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DETERMINATION OF 9,lO-ANTHRAQUINONE AND 
SOME DERIVATIVES IN PULPING LIQUORS 

60 F. Nilsson and Olof Samuelson 
Chalmers University of Technology 

Department of Engineering Chemistry 
Gothenburg, Sweden 

ABSTRACT 

9,lO-Anthraquinone (AQ) , anthraqui none-2-sul foni c ac id  (AMS) , 
and anthraquinone-I-acetic acid (AMA) were determined i n  a1 kaline 
pulping l iquors  by adsorption on Amberlite XAD-2 from l iquors  
d i lu t ed  w i t h  ethanol ( A Q )  o r  water (AMS and AMA).  After washing, 
AQ was e lu t ed  w i t h  99% ethanol,  AMS w i t h  a c i d i f i e d  25% ethanol 
and AMA w i t h  a lka l ine  25% ethanol.  

The f i n a l  determinations were made by chromatography in 
aqueous methanol on s i l i c a  gel containing octadecyl groups. In 
the  experiments w i t h  the der iva t ives  the e luen t  contained t e t r a -  
butylamoniup ions to  increase the re ten t ion .  

INTRODUCTION 

Anthraquinone (AQ) and anthraquinone de r iva t ives  promote the  
de l ign i f i ca t ion ’  and s t a b i l i z e  the carbohydrates 
pulping of wood. This has led t o  world-wide research on cooking 
w i t h  quinone add i t ives ,  and t o  i ndus t r i a l  appl ica t ions  in some 
p u l p  mills. Extraction w i t h  dichloromethane followed by gas 
chromatography or 1 i q u i d  chromatography has been used f o r  the 
determination of AQ i n  pulping l iquors .  D i f f i c u l t i e s  a re  
encountered due  t o  foaming and p rec ip i t a t ion  of AQ i n  the 
aqueous phase3. A method based on reoxidation o f  the hydroquinone 
form by a i r  and f i l t r a t i o n  of the cooled l i quor  through a layer  
of diatomaceous e a r t h  (Ce l i t e  Hyflo Super-Cel), followed by 

2 during a lka l ine  

3 4 
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48 NILSSON AND SAMUELSON 

washing w i t h  water and displacement of AQ w i t h  acetone, has been. 
used i n  our laboratory f o r  several  years5. The f i n a l  determination 
i s  made by gas chromatography. 

In attempts to  improve the  s t a b i l i z a t i o n  of the  carbohydrates 
by reoxidation of t he  cooking l iquor  w i t h  oxygen during a p re t r ea t -  
ment s t age ,  i t  was found t h a t  anthraquinone-2-monosulfonic ac id  
(AMS) and anthraquinone-1-acetic acid (AMA) were more e f f e c t i v e  
than AQ f o r  this s p e c i f i c  purpose6”. Methods f o r  the determina- 
t i o n  of AQ and these de r iva t ives  i n  l iquors  preoxidized by a i r  
t o  convert the  hydroquinone form t o  the quinone a re  described 
i n  t h i s  repor t .  The analyses were based on pref rac t iona t ion ,  t o  
remove i n t e r f e r i n g  compounds, by adsorption on a nonionic 
styrene-divinylbenzene r e s in  (Amberlite X A D - 2 )  and e lu t ion  w i t h  
aqueous ethanol , o r  ethanol , followed by l i q u i d  chromatography 
on s i l i c a  gel w i t h  covalently linked octadecyl groups (ODS- 
Hypersil) .  A s imi l a r  chromatographic technique on s i l ica  gel 
has previously been applied f o r  the separation o f  AMS from 

8 o ther  su l fon ic  ac ids  i n  aqueous so lu t ion  . 

EXPERIMENTAL 

The spent l iquor  analyzed a f t e r  an addition of known amounts o f  

quinones, was from a soda cook of spruce w i t h  an addi t ion  of 28% 
NaOH ca lcu la ted  on dry ch ips ,  a t  a r a t i o  of l iquor  t o  wood 
equal t o  4.5:l.  The cooking was made f o r  3 hr a t  170’ and r e su l t ed  
i n  a p u l p  of kappa number 49 i n  a y i e ld  of 45.5%. The ca l cu la t ed  
amount of dissolved wood substance i n  the l iquor  corresponded t o  
121 grams per l i t e r .  

AQ and AMS were commercial products of puriss grade. AMA was 
6 prepared i n  connection w i t h  a previously reported inves t iga t ion  . 

A g l a s s  column (350 x 4 min) was packed w i t h  Amberlite XAD-2 
(Rohm and Haas, Phi lade lphia ,  U S A ) ,  which had been crushed and 
sieved t o  obta in  a p a r t i c l e  s i z e  of 120-190 pm. The re s in  was 
ex t rac ted  w i t h  ethanol and chloroform, and t ransfer red  t o  the 
column as a s l u r r y  i n  ethanol.  The column was conditioned w i t h  
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DETERMINATION OF 9,IO,-ANTHRAQUINONE 49 

water .  The samples t o  be analyzed were i n t r o d u c e d  th rough  a 

sample l oop  (0.6 m l  i n  t h e  exper iments w i th  AMS and AMA; 1.0 m l  
w i t h  AQ) and d i s p l a c e d  i n t o  t h e  column w i t h  wa te r  o f  room 

temperature. The f l o w  r a t e  d u r i n g  d isp lacement  and subsequent 
washing was 1.3 m l  min- ' .  The UV-absorpt ion o f  t h e  e f f l u e n t  was 
reco rded  c o n t i n u o u s l y  a t  280 nm (Buch le r  I ns t rumen ts ,  Chicago, 

USA). 
The column was washed w i th  d i f f e r e n t  s o l v e n t s  dependent on 

t h e  quinone compound t o  be analyzed. E l u t i o n  was made w i t h  aqueous 
e t h a n o l ,  o r  e thano l ,  and t h e  e l u a t e s  evaporated t o  dryness.  The 

res idues  c o n t a i n i n g  AMS o r  AMA were d i s s o l v e d  i n  1.0 ml o f  wa te r ,  
w h i l e  2.0 m l  o f  92.4% e thano l  was used t o  d i s s o l v e  AQ, wh ich  i s  
s p a r i n g l y  s o l u b l e  i n  water. These s o l u t i o n s  were a p p l i e d  t o  t h e  
00s -Hypers i l  column. A l l  e thano l  c o n c e n t r a t i o n s  a r e  g i ven  as p e r  
cen t  by we igh t .  

Co lo red  s o l u t e s  adsorbed on to  XAD-2 remained a f t e r  t h e  

e l u t i o n  o f  AQ and o f  t h e  quinone d e r i v a t i v e s .  These s o l u t e s  were 
removed and t h e  column r e s t o r e d  by t rea tmen t  w i th  sodium hyd rox ide  

(pH 12)  i n  80% e t h a n o l  a f t e r  every f i f t h  sample. 

p a r t i c l e  s i z e  o f  5 um (Shandon Southern Products ,  Runcorn, Great  
B r i t a i n )  were made i n  a s t e e l  column (100 x 5 mm) w i t h  a 20 v l  
sample loop.  E l u t i o n  o f  AMS and MA was made a t  room temperature 
w i t h  5 mM tetrabutylamrnoniurn hyd rox ide  in aqueous methanol o f  

i n c r e a s i n g  concen t ra t i on .  Grad ien t  e l u t i o n  w i t h  a methanol 
c o n c e n t r a t i o n  i n c r e a s i n g  l i n e a r l y  f r o m  30 t o  100% ( v / v )  

was achieved w i t h  a Constametr ic  Grad ien t  HPLC System f rom 

Labora to ry  Data C o n t r o l  ( R i v i e r a  Beach, F l . ,  USA). I s o c r a t i c  
e l u t i o n  f rom ODs-Hypersi 1 w i t h  55% (v / v )  methanol w i t h o u t  addi  - 
t i o n  o f  qua te rna ry  amnonium ions was used f o r  t h e  d e t e r m i n a t i o n  
of AQ. The absorbance was measured a t  254 nm ( A l t e x  S c i e n t i f i c ,  

Berke ley,  USA). 

peak areas i n t e g r a t e d  a u t o m a t i c a l l y  (Hewlet t -Packard,  Avondale, 

Pa, USA), by comparison w i th  those o b t a i n e d  i n  c a l i b r a t i o n  ex- 

The chromatographic  separa t i ons  on ODS-Hypersil w i t h  a 

The amounts of quinone d e r i v a t i v e s  were c a l c u l a t e d  f rom t h e  
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50 NILSSON AND SAMUELSON 

periments i n  which known weights dissolved in d i s t i l l ed  water 
were injected d i rec t ly  on the ODs-Hypersil colwnn. For A Q ,  
standard solutions in 92.4% ethanol were used. 

RESULTS AND DISCUSSION 

Prefractionation of AMS and AMA 

I n  the determinations of AMS or AMA the liquors were applied 
direct ly  to  the XAD-2 column, which was then washed with water 
until the absorbance was negligible. The volume of water 
corresponded t o  approximately f ive column volumes. Continued 
washing w i t h  f ive bed volumes gave no detectable loss o f  the 
qui none compounds. 

For liquors containing AMS, which i s  a strong acid,  elution 
was made w i t h  aqueous ethanol acidified with formic acid t o  pH 3. 
A t  t h i s  pH a large proportion of the aromatic compounds remained 
in the column. A complete elution of AMS was obtained with 60 ml 
(corresponding to  14  bed volumes) of 25% ethanol, while a larger 
volume was required a t  a lower concentration. Blanks carried 
o u t  with liquors f r ee  from added quinone compounds showed that  
solutes which gave r i s e  t o  a s l igh t  absorbance in UV were eluted 
from the ODs-Hypersil column a t  the same position as AMS. As 

shown in Fig. 1 ,  the interference of these solutes was small 
when the elution from XAD-2 was made w i t h  25% ethanol. With 
30% ethanol the interference was much larger.  

AMA, which is  nondissociated in acid medium, was held much 
more strongly than AMS by the XAD-2 resin in acidified aqueous 
ethanol. After the washing w i t h  water the column was therefore 
treated a t  room temperature w i t h  40% ethanol, acidified w i t h  

formic acid t o  pH 2.5. The washing was continued until  the base 
l ine was approached. Approximately 4 bed volumes were required. 
No detectable losses of AMA were obtained when 10  bed volumes 
were passed through the column. An alkaline solution of ethanol 
(60 ml) was then introduced t o  displace AMA in i t s  anionic 
form. Dilute sodium hydroxide (pH 1 2 )  in 25% ethanol was used 
in the experiments reported below. 
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DETERMINATION OF 9,lO ,-ANTHRAQUINONE 51 

0 lo min 

B 

0 10 
min 

FIGURE 1.  Chromatographic determination of AMS on ODs-Hypersil 
a f t e r  pref rac t iona t ion  on XAD-2 by e lu t ion  a t  pH 2.8 w i t h  ( A )  
30% ethanol and ( B )  25% ethanol.  The upper chromatograms 
r e f e r  t o  experiments w i t h  an addition of 43 v g  of AMS and 
0.15 m l  spent l iquor  and the lower chromatograms t o  b l a n k s  
w i t h  the same volume of spent l iquor  without an addition of 
AMS. 

Pref rac t iona t ion  of AQ 

W i t h  AQ prec ip i t a t ion  can occur when  the l iquor  i s  brought i n  
contac t  w i t h  a i r  so tha t  the hydroquinone form i s  converted t o  
AQ. This must be taken in to  consideration when samples of 
l iquors  a r e  withdrawn. The so lub i l i t y  of AQ i s  much higher i n  
ethanol than i n  water,  and since i t  was found t h a t  AQ was held 
s t rongly  by XAD-2 even i n  50% e thanol ,  t he  pref rac t iona t ion  
was made i n  t h i s  medium. In p r inc ip l e ,  ethanol can be added to  
the  l i quor  and a sample taken a f t e r  removal of insoluble matter.  
In the experiments described below, the  l iquor  was instead 
a c i d i f i e d  t o  pH 3 w i t h  formic acid to  avoid uncontrolled boi l ing ,  
and evaporated t o  dryness i n  a f i lm evaporator a t  35OC. The 
sample was then t r ea t ed  w i t h  50% e thanol ,  a t  pH 3 ,  t o  d i sso lve  
anthraquinone toge ther  w i t h  most o ther  compounds present.  In- 
so luble  mater ia l  was removed by sedimentation and a 1 m l  sample 
of the c l e a r  so lu t ion  corresponding t o  0.2 ml of the  l iquor  
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52 NILSSON AND SAMUELSON 

was applied t o  the XAD-2 column. A large proportion of the 
organic solutes were displaced by washing with 5 bed volumes 
of water and 50% ethanol a t  pH 3 until the absorbance a t  280 nm 
was negligible (15  bed volumes). No losses occurred when the 
volume o f  50% ethanol was increased to  30 bed volumes. The 
elution of AQ was made conveniently in 99% ethanol, w i t h  20 ml 
of formic acid added per l i t e r  of ethanol. The eluent volume 
was 15 bed volumes. 

A chromatogram from the ODs-Hypersi 1 column recorded for  
a spent liquor w i t h  1 2  pg of added AQ, following prefractionat-  
ion on XAD-2 i s  in Fig. 2 compared with t h a t  recorded for  the 
same amount of AQ dissolved i n  2 m l  92.4% ethanol. Since the 
volume of the sample loop was 20 p l  the recorded chromatograms 
corresponded t o  additions of 0.12 pg. I t  can be seen tha t  i n  
the experiment w i t h  spent liquor added before the prefractiona- 
tion an  elevated base l ine  was obtained. As confirmed in 
experiments without addition of AQ, no solutes which interfered 

E 
v 

0 '0 min 0 '0 min 

YIGURE 2. Chromatograms on ODs-Hypersi 1 
A. Direct injection of an  aliquot of a solution of 12 p g  AQ 
in 2 m l  ethanol. 
B. Injection of the same aliquot of 2 ml ethanol solution 
containing AQ recovered a f te r  evaporation and prefractiona- 
tion of a sample containing 12 p g  AQ and 0.2 ml spent l iquor.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



DETERMINATION OF 9.10,-ANTHRAQUINONE 53 

-0 
Dissolution in 50% ethanol 

Centrifugation 

Amberlite X A D - 2  

Washing, 50% ethanol, pH 3 

Elution, 99% acidified ethanol 

Dissolution in 92.4% ethanol 

Isocratic elution chromatography 
o n  ODs-Hypersil in 55% methanol 
at room temperature 

Recording the absorbance at 254 nm 

[51 
FIGURE 3. Determination of AQ in B l a c k  Liquor 
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54 NILSSON AND SAMUELSON 

TABLE 1 

Recovery of AMS, AMA, and AQ a f t e r  Prefractionation on Amberlite 
XAD-2 and Chromatography on ODs-Hypersil . 
Addition in the 
pref rac t iona t ion  s t age  

Q u i  none compound , pg 
Added Recovered 

AMS i n  water 

AMS i n  sodium hydroxide 

AMS in  spent l iquor  

AMA i n  sodium hydroxide 

AMA i n  spent l i quor  

AQ in aqueous ethanol 

AQ i n  spent l iquor  

60.0 

30.0 
15.0 

30.0 

15.0 

60.0 
30.0 
15.0 

12.0 
6.0 

18.0 
12.0 

6.0 

12.0 
8.0 
4.0 

12.0 

8.0 
4.0 

59.1 

29.9 
15.1 

29.9 

15.4 

59.5 
29.6 
14.6 

11.5 

5.9 

17.2 
12.0 
5 .a 

1.9 
7.8 

4.1 

1.8 
7.8 

3.9 

The reported amounts r e f e r  t o  the  pref rac t iona t ion  stage.  AMS 

and AMA were .added i n  0.6 ml of e i t h e r  water, sodium hydroxide 
o r  an aqueous so lu t ion  containing 0.15 ml spent l iquor .  AQ was 
added i n  1.0 m l  of e i t h e r  ac id i f i ed  aqueous ethanol (50%) o r  
ac id i f i ed  aqueous ethanol containing 0.2 ml spent l i quor .  
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DETERMINATION OF 9,10,-ANTHUQUINONE 55 

w i t h  the AQ determination were present. A scheme i l lus t ra t ing  
the procedure i s  given i n  Fig. 3. 

Reproduci bi 1 i t y  and recovery 

The reproducibility of the final stage used for  the determination 
of the quinone compounds by chromatography on ODs-Hypersi 1 was 
checked by repeating the injection o f  the same sample solutions 
and comparing the areas printed by the integrator.  I n  experi- 
ments with AMS the maximum relat ive deviation from the mean 
was 0.4% while i n  those w i t h  AMA and AQ the maximum deviations 
were 0.9% and 1 . 2 1 ,  respectively. A dilution o f  a solution con- 
taining 30 mg of AMS per l i t e r  with an equal volume of water 
led t o  a decrease in the recorded area by 49.0% instead of  the 
calculated 50%. When a solution of AMA containing 1 2  mg per 
l i t e r  was diluted in the same proportion, the recorded area 
decreased by 50.6%. For AQ a dilution from 4.0 mg per l i t e r  
t o  2.0 mg per l i t e r  led t o  a decrease by 50.2%. Hence, the 
calibration curves can f o r  practical purposes be taken as 
s t ra ight  1 ines. 

a known amount t o  e i ther  water, sodium hydroxide solution 
(25  g / l i t e r ) ,  or diluted spent cooking liquors from soda 
cooking (NaOH cooking) o f  spruce without prior a d d i t i o n  of quinone 
compounds i s  shown i n  Table 1. 

amounts found a f t e r  prefractionation on XAD-2 according t o  the 
procedures given above and chromatography on ODs-Hypersil. The 
areas of the elution peaks printed by the integrator were 
compared with those printed in calibration experiments w i t h  
known amounts o f  the quinone compounds added direct ly  t o  the 
ODs-Hypersil column. The small losses observed in these 
experiments are without practical significance. 

The recovery of the quinone compounds a f t e r  addition of 

The l a s t  column refers t o  the 
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