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USER-INDUCED FLUORESENCE OF LIGNINS WITH EXCITATION FROM 
457 TO 621 NANOMETERS 

David M. Hansonl and Donna Cietek Wenzel 
International Paper Company 
Corporate Research Center 
Tuxedo, New York 10987 

ABSTRACT 

Laser-induced f7uorescence has been used to examine 
changes in lignin and black 7iquor during the course of kraft 
pu7ping. When excited with a laser at 457 and 488 nm, lignin 
samples iso7ated during the course of pulping, purified, and 
redissolved in alkali exhibited increasing fluorescent emission 
intensity. This may be exp7ained by changes in 7ignin 
structure during pulping. At higher excitation wave7engths, 
differences between samples diminished. B7ack 7 iquors showed 
decreasing fluorescent intensity with increasing pu7ping. We 
attribute this behavior to the increase in optica7 density of 
the 7iquors as cooking time proceeds. 
increases with cooking time because greater amounts of 7ignin 
and other materials dissolve from the wood and enter the 
b7ack 7 iquor. 

The optical density 

INTRODUCTION 

T r a d i t i o n a l  f luorescence us ing u l t r a v i o l e t  and xenon 
1 i g h t  sources has been proposed f o r  measuring 1 i g n i n  
concentrat ion and studying t h e  nature o f  l i g n i n .  2-6 Research 
i n  our  1 aboratory demonstrated t h a t  f luoresence w i t h  
e x c i t a t i o n  by a He-Ne l a s e r  (632.8 nm) could be measured. 
When analyzing l i g n i n s  d i sso l ved  i n  te t rahydrofuran,  l i g n i n  
f luorescence increased du r ing  k r a f t  and soda pu lp ing .  
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106 HANSON AND WENZEL 

I n  order  t o  examine f luorescence o f  l i g n i n s  d i sso l ved  i n  
a l k a l i n e  so lu t i ons  and raw b lack  l i q u o r s ,  we conducted a 
se r ies  o f  experiments a t  t he  M I T  Regional Laser Center. The 
ob jec t i ves  o f  these s tud ies were t o :  

1. 
2. C o l l e c t  emission spectra.  
3. Analyze l i g n i n s  d isso lved i n  a l k a l i n e  s o l u t i o n s .  
4 .  

Examine e x c i t a t i o n  a t  wavelengths from 457 t o  621 nm. 

Analyze raw b lack l i q u o r  samples. 

RESULTS AND DISCUSSION 

L i q n i n  SamDles Dissolved i n  A l k a l i  

e x c i t a t i o n  a t  488 nm f o r  k r a f t  l i g n i n s  i s o l a t e d  from 
d i g e s t i o n  l i q u o r s  and then red isso lved i n  a l k a l i .  
spectra were normalized t o  an equal concentrat ion o f  l i g n i n .  
The normalized spectra o f  t h e  l i g n i n  e x c i t e d  a t  488 nm show 
an increase i n  i n t e n s i t y  through t h e  course o f  pu lp ing .  
may be explained by changes i n  l i g n i n  s t r u c t u r e  du r ing  
pulp ing.  Minor changes i n  t h e  detected s igna l  between 
samples may be caused by tube-edge e f f e c t s ,  focusing, and 
res idua l  i m p u r i t i e s  i n  t h e  prepared l i g n i n s .  

Figure 1 shows the  response i n  f luorescence w i t h  

The 

This  

Figures 2 and 3 show data from the  same l i g n i n  so lu t i ons  
as i n  Figure 1, except w i t h  t h e  e x c i t a t i o n  a t  582 and 621 nm, 
respec t i ve l y .  The normalized spectra do n o t  show a d e f i n i t e  
t rend  as w i t h  e x c i t a t i o n  a t  488 nm, al though the re  are some 
minor d i f f e rences  i n  t h e  i n t e n s i t i e s .  When noise i s  
considered, t he  detected s igna ls  are s i m i l a r  throughout the  
course of t he  cook, s ince more s e n s i t i v e  photon count 
s e t t i n g s  were necessary a t  these h igher  e x c i t a t i o n  
wave1 engths. 
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107 LASER-INDUCED FLUORESENCE OF LIGNIN 

TIME AT FINAL TEMPERATURE 

, \ 15 minutes 
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\ - - -  60 minutes - - - 75 minutes 
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\ \  
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FIGURE 1. NORMALIZED (TO GRAMS/LITER) LASER-INDUCED 
FLUORESCENCE WITH EXCITATION AT 488 NM OF KRAFT 
LIGNINS ISOLATED AT DIFFERENT TIMES AFTER REACHING 
THE FINAL PULPING TEMPERATURE OF 170 DEGREES 
CENTIGRADE. 

With excitation at 488, 582, and 621 nm, we also 
observed an increase in spectral compression as the 
excitation wavelength increased. 
spectra move closer to the excitation wavelength and cover a 
narrower range of wavelengths. 
of the useful range o f  the photomultiplier tube where the 
detector sensitivity decreases. 

The peak maxima of the 

We may have reached the end 

7 In a previous study , lignins were dissolved in 
tetrahydrofuran and monitored for fluorescence using 
excitation at 632.8 nm. 
concentration increased to a plateau value during pulping. 

The fluorescence per unit 
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108 HANSON AND WENZEL 

TIME AT FINAL TEMPERATURE - 15 minutes . . . . . . . . . 30 minutes 
45 minutes - 60 minutes 
75 minutes 

-..- 
- . -  

Wavelength (nm) 

FIGURE 2. NORMALIZED (TO GRAMS/LITER) LASER-INDUCED 
FLUORESCENCE WITH EXCITATION AT 582 NM OF KRAFT 
LIGNINS ISOLATED AT DIFFERENT TIMES AFTER REACHING 
THE FINAL PULPING TEMPERATURE OF 170 DEGREES 
CENTIGRADE. 

These 1 i gn ins ,  being d i sso l ved  i n  te t rahydrofuran,  were n o t  
ion ized.  The r e s u l t s  i n  t h e  cu r ren t  study were obta ined on 
i on i zed  l i g n i n s .  We observed d i f f e rences  w i t h  e x c i t a t i o n  a t  
lower wavelengths, but  d i d  n o t  observe t h e  d i f f e rences  when 
the  e x c i t a t i o n  wavelengths approached 632.8 nm, t h e  
p rev ious l y  used wavelength. 
u l t r a v i o l e t  spectroscopy, we may be d e t e c t i n g  d i f f e r e n t  
s t ruc tu res  i n  t h e  l i g n i n  depending on whether t h e  l i g n i n  i s  
i on i zed  o r  non- ionized. 

As w i t h  d i f f e rence  spect ra i n  

With t h e  v i s i b l e  wavelength e x c i t a t i o n ,  t he  f lourescence 

o f  i on i zed  versus non- ionized molecular species cou ld  be 
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L A S E R - I N D U C E D  F L U O R E S E N C E  OF L I G N I N  10 9 

TIME AT FINAL TEMPERATURE 

15 minutes 
30 minutes - - - 45 minutes - - - -  60 minutes 
75 minutes 

........ - 

- . -  
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1 680 724 775 03 
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FIGURE 3.  NORMALIZED (TO GRAMS/LITER) LASER-INDUCED 
FLUORESCENCE WITH EXCITATION AT 621 NM OF KRAFT 
LIGNINS ISOLATED AT DIFFERENT TIMES AFTER REACHING 
THE FINAL PULPING TEMPERATURE OF 170 DEGREES 
CENTIGRADE. 

use fu l  i n  examining l i g n i n  s t r u c t u r a l  changes, such as 
extension o f  conjugat ion.  
fundamental research. 

This  would r e q u i r e  f u r t h e r  

Table 1 g i ves  the  normalized (weight bas is)  i n t e n s i t y  o f  
t h e  f luorescence a t  t he  peak maxima f o r  softwood and hardwood 
l i g n i n s  i s o l a t e d  a t  d i f f e r e n t  t imes d u r i n g  k r a f t  cooking. 
I n t e n s i t y  i s  repor ted i n  photon counts/second and account f o r  
d i f f e rences  i n  t h e  sample concentrat ion.  With t h e  e x c i t a t i o n  
a t  457 and 488 nm, the re  i s  an increase i n  t h e  i n t e n s i t y  
du r ing  the  course o f  pulping, except f o r  t he  f i n a l  sample. 
We have no explanat ion f o r  t h i s  anomaly. With t h e  e x c i t a t i o n  

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



110 HANSON AND WENZEL 

TABLE 1. 

Fluorescence at Different Excitation Wavelengths of Lignins. 
Isolated During Kraft Cooks of Softwoods and Hardwoods. 

Time at 
Final Intensi tva 

Wood Temperature 
I Y f E  (minutes) 457 nm 488 nm 514 nm ELb!!! 

Softwood 
Softwood 
Softwood 
Softwood 
Softwood 
Hardwood 
Hardwood 
Hardwood 
Hardwood 
Hardwood 

0 
23 
45 
68 
90 

0 
21 
42 
63 
85 

78 184 
137 189 
161 268 
174 279 
134 251 
168 182 
226 252 
342 643 
327 367 
116 191 

94 
101 
90 
92 
90 
62 
67 
81 
93 
56 

95 
95 

108 
112 
141 
144 
167 
138 
113 
123 

aphoton counts/S 

at 595 nm, the fluorescence was constant during the course of 
pulping, agreeing with our earlier findings using excitation 
at 582 and 621 nm. 

B1 ack Li auor S a m 1  es 

liquors excited at 457 nm are given in Table 2. 
intensity readings are reported as photon counts per second. 
Similar results were obtained when we used excitations at 488 
and 514 nm. The black liquors were collected at the same 
time samples for lignin isolation were taken. 
between samples can be made within a series of excitation 
wavel engths but not between wavel engths, because of the 1 arge 
differences in the power of the laser at the three different 
settings. Also, as the optical density o f  the black liquor 

F1 uorescent intensities for softwood and hardwood black 
The 

Comparisons 
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LASER-INDUCED FLUORESENCE OF LIGNIN 111 

TABLE 2. 

Re1 a t i  ve F1 uorescence of B1 ack Liquors a t  532 nm with 
Excitation a t  457 nm. 

Time a t  
Final 

Hardwood/ Temperature 
Softwood (minutes). 

Softwood 

Softwood 

Hardwood 0 
21 
42 
63 
85 

Hardwood 0 
21 
42 
63 
85 
0 
23 
68 
90 
0 

23 
45 
68 
90 

F1 uorescence 

1821 
93 1 
208 
138 
66 

2072 
244 
88 
77 
82 
390 
242 
78 
67 

2403 
417 
156 
236 
74 

increased, surface effects became more d i f f icu l t  t o  minimize 
using system optical adjustments. 

In general, we observed a decrease i n  the intensity of 
fluorescence during the course of pulping. 
found between cooks and was reproducible when reading the 
intensity within black liquors from a single cook. 
the absolute magnitude varied, decreasing intensity was found 
w i t h  the excitation a t  all  of the wavelengths tested. This 
effect  i s  probably caused by the increasing optical density 
of the liquors through the cook and the low fluorescent 
quantum yields . 

This decrease was 

A l t h o u g h  
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HANSON AND WENZEL 112 

3 
/--c 

I 
7L 

I 

13 

1 Coherent Model 52 laser 
2 Mirror for directing beam around dye laser 
3 Mirror 
4 Coherent Model 590 dye laser 
5 Pin hole 
6 Prism for removing unwanted light bands 
7 Pin hole 
8 Focus for laser 
9 Fine focus and sample holder 
10 Lens for spectrometer 
11 Lens 
12 Flat 
13 Spectrometer and photomultiplier 

FIGURE 4. DIAGRAM OF THE LASER OPTICAL SYSTEM USED A T  THE 
M I T  REGIONAL LASER CENTER - MIRRORS 2 AND 3 ARE 
REMOVED WHEN USING DYE LASER. 
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LASER-INDUCED FLUORESENCE OF LIGNIN 11 3 

EXPERIMENTAL 

A diagram o f  t he  system a t  t he  MIT Regional Laser 
Research Center i s  seen i n  F igure 4. The system conta ins a 
Coherent Model 52 argon i o n  l ase r ,  a Coherent Model 590 dye 
lase r ,  a Spex dual g r a t i n g  monochrometer, a photon counter, 
and a Nor ths ta r  Horizon-based con t ro l  and ada ta -acqu is i t i on  
system. 
necessary o p t i c s  t o  d i r e c t  and focus the  l i g h t  beam on t h e  
o p t i c a l  bench. 

The remainder o f  t h e  system cons is t s  o f  t h e  

We obtained our samples from labo ra to ry  k r a f t  cooks o f  
hardwood and softwoods. The b lack  l i q u o r  was d iv ided:  one 
p o r t i o n  was saved f o r  t h e  b lack  l i q u o r  measurement and t h e  
o the r  was c a r e f u l l y  a c i d i f i e d  t o  pH 2, forming a p r e c i p i t a t e .  
This  p r e c i p i t a t e  was washed and d r ied .  The i s o l a t e d  l i g n i n  
was then d i sso l ved  t o  a known concentrat ion i n  0.1N sodium 
hydroxide. 
were placed i n  c a p i l l a r y  tubes and the  tubes were sealed w i t h  
wax. Measurements o f  f luorescence were c o l l e c t e d  a t  90 
degrees t o  t h e  i n c i d e n t  beam. 

The d isso lved l i g n i n  and b lack  l i q u o r  samples 

The argon i o n  l a s e r  has l i n e s  a t  457, 488,  and 514 nm 
which are usefu l  i n  measuring fluorescence. To extend t h e  
range and inc lude longer wavelengths, we used the  dye l a s e r  
w i t h  Rhodamine 66 and a l l  l i n e s  o f  t he  argon i o n  l a s e r  t o  
e x c i t e  t h e  dye. 
could be reached. 

With the  dye lase r ,  wavelengths up t o  621 nm 

Co l l ec ted  da ta  were normalized f o r  concentrat ion 
d i f f e rences .  
spect ra f o r  p l o t t i n g  purposes. 
a Raman Spectrometer and data are c o l l e c t e d  from t h e  o r i g i n  

We used t h e  computer t o  change t h e  sca le  o f  t h e  
The system i s  normal ly  run  as 
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114 HANSON AND WENZEL 

in units of reciprocal centimeters, resulting in nonlinear 
namometer markings on the spectra. 

CONCLUSIONS/RECOMMENDATIONS 

Laser-induced fluorescence of kraft 1 ignins dissolved in 
alkali showed increasing fluorescence in the early stages of 
pulping when exited at 457 and 488 nm. 
of pulping fluorescence stabilized or decreased. Excitation 
at higher wavelengths did not show this trend. 
we had studied these same lignins dissolved in tetrahydro- 
furan and excited at 632.8 nm. 
increasing fluorescent intensity during the early stages of 
pulping with stabilization of the fluorescence at later 
stages. 

In the later stages 

Previously, 

These nonionized lignins gave 

The two methods complement each other in studying 
lignins. The method of dissolving lignin in alkali will be 
sensitive to formation or loss of phenolic hydroxyl groups in 
addition to the other changes that can occur to lignin during 
pulping. 
allow better examination of the changes in conjugation 
without the effect of ionization. Fundamental research into 
these methods will be needed to correlate lignin structure to 
measurement of fluorescence. 
extent of conjugation and fluorescent intensity could be 
examined. 

Dissolving the 1 ignin in tetrahydrofuran should 

Relationships between the 
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