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DR. ALFRED BADER ESTABLISHED 1g 61 

September 21, 1994 

Mr. Edward Minieka 

1120 Lake Shore Drive 

Chicago, Illinois 60611 1042 

Dear Mr. Minieka: 

I am sorry that a great deal of work has delayed my visiting Chicago. I am just completing a 
24-chapter autobiography which has kept my wife and me busy around the clock. 

Thank you for sending me the snapshot of that painting which originally came from the R. S. 

Johnson International Galleries, Chicago. 

That gallery, I thought, has a pretty good reputation, particularly for etchings, but this work is 

a rather bad copy after an original by Willem van Mieris. 

Naturally I plan to visit you when next in Chicago and hope you might have some better 

paintings for me. 

Sincerely, 

Enclosure 

By Appointment Only 

ASTOR HOTEL SUITE 622 
924 EAST JUNEAU AVENUE 

MILWAUKEE WISCONSIN USA $3202 

TEL {14 277-0770 FAX 414 277-0709 









TELEPHONE AND FACSIMILE: 

(312) 664-1573 

INTERNET U09386@UIC.EDU 

1120 LAKE SHORE DRIVE 

CHICAGO, ILLINOIS 60611-1042 

EDWARD MINIEKA 

AUGUSTE 1394 

Dr. Alfred Bader 

Suite 622 Astor Hotel 

924 East Juneau Avenue 

Milwaukee, WI 53202 

Dear Dr. Bader: 

Perhaps this Jate 17th century Dutch gentiemarn 
holding a glass might be of interest to you or one of 
your clients. He is oil on panel in an ebony frame. 
Condition Gis very goods | There is no: signature but it 
looks liked the artist was someone in the circle of Franz 
van Mieris. The painting originally came from R.S. 
Johnson International Galleries, Chicago. The sight size 
LON 601s) 2uaeye Se 17 2. 

s you know, I deal mainly in 
English art an antiques and don’t really have a 
clientele for this little picture. 

Please feel free to call if you have any questions. 

Sincerely, 

O 
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DR. ALFRED BADER ESTABLISHED QO | 

April 22, 1993 

Mrs. Anita Kolman 

6101 North Sheridan Road, 11A 

Chicago, Illinois 60660 

Dear Mrs. Kolman: 

It isn’t every day, or even every year, that someone gives me a fine painting, and I want to 

thank you most sincerely for your gift, and particularly for your letter. 

You have now given me a great deal of pleasure three times. 

The first time was when I was able to get Professor Sumowski to write in his book that your 

Backer is one of the finest works by that artist which he knows. 

The second time was when you made it possible for me to give the funds to Queen’s University 
so that Queen’s could buy that beautiful painting for its university art gallery. 

An now the third time, with you kind letter and thoughtful gift. 

I hope that when Isabel and I go to Chicago again, probably in August, you will allow us to visit 

with you to thank you personally. 

All good wishes. 

Sincerely, 

By Appointment Only 

USTOR HOTEL SUITS O22 

924 EAST JUNEAU AVENUE 

MILWAUKEE WISCONSIN USA 53202 

TR ff 277-0730 FAX 414 277-0700 





emer A. KOOL MAN 
ETO Slot N. Shericles a 

CHICAGO, Aap DOT era: be é bo eves 

agri 71> 0 Yys 
my deares! Dv. Baides pril 2th 93 

Peay accept this painting as 0 gift & you fu at 
as efforts ih pny, arian i) 

| rew ’ 

Onda uct ties yeors a5 eter casa setae 

Welt , 

There 1% on sapressi en ith Aralese whick [ heard 

| nas Peat V% 9A at heme 1 

Alle Yt- Taa-ge aaa la” : Men God return her 

| ae 

sense her fy 290W KK her braine. 

my mother died in Israc) 3 he aye and I have 
just veturned from the 

Rachaps this 16 He sort « motes $ iw \fe Hof hale on 
Aif uses wrong hurt fe sings! Om d help ym see 



é 

: 

. as 7 et 

a has # 2 
dane 

“oe 

2 2's) Stes ~ 
y 

te tue i 

3 

4 

j S ho Me : 
: ; , 

. 

Le + ™% 
qa A I 

¢ Va ‘ @ 

aie 2 
was 

s sf A ~ 4a i Me 

+ oD, ats ran Pa ~ < 

cy 

ime 

a 
. & ae ri Si Desi 

“i se w, 
wr > 

‘ 
ao i ve & a 

¥ , 4 y er wh % ot Bie Fe 

ed x a ie ist ‘ j . Po 

a7 te & % Pe > eS * ¢ 3 fi 4% € er 2% 
oi, meee ae yh Bak aa BL 

‘ge: 

4 
; 2 

: 

rf 
: 

, 
WA 

a 
a 
re 



Dr. Alfred Bader 

2961 North Shepard Avenue 

Milwaukee, Wisconsin 53211 

February 3, 1993 

Professor D. F. Shriver 

Morrison Professor and Chair 

Department of Chemistry 
Northwestern University 

2145 Sheridan Road 

Evanston, Illinois 60208 3113 

Dear Professor Shriver: 

In response to your letter of January 25th, Isabel and I would love to come and be 
with you some afternoon, but unfortunately, February 26th and March 11th are filled. 

Would any day the week of March 15th be convenient? 

A summary of my talk on Loschmidt is enclosed. 

Naturally, I hope to have a chance to visit also with Professors Hurd and Basolo. 

Best regards. 

Sincerely, 

Enclosure 





NORTHWESTERN UNIVERSITY 

Department of Chemistry 

2145 Sheridan Road 

Evanston, Illinois 60208-3113 

G3 49/]-2 94) 

Vanvic sya 5 ees 

Dr. Alfred Bader 

2961 N Shepard Ave. 
Milwaukee, WI 53211 

Dear Dr. Bader: 

THiS 1S%a, reply to your letter of Octobér 27 in which you ralsed 
the possibility of a lecture on Josef Loschmidt. This would be an 
interesting addition to the department-wide-cotbequium series. We 
currently have openings on February 26 @nd March 11. Please give me 
a call if either of these fit tyour seheduleés There should be 
openings later in the year if the above dates are }nconvenient. You 

also kindly mentioned the possibility of support £Ox, the Basolo and 
Hurd lectures; we can discuss that when your visit. 

Sincerely, 

ve \J ig Ne -<] 4 i ( 4 | es 

as > \ mE ism fa 
iD), 12, Slawesinzeie 

Morrison Professor and Chair 

COLLEGE OF ARTS AND SCIENCES 





Dr. Alfred Bader 

2961 North Shepard Avenue 

Milwaukee, Wisconsin 53211 

September 14, 1992 

Dr. Michael T. Flavin 
President 
MediChem Research, Inc. 

Chicago Technology Park 
2201 W. Campbell Park Drive 

Chicago, Illinois 60612 

Dear Dr. Flavin: 

Thank you so much for your thoughtful letter of August 10. 

I would like to meet you and look at your operation, but I visit Chicago less often 
than London or Ottawa. Could you, however, please send me a map showing how 

to get to your laboratories, and I will contact you before my next trip to Chicago. 

Keep in mind that the distance from Milwaukee to Chicago is the same as that from 

Chicago to Milwaukee, and should business bring you to Milwaukee I will be happy 
to welcome you here. 

Sincerely, 

\ 
anes 

/ ee" 



MediChem Research, Inc. 
Chicago Technology Park 

2201 W. Campbell Park Drive 
Chicago, Illinois 60612 

(312) 226-7731 
August 10, 1992 

Dr. Alfred Bader 

Chairman Emeritus 
Sigma-Aldrich Corporation 
940 W. Saint Paul Avenue 
Milwaukee, WI 53233 

Thank you for allowing me the opportunity to introduce my 
company to you. MediChem Research, Inc. is a contract 
research and development company that specializes in the 
synthesis of biologically active molecules. 

Since our start in 1987, we have relied upon Aldrich 
Chemical Company as our primary supplier of chemicals. My 
company began as a two-person operation in a 400 square foot 
laboratory. Since that time we have grown to a current 
staff of thirteen, ineluding three Ph.D.’s; sand) cecupy 
research facilities totaling 8,200 square feet. 

As president of MediChem Research, I have always admired you 
and your company, Dr. Bader. Your innovative approach and 
strong strategic planning would be an asset to a successful 
developing company such as our own. 

Dr. Bader, I would like to take this opportunity to invite 
you to visit our laboratories. I know you will find the 
activity, innovation and entreprenuerial spirit of MediChem 
Research refreshing. Won’t you join us for lunch and a tour 
Of clip @iacruicy: 

Please feel free to contact me at (312)226-7731 to set up a 

convenient meeting time. I look forward to speaking with 
you soon. 

Very truly yours, 

Michael T. Flavin, Ph.D. 
President 
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eM

io
 

@
©
@
 





f
o
u
n
d
 

t
o
g
e
t
h
e
r
 

in 
air, 

w
a
t
e
r
 

or 
soil 

s
a
m
p
l
e
s
.
 

On 
the 

o
t
h
e
r
 

h
a
n
d
 

this 

has 
c
r
e
a
t
e
d
 

the 
s
i
t
u
a
t
i
o
n
 

that 
c
h
a
r
a
c
t
e
r
i
s
a
t
i
o
n
 

of 
c
o
m
b
u
s
t
i
o
n
 

e
m
i
t
t
a
n
t
s
 

is 
s
o
m
e
t
i
m
e
s
 

f
o
c
u
s
s
e
d
 

on 
the 

EPA 
s
e
r
i
e
s
!
’
 

For 
e
x
a
m
p
l
e
,
 

at 
a 

g
l
a
n
c
e
 

in 
the 

C
h
e
m
i
c
a
l
 

A
b
s
t
r
a
c
t
s
 

c
o
l
l
e
c
t
i
v
e
 

s
u
b
j
e
c
t
 

i
n
d
e
x
 

1
9
8
2
-
1
9
8
7
,
 

a
r
o
u
n
d
 

t
h
o
u
s
e
n
d
 

r
e
f
e
r
e
n
c
e
s
 

of 
this 

kind 
are 

found 
for 

b
e
n
z
o
l
(
k
)
f
l
u
o
r
a
n
t
h
e
n
e
 

(12) 
alone. 

It 
r
e
m
a
i
n
s
 

a 
c
h
a
l
l
e
n
g
e
 

to 
f
o
r
m
u
l
a
t
e
 

a 
PAH 

s
e
q
u
e
n
c
e
,
 

that 
is 

t
y
p
i
c
a
l
 

of 
c
o
m
b
u
s
t
i
o
n
.
 

Such 
a 

list 
could 

include 
some 

t
r
a
n
s
i
e
n
t
 

key 
c
o
m
p
o
u
n
d
s
,
 

t
h
a
t
 

are 
i
n
v
o
l
v
e
d
 

in 
f
u
r
t
h
e
r
 

c
o
n
d
e
n
s
a
t
i
o
n
s
 

d
u
r
i
n
g
 

s
o
o
t
 

f
o
r
m
a
t
i
o
n
 

(see 

b
e
l
o
w
)
.
 

Some 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
 

c
o
m
b
u
s
t
i
o
n
 

PAH, 
e.g. 

c
y
c
l
o
p
e
n
t
a
-
P
A
H
,
 

for 

e
x
a
m
p
l
e
 

a
c
e
a
n
t
h
r
y
l
e
n
e
,
 

(17) 
and 

a
c
e
p
h
e
n
a
n
t
h
r
y
l
e
n
e
,
 

(
a
n
o
,
 

o
e
 

or 

p
y
r
a
c
y
c
l
e
n
e
,
 

(
1
9
9
2
9
,
 

may 
d
e
g
r
a
d
e
 

on 
e
x
p
o
s
u
r
e
 

to 
s
u
n
s
h
i
n
e
 

or 
soil 

c
o
n
d
i
t
i
o
n
s
 

and 
not 

be 
found 

after 
some 

time. 
In 

former 
days 

p
e
o
p
l
e
 

u
t
i
l
i
z
e
d
 
t
h
e
 
soot 

from 
their 

chimneys 
to 

disinfect 
their 

garden 
mould. 

More 
h
a
r
m
f
u
l
 

r
e
s
i
d
u
e
s
 

from 
the 

past, 
are 

left 
with 

the 
the 

PAH 
rich 

c
o
a
l
 

t
a
r
 
d
e
p
o
s
i
t
s
,
 

u
s
u
a
l
y
 

in 
u
n
l
i
n
e
d
 

p
i
t
s
,
 

on 
the 

g
r
o
u
n
d
s
 

of 
c
o
a
l
 

g
a
s
i
f
i
c
a
t
i
o
n
 

p
l
a
n
t
s
,
 

t
h
a
t
 

w
e
r
e
 

w
i
d
e
l
y
 

o
p
e
r
a
t
e
d
 

u
n
t
i
l
 

w
o
r
l
d
 

war 
II, 

for 

20 

h
o
u
s
e
h
o
l
d
 

a
n
d
 
i
n
d
u
s
t
r
i
a
l
 

use“ 
. 

On 
the 

o
t
h
e
r
 

h
a
n
d
 

PAH 
o
c
c
u
r
 

n
a
t
u
r
a
l
l
y
 

in 
f
o
s
s
i
l
 

f
u
e
l
s
,
 

b
o
t
h
 

c
o
a
l
 

a
n
d
 
P
e
t
r
o
l
e
u
m
 

T
h
e
 
u
l
t
i
m
a
t
e
 

c
o
n
c
l
u
s
i
o
n
 

from 
the 

e
n
o
r
m
o
u
s
 

n
u
m
b
e
r
s
 

of 
a
r
t
i
c
l
e
s
 

s
p
o
t
t
i
n
g
 

PAH, 
is 

that 
c
o
m
b
u
s
t
i
o
n
,
 

no 
m
a
t
t
e
r
 

w
h
a
t
 
c
a
r
b
o
n
 

and 
h
y
d
r
o
g
e
n
 

c
o
n
t
a
i
n
i
n
g
 

fuel 
is 

b
u
r
n
e
d
’
,
 

i
n
v
a
r
i
a
b
l
y
 

p
r
o
d
u
c
e
s
 

PAH 
and 

soot 
from 

the 

g
e
n
o
t
o
x
i
c
 

v
a
r
i
e
t
y
.
 

S
i
n
c
e
 

b
u
r
n
i
n
g
 

of 
fuel 

and 
o
r
g
a
n
i
c
 
m
a
t
t
e
r
 

o
c
c
u
r
s
 

on 

an 
ever 

l
a
r
g
e
r
 

scale 
and 

many 
PAH 

are 
b
i
o
l
o
g
i
c
a
l
l
y
 

r
a
t
h
e
r
 

p
e
r
s
i
s
t
e
n
t
,
 

t
h
e
y
 
h
a
v
e
 
b
e
c
o
m
e
 

u
b
i
q
u
i
t
i
o
u
s
 

in 
the 

e
n
v
i
r
o
n
m
e
n
t
.
 

a 
he_ 

art: 

The 
a
d
v
a
n
c
e
s
 

in 
PAH 

c
h
e
m
i
s
t
r
y
 

e
q
u
a
l
l
y
 

i
n
s
p
i
r
e
d
 

the 
f
o
r
m
u
l
a
t
i
o
n
 

of 

22 

the 
a
r
o
m
a
t
i
c
i
t
y
 

c
o
n
c
e
p
t
 

in 
o
r
g
a
n
i
c
 

c
h
e
m
i
s
t
r
y
 

, 
and 

the 
d
e
v
e
l
o
p
m
e
n
t
 

of 

the 
c
h
e
m
i
c
a
l
-
 

and 
the 

p
e
t
r
o
l
e
u
m
 

i
n
d
u
s
t
r
y
,
 

s
t
a
r
t
i
n
g
 

w
i
t
h
 

the 

2
3
"
 
P
r
e
s
e
n
t
l
y
 
a
r
o
m
a
t
i
c
s
 

and 
t
h
e
i
r
 23. 

m
a
n
u
f
a
c
t
u
r
i
n
g
 

of 
dyes 

from 
coal 

tar 

d
e
r
i
v
a
t
i
v
e
s
 

c
o
m
p
r
i
s
e
 

a
b
o
u
t
 

one 
third 

of 
the 

o
r
g
a
n
i
c
 
b
u
l
k
c
h
e
m
i
c
a
l
s
 

An 
o
v
e
r
v
i
e
w
 

of 
the 

p
h
a
s
e
s
,
 

r
o
u
g
h
l
y
 
m
a
r
k
i
n
g
 

the 
long 

and 
f
a
c
i
n
a
t
i
n
g
 

h
i
s
t
o
r
y
 

of 
the 

c
h
e
m
i
s
t
r
y
 

of 
PAH, 

is 
g
i
v
e
n
 

in 
T
a
b
l
e
 

2. 

TABLE 
2: 

H
I
S
T
O
R
I
C
 

P
E
R
I
O
D
S
 

M
A
R
K
I
N
G
 

PAH 
C
H
E
M
I
S
T
R
Y
.
 5 

p
r
o
d
u
c
e
d
 

t
h
e
 

a
r
o
m
a
t
i
c
s
,
 

f
o
u
n
d
i
n
g
 

K
é
k
u
l
é
'
s
 

s
t
r
u
c
t
u
r
e
 

t
h
e
o
r
y
"
.
 

Coal 
tar 

w
o
r
k
 

up 
a
n
d
 
p
y
r
o
l
y
s
i
s
 

r
e
a
c
t
i
o
n
s
 

Based 
on 

this 
e
a
r
l
y
 

work, 
the 

p
e
t
r
o
l
e
u
m
 

i
n
d
u
s
t
r
y
 

has 
o
p
t
i
m
i
s
e
d
 

the 
coal 

tar 
w
o
r
k
 

over 
the 

years, 
as 

the 
t
e
c
h
n
o
l
o
g
y
 

b
a
s
i
s
 

for 
a 

large 
r
a
n
g
e
 

of 
a
r
o
m
a
t
i
c
 

i
n
t
e
r
m
e
d
i
a
t
e
s
”
°
.
 

PAH 
were 

i
m
p
l
i
c
a
t
e
d
 

as 
the 

m
o
s
t
 

i
m
p
o
r
t
a
n
t
 

class 
of 

m
u
t
a
g
e
n
s
,
 

i
n
i
t
i
a
t
i
n
g
 

s
t
r
u
c
t
u
r
e
-
a
c
t
i
v
i
t
y
 

c
o
r
r
e
l
a
t
i
o
n
 

s
t
u
d
i
e
s
 

of 

14 

t
o
x
i
c
i
t
y
‘
.
 

C
l
a
s
s
i
c
a
l
 

s
y
n
t
h
e
s
i
s
 

via 
F
r
i
e
d
e
l
-
C
r
a
f
t
s
 

r
e
a
c
t
i
o
n
 

f
o
l
l
o
w
e
d
 

b
y
 
Elbs 

r
e
a
c
t
i
o
n
 

or 
d
e
h
y
d
r
o
c
y
c
l
i
s
a
t
i
o
n
2
5
 

P
h
o
t
o
c
y
c
l
i
s
a
t
i
o
n
 

of 
s
t
i
l
b
e
n
e
s
 

and 
r
e
l
a
t
e
d
 
m
o
l
e
c
u
l
e
s
"
 

2 

C
o
m
p
u
t
a
t
i
o
n
a
l
 

s
t
u
d
i
e
s
 

c
o
n
c
e
r
n
i
n
g
 
a
r
o
m
a
t
i
c
i
t
y
-
a
n
t
i
a
r
o
m
a
t
i
c
i
t
y
 

27 

c
o
n
c
e
p
t
s
 

are 
e
v
e
r
 

m
o
r
e
 

r
e
f
i
n
e
d
 

w
i
t
h
 

the 
a
d
v
a
n
c
e
s
 

i
n
 
c
o
m
p
u
t
e
r
 

o
c
h
n
o
l
o
n
y
s
°
e
 

PAH 
a
p
p
e
a
r
 

as 
the 

u
b
i
q
u
i
t
i
o
u
s
 

e
n
v
i
r
o
n
m
e
n
t
a
l
 

p
o
l
l
u
t
a
n
t
s
 

f
r
o
m
 

o
o
 

Synthesis 
by 

Fvr?"3, 

2
7
,
2
9
 

the 
f
u
l
l
e
r
e
n
e
 

family 
is 

d
i
s
c
o
v
e
r
e
d
 

as 
the 

third 
a
l
l
o
t
r
o
p
i
c
 

form 
of 

c
a
r
b
o
n
?
’
 

c
o
m
b
u
s
t
i
o
n
 

e.g. 
i
n
 
soot 

or 
fly 

ash 

PAH 
are 

m
o
n
i
t
o
r
e
d
 

in 
the 

i
n
t
e
r
s
t
e
l
l
a
r
 

s
p
a
c
e
 

T
h
e
o
r
e
t
i
c
a
l
 

work: 

As 
extended 

c
o
n
j
u
g
a
t
e
d
 
r
-
s
y
s
t
e
m
s
,
 

some 
PAH, 

e.g. 
pyrene, 

(8), 

b
e
n
z
o
l
k
]
f
l
u
o
r
a
n
t
h
e
n
e
,
 

(12), 
from 

the 
EPA 

series, 
feature 

strong 

F
l
u
o
r
e
s
c
e
n
c
e
’
?
,
 

w
h
i
c
h
 

is 
an 

a
n
a
l
y
t
i
c
a
l
 

tool 
at 

the 
same 

t
i
m
e
”
.
 

PAH 

are 
accessable 

for 
t
h
e
o
r
e
t
i
c
a
l
 

c
a
l
c
u
l
a
t
i
o
n
 

of 
the 

c
o
e
f
f
i
c
i
e
n
t
s
 

and 

energies 
of 

the 
f
r
o
n
t
i
e
r
 

o
r
b
i
t
a
l
s
 

of 
the 

various 
r
i
n
g
p
o
s
i
t
i
o
n
s
 
+
.
 

C
a
l
c
u
l
a
t
i
o
n
 

of 
the 

t
o
p
o
l
o
g
i
c
a
l
 

r
e
s
o
n
a
n
c
e
 

e
n
e
r
g
i
e
s
,
 

b
y
 
n
u
m
e
r
i
c
a
l
 

evaluation 
of 

the 
M
-
b
o
n
d
 

energies, 
comes 

to 
p
o
s
i
t
i
v
e
 

or 
n
e
g
a
t
i
v
e
 

27,34 
B-values 

per 
fl-electron 

, 
that 

q
u
a
n
t
i
t
a
t
i
v
e
l
y
 

reveal 
if 

a 
P
A
H
 
is 





*
 

an 
a
r
o
m
a
t
i
c
 

or 
an 

a
n
t
i
a
r
o
m
a
t
i
c
 

c
o
m
p
o
u
n
d
 

r
e
s
p
e
c
t
i
v
e
l
y
.
 

In 
o
t
h
e
r
 
w
o
r
d
s
,
 

t
h
e
y
 

can 
be 

p
r
e
d
i
c
t
e
d
 

and 
c
l
a
s
s
i
f
i
c
d
 

from 
very 

stable 
to 

labile 
to 

e
x
t
r
e
m
e
l
y
 

r
e
a
c
t
i
v
e
.
 

In 
the 

r
e
a
c
t
i
v
e
 

s
y
s
t
e
m
s
,
 

a
l
t
h
o
u
g
h
 

they 
have 

c
l
o
s
e
d
 

s
h
e
l
l
 
s
i
n
g
l
e
t
 

g
r
o
u
n
d
 

states, 
there 

is 
only 

a 
small 

e
n
e
r
g
y
 

gap 
b
e
t
w
e
e
n
 

the 
H
O
M
O
 

and 
L
U
M
O
 
o
r
b
i
t
a
l
s
 

and 
a
c
c
o
r
d
i
n
g
l
y
 

the 
t
r
i
p
l
e
t
 

exited 
states 

are 
c
l
o
s
e
 

in 
e
n
e
r
g
y
 

to 
the 

g
r
o
u
n
d
 

states. 
The 

lower 
the 

LUMO 
lies, 

the 

h
i
g
h
e
r
 
b
e
c
o
m
e
s
 

t
h
e
 
p
r
o
p
e
n
s
i
t
y
 

for 
s
e
l
f
p
o
l
y
m
e
r
i
s
a
t
i
o
n
 

and 
a
t
t
a
c
k
 

b
y
 

o
t
h
e
r
 
T
a
l
e
c
u
l
e
s
*
*
.
 

U
s
u
a
l
l
y
 

this 
m
a
t
c
h
e
s
 

n
i
c
e
l
y
 

w
i
t
h
 

the 
e
x
p
e
r
i
m
e
n
t
a
l
 

s
i
t
u
a
t
i
o
n
.
 

N
o
t
o
r
i
o
u
s
 

e
x
a
m
p
l
e
s
 

of 
e
a
t
i
g
b
e
m
a
c
i
e
s
’
 
| 

t
h
a
t
 

can 
not 

or 
are 

u
n
l
i
k
e
l
y
 

to 
b
e
 
i
s
o
l
a
t
e
d
,
 

e
v
e
n
 

w
h
e
n
 
p
r
i
m
a
r
i
l
l
y
 

f
o
r
m
e
d
,
 

are 

c
y
c
l
o
b
u
t
a
d
i
e
n
e
,
 

(
2
0
9
2
8
3
5
 

and 
a
s
-
i
n
d
a
c
e
n
e
,
 

(
2
1
3
2
3
8
,
 

(see 
b
e
l
o
w
)
.
 

Z
i
o
w
 

34 
4 

3
6
,
3
8
 

P
e
n
t
a
l
e
n
e
,
 

(22) 
, 
o
-
x
y
l
y
l
e
n
e
,
 

(
2
3
)
,
 

g
-
i
n
d
a
c
e
n
e
,
 

(24) 
a
n
d
 

p
y
r
a
c
y
c
l
e
n
e
,
 

(
1
9
)
?
?
,
 

w
i
t
h
 
B
-
v
a
l
u
e
s
 

c
l
o
s
e
 

to 
zero, 

can 
be 

i
s
o
l
a
t
e
d
,
 

b
u
t
 

are 
h
i
g
h
l
y
 
u
n
s
t
a
b
l
e
.
 

h
e
r
e
 

s
t
r
u
c
t
u
r
e
s
 

17-24 

The 
f
i
e
l
d
 

is 
r
e
c
o
g
n
i
s
e
d
 

by 
the 

IUPAC, 
that 

s
p
o
n
s
o
r
s
 

the 
"
I
n
t
e
r
n
a
t
i
o
n
a
l
 

S
y
m
p
o
s
i
u
m
 

on 
H
o
v
e
l
 

A
r
o
m
a
t
i
c
 

C
o
m
p
o
u
n
d
s
"
,
 

h
o
l
d
 

in 
o
l
y
m
p
i
c
 
v
e
n
t
e
 

The 

C
h
e
m
i
c
a
l
 

A
b
s
t
r
a
c
t
s
 

R
i
n
g
 

Index 
is 

a 
g
r
e
a
t
 

source 
for 

t
r
a
c
i
n
g
 

and 
n
a
m
i
n
g
 

PAH 
and 

a 
g
u
i
d
e
l
i
n
e
 

in 
the 

a
l
m
o
s
t
 

e
n
d
l
e
s
s
 

a
m
o
u
n
t
 

of 
d
i
f
f
e
r
e
n
t
 

p
o
s
s
i
b
l
e
 

PAH 
s
t
r
u
c
t
u
r
e
s
.
 

The 
d
e
d
u
c
t
i
o
n
 

of 
the 

fullerenes, 
although 

u
n
c
o
n
c
e
i
v
a
b
l
e
 

without 

m
o
d
e
r
n
 
s
p
e
c
t
r
o
s
c
o
p
y
 
3
 
is 

s
t
r
i
c
t
l
y
 

c
o
n
s
i
d
e
r
e
d
 

b
a
s
e
d
 

on 
e
m
p
i
r
i
c
a
l
 

o
b
s
e
r
v
a
t
i
o
n
s
,
 

much 
alike 

the 
i
g
t
h
 
century 

examples 
of 

p
y
r
o
l
y
t
i
c
 

PAH 

f
o
r
m
a
t
i
o
n
.
 

When 
a 

new 
class 

of 
PAH 

becomes 
available, 

the 
interest 

in 

its 
f
u
r
t
h
e
r
 
e
v
a
l
u
a
t
i
o
n
 

usually 
develops, 

but 
the 

explosive 
output 

of 

3
0
,
4
0
,
4
1
 

a
r
t
i
c
l
e
s
 

c
o
n
c
e
r
n
i
n
g
 

the 
f
a
s
c
i
n
a
t
i
n
g
 

f
u
l
l
e
r
e
n
e
 

family 
ST 

a
b
t
e
r
 

t
h
e
 
d
i
s
c
o
v
e
r
y
 

of 
b
u
c
k
m
i
n
s
t
e
r
f
u
l
l
e
r
e
n
e
,
 

C
o
g
s
 
b
u
c
k
y
b
a
l
l
,
 

(25), 
is 

21 

ek
e 

2
S
 

24 

32 





u
n
s
u
r
p
a
s
s
e
d
.
 

F
o
r
 
m
o
s
t
 

p
e
o
p
l
e
 

the 
"
m
o
l
e
c
u
l
e
s
 

of 
t
h
e
 

y
e
a
r
 

1
9
9
1
"
9
!
,
 

e
m
e
r
g
i
n
g
 

f
r
o
m
 

the 
h
i
g
h
 
t
e
m
p
e
r
a
t
u
r
e
 

g
a
s
p
h
a
s
e
 

in 
the 

c
a
r
b
o
n
 

arc, 
m
a
y
 

appeal 
as 

the 
third 

a
l
l
o
t
r
o
p
i
c
 

form 
of 

c
a
r
b
o
n
’
,
 

but 
for 

chemists 

f
u
l
l
e
r
e
n
e
s
 

are 
in 

fact 
g
e
n
u
i
n
e
 

l
a
r
g
e
 

P
A
H
 
s
t
r
u
c
t
u
r
e
s
,
 

and 
the 

c
h
e
m
i
s
t
r
y
,
 

in 
p
a
r
t
i
c
u
l
a
r
 

of 
25, 

is 
well 

on 
its 

a
p
e
 

. 
T
h
e
 
p
r
o
n
o
u
n
c
h
e
d
 

r
e
a
c
t
i
v
i
t
y
 

is 
due 

to 
the 

low 
lying 

e
n
e
r
g
y
 

of 
the 

L
U
M
O
 
o
r
b
i
t
a
l
s
.
 

T
h
e
s
e
 

o
r
b
i
t
a
l
 

i
n
t
e
r
a
c
t
i
o
n
s
 

were 
r
e
l
a
t
e
d
 

to 
the 

s
i
t
u
a
t
i
o
n
 

in 
PAH 

s
u
b
s
t
r
u
c
t
u
r
e
s
,
 
a
 

r
e
p
e
a
t
 

t
h
e
m
s
e
l
v
e
s
 

on 
the 

f
r
a
m
e
 

of 
N
E
D
 

like 

p
y
r
a
c
y
c
l
e
n
e
,
 

(
1
9
)
?
 

L
t
p
i
s
v
a
 
c
h
a
l
l
e
n
g
e
 

to 
s
y
n
t
h
e
s
i
z
e
 

s
m
a
l
l
e
r
 

c
a
r
b
o
n
 

p
i
n
c
t
e
r
s
n
c
n
 

as 
well 

as 
P
A
H
 
t
h
a
t
 

f
i
t
 

in 
the 

b
o
w
l
 

s
h
a
p
e
d
 
b
u
c
k
y
b
a
l
l
 

s
u
r
f
a
c
e
,
 

d
i
c
t
a
t
e
d
 

b
y
 
the 
40 

alternation 

of 

five 

and 

six 

membered 

rings 

© 

that 

are 

in 

Ae 

meta 

40d 
r
e
l
a
t
i
o
n
s
h
i
p
 

as 
in 

a
g
-
i
n
d
a
c
e
n
e
,
 

(21). 
P
y
r
a
c
y
c
l
e
n
e
,
 
(
a
9
)
?
 

44 

(26)*? 

iJacephenanthrylene, 

(27)15, 

are 

a
m
o
n
g
 

t
h
e
 

f
e
w
 
e
x
a
m
p
l
e
s
 

k
n
o
w
n
.
 

V
e
r
y
 

r
e
c
e
n
t
l
y
,
 

N
M
R
 
o
b
s
e
r
v
a
t
i
o
n
s
 

p
r
o
m
p
t
e
d
 

the 
s
u
r
p
r
i
z
i
n
g
 

c
o
n
c
l
u
s
i
o
n
 

t
h
a
t
 

the 
c
o
r
a
n
n
u
l
e
n
e
 

b
o
w
l
 

h
a
s
 

a 
v
e
r
y
 

l
o
w
 

b
a
r
r
i
e
r
 

to 
t
o
p
o
l
o
g
i
c
a
l
 

i
v
e
r
s
i
o
n
,
 

c
a
u
s
i
n
g
 

it 
to 

F
l
i
p
 

o
v
e
r
 

2
0
0
.
0
0
0
 

t
i
m
e
s
 

per 
s
e
c
o
n
d
 

at 
r
o
o
m
 
r
e
n
p
e
r
a
t
u
r
e
’
 

C
a
l
c
u
l
a
t
i
o
n
s
 

of 
t
o
p
o
l
o
g
i
c
a
l
 

v
a
r
i
a
t
i
o
n
s
 

in 
structure 

show 
that 

e
s
p
e
c
i
a
l
l
y
 

the 
larger 

PAH 
are 

c
a
p
a
b
l
e
 

to 
a
d
a
p
t
 

t
h
e
m
s
e
l
v
e
s
 

to 
m
a
n
y
 

n
o
n
p
l
a
n
a
r
,
 

c
h
i
r
a
l
 

a
n
d
 
n
o
n
c
h
i
r
a
l
 

m
o
l
e
c
u
l
a
r
 

p
e
o
r
e
t
r
i
c
s
i
n
 

45, 
48b 

L
a
r
g
e
 

P
A
H
 
m
o
l
e
c
u
l
e
s
 

m
a
y
 

s
t
i
l
l
 

h
a
v
e
 

h
i
g
h
 
r
e
s
o
n
a
n
c
e
 

e
n
e
r
g
i
e
s
 

in 
e
x
i
t
e
d
 

s
t
a
t
e
s
 

so 
t
h
a
t
 

t
h
e
y
 

can 
s
u
r
v
i
v
e
 
i
n
a
 

h
o
s
t
i
l
e
 

CAC 
t
r
o
n
m
e
n
t
 
o
e
 
W
i
t
h
 

l
a
r
g
e
r
 
u
n
s
o
l
u
b
l
e
 

PAH, 
s
t
r
u
c
t
u
r
e
 

46 

determination 

via 

photoelectron 

spectroscopy 

is 

an 

analytical 

tool” 

Examples 

of 

flat, 

Dae 

type 

oe 

. 

membered 

ring 

PAH 

are 

coronene, 

(28)27, 

"7 

, 
kekulene, 

(29)" 

8 
and 

the 

recently 

reported 

46,49 

Cyotie: 

and 

Ce 
5H29° 

SA 

cay 

terphenyl 

(319°? 

. 
(7,7)Circulene 

(32) 

is 

not 

flat, 

but 46 

has 

a 
saddlelike 

shape 

51 

like 

some 

kekulene 

related 

cycloarenes 

a. 

c
i
r
c
u
m
a
n
t
h
r
a
c
e
n
e
,
 
o
e
 

here 
structures 

25-32 

ZL 

The 
c
u
r
r
e
n
t
 

s
e
r
i
e
s
 

of 
p
u
b
l
i
c
a
t
i
o
n
s
 

a
b
o
u
t
 

the 
f
u
l
l
e
r
e
n
e
s
’
?
 

, allows 

o£ 

two 

striking 

conclusions, 

that 

may 

apply 

for 

in 

PAH 

chemistry 

in 

general: 

(i) 

Little 

is 

known 

about 

the 

mechanisms 

and 

the 

(sequential) 

reactive 

intermediates, 

foreseen 

by 

Faraday 

by 

looking 

in 

a 
burning 

candle”, 

involved 

in 

the 

thermal 

build-up 

of 

PAH 

and 

soot. 

(ii) 

New 

polyaromatic 

systems 

come 

immediately 

to 

the 

forefront 

in 

c
o
m
p
u
t
a
t
i
o
n
a
l
 

s
t
u
d
i
e
s
,
 

c
o
n
c
e
r
n
i
n
g
 
a
r
o
m
a
t
i
c
i
t
y
-
a
n
t
i
a
r
o
m
a
t
i
c
i
t
y
 

Conca 
p
t
s
t
e
n
 

a
e
 

and 
in 

r
e
s
e
a
r
c
h
 

o
r
i
e
n
t
e
d
 

t
o
w
a
r
d
s
 
m
a
t
e
r
i
a
l
 

s
c
i
e
n
c
e
s
 

e.g. 
a
l
i
g
n
m
e
n
t
 

in 
p
o
l
y
m
e
r
s
:
 

or 
b
u
c
k
y
b
a
l
l
 

p
e
a
r
l
 

3
0
c
,
4
0
c
 

n
e
c
k
l
a
c
e
s
 

5 

COAL. 
TAR, 

P
Y
R
O
L
Y
S
I
S
,
 

C
O
M
B
U
S
T
I
O
N
 

AND 
SOOT. 

unmi 
ab 

: 

H
i
s
t
o
r
i
c
a
l
l
y
,
 

p
y
r
o
l
y
s
i
s
 

r
e
a
c
t
i
o
n
s
,
 

i
n
i
t
i
a
l
l
y
 

dry 
d
i
s
t
i
l
l
a
t
i
o
n
s
 

of 

l
e
a
v
e
s
,
 

b
o
n
e
s
,
 

w
o
o
d
,
 

and 
l
a
t
e
r
 

of 
‘coal, 

were 
a
p
p
l
i
e
d
 

as 
s
o
u
r
c
e
s
 

for 

v
a
r
i
o
u
s
 

o
r
g
u
n
i
c
 

B
r
o
d
u
c
t
s
 
7325 

D
e
s
p
i
t
e
 

the 
a
c
c
o
m
p
a
n
i
n
g
 

f
o
r
m
a
t
i
o
n
 

of 
tar 

th
 

and 
soot, 

this 
w
o
r
k
 

gave, 
in 

the 
19 

c
e
n
t
u
r
y
,
 

r
i
s
e
 

to 
the 

i
s
o
l
a
t
i
o
n
 

of 
b
e
n
z
e
n
e
,
 

t
o
l
u
e
n
e
,
 

s
t
y
r
e
n
e
,
 

ect. 
a
n
d
a
 

s
e
r
i
e
s
 

of 
P
A
H
.
 

B
e
i
n
g
 

t
h
e
 
o
n
l
y
 

r
o
u
t
e
s
 

to 
a
r
o
m
a
t
i
c
s
 

at 
the 

time, 
one 

can 
say 

that 
p
y
r
o
l
y
s
i
s
 

r
e
a
c
t
i
o
n
s
 

p
r
o
m
p
t
e
d
 

the 
r
e
c
o
g
n
i
t
i
é
n
 

of 
a
r
o
m
a
t
i
c
 

c
l
a
s
s
e
s
,
 

in 
an 

e
a
r
l
y
 

s
t
a
g
e
 

of 

o
r
g
a
n
i
c
 
h
e
n
i
s
t
e
v
a
 

Such 
p
y
r
o
l
y
t
i
c
 

p
r
o
c
e
s
s
e
s
 

are 
c
o
n
t
i
n
u
e
d
 

t
o
d
a
y
 

in 
m
o
d
e
r
n
 

coal 
t
e
c
h
n
o
l
e
y
 

P
r
a
c
t
i
o
u
s
 

2
"
 
R
i
g
h
t
 

from 
the 

b
e
g
i
n
n
i
n
g
 

of 
the 

coal 
tar 

w
o
r
k
,
 

i
n
d
i
v
i
d
u
a
l
 

and 
the 

c
r
a
c
k
i
n
g
 

of 
w
a
s
t
e
 
p
l
a
s
t
i
c
s
 

to 
fuel 

a
r
o
m
a
t
i
c
s
 

were 
s
y
s
t
e
m
a
t
i
c
a
l
l
y
 

v
a
p
o
u
r
i
s
e
d
 

t
h
r
o
u
g
h
 

red 
h
o
t
 

t
u
b
e
s
,
 

to 

spot 
t
y
p
i
c
a
l
 

b
u
i
l
d
 

up 
r
e
a
c
t
i
o
n
s
 

of 
the 

s
m
a
l
l
e
r
 

a
r
o
m
a
t
i
c
s
.
 

It 
is 

i
n
t
e
r
e
s
t
i
n
g
 

to 
read 

how 
the 

p
i
o
n
e
e
r
s
,
 

in 
t
h
e
i
r
 
o
r
i
g
i
n
a
l
 

r
e
p
o
r
t
s
,
 

especially 
in 

Chemische 
Berichte, 

decribe 
the 

isolation 
of 

individual 

PAH 
and 

it 
is 

a
d
m
i
r
a
b
l
e
 

how 
they 

a
s
s
i
g
n
e
d
 

the 
correct 

s
t
r
u
c
t
u
r
e
s
.
 

On 

this 
b
a
s
i
s
,
 

s
y
s
t
e
m
a
t
i
c
 

e
v
a
l
u
a
t
i
o
n
s
 

of 
small 

m
o
l
e
c
u
l
e
s
 

as 
p
r
e
c
u
r
s
o
r
 

c
o
m
p
o
n
d
s
 

in 
the 

p
y
r
o
l
y
t
i
c
 

g
e
n
e
r
a
t
i
o
n
 

of 
PAH, 

were 
a
d
e
!
 
3
3
.
 

The 
c
l
a
s
s
i
c
 

E
i
s
e
r
v
a
t
i
o
n
s
 
s
 w
o
r
t
h
y
 

to 
k
n
o
w
 
w
h
e
n
 
l
o
o
k
i
n
g
 

at 
P
A
H
 

in 





c
o
m
b
u
s
t
i
o
n
 

m
i
x
t
u
r
e
s
,
 

ar
e 

ev
en
 

p
r
e
s
e
n
t
l
y
 

no
t 

a
l
w
a
y
s
 

r
e
a
s
o
n
a
b
l
y
 

PR
S]
 

56 

u
n
d
e
r
s
t
o
o
d
 

a
n
d
 

ca
n 

be
 

r
e
i
n
v
e
s
t
i
g
a
t
e
d
 

w
i
t
h
 

F
V
T
 

th
e 

f
o
r
m
a
t
i
o
n
 

of
 

th
e 

EP
A 

c
o
m
p
o
u
n
d
s
 

p
y
r
e
n
e
,
 

(8
) 

b
y
 

p
a
s
s
i
n
g
 

r
e
s
p
e
c
t
i
v
e
l
y
 

s
t
y
r
e
n
e
 

an
d 

i
n
d
e
n
e
 

t
h
r
o
u
g
h
 

a 
re

d 
ho

t 
tu
be
. 

Ol
d 

3,99 

d
i
s
c
u
s
s
i
o
n
s
 

» 
c
o
n
c
e
r
n
i
n
g
 

s
e
l
e
c
t
i
v
e
 

a
n
t
h
r
a
c
e
n
e
,
 

(6
),

 
f
o
r
m
a
t
i
o
n
 

w
h
e
r
e
 

p
h
e
n
a
n
t
h
r
e
n
e
,
 

(5
),

 
wa

s 
e
x
p
e
c
t
e
d
,
 

w
o
u
l
d
 

h
a
v
e
 

c
o
m
e
 

ov
t 

d
i
f
f
e
r
e
n
t
l
y
,
 

if
 

o
-
x
y
l
y
l
e
n
e
,
 

(2
3)
, 

ha
d 

be
en

 
k
n
o
w
n
 

as
 

a 
p
o
s
s
i
b
l
e
 

‘ 
h
e
r
e
 

FV
T 

f
i
g
u
r
e
 

59 

i
n
t
e
r
m
e
d
i
a
t
e
 

©. 
H
y
d
r
o
x
y
-
o
-
x
y
l
y
l
e
n
e
s
 

ar
e 

t
h
o
u
g
h
t
 

to
 

be
 

i
n
t
r
a
m
o
l
e
c
u
l
a
r
l
y
 

2 

t
r
a
p
p
e
d
 

as
 

i
n
t
e
r
m
e
d
i
a
t
e
s
 

in
 

th
e 

El
bs
 

s
y
n
t
h
e
s
i
s
’
.
 

Th
e 

f
o
r
m
a
t
i
o
n
 

of
 

PA
I 

w
i
t
h
 

f
i
v
e
 

m
e
m
b
e
r
e
d
 

r
i
n
g
s
,
 

©.
g.
 

th
e 

c
y
c
l
i
s
a
t
i
o
n
s
 

to
 

f
l
u
o
r
e
n
e
 

an
d 

b
a
 

A 
p 

F 
é 

c
a
r
b
a
z
o
l
e
-
”
 

, i
n
v
o
l
v
e
s
 

ca
rb

en
e,

 
r
e
s
p
e
c
t
i
v
e
l
y
 

n
i
t
r
e
n
e
 

i
n
t
e
r
m
e
d
i
a
t
e
s
.
 

B
e
n
z
y
n
e
s
 

an
d 

ar
yn

es
 

ar
e 

al
so
 

co
mm

on
 

t
r
a
n
s
i
e
n
t
s
 

in
 

b
u
i
l
d
 

up
 

A 2,60 

reactions 

(see 

below). 

In
 

r
e
t
r
o
s
p
e
c
t
,
 

so
me
 

of
 

th
e 

lo
ng

 
k
n
o
w
n
 

p
y
r
o
l
y
t
i
c
 

p
r
o
c
e
s
s
e
s
 

to
 

fo
rm

 

PAH, are intrensically selective. This appears particularly true when 

t
h
e
y
 

ar
e 

r
e
p
e
a
t
e
d
 

wi
th
 

p
r
e
p
a
r
a
t
i
v
e
 

FV
T 

(
F
i
g
u
r
e
)
.
 

B
e
s
i
d
e
s
,
 

th
is

 
is

 
. 

< 
3 

e
x
p
e
r
i
m
e
n
t
a
l
l
y
 

mo
re
 

c
o
n
v
e
n
i
e
n
t
 

.
 

oot 
v
e
r
s
u
 

a
l
_
t
a
r
:
 

In 
1955 

al) 
PAH 

and 
h
e
t
e
r
o
 

PAH, 
i
s
o
l
a
t
e
d
 

from 
coal 

tar, 
with 

c
e
r
t
a
i
n
e
d
 

s
t
r
u
c
t
u
r
e
s
,
 

ca. 
300 

m
a
j
o
r
 
c
o
n
s
t
i
t
u
e
n
t
s
 

F
r
o
m
 

o
v
e
r
 

1
0
.
0
0
0
 

estimated components, were listed’". Kilogram scales, sometimes 

(
F
i
g
u
r
e
)
.
 

F
o
r
 

e
x
a
m
p
l
e
 

a
n
d
 

c
h
r
y
s
e
n
e
 

(i
O)
 

o
e
 

e
t
e
r
 

t
e
s
 

c
a
e
 

C
y
 

materia 

ev
en

 
_
_
y
v
a
c
u
t
m
 

0,1 
m
m
 

A
 

aa 

be
es
 

[
:
 

—N
aC

l-
ce

ll
 

o
v
e
n
 

A | | | 

B
 

IR
 

ap
pa
ra
tu
s 

Figure: 
A: 

P
r
e
p
a
r
a
t
i
v
e
 

FVT 
a
p
p
a
r
a
t
u
s
 

with 
cold 

trap. 
A 

FAH 
or 

a 

precursor 
c
o
m
p
o
u
n
d
 

is 
sublimed 

into 
the 

hot 
quartz 

tube. 

The 
products 

are 
, 
d
e
p
e
n
d
i
n
g
 

on 
volatility, 

collected 
in 

the 
bend 

of 
the 

quartz 
tube 

and 
the 

cold 
trap. 

B: 
W
h
e
n
 

the 
cold 

t
r
a
p
 

is 
p
a
r
t
 

of 
a 

s
p
e
c
t
r
o
s
c
c
;
i
c
 

t
e
c
h
n
i
q
u
e
,
 

teactives 
dan 

be 
monitored 

in 
the 

cold 
and 

their 

s
e
q
u
e
n
t
i
a
l
 

(
c
o
n
d
e
n
s
a
t
i
o
n
)
 

r
e
a
c
t
i
o
n
s
 

can 
be 

followed 
e.g. 

by 
w
a
r
m
i
n
g
 

up 
the 

IR 
cell. 





ip. 

62 
. 

; 
tons 

©, 
w
e
r
e
 

r
e
q
u
i
r
e
d
 

to 
i
s
o
l
a
t
e
 

i
n
d
i
v
i
d
u
a
l
 

PAH 
f
r
o
m
 
v
a
r
i
o
u
s
 

d
i
s
t
i
l
a
t
i
o
n
 

fractions. 
The 

l
i
s
t
?
 

is 
probably 

the 
shortest, 

but 

n
e
v
e
r
t
h
e
l
e
s
s
 

c
o
m
p
r
e
h
e
n
s
i
v
e
 

final 
d
o
c
u
m
e
n
t
a
t
i
o
n
,
 

of 
the 

c
l
a
s
s
i
c
a
l
 

coal 

tar 
p
e
r
i
o
d
.
 

T
h
e
 

l
i
s
t
e
d
 

p
r
o
d
u
c
t
s
 

are 
n
i
c
e
l
y
 
r
e
f
l
e
c
t
e
d
 

in 
a 

e
x
t
e
n
s
i
v
e
 

a
n
a
l
y
t
i
c
a
l
 

s
t
u
d
y
 

of 
the 

s
o
o
t
 

from 
b
r
o
w
n
 

coal 
c
o
m
b
u
s
t
i
o
n
,
 

c
o
l
l
e
c
t
e
d
 

f
r
o
m
 
b
u
r
n
i
n
g
 

it 
in 

a 
s
t
a
n
d
a
r
d
 
s
t
o
v
e
.
 

N
i
t
r
o
g
e
n
 

PAH, 
like 

c
a
r
b
a
z
o
l
e
 

(33) 
w
e
r
e
 

i
d
e
n
t
i
f
i
e
d
 

f
r
o
m
 

tar, 
c
o
l
l
e
c
t
e
d
 

from 
b
u
r
n
i
n
g
 

p
i
e
a
r
e
i
t
e
s
 

a
a
e
 

In 
b
o
t
h
 

s
t
u
d
i
e
s
 

the 
i
d
e
n
t
i
f
i
e
d
 

PMI 
were 

c
a
t
a
g
o
r
i
z
e
d
 

in 
t
y
p
e
s
 

and 

m
o
l
e
c
u
l
a
r
 

w
e
i
g
h
t
,
 

i
n
c
l
u
d
i
n
g
 

h
e
t
e
r
o
 

(
n
i
t
r
o
g
e
n
,
 

o
x
y
g
e
n
,
 

s
u
l
p
h
u
r
)
 

PAH. 

L
i
k
e
 

in 
t
h
e
 

c
o
a
l
 

tar 
r
e
v
i
e
w
,
 

the 
r
e
p
o
r
t
e
d
 

PAH 
are 

v
e
r
y
 

s
e
l
d
o
m
 

c
o
m
p
o
u
n
d
s
 
w
i
t
h
 

s
i
x
 

or 
m
o
r
e
 

c
o
n
d
e
n
s
e
d
 

r
i
n
g
s
,
 

a
n
d
 
e
v
e
n
 

t
h
o
s
e
 

w
i
t
h
 

f
i
v
e
 

r
i
n
g
s
 

are 
a 

m
i
n
o
r
i
t
y
.
 

H
e
r
e
 

it 
m
u
s
t
 

be 
e
m
p
h
a
s
i
s
e
d
 

t
h
a
t
 

the 
n
u
m
b
e
r
 

of 

p
o
s
s
i
b
l
e
 
d
i
f
f
e
r
e
n
t
 

PAH 
s
t
r
u
c
t
u
r
e
s
 

does 
r
a
p
i
d
l
y
 

i
n
c
r
e
a
s
e
 

w
i
t
h
 

more 

r
i
n
g
s
,
 

w
i
t
h
o
u
t
 

g
a
t
h
e
r
i
n
g
 

m
u
c
h
 
m
o
l
e
c
u
l
a
r
 

w
e
i
g
h
t
.
 

A
m
o
n
g
 

the 
d
o
m
i
n
a
n
t
 

s
o
o
t
 
p
r
o
d
u
c
t
s
 

of 
the 

170 
i
d
e
n
t
i
f
i
e
d
 

c
o
m
p
o
n
e
n
t
s
,
 

are 
the 

E
P
A
 
c
o
m
p
o
u
n
d
s
 

p
h
e
n
a
n
t
h
r
e
n
e
,
 

(5), 
£
f
l
u
o
r
a
n
t
h
e
n
e
,
 

(7), 
p
y
r
e
n
e
,
 

(8), 
m
e
t
h
y
l
p
y
r
e
n
e
s
,
 

b
e
n
z
{
a
J
a
n
t
h
r
a
c
e
n
e
,
 

(9), 
c
h
r
y
s
e
n
e
,
 

(10), 
and 

b
e
n
z
l
e
)
J
a
c
e
p
h
e
n
a
n
t
h
r
y
 

l
e
n
e
 

(
b
e
n
z
o
{
b
]
£
l
u
o
r
a
n
t
h
e
n
e
)
,
 

(11). 
O
t
h
e
r
 
m
a
y
o
r
 

c
o
n
s
t
i
t
u
e
n
t
s
 

are 

a
c
e
p
h
e
n
a
n
t
h
r
y
l
e
n
e
,
 

(18), 
b
e
n
z
o
l
a
]
c
h
r
y
s
e
n
e
 

(
p
i
c
e
n
e
)
,
 

(33), 

b
e
n
z
o
n
a
p
h
t
o
p
y
r
r
o
l
e
s
,
 

-
f
u
r
a
n
s
 

and 
-
t
h
i
o
p
h
e
n
e
s
,
 

e.g- 
34, 

K 
= 

Ml, 
OnrS: 

and 
b
e
n
z
o
(
g
h
i
l
f
l
u
o
r
a
n
t
h
e
n
e
 

(35). 

33= 
h
e
r
e
 

s
t
r
u
c
t
u
r
e
s
 

40 

A 
s
t
r
i
k
i
n
g
 

p
h
e
n
o
m
e
n
o
n
 

in 
thermal 

b
e
h
a
v
i
o
u
r
 

of 
PAH 

is 
that 

some 
of 

them, 
d
e
s
p
i
t
e
 

t
h
e
i
r
 
g
e
n
e
r
a
t
i
o
n
 

in 
the 

h
i
g
h
 
t
e
m
p
e
r
a
t
u
r
e
 

g
a
s
p
h
a
s
e
,
 

are 

p
r
o
n
e
 

to 
c
o
n
d
e
n
s
a
t
i
o
n
 

on 
m
e
l
t
i
n
g
,
 

c.q- 
react 

in 
the 

m
o
l
t
e
n
 

tar 
phase, 

d
u
r
i
n
g
 
w
o
r
k
 

up 
b
y
 
a
c
t
i
v
a
t
i
o
n
 

Soot 
as 

d
e
p
o
s
i
t
e
d
 

from 
the 

g
a
s
p
h
a
s
e
 

on 
a 

c
o
l
d
 
s
u
r
f
a
c
e
 

and 
a
n
a
l
y
s
e
d
 

at 
a
m
b
i
e
n
t
 

t
e
m
p
e
r
a
t
u
r
e
s
,
 

goes 
t
h
r
o
u
g
h
 

a 

p
r
i
n
c
i
p
a
l
l
y
 

d
i
f
f
e
r
e
n
t
 

work 
up 

c
o
n
d
i
t
i
o
n
 

as 
a
p
p
l
i
e
d
 

for 
coal 

tar. 
For 

e
x
a
m
p
l
e
 
b
i
p
h
e
n
y
l
e
n
e
,
 

(36) 
and 

a
c
e
n
a
p
h
t
h
y
l
e
n
e
,
 

(2), 
are 

k
n
o
w
n
 

to 

d
i
m
e
r
i
s
e
 

and 
t
r
i
m
e
r
i
s
e
 

in 
the 

m
e
l
t
 

to 
r
e
s
p
e
c
t
i
v
e
l
y
 

t
e
t
r
a
p
h
e
n
y
l
e
n
e
,
 

(
3
7
)
 

and 
d
e
c
a
c
y
c
l
e
n
e
 

(
3
0
)
°
>
.
 
This 

p
h
e
n
o
m
e
n
o
n
 

is 
a 

k
i
n
e
t
i
c
 

property, 

since 
2 

and 
36 

are 
quite 

s
t
a
b
l
e
 

in 
the 

hot 
g
a
s
p
h
a
s
e
 

a
n
d
 

are 
f
o
u
n
d
 

in 

soot 
of 

a 
m
e
t
h
a
n
e
 
F
l
e
r
e
 

(see 
b
e
l
o
w
)
.
 

To 
e
s
t
i
m
a
t
e
 

a
r
o
m
a
t
i
c
 

s
t
a
b
i
l
i
t
y
 

in 
the 

m
o
l
t
e
n
 

tar 
f
r
a
c
t
i
o
n
,
 

the 

e
m
p
i
r
i
c
a
l
 

r
u
l
e
s
 

for 
a
l
t
e
r
a
n
t
 

a
n
d
 
n
o
n
a
l
t
e
r
a
n
t
 

P
A
H
,
 

as 
i
n
t
r
o
d
u
c
e
d
 

b
y
 

C
l
o
r
e
,
 

apply. 
The 

more 
g
e
n
u
i
n
e
 

b
e
n
z
e
n
e
 

r
i
n
g
s
 

and 
the 

less 

q
u
i
n
o
n
o
i
d
 
m
o
i
t
i
e
s
 

are 
r
e
q
u
i
r
e
d
 

to 
d
r
a
w
 
a
l
t
e
r
n
a
t
i
n
g
 

d
o
u
b
l
e
 

b
o
n
d
s
 

in 
the 

PAH 
skeleton, 

the 
more 

stable 
it 

will 
be. 

For 
e
x
a
m
p
l
e
,
 

a
l
t
e
r
a
n
t
 

t
r
i
p
h
e
n
y
l
e
n
e
,
 

(39), 
is 

a 
most 

s
t
a
b
l
e
 

PAH, 
w
h
i
l
e
 
n
o
n
a
l
t
e
r
a
n
t
 

p
e
n
t
a
c
e
n
e
 

(40) 
is 
y
s
,
 

I
n
d
e
e
d
,
 

the 
l
a
t
t
e
r
 
c
o
m
p
o
u
n
d
 

d
o
e
s
 
r
a
p
i
d
l
y
 
d
e
c
o
m
p
o
s
e
 

on 

m
e
l
t
i
n
g
.
 

An 
e
x
p
e
r
i
m
e
n
t
a
l
 

s
t
a
b
i
l
i
t
y
 

r
a
n
k
i
n
g
 

of 
t
h
e
 
i
n
c
i
n
e
r
a
b
i
l
i
t
y
 

of 

h
a
z
a
r
d
o
e
s
 

o
r
g
a
n
i
c
 

c
o
m
p
o
u
n
d
s
,
 

g
a
v
e
 

s
o
m
e
 

E
P
A
 
P
A
H
 

a 
t
o
p
 
p
o
s
i
t
i
o
n
 

as 

t
h
e
r
m
a
l
l
y
 

s
t
a
b
l
e
 

p
r
e
e
n
i
e
s
 
@
 

T
H
E
R
M
O
D
Y
N
A
M
I
C
 

AND 
K
I
N
E
T
I
C
 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
 

OF 
P
Y
R
O
L
Y
S
1
3
 

Free 
carbon 

species: 

The 
t
h
e
r
m
a
l
 
b
e
h
a
v
i
o
u
r
 

of 
o
r
g
a
n
i
c
 

m
a
t
t
e
r
,
 

in 
t
h
e
r
m
o
d
y
n
a
m
i
c
a
l
 

c
a
n
n
e
s
 

is 
s
u
m
m
a
r
i
z
e
d
 

in 
s
c
h
e
m
e
 

3. 
T
h
e
 
h
i
g
h
e
r
 

t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
 

b
e
c
o
m
e
s
,
 

the 
more 

d
i
s
s
o
é
i
a
t
i
o
n
 

into 
the 

e
l
e
m
e
n
t
s
 

c
a
r
b
o
n
 

and 
h
y
d
r
o
g
e
n
 

occurs. 
At 

the 
extremes, 

at 
very 

h
i
g
h
 
t
e
m
p
e
r
a
t
u
r
e
s
 

above 
3000 

°C, 
as 

M
A
C
R
O
S
C
O
P
I
C
 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
 

OF 
P
Y
R
O
L
Y
S
I
S
 

coal 
—
—
+
*
 

(condensed) 
—
—
r
 
n
a
p
h
t
h
e
n
e
s
 
—
—
—
*
 

(
b
r
a
n
c
h
e
d
)
 
_
,
 gasses 

g
r
a
f
i
t
e
 
+
—
 

a
n
e
s
 

—
—
 
>
 
C
I
O
S
 

c
=
 

p
a
r
a
f
f
i
n
e
s
 

alky] 
b
e
n
z
e
n
e
s
 

: 
P
a
t
a
n
 

M
e
l
i
s
 

8 

(C))___--------(CH)n 
a
a
 

c
!
 

£ 

build 
up 

of 
2 

cleavage 
© 

C-C 
bonds 

H
-
t
r
a
n
s
f
e
r
 

a
 

C-C 
bonds 
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o
c
c
u
r
r
i
n
g
 

in 
the 

carbon 
arc, 

carbon 
will 

e
m
e
r
g
e
 

in 
a
t
o
m
i
c
 

form, 
or 

can 

e
x
i
s
t
 

as 
the 

r
e
l
a
t
i
v
e
l
y
 

s
t
a
b
l
e
 
C
y
 
c
a
r
b
e
n
e
 

s
p
e
c
i
e
s
,
 

or 
C
c
,
 - 

C
i
o
 

4 
67 

o
l
i
g
o
m
e
r
s
.
 

. 
F
o
r
 

the 
l
a
t
t
e
r
 

t
y
p
e
s
 

of 
t
r
a
n
s
i
e
n
t
 

c
u
m
u
l
e
n
y
l
i
d
e
n
e
 

c
a
r
b
e
n
e
s
,
 

a
l
t
h
o
u
g
h
 
m
o
n
i
t
o
r
e
d
 

in 
s
p
a
c
e
-
?
*
?
”
,
 

no 
s
e
l
e
c
t
i
v
e
 

ways 
of 

g
e
n
e
r
a
t
i
o
n
 

are 
a
v
a
i
l
a
b
l
e
 

yet. 
The 

small 
c
a
r
b
o
n
 

f
r
a
g
m
e
n
t
s
 

insert 

i
m
m
e
d
i
a
t
e
l
y
 

in 
organic 

s
u
b
s
t
r
a
t
e
 
m
o
l
e
c
u
l
e
s
’
.
 

As 
free 

species 
they 

can 

only 
e
x
i
s
t
 

in 
very 

high 
t
e
m
p
e
r
a
t
u
r
e
 

p
l
a
s
m
a
'
s
,
 

as 
for 

e
x
a
m
p
l
e
 

applied 

f
o
r
 
d
e
p
o
s
i
t
i
n
g
 

d
i
a
m
o
n
d
 
d
a
y
e
r
s
.
 

T
h
e
 
c
o
n
t
r
o
l
l
e
d
 

c
o
n
d
e
n
s
a
t
i
o
n
 

of 
c
,
 

s
p
e
c
i
e
s
 

b
y
 
c
o
o
l
i
n
g
 

down 
the 

p
l
a
s
m
a
 

e
m
e
r
g
i
n
g
 

from 
the 

c
a
r
b
o
n
 

are 
i
n
a
 

h
e
l
i
u
m
 

flow 
around 

1200 
°C, 

brings 
the 

f
u
l
l
e
r
e
n
e
s
 

in 
f
o
c
u
s
"
 

°. 
The 

latter 
were 

however 
also 

reported 
at 

lower 
temperature 

in 
flames, 

e.g. 

of 
b
e
n
r
e
n
e
.
 

It 
was 

s
u
g
g
e
s
t
e
d
 

from 
w
o
r
k
 

w
i
t
h
 

1
3
,
 
e
n
r
i
c
h
e
d
 

c
a
r
b
o
n
 

arcs, 
that, 

on 
s
t
a
t
i
s
t
i
c
a
l
 

grounds, 
the 

e
m
i
t
t
e
d
 

Cc, fragments, 
if 

they 

m
i
g
h
t
 
c
o
n
s
t
i
t
u
t
e
 

the 
b
u
c
k
m
i
n
s
t
e
r
f
u
l
l
e
r
e
n
e
,
 

(25), 
f
r
a
m
e
,
 

t
h
e
y
 

do 
not 

r
e
m
a
i
n
 
c
o
n
n
e
c
t
e
d
’
.
 

The 
c
o
n
t
r
o
l
l
e
d
 

g
e
n
e
r
a
t
i
o
n
 

of 
e
x
t
e
n
d
e
d
 

h
e
t
e
r
o
c
u
m
u
l
e
n
e
s
,
 

a
l
s
o
 
s
i
g
n
i
f
i
c
a
n
t
 

as 
i
n
t
e
r
s
t
e
l
l
a
r
 

m
a
t
e
r
i
a
l
s
,
 

is 
w
i
d
e
l
y
 

s
t
u
d
i
e
d
 

w
i
t
h
 

FVT, 
d
i
r
e
c
t
l
y
 

c
o
u
p
l
e
d
 

(
F
i
g
u
r
e
)
 

w
i
t
h
 
s
p
e
c
t
r
o
c
o
p
i
c
 

e
c
i
m
i
q
u
e
s
i
n
 

In 
the 

lower 
temperature 

regimes 
of 

c
o
m
b
u
s
t
i
o
n
,
 

between 
700-1200 

°C, 
o
r
g
a
n
i
c
 
c
H
,
 
m
o
l
e
c
u
l
e
s
 

p
r
e
v
a
i
l
.
 

The 
p
y
r
o
l
y
s
i
s
 

of 
w
a
s
t
e
 

p
l
a
s
t
i
c
s
,
 

a
r
o
u
n
d
 

7
5
0
°
C
,
 

w
i
t
h
 
e
x
c
l
u
s
i
o
n
 

of 
o
x
y
g
e
n
,
 

p
r
o
d
u
c
e
s
 

m
i
x
t
u
r
e
s
 

t
h
a
t
 
e
x
a
c
t
l
y
 

r
e
f
l
e
c
t
 

t
h
e
 

t
r
e
n
d
 

in 
s
c
h
e
m
e
 

3. 
M
e
t
h
a
n
e
,
 

e
t
h
y
l
e
n
e
,
 

b
u
t
a
d
i
e
n
e
,
 

b
e
n
z
e
n
e
,
 

toluene, 
s
t
y
r
e
n
e
,
 

indene, 
n
a
p
h
t
h
a
l
e
n
e
 

and 
larger 

PAH 
are 

mayor 

U
y
.
 T
h
i
s
 

d
o
e
s
 
h
o
w
e
v
e
r
 

n
o
t
 
r
e
v
e
a
l
 

t
h
a
t
 

a 
l
a
r
g
e
 

n
u
m
b
e
r
 

of 
t
h
e
r
m
o
d
y
n
a
m
i
c
a
l
l
y
 

p
r
o
d
u
c
t
s
 

of 
p
o
l
y
e
t
h
y
l
e
n
e
 

p
y
r
o
l
y
s
i
s
 

u
n
d
e
r
 

t
h
e
s
e
 

c
o
n
d
i
t
i
o
n
s
 

r
a
t
h
e
r
 

s
t
a
b
l
e
,
 

but 
k
i
n
e
t
i
c
a
l
l
y
 

h
i
g
h
l
y
 
r
e
a
c
t
i
v
e
 

t
r
a
n
s
i
e
n
t
 

p
o
l
y
-
u
n
s
a
t
u
r
a
t
e
d
 
i
 
i
b
 s
p
e
c
i
e
s
 

m
u
s
t
 

be 
p
r
e
s
e
n
t
 

in 
the 

h
i
g
h
 
t
e
m
p
e
r
a
t
u
r
e
 

g
a
s
p
h
a
s
e
.
 

In 
the 

hot 
g
a
s
p
h
a
s
e
 

of 
c
o
m
b
u
s
t
i
o
n
,
 

o
x
y
g
e
n
 

will 
g
i
v
e
 

rise 
to 

\ 

f
o
r
m
a
t
i
o
n
 

of 
C_H_O_ 

s
p
e
c
i
e
s
 

and 
in 

a
d
d
i
t
i
o
n
,
 

w
h
e
n
 
n
i
t
r
o
g
e
n
 

and 
s
u
l
p
h
u
r
 

sais 
~ 
,
 
3,60 

are 
p
r
e
s
e
n
t
 

in 
the 

feed, 
t
o
C
 
H
N
 
S
O
 

s
p
e
c
i
e
s
 

' 
a
a
:
 

. 
I
d
e
a
l
l
y
,
 

a
s
s
u
m
i
n
g
 

ee
 

that 
c
o
n
d
e
n
s
a
t
i
o
n
-
 

and 
h
y
d
r
o
g
e
n
 

t
r
a
n
s
f
e
r
 

r
e
a
c
t
i
o
n
s
 

do 
not 

i
n
t
e
r
f
e
r
e
,
 

these 
species 

dynamically 
equilibrate 

or 
interconvert 

with 
some 

of 

their 
isomers 

of 
the 

same 
molecular 

formula, 
constituting 

the 
energy 

, 

surface 
of 

a 
p
a
r
t
i
c
u
l
a
r
 

species. 
The 

m
o
l
e
c
u
l
e
s
 

that 
can 

s
u
r
v
i
v
e
 

best 

in 
the 

hot 
g
a
s
p
h
a
s
e
,
 

do 
not 

p
o
s
s
e
s
s
 

u
n
c
o
n
j
u
g
a
t
e
d
 

c
a
r
b
o
n
-
c
a
r
b
o
n
 

s
i
n
g
l
e
 

bonds, 
but 

are 
c
o
n
j
u
g
a
t
e
d
 

(aromatic, 
c
a
r
b
o
n
y
l
)
 

or 
c
u
m
u
l
a
t
e
d
 

d
o
u
b
l
e
 

b
o
n
d
 
e
y
s
c
e
m
s
 

s
e
e
s
 

Scheme 
4 

shows 
some 

examples 
to 

i
l
l
u
s
t
r
a
t
e
 

this 
course. 

The 

biradical 
and 

carbene 
i
n
t
e
r
m
e
d
i
a
t
e
s
 

of 
CiHe. 

that 
undergo 

ring 

c
o
n
t
r
a
c
t
i
o
n
 

to 
F
u
l
v
e
n
e
a
l
l
e
n
e
 

and 
d
i
m
e
r
i
s
a
t
i
o
n
 

to 
d
i
h
y
d
r
o
a
n
t
h
r
a
c
e
n
e
 

and 

h
e
p
t
a
f
u
l
v
a
l
e
n
e
 

(
r
e
a
c
t
i
o
n
 

1), 
are 

q
u
i
t
e
 

w
e
l
l
 
s
t
u
d
i
e
d
’
.
 
R
e
a
c
t
i
o
n
 

2, 

shows 
the 

f
o
r
m
a
t
i
o
n
 

of 
o
x
o
c
y
c
l
o
h
e
x
a
d
i
e
n
y
l
i
d
e
n
e
,
 

C
.
H
,
0
,
 

t
h
a
t
 

is 

i
s
o
e
l
e
c
t
r
o
n
i
c
 

with 
C
H
,
 

and 
gives 

a 
similar 

ring 
c
o
n
t
r
a
c
t
i
o
n
 

to 

F
o
l
e
e
n
o
n
c
u
a
 

W
i
t
h
 
c
h
l
o
r
i
n
e
 

p
r
e
s
e
n
t
 
u
n
d
e
r
 
c
o
m
b
u
s
t
i
o
n
 

c
o
n
d
i
t
i
o
n
s
 

it 
w
i
l
l
 

yield 
dichloro 

d
e
r
i
v
a
t
i
v
e
s
 

which 
than 

dimerises 
to 
a
p
e
 

F
u
l
v
e
n
o
n
e
 

can 
also 

d
e
c
a
r
b
o
n
y
l
a
t
e
 

to 
C
o
H
,
 

that 
in 

turn 
is 

a 
p
r
e
c
u
r
s
o
r
 

for 
l
a
r
g
e
r
 

p
a
n
’
,
 

A 
p
r
o
d
u
c
t
 

from 
i
s
o
l
a
t
e
d
 

c
i
g
a
r
e
t
t
e
 

tar, 
p
y
r
r
o
c
o
l
 

and 
a 

r
e
l
a
t
e
d
 

60,75 
(
r
e
a
c
t
i
o
n
 

3).- 
d
i
m
e
r
,
 

is 
f
o
r
m
e
d
 

v
i
a
 
d
i
m
e
r
i
s
a
t
i
o
n
 

of 
a
z
a
f
u
l
v
e
n
o
n
e
 

The 
a
t
o
m
s
 

of 
f
u
l
v
e
n
e
a
l
l
e
n
e
 

and 
(
a
z
a
)
f
u
l
v
e
n
o
n
e
s
 

s
c
r
a
m
b
l
e
 

at 
h
i
g
h
 

t
e
m
p
e
r
a
t
u
r
e
.
 

The 
r
e
a
c
t
i
o
n
s
 

shown 
in 

scheme 
4&4 can 

be 
run 

on 
m
u
l
t
i
g
r
a
n
 

scale 
with 

ryt}? 
69, 

, 

None 
of 

the 
c
a
r
b
o
n
-
c
a
r
b
o
n
 

bonds 
in 

the 
reactive 

i
n
t
e
r
m
e
d
i
a
t
e
s
 

in 

s
c
h
e
m
e
 

& 
will 

e
a
s
i
l
y
 
h
o
m
o
l
y
s
e
 

in 
a 

red 
hot 

p
y
r
o
l
y
s
i
s
 

tube 
or 

c
o
m
b
u
s
t
i
o
n
 

c
h
a
m
b
e
r
.
 

E
n
t
r
o
p
i
c
 

f
a
c
t
o
r
s
 

d
i
s
f
a
v
o
u
r
 

r
a
p
i
d
 
c
o
n
d
e
n
s
a
t
i
o
n
 

of 

these 
species 

in 
the 

high 
t
e
m
p
e
r
a
t
u
r
e
 

zones 
and 

there 
they 

are 
also 

less 
prone 

to 
f
u
r
t
h
e
r
 

o
x
i
d
a
t
i
v
e
 

a
t
t
a
c
k
 
b
y
 
h
y
d
r
o
x
y
l
 

r
a
d
i
c
a
l
s
.
 

T
h
e
r
e
 

is 

a
m
p
l
e
 
e
v
i
d
e
n
c
e
 

that 
w
h
e
n
 

o
x
y
g
e
n
 

is 
p
r
e
s
e
n
t
 

in 
the 

hot 
z
o
n
e
,
 

it 

p
r
i
m
a
r
i
l
l
y
 

a
b
s
t
r
a
c
t
s
 

h
y
d
r
o
g
e
n
 

to 
form 

h
y
d
r
o
x
y
l
 
r
a
d
i
c
a
l
s
,
 

t
h
a
t
 

in 
t
u
r
n
 

r
a
r
e
l
y
 

add 
on 

to 
i
n
t
e
r
m
e
d
i
a
t
e
 

m
o
l
e
c
u
l
e
s
,
 

but 
r
a
t
h
e
r
 

s
e
e
k
 
o
t
h
e
r
 

a
b
s
t
r
a
c
t
a
b
l
e
 

h
y
d
r
o
g
e
n
s
,
 

to 
end 

up 
as 

w
a
t
e
r
’
?
 

lost 
as 

c
a
r
b
o
n
 
m
o
n
o
x
y
d
e
 

from 
v
a
r
i
o
u
s
 

i
n
t
e
r
m
e
d
i
a
t
e
s
,
 

e.g. 
f
r
o
m
 
f
u
l
v
e
n
o
n
e
,
 

. 
B
e
s
i
d
e
s
,
 

o
x
y
g
e
n
 

can 
be 





S
C
H
E
N
E
L
:
 

R
E
A
C
T
I
V
E
 

I
N
T
E
R
M
E
D
I
A
T
E
S
 

750-800°C 
C
r
 
e
e
 

: 
f
a
 

-
C
O
2
 

S
S
 

G
t
 

S
a
 

a
 

—
C
=
C
H
2
 4 

lulvenaticsne 

a
 

i 

h
e
p
t
a
 
f
u
l
 
v
a
l
d
u
e
 

—_ 

G
O
 

a
 R

=
H
 

f
u
l
v
e
n
c
 
h
e
 

f—
 

oc
or
 

R=Cl 
dioxin 

85
0°
C 

a
 

— 
RO

H 
S
a
y
e
 

—
 

a
r
a
f
u
l
v
e
n
o
n
e
 

p
y
r
r
e
 
C
a
l
 

\2
 

so 
that 

h
y
d
r
o
c
a
r
b
o
n
 

s
p
e
c
i
e
s
 

r
e
m
a
i
n
 

the 
p
r
e
d
o
m
i
n
a
n
t
 

s
p
e
c
i
e
s
 

in 
the 

hot 

zone. 
S
i
n
c
e
 

t
h
e
y
 

a
r
e
 

h
i
g
h
l
y
 
r
e
a
c
t
i
v
e
s
 

a
t
 
a
m
b
i
e
n
t
 

t
e
m
p
e
r
a
t
u
r
e
,
 

t
h
e
i
r
 

kinetic 
fate 

in 
d
i
m
e
r
i
s
a
t
i
o
n
 

and 
c
o
n
d
e
n
s
a
t
i
o
n
 

r
e
a
c
t
i
o
n
s
 

is 
g
o
v
e
r
n
e
d
 

by 

the 
chance 

of 
escape 

to 
the 

s
o
m
e
w
h
a
t
 

c
o
l
d
e
r
 

area's 
as 

the 
o
u
t
s
i
d
e
 

of 
a 

flame, 
or 

outlet 
of 

a 
c
o
m
b
u
s
t
i
o
n
 

i
n
s
t
a
l
m
e
n
t
.
 

Here 
they 

will 
u
n
d
e
r
g
o
 

their 
typical 

s
e
q
u
e
n
t
i
a
l
 

d
i
m
e
r
i
s
a
t
i
o
n
 

and 
c
o
n
d
e
n
s
a
t
i
o
n
 

r
e
a
c
t
i
o
n
s
.
 

This 

is 
what 

one 
observes 

while 
looking 

at 
a 

sooting 
flame 

or 
in 

a 
s
m
o
k
i
n
g
 

f
i
r
e
p
l
a
c
e
.
 

The 
soot 

p
a
r
t
i
c
l
e
s
 

in 
turn 

do 
i
n
t
e
r
n
a
l
l
y
 
h
o
m
o
l
y
s
e
 

at 
a 

f
a
s
t
 

rate, 
so 

that 
they 

act 
as 

a 
very 

a
c
t
i
v
e
 

free 
r
a
d
i
c
a
l
 

m
a
t
r
i
x
 

in 

h
y
d
r
o
g
e
n
 

e
r
a
r
s
c
e
r
 
=
 
Soot 

c
o
n
t
a
i
n
s
 

m
a
n
y
 

p
h
e
n
o
l
i
c
 

and 
b
e
n
z
y
l
i
c
 

s
i
t
e
s
 

a
n
a
e
s
 

Thus, 
the 

soot 
m
u
s
t
 

be 

seen 
as 

is 
a 

k
i
n
e
t
i
c
 

i
n
t
e
r
m
e
d
i
a
t
e
 

t
h
a
t
 
d
y
n
a
m
i
c
a
l
l
y
 

i
n
t
e
r
a
c
t
s
 

w
i
t
h
 

the 

that 
are 

n
o
t
o
r
i
o
u
s
 

in 
r
a
d
i
c
a
l
 

t
r
a
n
s
f
e
r
 

g
a
s
p
h
a
s
e
 

b
y
 
t
a
k
i
n
g
 

up 
and 

r
e
l
e
a
s
i
n
g
 

v
o
l
a
t
i
l
e
s
.
 

L
a
r
g
e
 

P
A
H
 

can 
be 

= 
“ 

. 
78 

p
r
e
s
e
n
t
 

as 
f
r
e
e
 
s
p
e
c
i
e
s
 

i
n
c
o
r
p
o
r
a
t
e
d
 

in 
the 

c
o
a
l
 

s
p
o
n
g
e
 

. 

The 
a
m
o
u
n
t
 

of 
(
h
a
z
a
r
d
o
u
s
)
 

o
r
g
a
n
i
c
 

P
A
H
 
c
o
n
s
t
i
t
u
e
n
t
s
 

in 
w
a
s
t
e
 

i
n
c
i
n
e
r
a
t
i
o
n
 

and 
o
t
h
e
r
 
c
o
m
b
u
s
t
i
o
n
 

p
r
o
c
e
s
s
e
s
,
 

is 
thus 

c
o
n
t
r
o
l
l
e
d
 

b
y
 

p
r
e
s
s
u
r
e
,
 

r
e
s
i
d
e
n
c
e
 

t
i
m
e
s
 

as 
w
e
l
l
 

as 
b
y
 
the 

r
e
l
a
t
i
v
e
 

s
t
a
b
i
l
i
t
y
 

a
n
d
 

k
i
n
e
t
i
c
 
b
e
h
a
v
i
o
u
r
 

of 
the 

i
n
d
i
v
i
d
u
a
l
 

r
e
a
c
t
i
v
e
 

p
r
e
c
u
r
s
o
r
 

i
n
t
e
r
m
e
d
i
a
t
e
s
 

of 
the 

p
a
r
t
i
c
u
l
a
r
 

P
a
H
®
.
 

Flash 
v
a
c
u
u
m
 

t
h
e
r
m
o
l
y
s
i
s
:
 

As 
stated 

above, 
FVT 

(figure) 
b
r
i
n
g
s
 

about 
a 

u
n
i
q
u
e
 
m
e
t
h
o
d
 

for 

c
l
o
s
e
r
 

study 
of 

the 
c
h
e
m
i
s
t
r
y
 

of 
t
r
a
n
s
i
e
n
t
 

r
e
a
c
t
i
v
e
 

s
p
e
c
i
e
s
.
 

A 

convincing 
recent 

e
x
a
m
p
l
e
 

is 
FVT 

of 
b
i
p
h
e
n
y
l
e
n
e
,
 

36 
and 

d
i
p
h
e
n
i
c
 

a
n
h
y
d
r
i
d
e
,
 

41, 
that 

p
r
o
v
i
d
e
s
 

a 
s
e
l
e
c
t
i
v
e
 

e
n
t
r
a
n
c
e
 

into 
the 

C
y
2
H
g
 

H, 
E
N
E
R
G
Y
 

S
U
R
F
A
C
E
.
 

S
C
H
E
M
E
 

5: 
THE 

C
1
3
 
8 





a 
1
 

e
n
e
r
g
y
 

s
u
r
f
a
c
e
,
 

w
i
t
h
 

t
r
a
n
s
i
e
n
t
 

f
o
r
m
a
t
i
o
n
 

of 
a
g
s
-
i
n
d
a
c
e
n
e
 

(21) 
and 

79 
c
y
c
l
o
p
e
n
t
l
[
a
J
i
n
d
e
n
e
 

(42) 
as 

s
h
o
w
n
 

in 
s
c
h
e
m
e
 

5 
©. 

I
n
s
t
e
a
d
 

of 
the 

d
i
m
e
r
 

t
e
t
r
a
p
h
e
n
y
l
e
n
e
,
 

(37), 
a
n
o
t
h
e
r
 

d
i
m
e
r
 
6
b
,
7
,
1
0
,
1
0
a
-
t
e
t
r
a
h
y
d
r
o
 

a
s
i
n
d
a
c
e
n
o
[
1
,
8
-
j
k
l
]
f
l
u
o
r
a
n
t
h
e
n
e
,
 

(43), 
was 

o
b
t
a
i
n
e
d
.
 

F
o
r
m
a
t
i
o
n
 

of 
43 

o
r
i
g
i
n
a
t
e
s
 

f
r
o
m
 

a 
t
r
a
p
p
i
n
g
 

r
e
a
c
t
i
o
n
 

betvreen 

a
c
e
n
a
p
h
t
h
y
l
e
n
e
,
 

(2) 
and 

21. 
The 

r
e
a
c
t
i
o
n
 

can 
be 

r
a
t
i
o
n
a
l
i
s
e
d
 

by 

a
s
s
u
m
i
n
g
 

t
h
a
t
 

t
h
e
 
r
e
s
i
d
u
a
l
 

b
o
n
d
 

in 
b
i
r
a
d
i
c
a
l
 

44 
is 

n
o
t
 

a 
g
e
n
u
i
n
e
 

s
i
n
g
l
e
 

b
o
n
d
 

a
n
d
 
c
o
n
s
e
q
u
e
n
t
e
l
y
 

it 
d
o
e
s
 

not 
r
a
p
i
d
l
y
 

c
l
e
a
v
e
 

to 
f
o
r
m
 

b
e
n
z
y
n
e
,
 
C
t
:
 

I
n
s
t
e
a
d
,
 

44 
e
q
u
i
l
i
b
r
a
t
e
s
 

w
i
t
h
 

t
h
e
 
b
i
c
a
r
b
e
n
o
i
d
 

s
p
e
c
i
e
s
 

45, 
t
h
a
t
 
u
n
d
e
r
g
o
e
s
 

r
i
n
g
 
c
o
n
t
r
a
c
t
i
o
n
 

to 
t
h
e
 
p
e
n
t
a
f
u
l
v
e
n
e
 

h
o
m
o
l
o
g
s
 

46 

and 
4&7 

f
r
o
m
 
w
h
i
c
h
 

21 
and 

42 
and 

s
u
b
s
e
q
u
e
n
t
l
y
 

1
-
e
t
h
y
n
y
l
n
a
p
h
t
h
a
l
e
n
e
,
 

(48), 
a 

known 
precursor 

for 
2, 

can 
arise. 

Although 
21 

is 
a 

n
o
t
o
r
i
o
u
s
 

a
n
t
i
a
r
o
m
a
t
i
c
 

c
o
m
p
o
u
n
d
,
 

it 
a
p
p
e
a
r
s
 

r
e
l
a
t
i
v
e
l
y
 

s
t
a
b
l
e
 

as 
a 

t
r
a
n
s
i
e
n
t
 

s
p
e
c
i
e
s
 

in 
t
h
e
 
h
i
g
h
 
t
e
m
p
e
r
a
t
u
r
e
 

g
a
s
p
h
a
s
e
,
 

t
h
a
t
 

is 
i
m
m
e
d
i
a
t
e
l
y
 

t
r
a
p
p
e
d
 

to 
43 

a
f
t
e
r
 

e
s
c
a
p
e
 

f
r
o
m
 

the 
h
o
t
 

z
o
n
e
.
 

W
i
t
h
 
c
o
m
p
a
r
a
b
l
e
 

e
x
a
m
p
l
e
s
 

at 
hand, 

e.g. 
p
y
r
a
c
y
c
l
e
n
e
,
 

(19), 

p
e
n
t
a
l
e
n
e
,
 

(
2
2
)
,
 

a
n
d
 
o
-
x
y
l
y
l
e
n
e
,
 

(23), 
it 

can 
b
e
 
c
o
n
c
l
u
d
e
d
 

f
r
o
m
 

F
V
T
 

w
o
r
k
 

t
h
a
t
 

t
h
e
s
e
 

m
o
l
e
c
u
l
e
s
 

o
c
c
u
r
 

as 
free 

s
p
e
c
i
e
s
 

at 
h
i
g
h
 

t
e
m
p
e
r
a
t
u
r
e
,
 

but 
are 

i
m
m
e
d
i
a
t
e
l
y
 

t
r
a
p
p
e
d
 

to 
b
u
i
l
d
 

l
a
r
g
e
r
 

PAH 
on 

c
v
o
l
i
n
g
.
 

W
i
t
h
 
3
G
 

labeled 
aromatics, 

so 
called 

a
u
t
o
m
e
r
i
s
a
t
i
o
n
 

reactions 
indicate 

the 

o
c
c
u
r
r
a
n
c
e
 

of 
t
r
a
n
s
i
e
n
t
 

G
p
e
e
i
m
e
d
i
a
t
e
a
 

S
T
R
A
T
E
G
I
C
 

P
Y
R
O
L
Y
T
I
C
 

S
Y
N
T
H
E
S
I
S
 

OF 
PAH 

Hethods 
and 

revieus: 

D
e
s
p
i
t
e
 

t
h
a
t
 
m
o
d
e
r
n
 

h
i
g
h
 
r
e
s
o
l
u
t
i
o
n
 

aS 
ce 

and 
M
y
 
NMR, 

in 
c
o
m
b
i
n
a
t
i
o
n
 

w
i
t
h
 
m
a
s
s
 

s
p
e
c
t
r
o
m
e
t
r
y
,
 

g
r
e
a
t
l
y
 

f
a
c
i
l
i
t
a
t
e
s
 

s
t
r
u
c
t
u
r
e
 

e
l
u
c
i
d
a
t
i
o
n
 

of 

PAH, 
it 

r
e
m
a
i
n
s
 

d
i
f
f
i
c
u
l
t
 

to 
i
d
e
n
t
i
f
y
 

u
n
k
n
o
w
n
 

p
o
l
y
a
r
o
m
a
t
i
c
s
 

in 
soot 

a
n
d
 
p
i
t
c
h
 
m
i
x
t
u
r
e
s
 

w
i
t
h
o
u
t
 

r
e
f
e
r
e
n
c
e
 

c
o
m
p
o
u
n
d
s
.
 

The 
i
s
o
l
a
t
i
o
n
 

of 

i
n
d
i
v
i
d
u
a
l
 

PAH 
from 

p
y
r
o
l
y
t
i
c
 

tars 
(often 

with 
liquid 

c
r
y
s
t
a
l
 

p
h
a
s
e
s
)
 

is 
g
e
n
e
r
a
l
l
y
 

d
i
f
f
i
c
u
l
t
.
 

P
r
e
p
a
r
a
t
i
v
e
 

H
P
L
C
.
i
s
 

a 
great 

help 
for 

small 

scale 
s
e
p
a
r
a
t
i
o
n
s
.
 

S
e
l
e
c
t
i
v
e
 

r
o
u
t
e
s
 

to 
build 

up 
a 

p
a
r
t
i
c
u
l
a
r
 

s
k
e
l
e
t
o
n
 

are 
b
a
r
e
l
y
 

; 
[e 

n
e
e
d
e
d
.
 

The 
most 

v
e
r
s
a
t
i
l
e
 

m
e
t
h
o
d
s
 

i
n
v
o
l
v
e
 

p
y
r
o
l
y
t
i
c
 
p
r
o
c
e
d
u
r
e
s
.
 

The 

f
o
l
l
o
w
i
n
g
 

r
e
a
c
t
i
o
n
 

types 
d
e
s
e
r
v
e
 

to 
be 

s
u
m
m
a
r
i
s
e
d
:
 

- 
E
l
b
s
 

r
e
a
c
t
i
o
n
 

and 
d
e
l
i
g
d
r
e
e
v
e
l
i
s
a
t
i
o
n
:
 

- 
T
h
e
r
m
a
l
 

O
c
h
v
d
r
e
r
e
n
c
t
i
o
n
 
-
¢
 

- 
S
p
o
n
t
e
n
e
o
u
s
 

s
e
l
e
c
t
i
v
e
 

b
u
i
l
d
 

up 
r
e
a
c
t
i
o
n
s
 

of 
t
r
a
n
s
i
e
n
t
 

G
n
t
e
r
m
e
d
i
c
t
e
s
 

«
i
0
0
0
 

60,83 
5
 

- 
E
l
i
m
i
n
a
t
i
o
n
s
 

of 
v
o
l
a
t
i
l
e
 

f
r
a
g
m
e
n
t
s
 

&. 

- 
R
e
t
r
o
 

D
i
e
l
s
-
A
l
d
e
r
 

r
e
a
c
t
i
o
n
8
5
,
8
6
 

85 

- 
U
s
e
 

of 
p
r
e
p
a
r
a
t
i
v
e
 

F
V
T
 

to 
g
e
n
e
r
a
t
e
 

i
s
o
b
e
n
z
o
f
u
r
a
n
s
 

a
n
d
 

a7 
ect., 

as 
r
e
a
c
t
i
v
e
 

b
u
i
l
d
i
n
g
 

b
l
o
c
k
s
.
 

4
4
,
8
3
 

o
-
q
u
i
n
o
d
i
m
e
t
h
a
n
e
s
 

- 
S
e
l
e
c
t
i
v
e
 

r
e
a
r
r
a
n
g
e
m
e
n
t
 

of 
P
A
H
 
b
y
 
F
V
T
 

- 
C
y
c
l
i
s
a
t
i
o
n
 

via 
a
r
y
l
m
e
t
h
y
l
e
n
e
 

c
a
r
b
e
n
e
s
 

a
n
d
 
a
r
v
i
k
e
t
e
n
e
s
 

S
o
m
e
 
e
x
a
m
p
l
e
s
 

are 
s
h
o
w
n
 

in 
s
c
h
e
m
e
 

6. 
E
l
i
m
i
n
a
t
i
o
n
 

of 
CO 

b
y
 
FVT 

of 

6
,
1
2
-
c
h
r
y
s
e
n
e
q
u
i
n
o
n
e
,
 

y
i
e
l
d
s
 
d
i
b
e
n
z
o
p
e
n
t
a
l
e
n
e
 

(
s
0
)
®
?
,
 
S
i
m
i
l
a
r
l
y
 

p
y
r
e
n
e
 

1
9
,
8
3
 

q
u
i
n
o
n
e
s
 

are 
p
r
e
c
u
r
s
o
r
s
 

for 
p
y
r
a
c
y
c
l
e
n
e
,
 

(19) 
. 
D
i
b
e
n
z
o
p
e
r
y
l
e
n
e
,
 

(50) 
is 

g
e
n
e
r
a
t
e
d
 

b
y
 
F
V
T
 

of 
t
h
e
 
t
o
s
y
l
h
y
d
r
a
z
o
n
e
 

o
f
 

A 
a
c
e
n
a
p
h
t
h
y
l
a
i
d
c
h
y
d
e
 

5
,
1
2
-
N
a
p
h
t
h
c
a
n
e
q
u
i
n
o
n
e
,
 

(51) 

b
e
n
z
o
[
2
,
3
]
f
l
u
o
r
e
n
e
,
 

(52), 
b
e
n
z
o
l
b
)
n
a
p
h
t
h
o
l
2
,
3
-
d
]
t
h
i
o
p
h
e
n
e
,
 

(53a) 
and 

Pa 

b
e
n
z
o
[
b
J
n
a
p
h
t
h
o
{
2
,
3
-
d
J
f
u
r
a
n
,
 

(53b) 
b
e
n
z
o
{
k
]
f
l
u
o
r
a
n
t
h
e
n
e
,
 

(12), 
are 

s
e
l
e
c
t
i
v
e
l
y
 

p
r
e
p
a
r
e
d
 

via 
i
s
o
b
e
n
z
o
f
u
r
a
n
,
 

(54), 
g
e
n
e
r
a
t
e
d
 

f
r
o
m
 

1
,
2
,
3
,
4
-
t
e
t
r
a
h
y
d
r
o
-
 

1
,
4
-
e
p
o
x
y
n
a
p
h
t
h
l
e
n
e
,
 
(
s
s
)
 

T
r
i
p
t
y
c
e
n
e
 

(56), 
the 

b
e
n
z
y
n
e
 

a
d
d
u
c
t
 

of 
a
n
t
h
r
a
c
e
n
e
,
 

r
e
a
r
r
a
n
g
e
s
 

to 
b
e
n
z
o
[
{
a
J
a
c
e
a
n
t
h
r
y
l
e
n
e
 

(57), 
a 

c
o
n
s
t
i
t
u
e
n
t
 

of 
b
r
o
w
n
c
o
a
l
 

soot. 
The 

a
c
e
t
y
l
e
n
e
-
m
e
t
h
y
l
e
n
e
 

carbene 

m
e
c
h
a
n
i
s
m
 

for 
c
y
c
l
i
s
a
t
i
o
n
 

to 
c
y
c
l
o
p
e
n
t
a
 

PAH 
d
e
s
e
r
v
e
s
 

s
o
m
e
w
h
a
t
 
d
e
t
a
i
l
e
d
 

c
o
m
m
e
n
t
.
 

Cc 
esi 

-PAH: 

The 
f
o
r
m
a
t
i
o
n
 

of 
c
y
c
l
o
p
e
n
t
a
-
P
A
H
 

as 
c
o
n
t
a
m
i
n
a
n
t
s
 

and 
p
o
t
e
n
t
i
a
l
 

c
a
r
c
i
n
o
g
e
n
s
 

from 
c
o
n
b
u
s
t
i
o
n
 

p
r
o
c
e
s
s
e
s
,
 

is 
a
t
t
r
a
c
t
i
n
g
 

i
n
c
r
e
a
s
e
d
 

i
n
t
e
r
e
s
t
n
s
e
u
e
 

It 
is 

i
m
p
o
r
t
a
n
t
 

to 
r
e
a
l
i
z
e
 

that 
c
o
m
b
u
s
t
i
o
n
 

of 
gaseous 
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H
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6: 
F
T
 

P
R
E
P
A
R
A
T
I
O
N
S
 

O
F
 

P
A
H
 

{6 

C
i
-
c
 4 

h
y
d
r
o
c
a
r
b
o
n
s
 

yield 
PAH's. 

W
i
t
h
 
m
e
t
h
a
n
e
 

flames 
m
i
x
e
d
 
w
i
t
h
 

CH 1
,
 

an 
i
n
t
e
n
s
i
f
i
e
d
 

trend 
was 

o
b
s
e
r
v
e
d
 

t
o
w
a
r
d
s
 

the 
p
r
o
d
u
c
t
i
o
n
 

of 
p
e
c
a
n
 
8
 

fused 
d
e
r
i
v
a
t
i
v
e
s
,
 

s
p
e
c
i
f
i
c
a
l
l
y
 

2, 
7, 

18 
and 

c
y
c
l
o
p
e
n
t
a
l
c
,
d
)
p
y
r
e
n
e
 

(
5
e
)
2
9
,
 

The 
b
u
i
l
d
 

up 
of 

these 
PAH 

f
r
o
m
 
C
,
 
s
o
u
r
c
e
s
 

v
e
r
y
 

l
i
k
e
l
y
 

i
n
v
o
l
v
e
s
 

a
c
e
t
y
l
e
n
i
c
 

m
o
i
e
t
i
e
s
,
 

that 
b
u
i
l
d
 

up 
to 
e
e
s
 

s
u
b
s
t
i
t
u
t
e
d
 

a
r
o
m
a
t
i
c
s
 
7
 

These 
are 

the 
p
r
e
c
u
r
s
o
r
s
 

that 
c
y
c
l
i
z
e
 

to 
p
r
o
d
u
c
e
 
the 

c
y
c
l
o
p
e
n
t
a
-
f
u
s
e
d
 

P
A
H
?
’
 

In 
some 

i
n
s
t
a
n
c
e
s
 

the 
e
t
h
y
n
y
l
 

g
r
o
u
p
 

can 
add 

up 
as 

a
n
o
t
h
e
r
 

s
i
x
-
m
e
m
b
e
r
e
d
 

ring 
to 

a 
PAH 

as 
well. 

These 
r
e
a
c
t
i
o
n
s
 

can 
be 

u
n
d
e
r
s
t
o
o
d
 

via 
the 

a
c
e
t
y
l
e
n
e
-
 

84 

m
e
t
h
y
l
e
n
e
c
a
r
b
e
n
e
 

r
e
a
r
r
a
n
g
e
m
e
n
t
 

. 
M
e
t
h
y
l
e
n
e
c
a
r
b
e
n
e
s
 

r
e
s
u
l
t
 

f
r
o
m
 

t
h
e
r
m
a
l
 

e
q
u
i
l
i
b
r
a
t
i
o
n
 

a
r
o
u
n
d
 

700 
°C 

w
i
t
h
 
a
c
e
t
y
l
e
n
e
s
.
 

T
h
i
s
 

f
u
n
d
a
m
e
n
t
a
l
 

t
h
e
r
m
a
l
 

p
r
o
c
e
s
s
,
 

d
i
s
c
o
v
e
r
e
d
 

b
y
 
p
e
o
 

is 
a 

k
e
y
 
m
e
c
h
a
n
i
s
m
 

in 
the 

build 
up 

of 
PAH 

(Scheme 
7). 

In 
FVT 

of 
7
,
1
0
-
d
i
e
t
h
y
n
y
l
f
l
u
o
r
a
n
t
h
e
n
e
 

(59) 

to 
c
o
r
a
n
n
u
l
e
n
e
 

(26), 
the 

i
n
t
e
r
m
e
d
i
a
t
e
 

m
e
t
h
y
l
e
n
e
c
a
r
b
e
n
e
,
 

(60), 
can 

only 

cyclise 
to 

make 
s
i
x
-
m
e
m
b
e
r
e
d
 

rings 
in 

(26)°?. 
In 

the 
c
y
c
l
i
s
a
t
i
o
n
 

of 

1
-
e
t
h
y
n
y
l
n
a
p
h
t
h
a
l
e
n
e
 

(48) 
to 

a
c
e
n
a
p
h
t
h
y
l
e
n
e
,
 

(2) 
(see 

s
c
h
e
m
e
 

5), 
the 

e
t
h
y
n
y
l
 

s
u
b
s
t
i
t
u
e
n
t
 

is 
t
r
a
p
p
e
d
 
i
n
a
 

f
i
v
e
-
m
e
m
b
e
r
e
d
 

v
i
n
e
 
o
e
 
A 

r
e
l
a
t
e
d
 

m
e
c
h
a
n
i
s
m
 

i
n
v
o
l
v
e
s
 

e
q
u
i
l
i
b
r
a
t
i
o
n
 

of 
p
r
i
m
a
r
y
 

formed 
aryn 

i
n
t
e
r
m
e
d
i
a
t
e
s
 

80,84,89 
w
i
t
h
 
c
y
c
l
o
p
e
n
t
a
d
i
e
n
y
l
i
d
e
n
e
 

c
a
r
b
e
n
e
s
 

, 
t
h
a
t
 
u
n
d
e
r
g
o
 

|
 sc
h
e
m
e
 

7 

i
n
t
r
a
m
o
l
e
c
u
l
a
r
 

t
r
a
p
p
i
n
g
 

to 
c
y
c
l
o
p
e
n
t
a
 

d
e
r
i
v
a
t
i
v
e
s
 

as 
i
n
 
F
V
T
 

of 

3
-
p
h
e
n
y
l
n
a
p
h
t
h
a
l
e
n
e
-
1
,
2
-
d
i
c
a
r
b
o
x
i
l
i
c
 

a
n
h
y
d
r
i
d
e
 

(61) 
to 

d
i
b
e
n
z
o
p
e
n
t
a
l
e
n
e
 

(4/9) 
and 

of 
p
h
e
n
o
 
a
 4
-
d
i
c
a
r
b
o
x
y
l
i
c
 

a
n
h
y
d
r
i
d
e
 

(61) 
to 

c
y
c
l
o
p
e
n
t
{
b
c
J
a
c
e
n
a
p
h
t
h
y
l
e
n
e
,
 

(
6
3
)
°
?
 

. 
A 

s
t
r
i
k
i
n
g
 

F
V
T
 
r
e
a
c
t
i
o
n
 

is 
the 

formation 
of 

f
u
r
o
l
3
,
4
-
c
]
q
u
i
n
o
l
i
n
e
,
 

(65) 
a
a
 

N
-
p
h
e
n
y
l
p
y
r
r
o
l
e
-
3
,
4
-
d
i
c
a
r
b
o
x
i
l
i
c
 

a
n
h
y
d
r
i
d
e
 

t
e
n
d
s
 

This 
m
e
c
h
a
n
i
s
m
 

was 
invoked 

in 
the 

s
e
l
e
c
t
i
v
e
 

FVI 
r
e
a
c
t
i
o
n
 

of 

t
r
i
p
h
e
n
y
l
e
n
e
,
 

(39) 
to 

c
y
c
l
o
p
e
n
t
{
h
i
J
a
c
e
p
h
e
n
a
n
t
h
r
y
l
e
n
e
 

(27) pe 
(
s
c
h
e
m
e
 

ao 
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A
C
E
T
Y
L
E
N
E
 
-
M
E
T
H
Y
L
E
V
E
 
G
R
B
E
V
E
 

R
E
A
R
R
M
G
E
N
E
M
 

He 
=C4()-c 

c
H
 

: 
‘
 
c
e
)
 

toc: 
C
i
e
 

[
\
 

loco 
P
e
e
 

a
t
 

OG. 
es 

a
S
 

mee 
5
9
 

bo 

Oo 

10) 

O q
e
o
”
 

S
s
 

=
 

/ 
a
x
 

L
A
G
 

O
S
S
 O
L
,
 

cere) 
e
e
 

b
y
 

OH
 

O
o
 

fe
) 

o
Y
)
 

CH
 

65
0°
 

e
c
e
 

a
 

>
 

S
S
 

EY
 

e
e
s
 

S| 
ac
ce
s 

N
 

N 
i
e
 

Ph
 

Z
 

b
y
 

a 

"7 

8). 
A
s
s
u
m
i
n
g
 

that 
the 

p
e
r
i
-
h
y
d
r
o
g
e
n
s
 

are 
the 

w
e
a
k
e
s
t
 

b
o
n
d
s
 

in 
40, 

it 

l
o
o
s
e
s
 

h
y
d
r
o
g
e
n
 

to 
f
o
r
m
 

t
h
e
 
a
r
y
n
 

65, 
t
h
a
t
 
e
q
u
i
l
i
b
r
a
t
e
s
 

w
i
t
h
 

t
h
e
 

S
C
H
E
M
E
 

8: 
A
R
Y
N
-
C
Y
C
L
O
P
E
N
T
A
D
I
E
N
Y
L
I
D
E
N
E
 

C
A
R
B
E
N
E
 

R
O
U
T
E
S
.
 

c
y
c
l
o
p
e
n
t
a
d
i
e
n
y
l
i
d
e
n
e
 

c
a
r
b
e
n
e
 

66, 
t
h
a
t
 
e
n
g
a
g
e
s
 

in 
an 

i
n
s
e
r
t
i
o
n
-
r
i
n
g
o
p
e
n
i
n
g
-
i
n
s
e
r
t
i
o
n
 

s
e
q
u
e
n
c
e
 

to 
2
7
°
,
 

Since 
h
y
d
r
o
g
e
n
 

a
b
s
t
r
a
c
t
i
o
n
 

is 
to 

be 
e
x
p
e
c
t
e
d
 

a 
m
a
j
o
r
 
p
r
o
c
e
s
s
 

in 

P
o
n
b
u
s
t
i
o
n
 

(see 
a
b
o
v
e
)
,
 

the 
a
r
y
n
-
c
y
c
l
o
p
e
n
t
a
d
i
e
n
y
l
i
d
e
n
e
 

c
a
r
b
e
n
e
 

r
o
u
t
e
s
 

may 
be 

q
u
i
t
e
 

c
o
m
m
o
n
 

p
a
t
h
w
a
y
s
.
 

C
O
N
C
L
U
S
I
O
N
.
 

The 
PAH 

c
h
e
m
i
s
t
r
y
 

is 
more 

v
i
v
i
d
l
y
 

then 
ever 

b
e
c
a
u
s
e
 

of 
the 

e
n
v
i
r
o
n
m
e
n
t
a
l
 

impact 
and 

the 
d
i
s
c
o
v
e
r
y
 

of 
the 

f
u
l
l
e
r
e
n
e
s
.
 

The 
l
a
t
t
e
r
 

is 
a 

m
o
s
t
 

i
m
p
o
r
t
a
n
t
 

d
r
i
v
i
n
g
 

f
o
r
c
e
 

for 
a
p
p
l
i
c
a
t
i
o
n
a
l
 

and 
t
h
e
o
r
e
t
i
c
a
l
 

work, 
that 

c
e
r
t
a
i
n
l
y
 

will 
r
a
d
i
a
t
e
 

to 
o
t
h
e
r
 

PAH 
s
y
s
t
e
m
s
 

as 
well. 

FVT 

can 
help 

the 
e
x
p
e
r
i
m
e
n
t
a
l
i
s
t
s
 

both 
to 

prepare 
PAH 

and 
to 

c
h
a
r
a
c
t
e
r
i
s
e
 

t
h
e
i
r
 
s
e
q
u
e
n
t
i
a
l
 

or 
p
r
e
c
e
e
d
i
n
g
 

c
o
m
b
u
s
t
i
o
n
 

p
r
o
d
u
c
t
s
 

as 
s
h
o
w
n
 

for 

cyclopenta-PAH. 
In 

addition, 
a 

mixture 
obtained 

from 
FVT 

with 
a 

single 

PAH 
is 

easier 
to 

analyse, 
than 

tarry 
soot 

mixtures 
from 

combustion. 

M
a
n
y
 

PAH 
are 

p
r
e
p
a
r
e
d
 

b
y
 
FVT, 

t
h
a
t
 
s
o
m
e
t
i
m
e
s
 

has 
a
p
p
e
a
r
e
d
 

to 
b
e
 
the 

only 
a
v
a
i
l
a
b
l
e
 

route. 
The 

r
e
c
e
n
t
 

FVT 
p
r
e
p
a
r
a
t
i
o
n
s
 

of 
c
o
r
a
n
n
u
l
e
n
e
 

(26) 

and 
cyclopentalth, 

i
J
a
c
e
p
h
e
n
a
n
t
r
y
l
e
n
e
,
 

(27), 
compare 

f
a
v
o
u
r
a
b
l
y
 

w
i
t
h
 

liquid 
phase 

synthesis. 
Besides, 

some 
PAH 

can 
be 

build 
up 

i
n
a
 

selective 
way 

in 
substancial 

quantities, 
via 

FVT 
generated 
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i
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r
m
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i
a
t
e
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r
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n
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l
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*t 
In 

t
h
i
s
 
r
e
s
p
e
c
t
 

P
A
H
,
 

can 
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e
e
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n
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t
u
r
a
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p
r
o
d
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;
 

t
h
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m
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y
 

e
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r
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g
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n
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t
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h
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t
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l
e
c
u
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Dr. Alfred Bader 
Chairman Emeritus HM 

February 27, 1992 

Prof. Charles D. Hurd 

2/724 Crawford Avenue 
Evanston, Illinois 60201 

Dear Charles: 

It has now been almost 40 years that you have been helping us by 
correcting the nomenclature in our catalog. In your first efforts, in 
the fifties, the catalog was just a few pages, and I hope that you have 
seen our latest catalog and like it. 

The problem which you raise with our TCNQ-F,, is a very difficult one. 
You see, we named this compound in analogy to our TCNQ, 15763-5, which 
we have called tetracyanoquinodimethane for over 20 years. The name 
TCNQ, tetracyanoquinodimethane, has just been so widely accepted. 

As soon as we can be certain of stable weather, we want to come down for 

a visit to discuss this and many other matters. 

Fond regards. 

As always, 

Alfred Bader 

AB:mmh 

c: Mr. David Griffiths 

SIGMA-ALDRICH 
P.O. Box 355 Milwaukee Wisconsin 53201 USA Telephone (414) 273-3850 Cable Aldrichem TWX 910-262-3052 Telex 26-843 





Dr. Alfred Bader 
Chairman Emeritus 

October 29, 1991 \ 

Prof. John Wotiz 
Department of Chemistry & Biochemistry 
Southern Illinois University 
Carbondale, Illinois 62901 4409 

Dear John: 

Thank you for your kind letter of October 24. 

You must have realized how very much Isabel and I enjoyed being able to 

spend an evening with you. 

However, my calendar for January and February is completely filled, and 

anyway, the winter months are not good months to travel in Illinois and 

Wisconsin. 

Please consider whether a date in September would be suitable, and if 

so, could I impose upon you to ask the chemists in Urbana whether they 

might also enjoy a visit from us. We would drive, which is much less 

expensive than flying. 

All good wishes. 

Sincerely, 

Alfred Bader 

SIGMA-ALDRICH 
eee eee e

M 

P.O. Box 355 Milwaukee Wisconsin 53201 USA Telephone (414) 273-3850 Cable Aldrichem TWX 91 0-262-3052 Telex 26-843 





Dr. Alfred Bader 
Chairman 

November 7, 1990 

Mrs. Anita Kolman 

6101 North Sheridan Road 11A 

Chicago, Illinois 60660 

Dear Mrs. Kolman: 

I am sorry to read about the difficulties with your beautiful Backer, although 

I must tell you that I am not surprised. 

Once a painting has gone through auction and has been unsold, most collectors 

shy away from it and so does my friend who initially was most interested. He 

told me that it has been offered to museums for considerably less, and that 

when he saw it at auction in New York, he was unhappy about the manner in 

which it was restored. 

I wasn't at the New York auctions in May, but when next I come to Chicago, 

probably in January, I will try to visit with you and look at the bottom 

painting. 

Best regards. 

Sincerely, 

Alfred Bader 

AB :mmh 

SIGMA-ALDRICH 
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P.O. Box 355, Milwaukee, Wisconsin 53201 USA, Telephone (414) 273-3850, Cable Aldrichem TWX 910-262-3052, Telex 26-843, FAX 414-273-4979 
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Chemists Helping Chemists in Research and Industry 

aldrich chemical company. inc- 
Dr. Alfred Bader 

Chairman 

March 9, 1990 

Prof. Herbert C. Friedmann 
Department of Biochemistry and 

Molecular Biology 
University of Chicago 
920 East 58th Street 
Chicago, Illinois 60637 

Dear Prof. Friedmann: 

Thank you for your thoughfulness in sending me The New Yorker with the 

article on the Rembrandt Research Project. I had indeed read Tee and. tt 

fact, made some copies to send to art historians in Germany. It is good 

to have another copy for another friend. 

As a small token of my appreciation, please find enclosed some repr oduc- 

tions of paintings by Rembrandt and his students. 

If you ever come to Milwaukee, I would be happy to meet you personally 

and show you my collection. 

Best regards. 

Sincerely, 

Alfred Bader 

AB:mmh 

Enclosures 

P.O. Box 355, Milwaukee, Wisconsin 53201 USA, Telephone (414) 273-3850, Cable Aldrichem TWX 910-262-3052, Telex 26-843, FAX 414-273-4979 
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Chemists Helping Chemists in Research and Industry ( VJ JORA & / 

aldrich chemical company. inc. iain: 
Dr. Alfred Bader 

Chairman 

January 2, 1990 

Dr. Robert M. Moriarty 
President 
Steroids Ltd. 
Chicago Technology Park 
2201 West Campbell Park Drive 
P.O. Box 6836 
Chicago, Illinois 60612 

Dear Dr. Moriarty: 

I am sorry that a trip to Europe has delayed my thanking you for your 
thoughtful letter of December Ist. 

I had not realized that you are actively involved in steroid synthesis, 
and, under the circumstances, it seems to me that Dr. Julilan's 
collection really must have more value with you than in our Library. 

We do get inquiries for steroid syntheses from time to time, syntheses 
which usually we decline. From now on, I would like to suggest to 
prospective customers that they contact you. 

As we are physically so close, I do hope that we will be able to meet 
personally before long. 

Best Wishes of the Season. 

Sincerely, 

Alfred Bader 

AB:mmh 

P.O. Box 355, Milwaukee, Wisconsin 53201 USA, Telephone (414) 273-3850, Cable Aldrichem TWX 910-262-3052, Telex 26-843, FAX 414-273-4979 




