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ABSTRACT: Gel chromatography fractionations of a gymnosperm ligninsulfonate sample in aqueous NaCl at 
0.061 M and other molarities have separated about 14 substances or mixtures of substances amounting to about 
17 The uv spectra of most of these were about the same as that of the 
iinfractionated sample. Sedimentation equilibrium molecular weights of the entities ranged from several hundred 
up to about two thousand. The entities appear to be the lower molecular weight members of the polymer series of 
ligiiiiisulfonates. 

of the weight of total ligninsulfonates. 

o gain a better basis for understanding the  structure T of lignin, 3-5 more information is needed concerning 
the nature of the lower molecular weight members of 
the polymer series. 

In  this laboratory, special emphasis has been de- 
voted to the sulfonate derivatives of ligninsfi-8 be- 
cause these can be obtained under quite mild condi- 
tions as water-soluble substances in almost quanti- 
tative yield relative to  the lignin present in wood, and 
because increased understanding of the structure and  
properties of ligninsulfonates may encourage increased 
utilization of this material. The  isolation and identi- 
fication of two crystalline ligninsulfonates have been 
reported from this l a b ~ r a t o r y . g - ~ ~  Parrish has re- 
ported isolation o f  three monomeric and possibly one 
dimeric ligninsulfonate from wattle wood. l 2  Re- 
cently, some monomers of ligninsulfonates have been 
isolated and identified by Glennie and Mothershead. 13-13 
Further fractionation studies using Sephadex gel 
chromatography have recently been conducted in this 
laboratory and reported.1fi 
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The present paper describes the partial isolation and 
preliminary characterization of certain low molecular 
weight ligninsulfonate mers or groups of mers. 

Experimental Section 
The material investi- 

gated was obtained from gymnosperm wood sulfite spent 
liquor by selective precipitation with octadecyldimethyl- 
amine. followed by regeneration using sodium hydroxide. 
The preparation and analytical characterizations were car- 
ried out by Mr. Vincent F. Felicetta of the Georgia Pacific 
Co.. Bellingham, Wash., and were described earlier. 

Dialyzate NaLS. NaLS (2 g) dissolved in 100 ml of dis- 
tilled water was dialyzed against 400 ml of distilled water 
using a closed length of Visking cellophane tubing (length, 
5 in.; i.d., 1.59 in.; wall thickness, 0.001 in.). Fractions 
of the dialyzate were collected after 23, 43: 43. and 296 hr, 
respectively; after each time period, the dialyzate was set 
aside and dialysis was continued with 400 ml of distilled 
water. The first three dialyzate fractions were mixed to- 
gether and freeze-dried to yield 59% of the dialyzate NaLS. 
The fourth fraction and the undialysable material were 
freeze-dried separately and yielded 19 and 20% of NaLS, 
respectively. The dialysis was carried out at 26 i 2 , the 
acidity of the first fraction was about pH 6.1. 

Sephadex G-50 held i n  a glass column 
(i.d.. 33.8 mm; gel height, 210 cm) was used for the frac- 
tionation according to procedures previously described. 

Characterizations. Molecular weights of ligninsulfonate 
fractions were estimated using a short-column sedimentation 
equilibrium procedure. li 

Molecular weights of two ligninsulfonate fractions were 
also determined by using a mass spectrometer (MS-9. manu- 
factured by Associated Electrical Industries). Five fractions 
of 10 ml each at peaks A and B were mixed together and 
freeze-dried. The mass spectra measurements on these 
fractions were taken at 200”. since at lower temperatures 
the sample did not volatilize. The volatilization at 200’ 
probably was accompanied by substantial cracking of the 
molecules. 

Ultraviolet absorption spectra were determined using 
Cary spectrophotometers (Models 11 and 14). The base 
line was adjusted for the range of 210-360 mw with solvent 
in both compartments. Absorption spectra in neutral solu- 
tions were obtained on the eluted fractions just as they were 
obtained from the gel columns. Then the solutions were 
made alkaline to pH 12 with 1 N NaOH solution and the 
spectra of these solutions were determined. The peak heights 

Sodium Ligninsulfonates (NaLS). 

Fractionations. 

(17) K. E. Van Holde and R. L. Baldwin, J .  Phys.  Chem., 62, 
734 (1958). 
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TABLE I 
ELUTION AND MOLECULAR WEIGHT CHARACTERISTICS FOR LS PEAK MATERIALS 

Peak Expt“ Kd M,d SD, z 
A 1C 1.30 339; 429; 413; 360; 350 

2 1.22 538; 714; 722; 832 
0 . 6 ;  1.9; 2 .4;  0 .8;  2 .6  
1 .7 ;  0 .6 ;  2 .5;  2 . 4  

B l C  1 .15 385; 403; 429; 391; 372 1 .0 ;  0 .7 ;  2 .8;  1 .0 ;  0 . 5  

C l C  1 .04 437; 443; 515; 519; 473; 598 4 .7 ;  0 .7 ;  1 .4;  1 . 3 ;  0 . 6 ;  1 . 5  

D 1c 1.01 787; 812; 823; 858; 829; 779; 854; 913; 875 1 . 1 ;  0 .7 ;  2 . 6 ; 0 . 7 ;  1 .6 ;  4 .7;  2 .3;  0 . 5 ;  1 .5  

E l c  0.77 720; 722; 847; 786; 775; 744; 793; 793 0 . 8 ; 0 . 7 ;  2 .8;  1 . 8 ; 0 . 5 ;  1 . 1 ; 0 . 9 ;  1 . 4  

F 1 0.74 

G 1 0.67 

H 1 0 .64  907;934; 1046; 978; 964 0 .7 ;  0 .4 ;  2 .7;  1 .3 ;  0 . 8  

I l C  0.53 1064; 1298; 1335; 1323; 1272;1165 1 .0 ;  1 .2 :  2 .4;  0 .5 ;  1 . 3 ;  0 . 9  

J 1C 0.42 1428; 1536; 1624; 1647; 1675 1.1;  1 .8;  2 . 7 ;  1 . 0 ;  1 . 6  

K l e  0.34 1687; 1876; 1919; 1963; 1889 0 .7 ;  0 . 6 ;  1 .7 ;  0 .8 ;  0 .8  
2 0.30 1845; 1796 2 . 9 ;  2 .6  

L 1 0.28 
2 0.25 1982 0 .7  

M 1 0.24 
2 0.21 2143; 2383 1.5;  1 . 3  

N 1 0.20 
2 0.18 

2 1.08 513;691; 874 

2 0.97 805; 730 4 .3 ;  1 . 6  

2 0.93 701; 815 2.1;  1 . 6  

2 0.70 856; 844 5.1; 1 . 2  

2 0.67 709; 696 1 .0 ;  1 . 6  

2 0 .60 953; 1025 2.0;  1 . 6  

2 0.58 1126; 1127 3.3;  0 . 9  

2 0.46 1130; 1247 1 .3 ;  1 . 5  

2 0.38 1293; 1483 1 .9 ;  2 . 2  

= For expt 1 and 2, Va = 520 and 490 ml, respectively. Mean values of Kd for LS peak materials are shown in Table 111. 
c For the expt 1 runs designated, the first five values of M ,  given were obtained at successively increasing centrifugal fields of 
approximately 65,000, 95,000, 140,000, 165,000, and 195,000 times gravity. The molecular weights are presented as printed 
out by IBM digital computer. The first two figures are significant. 

above the base lines were used to evaluate the absorption 
ratios at the peaks. 

Definitions and Symbols. These are the same as given in 
our prior paper.I6 

Results and Discussion 

I n  our recently reported studies’e of the Sephadex 
gel fractionation of a certain purified sodium lignin- 
sulfonate sample, a number of “peaks” were evident 
in the concentration of NaLS in the eluates. These 
peaks, however, appeared at somewhat different elution 
volumes, V,, and were different in relative magnitude, 
depending on  the molarity of sodium chloride solution 
used as the eluent. 

This effect appears clearly in Figure 1, which shows 
segments of the elution curves obtained in the frac- 
tionation experiments which were conducted with elu- 
ents consisting of aqueous sodium chloride solutions 
at the indicated molarities. I t  was established experi- 
mentally that these elution curves were generally re- 
producible. 

Based on  the evidence given in our prior paper,I6 
we have attributed the observed differences in elution 
behavior primarily t o  the changes which are presumed 
to occur in the effective radii of ligninsulfonate mole- 
cules as a result of changes in eluent electrolyte concen- 
tration. 

I n  the present investigation it was desired to  frac- 
tionate NaLS under conditions which would yield 
mers, or groups of mers, which were separated as nearly 

completely as possible. Thus further fractionation 
experiments were carried out with Sephadex G-50 
using a dialyzate NaLS which was the lower molecular 
weight portion of the previously studied NaLS sample 
and comprised about 59% of the weight of the initial 
material. The elutions were conducted with 0.001 M 
NaCl, since in prior experiments the peaks seemed best 
defined and separated when this electrolyte concentra- 
tion was used. 

Figure 2 gives an  example of the resulting elution 
curve which shows a striking array of peaks in NaLS 
concentration as judged by absorption of ultraviolet 
radiation at 280 mp. To facilitate discussion, these 
peaks have been arbitrarily assigned letters,with progress 
through the alphabet in inperse order of their elution 
from the gel column and, presumably, in direct order 
of increase in molecular weight. The value of Kd = 
(V, - Vo)/V, associated with each peak was calculated 
from knowledge of the elution volume for the peak, 
V,, the void volume, VO,  and the imbibed liquid, Vi 
= 1250 ml. The results for two separate experiments 
are given in Table I. Since moderately good agree- 
ment is usually found in corresponding cases, average 
values of Kd characteristic of each peak substance are 
reported. 

Estimates of the molecular weights of the NaLS 
in the fraction a t  the peaks in concentration were made 
using an  ultracentrifuge sedimentation equilibrium 
technique, and these results are also given in Table I. 
In  certain cases determinations were made a t  several 
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Figure 1. Segments of elution curves for unfractionated 
NaLS at several electrolyte concentrations showing the dif- 
ference in  resolution of components. 

Figure 4. Peak substance C ultraviolet absorption spectra 
showing absorbance values used for ratios of Table I1 and 
Figure 5 

Figure 2. Absortiance of dialyzate NaLS cs. volume of eluent 
(0.001 Ad NaCI) from Sephadex G-50 gel column (experiment 
2. V ,  = 490 ml). 

Kd 

Figure 3. 
peak substances. 

Experimental molecular weights cs. Kc, for NaLS 

levels of centrifugal field strength, but no significant 
influence was ascertained. I n  general, the reproduci- 
bility in the molecular weight measurements was judged 
to be moderately good except for the NaLS samples 
with apparent inolecular weights below about 600- 
800, as is shown in Figure 3 where all individual re- 
sults are plotted together. O n  this graph, two molecu- 
lar weight meastirements are  also included which were 
obtained by use of a mass spectrometer technique. 
To secure "smoothed" values of the molecular weight 
for the peak NaLS samples, a straight line was drawn 
relative to  the points shown in Figure 3. The equa- 
tion for this line is M ,  = l o3  7 ( K d ) .  The fit is less 
than good where Kd > 0.9 and  adsorption is suggested. 

For each ultracentrifuge molecular weight measure- 
ment, the percentage standard deviation in molecular 
weight, ZSD, was determined by the procedure given 
in OUI prior paper.I6 As shown in Table I, these values 
ranged from about 0.5 to  3.0 and suggest that only a 

e 
r\ a 

I '  I I I I I 

Kd 

Figure 5. 
in neutral and alkaline solutions: 0, expt 1; 0 ,  expt 2. 

Ratios of absorbances for lignin peak substances 

small degree of polydispersity exists in the NaLS 
fractions separated as peak substances. 

To provide further preliminary characterization of the 
NaLS peak substances, ultraviolet absorption spectra 
were determined in neutral and alkaline media. The 
results are  shown in Table I1 in terms of the absorbance 
ratios defined in Figure 4. These ratios are  plotted 
cs. Kd in Figure 5 .  In general, the  spectral patterns and 
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Figure 6. 
sulfonates. 

Structures of lignin-type monomer and monomer 

TABLE I1 
RATIOS OF ULTRAVIOLET RADIATION ABSORBANCE“ AT 

CERTAIN WAVELENGTHS FOR LS PEAK MATERIALS 

--Neutral solution-- -Alkaline solution- 
Peak A1/A? AA/AY A4/A1 A I / A ~  A4IA3 A d A ?  

A 3 . 2  19 .0  5 . 6  1 . 3  7 . 0  2 . 6  
B 2 . 3  12 .0  5 . 6  1 . 6  10.0 3 . 0  
C 1 . 6  8 . 0  5 . 6  1 . 4  8 . 0  3 .1  
D 1 . 5  7 . 6  5 . 6  1 . 1  7 . 6  2 . 3  
E 1 . 5  7 . 6  5 . 6  1 . 1  7 . 6  2 . 5  
F 1 . 5  7 . 6  5 . 6  
G 1 . 5  7 . 6  5 . 6  
H 1 . 5  7 . 6  5 . 6  1 . 1  7 . 6  2 . 6  
I 1 . 5  7 . 6  5 . 6  1 . 1  7 . 6  2 . 7  
J 1 . 5  7 . 6  5 . 6  1 .1  7 . 6  2 . 8  
K 1 . 5  7 . 5  5 . 6  1 . 1  7 . 6  2 . 9  
L 1 . 5  6 . 6  4 . 6  
M 1 . 5  5 . 6  4 . 3  
N 
0 Absorbances a.ere taken at the wavelength of the maxi- 

mum or minimum values shown for each particular peak 
material, as is indicated approximately in Figure 4. These 
are the smoothed values read from Figure 5. 

the intensity ratio parameters are approximately con- 
stant except in the range of Kd > 0.9, where unexplained 
departures from molecular weight correlations were also 
observed. 

As a beginning toward rationalization of the present 
results, we suggest that the peaks reflect the presence 
of NaLS mers (or groups of mers) constructed of two 
types of structural units. Such units might arise, 
for example, from the two kinds of m o n o m e ~ s Q - ~ ~ -  
one sulfonated and the other unsulfonated-as shown 
in Figure 6. The molecular weights of A and B or C 
are 198 and 266, respectively. Perhaps the sulfonated 
and unsulfonated structural units usually alternate, 
and the polyme1 molecular weight may be estimated by 
simple summing of the weights of the presumed mo- 
nomers, If the mers d o  not alternate, then additional 
combinations may be predicted. 

O n  this basis, and considering only alternation of 
mers, the system set forth in Table I11 has been de- 
veloped, and “calculated” molecular weights are shown 

TABLE 111 
CALCULATED cs. EXPERIMENTAL MOLECULAR WEIGHTS 

A N D  OTHER CHARACTERISTICS OF LIGKI~SLLFONATES 

--- Calculated-- -----Experimental----- 
Strut- Mol LS Mol 

Mer ture wt“ peak wtb K,iC Wt % 

l a  198 

2 albl 464 A 340 1.27 1 .7  
B 450 1.12 1 .1  
C 540 1 .01  1 . 1  (3.9) 

3 a2bl 662 D 570 0.97 1 . 5  
( 1  .5) 

4 a2b2 928 E 860 0 .74  1 . 1  
F 900 0 .71  1.0 
G 1020 0 .64  l . O ( 3 , 1 )  

5 aab? 1126 H 1080 0 .61  1 . 2  
a2b3 1194 (1 .2)  

6 a3b3 1392 1 I310 0 .50  1 . 8  (1 .8)  
7 a4bs 1590 J 1530 0.40 1 . 4  

a3b4 1658 (1.4) 
8 a4b4 1856 K 1760 0 .32  1 . 1  

9 ajb4 2054 M 2100 0 . 2 3  1 .0  

b , c  266 ( 0 , O ) d  

alb2 730 

L 1950 0 .27  0 .9(2 .0)  

a4bj 2122 (1 . O )  
10 adbj 2320 N 2250 0 .19  1 . 1 ( 1 . 1 )  
Molecular weights of polymers resulting from additive 

combinations of presumed monomers a and b or c to yield 
structures indicated. These values of molecular weight 
are “smoothed” values taken from the correlating line shown 
in Figure 3. These values of Kd are averages of the two ex- 
perimental values given in Table I. d Within the parenthe- 
ses are given the estimated weight percentages of the LS 
mers. 

substances, except the monomers which may have ex- 
isted but have not been recovered in the amine precipi- 
tation step used to prepare the purified NaLS used in 
this investigation. That two o r  three LS peak sub- 
stances are found in the molecular weight range cal- 
culated for a particular mer seems to  reinforce the ex- 
pectation arising from previous work that several 
types of monomers and dimers and analogous struc- 
tural units may exist. The mean Kci values shown in 
Table 111 for the LS peak substances reflect the effec- 
tive size of the respective components as derived from 
their behavior in the gel column. 

The approximate percentage of the initial NaLS 
sample which corresponds to  each LS peak substance 
and to  each presumed mer is also shown in Table 111. 
A total of about 17  of the beginning material is es- 
timated to  be present as peak substances. The data 
suggest that the even-numbered mers are present in 
a larger proportion than the odd-numbered mers. 

Research is continuing toward more extensive sep- 
aration and characterization of these lower molecular 
weight ligninsulfonates. 

for the speculative structures up to  the 10-mer. 
Smoothed values of the molecular weights found for 

the LS peak substances are  also shown in  Table I11 
in association with the respective mers with similar 
calculated molecular weights. Each presumed mer up 
to the 10-mer is represented by one or more LS peak 
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