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METHOXY-p-BENZOQUINONE AND METHOXYHYDROQUINONE AS MODELS 
FOR CHROMOPHORE CHANGES I N  THE BLEACHING OF SOFTWOOD 
MECHANICAL PULPS. I THE DETECTION OF METHOXYHYDROQUINONE 
I N  THE SPENT LIQUOR FROM THE PEROXIDE BLEACHING OF THERMO- 
MECHANICAL PULP 

Arthur J. Nomi ,  Laurel E. FaUc and Car l ton  W. Dence 
Empire State Paper Research I n s t i t u t e  

SUNY College of Environmental Science and Fores t ry  
Syracuse, New York 13210 

ABSTRACT 

Methoxyhydroquinone was de tec ted  i n  the  spent  l i quor s  of 
peroxide-bleached l o b l o l l y  pine thermomechanical pulp. 
p o t e n t i a l  e f f e c t  of t h i s  leucochromophore and t h e  corresponding 
quinone on t h e  b r igh tness  and br ightness  s t a b i l i t y  of mechanical 
pulps bleached wi th  peroxide i s  discussed. 

The 

INTRODUCTION 

Ortho and para quinones a r e  f requent ly  included i n  l i s t s  

of chromophores proposed as con t r ibu t ing  t o  t h e  co lo r  of wood 

and wood pulp1-'. 

may b e  t r aced  t o  t h e  au toxida t ion  of ca t echo l  and hydroquinone 

u n i t s  present  i n  the  l i g n i n  macromolecule , p-Hydroxybenzyl 

a lcohol  and p-hydroxyphenyl ketone u n i t s  i n  l i g n i n  have a l s o  

The o r i g i n  of t he  aforementioned chromophores 

5 
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224  NONNI, FALK, AND DENCE 

been postulated6-' as giving rise t o  p-benzoquinonoid and hydro-- 

quinonoid moie t ies  dur ing  peroxide bleaching through e l imina t ion  

of s i d e  chains v i a  t h e  "Dakin-like" and Dakin reac t ions ,  respec- 

t i ve ly .  

and inorganic c o n s t i t u e n t s  i n  the  bleach l i quor ,  some quinone- 
hydroquinone in te rconvers ion  may a lso  be an t i c ipa t ed .  

v a l i d i t y  of t h e  foregoing concepts has been reinforced by the  

de tec t ion  of small amounts of methoxy-p-benzoquinone and methoxy- 

hydroquinone following t h e  oxidation of monomeric8-'' and dimeric 

softwood l i g n i n  model compounds with a lka l ine  hydrogen peroxide 

under simulated t echn ica l  bleaching conditions.  The low y i e l d s  

recorded f o r  t h e s e  two compounds were ascribed t o  subsequent 

ox ida t ive  breakdown and/or alkali-induced condensation reac t ions .  

Depending on the  redox po ten t i a l s  of the  var ious  organic 

The 

13-17 

As a preface  t o  add i t iona l  experiments aimed a t  cha rac t e r i -  

zing the  e f f e c t  of methoxy-p-benzoquinone and methoxyhydroquinone 

and t h e i r  r eac t ion  products on the  op t i ca l  p roper t ies  of peroxide 

bleached pulps, a study was i n i t i a t e d  t o  demonstrate t h e  formation 

of e i t h e r  o r  bo th  of t hese  compounds during the  peroxide bleaching 

of mechanical pulps by attempting t o  iden t i fy  them i n  the  cor res -  

ponding spent l i quor s .  I n  these  t e s t s ,  samples of thermomechanical 

pulp were bleached wi th  peroxide under. technical condi t ions  except 

t h a t  i n  one in s t ance  t h e  pH was maintained a t  10.5 by the  per iodic  

addi t ion  of a l k a l i .  The bleach l i quor s  were subsequently analyzed 

by gas chromatographic and gas chromatographic/mass spectrometric 

procedures. 

RESULTS AND DISCUSSION 

Methoxyhydroquinone was detected i n  0.1-0.39: y i e ld  ( l i gn in  

b a s i s )  i n  the  e x t r a c t  of the  spent l i quor  i n  the  case  where t h e  

pH was allowed t o  drop t o  7.9. However, only t r a c e  amounts of 

t h e  hydroquinone were de tec ted  i n  the ex t r ac t  of t he  spent l i q u o r  

where the  pH w a s  maintained a t  10.5 during bleaching. This t rend  

i s  cons i s t en t  wi th  t h a t  found by Omori and Dence14 who reacted 
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CHROMOPHORE CHANGES I N  THE BLEACHING OF SOFTWOOD. I 225 

wguaiacoxyacetoguaiacone w i t h  a l k a l i n e  peroxide  under comparable 

c o n d i t i o n s .  F a i l u r e  t o  ana lyze  d e t e c t a b l e  amounts of t h e  hydro- 

quinone i n  t h e  l i q u o r  from t h e  b leach  main ta ined  a t  10.5 can be  

a t t r i b u t e d  t o  f u r t h e r  o x i d a t i o n  t o  t h e  corresponding quinone or  

a l k a l i  induced condensat ion . I n  c o n t r a s t ,  a t  a f ina l  pH of 

7.9 t h e  c o n d i t i o n s  f o r  o x i d a t i o n  o r  condensat ion were l e s s  favor-  

a b l e  and t h e  hydroquinone s w i v e d  t h e  b leach .  

18 

Bailey* and Kempf16, us ing  a -methylvani l ly l  and a-methylsyr ingr l  

a l c o h o l s ,  r e s p e c t i v e l y ,  were a b l e  t o  d e t e c t  mono- and dimethoxy- 

p-benzoquinones after r e a c t i o n  w i t h  a l k a l i n e  hydrogen peroxide .  

Omori15 d e t e c t e d  methoxy-p-benzoquinone, a l b e i t  i n  t r a c e  amounts, 

a f t e r  r e a c t i n g  guaiacylglycerol-8-guaiacyl e t h e r  w i t h  a l k a l i n e  

peroxide  under  c o n d i t i o n s  similar t o  t h o s e  employed by Bai ley  and 

Kempf. 

p-benzoquinone i n  t h e  product  mixtures  from t h e  r e a c t i o n  o f  B-1 
d I l i g n o l  model compounds w i t h  a l k a l i n e  hydrogen peroxide .  Thus, 

it seems p r o b a b l e  t h a t  methoxy-p-benzoquinone units are formed e i t h e r  

from p h y d r o w b e n z y l  a l c o h o l s  (“Dakin-like” r e a c t i o n )  o r  by au toxi -  

d a t i o n  o f  hydroquinonoid u n i t s  that are formed by t h e  a c t i o n  of hydro- 

gen peroxide  on p-hydroxyphenacyl-containing u n i t s  p r e s e n t  i n  l i g n i n  

(Dakin r e a c t i o n ) .  

i n  e i t h e r  of t h e  two b l e a c h  l i q u o r  e x t r a c t s .  

t h a t  such u n i t s  were formed, b u t  were t o o  r e a c t i v e  t o  s u r v i v e  t h e  

c o n d i t i o n s  o f  t h e  b l e a c h  and were consumed i n  a lkal i -promoted 

condensat ion r e a c t i o n s  o r  i n  r e a c t i o n s  w i t h  o t h e r  nuc leophi les  i n  

t h e  l i q u o r .  

S i m i l a r l y ,  Nonni” d e t e c t e d  only t r a c e  amounts of methoxy- 

However, methoxy-p-benzoquinone was n o t  d e t e c t e d  

The presumption i s  

As i n d i c a t e d  by t h e  results of a s tudy  t o  be r e p o r t e d  as P a r t  2 

o f  t h e  p r e s e n t  ser ies ,  methoxyhydroquinone and methoxy-p-benzoquinone 

s t r u c t u r e s  a r e  p o t e n t i a l l y  capable  o f  a f f e c t i n g  t h e  b r i g h t n e s s  and 

b r i g h t n e s s  s t a b i l i t y  o f  peroxide-bleached p u l p s .  Methoxyhydroquinone 

and methoxy-pbenzoquinone themselves  should  have no e f f e c t  on p u l p  

b r i g h t n e s s  assuming t h e y  o r  t h e i r  r e a c t i o n  products  remain s o l u b i l i z e d  

i n  t h e  b leaching  l i q u o r  and can be washed from t h e  pulp.  On t h e  
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226 NONNI,  FALK, AND DENCE 

o the r  hand, t h e r e  i s  t h e  l i k e l y  p robab i l i t y  of methoahydroquinonoid 

and methog-p-benzoquinonoid moieties being generated from p-hydroxy 

carbonyl- o r  p-hydroxybenzyl alcohol-containing l i g n i n  units t h a t  axe 

joined t o  the  remainder of t h e  l i g n i n  macromolecule through 5 ,  5 ' ,  
6 - 5 ,  b-0-5 and similar peroxide-stable l inkages known t o  e x i s t  i n  

l i g n i n  . I n  t h i s  s i t u a t i o n ,  t h e  hydroquinone and p-benzoquinone 

moieties would be l a rge ly  r e t a ined  with t h e  l i g n i n  on t h e  pulp f i b e r  

and exe r t  t h e  same de le t e r ious  e f f e c t  on f i b e r  o p t i c a l  p rope r t i e s  as 

t h e  corresponding uncondensed u n i t s  exert  on the  so lu t ion  p rope r t i e s  

of t h e  b leach  l i q u o r .  

19 

Previous s tud ie s  of t h e  r eac t ions  of phenolic l i g n i n  model com- 

pounds wi th  a l k a l i n e  hydrogen peroxide have shorn t h z t  hydroquinones 

a r e  generated e i t h e r  by t h e  ac t ion  of peroxide i t s e l f  o r  i t s  decomp- 

o s i t i o n   product^^^^. 
model compound l e v e l  t h a t  t h e  hydroquinones so generated may undergo 

conversion t o  chromophoric substances which consume peroxide and which 

p a r t i d i l y  r e s i s t  f u r t h e r  ox ida t ive  breakdown 

In  add i t ion ,  it has been demonstrated at t h e  

6 , 6 1 8  

The i d e n t i f i c a t i o n  of methoxyhydroquinone i n  a peroxide bleaching 

l i q u o r  has corroborated t h e  f ind ings  of the model compound s tud ie s  

with r e spec t  t o  t h e  formation of hydroquinonoid in te rmedia tes .  This 

lends credence t o  t h e  supposit ion t h a t  when generated during peroxide 

bleaching these  in te rmedia tes  a r e  subsequently oxidized t o  quinonoid 

s t r u c t u r e s  which adversely a f f e c t  b r ightness  when r e t a ined  by t h e  

pulp .  
benzoquinone as models f o r  leucochromophores and chromophores formed 

dur ing  t h e  peroxide bleaching o f  mechanical pulps appears t o  be 

j u s t i f i e d .  

Thus t h e  previous use of methoxyhydroquinone and methoq-p- 

EXPERIMENTAL 

Bleaches were performed using 10 g ( 0 . d .  bas i s )  samples of a 

l o b l o l l y  pine TMP supplied by the  C.  E. Process Equipment Company, 
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S p r i n g f i e l d ,  Ohio. 

o r d e r  s t a t e d  as fol lows:  

pentasodium salt  (Na DTPA); 0.05% HgSO .7 H 0, 1.5% H202, and 

s u f f i c i e n t  d i s t i l l e d  water and a l k a l i  t o  provide  a cons is tency  and 

i n i t i a l  pH of 12% and 10.5, respec t ive ly .  

i n  p l a s t i c  bags a t  50 + 0.1"C f o r  t h r e e  hours. I n  b leach  No. 1 t h e  

pH w a s  a l lowed t o  drop ,  whi le  i n  bleach No. 2 t h e  pH was readjus ted  

t o  10.5 by t h e  p e r i o d i c  a d d i t i o n  of small p o r t i o n s  of a l k a l i .  

The chemicals appl ied  t o  t h e  pulp were i n  t h e  

0.5% diethylenetriamine-pentaacetic a c i d ,  

5 4 2  

The pulp w a s  bleached 

A t  t h e  conclus ion  of t h e  bleach,  t h e  pulp w a s  f i l t e r e d  under 

vacuum and t h e  r e s i d u a l  peroxide i n  t h e  f i l t r a t e  w a s  determined t o  

b e  19% and 2% f o r  b leaches  1 and 2 ,  r e s p e c t i v e l y .  

ment of t h e  pH t o  5.0, t h e  spent  l i q u o r s  were thoroughly e x t r a c t e d  

w i t h  reagent  grade  e t h y l  acetate. 

e x t r a c t  w a s  evaporated t o  dryness  a t  30°C i n  vacuo and t h e  r e s i d u e  

w a s  r e d i s s o l v e d  i n  1 . 0  m l  of dry te t rahydrofuran  (THF) and 0.5 m l  

of N ,  0 - b i s - ( t r i m e t h y l s i l y l )  acetamide (BSA, Aldr ich  Chemical Co.). 

A f t e r  a d j u s t -  

A 10-ml sample of t h e  e t h y l  a c e t a t e  

Gas chromatographic a n a l y s i s  of t h e  s i l y l a t e d  samples was 

performed on a Varian Model 3740 gas chromatograph equipped w i t h  

a 1 m X 0.32 c m  s t a i n l e s s  s t e e l  column packed w i t h  3% OV-101 on 

801100 mesh Chromosorb G ,  which was heated i n  a l i n e a r  programming 

mode from 80°C t o  150°C a t  10°C/minute. 

d e t e c t o r  tempera tures  were 150°C and 250°C. r e s p e c t i v e l y .  The 

r e t e n t i o n  time of a peak i n  t h e  chromatogram of t h e  spent  l i q u o r  

e x t r a c t  c o i n c i d e d  e x a c t l y  wi th  t h a t  of a u t h e n t i c  s i l y l a t e d  methoxy- 

hydroquinone ( 7 . 4 2  min) . 

The i n j e c t i o n  p o r t  and 

The THF s o l u t i o n s  of t h e  s i l y l a t e d  l i q u o r  e x t r a c t s  were 

a l s o  analyzed on a Finnigan Model 4000 gas chromatograph/quadrapole 

mass s p e c t r o m e t e r l d a t a  system (GC/MS/DS). 

mentat ions were performed a t  7 0  eV.  The gas  chromatographic separa t ion  

w a s  performed on a 1.8 m X 0 . 3 2  cm g l a s s  column packed w i t h  3% SE- 
30 on 100/120 mesh Chromosorb Q. 

p a t t e r n  of a u t h e n t i c  d i s i l y l  methoxyhydroquinone w a s  (mle, % r e l a t i v e  

Elec t ron  impact f rag-  

The mass s p e c t r a l  f ragmentat ion 
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228 NONNI, FALK, AM) DENCE 

abundance): 

239 (10.3), 211  (1.5), 179 (2 .7) ,  147 (0 .6) ,  73 (29.0). The mass 

s p e c t r a l  f ragmenta t ion  p a t t e r n  of t h e  corresponding compound in t h e  

s p e n t  l i q u o r  extract w a s  ( m / e ,  2 r e l a t i v e  abundance): 285 (M+1. 

13.0), 284 (M’, 57 .0) ,  269 (11.3), 254 (100.0), 239 (11.9) ,  211 

(1.6), 179 (3.2) ,  147 (4.1) ,  73 (38.0). 

285 (M+1, 16.5) .  284 (M’, 70.2) .  269 (12.2), 254 (100.0). 
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