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Ta-Chuang Lo Chang and Clarence Karr, Jr. 

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

i 

, '  

I 

. MIRODUCTION 

In a previous pub1 icationl the Bureau of Mines reported the results of a 
detailed gas-liquid chromatographic analysis of aromatic hydrocarbons boiling up 
to 218O in a low-temperature bituminous coal tar. The present work extends this 
detailed characterization to include compounds boiling up to 280°, specifical l y ,  
compounds in the range 202" to 280". 

Previously, only about I O  aromatic hydrocarbons boiling between 202" and 
280'. including naphthalene and 5 al kyinaphthalenes, were found in low-temperature 
tars and in a1 I instances by older techniques2-6. 
essentially non-existent. 

Quantitative results were 

In the present work, employment of the eminently effective combination 
of gas-liquid chromatography and spectrophotometry enabled this laboratory to iden- 
tify 48 compounds, including 9 mentioned in the previous publication. Of these 
identified compounds 20 are alkylnaphthalenes, including all isomeric dimethylnaph- 
thalenes, except the 1,8-isomer. The rest of the compounds identified include 
methylated indans, tetralins, indenes and biphenyls, and some oxygenated aromatic 
hydrocarbons. 
never been reported in any low-temperature tar, were also found. 
deterrn i nat ions were made on near I y a I i compounds. 

Cyclohexylbenzene and 2a,3,4,5-tetrahydroacenaphthene, which had 
Quantitative 

A correlation between logarithm of relative retention at 220* and boi I ing 
point for some alkylbenzenes and some alkylnaphthalenes was established; this made 
it possible to identify several additional constituents of the tar. This correla- 
tion is similar to the one for alkylbenzenes at 150"'. 

EXPERIMENTAL WORK AND RESULTS 

I .  ReDaratiOn of aromatic concentrates from the coal tar for aas-I iauid chroma- 
toaraDhv 

The same neutral oil from a West Virginia bituminous coal tar that was 
used in the earlier part of this work was used for the present analysis. The 
neutral oil was distilled to the equivalent of 260" in a Podbielniak Hyper-Cal 
high-temperature automatic distillation apparatus at 50 mm., with the results shown 
in Table I of the previous publication. The residue left from this distillation 
was further fractionated at I O  mm. In a Fisher Unitized distillation apparatus 
with a 12 mm, 1.0. column, using a reflux ratio of 20 to I. The results of this 
distillation are given In Table I. Equivalent atmospheric boll ing points were 
estimated from a standard nomograph. 

The distillate fractions were each separated into saturates, unsaturates, 

The data on displacement chromatography are summarized In 
and aromatics by mans of displacement chromatography with silica gel, as pre- 
viously described. 
Table 11. 



- 70 - 

TABLE I 

FRACTIONATION OF NEURAL OILS [N FISHER STILL 

Charge: 
338.0 g. 

Distil late: 131 .4 g. = 38.9 % 
Res i due : 
Loss and holdup: 4.8 g. = I .4 % 

8.35 wt.-% o f  the tar 

201.8 g. = 59.7 $ 

Fraction - Head temperature, Estimated b.p., Weight, 
No. OC., I O  m. OC., 760 mm. 9. 

122 - 124 2 r24-. I 
2 
3 127 - 129 
4 129 - 132 
5 132 - 134 
6 134 - 135 
7 135 - 137 
8 137 - 138 
9 138 - 139 

I O  139 - 141 
I I  141 - 143 
12 143 - 144 
13 144- 146 
14 146 - 148 
15 148 - 149 
16 I 49 

- 
262 - 265 
265 - 268 
268 - 270 
270 - 272 
272 - 274 
274 - 275 
275 - 276 
276 - 278 
278 - 280 
280 - 282 
284 - 286 
286 - 287 

287 

282 - 284 

9 .o 
9.3 
8.5 
6.2 
9.2 
9.6 
9 .o 
9 .o 
8.6 
9.4 
9.2 
9.3 
9.6 
3.6 - 

Total 131.4 
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I[. Analvsis o f  aromatic hvdrocarbons bv aas- l iau id  chromatoaraohv 

AoDaratus and ooerat ina condi t ions.  A Perkin-Elmer model 154C Vapor 
Fractometer equipped w i th  thermis to r  detectors was used. 
recorder was from 0 t o  2.5 mv, and the  c h a r t  speed var ied  from 4 t o  20 inches per 
hour, depending on the  r e t e n t i o n  t imes of t h e  components. 
chromatogram were measured w i t h  a planimeter. 

The response range o f  the  

The peak areas on the  

Two columns were used, each made from a 20-ft. x 1/4-in. O.D. copper 
tubing f i I  led w i t h  approximately 75 g. o f  packing made o f  25% Apiezon L grease on 
30- t o  60-mesh f i r e b r i c k .  
perature chosen f o r  the  ana lys is  o f  the  f rac t i ons  b o i l i n g  between 202" and 233". 
The other column was used a t  SO", which was t h e  temperature f o r  t he  ana lys is  o f  
the  f rac t i ons  boi  I ing between 233" and 275O. The samples va r ied  i n  s i z e  from 5 pI 
t o  15 p l  and were i n jec ted  i n t o  the  column w i th  a 50-pl syringe. The c a r r i e r  gas 
was helium, admitted t o  the  column a t  a pressure o f  30 Ib./in.2, corresponding t o  
a f low r a t e  o f  100 ml./min.; the o u t l e t  pressure was atmospheric. 
for  the  detector was 8 V. 
and the hel ium pressure and the  vol tage o f  the detector stayed constant. 

One o f  t he  columns was used a t  200°, which was the tem- 

The po ten t ia l  
Throughout the  work the temperature stayed w i t h i n  2 0.1" 

7 
The e f f i c i e n c y  o f  the  column was ca lcu la ted  by using the  equat ion : No. 

o f  t heo re t i ca l  p la tes  = I6(x/yl2, where y = length o f  peak basel ine (as defined) 
and x = length from s t a r t  o f  the  run  t o  middle o f  basel ine s,ection. Refer r ing  t o  
1,3,5-triethylbenzene and t o  I-methylnaphthalene, the  e f f i c i e n c y  o f  the  column a t  
200" was 2393 and 3948 theo re t i ca l  plates, respect ively,  and fo r  t he  column a t  
220" was 3364 and 4356. 

General aooroach f o r  i d e n t i f i c a t i o n .  The r e t e n t i o n  t imes o f  58 aromatic 
hydrocarbons b o i l i n g  i n  the  range o f  the  neutral  o i l  samples were obtained. The i r  
ca lcu la ted  r e l a t i v e  re ten t i ons  ( e i t h e r  t ime o r  volume) r e f e r r e d  t o  1,3,5-triethyl- 
benzene a t  200" and 220", and t h e i r  b o i l i n g  po in ts  are shown In  Table [ [ I .  The 
aromatic f rac t i ons  obtained by displacement chromatography were each examined by 
GLC under the same cond i t ions  as f o r  the known compounds. 

The approach f o r  i d e n t i f i c a t i o n  was p r i n c i p a l l y  t he  same as t h a t  des- 
c r ibed i n  the previous paper, except t h a t  u l t r a v i o l e t  spectrophotometry was 
included i n  add i t i on  t o  in f ra red .  Components producing peaks were co l l ec ted  i n  
the previously described manner. 
hexane solut ions.  

The u l t r a v i o l e t  spectra were obtained i n  cyclo- 

Gensrally, two methods were fol lowed t o  i d e n t i f y  t h e  aromatic hydrocar- 
bons. The f i r s t  consisted o f  (a)  p re l im inary  i d e n t i f i c a t i o n  o f  the  unknown by 
comparing i t s  re ten t i on  t lme w i th  those o f  known compounds, and (b) f i n a l  con- 
f i rmat ion o f  the  i d e n t i t y  6.1 comparing the i n f ra red  spectrum of the  co l  fected 
mater ia l  w i th  t h a t  o f  the au thent ic  specimen. I n  some instances, two components 
were found t o  have been e l u t e d  together. The in f ra red  spectrum o f  'the mater ia l  
producing a s i n g l e  peak served n o t  only f o r  q u a l i t a t i v e  i d e n t i f i c a t i o n  bu t  a l so  
f o r  quan t i t a t i ve  es t imat ion  o f  t he  components. The chromatograms f o r  two d i f f e r e n t  
aromatic cu ts  shown i n  F igure  I i I  l us t ra te  a good separat ion i n  (A) and a complete 
overlapping o f  some components i n  (81, which were subsequently i d e n t i f i e d  and t h e i r  
r a t i o s  estimated by i n f ra red  spectrophotometry. Table I V  shows the  r e s u l t s  o f  the  
ident i f i ca t ions ,  the  peak numbers i n  t h i s  t a b l e  corresponding t o  the  peak numbers 
i n  Figure I .  

The second method o f  i d e n t i f i c a t i o n  involved the  c o r r e l a t i o n  curves o f  
r e l a t i v e  re ten t i on  and b o i l i n g  points, which were app l ied  i n  those instances where 
r e t e n t i o n  times o f  au thent ic  specimens were no t  avai lable.  These c o r r e l a t i o n  
curves are shown i n  F igure  2 and are  discussed more f u l l y  i n  a l a t e r  section. Boll- 
ing po in ts  o f  the components producing various peaks were obtained from t h e i r  
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TABLE I 1 1  

1 
BOILING POINTS, RELATIVE RETEMLONS, AND CALIBRATION FACTORS (fC) 

OF SOME AROMATIC HYDROCARBONS 9 
~ 

A t  200" A t  220° 
60i I ina oo ln t  Re la t i ve  a b Re la t i ve  

Corn pou nd OC./760 m. Source re ten t i on  fC re ten t iona fC 

n-Ropy I benzene 159.217 C 

I-Methyl-2-n-propyl benzene 184.80 C 

1,4-Diethylbenzene 183.752 C 

1,3-Dimethyl-5-ethyI benzene 183.75 C 

I ,2-Dimethyl-4-ethyl benzene 189.75 C 

I-Methyl-3,5-diethyl benzene 200.70 C 

1,2,4,5-TetramethyIbenzene 196.80 C 

I,2,3,5-TetrarnethyIbenzene I98  .OO C 

1,3,5-TriethyIbenzene 216.2 C 

Pentarnethylbenzene 231 .8 C 

Hexarneth y I benzene 263.8 d 
Cyc I ohexyl benzene 240. I 3  e 
I ,2,3,4-TetrahydronaphthaIene 207.57 C 

Indan 177.82 C 

Naphthalene 21 7.96 C 

2-Methylnaphthalene 241 .I4 f 
I -Methy I naphtha I ene 244.78 f 
2-Ethyl naphthalene 257.9 C 
I--Ei-hy tnaph tha-l ene 25876-7 E- 

262 C 

26 I f 
2,7-Dirnethyl naphtha1 ene 
2,6-Dirnethylnaphthalene 
I ,7-Dimethyl naphthalene 
I ,6-Dirnethylnaphthalene 
I ,3-Dirnethylnaphthalene 
2,3-Dirnethylnaphthalene 
1,5-Dirnethylnaphthalene 
1,2-Dirnethylnaphthalene 
I ,3,7-Trirnethyl naphthalene 
2,3,6-Trirnethylnaphthalene 
2,3,5-Tr irnethyl naphthalene 
2a,3,4,5-Tetrahydroace- 

naphthens 
Acenaphthy I ene 
Acenaphthene 
B i pheny I 
3-Methyl b i  phenyl 
2-Methy I b i pheny I 
4-Methy I b i pheny I 
2-Methylindene 
2-Ethy I indene 
3-Ethylindene 
1,3-Dirnethylindene 
2,3-Dimethylindene 
2,6-Dimethylindene 
I -Methy I -3-eth y I i ndene 
3-Methyl-2-ethyl indene 
2,3,6-TrirnethyI indene 
Benzofuran 
D i benzofuran 

0.37% o .a6 0.40 0.85 
0.62 0.95 0.64 0.93 
0.58 0.93 0.61 0.93 
0.58 0.91 0 .bo 0.89 
0.67 0.94 0.70 0.92 
0.77 I .oo 0.79 0.97 

0.85 I .02 0.87 0.99 
I .oo I .oo I .oo I .oo 
I .72 I .01 I .75 I .oo 
3.58 I .01 3.47 I .01 
2.09 I .03 2.05 I .02 
I .I4 I .54 I .I6 I .52 
0.59 I ,42 
I .35 I .02 I .37 I .03 
2.12 I .04 2.10 I .02 
2.32 I .01 2.28 I .02 
3.0 I I .oa 2.93 I .07 

3.21 I .07 3.13 I .05 
3.25 I .03 3.17 I .04 

0.82 0.98 0.84 o .9a 

-- -- 

-3.04-1-.05- 2.96- L.0-5- 

262.9 
265.5 
26 5 

270.1 
271 .I 
281.7 
288. I 
289 

252 
270 
277.2 
255.0 
272.70 
260 
26 7 
204. I 
222.5 

207.5 
224.5 
226.8 
64-51 I .3 
74-61 I .25 
242.6 
171.38 
28 7 

268 

218.1 

e 3.41 
e 3.54 

f 3.80 
e 3.99 

4.10 9 
e 
9 
e 

- C 

-- 
-- 
-- 

e 2.88 -- d 
f 
C 2.66 

d 2.46 
d 
e I .05 
e I .64 
e I .58 
e I .09 
e I .70 
e I .63 
e l .62 
e 2.40 
e 2.57 
f 0.52 
f 

-- 
-- C 

-- 

-- 

3.29 
3.43 
3.43 
3.68 
3.83 
3.93 

5.51 
5.66 

2.80 
4.05 
4.53 
2.60 
3.82 
2.51 
3.10 
I .08 
I .63 
I .57 
I . IO 
I .69 
I .62 
I .60 
2.34 
2.51 
0.55 
5.02 

4.88 

I .03 
I .02 

I .03 
I .03 

I .09 
I .09 
I .07 

I .20 

1.12 
I .oo 
I .04 
I .06 

I .06 
I .09 
I .09 

-- 

-- 

-- 

-- 

-- 
-- 

I .07 -- 
-- -- 

I .02 
1.18 
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Diphenyl e ther  
5-Methyl indan 
4-Methyl indan 
3-Methyl indene 
f,2,3,4-TetramethyIbenzene 
1,6-Dinethylindan 
4,7-Dimethylindan 
2-Msthyl-1,2,3,4-tetrahydro- 

6-Methyl-1,2,3,4-tetrahydro- 

I,4-Dlmethylnaphthalene 

naphtha lene 

naphtha I ene 

(Table I [ [ ,  continued) 

258.14 e 2.53 
202.0 C 0.97h 
205.5 C I .05h 
205 C I .07h 
205.04 C I .Olh 
210.9/740.0 i I .09h 
227.6/ 745.5 j I .67' 

h 220.2 k 1-38 

229.03 C I .75h -- 268.5 C 

2.47 I .05 
0.96h -- 
I .07h -- 
I .09h -- 
I .07h -- 
I .07h -- 
I .64h -- 
I .35h -- 
I .72h -- 
3.70h -- 

a 

b 

C 

d 

e 

f 

9 

h 

i 

j 

k 

Dead volume corrected. 

Defined i n  eq. I. 

API Research P ro jec t  44, Selected Values o f  F'roDerties o f  Hvdrocarbons and Related 
COmDOUndS, Carnegie I n s t i t u t e  o f  Technology, Pit tsburgh, Pa. 

G. Eg lo f f ,  Phvsical Constants o f  Hvdrocarbons, Reinhold Publ ishing Corp., New York, 
1957. 

Determined i n  t h i s  laboratory.  

From Coal Tar Research ASSOC., "Coal Tar Data Book," Gomersal, near L e eds, 
England (1953). 

From Gesel l scha f t  fiir Teerverwertung mbH, "GfT-Aromaten," Du isburg-Mslder ich, 
Germany. 

The r e l a t i v e  re ten t i ons  o f  these compounds were determined from t a r  components 
i d e n t i f i e d  by t .  R. 

J. Entel,  C. H. Ruof, and H. C. Howard, Anal. Chem. 5 (1953) 1303. 

J.  Entel,  Anal. Chem. (1954) 612. 

A. S. Ba i l ey  and C. M. Staveley, A. w. P e t r o l e u m 2  (1956) 97. 
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TABLE IV 

IDENTIFICATION OF COMPONENTS FRODUCING ELUTION PEAKS [N THE GLC OF 
TWO AROMATIC CUTS FROM DISTILLATE FRACTLONS I O  + I I AND 26 

Re I a t  ive Re la t i ve  r e t e n t i o n  o f  
Peak re ten t i on  Compound i d e n t i f i e d  authent ic specimen ' 

No. a t  220O by I. R. a t  220O 

Not i d e n t i f i e d  -- I I .9a 

2 2.08 2-Methy I naphtha lene 2.10 

3 2.29 I-Methylnaphthalene 2.28 

2~4-7- ~ - _ _  -4-274-7- Di-phenyl-ether 

5 2.56 B i pheny I 2.60 , 

6 2.91 2-Ethyl naphtha lene 2.93 

3. I3 

3.17 
7 3.18 { 2,7-D i methy I naphtha I ene 

2,6-D ime t h  y I naphtha I ene 

8 3.30 I ,7-D imethy I naphtha I ene 3.29 

I ,3-Dimethyl naphthalene 3.43 

I ,6-Dimethyl naphthalene 3.43 
9 3.46 



t 

I’ 
I., 

- 7 7 -  

w 
TIME, MINUTES 

Fig. 1 .  Chromatograms of two aromatic cuts obtained from 
distillate fractions I O  + I I  (A) and 26 CB). 
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I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
I I. 
12 
13 
14 
15 
16 
17 
18 
19 

Flg .  2 .  Correlation between relative retentions and boiling 
points of some alkylbenzenes (A) and alkylnaphthalenes (8) 
at220° on Aplezon L grease. 

Legend: 

I ,3-Dimethyi-5-ethyI benzene 20 
i,4-DiethyIbenzene 21 
I -Methyl -2-n-propyl benzene 22 
I ,2-DImethyI-4-ethyI benzene 23 

I,2,3,5-TetramethyIbenzene 25 
1,2,4,5-TetramethyIhenzene 24 

5-Methyi indan 26 
C-Methyl I ndan 27 
1,2,3,4-Tetrarnethylbenzene 28 
I ,2,3,4-Tetrahydronaphthalene 29 

I ,6-Dimethyl indan 31 
2-Methyi-1,2,3,4-tetrahydronaphthalene 32 

I-Methyi-3,5-d iethyl benzene 30 

6-MethyI-I,2,3,4-tetrahydronaphthaIena 33 
4,7-01methyI indan 34 
Pentamethy I benzene 35 

Hexamethylbenzene 37 
Methyl naphtha lene 38 

i,3,5-TriethyIbenzene 36 

I-MethyInaphthaIene 
+Ethyl naphtha I ene 
I-Ethylnaphthalene 
2,6-DimethylnaphthaIene 
2,7-0imethy I naphthalene 
1,7-0ImethyInaphthaIene 
I,EDimethyInaphthaIene 
1,6-DlmethyInaphthalene 
2,EDimethyInaphthaIene 
I ,4-D i methy I naphtha I ene 
1,5-DimethyI naphthalene 
I ,Himethyl naphthalene 
I,3,7-TrimethyInaphthaIene 
2,3,6-TrirnethyInaphthaIene 
2,3,5-TrImethyInaphthaIene 
€3 i pheny I 
2-Methylbiphenyl 
4-Methylbiphenyl 
3-Methylbiphenyl 

i’l 
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relative retention by these curves and were used as a preliminary means of identi- 
fication. 
entirely for identification, confirmation of identity depended on the comparison of 
the infrared or ultraviolet spectra of the collected samples with pub1 ished spectra 
of the pure compounds. However, not ali of the spectra of the probable constituents 
could be found in the literature; to substantiate the preliminary identification, 
spectral-structural correlations became necessary. Table V shows eight alkylnaphtha- 
lenes identified by the second method. The details of these identifications are as 
fol lows: 

Since relative retention or boiling point could not be depended on 

( 1 )  Constituent having a relative retention of 3.70: The boiling point 
of the constituent, obtained from Its relative retention by the correlation curve 
for dimethylnaphthaienes, agreed very well with that of 1,4-dimethylnaphthalene. 
The identity of this naphthalene was confirmed by comparing the infrared spectrum 
of the constituent with that of I,4-dimethyinaphthalene, published by the American 
Petroleum Institute (see Table V I ) .  

~(21 Constituents having relative retentions of 4.80 and 5.20: According 
to the correlation curve for trirnethylnaphthalenes, the boiling points for these 
constituents were 281.5a and 2 8 5 O ,  respectively. They are somewhat higher than the 
literature values for 1,3,6-, 1,2,6-, and 1,2,7-trimethyInaphthaIene. However, the 
ultraviolet spectrum of the sample having a relative retentlon of 4.80 matched well 
with the literature spectrum of 1,3,6-trimethylnaphthalene. The material having a 
relative retention of 5.20 was found to have more than one constituent and was col- 
lected as two individual samples, one corresponding to the first half of the peak 
and the other the second half. By comparing the ultraviolet spectra of the two 
samples with the ,pub-lJs,bqd spectra of l,2,6- and I ,2,7--trimethyInaphthaIene, the 
flrst sample was found'to contain principally 1,2,6-, and the second to contain 
1,2,7- as a major 'and 1,2,6- as a minor component. 

Constituents having a relative retention of 4.39: (3) The boiiing point 
obtained for this material from the trimethylnaphthalene correlation curve was 
277.3O, a few degrees higher than any of the literature values for the four possible 
1,6- and Is7-methyIethyI- and ethylmethylnaphthalenes. The identiftcation of the 
material therefore depended mainly on spectral-structural correlations, as follows: 
An examination of the ultraviolet spectra of I-methyl, I-ethyl-, 2-methyl-, and 
2-ethylnaphthalene showed that the two I-alkylnaphthalenes absorb at nearly identi- 
cal maxima in the region of 300 mp to 320 mv but differ in absorptivlties; the 
same is true for the two 2-alkylnaphthalenes. A similar situation was also 
observed in the 300 mp to 330 mp region for 1,4,5-trimethyI- and 1,4-dimethyl-5- 
ethylnaphthalene and for 1,3,5-trimethyl- and 1,3-dimethyi-5-ethylnaphthalene upon 
examining the ultraviolet spectral data of these compounds reported by Evans, 
Smith, and Straus8. This indicates that for absorption in the 300 mp to 333 mp 
region methyl groups and ethyl groups can be interchanged without significantly 
changing the position of the absorption peak; however, the absorptivities are 
usually altered. 
ethyl group could be expected to show nearly identical absorption maxima in the 
300 mp to 330 mp region as the naphthalenes substituted with two methyl groups 
jhe same positions. The constituents had absorption bands at 307.8 mp, 314.7 mp, 
and 322 rnp which are also exhibited by 1,6- and 1,7-dimethylnaphthalene, both of 
which had already been accounted for in much lower boiling fractions. It therefore 
appeared likely that one or more of the four possible 1,6- or 1,7-methylethyl- or 
ethylmethylnaphthalenes were present. The infrared spectrum of the material was in 
agreement with this conclusion. According to Werner, Kennard, and Raysong, the two 
strong bands shown in the sample spectrum at 783 cm.-l and 810 cm.-l could be due 
to 3H and W out-of-plane deformation vibrations of 1,6-disubstituted naphthalene, 
and the other two strong bands at 760 cm.'l and 835 cm.-l coui d be due to the same 
vibrations of 1,7-disubstituted naphthalene. 

Therefore, naphthalene substituted with one methyl group and one 
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TABLE V I  

ANALYSIS OF [ND[VIDUAL AROMATIC HYDROCARBONS BOILING B m E E N  202O AND 280° 
[N NEUTRAL OIL DISTILLATE FRACTIONS 

Source Wt. % 
of Total in 

Method of spec- weight, neutral 
Compounds identi tied Fractions identification . trum g. oila 

b 
I,2,3,4-TetramethyIbenzene 6? 7B8 B9 

I ,2-Dimethyl-3-n-propyl benzeneb 5,6,7,8,9 

b l,4-Dimethyl-2-n-propylbenzene 5,6,7,8,9 

6-13 b I-Methyl-2,4-diethyl benzene 

b 5-Methyl indan 

4-Methyl i ndanbDd 

I,6-DimethyIindan 

B.6 B 7B8 B 

5B6?7B8B9 

7-14 

4,7-Dimethylindan 7-16 

b 3-Methyl indene 

3-Ethyl indene 

5B6B7?8 

7-17 

2-Ethy I i ndene 7-1 7 

2,3-DimethyIindene 7-1 7 

I , 2 , 3 , 4-Te tr a h y d r ona p h t ha I e neb 5 , 6 , 7 , 8 

Re1 . retention- 
b.p. correlation, 
I .R. 

Re1 . retention- 
b .p. corre I at ion, 
I .R.-structural 
correlation 

Re1 . retention- 
b.p. correlation, 
I .R.-structural 
correlation 

Rel. retention- 
b.p. correlation, 
[.R.-structural 
correlation 

Rel. retention- 
b .p. correi at ion, 
.R. 

Rel. retention- 
b .p. corre I at ion, 
[.R. 

Rel. retention- 
b.p. correlation, 
I .R. 

Rel. retention- 
b.p. correlation, 
I.R. 

. I  .R. 

Rel. retention, 
I .R. 
Rel. retention, 
1.R. 

Rel. retention, 
I .R. 

Re I . retention, 
I .R. 

C 

- 

- 

- 

C 

C 

C 

C 

C 

e 

e 

e 

e 

1.0681 0.153 

0.2976 0.042 

0.5874 0.084 

0.9873 0.141 

1.7566 0.251 

1.7389 0.249 

2.3746 0.340 

1.3034 0.186 

0.7141 0.102 

1.3126 0.188 

1.3032 0.186 

1.7762 0.254 

0.6170 0.088 



2-MethyI-I,2,3,4-tetrahydro- 

6-Methyl-l,2,3,4-tetrahydro- 

Naphtha leneb' 

naphtha I ene 

naphthalene 

I -Methylnaphthalened 

d 2-Methylnaphthalene 

I -Ethyl naphtha lene 

2-Ethylnaphthalene 

2,7-D lmethy I naphtha I ene 

I ,7-Dirnethyl naphthalene . 

2,6-D i methy I naphtha I ene 

I ,6-D imethylnaphthalene 

' 

d 

d 

d 2,3-D i methy I naphtha I ene 

I ,5-Dimethylnaphthalene 

I ,2-D irnethy I naphtha1 ene 

I ,4-Dirnethyl naphthalene 

2-Methyl-6-ethyl n'aphthalene 

2-MethyI-7-ethyInaphthaIene 

I-Methyl-7-ethylnaphthalene 9 
and/or 
I -Methyl-6-ethylnaphthaleneg 

1,3,6-Trimethylnaphthalene 

1,3,7-Trimethylnaphthalene 
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Crable V I ,  continued) 

7-1 5 I .R. 

12,13,14,15 1.R. 

6-1 5 Rel. re ten t ion ,  
1 .R. 

14-24 Rel. re ten t ion ,  
f .R. 

12-24 Rel. re ten t ion ,  
I.R. 

20-29, I*f Rel. re ten t ion ,  
1.R. 

20-29, I* Rel. re ten t ion ,  
1.R. 

21-29, l * ,P Rel. re ten t ion ,  
I.R. 

23-29,1*,@ Rel. re ten t ion ,  
1.R. 

23-29,l*,F Re1 . reten t ion ,  
I . R .  

25-29,1*-5* Rel. retent ion,  
I .R. 

25-29,1*-5* Re1 . re ten t ion ,  
I .R. 

27,28,29, Rel. re ten t ion ,  
I *-7* I .R. 

28,29,1*-7* Ret. re ten t ion ,  
I .R. 

29, l*-7* Rel. re ten t ion ,  
t .R. 

3*, 4* Rei. re ten t ion-  
b.p. cor re la t ion ,  
1 .R. 

4*-a* 

Rel. re ten t ion-  
b.p. cor re la t ion ,  

s t ruc tu ra l  
co r re la t i ons  

b.p. co r re la t i on ,  
U.V. 

I .R. 

4*-8" U.V. and 1.R. 

5"-7* Rel. re ten t i on -  

5"-7* Rel. re ten t ion ,  

C 

C 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

C 

- 

- 

h 

e 

I .0426 0.149 

0.4958 , 0.071 

6.3853 0.914 

12.0615 I .728 

16.1630 2.315 

I .si77 0.283 

3.1184 0.456 

4.8187 0.690 

4.7915 0.686 

4.1664 0.596 

6.4648 0.926 

6.5617 0.940 

3.8247 0.547 

3.6861 0.528 

3.5632 0.510 

0.0979 0.014 

3.9029 0.559 

3.2925 0.471 

0.7338 0.105 

0.452 0.064 
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CTable V t ,  continued) 

I ,2,6-TrimthyInaphthaIene Re I . retention- h 
I ,2,7-Tr i me thy I naphtha I ene 6*-8* b.p. correlation, h 0*8751 - 

U.V. 

l8-29,1* Rel. retention, e 18.8235 2.696 d B i pheny I 
I .R. 

4-Methyl biphenyl 28,29, I*,* Rei. retention, e 0.7271 0.104 
I.R. 

3-Methyl biphenyl I *-7* Rel. retention, e 1.2431 0.178 
' I.R. 

Cyclohexyl benzene 12-15 Rel. retention, e 0.2769 0.039 
I .R. 

2a,3,4,5-Tetrahydroacenaphthene 20-26 Rel. retention, 1.1713 0.167 
t .R. 

Acenaphthy I ene 4*-6* Rel. retention, e 0.6963 0.099 

d Acenaphthene 

Diphenyl ether 38.5897 5.528 

2,3-DimethyIbenzofuran 

Dimethyl benzofuran 11 1.R.-structural 1.7848 0.255 
correlation 

Dimethyl benzofuran 111 9-15 I 1.R.-structural - 0.6451 0.092 
corre I at i on 

Dibenzofuran 5*-8" Rel. retention, e 1.4718 - 
I .R. 

Total neutral oi I dlsti I I ing up to about 360°, representing 16.92 wt. % of the 
tota I tar. 

Identified in prior work by this laboratory . 
American Petroleum Institute, Research Rojec 
Institute of Technology, Pittsburgh, h. 

Previously identified by others . 
Th is I aboratory . 
Asterisk (*) designates fractions shown in 'fable 1 of this report; other fractions 
are shown i n  Table I of the previous report . 
The positions of the ethyl and methyl groups might be reversed. 

E. Hellbronner, U. Frghlicher and P. A. Plaitner, Helv. Chim. Acta, 32 (1949) 2479. 

I 

2-6 
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(4) Const i tuents having-a r e l a t i v e  re ten t i on  o f  4.15: Th is  mater ia l  
appeared t o  cons is t  o f  a mix tu re  o f  2-methyI-6-ethyI- and 2-methyl-7-ethyInaphtha- 
lene. Tine b o i l i n g  p o i n t  o f  t h e  sample found by the tr imethylnaphthalene curve was 
several degrees higher than t h e  l i t e r a t u r e  value f o r  t he  two naphthalenes. 
ever, the  u l t r a v i o l e t  absorp t ion  maxima i n  t h e  300-330 mp range f o r  t he  cons t i tuent  
producing the  f i r s t  h a l f  o f  the  peak were a t  303 mp, 310 mp, 317 mp, and 324.8 w, 
i n  c lose  agreement w i th  the much lower b o i l i n g  2,6-dimethylnaphthalene. The maxima 
shown by t h e  second cons t i t uen t  were near ly  i den t i ca l  t o  those f o r  2,7-dimethyI- 
naphthalene a t  307 mp, 317 mp, and 321 mp. The presence o f  2-methyl-6-ethyI- and 
2-methyl-7-ethyI naphthalene was thus indicated. The in f ra red  bands a t  800 cm." t o  
900 cm.-l substant iated these iden t i f i ca t i ons .  Tne strong bands shown by the  f i r s t  
cons t i t uen t  a t  823 cm.-l and 874 cm.'l and those shown by the second cons t i t uen t  a t  
835 cm.-l and 876 cm,'l cou ld  be due, respect ively,  t o  W and IH out-of-plane 
deformat ion v i  b r a t  ions o f  2,6- and 2,7-d i subs t i  t u t e d  naphtha1 enes'. 

How- 

I n  add i t i on  t o  these alkylnaphthalenes, th ree  dialkylbenzofurans, o f  
which one might be the  2,3-dimethyI-isomer, were t e n t a t i v e l y  i d e n t i f i e d  by the 
c h a r a c t e r l s t i c  i n f ra red  bands o f  benzofurans, observed by examining t h e  spectra o f  
benzofuran and a l l  i t s  monomethyl der ivat ivesi0.  A strong band between 1,250 cm.-l 
and 1,280 cm.-l and one o r  t w o  between 1,090 cm.-l and I ,  160 cm.-l cou ld  be charac- 
t e r i s t i c  o f  benzofurans. 
= C - 0 - may absorb near 1,250 cm.-l and in  unsaturated cycl  i c  compounds, w i t h  the 
s t ruc tu re  = C - 0 - C = , a band may appear near 1,100 cm.'l o r  somewhat higher 
frequencies. 
between 1,250 cm.-l and 1,280 cm.'l and between 1,090 cm.-l and 1,160 cm.'l may be 
due t o  the  furan s t r u c t u r e  i n  the  molecule. 

According t o  Bel lamyll ,  compounds containing the  s t ruc tu re  

Therefore, i n  t h e  spectra o f  t he  benzofuran const i tuents,  t he  bands 

One benzofuran sample, having a r e l a t i v e  r e t e n t i o n  o f  1.28 a t  x)Oo, 
showed a strong band a t  1,251 cm.-l as i n  2-methylbenzofuran and another strong 
band a t  1,092 cm.'l as i n  3-methylbenzofuran. Th is  sample a l so  absorbed s t rong ly  
a t  742 cm.-I, s i m i l a r l y  t o  2-methyl- and Emethylbenzofuran, both o f  which have a 
band a t  746 cm.-l t h a t  i s  probably due t o  the  4H out-of-plane deformation v ib ra t i on  
i n  the  benzene r ing .  The b o i l i n g  p o i n t  o f  2,3-dimethyIbenzofuran from the I i t e r a -  
ture12 i s  approximately 220°, which fa1 Is in  the  b o i l  ing range o f  the d i s t i l  l a t e  
f rac t i ons  containing t h i s  component. It is, therefore, very l i k e l y  t h a t  t h i s  con- 
s t i t u e n t  i s  2,3-dimethylbenzofuran. The o ther  two samples showed the  cha rac te r i s t i c  
i n f ra red  bands o f  benzofurans i n  both regions. 
appeared between 1,000 cm.-I and 1,400 cm.-l. These were cons ldered t o  be dimethyl- 
benzofurans, a l  I o f  t h e  isomers o f  which boi I we1 I w i t h i n  the  range 210" t o  230°. 

Ouan t i t a t i ve  Est imat ion o f  aromatic hvdrocarbons 

I n  addi t ion,  a few sharp bands also 

I 

was employed f o r  q u a n t i t a t i v e  ana lys is  of t he  samples, I ,2,Etr iethyIbenzene being 
selected as the standard. The equat ion used f o r  the  ca l cu la t i ons  i s  as fo l lows: 

The in te rna l  standard method, which was described i n  the  previous paper , 

fC = AsWc/AcWs . . . . . . . . . . . . . . . ( 1  

where f C  i s  the c a l i b r a t i o n  factor,  as defined, As and A, are the  areas. f o r  the  
standard and component i n  t h e  mixture, and Wc and W, are the weight-percentages of 
the  compound and t h e  standard. 
were determined a t  200" and 220" and are  given i n  Table I [ [ .  No s i g n i f i c a n t  d i f -  
ference was found between the  values f o r  each compound a t  these two temperatures. 
These values were used t o  determine t h e  weight-percentages o f  the cons t i tuents  in  
the f ract ions.  For those compounds present i n  the  tar f o r  which au thent ic  specimens 
were n o t  avai lable,  t he  fC values o f  t h e i r  isomers o r  o f  s t r u c t u r a l l y  s i m i l a r  com- 
pounds were used. For example, an average fC o f  1.03 f o r  s i x  dimethylnaphthalenes 
was used t o  ca l cu la te  the  amounts o f  t he  1,2- and l,4-dimethyI isomers, an average 
of 1.08 f o r  three tr imethylnaphthalenes was used f o r  o the r  t r ime thy l  and 

The fC values f o r  a number o f  aromatic hkdrocarbons 
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methylethylnaphthalenes, t h e  fc va lue o f  0.99 f o r  I82,3,5-tetramethylbenzene was 
used f o r  I,2,3,4-tetramethyIbenzene8 the  value o f  1.42 f o r  lndan was used f o r  a i l  
indan der ivat ives,  t h e  value o f  1.52 f o r  t e t r a l i n  was used for t h e  two methyl- 
t e t r a l i n s ,  and 1.05, an average of  the values f o r  2-methyl- and 3-methyIbipheny1, 
was used f o r  4-methylbiphenyl. 

The aromatic hydrocarbons boi I ing between 2 0 2 O  and 280° found i n  the  
low-temperature bituminous t a r  and t h e i r  q u a n t i t i e s  are presented i n  Table V I .  The 
values of  weight-percentages i n  neutra l  o i l  o f  the  three h ighes t  b o i l i n g  components 
are not entered, s ince they are  a l s o  expected t o  be present i n  t h e  next  hlgher 
bo i  I ing f ract ion.  

0 ISCUSS [ON 

Cor re la t ion  between r e l a t i v e  re ten t ions  and b o i l i n q  ooints  o f  alkvlbenzenes and 
alkvlnaohthalenes 

When t h e  logarithms o f  r e l a t i v e  re ten t ions  a t  220° f o r  alkylbenzenes and 
f o r  alkylnaphthalenes, i n  e i t h e r  instance having an equal number of carbon atoms 
i n  the a l k y l  groups, were p l o t t e d  against  t h e i r  b o i l i n g  points, a s t r a i g h t  l i n e  
resul ted.  The r e l a t i o n s h i p  is s i m i l a r  t o  t h a t  estab l ished for a number o f  a i k y l -  
benzenes a t  150°, as prev ious ly  repor ted ‘ .  

F igure 2 (A) shows th ree  para1 le1 I ines corresponding t o  alkylbenzenes 
having 4, 5, and 6 carbon atoms i n  t h e  a l k y l  groups. Indans, which have a benzene 
nucleus w i t h  a I,2-trimethyIene-type a lky la t ion ,  f a l i  c l o s e l y  on t h e  c o r r e l a t i o n  
curves f o r  alkylbenzenes having t h e  corresponding number o f  carbon atoms i n  a l k y l  
groups. However, t e t r a l i n  ( p o i n t  I O  i n  Fig. 21, which has a I,2-tetramethyIene- 
type a lky la t ion,  does n o t  f i t  so c lose ly  t o  the  l i n e  f o r  Cm-alkylbenzenes, and 
i t s  2-methyl- and 6-methyl-derivatives (po ints  13 and 14) a re  we l l  o f f  the  l i n e  
f o r  C~~-aIkyIbenzenes.  However, a l i n e  drawn between po in ts  I3 and 14 i s  essen- 
t i a l l y  p a r a l l e l  t o  t h e  l i n e  for t h e  Cn-alkylbenzenes. No c lear-cut  r e l a t i o n s h i p  
can be establ ished between t h e  lndans and t h e  t e t r a l i n s  w i t h  t h i s  l i m i t e d  data f o r  
a l k y l t e t r a l  ins. 

F igure 2 (B) shows t h r e e  p a r a l l e l  s t r a i g h t  l i n e s  corresponding t o  a l k y l -  
naphthalenes having I, 2, and 3 carbon atoms i n  the  a l k y l  groups. A four th  I ine 
representing three monomethylbiphenyls (po ints  36, 37, and 38) i s  no t  p a r a l l e l  t o  
t h e  naphthalene l ines. 

A d i f fe rence i n  slope can be observed among the  t h r e e  groups-benzenes, 

, 

naphthalenes, and biphenyls. 
naphthalenes i s  0.0098, and t h a t  o f  the  biphenyls i s  0.0164. 

The slope o f  t h e  benzenes i s  0.0113, t h a t  of the 
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