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ChAkACTkk:ZATICK @ F  T H E  L I C N I N  ISC'LATED FROM B I R C H  N C C C  AFTER 
C A P E C H Y D R A T E  E X l R A C T I C N  kITH HYDROGEN F L U O R I G E '  

Johrl f'irpad~?FOlJlC~S a n d  Jacques Defaye 
Centrr de Reci-,Et ches silr l e s  i4acrccolCcules VPgEtCi1c.s 

C.P.R.S. Greccble, R.P.  68, F-384C2 S a i n t  F a t t i n  d'HCres, France. 

PRSTRPCT -- 

HiSk y ie lds  o f  _D-r~lucosc- a r d  _C-xylcst. ~;~t:er sollible cil igosac- 
charides w r e  ohtaicfd by extract i f i l  c f  birch wcod with aril..ydrotrs 
hydrcgen f l h c r i d e  a t  sub-anihient Gr an:bienl. temperature. F s m 1  1 
b c m r : t  u f  carbchydra?.es remined in  the resuitiric, insoluble  licjnin. 
Inves t igd t ic r  t j  infrared spectrcsccpy a 5  well a s  phenolic g r o u p  
analyses i rk ica ted  a probable lob! level of aryl  alkyl P t l x r  l i n k a s e  
cleavage, a t  l e a s t  i n  the r a w p  o f  the react icp cona i t i a r i s  studied. 
Alkal ine ni trubenzene oxidaticr! o f  1 igniti showed t h a t .  condensztion 
occurred, as measured by the  decrease in  y i e l d  of t o t a l  p-hydrc- 
xybcfizildehy&s, durins  the hydrcgen f luor ide  treatment. - 

INTRODUCTION -__ - - 

Hydrogen f luor ide  (HF) i s  ncw a well-recognized reagent f o r  the 
conversicn c f  polysaccharides i n t o  water-soluble, small ol igomers. The 
course and  niechanism of the  f l u o r c l y s i s  react ion has been establ ished 
f o r  c e l l u l o s e ,  s t a r c h ,  xylan', inul in  , c h i t i n ,  a n d  chitosar, . Cne of 

the main fea tures  of t h i s  reagent i s  t h a t  i t  d issolves  and depolynierizes 
polyss tc ta r ides  mcre rapidly and a t  lower temperatures than any other  
acid tha t  has been studied f o r  t h i s  purpcse. Furthermore, the  low 
t c i l  ing point  o f  HF i s  an a t t r a c t i v e  c h a r a c t e r i s t i c  f o r  technological 
appl icat ions as  i t  may enable an eahy recovery of the reayent 5y6'7. 
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204 PAPADOPOULOS AND DEFAYE 

These unique proper t ies  kcve a t t r a c t e d  i n t e r e s t  i n  i t s  possiblc  use 
f o r  the extractiorl of carbohydrate components from l igncce l lu los ic  
n a t e r i a l s ,  a d  several patents' were issued f c r  t h i s  purpose as  ear ly  as  
in the 1930's. Technological improvements, involving the use of hydrogen 
f luor ide  in a continuous process, appeared more recent ly  in  the patent 

9 1 i t e r a t u r e  . A 1  though i t  i s  generally recognized" t h a t  the economical 
potent ia l  of any wood hydrolysis process would be considerably enhanced 
by taking in to  account, as  f a r  as possible ,  added values f o r  coniponents 
Gther than saccharides ,  l i g n i n  has received l i t t l e  a t ten t ion  ir: t h i s  
respect  . 

Par t ia l  chat.dcterization cf 1 ignins resul t i n s  from hydroctiloric and 
s u l f u r i c  acid hydrclysis  of  wood hdS been previously attempted11-13. I t  
seered therefore  appropriate  t c  inbes t iga te  the s t r u c t u r a l  characte- 
rict.:c:. c f  l i g n i c s  r e s u l t i n s  frori wood hydrclysis  with hydrogen f luor ide  
urder various cotiditions, a r l  cos:pare them with the  1 ignin rfsul  tirlc 
from other  acid hhdrclysis prccesses. 

EXPERIMENTAL -__.__ 

The birch (Betula veruccsa L . )  wood meal was extracted f o r  48 h 
w i t h  benzene-ethancl (Z:l, v / v ) ,  then dr ied  a t  60°C under vacuum t o  

ccrstar i t  weight. I n  a typical  experiment, ten grams o f  dried wccd veal 
were placed in  a pclyethylene f l a s k  immersed i n  l i q u i d  nitrogeri, arid 

pre-cccied hydrcyen f luor ide  (40  mL) was poured i n t o  the f lask  which was 
then closed. The temperature was al lcued t o  r i s e  within a few n in ,  t o  
the desired lebe l  ( O O C  or 23"C), a t  which i t  was maintained f o r  the 
indicated pericjd of time. The react ion f l a s k  was then cooled again in  
l iqu id  ni t rogen,  and cold diethyl  e ther  (500 m L )  was slowly added. The 
insoluble  f r a c t i o n  was separated by f i l t r a t i o n  and washed several times 
with diethyl  e t h e r  ( 3  x 50 mL). I t  was then suspended in water (400 mL) ,  

s t i r r e d  f o r  2 h ,  and f i n a l l y  centrifuged t o  separa te  the water-soluble 
carbohydrate f rac t ion  from the insoluble 1 ignin residue. This s tep was 

repeated twice. The combined aqueous f r a c t i o n s ,  t h u s  co l lec ted ,  were 
neutral ized with calcium carbonate, a n d  f i l t e r e d ,  t o  obtain a 
carbohydrate solut ion f r e e  of so l ids .  The t c t a l  vclume was reduced t o  
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LIGNIN ISOLATED FROM BIRCH WOOD 205 

about 100 mL by evapora t ion  ufider reduced pressure ,  and then 

f reeze-dr ied ,  as was a l s o  t h e  l i g n i n  res idue .  
Carbohydrate a n a l y s i s  was c a r r i e d  o u t  cn t h e  ccrrespor id iny i l l d i t o l  

ace ta tes .  These were prepared as f o l l o w s  : The i n s c i u b l e  f r a c t i o n s  (C.3 
lj samples) were t r e a t e d  i r :  a t e s t  tube w i t h  s u l f u r i c  a c i d  (72 %, 3 mL) 

f o r  1 h a t  36°C. w i t t i  con t inuous  s t i r r i n g  w i t h  a g lass  rod. The 

r e s u l t i n g  hyd ro l ysa tes  were d i l u t e d  w i t h  wa te r  (84 mL), sea led  i n  a 

Serum b a t t l e  and p laced  i n  an au toc lave  a t  120°C f o r  1 h, then 

e v e n t u a l l y  f i l t e r e d .  A l i q u c t s  of  t h e  f i l t r a t e  were used f o r  t he  

& t e r r i r : a t i c r ,  ~f the  c a r h h y d r a t e  c c r p c s i t i o n  acco rd ing  t o  t h e  methcd of 
Bo rcha rd t  and Piper,14 as well as f o r  t h e  de te rn l i na t i cn  of t h e  a c i d  

s o l u b l e  1icjRifi. For  t h e  carbohydra te  a n a l y s i s  o f  t.he water  so lub le  
f r a c t i o n s ,  t h e  i n i t i a l  h y d r c l y s i s  s t e p  w i t h  72 % s u l f u r i c  a c i d  was 
omi t ted .  The column c a l i b r a t i o n  cons tan ts  were 0.99 and 1.04 f o r  x y l i t o l  

pentaaceta te  and g l u c i t o l  hexaacetate,  r e s p e c t i v e l y ,  and h y d r o l y s i s  

s u r v i v a l  f a c t o r s  of 0.912 f o r  q -xy lose  and 0.975 f o r  !-glucose were 

used15. Percent  y i e l d s  f o r  bo th  !-xylose and _D-glucose a r e  repo r ted  on a 
weight b a s i s  o f  t h e  o r i g i n a l  amount o f  sugars p resen t  i n  the  wood. 

Ac id -so lub le  l i g n i n  was recorded on a Beckman model Acta I11  
spectrophotometer assuming a b s o r p t i v i t y  o f  110 L g-l cm-' 16. A l k a l i n e  
degradat ion  o f  t h e  H F - l i g n i n  samples was performed i n  a 12.5-mL Prolabo 

( P a r i s )  au toc lave ,  by  a l l o w i n g  t h e  sample (0.5 g f t o  r e a c t  w i t h  2 1 
sodium hyd rox ide  ( 5  mL) a t  170'. The suspension o f  t h e  r e s u l t i n g  l i g n i n  

degradat ion  prGducts was a c i d i f i e d  w i t h  5 h y d r o c h l o r i c  a c i d  t o  a pH of 

about 2-'3. The s o l i d s ,  separa ted  by c e n t r i f u g a t i o n ,  were washed t h r e e  

t imes w i t h  sma l l  amounts o f  water  (10 mL), and f reeze -d r ied  f rom aqueous 

suspension. A1 k a l  i n e  depo lymer isa t ion ,  i n  t h e  presence o f  anthraquinone 

(AQ)  as c a t a l y s t ,  was c a r r i e d  o u t  under t h e  same cond i t i ons ,  w i t h  

a d d i t i o n  o f  AQ (0.1% o f  t h e  we igh t  o f  l i g n i n ) .  S ince  ve ry  smal l  amounts 

o f  c a t a l y s t  were used, no at tempt  was made t o  remove t h e  c a t a l y s t  from 
t h e  l i g n i n  deg rada t ion  produc ts .  M e t h y l a t i o n  w i t h  diazomethane was 

performed as usua l17  on a suspension o f  l i g n i n  i n  e ther .  I n  o rde r  t o  

ensure complete me thy la t i on ,  t he  process was repeated  f i v e  t imes. 

Reduct ion  o f  l i g n i n  samples (200 mg) was c a r r i e d  by s t i r r i n g  them 

w i t h  sodium bo rohydr ide  (30  mg) i n  0.1 _N sodium hydrox ide  f o r  12 h. The 

l i g n i n  was p r e c i p i t a t e d  by a c i d i f i c a t i o n  t o  pH 2, and t h e  i n s o l u b l e  p a r t  
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206 PAPADOPOULOS AND DEFAYE 

was then separated by cent r i fuga t ion ,  washed three  times with small 
portions of d i s t i l l e d  water t o  pH 4 ,  dispersed in water, and freeze-  
dr ied.  Buffering was car r ied  out by s t i r r i n g  l ign in  ( 5  mg) with sodium 
hydrogencarbonate (0.05 4, 2 mL) f o r  12 h ,  centr i fuging o u t  the s o l i d s ,  
and freeze-drying them from water suspension. Mi I d  a1 kal ine hydrolysis 
was c a r r i e d  out accordin9 t o  t h e  procedure described by 
Sarkanen e t  a1.I'. Infrared spectra  were recorded from l ignin samples 
( 5  mg) on KBr disks, using a Perkin-Elmer model 598 spectrophotometer. 

Alkaline nitrobenzene oxidat ion of l ign in  was car r ied  out i n  
Prolabo ( P a r i s )  s t a i n l e s s  s t e e l  autoclaves,  as  described . The 
quant i ta t ive  determination of v a n i l l i n .  syringaldehyde, and syr ingic  
acid was performed using a Waters M 6000 high-pressure chromatograph 
f i t t e d  with a UK 6 high-pressure i n j e c t o r  and a C-18 Radialpack column 
with acetoni t r i le--water  (1:2, v / v )  a s  e luent .  The y ie lds  were 
calculated as  molar percentage, assuming the average C-9 uni t  molar 
w e i ~ h t  of l ign in  as 200, and using c a l i b r a t i o n  f a c t o r s  of 0.4603 f c r  
v a n i l l i n ,  C.7615 for. syringaldehyde, and 0.6053 for  syrincjic acid.  

19 

--. RESULTS A N D  DISCUSSION 

Treatrwnt o f  birch hood-ma1 with anhydrous hydrogen f luor ide  a t  
'2°C f o r  60 ni in  resul ted in  75-eG% y i e l d  o f  !-glucose and - 9-glucose 
oliSLsaccharides, arid a 85% y i e l d  of !-xylose irne g-xylose ol igosac-  
char ides ,  a s  estimated by s u l f u r i c  acid post-hycrclysis  and conversion 
i n t o  the correspooding a l d i t o l  ace ta tes .  This cvera l l  y i e l d  reached 90% 

f o r  both carbohydrate components a f t e r  180 min ( F i g .  1A). A t  23"C, such 
cptimal y i e l d  was obtained a f t e r  30 a i n ,  and f u r t h e r  exposure t o  the 
reagent resul ted in a lower y i e l d  of the ex t rac ted  glucan, although 
unexpectedly the  amounts of xylan extracted appeared t o  remain unchangjed 
( F i g .  l B ) .  Carbohydrate o w l y s i s  of the  corresponding l i g n i n  residue 
showed t h a t  a snta11 proportion of the  carbohydrate par t  remained 
assoc ia ted ,  even a f t e r  prolonged e c i d i c  treatment a t  bcth reaction 
temperatures (Table 1). Use of an excess of HF did not increase the 
amutits o f  carbohjdrates  removed (Table 1). This implies t h a t  reasons 
o ther  than inconiplete hydrolysis may be responsible  f o r  t h e  portion of 
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Time.  min 

- \  - -A 
2 3OC 

- 0 - X y l o s e  
-- 0-Glucose 

- I I I I 

30 6o 120 Time.  rnin 

Figure 1.-  Respective y i e l d s  in D-glucose and D-xylose oligosaccharides 
a f t e r  ex t rac t ion  of birch wood with HF (1  : 4 w / w )  : ( A )  a t  0°C ; ( b )  a t  
28°C * 

carkchydrates remaining in the l iyn in  residue. Furthermore, prolonged 
rxposkrt! (60 anti 120 m i n )  o f  the  wocd samples t c  H F ,  a t  m b i e n t  
temperature, cause? a n  increase in the  residual cart+hydrate content. 
This indicates  t h a t  reasscciat ion of some carbohydrate components witk 
: ignin slay occur. Such react ion may, in  f a c t ,  be expected i n  view o f  the 
kcowr r e a c t i v i t y  cf carbohydratfs with arcmatic hydrocarbons as  well as 
with l ign in  in HF,  shown tc. r e s u l t  i n  ac id-s tab le  ccndensation products 
t h a t  yresuoiably a r i s e  t h r o u g h  Fr iedel-Craf ts  e lec t rophi l  i c  
a7kylaticnsiG. A small anourt o f  residual  f l u c r i n e  ( l e s s  tban 1%; 

appears t o  be present in  the 1 ignin residues,  suggesting t h a t  glqcosyl 
f lucr ide '  may account fGr par t  o f  the  residual carbchydrate. 

Depolyrnerisation of l ign in  i s  known t o  occur under conditions of 
acid-cat.alysed s o l v c l y s i s ,  through hydrolysis of a lkyl  aryl  e t h e r  
l i n k a ~ e s ,  leading t o  the formation o f  tiibbert-type ketones acd 
p b e ~ c l s * ~ ' ~ ~ .  Such r e a c t i v i t j  has found in  the ethanolysis  of a lkyl  aryl  
e t h e r  1 inkages, where carborlyl and phenolic hydroxyl groups were formed 
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i n  a n  approximately equal ra t ioz3 .  The formation of carbony! groups was 
a l so  reported in  l ignin resu l t ing  from wood a u t o h y d r ~ l y s i s ~ ~ ~ ~ ~ ,  with a 
simultaneous increase in  the carbonyl infrared absorption frequencies as 
the autohydrolysis time was prolcnged. I n  order  t o  inves t iga te  possible 
changes o f  t h i s  kind i n  the molecular s t r u c t u r e  o f  l i y n i r ,  under the 
influence of HF,  infrared spectra  of l ign iv  samples'were measured as a 
function of the residence time of wood in  HF. An evaluation o f  the 
possible var ia t ions  in the content of phenolic hydroxyl groups was 
simultaneously undertaken in  order t o  c o r r e l a t e  these r e s u l t s .  

The IR spectra  o f  l ign ins  t h a t  resu l ted  from HF treatment o f  wood 
under varying condi t ions of residence t i n e  arid temperature (Figure 2 )  do 
not show s i g n i f i c a n t  differences.  In p a r t i c u l a r ,  no difference in the 
in tens i ty  of the carbonyl absorption band a t  173G cn:-l bias observed. 
This can be considered as  an indicat ion t h a t ,  a t  l e a s t  in the rdrige of 
conditions s tud ied ,  no s i g n i f i c a n t  forna t icn  of keta groups such as  
would be expected in  Hibbert-type processes occurs. 

I n  order t o  evaluate  more precisely t h e  nature  o f  the  absorption 
band a t  1730 crn- , the  l ignin sample with the lowest carbohydrate 
content (30 rnin HF treatnierit a t  23°C) was sirbjected to the reagents 
i l l L s t r a t e d  in Figure 3. Treatment k i t h  a buf fer  solut ion o f  pH 7 shohed 
nei ther  a change of the in tens i ty ,  nor a s h i f t  in  the posi t ion cf t h i s  
absorpticn band, suggesting the absence of any s i g n i f i c a n t  proportion of 
carboxyl groups  in  the sample. Moreover, mild a lka l ine  hydrolysis 
eliminated the 173C CK-' absorption band, exposing a small shoulder a t  
1720 cm-'. Ident ical  r e s u l t s  were a l so  obtained when the l iynin residues 
were reduced with sodium bcrohydride under r i l d  a l k a l i n e  conditions. I t  
i s  therefore  1 ikely t h a t  t h i s  carbonyl absorption band c r i g i n a t e s  mainly 
from e s t e r  linkages present in  wood, and t o  a l e s s e r  extent  from 
residual non conjugated carbonyl groups (residual  m a l l  shoulder a t  1720 
cm ) .  Esters  a r e  known t o  be usual ly  s t a b l e  i n  anhydrous hydrogen 
f luor ide  . 

1 

-1 
26 

The absence o f  any detectable  cleavage of a lkyl  aryl  e t h e r  linkages 
i n  HF-lignin uas further confirmed by diazomethane methylation of a 
s e r i e s  of samples resu l t ing  from gradually prclonged exposure of wood t o  
HF,  e i t h e r  a t  0°C o r  23°C. From previous results'? a n  increase in the 
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10 min, 23OC 

120 min, O°C 

0 
0 
v) 
0 

0 0 0  
0 0 0  

I 1 I 1  I 
Wawenumbers. cm-' 

F i g u r e  2.- Comparative i n f r a r e d  spec t ra  (KBr )  o f  l i g n i n  samples 
r e s u l t i n g  f rom t h e  a c t i o n  o f  HF on b i r c h  wood acco rd ing  t o  t ime  of  

c o n t a c t  (min)  and temperature.  

methoxyl  group con ten t  would be expected owing t o  t h e  newly generated, 
p h e n o l i c  hyd roxy l  groups. T h i s  was i n  f a c t  n o t  observed t o  any 

s i g n i f i c a n t  e x t e n t  (Tab le  Z), i n  agreement w i t h  t h e  aforement ionned 
i n f r a r e d  s tud ies .  Because o f  t h e  p o s s i b i l i t y  t h a t  a t i m e - c o r r e l a t e d  

v a r i a t i o n  o f  t h e  pheno l i c  hydroxy l -g roup con ten t  d u r i n g  t h e  HF t r ea tmen t  

o f  wood may n o t  have been observab le  because o f  a ve ry  f a s t  a l k y l  a r y l  

e t h e r  c leabage i n  t h e  e a r l y  phase o f  t h e  t rea tmen t ,  some a l k a l i n e  

depo lymer i za t i ons  were at tempted. L i g n i n  i s  known t o  depo lyn ie r ize  i n  

a l k a l i  a t  h i g h  temperature,  w i t h  c leavage o f  t h e  a r y l  e t h e r  l i nkages  

between phenylpropane u n i t s  and the  s imu l taneous f o r m a t i o n  o f  pheno l i c  
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0 r i gi nal 30 min, 23OC 

0 0 0 0 
0 0 0 0 
Q yc CD v) 

7 
W av enumber s (cm- ‘1 

Figure 3.- Investigation of the nature of the IR-carbonyl band in 
HF-lignin. 

hydroxyl groups2’. The cleavage of a-aryl ether linkages is known to 
occur relatively easily under certain conditions*’, when the cleavage of 

27 B-aryl-ethers is better achieved in the presence of hydrosulfide ions 
or redox systems like anthraquinoneZ8. Both types of linkage are known 
to be cleaved under the usual acidic solvolytic conditions . 21,23 

Alkaline treatments were performed with lignir; preparations low i n  

residual carbohydrate, i.e. samples obtained from meal wood treated with 
HF for 30 min at 2 3 O C ,  in order to minimize any side effect which might 
be due tc that component. sodium In a first series of experiments, 2 
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21 2 PAPADOPOULOS AND DEFAYE 

Table 2. Ebtimation of the increase in phenolic hydroxyl group content 
of birch wood lignin samples isolated after various hydrolysis times at 
23"  and C"C in HF as determined by subsequent diazomethal;e 
etherifi cation. 

Reaction tine Methoxyl group Ciethoxyl content Increase in methoxyl 
with HF (Min) Content (after diazonethane Content 

r x  thy1 at i on) 

Lignin extracted at 23°C 

10 
20 

30 
6G 

120 

22.6 
20.7 
18.9 
19.2 

20.0 

30.6 6.1  

3c.3 9.6 
28.6 4.7 
28.5 9.3 

31.3 11.3 

Lignin extracted at 0°C 

60 
120 

180 
300 

20.2 29.2 
19.7 29.5 
2c.o 29.6 
20.1 29 .a 

9.7 
9.8 
9.6 
9.7 

hydrcxide was used, at 170°C and with increasing reaction times. In two 
further experiments, anthraquinone was added (Table 3 ) .  The formation o f  
new phenolic hydroxyl groups was followed by the increase in methoxyl 
content after treatment with diazomethane. The action o f  base alone 
resulted in a small increase in methoxyl content, signifying the 
formation of small amounts of new phenolic hydroxyl groups, in direct 
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Table 3. Es t ima t ion  o f  t h e  inc rease i n  pheno l i c  hydroxy l  group conterr t  

of HF-b i rch  wood l i g r r t n  d f t e r  r e s p e c t i v e  a l k a l i n e  and a l k a l i n e -  

an th raqu i  none t rea tments .  

React ion  t ime  (min)  Methoxyl  con ten t  a f t e r  

diazomethane methyl  a t i o n  

i n  Z N NaW a t  170°C 

0 
10 

2@ 
30 
60 

15c 

23.6 
32.0 
22.5 
33.0 
33.3 
23.9 

i n  2 tv kaOH and anthraquinone d t  170°C 

60 
120 

38.3 
40.9 

p r o p o r t i o n  w i t h  t h e  l e n g t h  o f  t he  base t rea tment .  Th i s  smal l  i nc rease  

has p robab ly  t o  be r e l a t e d  t o  h y d r o l y s i s  o f  e s t e r  groups as w e l l  as t o  
h y d r o l y s i s  o f  a-0-4 a l k y l  a r y l  e t h e r  l i nkages ,  t h e  former be ing  
p e r c e p t i b l e  i n  t h e  n e t  methoxyl  i nc rease  w i th in  t h e  f i r s t  10 min o f  

a l k a l i n e  t rea tment .  A l k a l i n e  depo lymer i za t i on  w i t h  anthraquinone 

c a t a l y s i s  led t o  an  even g r e a t e r  methoxyl  group i n c o r p o r a t i o n  and, 

t h e r e f o r e ,  l i b e r a t i o n  o f  a d d i t i o n a l  p h e n o l i c  groups (Tab le  3) ,  i n  

agreement w i t h  a p robab le  a d d i t i o n a l  c leavage o f  8-0-4 a l k y l  a r y l  e t h e r  
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214 PAPADOPOULOS AND DEFAYE 

l i nkages .  These r e s u l t s  a re  thus  i n  f u r t h e r  suppor t  o f  t h e  hypothes is  

t h a t  u- and B - a l k y l  a r y l  e t h e r  l i n k a g e s  shou ld  s t i l l  be p resen t  i n  

H F - l i g n i n s ,  a t  l e a s t  f o r  t h e  range o f  r e a c t i o n  c o n d i t i o n s  s tud ied .  

Ccndensat ion o f  l i g n i n  i s  known t c  occur  under t h e  usua l  c o n d i t i o n s  

o f  a c i d o l y ~ i s ~ ~ ,  and t h i s  s t r u c t u r a l  change i s  r e f l e c t e d ,  anon! o t h e r  

t h i n g s ,  i n  t h e  time-dependent decrease i n  t h e  y i e l d  of a romat ic  
aldehydes o b t a i n a b l e  by a l k a l i n e  n i t robenzene  oxidat ion3' .  A s i m i l a r  

r e a c t i v i t y  i s  n o t i c e a b l e  f o r  l i g n i n  r e s u l t i n g  f rom HF wood e x t r a c t i o n .  
The da ta  i n  Table 4 shok an impor tan t  decrease i n  t h e  y i e l d  o f  v d n i l l i n  

and syr inga ldehyde t h a t  i s  obv ious l y  r e l a t e d  t o  t h e  t i m e  of c o n t a c t  w i t h  

FF and temperature used i n  t h e  exper iment.  A slow decrease i n  t h e  molar  

r a t i o  o f  syr incjaldehyde t c  v a n i l l i n  i s  a l s o  n o t i c e d  as the  r e a c t i o n  t ime  

increases .  I n  o r d e r  t o  o b t a i n  a genera l  es t ima te  o f  t h e  e x t e n t  of 

condensat ion o f  l i g n i n  i n  HF, a compariscn was a t tempted w i t h  b i r c h  wood 
l i g n i n  samples d e r i v e d  frm a c i d o l y s i s  w i th  o t h e r  m ine ra l  ac ids ,  namely 

s u l f u r i c  and h y d r o c h l o r i c  ac ids .  As regards  t h e  H F - l i g n i n  samples, they  

were ob ta ined  under t h e  c o n d i t i o n s  o f  e x t r a c t i o n  (30  min  a t  23°C) 
r e q u i r e d  f o r  optimum recovery  of  carbohydra tes .  F o r  d i l u t e  s u l f u r i c  

ac id ,  p r e h y d r o l y s i s  was c a r r i e d  o u t  w i t h  0.5% a c i d  a t  14!"C f o r  1 h 

fo l loweo by h y d r o l y s i s  a t  180°C f o r  2 h30. The h y d r o c h l o r i c  a c i d - t r e a t e d  

sample was i s o l a t e d  a f t e r  p r e h y d r o l y s i s  o f  b i r c h  wood-rr,eal w i th  30% 

ac id ,  f o l l o w e d  by h y d r o l y s i s  w i t h  43% a c i d  a t  50°C f o r  2 h31. The 

r e s p e c t i v e  r e s i d u a l  carbohydra te  con ten ts  were 5.2 and 8.4%. 

Comparative, a l k a l i n e  n i t robenzene o x i d a t i o n  o f  these a c i d o l y s i s  

l i g n i n  samples, and de te rm ina t ion  o f  t o t a l  a ldehydes produced shows 

(Tab le  5)  t h a t  HC1- l ign in  gave t h e  h i g h e s t  y i e l d .  The y i e l d s  f rom HF and 

H SO - 1 i g n i n s  were lower ,  b u t  comparable t o  each o t h e r .  Al though i t  i s  

understood t h a t  1 i g n i n  may s u f f e r  d i f f e r e n t  s t r u c t u r a l  changes upon 
d i f f e r e n t  a c i d  t rea tments ,  which may account  f o r  v a r i a t i o n s  i n  t h e  y i e l d  

o f  a romat i c  aldehydes upon n i t robenzene o x i d a t i o n ,  t h i s  r e s u l t  may 
i n d i c a t e  t h a t  H F - l i g n i n  has s u f f e r e d  e x t e n s i v e  condensat ion,  c o r r e l a t e d  

w i t h  t h e  res idence t i m e  o f  wood i n  HF. Such r e a c t i v i t y  may be r e l a t e d  t o  

the  known p r o p e n s i t y  o f  hydrogen f l u o r i d e  t o  s t a b i l i z e  carbonium ions  , 
species which a r e  known t o  account f o r  l i g n i n  as w e l l  as t h e  p r e v i o u s l y  

d iscussed 1 i g n i n  carbohydrate2'* '  condensat icn  r e a c t i o n s .  It c o r r e l a t e s  

w i th  t h e  known r e a c t i v i t y  o f  l i g n i n  i n  h y d r o c h l o r i c  a c i d  where t h e  

2 4  

32 
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Table 4. Effect o f  time and temperature of exposure to HF on the yields 
o f  vanillin and syringaldehyde derivable from birch wood lignin after HF 
extraction and alkaline nitrobenzene oxidation. 

Time (min) Vanill in Syringaldehyde Total aldehydes SYR/VAN 
(Mole % )  (Mole %) (Mole %) 

Lignin extracted at 23°C 

0 20.3 22.3 42.6 1.1 
10 14.3 14.3 28.6 1 .o 
20 12.0 12.0 24.0 1.0 
30 10.4 9.4 19.8 0.9 
60 8 . 7  6.9 15.6 0.8 
120 1.2 5 . 7  12.9 0.8 

Liqnin extracted at 0°C 

0 20.3 22.3 
60 12.3 ii.3 
120 9.0 10.0 
i80 8.9 7.1 
300 6.8 5.4 

42.6 1.1 
24.6 1 .o 
19.0 0.9 
16.0 0.8 
12.2 0.8 

extent of condensation is known to be lower as compared to sulfuric acid 
~olvolysis~~, in agreement with such concepts, although this must be 
tempered by relative conditions including hydronium ion concentration. 
The enhanced reactivity of dialkoxy-aryl residues of lignin in HF, as 
experienced from the comparative decrease in the molar ratio of 
syringaldehyde to vanillin after nitrobenzene oxidation of lignin 
resulting from increased time of contact with HF i s  a further point in 
support of this hypothesis. 
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216 PAPADOPOULOS AND DEFAYE 

Tab le  5. Comparative y i e l d s  i n  a romat i c  aldehydes and s y r i n g i c  a c i d  

r e s u l t i n g  from a1 k a l  i n e  n i t robenzene o x i d a t i o n  o f  v a r i o u s  a c i d o l y s i s  

1 i g n i n s .  

V a n i l l i n  Syr inga ldehyde T o t a l  Syri  ng i c 

(Mole I) 
(Mole X )  (Mole % )  

(Mole aldehydes SYR/VAN a c i d  

T o t a l  b i r c h  20.3 22.3 42.6 1.1 0 
Wood 

HF-1 i g n i n  10.4 9.4 19.8 0.9 -8 

HC1- l i gn in  9.1 16.4 25.5 1.8 0.5 

H2S04- l ign in  8.4 10.9 19.3 1.3 1.5 

In t h e  p rehyd ro l ysa te  and h y d r o l y s a t e  o f  b o t h  h y d r o c h l o r i c  and 
s u l f u r i c  a c i d  t r e a h e n t  o f  wood, an impor tan t  p r o p o r t i o n  o f  t h e  o r i g i n a l  

WCOZ l i g n i n ,  amounting t o  15 and 10% r e s p e c t i v e l y ,  was de tec ted  (Tab le  

5 ) .  Treatment w i t h  HF y i e l d e d  no a c i d  s o l u b l e  l i g n i n .  T h i s  r e s u l t ,  too ,  

may be assoc ia ted  k i t h  t h e  p r e v i o u s l y  d iscussed condensat ion  scheme, as 

w e l l  as t h e  low e x t e n t  o f  h y d r o l y s i s  o f  a r y l  e t h e r  and e s t e r  bonds. O f  

f u r t h e r  i n t e r e s t  i n  t h i s  connec t ion  i s  t h e  s y r i n g a i d e h y d e l v a n i l l  i n  r a t i o  
ob ta ined  a f t e r  n i t robenzene o x i d a t i o n  o f  l i g n i n s  o r i g i n a t i n g  f rom 

d i f f e r e n t  a c i d o l q s i s  methods, and t h e  p r o p o r t i o n  o f  s y r i n g i c  a c i d  

s imu l taneous ly  produced. The H F - l i g n i n  i s  seen (Tab le  5 )  t o  y i e l d  
c c r s i d e r a b l e  p ropor t i ons  (7-8%) o f  t h i s  ac id ,  whereas ve ry  smal l  amounts 
o f  i t  arose f rom the  HC1- and K2SO4-l ignins.  
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