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Solutions 3f anthracene and te t racene  i n  a c e t i c  a n k ~ d r i d e  2r.d o the r  
so lvents  i n  the  presence of a i r  and u l t r a -v io l e t  l i g h t  a t  room temper2tux-e 
photo-oxidize t o  t h e  7,lO and j,12 quinones respectivelg.  Gther po lycycl ic  
hydrocarbons such as chrysene, pyrene and ti-iphenylene do not  photo-ofiddize 
under these  conditions. 
but t h e  reac t ion  appears t o  con t ime  pas t  t h e  quinone stage. 
reac t ion  i s  zztalyzed by bass5 anb i s  not i nh ib i t ed  by sodium 5.gdroger. s l i l f i t e  
ind ica t ing  t h a t  the  nechar,ism i s  probably not a f r e e  r a d i c a l  c k i n  reaction. 

!With naphthalene a d  phenanthrene oxidation tckes  p lace  
The photo-oxidation 

Oiscussion 

I n  an inves t iga t ion  now under%-iy i n  t h e  Coal  Zesearch Laboratory in- 
volving t h e  vapor phase acetyiat , ion of various coa ls  wlth a c e t i c  anh7i!?-ide it 
was n0te.i t h a t  with  ce r t a in  coa ls  a vaay slow reac t ion  (w2eks) w a s  s u p r k p s e d  
on t h e  main aeaction (days) so t h a t  a f t e r  a r e l a t i v e l y  rap id  uefgtt  change, ths 
weight of t h e  coa l  sample increased eradual ly  over d period OF :asny ~ i z k s .  Ss 
t h e  x i n  reac t ion  ,carA be a s s u e d  t o  be t h e  ace t z l a t ion  of t h a  hj-2ro;cg.l 2nd t r a c e s  
of amino-groups present i n  t h e  coa l  it became nacessary to c..r_aider t h e  possi-  
b i l i t j r  t h a t  gaseous a c e t i c  anhydride vas r eac t ing  l i r e c t l y  i r i t h  ?,ydroc~-bor, 
s t ruc tu res  present i n  tile coal. 

The ace ty la t ion  o f  coa l  i s  being ca r r i ed  out usin; an adzorption t s i  
apparatus. 
Eikr spr ing  balances. 
pressure of a c e t i c  anhydride being fiked a t  unitg. The vary s i o x  r eac t i sn  i s  
p a r t i c u l a r l y  noticaabie -"hen snali  amounts ol oq~;5er. a r e  ; j~ese ; i t  so  tha t  xost 
expe;irrimts have h e n  irtade with 5 i i ~ .  o f  oxygei; gas present in ti,e sys t ax .  
these  conditioris t h i  c o d  sample i s  pi-esezt is larg: sxcess r s l e t i v e  ,to tiie 
a k e t i c  anhydride. 
present. 
which would r w c t  -hth nix tures  of s?catic arkydride and a c e t i c  acid a se-les o f  
e q e r i a e n t s  using szrious polycyclic h;rdrocarbcnj L v - s  been X&E ii? ;Xck ti!e 
e:qeaixental csnditions a p p r o x i ~ ~ ~ a t e  those u t i l i z e d  in the -,rork 0% coal. 

The colirse of tile acetjriafioa 1s followed d i r e c t l y  b7 use o f  I:c&;n- 
ill a-qeriments a r e  being nade a: L5"C. ~ 5 t h  t h a  r e i i t i v e  

U n d m  

i?cetic ac id  i-asulting fi-GX the zce tyh t io r?  process is &so 
I n  i n  atternct t o  dc t emine  ti?o type o r  +,;yes 0:' hj5iwcarcsn s t ruc tu res  

If a sa tura ted  so lu t ion  of .ziit,hracene i;i a c a t i c  aiiny2ride i s  allo-JTed 
t o  stand i n  a m e s  f l a s k ,  loosely sts?pa:eci so thLt z i r  I?SS access to t h e  f lask,  
and e.ypsed 'io l i g h t  t he re  appears i. ligl-.: t an ,  c;-:rstzliina p r a a i 3 i t a t s  TLiick an 
i s o l a t i o n  proved t o  be anthraccr.a-9,lC-qui.no;le. !,lo other  product. i n  appreciablz 
anounts could be i s o l a t a l  froin tip? reacttoil  riiYc!F? except s t a r t i n g  ziatarial .  
t h e  reactioil  invokriag 3nthracer.e progresses thc  solutioii  becomes l i g h t  y s l i ~ ~  
i n  coior. 
coloring niaterial  i s  present i n  such small amourits t h a t  it can not be i so l a t ed  

:':.s 

. .. y~, r th  o ther  hydrocarbzns the so lu t ion  becoz.es d.rzply colorad.  ;he 
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and might w e l l  be due t o  traces of impur i t ies  present  i n  t h e  s t a r t i n g  material. 
I. sys temat ic  i nves t iga t ion  of t h i s  r eac t ion  w a s  undertaken t o  de te rn ine  t h e  con- 
d i t i o n s  under which it takes  place. 

Z f f e c t  of oqgen:  
placed i n  smalli’yrex tubes,  evacuated, and sealed.  The tubes are then exposed 
t o  sunligli: and t o  t h e  r a d i a t i o n  from a 36DL f luorascent  lamp. 
months exposure a t  rooirl temperature t o  the  .altra-violet  r ad ia t ion  t h e  so lu t ions  
remained colorless.  
t i o n  ?roved t o  b e  t he  photo-dirrer o f  anthracene. 
owgen  from t h e  air is t h e  oxid iz ing  agent far anthraquinone formation. 

Sa tura ted  so lu t ions  of anthracene i n  a c e t i c  anhydride a r e  -- 
After seve ra l  

4 w h i t e  c r y s t a l l i n e  product which p rec ip i t a t ed  from t h e  solu- 
These e x p e r h e n t s  ind icase  t h a t  

-- E f f e c t  of u: Solu t ions  o f  anthracene i n  acetic’aanhydri.de sa tura ted  with a i r  
and kept i n  the  dark  a t  room temperature f o r  s eve ra l  mont!is r m a i n  co lo r l e s s  and 
no quinone (negative vat t e s t )  i s  present. 
anhydride was refluxed th ree  weeks under conditions where l i t t l e  l i g h t  reached 
t h e  system. The so lu t ion  becomes red  in color  blit no quinone i s  present. After 
cooling t h e  mixture w a s  exposed t o  the r ad ia t ion  from a 3603L lamp. After severa l  
weeks anthracene-9,lO-quinone p rec ip i t a t ed  and the  red co lor  gradual ly  disappeared. 
Thess experiments i nd ica t e  t h a t  t h e  aark  r eac t ion  is  very  slow. 
co lo r  i s  not known. 

:i so lu t ion  of a?ttrracene i n  a c e t i c  

The cause of t he  

-- E f f e c t  of temperature and l l p h t  i n t ens i tx :  
kept a t  room temperature a2pearsd t o  r e a c t  slower than  sanples exposed t o  sunlight 
and kept outdoors during t h e  win ter  zonths. 
?hoto-oxidation, as one would expect, must be s m a l l .  
much higher i n t e n s i t i e s  t han  t h e  r ad ia t ion  from l a m p  it seems l i k e l y  t h a t  t h e  
rate o f  t h e  r eac t ion  inc reases  with increas ing  i n t e n s i t y  of inc ident  l i gh t .  

From q u a l i t a t i v e  experiments samples 

The temperature coe f f i c i en t  of t h e  
Since sunl ight  represents  

Catalysts: 
i s  increased  by t h e  add i t ion  of  bases t o  t h e  a c e t i c  anhydride solution. 
c a t a l y s t s  are the sodium o r  potassium salts o f  organic  ac ids  such as formic, 
a c e t i c ,  ph tha l ic ,  and benzoic ac ids  and pyridine bases such as pyridine, quino- 
l ine,  and acr id ine .  

It has been found t h a t  t h e  rate o f  anthracene-9,lC-quinone formation 
Sui tab le  

I n h i b i t o r s :  
wi th  a c e t i c  anhydride. 
a c e t i c  anhydride so lu t ions  appear t o  have l i t t l e  o r  no e f f e c t  upon the  r a t e  of 
quinone fornation. It i s  the re fo re  unl ike ly  tha t  t h e  photo-oddation reac t ion  
i s  a chain reaction. 

Kost of t h e  common organic i n h i b i t o r s  would be expected t o  r eac t  
Smal l  amounts of sodium hydrogen sulf i te  edded t o  the  

Types o f  hydrocarbons: 
naphthalene, anthracene, phenanthrene, tetracene, pyrene, chryseria, and tri- 
phenylene. 
quinone and tetracene-5,12-quinone. 

The following polycyclic hydrocarbons have been employed: 

!.Jith anthracene and te t racene  t h e  on ly  products are anthracene-9,lC- 
It has been previously reported (1) t h a t  

1. C. Dufraisse and 3. l iorclois,  aull.  SOC. C h i m .  France (5) 3 ,  18G3 (1936) 

t e t r acene  i n  xylene so lu t ion  photo-oxidizes t o  the  5.12 quinone. 
sene and triphenylene gave no appreciable anount o f  any r eac t ion  product although 
t h e  so lu t ions  became colored. 
r eac t ion  products which have not been completely characterized. 
a c e t i c  anhydride of phenanthrena-9,lO-quinone are no t  s t a b l e  i n  t h e  presence of 
oxygen and u l t r a -v io l e t  l i g h t  bu t  apparently undergo fu r the r  oxidation. On t h e  
o t h e r  hand sa tura ted  so lu t iqns  of anthracene-9,lO-quinone i n  a c e t i c  anhydride 
have been exposed t o  t h e  r ad ia t ion  from t h e  360X lamp f o r  several. months and 
no r eac t ion  has been noticed. The u l t r a v i o l e t  a b s o q t i o n  s p e c t r i  of naphtha- 
lene and phenanthrene begins r a t h e r  far i n  t h e  u l t ra -v io le t  region (2) where t h e  

Pyrene, chry- 

Naphthalene and phenanthrene gave a mixture of 
Solutions i n  - 



2. “1. Clar, Aromatische Kohle~iwasserstof fe ,  Springer,  S e r l i n  1952, pagss 131 

absorption by Pyrex i s  appreciable and where t h e  i n t e n s i t y  o f  such r a d i a t i o n  from 
the  360EL lamp i s  low. 
w i l l  need t o  be inves t iga ted  i n  quar tz  f l a s k s  with lower wave l eng th  rad ia t ion .  

Solvents: The photo-oxidation of anthracene proceeds in t h e  follo-drrg solvents:  
a c e t i c  anhydrids, a c e t i c  ac id ,  mixbui-ss o f  a c e t i c  a c i d  a n t  anhydritie, cerhon di-  
su l f ide ,  methanol, pyridine,  quinoline, and Jimethjlformamide. The forna t ion  o f  
anthracene-9,lO-quinone was provsn by i t s  i s o l a t i o n  in a l l  c i s e s  except divethyl- 
formamide. 
sodium hydrosul f i te  as t h e  reducing agenl. The forna t ion  of antk.racene-9,lG- 
quinone i s  very slow i n  benzene and cyclohexane a s  ind i sa t ed  by t h e  va t  t e s t .  
It has been shown (3) t h a t  t he  photo-oxidation of dnthracene i n  cerbon d i s u l f i d e  

9. C. Dufraisse and E. Gerard. B u l l .  3oc. C h b .  France L,, 2052 (1937) 

so lu t ion  leads  t o  t h e  formation of  a photo-oxide. 
few so lvents  which i n h i b i t s  t h e  formation of t h e  photo-dimer of anthrscene. 
cording t o  H. E. Ocamp ( e ) ,  t he  photo-oxidation of anthracene in nitrobenzene 

4. H. E. Ocanipo, C. A .  40, 6458 (1945) 

so lu t ion  g ives  anthra~ene-9~10-quinone. 

Kechanism: 
has been made by E. J. Bowen and h i s  co l l abora t s r s  ( 5 ) .  

The photo-oxidation r eac t ions  f o r  t h e  two hjarocarbons 

For this solvent a pos i t i ve  va t  tes t  f o r  quinone was obtained using 

Carbon d i s u l f i d e  i s  one of t h e  
Xc- 

_ _  

The most recent i nves t iga t ion  of t h e  photo-oxidLtion o f  anth-acene 
Thei r  work has done 

5. 4. J. 905ren e t  al., Trans. Faraday SOC., Discussions 2, 143, l46 (1953); 
Trans. Faraday SOC., 51, 475 (19.55) 

pr imar i ly  i n  benzene so lu t ion  although solvent mixtures were also used. 
t o  Bower t h e  i r r a d i a t i o n  o f  benzene so lu t ions  of anthracene sa tu ra t ed  d t h  oxygen 
gives the  following reactions:  1. Pormaticn o f  the  photo-dimer, 2. ?o,mation o f  
t h e  photo-oxide, and 3. 3eac t ion  with ce r t a in  adckd so lvents  sach as CSlk. C u r  
work ind ica t e s  t h a t  with long exposure t h e s  the re  i s  a four th  poss ib i l i t y ,  t he  
formation of the  quinone. 
ments a-d q u i t e  d i f f s r en t .  
has been ind ica ted  i n h i b i t s  quinone formation, used high light i n t e n s i t i e s ,  used 
shor t e r  times of r ad ia t ion  (hours r e l a t i v e  t o  days), used higher o-xygen pressures,  
and used d i l u t e  so lu t ions  of anthracene. 3owen pos tu la ted  tha t  t h e  forrnation o f  
t he  photo-oxide of anthracene i s  a non-chain process. .From t h e  r e s u l t s  with 
sodium hflrogan sulf i te  it is believed t h a t  quinone forrnation i s  a non-chain 
process. I n  the  work described here t h e  photo-dimer w a s  not de tec ted  i n  t h e  
photo-oxidation reaction. 
s t a t e  ind ica t ing  t h a t  t h e  reverse reaction, d i s soc ia t ion  of t he  d h e r  i n t o  anthra- 
cene, has a f i n i t e  ve loc i ty  constant, a t  room temperature. 
posure times used i n  this work any photo-dimer could be eventua l ly  converted 
completely i n t o  tha  quinone. 

Lczordiig 

The exper inenta l  conditions Cor t h e  two s e t s  of  axperi- 
Eowan used benzene as h i s  prbkary solvent ~ h i c l ?  2s 

The pnoto-dimer i s  known t o  show B photo-stationary 

During t h e  long ex- 

Experimental 

Apparatus: 
r ad ia t ion  from a 360BL fluorescent lamp. 
transmission cha rac t e r i s t i c s  o f  ?y-rex glass and t h e  d i s t r i b u t i o n  o f  r ad ia t i cn  fron 
the  360% lamp have been pi?hlished by L. R. Koller (6). 

6. L. 2. Koller, Ul t rav io le t  iladiation, J o h  X l e y  a d  Sons, Inc., Xew Pork, 1952, 

The expsriments described here were mads Li Pyrex f l a s k s  using the  
A fesr experiments used sunl ight .  The 

The r ad ie t ion  of this 

pages 68 and 147. 
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lamp i s  i n  tbe reg ion  32GO-l+l+OO i and peaks at 36OG i. 
around 3009 A. 
3000-4000 A although with t h e  long  per iods of exposure used appreciable aqounts 
of s h o r t e r  wavelength r a d i a t i o n  might have passed through t h e  solut ions.  

Chemicals: 
and were o r i g i n a l l y  from American and foreign manufacturers. 
white fluorescence) - iks an Esstnan product and was used without f u r t h e r  purif ica-  
t ion .  A l l  o ther  hydrocarbons were r e c r y s t a l l i z e d  a t  l e a s t  once and i n  some cases 
two o r  th ree  times. Recrys ta l l iza t ions  were continued a n t i 1  the a e l t i n g  point of 
a given hydrocarbon ,vas l e s s  than  one degree from t h e  inelting point  c i t e d  by E. 
Clar (2)  for  this hydrocarbon. A l l  solvents  were f r e s h l y  d i s t i l l e d  before use. 

Procedure: 
carbon i n  the  des i red  so lvent  and place it i n  a Pyrex f lask ,  loose ly  stop?ered 
L t h  an  aluminun: f c i l  covered cork so t h a t  air had access t o  t h e  solut ion.  The 
f l a s k  was thcn placed one foot  from the  360% lamp. 
a t  room tzniperatme. A t  times s m a l l  port ions of  the  so lu t ion  were withdrawn and 
addad t o  an a l k a l i n e  aqueous so lu t ion  of sodium hydrosulf i te .  
then heated and t h e  co lor  changes observed. After exposure t o  t h e  radiat ior i  for  
u s u a l l y  a period of a week or more, the  f l a s k  was pl lced i n  a water bath and the 
solvent  eudpozated under vacuum with a water I s p i r a t o r .  
v o l a t i l i t y  t h e  water bath w a s  warmed t o  about 50°C. 
with water t o  remove c a t a l y s t ,  i f  t h e  salt of an organic acid was used, and then 
dissolved i n  methanol o r  some o ther  s u i t a b l e  soivent  such as benzene. The product 
was  r ec rys t aXized  a t  l e a s t  twice i n  all cases. 
a s  7 4  of t h e o r e t i c a l  2nd depended mainly on the  time of exposure and t h e  inten- 
s i t y  of the  l i g h t  source. 
exposure times. 

Pyrex g l a s s  cuts off  
It i s  probable t h a t  t h e  e f f e c t i v e  r a d i a t i o n  i s  i n  t h e  region 

The hydrocarbons used were i n  s tock a t  t h e  Coal Research Laboratory 
Anthracene (blue- 

The gensra l  procedure was t o  mke a ss tura ted  so lu t ion  of t h e  hydro- 

The contents of  the  f l a s k  were 

Tha mixture W ~ S  

iilith solvents  of lower 
The s o l i d  res idue was washed 

Yields of product were as high 

Sunl ight  always gave t h e  higher y i e l d s  for equal 

The product from t h e  anthracene oxidat ion melted a t  287-289"C. which 

A mixture of au thent ic  sample and reac t ion  product gave the  same melting 
was  i d e n t i c a l  wiGh t h e  melting point  of m authent ic  sample of anthracene-9,lO- 
quinone. 
po iz t ,  287-289O. 
cene, benzanthrone (1,9-10) w a s  prepared by reac t ing  t h e  product with glycerol  i n  
92-935 s u l f u i c  acid-water  so lu t ion  using i r o n  powder as the  reducing agent and 
a reac t ion  temperature cf 118 t o  120°C. After  one h o w  heat iaq t h e  reac t ion  m i x -  
ture was poured i n  water, p r e c i p i t a t e d  s o l i d  recovered and r e c r y s t a l l i z e d  from 
methanol. The a u r i f i e d  benzanthrone was br ight  yellow, melted a t  167-169O, gave 
an orange colored s o h t i o n  i n  s u l f u r i c  ac id  which shows a br ight  r e d e r a n g e  
fluorescence.  
by J. Xouben (7), NhO lists 170" as being the  melting point of t h i s  compound. 

7. J. Houben, 3as Antiracen mil Die Anthrachinone, G. Thrime, Leipzig, 1920, 

Using t h e  r e e c t i c n  product f r o m  t h e  photo-oxidation o f  anthra- 

These p r o p e r t i e s  agree with t h e  propert ies  of benzan:hrone c i ted  

page 575. 

For t e t racene  t h e  reac t ion  product from a c e t i c  anhydride so lu t ion  vas 
The reac t ion  product compared - d t h  the  r e a c t i o n  product u s i n g  xylene solution. 

from the  photo-oxidation of te t racene  i n  xylene has been i d e n t i f i e d  as tetracene- 
5 , U - q m o n e  (1). The reac t ion  product f ron  a c e t i c  anhyckide had a melting po in t  
of 293-295" and t h a t  from xylene had a melting point 01 296297". 
po in t  f o r  a mixture of  t h e  two products was found t o  be 295-296". 

so lu t ion  i n  a c e t i c  anhydride which had been placed i n  an evacuated and sealed 
tube gave a melting point  of 245-250"C. 

The melting 

The r e a c t i o n  product which prec ip i ta ted  by rad ia t ion  of an anthracene 

J. Houben (8) l i s t s  f o r  the  photo-dimer 
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8. J. Houbent loc. c i i . ,  page 135 

of anthracene tile melting poin ts ,  242-2&4", 2&", 272-274", and 27G-260". The 
wide va r i a t ion  i s  d t t r ibu ted  t o  t h e  f a c t  t h a t  3n heating, t h e  photo-diner dis-  
soc i a t e s  slowly i n t o  anthracene and t h e  melting point obtainad depends on t h e  r a t e  
of heating. Tha sample on being allowed t o  cool and reheated gave a melting point 
of 208". This behavior t sge the r  with t h e  w h i t e  co lor  and t h e  lack  of fluorescence 
by t h e  so l id ,  can be considered as evidence t h a t  :he r eac t ion  product obtained in 
t he  absence of O2 i s  t i e  photo-diaer of aithracene. 

\ 


