
T h e  crude  ac id i c  product w a s  purified by f i l ter ing 
through a 1-inch layer  of anhydrous  potass ium carbonate  
and w a s  fract ionated t o  give a neutral  product. 

Cyclohexylamine Salt of C, Chlorofluorocarboxylic Acid. 
A solut ion of 24 grams (0.05 mole) of C, chlorofluoro- 
carboxylic ac id  in 25 ml. of e thvl  e ther  w a s  added  t o  5 
grams (0.05 mole) of cyc lohexylamine  in  1 5  ml .  of ethyl  
ether.  T h e  solvent  w a s  evapora ted  and t h e  remaining 
sol id  w a s  recrystal l ized from cyclohexane  t o  g ive  14 grams 
(48%) of white sol id .  

Decarboxylation of C, Chlorofiuorocarboxylic Acid. A 
27-gram charge  of C, chlorofluorocarboxylic acid w a s  
neutralized with sodium hydroxide,  concent ra ted  under a 
stream of nitrogen, and dried a t  105OC. in a vacuum oven. 
A 10.7-gram (0.0214 mole) s ample  of t h e  dry sodium s a l t  
w a s  hea ted  in  a small d i s t i l l a t i on  apparatus .  A liquid 
product (8.3 grams) d i s t i l l ed  a t  ca. 160°C.  a s  t h e  pot 
temperature rose  from 160 t o  300 OC. and gave  a pos i t i ve  
unsaturation t e s t  with aqueous  potass ium permanganate.  
A redis t i l led portion had a molar refractivity con- 
firming the  s t ructure  CF,Cl(CFClCF,) ,CF =CF, .  
CF,Cl(CFClCF,) ,CCl= CF,  is indicated by t h e  p re sence  
of fluoride in  t h e  pyrolysis  res idue.  

APPLICATIONS 
T h e  chlorofluorocarboxylic a c i d s  a rp  r e s i s t an t  t o  thermal 

decomposition and a re  very  s t a b l e  toward strong ac ids ,  

b a s e s ,  and oxidants .  T h i s  s t ab i l i t y  ind ica t e s  t ha t  t h e  
a c i d s  or their  de r iva t ives  will b e  excel lent  su r f ac t an t s  in 
some environments where  hydrocarbon surfactants  fail. 

T h e  l a rge  number of de r iva t ives  of t h e  chlorofluoro- 
carboxyl ic  a c i d s  potent ia l ly  ava i l ab le  should provide new 
classes of mater ia ls  useful  a s  hydraulic f luids ,  lubricants ,  
p l a s t i c i ze r s ,  and for other  appl icat ions where a non- 
flammable, s t ab le  material  is required. 
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Pyrolytic Degradation Products of Cellulose 

ROBERT F. SCHWENKER, JR., AND EUGENE PACSU 
Textile Research Institute, Rinceton, N. J. 

T h i s  work r ep resen t s  t he  f i rs t  phase  of a s tudy  des igned  
to e luc ida te  the  nature  of t h e  pyrolytic degradation of cel lu-  
l o s e  and t h e  mechanism by which t h e  reaction proceeds ,  
in order t o  understand bet ter  t he  larger  problem of the flame 
and glow r e s i s t a n c e  of ce l lu los i c  mater ia ls .  T h i s  i s  of 
high priority i n  the  Department of Defense  for clothing 
purposes.  A knowledge of the  degradation of c e l l u l o s e  
may ult imately give a solut ion of t h e  problem. 

T h e  decomposition of t h e  ce l lu lose  polymer in  the so l id  
s t a t e  a t  t empera tures  greater  than  250 "C. h a s  been  s tudied 
ex tens ive ly  (3,  4, 6, 7, 9-11, 20-22, 25-28). T h e  products 
of decomposition have  usually been  divided into three main 
c a t e g o i i e s  (7). 

1. Gas Phose Products. T h i s  p h a s e  c o n s i s t s  of carbon monox- 
ide, carbon dioxide,  methane, and hydrogen, usual ly  const i tut ing 
20 to 25% of the total  products  of pyrolysis  (3, 6, 7, 20, 25, 26). 

2. Solid Phase Products. A carbonaceous residue o r  cha r  is 
produced i n  approximately 15% yield ( 9 ,  21, 27, 20, 26). 

3. Liquid Phose Products. An aqueous d i s t i l l a t e  ( the pyroly- 
zate) is obtained, consis t ing of tars,  water, and volat i les  con- 
densable  at 0' C., and comprising approximately 65% of t h e  total  
products. According to Coppick (7), the aqueous  d i s t i l l a t e  ob- 
tained from the pyrolysis  o r  controlled combustion of ce l lu lose  
contains  the tarry primary dissociat ion products  which appear  t o  
b e  cr i t ical ly  re la ted to  the  flaming cha rac t e r i s t i c s  of fabrics. 

At e leva ted  tempera tures  then, ce l lu lose  decomposes  t o  
form cons iderable  amounts of flammable products.  I t  h a s  
been sugges ted  that  when a ce l lu los i c  material  burns,  t he  
volat i le  decomposition products a r i s ing  from pyrolytic de- 
composition of t h e  c e l l u l o s e  actual ly  cause flaming (4). 

A mechanis t ic  theory of t h e  pyrolytic degradation of cei- 
lu lose  (21) s u g g e s t s  that  t h e  reaction proceeds  through a 
common. intermediate,  1,6-anhydro-,k?-~-glucopyranose (levo- 
glucosan),  resul t ing from ini t ia l  depolymerization. Levo- 
g lucosan  is then thought to par t ic ipate  in two competing re- 
actions:  repolymerization in a dehydration p rocess  to form 
char and decomposition to volat i le ,  flammable products.  
T h e  degradation r eac t ions  of ce l lu lose  a t  t empera tures  of 
pyrolysis  are not c lear ly  understood a t  present ,  and the 
chemical l i terature  l a c k s  information and d a t a  as  to the 
nature  of t he  products  in the c e l l u l o s e  pyrolyzate.  

Gil le t  and  Urlings (9-11) have  made a thorough invest i -  
gation of t he  pyrolysis  of wood and cel lulose.  T rue  pyroly- 
sis w a s  found to begin a t  250° C. and adjudged comple te  a t  
360' C. Glyoxal and g lyco l i c  a ldehyde  were sugges ted  a s  
products from the pyrolysis  of cel lulose,  but no  experimen- 
ta l  da t a  were presented. Coppick (7') reports t he  ex i s t ence  
of hydroxyl, methylene,  methyl, carbonyl,  e thylene,  and 
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e s t e r  groups in t h e  c e l l u l o s e  pyrolyzate  on t h e  b a s i s  of 
infrared a n a l y s i s ,  In 1918 P i c t e t  and Saras in  (22) ident i -  
fied levoglucosan as a product in high y ie ld  from t h e  de- 
s t ruc t ive  d is t i l l a t ion  of cot ton ce l lu lose .  T ischenko and 
Fedor i schev  (28) decomposed c e l l u l o s e  i n  the  dry s t a t e  in 
an au toc lave  and reported that  t h e  products  c o n s i s t  largely 
of 1 evogl u cosan.  

T h e  work reported here  i s  primarily concerned with t h e  
exac t  nature  of t h e  tarry products  present  i n  t h e  c e l l u l o s e  
pyrolyzate. A de ta i led  knowledge of t h e s e  c r i t i ca l  com- 
pounds would appear  b a s i c  to an understanding of t h e  com- 
plex p r o c e s s  of pyrolyt ic  degradat ion,  as i t  p roceeds  in  t h e  
c a s e  of ce l lu lose .  Quant i ta t ive da ta  a r e  presented  on t h e  
production of char  a n d  pyrolyzate  a s  gross  decomposi t ion 
products. Data  on t h e  pyrolyzate  cons t i tuents  a r e  reported 
and new products  ident i f ied.  

E XP ERlM ENTAL 
Samples. T h e  c e l l u l o s e  s tud ied  w a s  a n  unmodified cot-  

ton fabric. T h e  work s a m p l e  s e l e c t e d  w a s  a d e s i z e d  and 
alkal i -scoured,  cot ton oxford fabric  (6 o u n c e s  per  square  
yard) of 80 x 80 construct ion.  

T h e  pyrolysis  equipment c o n s i s t e d  of a demountable  
combustion tube  and t ra in ,  A thick-walled boros i l ica te  
g l a s s  tube  2.8 cm. in  i n s i d e  diameter  and 25.4 cm. long 
const i tuted t h e  pyro lys i s  chamber, which w a s  hea ted  elec- 
tr ical ly  to the  des i red  temperature  by a Nichrome winding 
which enc losed  t h e  en t i re  length of t h e  tube. One  end of 
t h e  pyro lys i s  chamber w a s  open to t h e  air ,  whi le  the efflux 
end w a s  connec ted  by a ground-glass  joint lubricated with 
graphi te  through an adapter  to  two t raps  p laced  in  s e r i e s  
and maintained at 0' C. T h e  efflux tube  leading  from t h e  
second co ld  trap conta ined  a g l a s s  wool filter. T h e  appara- 
t u s  w a s  then connec ted  through a f i l ter  f lask to  a water  
aspirator. A sample  mounted on a hollow, s t a i n l e s s  s t e e l  
tube  could b e  introduced into the  chamber in such  a manner 
a s  to  preclude any contac t  with t h e  wal ls .  Tempera tures  
in t h e  pyro lys i s  chamber were  es t imated  by iron-constantan 
thermocouples. 

Samples  of cot ton fabric  were pyrolyzed in a i r  a t  350° to  
375' C. T h e  decomposition products  were moved into t h e  
cold t raps  by an a i r  s t ream at  flow r a t e s  greater  than 500 
cc. per  minute. Products  condensable  a t  0' C. were t rapped 
a s  an aqueous  d i s t i l l a t e  cons is t ing  of t a r s  and water. T h e  
volat i le  g a s e s  were al lowed t o  e s c a p e .  Weights were ob- 
ta ined on t h e  aqueous  d i s t i l l a t e  (pyrolyzate)  produced and 
the carbonaceous  res idue  (char) remaining in t h e  pyrolysis  
chamber. T h e  pyrolyzate  w a s  then t rea ted  with e x c e s s  
water, which d isso lved  most  of t h e  t a r  t o  yield a n  aqueous  
fraction. A smal l  water- insoluble  res idue  remained, which 
w a s  so luble  in  ace tone  or e thyl  a lcohol .  

Chromatographic Analysis. P a p e r  par t i t ion chromatogra- 
phy w a s  used  to  determine t h e  levoglucosan  and organic  
acid components. T h e  capi l lary d e s c e n t  technique  with 
Whatman No. 1 paper  a s  t h e  support  w a s  used  throughout, 

Levoglucosan  Determination. A qual i ta t ive  a n a l y s i s  w a s  
performed us ing  a modified Par t r idge  solvent  sys tem con- 
s i s t ing  of  5 :  4 :  1, 1-butanol, water, and ethyl  a lcohol  to 
develop t h e  chromatograms. T h e n  t h e  developed chromato- 
gram w a s  dried and sprayed with a 1% aqueous  solut ion of 
potassium permanganate  containing 2% sodium carbonate  
(19) to reveal  spot  loca t ions .  Quant i ta t ive  est imat ion w a s  
accomplished by a n  indirect  method, b a s e d  o n  t h e  fact  that  
levoglucosan i s  hydrolyzed in a c i d  media to  D-glucose. 
Aliquot port ions of t h e  aqueous  f rac t ions  were hydrolyzed 
by refluxing 1 hour with d i lu te  su l fur ic  acid.  After hydroly- 
s i s  t h e  ac id  w a s  removed ei ther  by precipi ta t ion as barium 
su l fa te  or by a weak anion exchange  resin (Amberlite 
IR-4R, Rohm & Haas ,  Phi lade lphia ,  P a . )  in t h e  hydroxyl 

form. T h e  g lucose  content  of t h e  deac id i f ied  hydrolyzates  
w a s  then determined by quant i ta t ive  paper  chromatography 
(23). T h e  amount of levoglucosan  or iginal ly  present  could 
t h u s  a e  accurately est imated.  

Organic  Acid Determination. T h e  ac id  components  of the  
aqueous  fract ion were removed by an ion  exchange  resin 
column (Amberlite IRA-400, Rohm & Haas ,  Phi ladelphia ,  
Pa.) i n  t h e  hydroxyl or carbonate  form. T h e  free a c i d s  
were recovered by elut ion from t h e  column with d i lu te  sul-  
furic acid.  T h e s e  e l u a t e s  were then ana lyzed  by paper 
chromatography for vo la t i le  and nonvolat i le  organic  acids .  

Volat i le  a c i d s  were determined a s  descr ibed  by Brown 
(1); t h e  a c i d s  were  converted to their  sodium s a l t s  and 
s a m p l e s  of t h e . u n k n o w n s  run a g a i n s t  t h e  knowns. T h e  
so lvent  sys tem w a s  4 : 1 : 5 ,  1-butanol-ethyl alcohol-3N 
ammonia, and t h e  spray reagent  w a s  bromothymol b lue  ad- 
j u s t e d  to  pH 7.6. 

Nonvolat i le  Acids .  T h e  f ree  a c i d s  were appl ied  direct ly  
to  t h e  paper, according to  t h e  method of Buch,  Montgomery, 
and Por te r  (2 ) .  T h e  so lvent  sys tem w a s  1-pentanol-5M 
aqueous  formic a c i d  in a 1 to  1 rat io  and t h e  spray  reagent  
w a s  a 0.04% solut ion of bromophenol b lue  i n  95% ethyl  al- 
cohol ,  Pr ior  to  development, t h e  chromatograms were 
equi l ibrated with t h e  vapor from t h e  aqueous  p h a s e  of t h e  
solvent  system. When t h e  dry chromatogram w a s  sprayed, 
t h e  ac id  components  were revealed as yel low s p o t s  aga ins t  
a b l u e  background. 

Aldehyde and Ketone Determination. Qual i ta t ive  t e s t s  
were made using Schiff ' s  reagent  and Fehl ing ' s  solut ion on 
the  aqueous  so lu t ions  of t h e  pyrolyzates .  Crys ta l l ine  de-  
r iva t ives  of a ldehyde  products  were obtained by dimedone 
(S,5-dimethylcyclohexane-1,3-dione) precipi ta t ion i n  50% 
ethyl a lcohol  solut ions.  Der iva t ives  were recrys ta l l ized  
from aqueous  ethyl  alcohol. Carbon and hydrogen and 
molecular weight determinat ions were obtained on t h e  de- 
r iva t ives  from commercial microanalyt ical  laborator ies ,  
Melting point d a t a  were obtained and t h e  ul t raviolet  spec t ra  
of t h e  compounds were measured in  95% e thyl  a lcohol  a t  a 
uniform concentrat ion of 1 2  mg. per  l i ter ,  with a Model DU 
Beckman spectrophotometer. 

pNitrophenylhydrazine der iva t ives  of the unknown prod- 
u c t s  were prepared and melting poin ts  determined. 

T h e  2,4-dinitrophenylhydrazones of t h e  unknown carbonyl  
products  were prepared by techniques  descr ibed  by Iddles  
and h i s  coworkers  (14, 15). Prel iminary determinat ion w a s  
accomplished by adsorpt ion chromatography, u s i n g  
kieselguhr-bentoni te  columns (8 ) .  

RESULTS AND DISCUSSION 
Quanti ta t ive e s t i m a t e s  of the  yield of t h e  g r o s s  decom- 

posi t ion products ,except  t h e  vola t i le  g a s e s ,  were made  on 
a s e r i e s  of fabr ic  samples .  T h e s e  s a m p l e s  were pyrolyzed 
at  350' to 375' C. i n  a l imited a i r  supply. T h e  pyro lyza tes  
produced were determined by weight differences,  whereas  
t h e  incident  c h a r s  were measured by direct  weighing. T h e  
r e s u l t s  a r e  presented in  T a b l e  I. 

All experimental  melting point d a t a  a r e  uncorrected. 

Table 1. Pyrolyzate-Char Data on 6-Ounce Cotton Oxford Cloth 

Sample Wt., Pyrolyzate Char Wt., 
G. Wt., G. Pyrolyzate, 7'' G. Char, % 

7.25 
7.22 
7.24 
7.39 
7.45 
7.25 
7.26 
7.20 
7.15 

4.50 
4.80 
4.90 
5.32 
5.01 
4.94 
5.22 
4.89 
4.86 

62.1 
66.5 
67.7 
72.0 
67.2 
68.1 
71.9 
67.9 
70.0 

0.94 13.0 
0.76 10.5 
0.82 11.3 
1.36 18.4 
0.62 8.3 
0.80 11.0 
0.71 9.8 
1.01 14.0 
0.87 12.2 
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B a s e d  on t h e  d a t a  in  T a b l e  I a n d  employing t h e  arithme- 
t i c  mean, t h e  average  pyro lyza te  yield is 68.1% and t h e  
average  char  y ie ld  is 12.1%. Carbon and hydrogen determi- 
nat ion showed 85.42% carbon and 3.38% hydrogen content ,  
a s  compared with 85.28% carbon and 3.40% hydrogen found 
by Coppick (7) for t h e  pyrolyt ic  c h a r s  of a n  untreated cot- 
ton fabric. 

T h e  f i rs t  s t e p  i n  t h e  pyrolyt ic  degradat ion of c e l l u l o s e  
appears  to  b e  t h e  formation of t h e  @-glucose anhydride,  
levoglucosan (21). Therefore  t h e  pyro lyza te  w a s  f i rs t  
ana lyzed  for t h i s  compound. An aqueous  solut ion of au- 
thent ic  levoglucosan  and aqueous  s o l u t i o n s  of t h e  cel lu-  
l o s e  pyrolyzate  w e r e  examined qual i ta t ively by paper  chro- 
matography. T h e  known and unknown so lu t ions ,  run simul- 
taneous ly  on t h e  same chromatograms, gave  r i s e  to  promi- 
nent  s p o t s  of t h e  same R, value.  

Levoglucosan  w a s  quant i ta t ively determined as D-glucose 
(Table  11). O n e  mole of levoglucosan  (molecular  weight  
162) produces  1 mole of D-glucose (molecular  weight  180) 
on a c i d  hydrolysis .  

02uo 

Table I I .  Levoglucosan in Cellulose Pyrolyzate 

Levogluco san, 
Calcd. 

Sample G. ME* M g. 70 
Pyrolyzate, D-Glucose, 

1 A 2ko 2& *Lo 3k 3120 

IV 4.90 
V 5.32 
VI 5.01 
VI1 ... 
VI11 4.94 
IX 5.22 

609 548 11.2 
746 6 72 12.6 
535 482 9.6 
743 669 ... 
768 69 1 14.0 
877 790 1s. 1 

Under t h e  s t a t e d  condi t ions  of pyro lys i s  levoglucosan  i s  
confirmed as  a major product, cons t i tu t ing  12.5% of t h e  
to ta l  pyro lyza te  b a s e d  on t h e  quant i ta t ive  d a t a  obtained.  

Aqueous  so lu t ions  of t h e  pyro lyza tes  proved s t rongly re- 
duc ing  on t e s t i n g  with F e h l i n g ' s  solut ion and  Tol len ' s  re- 
agent .  A pos i t ive  t e s t  for t h e  p r e s e n c e  of a l d e h y d e s  w a s  
obtained with Schiff 's reagent .  Crys ta l l ine  der iva t ives  of 
t h e  a ldehyde  products  were  obtained on t reatment  of t h e  
unknown so lu t ions  with e x c e s s  5,5-dimethylcyclohexane- 
1,3-dione (dimedone) in  50% e t h y l  a lcohol  solut ion.  T w o  
derivat ives ,  I (melting point 190' C.) and  I1 (melting point 
230' C.), were t h u s  found. I w a s  readily prepared, coming 
down within a few minutes  at room temperature  a s  a yel low 
so l id  which y ie lded  a flaky, white ,  c r y s t a l l i n e  compound 
melt ing at 189.5-91' C. on recrys ta l l iza t ion  from 75% ethyl  
alcohol. I1 w a s  obtained from t h e  mother l iquor  of I, af ter  
120 hours  under  refrigeration. Recrys ta l l iza t ion  w a s  ef- 
fec ted  from 85% e thyl  a lcohol  to  yield whi te  n e e d l e s  melt- 
i n g  at  229.3-30.3' C. 

T h e  ident i f icat ion of I and  I1 p o s e d  unexpec ted  problems 
and revea led  t h e  e x i s t e n c e  of s e r i o u s  d e f e c t s  in  t h e  l i tera-  
ture  on t h e  dimedone der iva t ives  of aldehydes.  T h e  melt- 
i n g  point  d a t a  obtained on I ind ica ted  formaldehyde, gly- 
oxal, or acro le in  a s  t h e  aldehyde present .  A s tandard  work 
on qual i ta t ive  organic  a n a l y s i s  (12 )  g a v e  a s i n g l e  dimedone 
der ivat ive e a c h  for glyoxal ,  formaldehyde, and acro le in  
with melt ing poin ts  of 186', 189', and  192' C, respec-  
tively. Authent ic  der iva t ives  of formaldehyde and glyoxal  
were prepared us ing  t h e  commercially ava i lab le  compounds. 
In t h e  case of glyoxal  t h i s  w a s  a 30% aqueous  solut ion,  
technica l  (Eastman).  D a t a  were then s e c u r e d  on melt ing 
points ,  mixed melt ing points ,  and carbon and  hydrogen con- 
t e n t  for the  known and  unknown compounds ( T a b l e  111). 

T h e  d a t a  in  T a b l e  111 ind ica ted  e i ther  formaldehyde or 
glyoxal, but  no c l e a r  d i s t inc t ion  could b e  made i n  view of 
t h e  d a t a  on t h e  au thent ic  der ivat ives .  T h e  s t r iking simi- 
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Table Ill. Physic01 Dota an D imdone  Derivatives 

Melting Point, OC. C,% H, Yo 

Derivative Lit. ( 1 2 )  Found Calcd. Found Calcd. Found Calcd 
Mol.Wt., 

I 189.5-1 91 69.9 7.9 30g8 
Formaldehyde 189 190-191 69.8 8.3 292 
Glyoxal 186 190-191.5 67.5 70.0 7.6 8.1 320 
Formalde yde- 

188.5-192 
18 7.5- 19 0 

hydeb 190-191.5 

glyoxal 3 
I-Glyoxalb 
I-Formalde- 

A cr ol ein 192 71.6 8.2 318 
eExptl. data. MW by ebullioacopic method. 
bl: 1 mixtures for mixed melts. 

lar i ty  between formaldimethone and t h e  glyoxal  der iva t ive  
prepared in t h e  laboratory led  to  a careful  sc ru t iny  of t h e  
glyoxal  sample .  It became apparent  tha t  no glyoxal  der iva-  
t i v e  had  b e e n  prepared a n d  tha t  t h e  "authent ic"  glyoxal-  
dimethone w a s  in f a c t  formaldimethone, a s  s u b s t a n t i a l  
formaldehyde impurity w a s  shown to  b e  present  in  t h e  com- 
mercial glyoxal  preparation. 

T h e  ul t raviolet  s p e c t r a  of t h e  dimedone der iva t ives  pre- 
pared from reagent  formaldehyde and 15% glyoxal  were com- 
pared with t h e  spec t ra l  curve obtained for compound I .  T h e  
curves,  shown in  F igure  1, i n d i c a t e  the  three der iva t ives  
to  b e  identical-i.e.,  formaldimethone-and s u b s t a n t i a t e  
t h e  conclus ion  t h a t  the  glyoxal reagent  w a s  contaminated 
with formaldehyde. T h i s  resul t  and t h e  d a t a  in T a b l e  111 
identify 1 a s  formaldimethone, t h u s  e s t a b l i s h i n g  formalde- 
hyde a s  a pyro lys i s  product. 

In t h e  c a s e  of unknown compound 11, carbon,  hydrogen, 
and melt ing point  da ta  ind ica ted  a der ivat ive s imilar  to  tha t  
reported by R e z e k  (24) a s  glyoxaltetramethone. T h e  d a t a  
on t h e  unknown, with l i t e ra ture  d a t a  on  other  der iva t ives ,  
a r e  shown in  T a b l e  IV. 

Attempts  a t  molecular  weight determination by both R a s t  
and Signer  (5) methods proved unsuccessfu l ,  in  that  no sa t -  
isfactory so lvent  could b e  found. T h e  negat ive  r e s u l t s  in- 
d ica ted  a compound of high molecular weight. In  F igure  2 
t h e  ul t raviolet  spec t ra l  c u r v e s  of formaldimethone, com- 
pound 11, and  dimedone reagent  a r e  shown. T h e  wave  
length of  maximum absorbancy for compound 11 i s  not 
greatly sh i f ted  from t h e  v a l u e s  found in  t h e  c a s e  of formal- 



Table IV. Physical Data on Dimedone Derivatives 

Melting Point Data 

Derivatives OC. Lit. ref. C, % H, % 

I1 229.3-230.3a 70.7' 7.7a 
Glyoxaldimethone 228 (13, 16) ... ... 
Glyoxal (mono) 186 (12, 29) 67.5 7.6 
Cinnamaldeh yde 219 (12 )  76.1 7.7 
2,4-Dihydroxybenzaldehyde 226 (12) 68.9 7.1 
'Experimental data, 

dimethone and dimedone. Therefore  the  s a m e  group i s  
probably respons ib le  for absorption in e a c h  case. T h e  dif- 
fe rences  exhibi ted by t h e  curves  with respec t  to maximum 
absorbancy appear  re la ted  to  t h e  molecular weights  of t h e  
compounds. T h e  height  of curve  111 could i n d i c a t e  a com- 
pound of three  to  four t i m e s  t h e  molecular  weight of t h e  
material represented  by curve  1. A s  dimedone represented 
by curve  I h a s  a molecular  weight  of 140, t h i s  would g i v e  
t h e  unknown compound a molecular weight  of 500 to  600. 
Glyoxal te t ramethone h a s  a molecular weight of 582. 

T h e  d a t a  in T a b l e  IV  i n d i c a t e  I1 to  b e  glyoxaltetrameth- 
one  and show that  Klein and L i n s e r ' s  glyoxal der ivat ive 
(16) melting a t  228' C. i s  probably the  te t ramethone and 
not t h e  dimethone. 

Glyoxaltetramethone 235-236 (24) 70.1 8.0 

Table V. Melting Point, Carbon, Hydrogen, and Molecular 
Weight of Known and Unknown Derivatives 

Found, 70 
Melting Point, 

Derivative O C  C H Mol.Wt. 

I 189.5- 19 1 69.87 7.89 309 
Fonnddimethone 189 69.83 8.27 292 

I1 229.3-230.3 70.67 7.73 ... 
Glyoxaltetramethone {::-236 70.08 7.96 582 

T h e  d a t a  ava i lab le  on I and I1 a r e  summarized in T a b l e  
V and  compared with l i t e ra ture  d a t a  on formaldimethone and 
glyoxaltetramethone. 

I 
I201 

WAVE LENGTH ( rnp 1 
Figure 2. Ultraviolet absorption curves for dimedone and 

dimedone derivatives 
I .  Dimedone reagent 

11. Formaldimethone 
i l l .  Dimedone derivative II 

Compound I1 h a s  been  ident i f ied as glyoxaltetramethone, 
and glyoxal is t h u s  be l ieved  to  h a v e  been e s t a b l i s h e d  a s  a 
pyrolysis  product. 

T h e  s t a t u s  of the dimedone der iva t ives  of glyoxal  is not 
c lear  in  t h e  l i terature;  this  subjec t  will b e  fully dea l t  with 
in a s e p a r a t e  paper  i n  an attempt t o  reso lve  t h e  confusion. 

Derivat ives  of t h e  unknown carbonyls  were a l s o  prepared 
by precipi ta t ion as  t h e  corresponding pni t rophenylhydra-  
zones  (12). A red, c rys ta l l ine  material, assumed to  b e  a 
complex mixture, w a s  obtained.  T h e  unknown prec ip i ta te  
w a s  par t ia l ly  so luble  i n  e thyl  a lcohol  in  t h e  cold,  but  a 
subs tan t ia l  a lcohol- insoluble  res idue  remained. T h e  form- 
a ldehyde  der iva t ive  i s  so luble  i n  alcohol, whereas  t h e  gly- 
oxal  der ivat ive of p-nitrophenylhydrazine is not. Melting 
point d a t a  and o ther  information on t h e  unknown compounds 
a r e  compared i n  T a b l e  VI with comparable  l i t e ra ture  (18) 
and laboratory d a t a  on  t h e  formaldehyde a n d  glyoxal deriva- 
t i v e s  of p-nitrpphenylhydrazine. Unknown I1 i s  t h e  alcohol-  
inso luble  component of t h e  pni t rophenylhydraz ine  deriva- 
t ive mixture prepared from t h e  unknown. T h e  d a t a  in  T a b l e  
VI strongly s u g g e s t  glyoxal  a s  present  in t h e  pyrolyzate. 

Table VI. Propertlo. of p-Nitaphenyihydrazones 

Color in 
Alcoholic 

Derivative Description M.P. ,  %. KOH(18) 

Urknown Ia Red-brown crystals 258-261 (d) Deep purple 
Unknown I P  Red-brown crystals 288-290 (d) Deep blue 
Glyoxala Dull red cryatals 290.5-293.5 (d) Deep purple- 

Formaldehydea Yelloucbrown cryatals 177-178.5 Deep red- 
blue 

brown 
311 (d) 

Glyoxalb Reddlsh nystals 302 (d) Deep blue 
Formaldehydeb Yellow needles 181-182 ... 
aExperimenta1 data. 
bLiterature data. 

T h e  ce l lu lose  pyrolyzate  w a s  observed t o  b e  weakly 
acidic ,  with pH i n  t h e  range  of 2.4 to  2.8. Aqueous solu- 
t ions  prepared therefrom were  accordingly ana lyzed  by 
paper partition chromatography to d iscover  t h e  ac id  compo- 
n e n t s  present. Vola t i le  a c i d  products  were determined by 
us ing  a method descr ibed  by Brown (1). T h e  r e s u l t s  ob- 
ta ined are  shown as R, v a l u e s  in T a b l e  VII, where they a r e  
compared with l i t e ra ture  va lues .  

Table VII. R f  Values  of Volatile Acid Ions 

Ion Rf 
Unknown 
Formate 
Formatee 
Acetatea 
Propionate 

aLiterature data (1). 

0.15 
0.15 
0.14 
0.16 
0.26 

Only o n e  unknown a c i d  spot  w a s  ind ica ted  and  from t h e  
d a t a  w a s  tentat ively ident i f ied as formic acid.  Subse-  
quently i t  w a s  found t h a t  t h e  possibi l i ty  of a c e t i c  ac id  
could not  b e  ruled out. T e b b e n s  and Torrey (27) found 
volat i le  a c i d s  present  in  t h e  condensed g a s e s  obtained 
from t h e  incinerat ion of s a w d u s t  and wood. They  noted t h e  
difficulty in  separa t ing  a c e t i c  and formic a c i d s  by t h e  chro- 
matographic method a n d  as  a consequence  reported the i r  
vo la t i le  a c i d s  as  a c e t i c  and/or formic acid.  

Determination of nonvolat i le  acid products  w a s  also 
undertaken by paper  chromatographic techniques  (2). T h e  
free a c i d s  were appl ied direct ly  to t h e  paper  and  chromato- 
grams prepared. Ident i f icat ion w a s  accomplished by a com- 
parison of R f  v a l u e s  of t h e  unknowns with R f  v a l u e s  ob- 
ta ined from t h e  l i t e ra ture  (2)  and from known laboratory 
samples .  T h e  d a t a  (Table  VIII) ind ica ted  t h e  p r e s e n c e  of 
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Table VIII .  R f  and Rlact lc  Valuer of Known 
and Unknown Acids 

Compound 

Acid I 
A d d  I1 
Acid In 

Rf 
0.05 
0.187 
0.25 

Acid IV 0.43 
Glycolic acid* 0.44 
Glycol ic  ac idb  0.43 

Acid V 
Lactic  acida 
Lactic  acidb 
Pyruvic ac idb  

0.63 
0.64 
0.62 
0.65 

Rlectic ... ..* ... 
0.68 
0.69 
0.67 

1. 00 
1.00 
LOO 
LO3 

Acid VI 0 .76  1.20 
Dilactice 0.75 1.20 

8Experimental data. 
b i t e r a t w e  data. 

s i x  ac id  components .  T h e  unknowns found a r e  des igna ted  
by Roman numera ls  in  order  of their  appearance  o n  t h e  
chromatograms. O n  t h e  b a s i s  of s p o t  size and color  in- 
tensi ty ,  a c i d  IV w a s  present  i n  g r e a t e s t  quantity. T h e  
poss ib i l i ty  of a ke to  a c i d  such  as pyruvic  w a s  checked  by 
preparing t h e  2,4-dinitrophenylhydrazone of t h e  unknown 
solut ion and t e s t i n g  t h e  solubi l i ty  of t h e  der iva t ive  mixture 
in d i lu te  sodium bicarbonate .  T h e  unknown hydrazones  
showed no  solubi l i ty ,  ind ica t ing  t h a t  no ke to  a c i d  w a s  
present .  In T a b l e  I X  t h e  R f  v a l u e s  obta ined  by running 
known a c i d s  s u g g e s t e d  by t h e  d a t a  in T a b l e  VI11 on t h e  
s a m e  chromatograms with t h e  unknown ac id  mixture a r e  
shown. 

Table IX. Rf Values of Known and Unknown Acids 

Compound Rf 
Acid IV 0.44 
Glycol ic  acid 0 .45  
Acid V 0.67 
Lactic  acid 0.67 
Acid VI 0.80 
Dilact ic  acid 0.80 

T h e s e  d a t a  enabled  three  of t h e  unknown a c i d  compo- 
n e n t s  to  b e  ident i f ied:  

IV. Glycolic acid 
V. Lactic  acid 

VI. Dilactic acid 

Unknown ac id  components  I, 11, and  111 h a v e  not  a s  ye t  
been  ident i f ied.  

T h e  a q u e o u s  s o l u t i o n s  of t h e  pyro lyza te  were observed  
to reac t  e a s i l y  with 2,4-dinitrophenylhydrazine to  produce 
copious  p r e c i p i t a t e s  a s s u m e d  to  b e  a complex mixture, 
T h e s e  prec ip i ta tes  h a v e  been  determined quant i ta t ive ly  and 
by assuming a conserva t ive  average  mole weight  h a v e  been 
es t imated  t o  represent  a t  l e a s t  15% of t h e  pyro lys i s  prod- 
uc ts .  By dimedone precipi ta t ion,  general ly  accepted  a s  
quant i ta t ive  (30), a l d e h y d e s  were  es t imated  to c o n s t i t u t e  
no  more than 3% of t h e  pyro lys i s  products .  Therefore  t h e  
p r e s e n c e  of carbonyl  products  o ther  than glyoxal and form- 
a ldehyde  w a s  c lear ly  indicated.  A reddish-orange, crys-  
t a l l i n e  compound w a s  obta ined  on addi t ion of unknown 
aqueous  solut ion t o  a reagent  solut ion of 2,4-dinitrophenyl- 
hydrazine in 2N hydrochlor ic  ac id  (14, 15). T h i s  mater ia l  
proved to  b e  par t ia l ly  s o l u b l e  i n  e thyl  a lcohol  and chloro- 
form. Prel iminary exper iments  h a v e  been  car r ied  out  on 
t h e  chloroform-soluble der iva t ives  us ing  t h e  chromato- 
graphic  method of Elv idge  and Whalley (8). Concent ra ted  
so lu t ions  of t h e  der iva t ives  were added direct ly  onto 
kieselguhr-bentoni te  columns. T h e  chromatograms were 

developed with chloroform so lvent  and t h e  der ivat ive mix- 
ture  separa ted  down t h e  column a s  d i s c r e t e  and dis t inc-  
t ively colored bands.  At l e a s t  f i v e  s e p a r a t e  components  
h a v e  t h u s  b e e n  revea led  a s  present ,  but  not  ident i f ied,  
T h i s  work is be ing  cont inued and will b e  fully reported in 
a subsequent  publ icat ion.  

Water is of c o u r s e  a major cons t i tuent  of t h e  c e l l u l o s e  
pyrolyzate  and h a s  been e s t i m a t e d  to  cons t i tu te  approxi- 
mately 55% of t h e  products ,  but  no  p r e c i s e  quant i ta t ive  
d a t a  h a v e  y e t  b e e n  obtained.  

In T a b l e  X t h e  chemical  const i tut ion of t h e  c e l l u l o s e  
pyrolyzate  b a s e d  on d a t a  presented  in t h i s  paper  i s  shown. 

Table X. Cellulose Pyrolyzate Analysis  

Compound 7 0  

Levoglucosan 12.5 

Carbonyl 
Formaldehyde 
Glyoxal 
Unknown I 
Unknown I1 
Unknown III 

Acids 
Glycolic 
Lactic  
Dilact ic  

Unknown I 
Unknown I1 
Unknown III 

Formic and/or ace t i c  

Ca. 15.0 

Ca. 7 .5  

Ca. 55.0 Water 

SUMMARY 
New d a t a  a s  to t h e  na ture  of t h e  t a r s  and o ther  com- 

pounds present  i n  t h e  a q u e o u s  d i s t i l l a t e  ob ta ined  from t h e  
pyro lys i s  of cot ton c e l l u l o s e  h a v e  been obtained.  Formal-  
dehyde,  glyoxal, formic and/or  a c e t i c  acid,  glycol ic ,  lac- 
t ic ,  and d i l a c t i c  a c i d s  h a v e  been ident i f ied a s  new prod- 
ucts .  Levoglucosan  h a s  been confirmed a s  another  prod- 
uct and quant i ta t ive  d a t a  a r e  presented.  Ketones ,  as ye t  
unidentified, a r e  present  a s  pyro lys i s  products. T h i s  in- 
vest igat ion s h o w s  t h e  c e l l u l o s e  pyro lyza te  t o  b e  a com- 
plex mixture of organic  ac ids ,  a ldehydes ,  ke tones ,  water, 
and levoglucosan  represent ing 1 4  or more different  
compounds. 
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Adsorption of Polyoxyethylated Detergents on Quartz 

H. N. DUNNING 
Surface Chemistry Laboratory, Petroleum Experiment Station, Bureau o f  Mines, Bar t lesvi l le ,  Okla.  

D e t e r g e n t s  prepared by condensat ion of e thylene  o x i d e  
with a n  alkylphenol  h a v e  a t ta ined  widespread indus t r ia l  
usage. B e c a u s e  t h e  mole rat io  of e thylene  o x i d e  to  phenol 
can  b e  var ied cont inuously above  a va lue  of 1, de tergents  
with a wide range of propert ies  may b e  prepared readily. 
Detergents  of t h i s  type  appear  promising a s  addi t ives  t o  
water  in jec ted  into petroleum-producing formations t o  
s t imula te  petroleum production. They  h a v e  been inves t i -  
ga ted  ex tens ive ly  for t h i s  spec i f ic  appl icat ion and  for more 
general  appl ica t ions  (3, 4, 8-10). T h e  sur face  a c t i v i t i e s  
(3, 8) ,  interfacial  a c t i v i t i e s  (4,  8), and  cr i t ica l  mice l le  
concentrat ions (7) of t h e s e  de te rgents  h a v e  been  invest i -  
ga ted  recent ly .  

B e c a u s e  of t h e  extremely la rge  sur face  a r e a s  of petrc- 
leum-producing formations, adsorpt ion of de te rgents  may 
c a u s e  the i r  u s e  to  b e  economical ly  prohibited. However, 
appl ica t ion  of t h e  chromatographic theory (2, 11) t o  deter- 
gent  movement i n  such  reservoirs  i n d i c a t e s  tha t  adsorpt ion 
may not  b e  a n  insurmountable  obs tac le .  T h e  b a s i c  da ta  for 
ca lcu la t ions  according to t h e  chromatographic theory, and 
of many other  sur face  func t ions  ( I ) ,  a r e  obta ined  a s  adsorp- 
tion isotherms.  

A comparat ive s tudy of t h e  adsorpt ion of Igepal  CO-710 
on s a n d  w a s  made recent ly  in  an inves t iga t ion  of t h e  
mechanism of adsorpt ion (6). No general  s tudy  of t h e  
adsorpt ion charac te r i s t ics  of s e r i e s  of polyoxyethylated 
de te rgents  h a s  been  made, a l though t h e  da ta  would b e  of 
cons iderable  pract ical  value.  T h e  adsorpt ion of s i x  
members of series b a s e d  on nonylphenol and  of three  
members of t h e  octylphenol  s e r i e s  h a s  been inves t iga ted  
with a f ine  quartz  powder. T h e  da ta  afford comparisons of 

t h e  e f fec ts  of composition on  adsorpt ion and al low general- 
i z a t i o n s  of t h e  behavior  of s imilar  detergents .  

MAT E RIALS 
T h e  quartz  powders  were s i z e d  careful ly  by sedimenta-  

t ion from a c rushed  sample  of commercial quartz .  They  
were c leaned  with hot chromic ac id ,  washed  ex tens ive ly  
with deionized water, r insed with reagent grade  ace tone ,  
and  dried a t  110’ C. T h e  quartz  powder u s e d  i n  most of t h e  
experiments  contained par t ic les  ranging from about  0.5 t o  
4 microns and  averaging 2 t o  3 microns i n  diameter. A 
coarser  powder u s e d  for a few of t h e  experiments  ranged 
from 3 to  13 microns a n d  averaged about  8 microns i n  
diameter. T h e  sur face  a r e a s  of t h e  powders  were 3 . 9 ~  
lo4 and 1.1 x lo4 sq.  c m .  per  gram, respect ively,  a s  deter- 
mined by t h e  B.E.T. nitrogen-adsorption method. 

T h e  de tergents  were of t h e  polyoxyethylated alkylphenol  
type and  represented  homologous s e r i e s  b a s e d  on  nonyl- 
and  octylphenol  i n  which t h e  hydrophilic polyoxyethylene 
c h a i n s  var ied i n  length.  Two of t h e s e  s e r i e s  were de-  
sc r ibed  previously a n d  were designated “Ser ies  11” and 
“Ser ies  III”,  respec t ive ly  (3). Ser ies  11 comprises  Igepal  
CO-710 homologs (General Anil ine and  Fi lm Corp., New 
York) and  s e r i e s  111, Tri ton X-100 homologs (Rohm and H a a s  
Co., Phi ladelphia) .  T h e  var ious de te rgents  a r e  des igna ted  
“NR” or “ O R ”  t o  ind ica te  nonyl- or  octylphenol ,  and  by a 
numeral to  i n d i c a t e  mole ra t io  of e thylene  oxide  t o  phenol. 

T h u s ,  NR-20 is a detergent composed of 1 mole of nonyl- 
phenol  a n d  a n  average  of 20 moles of e thylene  oxide. T w o  
of t h e  de te rgents ,  NR-7.9 and NR-11.5, were molecular ly  
d is t i l l ed  s a m p l e s  s imilar  t o  t h o s e  descr ibed  by Mayhew 
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