°]

C}i3

E+OH-0. 1% HOAc
Mnax )

Nnin: 247.5 (2.16), 217.5 (3.81). (3)

mu:  281.0 (3.39), 221.0 (3.82). 6541
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2-(CYCLOPENTEN=-2-YL)PHENOL

OH —
B.p. [33-135°/12 mm. (8)
[est. 270°]
1.0
—~.05674 g./l. cyc lohexane
n
max, ML IOg N
81—
- 279.5 3,32
" 272.9 3,33
S 6 267.0 3.19
<
0]
o4
3
o 4
<
2t
0 T T T T T T T T 1.1
230 240 260 280 310 340,
WAVELENGTH, millimicrons 65
WAVENUMBERS, cm.”
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
S I I N NN N A A A S
1
t ! ]
2 a0] e
g | ! !
- | I
S 60 | |
= ! |
I | !
= ! |
= 40— | |
s ! |
220 5 mm. ! ;
|
= 1.0l wh. % ! !
— | |
0l|IJJ||II‘!|I|I|I|1‘IIllI
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSs

A i 13.63 (w), 13.34 (s), 12.80 (w), 12.40 (w), 12,10 (m), 11.80 (w),
[0.97 (m), 10.74 (w), 10.60 (w), 10.12 (w), 9.94 (m), 9.61 (m),
9.17 (m), 9.06 (w), 8.70 (w), 8.57 (m), 8.50 (w), 8.39 (w),
8.22 (m), 7.99 (m), 7.90 (w), 7.78 (w), 7.55 (m), 7.45 (w),
7.40 (w).
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4 -(CYCLOPENTEN-=-2-YL)PHENOL

121

B.p. |14=117%/1.5 mm. (5)
H «P 2
O [est. 293°]
1.0
hexa
06560 g./1. A ;;zomj ne log €
285.3 3.21
278.7 3,33
» 276.0 3.27
z 273.0 3.25
@ 270.4 3.2l
2
o .
<<
0 T T T T T | I T T T
230 240 260 280 310 340 66
WAVELENGTH, millimicrons
WAVENUMBERS, cm™!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|00J| ||1|l||lv ||‘|111|||1 I B T N R T A S R N N R
|
" : i
S 60 ! /
< X !
s ! !
< 40 { !
» : ]
z ! |
< 20~ Smm. | CS2 !
F oL 208 wh% . |
o Lo b b bbby
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSo
A 14,32 (w), 14,02 (w), 13.75 (w), 13.32 (s), 12,40 (w), l2.12 (s),

11.85 (w), 10.94 (m), 10,72 (w), 10.55 (w), 10.00 (w), 9.85 (m),
9.60 (w), 9.37 (w), 9.09 (m), 8.55 (s), 8.34 (w), 8.20 (W),
7.97 (s), 7.78 (w), 7.51 (m), 7.38 (m).
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2-CYCLOHEXYLPHENOL

OH

B.p. 282.5-283.5°  (69)

~
|

N alcohol loa €
max, mu S

5]
I

279 3.32
274 3.36
(83)

@
I

SPECIFIC EXTINCTION COEFFICIENT
()
I

o l I | |
200 225 250 275 300 325 67
WAVELENGTH, millimicrons

Imm,
3.31wt. %

1 | i 1 1
8 9 10 " 12 13 14 15

WAVELENGTH, microns

TRANSMITTANCE,percent

252, 13,63 (m), 13.32 (s), 13.00 (W), 12.39 (m), 11.90 (m), 11.55 (w),

[1.28 (w), 10.77 (w), 10.70 (w), 9.95 (w), 9.53 (w), 9.22 (W),
9.14 (w), 8.80 (m), 8.69 (w), 8.54 (m), 8.33 (m), 8.12 (W),
8.00 (m), 7.87 (w), 7.75 (w), 7.54 (m). (118 )
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4 -CYCLOHEXYLPHENOL

O—QOH B.p. 293.5-295,5°/752 mm., (69)

1.0
—.05586 g./l. cyclohexane loq e
ol max, My 9
— 284..5 3.18
W 278.2 3,34
= : 274.5 3.28
© 272.3 3.27
2 269.3 3.2l
@ 4 264 .0 3,04
2
0 T T T T T T T T 1
230 240 260 280 310 340
WAVELENGTH, millimicrons 68
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 [1|||llll||llllllll||||IlLlLIIIIlllL|||l
L | |
o | |
880—— | |
5 | ! |
| !
. | |
W 601 | !
z | |
2 o
E 40} | !
= | l
» |
=z ! |
< 20}~ -5mm. I X
x 64wt % I |
- 1 |
B I S R N A A N O O R A B
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns

NS 13,72 (w), 13,37 (s), 13.19 (w), 12.42 (m), 12.14 (s),
11,95 (m), 11.27 (w), 10.00 (w), 9.62 (w), 9.25 (w), 9.15 (m),
8.84 (w), 8.70 (w), 8.56 (s), 8.35 (m), 8.13 (w), 7.97 (s),
7.82 (W), 7.55 (m), 7.45 (w), 7.35 (w).
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4 -1 NDANOL

B.p. 245°/764 mm.  (54)

OH
1.0
cyc lohexane
08598 g./l. og €
A max, mu l 9
276.3 2.96
271.0 2.86
w 268.7 2.87
z
<
@
@
o
%)
@
<
0 T I T T T T T T 1
230 240 260 280 310 340
WAVELENGTH, .millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
IOO'l‘ 1111||||‘|J_Lh41||1 ol by b g
! |
5 T I
8 gol- l !
2 I '
R |
360— ! |
<< I |
- — ! !
= i i
S 40— | !
2] - 1
i domm. :CSZ i
20 | :
E T 619 wt % | i
| 1
oy e e ey e e ey e by e L Ly
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns

N oD 14075 (W), 14.25 (m), 13.07 (s), 12.98 (s), 12.28 (w), 11.05 (w),
10.50 (w), 10.18 (s), 10.00 (m), 9.65 (W), 9.5| (m), 8.70 (s),
8.52 (w), 8.32 (s), 8.05 (W), 7.85 (s), 7.62 (w), 7.47 (w).
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TRANSMITTANCE, percent

APPENDIX 125

5- 1 NDANOL

B.p. 255°  (54)

HO
1.0
— . 72 g./1. cyc lohexane
02372 g Y log €
max, mu
8
L 289.5 3.45
283,3 3.48
6 280.0 3,47
B 275.0 3.36
4
20
0 I I T I I T T 1T 70
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 L00O 900 800 700
|OOI|I |IIII ||I|‘lIIIlIIlL1 | LllilllIIIILl]
~ o
1 1
80— | !
- i
|
60— ! :
- | !
| :
40— | :
] 1
B N ) I CS i
pol- ™" A
452 wt. % ! !
oL v Lo by o ey b b
2 3 4 5 6 7 8 9 10 I 12 13 14
WAVELENGTH, microns
CS

A% 14,45 (m), 13.49 (m), 13.05 (w), 12.52 (s), 12.32 (s),
11.90 (m), 11.65 (s), 11.35 (W), 11.05 (W), 10.69 (s).
9.66 (W), 9.23 (m), 8.89 (W), 8.82 (s), 8.60 (w), 8.52 (s),
8.43 (w), 8.28 (w), 7.92 (s), 7.72 (w), 7.64 (w), 7.52 (m),
7.36 (w).

569705 0—61——9
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6 -METHYL-4-1NDANOL
CH
3 B.p. [est. 250°]
OH
1.0
— 16984 g./1.
sl cyc lohexane
' max, my log e
3‘6__ 280.0 2.88
z 274..5 2.81
o L 271 .0 2.84
o
wn
24
2+
0 T I T T T T T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.™!
5,000 3,000 2,000. 1,500 1,200 1,000 900 800 700
lool]llllll Illl] IILIIIIL IIIlIlliJIIlILl
T l
$ 8ol ! |
2 L : |
S 60 | i
Z t
< I |
- ]
a0l | :
= I
%) - ! |
<Zz 5mm. : !
e 20 137w % | csp |
[ | X |
0 AN SRS T RN YRR ST ST SR R R R R N R R
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSo
A : 14.33 (w), 12.10 (s), 11.95 (s), 10.48 (w), 10.20 (w), 9.73 (w),

8.94 (s), 8.67 (s),

?.27 (s), 7.99 (s), 7.78 (s), 7.55 (m),
7.49 (m), 7.25 (w).k

1/ Spectra obtained from sample supplied by Coal Tar Research
Association, Leeds, England.
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ABSORBANCE
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APPENDIX
7-METHYL-4-1NDANOL

CH3
B.p. [est. 250°]
OH
1.0 —
L 06756 ast cyc lohexane
' s max, my log €
282.0 3,06
277.0 3.05
272.8 3,11
o]
230 24,"0 26[0 2180 ] l Z’)]IOI '340 72
WAVELENGTH, millimicrons
WAVENUMBERS, cm.
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
OOI[IllIII]III|I|Jr|l|I|IIl AR NN N W AN N N N
| |
! :
80 | |
! |
' |
60 | |
|
| |
40 | ,
o
20 l |
| 1.36 wt. % : |
] 1 1 | 1 | | 1 | | ] | |
5 O I T (T ST IO EOY NNV SO MU N
2 3 4 5 6 7 8 9 10 11 12 13 14 15
WAVELENGTH, microns
CS
A 2: 13.62 (m), 12.59 (s), 12.37 (s), 10.78 (w), [0.30 (m), 9.98 (m),

9.57 (m), 8.73 (s), 8.64 (s), 8.56 (w), 8.29 (s), 7.88 (s),
7.82 (w), 7.62 (w), 7.50 (w), 7.26 (w).l/

1/ Spectra obtained from sample supplied by Coal Tar Research
Association, Leeds, England.
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7-METHYL-5-1NDANOL

CH3
B.p. [est. 260°]
HO
1.0
— .03964 q./1.
N cyclohexane log €
max, my
288.0 3.44
S 283.5 3.43
2 280.0 3.45
@
@
o
n
m .
<
0 T T T T T T T T T 1
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 Jlljllllnglll[lllLllllll 1||||||l||lll||
. |
Py | |
© 80 | |
g | |
. ~ I I
LJ | |
O 60 | |
z L . |
[ | I
_’:40_ ! |
= I
%] — | |
2 | |
20— .5mm. i '
E | 1.66wt% | Cs, :
0 1 L 1 ] | l 1 | ] l | | l | l | I I 1 | ] I |
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSs
At 14.48 (m), 13,10 (w), 12.04 (m), 11.75 (s), 11.03 (w), 10.53 (w),

10.20 (m), 9.96 (w), 9.73 (w), 8.93 (s), 8.47 (s),

8.27 (w),

8.07 (m), 7.84 (m), 7.71 (w), 7.59 (w), 7.50 (m), 7.26 (w).

1/ Spectra obtained from sample supplied by Coal Tar Research

Association, Leeds, England.
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5,6, 7, 8-TETRAHYDRO-1~-NAPHTHOL

OH
B.p. 264.,5-265°/705 mm.  (8)

4.0 Loh
cyc lohexane
A max, mu log €
3.5
279.0 3.14
274.5 3.09
B 271.5 3.1
3.0 (37)
2.5
2.0
l | | I |
220 240 280 320
WAVELENGTH, millimicrons 74
W
Q
2
<
'E I'mm
s 3.79 wt. %
(é) | 1 | 1 1 i 1 1 | 1 1 | 1
b 8 9 10 " 12 13 14 15
E WAVELENGTH, microns
CSo
Ao 14.09 (m), 13.04 (s), 12.60 (w), [2.12 (m), 11.57 (m), 1l.15 (m),

11,00 (w), 10.48 (w), 10.30 (m), 9.70 (m), 9.38 (m), 9.22 (w),
8.69 (w), 8.58 (m), 8.45 (w), 8.30 (m), 8.12 (m), 7.97 (w),
7.85 (m), 7.60 (m).  (118)
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5,6, 7, 8-TETRAHYDRO-2-NAPHTHOL
OH
B.p. 275-276° (8)
1.0
| 04324 9/l 5, Cyclohexane log e
8 max, My g
— 289.,0 3.44
S sl 282.,9 3.45
2 279.4 3.46
& - 274.5 3.39
2
@ 4
2._
o
T T T T I T T T
230 240 260 280 310 340
WAVELENGTH , millimicrons 75
WAVENUMBERS, cm ™!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|OOJI |l1xll|l'l|1||||1l||1 I R R B A R
. i ?
§ao— I i
o |
- |
uj 60 !
Q |
2 r | '
P | |
=40 ! !
= A
b4 " C
<20~ | ) ! 2
£ 6ol wh % ! |
S S O N N R O N MU NN NNVON RO
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
(o)
A 2: (4.41 (m), 13.85 (s), 13.65 (w), 13.45 (m), 12,57 (m), 12.47 (s),

12,12 (s), 11.94 (w), 11.82 (W), 11.59 (m), 11.07 (m), 10.84 (s),
10.63 (m), 10.4] (w), 10.06 (m), 9.82 (w), 9.39 (w), 8.99 (m)
8.80 (w), 8.72 (s), 8.67 (s), 8.47 (m), 8.35 (m), 8.18 (W),

8.14 (m), 8.02 (w), 7.92 (s), 7.78 (m), 7.64 (w), 7.47 (w),

7.38 (m), 7.32 (w), 7.20 (w).
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4-METHYL-5,6,7,8~-TETRAHYDRO-1-NAPHTHOL
OH
C@ B.p. lest. 280°]
CHy
Infrared bands, u : 12.40 (mineral oil). (29) 76

3-METHYL-5,6,7,8-TETRAHYDRO-2-NAPHTHOL

OH
B.p. [est. 290°]
CH3
35— i
N NaOH solution log €
max, muy
3.00— 285 3.42
w (84)
3
- 2.5 —
20—
l l l I I
220 240 260 280 300 77
WAVELENGTH, millimicrons

4-METHYL-5,6,7, 8-TETRAHYDRO-2-NAPHTHOL

'::@OH B.p. [est. 290°]
CH3
alcohol

A max , mus 281 (3,30),

N oint 251 (2.40). 78

Infrared bands, p: |1.76 (mineral oil). (29)
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l, 4-DIMETHYL~-5,6,7,8-TETRAHYDRO-2-NAPHTHOL

CH3
OH B.p. [est. 305°]
CH3
WAVENUMBERS, cm.'
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 T SIS S WA KU WU S AU AU AU AU VRN AU O S S S SRR RN S G S N
S 80
2
S 60
pd
<
=
E 40
=
2
Z 20
o
= 0 | | L | L | I |- | L L | 1 [ | L | | | | | L
2 3 4 5. 6 7 8 9 10 2 13 14 15
WAVELENGTH, microns
KBr
A 1481 (w), 14,01 (w), 12.34 (w), 12,13 (w), 11.82 (s), 11.54 (w),
11,22 (w), 10.37 (W), 9.97 (m), 9.74 (w), 9.64 (w), 9.23 (m),
9.19 (s), 8.34 (m), 8.04 (w), 7.88 (w), 7.73 (s), 7.53 (w),
7.44 (w), 7.30 (w), 7.10 (m). (99) 79
4-METHYL-2-PHENYLPHENOL 80
5 @
CH
4= B.p. 101-105°/2 mm. (3)
[est. 280°]
3 b
7
o
x
W
2 .
95% alcohol | .
| max, mu 9
296 3.67
(I (3)
0 [ R TR R T N
250 270 290 310 330

WAVELENGTH, milli microns



TRANSMITTANGCE, percent

ABSORBANCE

OH
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APPENDIX

2-PHENYLPHENOL

B.p. 275°  (43)

1.0
— 01417 q./1. x-cyclohexane log €
max, MU
283.5 3.68
245,5 4,00
}_
0 T T T T T T T T 1
230 240 260 280 340 340
WAVELENGTH, millimicrons 8 |
WAVENUMBERS, cm.”
5,000 3,000 2,000 1500 1,200 1,000 900 800 700
IOOIJIllJI!I]!’['IIIlIIIII IIIII[IIIILII'I
) i
80} |
- |
60— : |
| I
- | |
| |
40— | :
I ICSZ |
Jdmm. ! I
20—~ 423 wt % ! !
— | |
ol L b b b
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSo
Ao 1437 (w), 14,24 (s), 13.91 (m), 13.70 (m), 13.32 (s), 13,02 (m),
12.04 (m), 11.69 (w), 10.92 (w), 10.68 (w), 10.32 (w), 10.04 (w),
9.89 (m), 9.70 (w), 9.58 (w), 9.33 (w), 9.07 (m), 8.68 (m),
8.49 (s), 8.22 (w), 8.1l (m), 7.87 (m), 7.80 (w), 7.49 (m).
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TRANSMITTANGE, percent

ABSORBANCE

4 IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR
3-PHENYLPHENOL
OH
B.p. 3250 (é-g)
01126 g./1.
N cyclohexane log €
max, My
281.,0 3.68
249,0 4,2|
0 T I T T T T T 1
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|Oo 1 I 1 ‘I III 1 | I l l I .I )| 'I 1 I | | l I l L1 1 Ivl [ l' 1 I I\ | l 1
! 1 : | : |
B b E | | :
80— . o | I
[ : I | :
— Vo Lo ! |
601~  CYCLOHEXANE Do E !
— : | | : | X
Do o | '
40— : | | ! | |
[ 1 ! | |
— ) ! |
5 mm. | ! | !
20+ o CYCLOHEXANE CYCLOHEXANE
46 w't. Yo | | | |
— | ) | | I
o Lo Lo by oyt e ey e Ly e by ey Ly
2 3 4 5 6 7 8 9 10 T 2 13 14

cyc lohexane

WAVELENGTH, microns

14.39 (s), 13.95 (w), 13.26,(s), 12.84 (w), 12.75 (w),
9.33 (w), 9.07 (w), 8.67 (m), 8.57 (m), 8.47 (w),

8.27 (w), 8.00 (w), 7.72 (m).
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ABSORBANCE

APPENDIX
4 -PHENYLPHENOL

(Y Vo

B.p. 319° (64)

135

1.0
—.007024q/1
cyclohexane
log €
max, My
256.5 4,31
0]
T T T 1 T T
230 240 260 280 310 340 83
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 P T R B N I I Y N Sl A I AR A .
L |
| [/
80 | /
| l
— | 1
I 1
60 ! :
! |
B | |
401~ ! !
I 1
—  5x ! |
20~  5mm. ' CSp E
. .064wt % i |
oL L v L oy o b b b ey
2 3 4 5 6 7 8 9 10 nl 12 13 14 15
WAVELENGTH, microns
CSo
ATT: 14,38 (s), 14.00 (m), 13.14 (s), 12,40 (w), 2.0l (s), 9.93 (w),

9.62 (W), 9.32 (W), 9.07 (m), 8.54 (s), 8.48 (m), 8.22 (w),
7.94 (s), 7.85 (w), 7.53 (m), 7.40 (w).
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I - NAPHTHOL
OH
!ill'ﬂllii B.p. 288.01°  (76)
1.0
- .01965 g./ 1. cyc lohexane
max, My log e
8
- 321.6 3.47
. 317.0 3.33
Q6 314.,2 3.41
< | 310.4 3.49
@ 307.5 3.61
o 4l 301.2 3.78
< 294.,0 3.79
— 290.0 3.80
ol 282.6 3.79
0
230 240 " 260 | 280 | | 30 340 84
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|Oollllbillllllllllllllllllllllllllllllill'l
| I
= [ |
¢ 80 !
S |
a — | |
W 60k ! l
o ! |
I I |
E 40| | |
5 | csp |
omm. |
S 20 257w % R
o |
SN T R B T
| | | | |
% 3 4 5 8 7
WAVELENGTH, microns

AT 14008 (W), 13.77 (W), 13,44 (w), 13.02 (s), 12.66 (s), 11.95 (w),

[1.75 (w), 11.39 (m), 10.44 (w), 9.84 (m), 9.62 (m), 9.52 (w),
9.24 (m), 8.73 (m), 8.64 (w), 8.59 (w), 8.48 (w), 8.33 (w),
8.10 (m), 8.02 (m), 7.83 (m), 7.7l (w), 7.62 (w), 7.35 (m),
7.20 (m), 7.10 (m).



TRANSMITTANCE, percent

ABSORBANCE
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2-NAPHTHOL

B.p. 294.85°  (76)
HO

1.0
. cyc lohexane
02874 g./l.
’ max, mu log €
8f—
328.6 3.49
B 324.0 3.49
Bl 321.0 3.36
314.0 3.39
— 307.0 3.18
al 301.0 3.13
285.4 3,69
— 273.8 3.77
_ 263.5 3.73
“r 254.,0 3.58
0 l T | T T T T T
230 240 260 280 30 340 85
WAVELENGTH, millimicrons
WAVENUMBERS, c¢m-
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
00kt |f||1||I||||[||||||||||||l|t||||1|||l
) —
60+ ' :
o
—  5x : E
20 5mm. 1 CSp !
- 057 wt. % | |
0 I | I 1 l | l | | | | I 1 | | l | l 1 | | I il
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo
ATt 14,00 (w), 13.46 (s), 12.50 (m), 12.38 (w), 11.95 (s), 11.85 (w),

11.52 (w), 11.10 (m), 10.42 (m), 9.83 (w), 8.94 (m), 8.77 (m),
8.57 (s), 8.35 (w), 8.20 (w), 7.95 (m), 7.88 (m), 7.78 (w),
7.32 (W), 7.23 (w).
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2-METHYL-1-NAPHTHOL

OH

CH
OO 3 B.p. lest. 295°]

1.0
B cyc lohexane
8- max, my
329.2
g 315.2
< — 309.0
@ 41— 292.0
20—
0 T T I T T T T
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
SO I R S T O T T T S
(R ! | !
. F \— |
S P | ' |
© 80 b i | | |
g P b ! |
. P i ; : |
Weor OHE Lo | !
P - ! | | | ! |
: N n o
= 40— o Lo | !
= ] o
Uz” 5mm. I | | i
< 20+ CYCLOHEXANE CYCLOHEXANE
o T3 wh % | | | |
[ - : l | : | |
]
o1 Lo o b b b by b b o by |
2 3 4 5 6 7 8 9 10 I 12 13 14

cyc lohexane
N

.
.

WAVELENGTH, microns

14.55 (w), 13.71 (w), 13.56 (m), l2.92 (m), l2.52 (s),
10,52 (w), 9.84 (w), 9.2l (m), 8.79 (w), 8.71 (w),
8.5 (m), 8.42 (w), 8.35 (m), 8.17 (m), 8.12 (m),

7.92 (w), 7.42 (w), 7.24 (m).
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4 - METHYL-1-NAPHTHOL
OH
B.p. 177-179°/25 mm.  (8)
[est. 298°]
Ct+3
1.0
L .02008 g./1.
cyc lohexane log €
8 max, MJ 9
B 326.6 3.60
S el 318.8 3.62
2 312.2 3.72
& 299.6 3.83
a 290,0 3.77
o .4
<
2
O T T T T T 1 T T T 87
230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
Y] I T T TS T B
|i VI | T
E : | | | P/_A
880 : o ! }
g | Lo : '
- i [ [ l
& 60 E P | :
2 | [ |
< i | | '
- | |l | |
=40 : |: | |
= " [ :
2 5mm. o ! |
20~ 105w % CYCLOHEXANE CYCLOHE XANE
| [ | \ |
0lllxl|1||J15|:1|||||1|||1]11|
2 3 4 5 6 7 8 9 10 " 12 13 14 15

WAVELENGTH, microns

\SYelohexane, 1457 (), 13.52 (m), 13.34 (w), 13.20 (s), 12.97 (m),

12.42 (s), 12.18 (w), 10.52 (w), 10.42 (w), 9.83 (m),
9.68 (m), 9.54 (m), 9.45 (w), 8.80 (m), 8.67 (w),
8.52 (w), 8.34 (m), 8.05 (m), 7.84 (m), 7.48 (m),
7.32 (w), 7.25 (w), 7.18 (w).
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5,000

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

I -METHYL-2-NAPHTHOL
CHy

OO OH

WAVENUMBERS, cm.
2,000 1,500 1,200 1,000

TS S YU BT B B ! L1

B.p. [est. 300°]

|
900 800

U | S N |

3,000

ol

100
80
eo.
40

20

TRANSMITTANCE, percent

8 9 10
WAVELENGTH, microns

: 14.62 (w), 13.76 (w), 13.50 (s), 13.05 (m), 12.45 (s), 12.34 (s),
[1.69 (m), 11.29 (m), 10.70 (w), 10.55 (w), 10.32 (w), 9.83 (m),
9.43 (s), 8.80 (m), 8.59 (m), 8.36 (w), 8.30 (w), 8.22 (s), 88

5-METHYL-2-NAPHTHOL

"

7.95 (m), 7.45 (s), 7.10 (w), 7.0l (w). (99)

B.p. lest. 305°]

CH3
WAVE NUMBERS, cm.!
5000 3,000 2,000 1,500 1,200 1,000 900 800 700
|00 Illlll llII‘]Jlll’l‘l IIIIlJIIIIIIl 1
; T
< - | |
LV | 1
[8] 1
5 80— | :
a | ] |
W , !
2601 : .
< h |
C ! '
40 | CSp !
2 I~ Smm. : '
= 201 49 wh. % i !
s ! |
oL oo b b b b e e b ey by
3 4 5 6 7 8 9 10 1" 12 13 14 15
WAVELENGTH, microns
CSa
Ao 12.71 (w), 12.50 (m), 12,33 (m), 12.12 (m), 11,93 (m), [1.75 (s),

[1.55 (s), 11.38 (m), 10.79 (m), 10.44 (w), 10.36 (w), 9.71 (w),
8.96 (w), 8.89 (w), 8.79 (m), 8.55 (s), 8.29 (w), 8.12 (W),
7.87 (m).1l/

1/ Spectrum supplied by W. W. Fowkes, Lignite Research Laboratory,

U. S. Bureau of Mines, Grand Forks, N. D.
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3, 4-DIMETHYL-1-NAPHTHOL
OH
OO CH B.p. 205-210°/15 mm.  (43)
3 [est. 315°]
CHy

A 2;§Oh°', 330 (3.73), 316 (3.85 sh), 306 (3.89), 242 (4.43).
(25)
90
9l
7-ETHYL-4-METHYL-1-NAPHTHOL
OH
CH3tHz OO B.p. [est. 320°]
CH
A ;;iOho', my i 331 (3.56), 316 (3.69 sh), 304 (3.76), 242 (4.57).
Infrared band, p : 12.12 (s), 11.26 (m), 10.89 (w), 9.66 (w),

9.51 (s), 8.74 (m), 8.6l (w), 8.36 (m),
8.20 (w), 7.98 (w), 7.85 (w). (25)

569705 0—61——10
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| -FLUORENOL

OH

0.0 B.p. [est. 345°]

4.5
cyc lohexane | c
300 3,30
w 3.5 293 3.68
8 284 3,97
- 276 4,12
3.0 266 4,3
255 4,22
230 4,10
2.5 (él)
2.0 —
| 1 | | |
220 240 260 280 300 320 340 92
WAVELENGTH, millimicrons
-1
WAVENUMBERS cm.

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 A U Y Y S T O T T T N T VT N S T S S
b=
7
(8]

s 80

a

"

o 60

z

a

F—

= 40

=

»n

Z 20

<

o — 5 %

= 0 R R N T T T AT S NN S SR DA NN NN SRS SRS NN N B N S
2 3 4 5 6 7 8 9 10 11 12 13 14 15

WAVELENGTH, microns

A s 14,47 (m), 14.28 (m), 13.96 (w), 13.83 (w), 13.37 (s), 13.22 (s),
[2.74 (m), 12.68 (m), 11.94 (w), 11.22 (w), 1.0l (s), 10.68 (w),
10.48 (m), 9.82 (w), 9.55 (w), 9.41 (w), 9.35 (s), 9.06 (w),
9,00 (w), 8.89 (w), 8.64 (w), 8.57 (w), 8.48 (w), 8.42 (m),
8.23 (w), 8.07 (s), 7.90 (s), 7.73 (w), 7.62 (m), 7.56 (W),
7.43 (w), 7.35 (s), 7.18 (w), 7.07 (w). (99)
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2-FLUORENOL

oagy

B.p. 340-350

(64)

143

1.0
cyc lohexane |
— .00786 g./I. max, my °g €
315.0 3.83
308.0 3.80
N 303.2 3.83
e 282.2 4,25
é 276.0 4,32
= 271.0 4,39
@ 266.5 4,37
262.0 4,3]
c2)30 24110 [ 2|60 l 2|80 ‘ ‘ 3:0‘ |3
40
WAVELENGTH, millimicrons 93
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|001i|1|1||l||ll‘||1[1|||1 1|1|||||||||1|1
T —  .4mm.
§80- 1.40wt. %
8 60l
Z
-
-
= 40
=
o -
2
< 20
a
[ -
0I|I|Ill|lllLJ|lll!l||1lJl
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, -microns
KBr

A t 14.38 (w), 13.94 (w), 13,74 (s), (3.12 (s), 12.14 (s), |1.72 (m),
11.57 (m), 10.88 (w), 10.75 (m), 10.52 (m), 9.97 (w), 9.73 (w),
9.15 (w), 9.02 (w), 8.82 (m), 8.66 (w), 8.50 (w), 8.38 (m),
8.22 (m), 8.07 (w), 7.90 (s), 7.68 (m), 7.54 (w), 7.37 (w),
7.25 (w), 7.12 (m),
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3-FLUORENOL

0.0 OH B.p. [est., 350°]

30 -
E+tOH
max, my log €
7 313 3,94
0?20 305 3.93
x 269 4,11
v 063 4,12
260 4,14
235 4,05
10 (114)
0 | | 1 1 |

210 230 250 270 290 310 330
WAVELENGTH, millimicrons

94
95

8-METHYL-2-FLUORENOL

CH3

O‘O OH B.p. [est. 355°]

%.EZSH, mu:  ~313 (3.66), 304 (3.70), ~283 (4.17), 274 (4.26). (I8)
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4 -ACENAPHTHENOL

. B.p. [est. 338°]
OH

1.0
- 01666 g./1. cyc | ohexane log €
max, md
8
320.2 2.75
S 61— 310,0 2.95
s L 305.5 3.29
S 298.,5 3.63
@ 41— 287.5 3,82
< 277.2 3,76
B 266.8 3.56
2 256.3 3.26
243 .5 3,20
-
0
230 240 "0 | 2z|30 L 31'0l '340 96
WAVELENGTH, millimicrons
WAVENUMBERS, ¢m”!
5,000 3,000 2,000 ,500 1,200 1,000 900 800 700
Y] T T T S A 0 A A AR
S 80 o
w : |
2 60 : !
p ! .
L | \
= 40 | :
n | |
z — S5x : !
T 20 .5mm. | CSp !
F ol 040w % . .
0 | | | | ] l | | | | | J | l | l | l 1 l | l 1 l |
2 3 4 5 6 7 8 9 10 I 12 13 14 15
w

AVELENGTH, microns

N i 14.85 (w), 14.82 (w), 12.87 (s), 12.57 (s), 10.35 (W),
[0.17 (w), 9.90 (w), 9.65 (m), 9.55 (m), 9.12 (m), 8.80 (w),
8.70 (w), 8.54 (w), 8.30 (w), 7.30 (w),
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5-ACENAPHTHENOL

B.p. 221°/40 mm,  (43)
[est. 332°]

OH
1.0
- cyc lohexane
max, muy
8
. 331.,0
. 323.5
o 61— 316,0
= | 301.2
x 290.5
wn
o 4
<
2
0] T T I T T T T T T
230 240 260 280 30 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”
5,000 3,000 2,000 1,500 1,200 000 900 800 700
|Oolll:lI[lIIJllll:ll_lLlllll| | l|11|l|||1||l|xL|i
- 1
S o
° 80 [ | | | |
@ [ | | ! |
o b | ! l
i ]
& 60— CYCLOHEXANE P I |
: L o L
- b Lo ' l
340_ [ | | : !
2 - | | | | X :
S oo 2mm CYGLOHEXANE ;
= 20 wt. % OHE CY?LOHExﬁNE
— | | [
ol Lyt 1oy L by by o o L Ly 1y
2 3 4 5 6 7 8 9 10 1 12 13 14 15

WAVELENGTH, microns

cyc|lohexa
A e, 13,19 (w), 12.97 (s), 12.38 (s), 12.18 (w), 12.10 (W),

[1.18 (w), 10.87 (m), 9.05 (m), 8.85 (s), 8.75 (w),
8.59 (w), 8.49 (s), 8.24 (m), 8.00 (m), 7.82 (m),
7.44 (m), 7.30 (w), 7.10 (w).
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PYRIDINE

AN
| B.p. 115.4° (24)
~
N
1.0
L .02605 g/l
N cyc lohexane log e
8 max, mu
289.0 1,66
W 284.3 2.04
g 280.5 2.32
x 276.5 2.54
é. 263.,0 3.17
256,3 3.3l
251.5 3,33
247.,2 3,28
241.,3 3.15
0 T T T T T T T T T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons 98
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 ! [T AT AT ISR |:J TR A BT N AT A A B
I L
S |
geo- o
a | |
wi |
O 60 |
2 |
s [
Ea0 | ,
= |
b | |
<Zt .l mm. | cs |
x 20 2.95wt. % | ove !
- | | |
ol Lo o by b b by Y
2 3 4 5 6 7 8 9 10 1 12 13 14 15
' WAVELENGTH, microns
CSo
A ¢ 14.82 (w), 14.30 (s), 13.45 (m), 10.08 (m), 9.70 (m), 9.36 (m),

8.74 (m), 8.23 (m), 7.78 (w), 7.32 (w), 7.17 (w).
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5000

ABSORBANCE

2-METHYLPYRIDINE

| NZ CHy B.p. 129.41° (24)

0
— cyc l'ohexane
max, m log €
81— .02767 g./I. : b
268.5 3,27
262.3 3.42
256.6 3.42
251.5 3,33
T T T T
205 230 240 " 260 280 30 340 99
WAVELENGTH, millimicrons
WAVENUMBERS, cm. '
3,000 2,000 1,500 1,200 1,000 900 800 700

Illllllllll|l|l|lllllllIIIIIIIIIIlIlIl'I

o
o

|
€ | '
$ 80 | ;
g I
. | |
S 60 !
=z | |
=T .
Ea40 | ! :
= | |
2 B 5mm. || |'
g 20 1.37 wt. % : Cs, |'
= | | |
S I RN R NRN SR N |
2 ) 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CS»o
N 14,31 (w), 13.74 (m), 13.35 (s), 12.55 (w), [1.42 (w),

10.27 (w), 10.02 (w), 9.64 (w), 9.54 (m), 9.1l (w), 8.72 (m),
8.12 (w), 7.74 (m), 7.27 (w).



APPENDIX 149
53-METHYLPYRIDINE

"N CHg
Z B.p. 144.14° (24)

N

1.0
L .02507 q./1.
8l cyclohexane log €
max, my 9
w
Q. 269.0 3.25
o 263.5 3.37
§ 258.2 3.37
2- 252.5 3.29
T 2;0 T T T T T | T T
225 230 260 280 310 340
WAVELENGTH, millimicrons IOO
WAVENUMBERS, cm!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|OO II lllllLllllllllll‘l!lll IL11I|IIII|I]IIIL
s [ | ‘
© 80 |
> | |
S - |
560 | |
= | |
2
= |
Ea40 | |
z | | |
=z Smm. | I
- I
220 138 wt% | 052 |
= | I
co o Y
0
2 3 4 5 6 7 8 9 10 " 12 13 14 15
WAVELENGTH, microns
CSo

Aor 14l (s), 13,87 (W), 12,78 (s), 10.90 (w), 10.18 (w),
9.72 (m), 9.60 (w), 9.08 (w), 8.90 (w), 8.40 (m), 8.I5 (w),
8.05 (w), 7.52 (w), 7.45 (w), 7.23 (w), 7.09 (w).
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4 -METHYLPYRIDINE

I B.p. 145.0° (24)

1.0
- .04920 g/I.
cyc lohexane
Y log €
max, my
W 262.3 3.12
z 256.0 3.2
& 251.0 3.19
)
© .
<
0 | 1 T T T T T T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons | O l
WAVENUMBERS, cm.
5,000 3,000 2,000 1,500 1,200 1,000 9(|)O 8(1)0 7(I)O
1il[|ll|||||L|1|||1ll|l||Il|111| T N | 1
100 T T
% |
$80 |
g i 1 |
w | |
O 60 — | |
z |
i I~ i
=40 | I
= | |
%) - | |
=z 5 mm. | |
=20 183 wt% | 652
[ | | |
0 L I S [ | | [0 L | |
2 3 4 5 6 7 8 9 10 1 12 13 14 15

WAVELE NGTH, microns

A T: 13,80 (m), 13.48 (w), 13.35 (w), 12.61 (s), 12.48 (w), I1.54 (w),
10.35 (w), 10.05 (m), 9.62 (W), 9.35 (w), 8.28 (w), 8.19 (m),
7.84 (w), 7.74 (w), 7.30 (w), 7.25 (w), 7.08 (m).
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2, 3-DIMETHYLPYRIDINE

X CHy
I # CHy B.p. 161.16° (27)
N

1.0
L 03192 g/, cyclohexane log €
max, my
81—
L 271 .4 3.37
" 265.5 3.49
Q6 260.0 3.46
o
o
[e]
(2]
o .4
<<
2
o 102
T T T T T T T T T
225 230 240 260 280 310 340
WAVELENGTH , millimicrons
WAVENUMBERS, cm.”!

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
Ioolll|llII|IIIIIIIIIIlIlIIIIIIIIIIII'IIIIII
€ — |
et |
© 80 - !

o | |

Q

. — | )

w |

o 60— |

z | |

< - |

P [

E 40 ' |

s |

wn I | |

pd | |

I20f  .5mm. , OS2 |

— 1.64 wt % | [

0 | ] ] [ | I | l ] | | I | l 1 I | | | | | l | l |
3 4 5 6 7 8 9 10 I 12 13 14 15

- WAVELENGTH, microns

CS
Aot 13,78 (s), 12,76 (s), 12.30 (w), 11.75 (w), 10.98 (w), 10.28 (m),

10,07 (m), 9.80 (m), 9.35 (w), 8.91 (m), 8.47 (m), 8.07 (m),
7.84 (W), 7.74 (w), 7.62 (w), 7.30 (w), 7.22 (m).
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2, 4-DIMETHYLPYRIDINE

CH3
\ (-]
| B.p. 158.40 (27)
N
1.0
— 03521 g./1.
cyclohexane
8 A max, my log €
" 275.5 2.95
g 267.4 3.33
§ 261.0 3.37
3 255.5 3.3l
[s0]
o

0 T T T T |O3

T T T T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons

WAVENUMBERS, cm.”!

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
lool[llllllllllllllillllll l‘lllllllll]lllllll
: T |
© 80 | |
a I |
- I [

w
O 60— | |
= | |
L | l
E 40 - } |
= | |
wn —
z .5mm. I :
T20F 2.54wt% | €S2
[ L | |
0 ol e e b e b Yy
2 3 4 5 6 7 8 9 10 1 12 13 14 15

WAVELENGTH, microns

Ao 13079 (m), 13,25 (w), 12,75 (m), 12.30 (s), 11.95 (w), I1.43 (w),
10.96 (m), 10.30 (w), 10.02 (m), 9.69 (m), 9.64 (w), 9.35 (w),
8.90 (w), 8.79 (w), 8.57 (w), 8.48 (w), 8.08 (w), 8.02 (w),
7.84 (w), 7.73 (m), 7.25 (m), 7.16 (m).



APPENDIX
2, 6-DIMETHYLPYRIDINE

O
cHz oH
3N\ OH3

B.p. 144.05°

(27)

153

1.0
— .02952 g./1. cyclohexane log €
max, my
8
273.,0 3.41
Woe 265,7 3,52
Z 261.0 3,49
&
o
a
@ 4
2
o 104
T I T T T T 1 I I ]
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|OOI[I[IIlI’IllIIILIIIIlIIIIIIIIIIIlIIIl Ill
I
€ | !
© 80 — |
o
aQ - | :
i |
S 60 — |
z | |
P24 I
- | |
E 40 | |
2 | |
n —
z Smm. | |
<20 1.88 wt.% : Sy :
= - | |
o L I 1 l | | 1 l | [ | 1
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSs
N ¢ 13.98 (W), 13,76 (w), 13.35 (w), 12,98 (s), 10.32 (w), 10.03 (w),

9.72 (m), 9.14 (m), 8.66 (m), 8.17 (m), 8.04 (w), 7.92 (w),
7.84 (m), 7.28 (m), 7.14 (w).
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3, 5-DIMETHYLPYRIDINE
CH3 \CH3

=
N

B.p. 171.91° (27)

1.0
B
L 03244 g/l
cyc lohexane
log €
8 max, My
N 275.2 3.32
o 6 269.,3 3,44
=S 264 ,7 3,42
&
[)]
m 4
<
2
% T T I | T T T I | T |O5
225 230 240 260 280 30 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.™
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
lOOIIJ;JALIIIllll;llli[I{lIJII |lll||||lL|Ill||l
s |
© 80 | [
g [ |
W | ' |
o 60| | |
= I |
< — |
e | €S2
401 I |
> ! l
z B ' i
5mm. I
< — . |
x 20 1.54 wt. % | |
- - | |
ol b v Loy b e b e e b e b T R
2 3 4 5 6 7 8 9 10 I 12 13 14
WAVELENGTH, microns
CS2

A 1 14.13 (s), 14.03 (w), 13.76 (w), 11.70 (m), 10.62 (w),
9.92 (W), 9.67 (m), 9.60 (w), 8.78 (w), 8.57 (m), 8.10 (w),
7.87 (w), 7.57 (w), 7.25 (m), 7.07 (w).



TRANSMITTANCE, percent

APPENDIX
2, 5-DIMETHYLPYRIDINE

CH3O B.p. 157.01° (21
~/CH
N 3

WAVENUMBERS, cm.'

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|OOJ|1l|1|||J||||||1J1|1||||1|1|||||||||||
g 80
W 60
p=d
<
F 40
S
[7p]
<Zt 20 .0l m.
[ —
F 0 [ AT VR NN U N WA KN NN NSNS NN N T WO U SR NS R
2 3 4 5 6 7 8 9 10 || 2 13 14 15
WAVELENGTH, microns
liquid
A s 13,74 (m), 12.26 (s), 11.94 (w), 11.53 (w), 10.80 (w),
10.34 (w), 9.66 (s), 8.83 (m), 8.51 (w), 8.38 (w), 8.22 (w),
8.10 (w), 8.0l (m), 7.70 (m), 7.24 (s). (99) |()€5
3, 4-DIMETHYLPYRIDINE 107
Gb13
@CH?’ B.p. 179.13° (21)
=
N
WAVENUMBERS, cm.”!
2,000 1,800 1,600 1,400 1,200 1,000 800
100 | | | | | 1 | | | | | | | 1
80 ﬂﬂ (
60
40
20+
50 s CAPILLARY
0
liquid
b : 13,64 (s), 13,25 (m), 12,74 (w), 12,06 (s), 11.86 (s), 10.99 (w),

10.83 (w), 10.10 (w), 9.90 (m), 9.69 (s), 9.49 (w), 9.26 (s),
9.05 (w), 8.70 (w), 8.50 (w), 8.33 (s), 8.08 (m), 7.60 (m),
7.17 (s), 7.08 (s).t

1/ Spectrum supplied by G. L. Cook, Laramie Petroleum Research Center,
u. S. Bureau of Mines, Laramie, Wyo.

155
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2-ETHYLPYRIDINE

ﬂ:ﬁfi]
JCH,CH B.p. 148.6°  (43)
N 273 ==

1.0
.03637 g./1. Cyclohexane
.8 A max, mu o9 €
w 268.2 3,28
6 261.8 3,42
i 056.5 3.42
3 251.0 3,34
o 4
1S4
2
% T T T T T T T T7
225 230 240 260 280 310 340 IOB
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
IoolllLlllllllllllllllllllllIk_LllIJlIlIIIIIIl
- — |
5 ' |
e 80 |
2 | '
YRE |
O 60 | !
z | |
< —
[ i |
Ea40 ' [
= | |
2] = |
<Z: | .5mm. ''cs I
=207 6wt e |
ol L v v PR I T SN R N TR DR R
2 3 4 5 6 7 8 9 10 I 12 13 14, 15
WAVELENGTH, microns
CSs
AT 13,41 (s), 12,57 (m), 11,37 (w), 10,47 (w), 10.30 (w), 10.05 (m),

9.54 (m), 9.47 (w), 9.05 (w), 8.72 (m), 8.22 (W), 8.00 (w),
7.77 (W), 7.70 (w), 7.29 (w), 7.05 (w).



TRANSMITTANCE, percent

APPENDIX 157
4 -ETHYLPYRIDINE

CH20H3

X
| , B.p. 169.6-170°/750 mm.  (43)
=

N

1.0
L .05708 g/I.
cyc lohexane
A max, mu log €
262.8 3.10
255,7 3.2l
251 .2 3.19

ABSORBANCE

r T T T T 77 log

I I I T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons

WAVENUMBERS, cm.”!

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
Ool|l|IlLlI||llllIlll|lllI| llllllllllllllll
I |
80 I
| |
' |
60 |- [ |
i
- | :
40 [~ : |
|
— |
.5 mm. ) !
20 159 wt. % , GS2 :
L |
ol v Lo L b b b by by
2 3 4 5 6 7 8 9 10 I 12 13 14 15

WAVELENGTH, microns

cs
A% 12,90 (m), 12.22 (s), 10.50 (w), 10.32 (w), 10.05 (m), 9.42 (W),

9.36 (w), 9.14 (w), 8.22 (m), 7.60 (w), 7.39 (w), 7.27 (w),
7.10 (w).

569705 0—61——11
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3-ETHYLPYRIDINE

"N CH,CH3

Z
N

B.p. 162-165°/762 mm.  (43)

10
)\maz E;SH: 268 (3.25), 262 (3.36), 258 (3.37). (47)
2

WAVE NUMBERS, cm.'

5,000 3,000 2,000 1,5G0 1,200 1,000 900 800 700
ool Lov g oy v I by b by b e e b
3 80
3 60
z
<
E 40
s Ol mm.
»
Z 20
=t
@ L
'_o|l|||||I|JL|tI||1[4||[|ll
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
liquid
)N i 14.06 (s), 12.84 (w), 12.42 (s), 10.87 (w), 10.61 (w),
10.34 (m), 9.74 (m), 9.58 (w), 9.4] (m), 9.02 (m),
8.87 (m), 8.43 (m), 8.19 (w), 7.58 (w), 7.25 (w),
7.01 (s). (99) 1O
2-1SOPROPYLPYRIDINE Il |
O
NZ CH(CHa), 5 o ise.00 (a3)
WAVENUMBERS, cm.’!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
ool by vty Lol b by b b b e by L
|5
2 80
a
& 60
z
it
= 40
=
n
<Z[ 20
x
Poool Lo L
2 3 4 5 6 7 8 9 10 Il 12 13 14 5
[ id WAVELENGTH, microns
{qul
A q : 13.36 (s), 12.74 (s), 11.23 (w), 10.87 (w), 10.44 (w),

10.05 (m), 9.57 (m), 9.43 (w), 9.13 (w), 9.05 (m), 8.7l (m),
8.50 (w), 8.23 (w), 8.06 (w), 7.77 (m), 7.59 (w), 7.34 (m),
7.24 (m).  (99)



TRANSMITTANCE, percent

TRANSMITTANCE, percent

APPENDIX
3-1SOPROPYLPYRIDINE

[jijCH(CH35
s

159

B.p. 177-178°  (43)
N
WAVENUMBERS, cm.”
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
'Oolln|||11|||1L1JJ|||111||1|11|||||||1|L|
80|
60—
40|
20
|_-Ol mm.
ol Lo 4o b b e e b
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
iy
AT 14 00 (s), 13.20 (W), 12.42 (s), 11.27 (w), 10.85 (w),
10.58 (w), 9.76 (s), 9.65 (w), 9.40 (m), 9.07 (m),
8.87 (m), 8.74 (m), 8.41 (m), 8.22 (w), 8.04 (w), 7.62 (m),
7.32 (m), 7.21 (m), 7.0l (s). (99) I |£2
4-1SOPROPYLPYRIDINE 113
CH(CH<%)
N 02
| B.p. 173°  (43)
Z
N
WAVENUMBERS, cm.'
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 L1 A D I AT e R O AT A O AT A TSI RN VA S S B
80
60
40
20
0 L N (O N W NN SR NSNS VS NN SN N SR N S S |-
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
liquid
A : 13.30 (s), l2.24 (s), (1.2l (m), 10.86 (w), 10.43 (w),

10.03 (m), 9.47 (m), 9.34 (w), 9.16 (w), 9.03 (w),
8.74 (w), 8.19 (m), 8.06 (w), 7.62 (m), 7.30 (m), 7.19 (w),

7.05 (s). (99)
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2,3, 4-TRIMETHYLPYRIDINE

CH3

OCH;:, B.p. 192-193°  (43)

WAVENUMBERS, cm.”!

- 5ooo 4ooo 3ooo 2ooo |eoo I600 |4oo uzoo |ooo o 600
& 100

o

& so}-
o
S 6o}
s
= a0l
-3
2 20}
§ .05mm.
- 0

liquid
A ¢ 13,66 (m), |2.27 (s), 12,05 (s), 11.39 (m), 10.31 (s),
9.95 (m), 9.62 (w), 9.35 (m), 9.05 (m), 8.43 (s), 7.97 (m),
7.89 (w), 7.27 (w), 7.17 (s). (83) I |¢‘
2,3, 5-TRIMETHYLPYRIDINE 1S
x
CH3@0“3 B.p. 182-183°/739 mm. (43)
N/ CH3

g:oo

:;’ .025mm.

® sof

W

S 6of

g 3

[ m o

= 4o ne Jf\\m'\:\ - >
s " eg Q= A 2]
[7p] NN @ © - -
z 20}

<

a

- [0}

WAVELENGTH, microns
liquid
A ¢ 14,00 (m), 13.82 (s), 11.41 (s), 10.61 (w), 10.04 (w),

9.83 (m), 9.62 (w),,

9 .77 (m), 8.16 (w), 8.03 (w), 7.66 (w),
7.26 (W), 7.16 (w).~

1/ Spectrum supplied by G. L. Cook, Laramie Petroleum Research Center,
U. S. Bureau of Mines, Laramie, Wyo.



TRANSMITTANCE, percent

APPENDIX 161
2,3, 6 -~-TRIMETHYLPYRIDINE

A
@CH3 B.p. 176-178°/759 mm.  (43)
CH3 N/ CHy

100
S ol
:r- —
g 60—
: -
E
!%40—-
o |
L-4
x 20— 025 mm.
0 I | | L. L { 1 1 Y1 11 I | 1 ] | 1 - | L i | 1
2 3 4 5 6 7 8 9 10 i 12 13 14 15
WAVELENGTH, microns
Tauid, 14 08 (m), 13.66 (s), 13.45 (s), 12.24 (s), 10.82 (w-—m),||6
{0.28 (w), 9.98 (s), 9.78 (s), 8.84 (s), 8.54 (w-m), 1/
8.16 (sh), 7.98 (s), 7.89 (m), 7.30 (sh), 7.26 (m), 7.16 (m).~
2,4, 5-TRIMETHYLPYRIDINE 7
CH3
CH3z N
| cH B.p. 165-168°  (43)
NZ “T'3
WAVENUMBERS, c¢m.”!
00 2000 1800 1600 1400 200 1000 800
8o |-
60}
40 |-
20 |
o 50« CAPILLARY
ATauTd s 71wy, 13.69 (m), 13.51 (m), 13.15 (W), 11.61 (s),

10.80 (s), 10,20 (w), 9.96 (s), 9.78 (s), 9.63 (m),
8.79 (m), 8.54 (w), 8.24 (m), 8.13 (w),ﬁ.OB (w),
7.94 (m), 7.68 (m), 7.38 (m), 7.19 (s).

1/ Spectrum supplied by G. L. Cook, Laramie Petroleum Research Center,

u. s.

Bureau of Mines, Laramie, Wyo.
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2,4, 6 -TRIMETHYLPYRIDINE

CP13
\ -]
I B.p. [71-172 (43)
CH3 N/ CH3
1.0
L 03349 g/l
N cyclohexane log €
max, my
271.5 3.39
L 267.7 3,42
z 264.4 3.46
@ 262,3 3,45
s 259.,3 3,40
< 256.0 3.34
0 | T ‘ 1 T T T T T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
loollllllil'lllTlltllllllll|IILIIIIJL|IIII|I

TRANSMITTANCE, percent

I
I
|
I
I
|
|
|
|
|
|
|
|
I
|
7

WAVELENGTH, microns

CS2
A ¢ 13.85 (w), 12.30 (w), 11.91 (s), 10.84 (m), 10.05 (w), 9.70 (m),
8.64 (w), 8.20 (m), 7.57 (w), 7.26 (m), 7.08 (m), 7.00 (w).
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3-ETHYL-4-METHYLPYRIDINE

CH3
AN
, CH5CH3 B.p. 195-196°/753 mm.  (43)
=
N
1.0
— 03386 ¢./1.
cyc lohexane
max, my log €
. 300.0 2.45
S 289 .4 2,72
é 281.0 2.84
2 268,0 3,27
< 260,0 3,38
250,7 3,48
243,5 3.47
o]
P e e LI 119
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|OO Jl|11[II[(II|I|II|]II(Ill[l'l[[[lllll!l
| |
E — | |
£ 80 }
a | | |
> |
& 60 : [
= | |
= | ‘
Ea0- | [
s | |
g r | |
S20F I mm I Cs, :
F L 9.89wt% | |
0 | I 1 I L l 1 | 1 I 1 | I 1 ‘ | | L I | l | L 1
2 3 a4 5 6 7 8 9 10 " 12 13 14 5

WAVELENGTH, microns

APS ¢ 13.90 (w), 13.60 (w), 13.43 (m), 12.74 (w), 12.12 (s),
12.00 (w), 10.84 (w), 10.36 (m), 10.15 (w), 10,07 (w),
9,71 (W), 9.43 (m), 9.32 (m), 8.72 (w), 8.38 (m), 8.17 (w),
7.64 (w), 7.25 (m), 7.08 (m), 7.00 (w).
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5-ETHYL-2-METHYLPYRIDINE

CHzCH N
3 Zﬂ:ii:] B.p. 174-176°  (43)
N CH3

ABSORBANCE

0

.03825 g./l.

cyclohexane

max, mu lOg €
275.2 3.35
268.8 3.47
263.0 3.45
256.0 3.33

5,000
Ll

T I
225 230 240

T 1
260

T T T
280

WAVELENGTH, millimicrons

WAVENUMBERS, cm.

3,000 2,000 1,500

-1
1,200 1,000 900 800 700

o 120
310 340

IS o ® o
(@] @) (@] (@]

TRANSMITTANCE, percent

n
o

o

Ly 111|'|]|]||||11||111||l||11|||1||

R O IR I I BRI B

I
[
|
|
|
|
|
!
|
|
7

8 9 10 I 12 13 14

WAVELENGTH, microns

13,95 (W), 13.65 (m),

10.35 (m), 9.72 (m),

12.78 (w), 12.10 (s), 10.82 (w),
9.42 (w), 8.82 (m), 8.28 (w), 8.04 (m),

7.70 (m), 7.601 (w), 7.27 (w), 7.18 (m).



TRANSMITTANCE, percent

TRANSMITTANCE, percent

100

80

60

40

20

APPENDIX 165
4 ~-ETHYL-2-METHYLPYRIDINE
CHZCH3

AN
| B.p. 179-180°  (43)
N/’CH3
WAVENUMBERS, cm. '
2,000 1,800 1,600 1,400 1,200 1,000 8?0
4 | |

i 1 1 N 1 1 1 1 1

100
80 |-
60 |

40

20
| 50 W CAPILLARY

0

|iquid
A ¢ 13,73 (m), 13.33 (m), 12,61 (w), 11,96 (s), 11.20 (s),
10.66 (w), 10.29 (w), 9.99 (m), 9.53 (m), 9.4l (m),
9.08 (w), 8.91 (m), 8.55 (w), 8.35 (w), 8.15 (W),
7.87 (w), 7.69 (m), 7.52 (w), 7.23 (m), 7.06 (s). |2|

2-ETHYL-6-METHYLPYRIDINE |22

()
CH3\ (7 CHaCH3 B.p. 160-161.5° (43)

WAVENUMBERS, cm.”!

2,000 1,800 1,600 1,400 1,200 1,000 800
i ] 1 1 1 | ] | 1 1 1 ] ] |

SO0 M CAPILLARY

liquid
A radt : 14,03 (m), 13.69 (w), 13.36 (s), 12.50 (s), I.17 (m),
10.87 (w), 10.22 (w), 10.03 (m), 9.57 (m), 9.50 (m),
9.04 (m), 8.85 (w), 8.62 (m), 8,20 (m), 8,00 (w),

7.84 (m), 7.68 (w), 7.53 (w), 7.25 (m).l/

1/ Spectrum supplied by G. L. Cook, Laramie Petroleum Research Center,
U. S. Bureau of Mines, Laramie, Wyo.
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TRANSMITTANCE, percent

o
o

TRANSMITTANCE, percent

o
O
T

(o]
o
I

H
o
I

N
o
I

2, 3,4, 6 -TETRAMETHYLPYRIDINE
CHy

OCH3 B.p. 203°/750 mm.  (43)
CHy N CH3

WAVENUMBERS, cm !

1,600 1,400 1,200 1,000 800
1 1 i ] .

L 1

2,000 I,8|OO
1 1

100
80}
60}
40}

20}
50 i CAPILLARY

o

Aliauids 13,54 (m), 11.67 (s), 11.17 (w), 10.47 (m), 10.10 (W), 9.91 (s),
9.67 (W), 9.21 (m), 8.67 (w), 8.3 (m), 8.13 (m), 7.87 (w),l2
7.60 (W), 7.17 (s).L 3

2,3, 5 6-TETRAMETHYLPYRIDINE 124

CH A
CH3@CH3 B.p. 197-198°  (24)
3N\Z CH3 WAVENUMBERS, cm.”!

2,000 1,800 1,600 1,400 1,000 900 800
L1 1 {;r | | | | | | | | | 1

1

«—CClg, CSp—>

504 CAPILLARY

CS
AOBr 13,74 (m), 12.48 (w), 11.11 (m), 10.29 (w), 10.02 (m), 9.79[;m).

ACCla: 8,47 (w), 8.25 (m), 8.03 (m), 7.55 (w), 7.34 (m), 7.22 (m).—

2, 4-DIETHYLPYRIDINE 125

ci20H3

@ B.p. 187-188° (43)
~CH,CH
N7 CHaCH3

| ohex
Kﬁlgi ONeXane “mu 260 (3.31).  (47)

1/ Spectrum supplied by G. L. Cook, Laramie Petroleum Research Center,
U. S. Bureau of Mines, Laramie, Wyo.
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APPENDIX 167

2, 4-DIMETHYL-6-ETHYLPYRIDINE

CH3

ﬂjqij B.p. 181-182° (26)
CH3CH2 N/ CH3

100

TRANSMITTANCE, percent

WAVELENGTH, microns

liquid
A 205 (), 11.82 (s), 11.13 (s), 10.62 (s), 10.32 (m),
10.04 (s), 9.64 (s), 9.39 (s), 8.84 (m), 8.24 (s), 8.01 (w),
7.89 (m), 7.68 (m), 7.45 (w), 7.28 (s), 7.07 (sh).l/ 126
2,6 -DIMETHYL=-4-ETHYLPYRIDINE | 2f7
CH,CHy
ﬂ:aij B.p. 186°  (43)
WAVENUMBERS, cm.”!
4,000 2,000 1,500 1,000 800 7?0
100 pel l IR T R l L |
80
60 |-
40
20 .025 mm.
o | | | | | | | | l | | I
2 3 4 5 6 7 8 9 10 1 2 13 14 15

WAVELENGTH, microns

AT 460 (), 13.67 (m), 12.67 (w), 11.90 (w), 11.67 (s),
I1.24 (s), 10.85 (), 10.60 (w), 10.30 (w), 10.03 (m),
9.69 (m), 9.39 (m), 9.00 (w), 8.17 (m), 7.90 (w), 7.64 (w),
7.47 (w), 7.22 (m), 6.99 (s). (113) :

1/ Spectrum supplied by G. L. Cook, Laramie Petroleum Research Center,
U. S. Bureau of Mines, Laramie, Wyo.
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2,3-CYCLOPENTENOPYRIDINE

4.0
x
Z
L N
B.p. 199.5° (40)
0= cyc |l ohexane |
max, my og €
W 277 3.20
o
3 272 3.63
(40)
2.0 —
200 240 280 320 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.™!

5,000 2,500 1,500 1,200 1,000 900 800 700
-100 I I ] I I | |
[ =4
[ 3]

e

% 80

O

S 60

<

-

= 40

=

wn

2 20

g

'0_: 0 | l L ' DT R R | [ B B ' T B

2 3 4 5 6 7 8 9 10 I 12 13 14

WAVELENGTH, microns

AT g ), 1346 (W), 12,7 (8), 11.8 (W), 11.3 (w), 11.2 (w),
10.7 (w), 10.3 (W), 10.1 (W), 9.6 (W), 9.3 (m), 8.9 (W),
8.7 (w), 8.5 (m), 8.3 (w), 8.0 (w), 7.8 (W), 7.6 (W),
7.4 (w), 7.1 (s), 7.0 (w). (40)
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5,6, 7, 8-TETRAHYDROQUINOLINE

4.0
B
— =
N
B.p. 222.2° (40)
310 —
cyclohexane
max, m log €
w , MU
o [
9 275 2.60
268 3.54
(40)
2.0
1,0 T l | )
200 240 280 320 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 2,500 1,500 1,200 1,000 900 800 700
_ 100 | | l | l
| =
8
5 80 /‘\
<
S 60
=4
<
F a0
=
2 20
<<
b s
- 0 L
2 3 4 5 6 7 8 9 10 1" 12 13 14 15

WAVELENGTH, microns

liquid
A :

4.3 (m), 13.8 (s), 2.8 (s), 12.2 (s), 11.6 (w), Il.2 (m),

10.7 (m), 10.3 (w), 10.2 (m), 9.5 (w), 9.3 (w), 9.0 (s),
8.8 (w), 8.7 (w), 8.5 (m), 8.1 (w), 8.0 (m), 7.8 (w),

7.5 (m), 7.4 (w), 7.

I (s).

(40)
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2-PHENYLPYRIDINE

A
B.p. 268-269° (43)
_N P a2
16
A H=20 (1% ETOH) log €
2 L max, my
(2]
) 276 4,01
© s 24| 4,11
x (67)
W
o b
0 ] | l | 1
210 230 250 270 290 310 330 130
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
500 2000 200 1000 800 700
0o Lot 1 I N RSN U N SN OO0 RN N W N W B ] | | |
=
(]
© 80
o
a
W 60
(&)
z
F 40
s |
2
< 20 [ .023 mm
m -
._
0 | I l | L | ] ] 1 ! ! ]
2 3 4 5 6 7 8 9 10 " 12 13 14 15

WAVELENGTH, microns

aelt. 4 5 (s), 13.35 (s), 12,50 (m), 12.10 (w), 11.90 (w),

[1.25 (w), 10.90 (w), 10.13 (m), 9.80 (m), 9.35 (m), 9.15 (W),
8.65 (m), 8.45 (w), 8.10 (w), 7.88 (w), 7.75 (m), 7.65 (w). (31)



TRANSMITTANCE, percent
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3-PHENYLPYRIDINE

X
B.p. 269-270°/749 mm,  (43)
=
N
16
\, H=20 (1% EtOH) log €
max, my

12
(2]

'o 270 3.87
2 246 4,16
* — 4
5 (67)

4 —
0 ] ] I | ]
210 230 250 270 290 310 330 |3'
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!

5000 2000 1200 1000 800 700
oo ol t | I T T T TR N ISR Y (N B 1 L
80
60
40
20 |-

L .023 mm
o | | | ] | | | 1 ! | | |

2 3 4 5 6 7 8 9 10 T 12 13 14 15

WAVELENGTH, microns
melt

N i 14.25 (s), 14,00 (s), 13.25 (s), 12.30 (m), 11.90 (w),
10.98 (w), 10.55 (w), 10.08 (w), 9.92 (w), 9.78 (w), 9.35 (m),
9.12 (w), 8.92 (W), 8.70 (w), 8.46 (w), 8.13 (w), 7.88 (w),
7.80 (w), 7.67 (w), 7.50 (w), 7.15 (m), 7.05 (w). (31)
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TRANSMITTANCE, percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

4-PHENYLPYRIDINE

B.p. 274-275°  (43)

20
A Hs0 (1% E1OH) log €
max, mu
16 I~
255 4,22
(67)

12

8

4

0 | ! I ! 132

210 230 250 270 290 310 330

WAVELENGTH, millimicrons
WAVENUMBERS, cm.

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 Lo b oo b o b b b b b b b o by by
80

60

a0l

- .5 mm.

sol 5%

0 PR N SN NN AU SN RN NN SN SR ' SR KNS WU AN N NN N (Y S M

2 3 4 5 6 7 8 9 10 1 12 13 14 15

WAVELENGTH, microns

KBr
A 14.62 (s), 13.72 (s), 13,40 (m), 13.15 (s), 12.10 (s),

12,00 (w), 11.58 (w), 10.95 (w), 10.31 (w), 10.14 (w),

9,99 (m), 9.62 (m), 9.35 (m), 9.10 (w), 8.98 (w), 8.64 (W),
8.45 (m), 8.28 (w), 8.23 (w), 8.15 (s), 7.85 (w), 7.65 (W),
7.51 (w), 7.11 (s). (99)



TRANSMITTANCE, percent
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QUINOL INE

X

| _ B.p. 237.1° (24)

1.0
02408 g/I. cyc | ohexane |
8 max, my g €
314.2 3.4]
$® 306.2 3.24
§ 301!.0 3,33
3 4 294,0 3.3l
< 288.0 3.39
-— .0030! g./1. 277.0 3.54
2 270.0 3.57
| 261.,0 3.49
° | T T T T T T T T
220 230 240 260 280 30 340
WAVELENGTH, millimicrons I 3 3
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 90|O 800 7(|)O
OOIII|Illll|ll|lll||lllll|||l|||l||l||l|l 1
[
80 |- | !
— ! |
[ |
60 — | |
L ! |
' |
40 |- ‘ |
I
| |
.5 mm. : I
20— .09 wt. % . GS2
L | |
ol L v Lo oy b ] I
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSo

Nt 14,52 (w), 13.65 (s), 13.28 (w), 13.17 (w), 12.76 (s), 12.46 (s),
12.25 (w), 12.15 (w), 11.61 (w), 10.65 (m), 10.52 (w), 10.25 (w),
9.87 (w), 9.69 (m), 9.16 (w), 8.95 (m), 8.78 (w), 8.74 (w),
8.42 (w), 8.24 (w), 8.13 (w), 8.04 (w), 7.95 (w), 7.61 (m),
7.51 (w), 7.28 (m), 7.18 (w).

569705 0—61——12
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TRANSMITTANGE, percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

2-METHYLQUINOLINE

~CH
N 3

B.p. 245,

8° (24

1.0
cyc lohexane
- max, my log €
8— -—02355 qg./1
316,6 3,55
8 309, | 3.34
g' 303,2 3.43
[ 296 .4 3.30
2 a 290.4 3.36
280.0 3.50
~ 00z et 269.7 3.57
2 260,4 3.53
= 232.4 4,45
o 227.8 4.55
T T T T T T T T T 1 7
225 230 240 260 280 310 340
WAVELENGTH, millimicrons | 3 4
WAVENUMBERS, cm.”’
5000 3,000 2,000 1,500 1,200 1,000 900 800 700
Oolll Illll‘llllllﬁll‘l|lll lllll |I|l|||ll|!
[~ l
80 I |
| |
|
60 , |
- | |
sl A
|
B .5 mm. : :
201 |.88wt% | €S2
L | |
0 | J [ I N RN N U IR RN N AVUR N SR
2 3 4 5 6 7 8 9 10 T 12 3 14 5
WAVELENGTH, microns
CS
A : 13.47 (s), 13,00 (w), 12.80 (s), 12.26 (s), 11.33 (w), 10.55 (m),

10.32 (w), 9.92 (w), 9.83 (w), 9.68 (w), 8.97 (m), 8.77 (m),
8.71 (w), 8.19 (m), 8.00 (w), 7.88 (w), 7.68 (w), 7.62 (m),
7.48 (w), 7.45 (w), 7.28 (m), 7.13 (W),
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4 -METHYLQUINOLINE

CHs
\ o
I B.p. 264.2 (24)
2
N
1.0
xane
L .02563 g./I. N ;ziio;i n log €
8
. 314.,7 3,35
- 308.0 3,15
g 6 301 .6 3,32
§ L 289.0 3.52
§ W 278.0 3,70
<’ 270.7 3,71
— 261.0 3.59
2
0
225 230 240 " 2d0 280 T Talo! a0 '35
WAVELENGTH, millimicrons
WAVENUMBERS, cm.™!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
Iool'llllll lll|t llllllllll IllllllIlILIlll
L F |
§80~ : |
g ! :
. I
S 60 I |
g - | ¢s, |
[ | 2
01 L
s
w — : :
z
220 |30 % ]
L | |
ob— L b b by by | ST TN N SN R N
2 3 4 5 6 7 8 9 10 1 12 13 14 15

WAVELENGTH, microns

At 14,22 (m), 13.52 (W), 13.26 (s), 12.78 (w), 12.53 (w), 12.28 (w),
11,97 (s), 11.65 (m), 10.52 (w), 10.42 (w), 10.23 (w), 9.82 (w),
9.69 (W), 9.45 (W), 9.26 (w), 9.14 (w), 9.02 (w), 8.80 (w),
8.63 (w), 8.25 (w), 8.05 (m), 7.95 (w), 7.90 (w), 7.66 (w),
7.50 (w), 7.26 (w), 7.19 (m).
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TRANSMITTANCE,percent

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

3-METHYLQUINOLINE

N\ CHy
| B.p. 252°/735 mm. (43)
=
N
10 EtOH
Mmax, my ¢ 318.0 (3.49), 286.0 (3.53). (62)
WAVENUMBERS, cm.”!
1,500 1,200 ,OOO 900 800 700
100 | ! ] 1 1 | | | | I
80 |
I
|
60 |
[
CClg! CS»2
20k I . rrlm.
-— 5.0 %
0 | 1 1 1 I 1 | l
6 7 8 9 10 Il 12 13 14 15
WAVELENGTH, microns
CS2
N 14010 (w), 13.30 (s), 12.94 (w), 12.68 (m), 11.50 (m), 11.22 (m),

10,45 (w), 10.18 (W), 9.95 (w), 9.75 (w), 9.55 (w), 8.90 (w),
8.75 (w), 8.50 (w), 8.30 (w), 8.10 (w), 7.85 (w), 7.48 (w),
7.28 (w), 7.10 (w). (104)

136
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5-METHYLQUINOLINE

CHz

[::::][jﬂij] B.p. 253-255°/735 mm. (43)
~
N

WAVENUMBERS, cm.”!

1,500 1,200 1,000 900 800 700
oo L L 1 1 T ]
80
I
ool ] | !
|
40 |
[ -'mm.
| 5.0%
20_CCL4_|052
-— | —»
o) | 1 | | | | | |
6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo

14.70 (w), 14.38 (w), 13.45 (w), 12.68 (w), 12,52 (s), 12.30 (m),
11,48 (w), 10.25 (m), 9.72 (w), 9.40 (m), 9.30 (w), 9.18 (w),

8.70 (w), 8.37 (w), 8.25 (w), 8.10 (w), 7.95 (w), 7.85 (w),

7.60 (W), 7.40 (w), 7.33 (w), 7.25 (w), 7.20 (m), 7.13 (w). (104)

137
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6-METHYLQUINOLINE

A
CH3
P B.p. 257.4-258,6°/745 mm. (43)
N
(o]
— cyclohexane log €
8 max, my
N oo e 319, 1 3.52
g‘s“' 311 .4 3,31
o 305.4 3,40
2 . 298.3 3.30
< 292.,3 3,37
B 231 .0 3.52
2 ~———00298 g./1. 272.3 3,56
| 233,4 3.53
229,0 3.68
Ob— 1 — T 225.6 3.71
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS. cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
Ioolla||1l|l|||‘|||l||||11l1|l\||!|ll|||||n|1
b= _\’ l |
Se0l- | ‘
S | |
8 60 |- | I
= ' |
= ! |
=40 ' |
s | |
2 B .5 mm. : ‘
<20 2.20wh% , CS2
[ | | |
ol [ 1+ | T R R | T B B T IR
2 3 a 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CSo

13.16 (m), 13.02 (w), 12.60 (s), 12.05 (s), Il.44 (m),

I1.22 (w), 10.48 (w), 10.39 (w), 10.26 (w), 9.92 (w), 9.68 (w),
8.94 (m), 8.77 (w), 8,60 (w), 8.25 (w), 8.14 (w), 8.05 (w),
7.94 (w), 7.69 (w), 7.55 (w), 7.45 (w), 7.32 (w), 7.27 (m).
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7-METHYLQUINOLTINE

A
B.p. 251.5-252,5°  (43)
CH3 = P -
N
1.0
cyclohexane
- A log €
~———.02920 g/I. max, my
8=
| 318.7 3.50
y 310.6 3.33
S 6 305.2 3.46
s L 298,0 3.40
S 292.0 3.46
@ 4 285.0 3.50
L 281.0 3.54
-——.00292 g/I. 276.0 3.55
2 233.2 4.53
- 229.4 4.60
226,3 4.59
0 T T T T T T T T T 1
225 230 240 260 280 310 340
WAVELENGTH, millimicrons | 39
WAVENUMBERS, cm. !
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
IOolll lllll |JLII|III|#I¥I‘LL lJlIIllLlllllllll
! I
- — ! |
geo—- | |
e b |
ui | |
O 60 | |
s L | !
=2 |
[ 40 |- | |
= |
= | |
g B | mm { |
220  8.49wt% 1 CSp 1
- | }
0 1 I 1 l 1 l 1 i | L 1 | 1 i 1 1 1 1 1 [ 1 | 1 l 1
2 3 4 5 6 7 8 9 10 (" 2 13 14 15
WAVELENGTH, microns :
CS2
A 14,45 (w), 14.14 (w), 13.46 (w), 13.09 (m), 12.99 (w), 12.78 (m),

12.50 (s), 12.27 (w), 12.07 (s), 11.49 (w), 11.30 (m), [I.l2 (w),
10.51 (w), 10.25 (w), 9.92 (w), 9.66 (m), 9.38 (w), 9.30 (w),
9.10 (w), 8.94 (w), 8.72 (m), 8.34 (w), 8.2] (w), 8.05 (w),

7.94 (w), 7.56 (m), 7.35 (w), 7.30 (w), 7.23 (w), 7.20 (w),

7.15 (w), 7.10 (w).



180

IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

8-METHYLQUINOLINE

I x
N/ B.p. 247.3-248.3°/751.3 mm. (43)
C}i3
10
8 cyclohexane
—.02796 q./1. A max, mu log €
§46 316.8 3.29
g 310.0 3.33
S 303.2 3,48
@4 291.0 3.60
287.3 3.60
-— 00280 g./l. 282.4 3.6l
2 234.,5 4,60
L 231.0 4,63
228,5 4,60
Y T T I [ T T T T 11
225 230 240 260 280 310 340
WAVELENGTH, millimicrons |4O
WAVENUMBERS, cm.™'
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 L T i T T A T R
~ ' }
5 . |
o 80— | i
2 I i
_ |
S 60 — | 1
= | |
= r .
— I I
o } !
E .5mm. | }
x 201 1 BT W% lcs, |
- — | !
0 oL e ey e
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo

14,46 (m), 13.32 (m), 12.71 (s), 12.35 (w), 12.23 (s), 11.52 (m),
10.26 (m), 9.73 (w), 9.65 (w), 9.34 (m), 9,30 (w), 9.17 (w),

8.87 (m), 8.59 (w), 8.40 (w), 8.30 (w), 8.15 (w), 8.07 (w),

8.00 (w), 7.76 (w), 7.62 (m), 7.40 (w), 7.29 (m), 7.20 (m).
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2, 4-DIMETHYLQUINOLINE

CP+3
AN
B.p. 264-265°  (43)
N
1.0
cyclohexane
max, my log €
8f— ~————02384 q./1.
— 317.0 3,44
O 61— 310.4 3.22
g 303.8 3.37
€ 298.0 3.29
2 a4 290.5 3,43
< ~——00298 g./1 280.0 3.59
— 270.6 3.64
2 230,2 4,54
225.6 4,67
0
T T T T T T T T T 1
225 230 240 260 280 310 340 |4|
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|001 1 I|l|ll|l|L|llIll|l IILLIIIIIIILLIII'J
{
- — |
c |
qS’BOL | |
2 L | |
deol | !
=2 ! l
L .
540— { [
‘2 ~ .5 mm. : :
;20— 1.49 wt. % | I
| |
— L | |
ol L v Lo by L b by ey Y
2 3 4 5 6 7 8 9 10 " 12 13 14 15
WAVELENGTH, microns
CSa
A 14.52 (w), 13.45 (m), 13.23 (s), 12.82 (w), 12.27 (w), 11.97 (w),

11.68 (m), 11.54 (w), 10.83 (w), 10.52 (w), 10.17 (w), 9.76 (m),
9.70 (w), 8.89 (w), 8.65 (w), 8.58 (w), 8.40 (m), 8.15 (w),

7.94 (w), 7.86 (w), 7.62 (w), 7.52 (w), 7.46 (m), 7.28 (w),

7.25 (m), 7.15 (w).
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IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

2,6 -DIMETHYLQUINOLINE

CH3 N
- o]
_ CH3 B.p. 266-267 (43)
N
1.0
cyc lohexane
log €
max, my
8
—— 01640 g./I. 2006 3.6
B 315.2 3,65
S 6 308.6 3.49
3 302.2 3.29
c 295.,7 3.28
§,4—- 289.,0 3.32
L 284.,0 3,43
269.5 3.57
2 ~——00328 g./1. 235.7 4,43
| 231 .4 4,58
225.5 4.64
0 T T T T T T T T T T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons '42
WAVENUMBERS. cm.”!

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
‘oolll||111[111|||1r1111|111|||11[1|||I|1 i
¢ e0 |
e |
ui | |
O 60 | |
=2
< | I
e I !
£4O | |
%) | |
=z .5 mm. | |
220 13awt% 1 CS2
[l | | |

0Jllllllll!lllllll‘]'JiLlL

2 3 4 5 6 7 8 9 10 1l 12 13 14 15
WAVELENGTH, microns
CS
A 2: 13.30 (w), 12.39 (m), 12.10 (s), 1t.41 (m), 10.97 (w), 10.45 (w),

10.35 (w), 9.91 (w), 9.68 (w), 8.95 (m), 8.78 (w), 8.61 (w),
8.19 (m), 8.02 (w), 7.92 (w), 7.64 (w), 7.62 (m), 7.48 (w),

7.43 (w), 7.28 (m), 7.18 (w).
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2,3-DIMETHYLQUINOLINE

N\ CHy
~CH
N 3

B.p. 261°/730 mm.  (43)

WAVENUMBERS, cm.”!

. 5000 4000 3000 2000 1800 1,400 1000 600
5'00 l 1 | 1 | |I l 1 l ) | 1 l i | i I i ] !
¥ 80 | i
8 eof !
- |
E 40 - ]
% 20} -O5mm. ~<—— CCly : CS,—=
2 SAT. SOL. [
= l
CSa
Aot 13,42 (s), 12.82 (s), 12.27 (m), 11.76 (s), I1.14 (s), 10.55 (m),
10.02 (s), 9.80 (m), 9.05 (w), 8.80 (w), 8.70 (s), 8.30 (w),
8.06 (m), 7.58 (w), 7.42 (m), 7.30 (w), 7.25 (m), 7.02 (s). (83)
2, 7-DIMETHYLQUINOLINE
N
B.p. 264-265°  (43)
CH ~ZCH
3 N 3
WAVENUMBERS, cm."!
_ 5000 4000 3000 2000 1800 1400 1000 600
g'oo ] | | | 1 ll\-l/ | 1 ] 1 ] L | R W N SR B
S 80} |
W 60 |
z |
£ o |
= .05 mm.
o 20k - CCl | cs, —=
z SAT. SOL. 4 2
E o |
CSe
A 12.99 (s), 11.90 (s), (1.40 (m), 10.80 (w), 10.60 (w),

10.40 (w), 10.20 (w), 9.76 (m), 9.05 (w), 8.77 (m), 8.56 (w),
8.37 (w), 8.23 (m), 8.03 (w), 7.67 (m), 7.46 (w), 7.30 (m). (83)
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TRANSMITTANCE, percent
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IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

2,8-DIMETHYLQUINOLINE

AN
— CH3 B.p. 252° (43)
N
CH3
1.0
— cyclohexane log e
max, my
81— -—.03310 g./I.
— 319.7 3,40
W 312.0 3,28
2 ° 305.9 3.45
e £99.6 3.44
2, 293.0 3.54
@7 288.5 3.57
L 3.59
-——.00331 g./L 281.0 4.60
2 236,7 .
» 233, 1 4.6\
— 230.0 4.57
4,46
0 T T T T T T T 1 T 1 226.7
225 230 240 260 280 310 340
WAVELENGTH, millimicrons |45
WAVENUMBERS, cm.”!
000 3000 2,000 (,500 1,200 1,000 900 800 700
L | llll|||llllrLLll|I|lIII(I!Illl'IlllI
L | |
B | \
! |
L : '
- o
L ! :
B oS
— 5mm. | 1
— 1.07 wt. % ‘
| l 1 L { l | I | I | l | l | | | l | I | I l l |
2 3 4 5 6 7 8 9 10 [ 12 13 14 15
WAVELENGTH, microns
32, 14,52 (w), 14.05 (w), 13.88 (W), 13.45 (w), 13.20 (s), 12.66 (s),

12.08 (s), I1.77 (w), 10.34 (w), 10.00 (w), 9.67 (W), 9.38 (W),
9.27 (w), 8.82 (m), 8.61 (w), 8.29 (w), 8.16 (m), 8.08 (w),
8.00 (w), 7.63 (m), 7.57 (w), 7.32 (m).



TRANSMITTANCE, percent

APPENDIX

4, 6 -DIMETHYLQUINOLINE

CHx
CH3 N
B.p. 273-274°

=
N

185

(43)

1.0
B cyc lohexane
5 -—.02641 g./I. max, myu log €
" 319.8 3.47
S 6 3l12.4 3.24
] 306. | 3.39
§ 293.5 3.49
@ 4 281.8 3.67
273.5 3.69
~——.00132 g/I. 226.,5 4.77
2
225 230 240 260 | 280 | 310 340
|
WAVELENGTH, millimicrons |46
WAVE NUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
Ool’lllllllllllllllllllll lIllII|IIllllIJ¥'|l
— | i
80 A
60— | 5
L | |
40— . '
- ey
.5mm. | :
20+ 1.68 wt. % 5 :
0 | l 1 | ] ] I I | f | | l | | | 1 | | | | |
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo
A 14,25 (w), 13.62 (w), 12.87 (w), 12.24 (m), [1.92 (s), 11.72 (w),

11.48 (m), 11.12 (w), 10.37 (w), 10.24 (w), 9.95 (W), 9.68 (w),
9.63 (W), 9.41 (w), 9.30 (w), 8.79 (m), 8.25 (w), 8.04 (m),
7.87 (w), 7.66 (w), 7.50 (w), 7.34 (m), 7.27 (w), 7.15 (w).
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2,3 8-TRIMETHYLQUINOLINE

"NCHy
JCH B.p. 280°/747 mm, (_4_3,)
NZ 003
Ct13
1.0
- cyclohexane
ol ' max, mu log €
- —02670 /1. 320.2 3.51
S 6l 312.7 3.35
E' 306.6 3.53
€ = 299.5 3.50
2 293.0 3.57
< 287.7 3.59
- 281.8 3.6l
L -~ 00267 g./1. 238.3 4,65
234.,6 4.61
- 231 .6 4.58
0
225 230 230 ' zgo l éggil | 3:0| |340
WAVELENGTH, millimicrons '47

WAVENUMBERS, cm.”'

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
lllIilllllllllllllllllli|Il|lllll|llll|||

)
o

@
(¢}
I

o
o
I

EN
o
I

.5 mm.
1.58 wt. %

TRANSMITTANGE, percent
3
|

| I | | 1 [ | l 1 | | | | I 1
8 9 10 1 12 13 14 15

WAVELENGTH, microns

|
|
|
|
|
|
|
|
|
|
|
|
CSp |
!
|
>

O ———————— —

At 14,22 (m), 13.10 (s), 12.53 (w), [1.65 (w), 11.32 (m), 11.03 (m),
10.38 (w), 10.02 (m), 9.80 (w), 9.64 (w), 9.34 (w), 9.26 (w),
8.72 (m), 8.61 (w), 8.30 (w), 8.09 (m), 7.65 (w), 7.42 (m),
7.31 (w), 7.25 (m), 7.10 (w).
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2,4, 6 -TRIMETHYLQUINOLINE

187

Cf13
x
CH3 B.p. 287°/758 mm.  (66)
ZCH
N 3
1.0
——.03146 q./1I.
8 cyc lohexane
log €
max, my,
§ 6 303.2 3.53
< 316.0 3.27
S 309.3 3.41
2 4 -——.0025! g/I. 303.0 3.22
L 295.8 3,29
284.5 3,53
2k 273.0 3.64
L 264 .5 3.6l
228.3 4,75
0 I | I T T T T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons ' 4 8
WAVENUMBERS, cm .|
5000 3,000 2,000 1,500 1,200 1,000 900 800 700
lool ||||1| |||i|l|'|1l|]| 1 1|||||||| IJII
;[ N
S 80~ ! :
Q | | |
" I |
S 60} | '
S ! |
= e
’_
S %0 o
7] — |
z | .5mm. |' |
1 |
0 [ T N ST R R | | |
2 3 4 5 6 7 8 ' 9 ' 10 I I l é ‘ I L ‘ 15
WAVELENGTH, microns
CS2
A [4.15 (w), 12.92 (m), I2.14 (s), 11.68 (m), I1.44 (s), 10.47 (w),

10.41 (w), 10.22 (w), 9.70 (m), 8.85 (m), 8.52 (m), 8,28 (w),
8.17 (W), 7.90 (w), 7.70 (w), 7.57 (w), 7.48 (m), 7.30 (m),
7.20 (w). '
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2, 4, 7-TRIMETHYLQUINOLINE

CH
3
X

CH A CH
3 N M3

B.p. 280-281°  (43)

1.0
— 02462 g/ cyclohexane log €
° max, my
320,2 3.6l
W 314.0 3.36
z 306,6 3,52
g 300.2 3.41
2 4 293.4 3.52
< 283.0 3.65
— 00246 g/I. 272.8 3.69
o 233.,3 4,65
228.4 4,76
22521 T ] T T T T
30 240 260 280 310 340 |49
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
'OOIIIIlLlll‘}|II|III||l|I|I|ILI|]II|II|I]II]
£ — | }
S 80 ' |
a | !
u o[ ! !
o 60 | |
zZ |
S ' |
E 40} | |
s L ! !
z .5 mm. |
20 2.4 wh% | CSp |
- L [ !
0 | | | l | I | | | | | | | | | | l | | ! 14 | |
2 3 4 5 6 7 8 9 10 (' 12 13 14 15
WAVELENGTH, microns
CS=2

ANt 13012 (w), 12.88 (s), 12.37 (s), 12,13 (w), 11.64 (s), Il.28 (s),
10.85 (m), 10.50 (w), 10.13 (w), 9.94 (w), 9.68 (m), 8.56 (m),
8.33 (m), 8.20 (w), 7.93 (w), 7.52 (w), 7.50 (w), 7.45 (m),
7.27 (s), 7.10 (w).
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2, 4,8-TRIMETHYLQUINOLINE

CH
3
AN
B.p. 275.8°/740 mm.
N/ CH3 P
CH3
1.0
. cyclohexane
max, mu log e
8 ~——02484 g./I.
L 320.0 3.37
w 314.,0 3,23
z 7 306.0 3,49
g 293,0 3,66
2.l 288.0 3.70
< 281.0 3,72
— 235,5 4,66
= ~——00248 q./1. 231.,7 4,71
0 T [ T T I T T |50

T I
260 280 310 340
WAVELENGTH, millimicrons

T T
225 230 240

WAVENUMBERS, cm”~

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
Illlllll]_llllllilllllllIllll]lllllLlll]l
100 |
- L |
S | |
o 80— | |
o | |
e — | |
g 1
2 oo ! 1
< —
= v
s 40 l |
%) L | |
z .5 mm. | |
« 20 2.06 wt.% | cSp !
— |
— | |
oL L Ly ey ey ey b
2 3 4 5 6 7 8 9 10 1 12 13 14 15

WAVELENGTH, microns

CS
A 2: 13.95 (w), 13,15 (s), 12,42 (w), 11.73 (w), 11.62 (m), |1.27 (w),

[0.44 (w), 10.40 (w), 10,15 (w), 9.68 (w), 9.49 (w), 9.25 (w),
8.75 (w), 8.58 (w), 8.28 (w), 8.18 (w), 7.98 (w), 7.57 (w),
7.47 (m), 7.28 (m), 7.12 (w).

569705 0—61——13
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2,5 7-TRIMETHYLQUINOLINE
CH3
~ B.p. 286.6°/746 mm.
1.0
- cyc lohexane
-———02180 g/!. max, my Jog €
322.7 3.57
W 314,7 3.37
z 308.8 3,56
g 302.0 3.51
2 295.6 3.59
< 290.3 3,60
284.,5 3,61
238,7 4.4]
235,2 4,39
232,0 4.3]
ol— — 228.5 4.19
225 230 240 260 280 310 340
WAVELENGTH, miliimicrons
WAVENUMBERS, cm.”!
5,0001 3,0[00 2,oloo |,5|oo| l |,2|oo | 1,000 900 sci>o 7?0
|Oo 1 L 1 1 | | II 1 l' Il { 1 1 | | | | | Il 1 Il 1
. I L A
S 80 (I
2 L [ |
" | I
S 60 { |
Z L l !
P | |
40 | i
= | |
2 B .5 mm. 1 }
J20 1.95 wt. % | !
0 4 I | l 1 | 1 1 1 l 1 L | | | l 1 | | l | l 1 l |
2 3 4 5 6 7 8 9 10 I 12 13 14 15

WAVELENGTH, microns

AT 14.55 (w), 14.14 (w), 14.02 (w), 12.89 (m), 12.20 (s), 11.65 (s),
11.22 (w), 10.40 (w), 10.36 (w), 10.17 (w), 9.90 {m), 9.65 (m),
9.40 (w), 8.76 (m), 8.50 (m), 8.41 (w), 8.32 (w), 8.22 (w),
8.07 (m), 8.02 (W), 7.64 (m), 7.58 (W), 7.56 (W), 7.47 (w),
7.26 (m), 7.23 (w), 7.20 (w), 7.14 (w), 7.08 (w).
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2,5 8-TRIMETHYLQUINOLINE

CH3
AN
B.p. 143-145°/15 mm.
N/ CHg [est. 273°]
CH3
1.0
— cyclohexane
-—.02937 g/l max, my log €
324.0 3,37
S . 316.5 3.42
g 309.5 3.55
g 304.0 3.60
§ . 297.7 3,65
291.5 3.64
241.8 4,37
238.3 4,37
235.1 4,29
231 .5 4,12
0
225 2!50 24"0 I ZéO T 2&';0 b 3{0' I340
WAVELENGTH, millimicrons I 52
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|Oo|ll S I | Illlllll]lillll lll|lllll|llllll
| |
€ I |
S 80 ! !
g L |
ui l '
O 60 | l
b= | |
. | l
Eaol- ! |
= ! |
2 r .5 mm. t :
20— 1.66 wt. % l CSy |
— ! !
O 1 | L I | | 1 l I I 1 | 1 | 1 I 1 | 1 I | | 1 | |
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo
A 14,15 (m), 13.59 (w), 12.68 (s), 12.21 (w), 12.07 (s),

11,10 (w), 10.62 (w), 10.35 (w), 10.04 (m), 9.65 (m), 9.53 (w),
9.24 (w), 8.78 (w), 8.63 (m), 8.23 (w), 8.07 (m), 7.93 (w),
7.88 (w), 7.67 (w), 7.59 (m), 7.56 (w), 7.32 (w), 7.26 (m),
7.24 (W), 7.15 (w).
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IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

2,6,8~-TRIMETHYLQUINOLINE

CH3 N
CH
N
CH3

B.p. 267.4°/746 mm.

1.0
- cyc lohexane
. —— 02668 g./1. max, my log €
323, 1 3.37
W o 318.8 3,48
z 312.0 3.44
2 305.0 3,37
§ 4 298.0 3,47
= 281.0 3,58
-—.00334 g/ 239.4 4,67
\ ' > 235.,5 4,67
232.6 4,65
0 S\
225 250 240 ool T eso T Tan! 340 |53
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
llilllll'lllLLlIlll‘lll|Ill||l||l|llll|1
100 T |
-— | | ||
¢ so}- | |
G A
%
2 - I !
— |
s 401 : 1
2 r Smm. : |
=20 191wt % ! |
— | | |
ol | T BT I B l T I NN R N
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo
A 14,43 (w), 12.68 (s), 12.42 (w), 12,08 (w), |1.67 (s),

[1.04 (w), 10.36 (w), 9.95 (w), 9.66 (m), 9.24 (w), 8.86 (m),
8.58 (W), 8.29 (m), 8.07 (w), 7.95 (w), 7.69 (w), 7.64 (m),
7.57 (W), 7.47 (m), 7.30 (m).



TRANSMITTANCE, percent

ABSORBANCE

APPENDIX 193

2, 7, 8-TRIMETHYLQUINOLINE

x
B.p. 276.1°/740 mm.
. |
0}13
1.0
- cyclohexane
8 03137 g/I. m;x m log €
322.0 3.55
6= 314.3 3.38
%/ 308, | 3.56
201.2 3.5l
41— 295.5 3.58
B 290.0 3.57
00314 g./1. 284.5 3.59
2 239.,3 4,70
235.,5 4,69
B 232.5 4,62
o— | B— AN 228.7 4.51
225 230 240 260 } 2%0 b 3‘0 I ‘340
WAVELENGTH, millimicrons |E§¢4
WAVENUMBERS, cm”
5,000 3,000 2,000 ,500 1,200 1,000 900 800 700
S S T S T A |
80 E
60} ! !
20k 5 mm. | CSo
87 wt.% ! ;
0 ! ‘ | l | | I | | | | l_l | | | | | |
2 3 4 5 6 7 8 9 10 l 2 3 14 15
WAVE LENGTH, microns
CSs

14,03 (w), 13.00 (w), 12.84 (m), 12.65 (s), 11.93 (s), 11.48 (w),
10.34 (w), 9.70 (w), 9.36 (w), 9.14 (w), 8.77 (m), 8.50 (w),

8.30 (w), 8.17 (w), 8.05 (w), 7.94 (w), 7.62 (w), 7.56 (w),

7.27 (m), 7.23 (w).
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IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

|
2, 4,7, 8-TETRAMETHYLQUINOLINE v
CH
3
x
H CH B.p. 295.5°/742 mm.
=
3 < N 3
3
10
- cyc lohexane
max, mu log €
8 ~——.02203 g¢/I.
. 322.8 3.47
w | 316.5 3.30
2 308.8 3.56
& 303.4 3.54
§ A 295.8 3,65
< 292.0 3.66
— 284.5 3.67
P 237.5 4.77
——.00275 g./1. 235.1 4,76
— 232, 1| 4,72
0 T T T T 1 T T 1
225 230 240 260 280 310 340
WAVELENGTH, millimicrons I 5 5
WAVENUMBERS, cm.”!
5,000 3,000 2@fo 1,500 | 1,200 I 1,000 930 s?o 7?0
N IR NI IS A BN [ RN AN N B R |
100 K — -
T : | !
8 |
goor 1V
W [ ! |
o 60— | |
=z |
ST ! '
E40 I |
= | |
z B .5 mm, ' :
S20F 137w % | €S2 |
= | | |
01||l|I|I111l||l1||||l|l\
2 3 4 5 6 7 8 10 || 2 13 14 1S
WAVELE NGTH, microns
CSo
N T 14,24 (w), 13.24 (w), 12.83 (s), 12.27 (m), 11.62 (m),

10.85 (w), 10.55 (w), 10.44 (w), 10.05 (m), 9.70 (m), 9.11 (w),
8.75 (w), 8.50 (m), 8.29 (w), 8.17 (w), 8.10 (W), 7.57 (w),

7.47 (m), 7.27 (m), 7.24 (w).

1/ See no. 166,
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B.p. 345-346°

195

(24)

1.0
i cyclohexane
L max, my log €
— ~— 01139 g/ 380.0 3.49
§_ 357.4 4,03
b 348.3 3.89
S 340.0 3.86
X 332.3 3,70
324.7 3.58
317.0 3.44
209.0 3.32
250,0 4,94
225 zéo 2‘]10 ' 2250 I 28'0 ‘ IEBIIOI I:‘»'4'0 I l400 242'0 4'89
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”
5000 3,000 2,000 1,500 1,200 1,000 900 800 700
100 1111111 lIIyIliilll'Ill|Ill||lllllll|]lL
i |
— |
S ' |
o
a | |
uwi | |
O 60 | |
pd | |
=4 |
E | OSp |
5 <0 o
" | |
=4 5 mm. | |
z 20 67 Wt % | |
| |
0 L | Lol | l 1 | 1 | 1 | T I B | L | L | |
3 4 5 6 7 8 9 10 i 12 13 14 15
WAVELENGTH, microns
CSo

13.62 (s), 12.73 (m), 12,29 (w), 11.75 (m), 11.05 (m),
10.89 (w), 10.47 (w), 10,00 (w), 9.03 (w), 8.93 (w), 8.78 (w),
8.56 (w), 7.75 (w), 7.30 (w), 7.18 (w).
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B.p. 349°/769 mm.  (43)

157

1o cyc | ohexane
- 04308 9./1— max, muy log ¢
8 373.0 | .33
355.5 | .66
N 344 .4 3.28
g'e 337.1 2.80
g 328.8 3.23
@ 4 322,5 2.92
= 314.3 3.14
300.7 3.65
2 297.0 3.69
287.5 3.77
ob— , , — A 271 .0 4,07
225 230 240 260 280 310 340 400 253.0 4,62
WAVELENGTH, millimicrons 248.4 4—.66
2440 4,63
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
IOO_JJl |IIII |IIII II|1]IIILI IILILIJI(I|IJJI II
- I '
© 80| : !
a - | |
- | |
S 60 | |
L | cs :
240—- ! 2 |
» L ! I
<ZI o0 L .glmm. || |
o .6l wt% | I
L L | |
ol L v b Ly b o b
2 3 4 5 6 7 8 9 10 I 12 13 14 15

WAVELENGTH, microns

AT 14,07 (W), 13.94 (m), 13.42 (s), 13.06 (m), 12.65 (w), 12.36 (w),
12.00 (), 11.50 (w), I1.28 (m), 10.78 (m), 10.47 (m), 9.97 (w),
9.66 (W), 9.12 (w), 8.83 (w), 8.75 (w), 8.62 (w), 8.40 (w),
8.08 (m), 7.84 (w), 7.75 (w), 7.46 (w), 7.22 (w).
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5, 6 -BENZOQUINOLINE
(BENZOI[f]QUINOLINE)

5.0
7 |
N
B.p. 350°/721 mm. (43)
4.0 —
3.5 '5553
N E+OH log e
3.0 max, M
344 .0 3.53
329.0 3,43
315.0 3,17
267.0 4,30
2.5 ' ' £33.5 4.58
200 250 300 350 (53)
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”'
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
loo\i!|II1||||||l||lel||1||l||l||'|1lln‘||1
§ 80
g‘: %
S 60t
2 b
bt
= 40—
s L
)
i 20 5 mm.
o L 59
. 0 AN A TR NN S N NN NN NN NSNS SR AN SN A SRS SN S M N T N
2 3 4 5 6 7 8 9 10 [l 12 13 14 15

WAVELENGTH, microns

14,17 (w), 13.85 (w), 13.33 (s), 12.87 (w), 12.25 (s),
11.93 (s), 11.59 (m), 10.58 (w), 10.00 (w), 9.63 (w),

9.46 (W), 9.14 (m), 8.80 (w), 8.72 (w), 8.64 (w), 8.39 (w),
8.20 (w), 8.10 (w), 7.84 (w), 7.67 (m), 7.60 (w), 7.40 (w),
7.21 (m), 7.03 (w). (99)
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7, 8-BENZOQUINOLINE
(BENZO[RJQUINOLINE)

B.p. 335° (65)

159

cyc lohexans
u max, my log €
ol ~——0I576 g/I.
346 .4 3.75
B 338.7 3.14
& 6 "~ 100317 9/l 330.5 3.6l
3 326.0 3.06
S 303.4 3.13
24 316.0 3.28
— 309.,0 2.97
S 296.0 3.79
285.0 3.95
i 277.0 4,14
0} ( T T | T T T T T T T T 265.2 4.41
225 230 240 260 V280 310 340 360 058.0 4.33%
WAVELENGTH, millimicrons 248,0 4.45
240.7 4,57
233.6 4,63
WAVENUMBERS, cm.-
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
IOOJJIllllllLleIllil]lllIl||Ill||lllllllll
-— | |
g . | |
© 80| ! 1
Q | |
wi :
O 60— . |
z ' |
< — ! 1
(= 1 |
=40 ! |
= L !
= Smm. : 1
<20 8OwWL% | :
- ! [
oo L Loy Ly | R ! T R
2 3 4 5 6 7 8 9 10 11 12 13 14 15
WAVELENGTH, microns
CSo

A ¢ 13.91 (m), 1[3.44 (s), 12.80 (w), 12.43 (m), 12.03 (s),
[1.46 (w), 11.37 (w), 10.50 (w), 10.42 (w), 9.83 (w), 9.16 (w),
8.85 (w), 8.68 (w), 8.21 (w), 7.91 (w), 7.72 (w), 7.53 (w),
7.13 (w).
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6, 7-BENZOQUINOLINE
(BENZO[g]JQUINOLINE)

B.

lillmlllii ~
Z
N

p. 200-205°/14 mm. (43)
[est. 345°]

I

I N Y I

320

340 360 380 400
WAVELENGTH, millimicrons

max, mu log €

383.,0 3.78

368.7 3.85

357.8 4.07

351, 1 3.93

340.4 3.85
(87)

199

| max, mp log €
— 384.0 3,46
| 366.5 3.63

356.5 3.73
— 340.0 3,60
| 326.0 3,35

252.5 5.10
— 228.0 4,55
| (33)

L1 11 I I | |
200 300 400
WAVELENGTH , millimicrons ' 6 O
9-METHYLACRIDINE lGS'
CH
0@
~
N
B.p. 359-360°/740 mm. (8)

100 |— v
50—
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2-METHYLBENZOI[g]QUINOLINE

| 908
-~ CH
N 3
B.p. [est. 360°]
4
W
[
(o]
]
» max, mu log €
3
381.0 3.38
356.5 3.77
347.5 3.69
340.0 3.66
| 330.0 3.55
ol v L gy 1Y OO
200 300 400 ) *
(33)
WAVELENGTH, millimicrons I 6 2
4-METHYLBENZO [gJQUINOLINE 163
5.0
CH
3
x
b/
4.5 N
B.p. [est. 360°]
« 4.0
(G
o
.}
35 A max, mp log €
382.0 3.52
363.0 3.69
355.0 3.72
3.0 253.5 5.07
228.0 4.49
(53)
2.6 1 1 1
220 250 300 350 400

WAVELENGTH, millimicrons
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l, 3-DIMETHYLBENZOI[f]JQUINOLINE

7
“o CHz |CH3
' l I N
B.p. 240°/35 mm.  (20)
45 [est. 358°]
4.0 {—
E+OH |
ax, mu °g €
35— 345.0 3.53 164
330.0 3.5l
315.0  3.22
293.5 3.91
266.0 4,37
241.0  4.63
3.0 235.5  4.63
(53)
2.5 ' l
200 250 300 350

WAVELENGTH, millimicrons
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2, 3-DIMETHYLBENZOI[fJQUINOLINE

5.0 CHs
z
ICH3
o8
45 - lillll
B.p. [est. 360°]
o 165
Y
v
©)
~J
E+OH
3.5 |-
A max, mu log €
346.0 3.44
330.0 3,37
316.0 3,05
o 274.0 4,3\
3.0 235.5 4,64
(53)
2.5 |l '
200 250 300 350

WAVELENGTH, millimicrons
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2, 4-DIMETHYLBENZOI[gJQUINOLINE

CH
3
A
°T CH
P
N 3
o B.p. [est. 370°]
4
E+OH
log €
| max, my
380.0 3.45
3| 364.0 3.70
357.5 3.85
347.0 3,62
338.0 3,62
B 329.0 3.45
256.5 5.10
(52)
2 -
1 | ] ] | |
240 260 280 300 340 400 500
WAVELENGTH, millimicrons | 66
3, 4-DIMETHYLBENZOI[gI]QUINOLINE |€5.7
CH3
5.0 AN x CH3
~
= N
asl B.p. [est. 370°]
40—
N E+OH
3.5 max, mu '°9 €
383.5 3,55
365.5 3.72
355.5 3.74
3.0 254.5 5.07
231.0 4.43
(53)
2.6 1 | 1
220 250 300 350 400

WAVELENGTH, millimicrons

203
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2, 4-DIMETHYLBENZOI[h]JQUINOLINE

CH
3
N’/
A I CHz
OO B.p. 355°  (102)
E+OH
5 A log €
max, my
| 348.0 3.60
331.,0 3.50
36,0 3.30
298.0 4,00
4 287.0 4,35
\ 279.0 4.50
o | 270.0 4,85
S (52)
3 b
2 L
| | | | | |
240 260 280 300 340 400 500
WAVELENGTH, millimicrons |68
2, 4,5, 8-TETRAMETHYLQUINOLINE 169
CHy GCHy
AN
B.p. 168-172°/12 mm,  (15)
N7 CH3 [est. 310°]

CHs

Infrared bands, p (CSz2): 14,25 (m), 12,77 (m), 12.68 (m), 12.23 (s),
L1.67 (m).
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ANITLINE

NHo
B.p. 183.93° (24)

1.0
00946 g./1.
cyclohexane
log €
8 max, my
300.0 2,99
W 296.0 3.15
g 291.5 3,27
x 288.3 3.20
@ 4 284.8 3,29
<<
281 .4 3.25
278.2 3.18
2 235.0 3,98
Y T T T | T T T 1 T T
225 230 240 260 280 310 340 |7O
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
IOO'I'I"'ll"'.'I'II'I'l'I'I""""l""l'
) ;
= : !
Sgol- : '
@ , 1
a | | !
- I
S 60 I |
s L Ve
£ 17
| I
S 40 | !
2 r 5mm | :
220t 42 W% PGS
L \ :
ol | I R SR | | ST B [
2 3 4 5 6 7 8 9 10 1 12 13 14 15

WAVELENGTH, microns

CS2
Nt 14.54 (s), 13.42 (s), 12.40 (w), 12.20 (w), 11.47 (m),

10.05 (w), 9.72 (w), 9.47 (w), 8.97 (w), 8.68 (w), 8.52 (m),
8.40 (w), 7.84 (s), 7.67 (w), 7.57 (w).

569705 0—61——14
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N-METHYLANILINE

NHCH3

B.p. 196.1°  (43)

1.0
— .00608 g/1. cyc lohexane
s A 4 log €
max, my
307.0 3.13
§- 295.0 3.37
S 244 .3 4,13
x
)
(%]
o .
<<
I T T I T T T T T T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
'oo lllllll 11 1 1 IIIIIIIII lllllllllllllll
' |
5 ! i
§80— | |
2 L ! l
S 60 ! |
=z
< — | |
| I |
" 40 I |
s |
2 r ' |
| .5mm. |
=20 Zgwi% | csp |
[ | I i
0 T N TN SR AR AN NN NN SR SN S SR SN S TR R R D R
2 3 4 5 6 7 8 9 10 1" 12 13 14
WAVELENGTH, microns
CSs
A 14,52 (s), 13.39 (s), 12.62 (w), 11.59 (w), 10.09 (w),

9.77 (w), 9.36 (w), 8.69 (w), 8.49 (m), 8.35 (w), 7.94 (m),
7.87 (w), 7.60 (m), 7.50 (w).



APPENDIX

N, N-DIMETHYLANILINE

N(CH3),)

207

B.p. 192.5-193.5° (43)
1.0
— .00600 g./1. cyc lohexane
max, mu log €
81—
308.8 3,24
W 297.5 3.42
2 251.5 4.18
[es]
i
3
@ 4
2
0 T I T |72
I T T T T 1 1
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.

5,000 3,000 2,000 1,500 1,200 L0O0OO 900 800 700
IOO ll’llllllll‘lllilllLllll|IIII|IIIl|lIl¢Il
€ — ; |
380 { I
8 | | I
X | |
860 !
zZ L ] |
[ | |
E40 | |
s | |
7} L | |
P-4 . | |
220 43wt % | CSz |
=L ::

0 R I SN NN SR TR SN SN NN S SR NN | I SR R

2 3 4 5 6 7 8 9 10 T 12 13 14 15
WAVELENGTH, microns

CSo

Nor 14,52 (s), 13.48 (w), 13.35 (s), 12.26 (w), |1.64 (w),

10.57 (m), 10.07 (m), 9.67 (w), 9.44 (w), 8.85 (w), 8.63 (w),

8.58 (m), 8.40 (m), 8.13 (m), 7.44 (s).
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2-METHYLANILINE

Niiz
CH3 B.p. 200.3° (24)
1.0
— .00897 q./l. 5\ cyclohexane log ¢
max, my
293.0 3.28
235.5 3.39
2340 3,96

ABSORBANCE

T l |
225 230 240 260 280 310 340
WAVENUMBERS, millimicrons

WAVENUMBERS, cm”!

5,000 3,000 2,000 1,500 | 200 IOOO 900 0 700
lOOLiI ItlnalJllIlJ | ! L1 |||| | |
|
oo ™ ﬂ
3 I
g 80— W |
|
wo | II |
S epl |
S 60 '
S I |
= ‘ !
S 40 : :
n | | |
z
< Imm.. [ |
20 !
= - 4.69 wt % | !
o||||||ll|!|{L|1llli||!11|
2 3 4 5 6 7 8 9 10 1 12 13 14 15
WAVELENGTH, microns
CS

2
A ¢ 14,47 (w), 14.02 (m), 13, 0(w), 13.38 (s), 12,98 (w),

12.55 (w), 11.82 (w), 11.40 (w), 10.80 (w), 10.10 (w),

9.64 (w), 9.37 (w), 8.72 (m), 8.65 (w), 7.82 (m), 7.63 (m),
7.56 (w), 7.20 (w).
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3-METHYLANILINE

N}42

B.p. 203.34°  (24)
CH

209

1.0
— .0i021 g./1.
? cyc lohexane |
8 max, my °g €
B 297.0 3.17
§.6——/ 289.0 3.33
3 [/ 237.5 3.93
a
O
o .4
<<
2 \
0 T T T T T T T T '74
225 230 240 260 280 310 340
WAVE LENGTH, miliimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|ool,L|lvlllIIIIIIIIIII|I|I|I llIIIIIIIIII Il!l
t T ! :
S 80 : |
g L | I
- | |
S 60 I !
Z l
S ! :
a0 : i
= 1 '
] 1
2 5 mm. ' i
g 20t .98 wt. % ! 5
. L CSp
ol L+ 1 | L o e e ey by
2 3 4 5 6 7 8 9 10 0 2 3 14
WAVELENGTH, microns
CSa
N Se 14,57 (s), 13,02 (s), 11.80 (m), 11.60 (s), 10.78 (w),

[0.02 (w), 9.65 (w), 9.29 (w), 9.04 (w), 8.57 (w), 8.54 (m),
7.85 (W), 7.74 (m), 7.64 (w), 7.57 (w), 7.52 (w), 7.27 (w).
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4 -METHYLANILINE

Nl12

B.p. 200.55°  (24)

CH

N
o

)
T

)
T

iso-octane
max, my

S
]

log €

297
293
B 290

~
l

(109)

SPECIFIC EXTINCTION COEFFICIENT
o
|

250 270 290 310
WAVELENGTH, millimicrons

WAVENUMBERS, cm.”!

5,000 3,000 2,000 1,500 1,200 ,000 900 800

3.25
3.27
3.25

175

IOOLI' Lo b b b b by by b by

80

60

40

20

TRANSMITTANCE, percent

ol v L v b by by o b

WAVELENGTH, microns

melt

A ¢ 13,20 (w), 12.35 (s), 10.85 (w), 9.62 (w), 9.20 (w),

8.48 (m), 7.85 (s); 7.54 (w), 7.46 (w), 7.25 (w).

8.90 (m),
(99)
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N-METHYL-2-METHYLANILINE

211

NHCH3
Ci13
B.p. 207-208°  (43)
1.0
— .00828 q./1. N cyc lohexane log €
max, my
301.0 3.24
W 291 .5 3.41
Z 241.5 4.09
&
(@)
@ .
<<
0 T | T T T T T T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm. !
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
IOO_LIIIllllllllllllllllJllI]IIIIIIIIIIIIIll
| i
e i |
-
i T o
S 60 l |
z | |
P | |
Ea0 i I
= |
) — | |
z 5 mm. E |
g 20 52 wt. % | !
- | I
O 1 | | I | I 1 | L 1 1 I [ I { [ 1 I 1 l 1 | Il | 1
2 3 4 5 6 7 8 9 10 1l 12 13 14 15
WAVELENGTH, microns
CSo
A ¢ 14.03 (m), 13.43 (s), [2.15 (w), 11,97 (w), 10.90 (w), 10.16 (w),

9.70 (w), 9.57 (m), 9.40 (w), 9.07 (w), 8.58 (m), 7.92 (m),

7.68 (m), 7.60 (m), 7.27 (w).



212 IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR

TRANSMITTANCE, percent

N-METHYL-3-METHYLANILINE

Nt 14.52 (s), 13,06 (s), 11.90 (s), I1.70 (w), I11.62 (w),
10.93 (w), 10.52 (w), 10,08 (w), 9.67 (w), 9.37 (w), 9.18 (w),
8.66 (w), 8.57 (m), 8.47 (m), 7.89 (m), 7.68 (m), 7.55 (m),
7.29 (w).

NHCH
3
B.p. 206-207°  (43)
C}+3
1.0
cyclohexane |
— . . og €
00765 g./1 A max, mu g
8
306.0 3.24
N 296.5 3.44
o 246,5 4,07
<<
m
@
o
wn
m .
<<
0 | 1 I T T T T _ I 11
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”
5,000 3,000 2,000 1,500 I,ZOO 1,000 900 800 700
||||1||J|1!|J||||1|1 |||1|||||1111|111|
00 | T
L |
I |
80+ | |
| 1
- | |
] |
60— ! !
| 1
[ : |
| |
40— | !
B .5mm. ! |
20  .86w.% | CSp |
— 1 |
oL L Lo o b b
2 3 4 5 6 7 8 9 10 il 12 13 14 15
WAVELENGTH, microns
CSo
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N-METHYL-4-METHYLANILINE

NHCH3
B.p. 209-211°/761 mm,  (43)
CH3
1.0
cyc lohexane
— 00738 g./1. max, mu log €
8
303.0 3.3l
B 246,7 4,12
S .6
2
<<
@ (-
S
@ .4
b
2
0 T | T T T T [ T 1T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.
5,000 3,000 2,000 1,500 1,200 ,00O 900 800 700
lool]lllllllLllllllllllIlI|I|Ililllllllllll
| }
€ — | |
S8of ! |
g i !
wo | I '
O 60} | I
z | [
s | !
E 40| ' |
= | |
n - | |
=4 .5 mm. | 032 |
=20~ .59 wt% | l
=L .
0 [ | TR AU AR A S AT S NN N SN NN N N
2 3 4 5 6 7 8 9 10 1 12 13 14
WAVELENGTH, microns
CSs
A ¢ 14.28 (w), 12.42 (s), 9.64 (w), 9.45 (w), 9.05 (w), 8.97 (w),

8.68 (m), 8.47 (m), 7.95 (m), 7.68 (w), 7.62 (m), 7.55 (w),
7.25 (w).



214 IDENTIFICATION OF ACIDS AND BASES FROM LOW-TEMPERATURE BITUMINOUS TAR
2, 4-DIMETHYLANILINE
Nlia
CF13
B.p. 215.8-216.0°/728 mm. (43)
CP13
1.0
| 01166 g/l cyclohexane
max, mu log €
302.0 3,19
293,0 3,37
8 237.5 3.97
2
o
3
m
<<
0 T T I T T T T T T
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|OO lIIIIlIlIII'l'II'IJl[I Illllllllllllllll
: - o
° 80— | {
- | |
W | |
Q 60~ | |
< - | |
c 1.
Z 40
= ° |
— |
5 | .5 mm. : |
x 20 .88 wt. % | CSo
= - I I
ol [ | I O TR TN AN SO AR NNNENN NN T NNC T S
2 3 4 5 6 7 8 9 10 " 12 13 14 15
WAVELENGTH, microns
CSs ‘
A ¢ 13,04 (w), 12.38 (s), 11.47 (m), 10.77 (w), 9.80 (w),

9.69 (w), 9.40 (w), 8.68 (m), 8.07 (w), 7.83 (s), 7.76 (W),
7.63 (W), 7.25 (w).
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2, 5-DIMETHYLANILINE

NH
2
CH
3 B.p. 213.5°  (43)
CH3
1.0
- 01000 g./1.
cyc lohexane
8 A Y log €
max, muy
W 296.,0 3,24
§‘6 288.8 3.35
o 237.0 3.88
o
[%))
2 .4
: 180
° T T T T T T T T T 1
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
Ioolll]llll|||||11[|lllllllIIIIIIIIII|IIII||
b= |
8 | |
g,so | |
N | |
g I
z 60 | i
N I '
[ | |
1.
2 — 5mm. | )
2 20 .97 wt. % ! :
[l | | |
oL Lo b oy by e b e ey ey by b
2 3 4 5 6 7 8 9 10 I 12 13 14 15
WAVELENGTH, microns
CSo

AT 12,61 (s), 11.77 (m), 10.75 (w), 10.04 (m), 9.68 (w),
9.32 (w), 8.74 (w), 8.62 (w), 8.24 (w), 8.10 (w), 7.80 (w),
7.73 (m), 7.65 (W), 7.27 (w).
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2, 6 -DIMETHYLANILINE

N}12

CH CH
3 3 B.p. 214°/739 mm.  (43)

1.0
— .0I6 g./l.
cyclohexane
A log €
max, mu
N 290,0 3.27
S . 2845 3.34

2 234.,0 3,93
&

w
m .
<<

0 T T T I T T 1 T 11
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.”!

5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
IOOALII Illlllllllllllllll|l| lllll[llllllllll!
= |
4] I ]

S 80 ! !
@ 1 I
< ' !
Y 60 : |
z , '
< — |
: P
—_— - I
240 : :
g B .5mm. | !
20 112 wt % | '
L ; 02 |
ol v b b
6 7 8 9 10 I 12 13 14 15

WAVELENGTH, microns

cs
N2 1370 (m), 13.22 (s), 11.23 (w), 10.57 (W), 10.12 (w),

9.95 (W), 9.72 (W), 9.19 (m), 9.12 (m), 8.78 (w), 8.62 (w),
8.12 (m), 7.85 (s), 7.69 (m), 7.26 (m).
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3, 4-DIMETHYLANILINE

217

Nl12
CH3 B.p. 226°  (43)
CH3
1.0
01092 ¢/t cyc lohexane
8 max, my log €
. 304.0 3.10
Q-6 293.,5 3,3l
) 238.0 3,96
S
w
o .4
<<
0
T T T I T T T T i
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.!
5,000 3000 2,000 ,500 1,200 1,000 900 800 700
IOO'IA|1LLI|JIII|I|IIIIIII1|LII|IIII1IJ ll
T I |
t |
§ 80 I |
u [ ! !
O 60+ ) l
P4 ) !
5 A
- I ]
s 401~ | :
z I S5mm. i |
S 20  1.06w.% les, |
= | : \
ol 1 | T IR AU SRR B Lo [
2 3 4 5 6 7 8 9 . 10 1 12 13 14
WAVELENGTH, microns
CSo
Ao 14.35 (w), 12.44 (s), 11.76 (m), 10.67 (w), 9.98 (m),

9.81 (w), 8.94 (w), 8.77 (w), 8.59 (w), 7.87 (m), 7.67 (m),

7.25 (w).
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3, 5-DIMETHYLANILINE

N}42

B.p. 220-22]°

CH3 CHy

(43)

1.0
cyclohexans |
.01004 g./1. max, mu og €
8r—
= 298.0 3.15
W 290.0 3,27
S e 240.,5 3.89
o
o
o
(%]
o 4
<<
2
183
0 1 T T T T T T T 11
225 230 240 260 280 310 340
WAVELENGTH, millimicrons
WAVENUMBERS, cm.!
5,000 3,000 2,000 1,500 1,200 1,000 900 800 700
|OO|||||||||||l:|||l'|1ll||||lllllIJIlll llii
-— - [ |
[ =4 I
(] | 1
€ 80 | |
[ 1
a | : 1
w [
O 60+ | |
2 i '
<< — | '
[ | :
E a0+ ! .
= [ /
s r 5mm. i !
< 20+ 1.33wt. % i !
' \ 1
[t - -CSZ !
ol Lo b by | T BT B
2 3 4 5 6 7 8 9 10 1 12 13 14
WAVELENGTH, microns
CSo

A ¢ 14,62 (s), 12,13 (s), 11.70 (w), 10.60 (w), 10.05 (w),
9,70 (m), 8.92 (w), 8.52 (s), 7.82 (w), 7.63 (w), 7.53 (s),

7.29 (w).
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2-ETHYLANILINE

NH2
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N-BENZYL-2-METHYLANILINE

NHCHZ B.p. 176°/10 mm, (43)
[est. 310°]
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N-BENZYL-3-METHYLANILINE

NHCH2
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N-BENZYL-4-METHYLANILINE

NHCHp B.p. 312-313°  (43)
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I -NAPHTHYLAMINE
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2-NAPHTHYLAMINE

NHo
B.p. 294°  (43)
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