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ABSTRACF 

The chemical s t ructures  o f  the aromatic acids obtained by the  controlled 
oxidation of bituminous coal were investigated by thermal decarboxylation of 
the copper s a l t s  followed by separation and ident i f ica t ion  of the products. 
This decarboxylation method allows the ident i f ica t ion  of the  nitrogen-con- 

. 
ta ining nuclei .  The use of t h i s  method, however, resul ted i n  a less complete 
decarboxylation and much greater yields  of oxygenated nuclei  than did the  
copper-quinoline method. 
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In our previous papers1j2 the chemical s t ruc ture  of bituminous coal was ’ 

studied by invest igat ing the nuclei  of the aromatic acids  obtained on con- 
t r o l l e d  oxidation. 
t h i s  work because with it very small amounts of hydrocarbons can be ident i f ied  
i n  ra ther  complex mixtures. 
carr ied out using the copper-quinoline method. 
generally sa t i s fac tory  but with it the small amounts of the basic ,  nitrogen- 
containing nuclei  could not be detected owing t o  the  large quant i t ies  of 
quinoline t h a t  are used i n  the reaction. Therefore, the  coal acids  have been 
decarboxylated using an a l te rna te  method. The thermal decomposition of the 
copper salts of the acids w i l l  bring about decarboxylation without the use of 
quinoline and s o  allow the  determination of the nitrogen-containing nuclei  i n  
addition t o  the neutral  and acidic  nuclei .  Another reason f o r  investigating 
t h i s  a l te rna te  decarboxylation method was that E n t e d ,  by using t h i s  method, 
found s ignif icant  amounts of 9-Kiw~renone, biphenylene oxide, and the lactone 
of 2-hydro~y-2~-biphenylcarboxylic acid t h a t  we were unable t o  detect  using 
the  copper-quinoline method although we had been able  t o  account.for sub- 
s tantual ly  a l l  of the nuclei .  

The mass spectrometer was found t o  be idea l ly  suited t o  

I n  the previous work the decarboxylations were 
This method was found t o  be 

EXPERIMENTAL 

The acids used i n  t h i s  study w e r e  obtained from The Coal Research 
Laboratory of the Carnegie I n s t i t u t e  of Technology and w e r e  the  same as those 
investigated i n  our previous papers. 
an aqueous alkal ine suspension of Pocahont,as No.  3 bituminous coal  by gaseous 
oxygen a t  270’ and t o t a l  pressures of about 900 psig.  

Decarboxylation. - The decarboxylation was carr ied out by the method used by 
Entel .  A solution of 1.0 kg. of the coal  acids i n  1.0 1. of water w a s  made 
and 380 g. of basic  copper carbonate (1.7 mole CuCO3 -CU(OH)~) was added i n  
small quant i t ies  with s t i r r i n g .  
a f t e r  cessation of the  evolution of carbon dioxide the reac t ion  mixture was 
s t i r r e d  and heated f o r  one and a half  hours on a steam-bath. 

They were obtained by the oxidation of 

To ensure the completion of the reaction, 
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This aqueous suspension of the copper salts of these acids  was made up 
t o  a volume of 2.0 1. and charged t o  a f o u r - l i t e r ,  s t a i n l e s s  s t e e l ,  external ly  
heated, shaking autoclave. The autoclave w a s  flushed with nitrogen and 
heating and shaking of the autoclave was s ta r ted  and maintained f o r  24 hours 
a f t e r  reaching a temperature of 250". 
was 3180 psig.  
through two Dry Ice-methylene chlor ide-f i l led cold t raps .  
very low-boiling l iquid was obtained i n  the cold t raps .  

The pressure a f t e r  t h i s  length of time 
After cooling t o  room temperature, t h e  autoclave was vented 

Just  5.6 g. of a 

I n i t i a l  Separation. - The autoclave contained two layers .  The aqueous layer 
w a s  almost c lear  and color less  while the o i l  layer w a s  ra ther  dark-colored 
and t a r r y  appearing. 
well  with both water and carbon te t rachlor ide before discarding it. About 
2 1. of carbon te t rachlor ide was used.. 

The residue on the bottom of the  autoclave was washed 

The acidic  products of  the decarboxylation were separated by making the 
This aqueous layer  react ion mixture basic and separating the aqueous layer .  

was i n  tu rn  acidif ied and the acidic  nuclei  extracted by means of carbon 
te t rachlor ide.  
soluble i n  e i ther  water or carbon te t rachlor ide.  This was presumably the  
p a t i a l l y  decarboxylated acids.  

A large amount of sol id  mater ia l  was obtained t h a t  was not 

The or iginal  carbon te t rachlor ide solution from which the acidic  mater ia l  
had been removed was then extracted with water t o  which had been added a l i t t l e  
su l fur ic  acid.  The basic  nuclei  were obtained by making t h i s  ex t rac t  basic  
and then extracting it with carbon te t rachlor ide.  
chloride solution from which both the acidic  and basic  components had now 
been removed contained only the neut ra l  decarboxylation products. 

The or ig ina l  carbon t e t r a -  

Work-up of the Carbon Tetrachloride Extracts.  - Most of the solvent was re-  
moved from the carbon te t rachlor ide solutions of the neutral ,  ac id ic ,  and 
basic  decarboxylation products a t  atmospheric pressure using a 50 inch 
concentric-rod type column. The d i s t i l l a t i o n  fract ions were examined by 
means of a 200' i d e t  mass spectrometer and i n  some cases an u l t r a v i o l e t  
spectrometer. 
te t rachlor ide solution containing the acidic  components was. vacuum d i s t i l l e d  
i n  order t o  obtain more accurate estimates of the amounts of the various com- 
ponents. 

The residue from the atmospheric d i s t i l l a t i o n  of the carbon 

The weights of the components are  given i n  Table 1. 
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TABLE 1 

Compound Weight, g .  

Mass 198 (carboxybiphenyl)* 1. 
wss 196 2. 
M ~ S S  172 0*3  
Mass 170 (phenylphenol) 1. 
Biphenylene oxide 0.2 
Mass 166 (phthal ic  acid)  0.1 
Biphenyl 0.1 
Toluic acid 3.2 
Naphthalene 0 -7 
Benzoic acid 11.7 
Cresol 0.03 
Phenol 2.5 

*Tenta t ive  assignments a re  given i n  parenthesis.  

The carboxylic.acids present represent 0.8 g ,  of biphenyl, 1.9 g .  of  toluene, 
and 7.2 g. of benzene. 

The 
Table 2.  

weights of the various basic  decarboxylation products are  given i n  

TABLE 2 

Compound Weight, g. 

Phenanthridine 0.2 
Phenylpyridine 4.1 
Quinoline 0.: 
Pyridine preseat - 

The phenanthridine was ident i f ied by means of its u l t rav io le t  spectrum. 

The solvent t h a t  was stripped from the carbon te t rachlor ide solution 
containing the neutral  decarboxylation products contained a t o t a l  o f  75.9 g. 
of benzene, 1.9 g .  of toluene, and 18.9 g. of methylethylketone. 
weight of the residue from t h i s  d i s t i l l a t i o n  was 165 g. 
was vacuum d i s t i l l e d .  

The t o t a l  
A 106.6 g .  portion 

The r e s u l t s  are tabulated i n  Table 3. 

TABLE J 

Fraction Temperature Weight, g.  

1 35"/160 mm. t o  48"/160 mm. 10.60 
2 76"/1.0 mm. t o  97"/0.6 mm. 10.85 
3 87"/0.3 mm. t o  141."/0.6 mm. 15.68 
4 159"/0.7 mm. to 181"/0.6 mm. 20.67 

residue 44.55 
loss 4.2 
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These fract ions were examined by means of a 200" i n l e t  mass spectrometer and 
the r e s u l t s  given i n  Table 4. 
ra ther  than the 106.6 g. actual ly  d i s t i l l e d .  

The weights are based on the  e n t i r e  165 g. 

TABLE' 4 

Component Fract .  1 Fract .  2 Fract .  3 Fract .  4 

a-phenyl naphthalene --- 0.07 0.3  4.1  
Terphenyl --- 0.02 g. 0.05 g. 0.6 g. ~ 

wss 196 --- 0.2 0.2 3.8 
Benzophenane --- 0.3 6.4 6.7 
9-Fluorenone --- --- --- 

6 -7 Phenanthrene --- --- --- 
Biphenylene oxide --- 1.7 12.6 1.5 
Biphenyl --- 6.5 7.9 0.3 
wss 152 --- --- 
Methylnaphthalene --- 0.2 --- --- 
Naphthalene 0.02 g.  7.6 0.9 
C2 benzene 0.05' --- --- --- 
Toluene 0.6 --- ---- --- 
Benzene 0.: 

7 -0  

--- 1. 

--- 

--- --- --- 
This notation indicates benzene subst i tuted with two saturated 
carbon atoms, i .e. ethylbenzene o r  xylene. 

There were also small amounts of masses 198, 146, 154, 122 and 120. The 
residue w a s  about 8 6  non-volatile i n  the mass spectrometer. 
terphenyl,, biphenyl, and masses 204, 202, 196, 182, 180, 178 and 168. 

It contained 

\ Chromato raphy. - An 18.7 g. portion of the fourth f rac t ion  of the above 
tacuum dffs t i l la t ion w a s  chromatographed. A 1-1/8 x 20 inch column packed 
with alumina w a s  used. The material  t o  be chromatographed was applied t o  the 
column from 172 g.  of carbon te t rachlor ide.  A l l  of the mater ia l  with the 
exception of 1.5 g. of a dark-colored tar was soluble.  One hundred m i l l i l i t e r  
f ract ions of the eluate  were taken. The f rac t ions  were evaporated under 
vacuum at  room temperature and the residues weighed. Some representative 
fract ions were examined by means of a mass spectrometer. Some of the fract ions 
were also examined by means of an infrared spectrometer and an u l t r a v i o l e t  
spectrometer. A t o t a l  of 14.01 g. w a s  collected but  it was estimated t h a t  
5.5 g. of t h i s  w a s  res idual  solvent. Therefore qui te  a b i t  of the mater ia l  
t h a t  was original ly  absorbed on the column was l o s t  and judging from the f a c t  
t h a t  the lower molecular weight, more vola t i le  components were considerably 

limation during the removal of the solvent. 
I reduced i n  the fract ions of the eluate ,  it was l o s t  by evaporation or sub- 

The amounts of the various components and the solvents used t o  e lu te  them 
are plot ted as a function of f rac t ion  number i n  Figures 1 and 2.  
last f ract ion,  a small amount of addi t ional  
the alumina from the column with benzene. The posit ion and shape of the 

After the 
material  was obtained by heating 

j 
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Curves i f  very informative about the s t ruc tu re  of t he  components. 
of the components were estimated by graphically in t e rg ra t ing  t h e  a reas  under 
the  curves, and a re  tabulated in  Table 5 .  
20.67 g. r a the r  than the  18.7 g .  ac tua l ly  chromatographed. 

The'amounts 

The weights are based on the  e n t i r e  

TABLE 5 

Component Weight, g. 

4 
\' 
\ 

M ~ S S  258 
Mass 244 
Mass 252 
Terphenyl 
 ass 228 
M ~ S S  218 
a-phenyl naphthalene 
Mass 202 
The lactone of 2-hydroxy-2' - 
biphenylcarboxylic ac id  
&thy1 benzophenone 
Mass 184 
Benzophenone 
9 -F luorenone 
Phenanthrene 

0.12 
0.078 
0.011 
0.48 
0 . 0 3  
0.024 
0.77 
0.19 

2 .o 
0.18 
0-53 
2.6 
2.4 
2.1 

M ~ S S  170 0.004 
Tota l  11.5 g., 

Traces of the  following masses were a l s o  found: 246, 220, 210, 208, and 150. 

Ident i f ica t ion  of Masses 204, 196, 180 and 168. - 
ponents found i n  the previous papers irere ident i f ied  with the  exception of 
mass 204. This mass was t en ta t ive ly  ident i f ied  as phenylnaphthalene. This 
component was concentrated from chromatographic f r ac t ion  number two by 
crys ta l iza t ion  and i t s  mass and infrared spec t ra  compared with t h a t  of an 
authentic sample of a-phenylnaphthalene. 
and so it was concluded t h a t  mass 204 i s  indeed a-phenylnaphthalene. 

A l l  of the  important com- 

The spectra were found t o  be iden t i ca lo  

In  the  present work three new components were found. Mass 196 was 
ident i f ied  as predominately the  lactone of 2-hydroxy-2'-biphenyl carboxylic 
acid by i t s  mass and infrared spectra.  A small portion of mass 196 vas 
ident i f ied  as methylkenzophenone by i t s  mass spectrum and i t s  pos i t ion  i n  the  
eluate (see Fig.  1). 
and biphenylene oxide respectively by t h e i r  mass and inf ra red  spectra.  This 
lactone, 9-fluorenone, 
the same decarboxylation method. 

Mass 180 and mass 168 were ident i f ied  as 9-fluorenone 

and biphenylene oxide were a l l  found by Ente l  using 

. ,  ,. .. 
. - .  .. . ... - ._. -. 
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Tota l  Amount of Nuclei Found. - The t o t a l  amount of the  various nuc le i  can 
be computed by summing up the  components i n  each of the f r ac t ions .  
various carboxylic acids t h a t  were found were calculated as neut ra l  nuclei  
and included i n  t h i s  sum. The nitrogen-containing nuclei  a r e  tabulated i n  
Table 6 and the neut ra l  and ac id ic  nuclei  tabulated i n  Table 7 .  

The 

TABLE 6 

Compound Yield, g./kg. Portion of t o t a l  Portion of t o t a l  

Phenanthridine 0.2 1. 0.04 

nitrogen, $ * nuclei ,  $ 

Phenylpyridine 4 . 1  19. 0.9 
Quinoline 0.3  6. 0.07 

* Sased on 0.3 nitrogen ir, t i e  or ig ina l  ac ids .  
** Based on a t heo re t i ca l  yield of 455 g. of nuclei. per kilogram of 

coa l  acids.  

TABLE 7 

Ccnpound Yield, g/kg. Compound Yield, g./kg. 
Neutral Nuclei 

Mass 258 
Mass 246 
Mass 244 
Mass 252 
Terphenyl (m- and p-) 
Mass 228 
Mass, no 
M ~ S S  218 
 ass 210 (C14~lo02) 
Mass 208 
a - phen y lnaphthale ne 
Mass 202 
Lactone of 2-hydroxy- 
2' -biphenylcarboxylic acid 
Methylbenzophenone 

Acidic Nuclei 

Mass 170 (phenylphenol) 
Cresol 

0.12 
present 
,o. 078 
0.011 
0.82 
0 .  05: 

present 
0.024.. 

present 
present 

4 .5  
0.19 

7.4 
0.18 

1.0 
0.05 

Mass 184 (C14H16) 
Benzophenone 
9 -Fluorenone 
Phenanthrene . 
Biphenylene oxide 
Biphenyl 
Mass 152 
Mass 130 
Methylnaphthalefie 

Naphthalene 
C 2  benzene 
Toluene 
Benzene 

(a- and 8 - )  

\ 
Phenol 

0.53 
15.6 
8.2 
9 -9 
16.6 
19.0 

C.95 
present 

e.17 
10.6 
0.05 
5.8 
85.1 

2.: 

I n  addition t o  these nuclei, 18.9 g .  of methylethylketone w a s  obtained. T h i s  
was doubtless a residue of the  solvent used t o  i so l a t e  the coal ac ids  from 
the or ig ina l  aqueous reaction mixture. 



-7 - 
DISCUSSION 
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By using the thermal decomposition of the copper s a l t s  of the coal  acids 
it has been possible t o  ident i fy  about 2% of  t h e  nitrogen containing nuclei .  
The nitrogen-containing nuclei  probably amount t o  only about 49 of the t o t a l  
nuclei  of the coal acids but  t h e i r  s t ruc tures  a re  important i n  t h a t  they 
provide information about the condition of the nitrogen atoms i n  the or ig ina l  
coal s t ruc ture .  Phenanthridine, phenylpyridine, quinoline, and pyridine have 
been found. Entel  found s imilar  amounts of phenylpyridine, quinoline, and 
pyridine but the more highly condensed s t ructure ,  phenanthridine, has not 
been reported before.  
products demonstrates the presence of nitrogen-containing condensed aromatic 
systems i n  bituminous coal. 

The presence of these compounds i n  the decarboxylation 

I n  the  present work, mass 204 which occurs i n  s ign i f icant  amounts i n  the  
decarboxylation products w a s  def in i te ly  ident i f ied  as  phenylnaphthalene. 
was a l so  possible t o  def in i te ly  ident i fy  methylbenzophenone. 

It 

This decarboxylation method yielded smaller amounts of nuclei  than did 
the copper-quinoline method used i n  our previous papers. This is due t o  a 
l e s s  complete decarboxylation as  evidenced by the re la t ive ly  large amounts 
of carboxylic acids present i n  the  products. 
method yielded great ly  increased amounts of oxygenated nuclei .  The oxygenated 
compounds amounted t o  about 48 per cent of the neutral  nuclei  (excluding 
benzene) where b y  the copper-quinoline method they amounted t o  only 3 per cent.  
Almost twice as much benzophenone was obtained and la rge  amounts of three 
oxygenated nuclei  t h a t  did not occur i n  the products of the other decarboxyl- 
a t ion  method were found. These three nuclei  were the lactone of 2-hydroxy-2'- 
biphenylcarboxylic acid,  9-fluorenone, and biphenylene oxide. With the 
exception of these oxygenated nuclei ,  the  decarboxylation products were 
similar t o  those found previously by the other method. 

I n  addition, t h i s  decarboxylation 
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