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Low-molecular weight lignosulfonates were isolated from the

solids of spent sulfite liquor by methanol extraction, and by precipi-

tation with Hyamine 10-X, a quaternary ammonium salt. Methanol

extraction gave a 6.87% yield of solids, one-half of which were ma-

terials other than lignosulfonates. After purification the fraction

contained mostly monomeric lignosulfonates, but these proved to be

unstable on standing.

Hyamine 10-X precipitation yielded 16.33% solids. The pre-

cipitate contained oligomeric as well as monomeric lignosulfonates.

The precipitated lignosulfonates were free of carbohydrates. How-

ever, some of the very low-molecular weight lignosulfonates were

left in solution.

The Hyamine 10-X precipitate was successively fractionated

by column chromatography, paper chromatography, and by extraction



with 1-butanol. These procedures yielded 48 fractions of interest.

Selected fractions were investigated by nuclear magnetic resonance,

and by infrared and ultraviolet spectroscopy.

Paper chromatographic studies showed that the Rf values of

the low-molecular weight lignosulfonates were indicative of structural

types. The power of the functional groups to lower the Rf values of

the compounds were sequenced as follows: sulfonate > hydroxyl>

methyl> propyl.

The compound, guaiacyl acetone 1-sulfonate, was isolated. It

has not been previously reported in spent sulfite liquor. The struc-

ture was elucidated by nuclear magnetic resonance, and by infrared

and ultraviolet spectroscopy. It was further characterized by ele-

mental analyses, by the iodoform test, and by conversion to the

known compound guaiacyl acetone.

The infrared spectrum of this new compound showed that the

presence of the sulfonate group on the carbon atom next to the ketone

group shifted the carbonyl absorption band to a higher wavenumber

(shorter wavelength) than usual by about 35 to 40 cm-1. The shift

was attributed to the strong electron withdrawing power of the sul-

fonate group a - to the carbonyl group.
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LOW-MOLECULAR WEIGHT LIGNOSULFONATES FROM
SPENT SULFITE LIQUOR; ISOLATION,
PURIFICATION AND IDENTIFICATION

I. INTRODUCTION AND STATEMENT OF PROBLEM

The two principal components of wood are lignin and cellulose.

The chemistry of wood pulping primarily involves dissolution of the

lignin and isolation of the cellulose. There are various chemical

procedures which accomplish this, but the one of present interest is

the calcium based acid sulfite method. The reaction liquid is essen-

tially an aqueous solution of sulfur dioxide and a salt of sulfurous

acid, such as calcium bisulfite. The chemistry concerns a reaction

with the lignin polymer to produce lignosulfonic acids and the salts of

lignosulfonic acids which are water soluble.

In the calcium based acid sulfite pulping process, no recovery

of pulping chemicals is practiced. Subsequently, all of the water-

soluble products removed from the wood during pulping are contained

in the spent sulfite liquor. The major constituents of these dissolved

solids are lignosulfonates (53), most of which are high molecular

weight compounds (9, 42). Due to the high-molecular character of

lignin and because the pulping reaction takes place in a heterogeneous

state, the sulfonation does not occur according to simple stoichio-

metric rules. Therefore, a mixture of lignosulfonic acids of vari-

ous degrees of sulfonation, and of various molecular sizes, is always



obtained (10, 14). The molecular weights vary from a few hundred

to several hundred thousand (9, 26).

The material isolated from spent sulfite liquor, contains a

considerable amount of carbohydrates and some inorganic constitu-

ents as well as the lignosulfonates. The fermentable sugars can be

removed by yeast and the remaining solids dried to a powder. This

dried powder has been given the name Lignosite (53). It consists of

80% calcium lignosulfonates, 15% carbohydrates and carbohydrate

sulfonates, and about 5% of other constituents (53).

The purpose of the present study is: first, to isolate the low-

molecular weight lignosulfonates from Lignosite; second, to separate

these low-molecular weight lignosulfonates into their pure, single

molecular species; third, to characterize and determine the molecu-

lar structure of each pure compound.

2



II. HISTORICAL REVIEW

Preparation of Lignosulfonates During the Pulping Reaction

Lignosulfonates are a product of the sulfite process for the

manufacture of chemical pulp. This process is essentially the diges-

tion of wood chips at temperatures of 125-1450 in an aqueous solution

of sulfur dioxide and a salt of sulfurous acid, such as calcium bisul-

fite, for a period of time ranging from eight to 24 hours, depending

upon the temperature and the nature of the pulp desired. During the

digestion period, the lignin of the wood reacts with the constituents

of the cooking liquor to form soluble lignosulfonates. These dissolve

in the cooking liquor and are separated from the residual cellulosic

pulp by filtration and washing (49).

The theory of delignification considers two stages: first, a

sulfonation of the lignin in the solid phase, producing solid lignosul-

fonic acids containing more or less sulfur; second, a dissolution of

these acids to give water soluble lignosulfonic acids (16, 49, 55).

Kullgren (34, 35, 49) has shown that the rate of the second reaction

is regulated by the hydrogen-ion concentration, rather than a further

reaction of the sulfurous acid. He discovered that solid lignosulfonic

acids in a sulfonated wood, after the excess bisulfite had been washed

out, were rendered soluble by heating the wood with 0.3% hydrochlor-

ic acid. Hdgglund (23) has also stated that the solid, insoluble

3
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lignosulfonic acids, when heated with mineral acids, furnished soluble

lignosulfonic acids. According to him, this phenomenon was due to an

hydrolysis of linkages between sulfonated lignin molecules and carbo-

hydrates, and also between lignin molecules (depoly-m.erization). He

noted that the rate of delignification was proportional to the hydrogen-

ion concentration within the solid phase, a condition dependent upon the

surrounding liquor. According to Rydholm (8, 36, 55), the hydrolysis

reaction is considered to be slower and is the rate-determining reaction.

A present concept of the chemical structure of lignin is that of a

polymer composed of substituted derivatives of phenylpropane as

building units. The phenylpropane structure is referred to as a C6-

C3
unit. Since most, and in some cases all, of the lignin in conifers

is built from the 4-hydroxy-3-methoxyph.enylpropane unit, the number

of methoxyl groups is almost always one per C6-C3 unit.

The degree of sulfonation of lignin is measured by a ratio of

sulfur content/methoxyl content (S/OCH3) which in turn corresponds

to the number of sulfonate groups per
C6-C3 unit. When wood is

treated with neutral sulfite solutions, generally only an average degree

of sulfonation of about 0.3 S/OCH3 is reached (8). Lignin can be furth-

er sulfonated in acid to at least 0.7 S/OCH3 and in some cases to 1.0

S/OCH3 (36, 55). The degree of sulfonation necessary to yield water-

soluble products must be 0.5 S/OCH3 or greater (36, 55). This

means that the water-soluble lignosulfonic acids contain at least one
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sulfonic acid group per two methoxyl groups. This also means one

sulfonic acid group for every two C6-C3 units. Since lignin becomes

soluble at 0.5 S/OCH3 or greater, this has been said to indicate that

at this degree of sulfonation there are no lignin- carbohydrate bonds

remaining and that the depolymerization of lignin is quite complete

(36, 49).

In order to determine the minimum number of sulfurous acid

groups which must enter the lignin polymer to render it soluble,

Klason (31) carried out a reaction in which spruce wood was heated

with saturated aqueous sulfurous acid at 55° for eight days. Analysis

of the 2-naphthylamine lignosulfonate later isolated from the spent

liquor indicated that one sulfonic acid group had entered the lignin

molecule for each two C6-C3 units. The result was confirmed by

Hg.gglund (23).

Isolation of Lignosulfonates from Spent Sulfite Liquor

Sulfite liquor obtained directly from pulping contains not only

the lignosulfonates, but also carbohydrates, sulfonate sugars, and

sulfite and bisulfite salts (42, 53). It has been suggested (10, 18)

that the carbonyl groupings of sugars may bind with sulfonic groups

as "loose-bonds" which may be desulfonated in the neutralization of

the sulfite liquor. Numerous methods have been developed for the

isolation of the lignosulfonic acids. However, none of the methods
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give lignosulfonates absolutely free of contaminants. Typical methods

which have been used for the isolation of lignosulfonates from spent

sulfite liquor are described as follows:

Isolation as Basic Lignosulfonates

This method was based on the fact that lignosulfonic acids are

precipitated as insoluble basic salts by calcium hydroxide or basic

lead acetate. A hypothetical formula is shown in 1. The formation

of this basic salt is the result of the presence of a phenolic hydroxyl

group which reacts with the base (9).

0Ca\Lig1 Lignin

10Ca 0Y
0

The method was applied by Lindsey and Toliens (10) in 1892. They

first removed the sulfate ions from a commercial spruce sulfite

spent liquor with barium oxide or basic lead acetate. They then

separated the lignosulfonic acids from most of the other wood de-

composition products by the addition of an excess of basic lead ace-

tate solution (Pb (CH3CO2)2 ° 1-120) to the filtrate, causing the for-

mation of a yellow precipitate of basic lead lignosulfonates.
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The isolation of basic calcium lignosulfonates from a commer-

cial spent liquor has also been carried out by the "Howard Process."

In this process, the lignin fraction of the spent liquor is isolated by

fractional precipitation with caustic lime. Neutralization of the spent

liquor to a pH of about 8.5 causes precipitation of calcium sulfite

which is removed by filtration. With further addition of lime up to

a pH of about 11 the basic lignosulfonates are precipitated and can be

washed free of carbohydrates and other nonlignin material.

Isolation by Quaternary Ammonium Salts

In 1909 Procter and Hirst (9, 52) found that sulfite spent liquor,

when treated with aniline hydrochloride, gave a precipitate of ligno-

sulfonates. Since that time, organic bases such as 2-naphthylamine,

piperdinoaceta,nilide, 1, 1-dimethyl amino-naphthalene, quinoline,

2-naphthoquinolidine, quinine and brucin have been reported as effec-

tive agents for the precipitation of lignosulfonates. Of these bases,

2-naphthylarnine has been the most extensively used for the isolation

of the lignosulfonic acids from spent sulfite liquor (10).

Quimby and Goldschmid (54) have used the long chain quater-

nary ammonium salt, Hya-rnine 10-X shown in 2 as an organic base

for the isolation of lignosulfonates from spent sulfite liquor.



CH3
CH
i 3(H -CCH -C

3

CH3

2

CH3

CH3

0-CH2 -CH2 -0-CH2 -CH2 -NCH
I

CH3

(Hyamine 10-X) 2

They found that equal weights of quaternary ammonium chloride

and sodium lignosulfonate gave optimum precipitation,. The precipi-

tate was recovered by filtration, washed with water and freeze dried.

Ultraviolet light absorption measurements indicated that at least 80%

of the lignosulfonates in spent sulfite liquor were recovered by this

method. The 20% solids that were not recovered were composed of

unsulfonated aromatic compounds, such as conidendrin, as well as

very low-molecular weight lignosulfonates.

Isolation by the Salting Out Method

The salting out method is based on the observation that upon

addition of a concentrated aqueous solution of sodium chloride, potas-

sium chloride or sodium sulfate to sulfite spent liquor, salts ofthe

lignosulfonic acids are precipitated, particularly when the mixture

is slightly warmed (9). With these precipitating agents, sodium or

potassium lignosulfonates are salted out. However, it is difficult to

separate the adherent alkali chlorides from the lignosulfonates



because, on dilution of the solution during washing, the precipitate

dissolves again.

Isolation by Ion-Exchange Chromatography

Parrish (48) used ion-exchange chromatography for the purifica-

tion and fractionation of the lignosulfonates from laboratory prepared

spent liquor. The spent liquor was passed through an Amberlite IR-

120 H column to convert the lignosulfonates to their acid forms. The

free acids were adsorbed on a column of Dowex IX-8. The resin was

washed with water until all carbohydrates had been eluted. The ligno-

sulfonic acids were then separated by washing with sulfuric acid solu-

tions of varying concentrations. The fractionated lignosulfonic acids

were neutralized with barium carbonate.

Pearl and Beyer (50) have reported a complete separation of

the lignosulfonates from the carbohydrates in aspen sulfite liquor.

In their method, the spent liquor was first freed of cations by passage

through a column of IR-120 cation-exchange resin. The eluate was

then passed through a regenerated column of Duolite A-2M. The

carbohydrate material was found in the effluent. The lignosulfonates

were obtained by elution of the column with alkali.

9

Isolation by Dialysis

Lignosulfonic acids are in part high-molecular weight
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compounds which will not pass through a dialyzing membrane. Dialy-

sis, therefore, has often been used to separate the lignosulfonic acids

or their salts from other compounds in the spent liquor. However,

the low-molecular weight fraction of the lignosulfonates are often

dialyzed out with the other components of the liquor (9, 10).

Isolation by Solvent Extraction

Lignosulfonates have different solubilities in different solvents.

This depends upon their molecular weights (48). Low-molecular

weight lignosulfonates are soluble in methanol, 95% ethanol (19, 20,

48) and water-saturated 1-butanol (14). The higher-molecular weight

portions are not soluble in these solvents. Based on this solubility,

isolation of the lower-molecular weight lignosulfonates from spent

sulfite liquor is possible.

Properties of the Li_gnosulfonates

The solubility of the lignosulfonates in water decreases with

increasing molecular weight and with decreasing sulfonation. On

drying, a very viscous syrup is obtained which gradually gives way

to brittle solids as the last traces of moisture are removed.

The lignosulfonates are soluble in weak acids and bases. In

acid solutions, such as sulfuric or phosphoric, free lignosulfonic

acids are formed. These sulfonic acids tend to condense on standing
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or heating and to precipitate from solution.

The lignosu1fonates are almost completely insoluble in the com-

mon organic solvents such as acetone and ethyl acetate. The salts

of the lignosulfonates have varying solubilities in methanol, 95%

ethanol, wet acetone and water-saturated 1-butanol. These solubili-

ties depend upon both the molecular size of the lignosulfonates and

the degree of sulfonation; decreasing with increasing molecular weight

and with decreasing degree of sulfonation (49).

The specific volume of non-dialyzable sodium lignosulfonates

at 25° is about 0.6 cc per gram, according to McCarthy and co-

workers (39). The specific gravity of lignosulfonate solutions de-

pends on the solids content. When 50% solids, the specific gravity

is about 1.27 (10).

The relative viscosities of the lignosulfonic acid salts are

affected by the valencies of the cations involved. For example, the

relative viscosities (in micropoises for 20% solutions at 200) have

been described as follows: free sulfonic acids, 1.92; sodium salt,

1.95; potassium salt, 1.92; ammonium salt, 1.97; calcium salt, 2.58;

zinc salt, 2.52; ferrous salt, 2.55; nickel salt, 2.50; aluminum salt,

3.55 (10, 56).

The differences in the -molecular weights of the lignosulfonates

in spent sulfite liquors have been used for their separation. 011eman

and co-workers (46) took the ammonium salts (11.7% rnethoxyl) of a
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spent sulfite liquor and prepared barium lignosulfonates from them.

They fractionated the barium lignosulfonates by dilution. An aqueous

solution, containing 103 g. of barium salts per liter was diluted to

30% acetone. This yielded a first fraction which was not investigated.

Further addition of acetone to 70% yielded a main fraction which con-

sisted of 66% of the barium salts. These salts were converted to

the quinoline salts with the end result of recovering a fraction com-

posed of 50% of the original lignosulfonic acids. The final mother

liquor of the acetone precipitation gave a second quinoline salt in 30%

yeild. The two fractions of quinoline salts were subjected to diffu-

sion analyses and the molecular weights were calculated to be ap-

proximatedly 20, 000 for the first fraction and about 1500-2000 for

the second (10).

McCarthy and co-workers (43) determined the molecular

weights of the lignosulfonic acids which they isolated from a labor-

atory reaction of western hemlock with sodium bisulfite for 6.5

hours at 135°. They found, by the diffusion method, that the aver-

age molecular weights ranged from 10, 000 to 120, 000. They further

reported that the molecular weights of the lignosulfonate salts varied

from 260 to about 100, 000 with an average of around 10, 000-20, 000.

No definite correlation can be drawn between the molecular

weights of the lignosulfonic acids in a spent sulfite liquor and the

molecular weight of the natural lignin because degradation or
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condensation of the lignin may have taken place under the relatively

drastic reaction conditions. The lignosulfonic acids of low-molecular

weights have a relatively high sulfur content. The molecular weight

of 500, found by Seidel (61) from the sodium content of sodium ligno-

sulfonates, is relatively high. Sodium lignosulfonates usually have

molecular weights of around 300.

Browning (12) studied the flow-properties of sodium and calcium

lignosulfonates and found that the shear-rate of those from aspen and

hemlock showed Newtonian flow behavior. He suggested that the par-

ticles in solution were not composed of chains or ramifying micelle

structures, nor were they highly hydrated. He concluded, from the

relationships of the flow of macromolecules in solution and from the

shear rate data of the lignosulfonates at various temperatures and

concentrations, that lignosulfonate particles in solution are rigid

ellipsoids with short chains containing sulfonic acid and hydroxyl

groups, which are capable of hydrogen bonding, protruding from

their surfaces. These particles are extremely hydrophilic, but

their structure is so dense that little or no swelling from hydration

can occur.

The viscosity of the lignosulfonate solution increases as the

frictional resistance increases at concentrations above 10% (0100

m1). Concentrations of 25% or higher greatly increase the viscosity

(10).



Sulfonation of Model Compounds

The Properties of the Sulfite Ion

The sulfite ion is considered a strong nucleophilic attacking

species, even when present in a low concentration. The strong nucle-

ophilic power of the sulfite ion, which is greater than that of alkoxide

in some cases, might not be predicated from its basicity, or from

the electronic structure as represented in 3 (1, 18). A more descrip-

tive structure is 4 (1), resulting from hybridization with a consider-

able amount of Tr bonding, involving the p and d orbitals. This

3

structure provides the sulfur atom with a convenient orbital for bond

formation, and makes it quite highly polarized.

In the sulfonation of lignin, the structure of the bisulfite ion

has been considered as 5, which has a hydrogen atom directly

attached to the sulfur to form a mercapto group (9). The hydrogen

14



directly attached to the sulfur is very reactive, In a study of the

sulfite process, Harpf (24) found that free hydrogen was formed.

He suggested that the sulfonation of lignin occurs by the replace-

ment of a labile hydrogen atom directly attached to a carbon atom

by a sulfonic acid group as follows:

+ H-S0 0 Ca/2

Sulfonation of Model Substances with
Bisulfite Ions or Sulfurous Acid

The sulfonation of lignin is considered a complexity because

the lignosulfonates obtained are a mixture of variably sulfonated com-

pounds of differing degrees of polymerization. The fact that the ex-

act structure of lignin is still unknown makes it difficult to postulate

the exact reactions which take place during sulfonation. However,

certain functional groups known to be present in lignin undergo sulfo-

nation reactions and can be described as follows:

Alcohol Group. The typical sulfonation can be formulated as

(9):

2-0H + NaHS0-* Na + H203 I 3

Higuchi and Schroetter (29) have shown that this type of reaction can

be applied to compounds of the general structure of 6.

0 Ca/2 + H2

15



6

1 6

They found that for sulfonation to occur at room temperature, there

must be an OH or NH2 at R1 or R2, R3 may be H, CH3, or R4CH2

(R4 may be various groups such as alkyl, amido, NI12). The reac-

tion does not proceed when both RI and R2 are H, when RI is

methoxy, or when the necessary ring hydroxyl group is situated in

the meta rather than the ortho or para position. These observations

led to the conclusion that the resonance associated with the ortho or

para position is essential for a reaction to occur (59). A kinetic and

mechanistic study has shown that above pH 5, the reaction is simple

Sn2 but below pH 5 a parallel Snl reaction also occurs (30, 32, 58).

Several model substances have been subjected to sulfonation

reactions (10). It was found that benzyl alcohol did not react. How-

ever, p-hydroxybenzyl alcohol at pH 7.65 at 50° and 1000 yielded 55

and 90 p-hydroxybenzylsalfonic acid respectively in 25 minutes (32,

58). p-Hydroxybenzyl ethyl ether sulfonated at pH 6.22 and 100° to

give 45.8 and 86.3 p-hydroxybenzylsulfonic acid in one and three

hours respectively (41).

Vanilly1 alcohol 7 was sulfonated at pH 2-9 by Migita and co-

workers (37, 38, 40) giving vanillysulfonic acid 10. They found

that the sulfonation took place rapidly by a first order reaction with
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an activation energy of 16.5 cal. From this they concluded that two

types of reactions may take place at the beginning of the sulfon.ation

of lignin. One is the formation of a benzyl or carbonium ion 8 by

the ionization of the guaiacyl group; the other is the formation of

a methylenequinone type of compound 9 from a guaiacyl group in the

lignin molecule.

01H

7

H3

+CH

1 2

OH

CH
II 2

8 -
CH3

HSO CH 0 H

OCH3

HS03- OH
1

9

3-

10

At higher temperatures, veratryl alcohol, diveratryl ether,

and veratryl ethyl ether also underwent sulfonation (18, 37, 38).

These compounds contain methoxyl groups in the 3 and 4 positions,

and do not have hydroxyl groups.

a. -Guaiacyl glycerol, 11, was sulfonated by Adler and Yllner

(2, 3, 10) with sodium bisulfite containing 5% total sulfur dioxide,

at pH's of 1.5, 3.0, 6.5 and 9.0 for various periods of time. On

oxidation of the products with periodic acid, up to 88% formaldehyde

was formed, indicating that the sulfonic acid group had entered the
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molecule at the a -position 12. This was found to occur in all cases.

Similar treatment of a -veratryl glycerol also showed that the sulfon-

ic acid group entered the a-position in that molecule.

HO u--CHOH- CHOH- CH2OH---Y Hp H-cHOH-CH20H03H
3

OCH3 OC

Ether Group. p-Hydroxybenzyl ethyl ether, 13, when sulfonated

at pH 6.22 and 1000, gave 45.8 and 86.3% p-hydroxybenzylsulfonic

acid 14 in one and three hours, respectively. When sulfonated at a

pH of 7.65, p-hydroxybenzyl ethyl ether yielded 46.5% p-hydroxy-

benzylsulfonic acid in one hour and 73.2% in two hours (41).

HO- -CH2 0-CH2-CH3* HO- H2-S03H

13 14

Veratryl ethyl ether 15, when heated in an acid bisulfite solution at

a pH of 1.4 for 1-2 hours at 135°, yielded 96% veratryl sulfonic

H3C0- -CH2 OCH2 CH3 -->113CO -CH2S031-1

H3 OCH3

15 16

acid 16. With increasing pH the sulfonation rate decreased; at pH 7

and after heating for 20 hours only 43% sulfonic acid was obtained.



r
HC-CH OH

3
HSO3CHOH CHSO-

3

rit)

19

This indicated that the sulfonation was highly dependent upon the pH

(3, 4, 10).

Adler and co-workers (3) found that the 13-guaiacyl ether of

a -veratrylglycerol sulfonated at a slower rate in acidic solution than

did either veratryl alcohol or veratrylglycerol. The slow sulfona-

tion of the ether compared to the alcohol might be due, according to

Adler, to the fact that the voluminous methoxyphenoxy group in the

3-position hindered the approach of the substitutent to the a -carbon

atom.

Freudenberg (17) suggested that the sulfonation of cyclic ethers,

such as furan or pyran rings, occurs in two stages. In the first

stage, the oxygen ring in structure 17 is opened with the formation

of a phenolic group and a secondary hydroxyl group 18. In the second

stage, the secondary hydroxyl group at the carbon side of the chain

is replaced by the sulfonic acid group 19. The replacement either

takes place directly, or by the splitting off of water with the forma-

tion of a double bond followed by the addition of bisulfite.
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Carbonyl Groups. The addition of bisulfite to a carbonyl group

results in the formation of an a -hydroxy sulfonic acid 20

,10 OHq I
R-C + H-SC2-0Na ---- R-CH\ I

H SO2 ONa

The a -hydroxy sulfonic acids are not stable and are readily decom-

posed with regeneration of the carbonyl group. This is due to the

presence of the hydroxyl group and the sulfonic acid group on the

same carbon atom. Higglund (23) studied the behavior of cinnamyl

aldehyde toward bisulfite. He obtained a hydrocinnamyl aldehyde sul-

fonic acid. According to him, the sulfonic acid had also attacked the

carbonyl group but was unstable and split off. Similarly, Kla.son (31)

found that loosely bonded sulfurous acid was readily split off from

the carbonyl carbon.

Carbon-Carbon Double Bond. Klason (31) found that addition

of sulfurous acid to the carbon-carbon double bond was quite irre-

versible, in contrast to the addition to the carbonyl which was rever-

sible. The addition of the sulfurous acid was greatly influenced by

the position of the double bond in relation to other groups. An iso-

lated double bond did not add sulfurous acid. Anethole 21, iso-

eugenol 22 and cinnamyl alcohol 23 gave only traces of sulfonic

acid, but cinnamyl aldehyde and similar compounds which have a

20
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carbonyl group in conjugation with the double bond (-C=C-C=0) gave

40-100% of sulfonic acid. In all cases, the sulfonic acid group

added to the a -carbon atom.

CH
3

CH

Ii
CH

OH

----OCH3

CH2OH

CH

CH

23

Identified Monomeric Lignosulfonates

Felicetta, Glermie and McCarthy (14) isolated two monomeric

lignosulfonates, I and III (Table 1), from the spent sulfite liquor of

western hemlock. According to these researchers, these two com-

pounds are the major components of the lower-molecular weight

fraction of the lignosulfonates. McCarthy et al. (60) further proved

these two structures by sulfonation of coniferyl benzoate from ben-

zoin USP Siam Gum Tears.

In order to study the structures of the lignosulfonates, Glennie

and Mothershead (19) synthesized compounds II and IV (Table 1).

Later, they isolated these monomeric lignosulfonates from red
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alder (20). They found that vinyl syringly sulfonate, II, appeared

to be a major monomeric component which formed at least 4% of

the total lignosulfonates obtained in the first stage of sulfonation.

It was the major product formed by sulfonating sinapyl alcohol.

They also indicated the presence of vinylvanillyl sulfonate, I; conif-

eryl sulfonate, III; the sulfonates of coniferaldehyde, V; sinapylalde-

hyde, VI, and probably a small amount of sinapyl sulfonate, IV. Ac-

cording to Glennie (21) structures V and VI are easily desulfonated

in alkali at room temperature. Parrish (47) isolated and identified

structures VII and VIII from wattle wood, and also detected these

two compounds in a commercial sulfite liquor of a soft wood-hard

wood mixture. Sulfonation of either isomer of VIII causes some

conversion to a sulfonate which may be X. Bisulfite treatment of

sinapyl alcohol in the presence of a free radical at room tempera-

ture yielded IX as a major product, and probably some of X.

Parrish (48) found evidence that the structure of XI was shown

by its synthesis from II through reaction with sulfite. The structure

XII was obtained from sinapyl alcohol by treatment with a solution

of sodium pyrosulfite at room temperature, sodium nitrite being

added to produce sulfite ions. Structure XII was the only sulfonate

formed in appreciable quantity and it was obtained in a pure cyrstal-

line form.

Hayashi and Namura (25) reported that the catechol group may



I H -CH(SO3H)-CH=CH2

II
OCH3 -CH(SO3H)-CH=CH2 0

III H
-CH=CH-CH2SO3H

1 OH CH3

IV
OCH3 -CH=CH-CH2S03H

V H -CH(SO3H)-CH -CHO

VI
0CH3 -CH(S03H)-CH2-CHO

VII
OCH3 -CH(S03H)-CH2-CH3

VIII
OCH3 -CH(S03H)-CHOH-CH20H

IX
OCH3 -CH2-CH(S03H)-CH20H

X
OCH3 -CH(S03H)-CH2-CH20H

XI
OCH3 -CH(S03H)-CH2 -CH2 (SO3

H)

XII
OCH3 -CH(S03H)-CH(S03H)-CH20H
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be present in lignosulfonates. However, this type of lignosulfonate

has not been isolated.

Table 1. Identified Monomeric Lignosulfonates.

Compounds1 R2
Model



III. MATERIALS AND METHODS

Nature of the Starting Material

A sample of Lignosite powder (53) was obtained from the

Georgia Pacific Corporation, Puget Sound Division (formerly Puget

Sound Pulp and Timber Co. ), Bellingham, Washington.

Ligno site is prepared from the spent liquor of the calcium

based acid sulfite pulping of softwoods. The spent sulfite liquor

is first fermented with yeast to remove the fermentable sugars.

The remaining solids in the liquor are dried to a powder and given

the name Lignosite (53).

The sample received was a fine, brown powder, 98% of which

passed a 150 mesh screen (W. S. Tyler Company, Cleveland, Ohio),

all of which passed a 100 mesh screen. Information supplied by

the Georgia Pacific Corporation showed that the powder consisted

of 80% calcium lignosulfonates, 15% carbohydrates and carbohydrate

sulfonates, and 5% of unidentified materials.

Charts No. 1 and 2 show the procedures used in the present

investigation for the isolation of the low-molecular weight ligno-

sulfonates from Lignosite.

24
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Isolation of Low-Molecular Weight Lignosulfonates
by Methanol Extraction

Methanol Extraction of Ligno site Powder

Lignosite powder (450.00 g) was weighed into a 2-liter beaker

and absolute methanol (1 liter) was added with stirring. The mixture

was stirred until the Lignosite powder was homogeneously dispersed.

The Lignosite-methanol dispersion was poured through a funnel

into a 3.8 cm diam. by 91 cm long column. The bottom of the column

was filled with a 2 cm thick plug of glass wool. as a filter. The fil-

trate was collected in a 5-liter flask. The flow rate was 40 drops

per minute. Fresh methanol was continuously added to the top of

the column by means of a 2-liter separatory funnel. Four liters of

filtrate were collected in a 4-day period.

The extract thus collected was re-filtered through Whatman

No. 1 filter paper. The filtrate was concentrated in a vacuum rota-

tory evaporator (Buchi, Rotavapor, Switzerland) at a temperature not

in excess of 500. To completely remove the methanol, 10-15 ml of

water were added when the sample become viscous and the water re-

evaporated. This was repeated several times.



Chart 1. Experimental procedure for the methanol extracted lignosulfonates.

Lignosite

Methanol extraction

glass wool

Residue Filtrate

Filtered,
Whatrnan No. 1 paper

Residue Filtrate

oncentratedt
Viscous solution

Extracted with diethyl ether1

4, 1
Ether extract Aqueous solution

!Concentrated and dried

Resinous material

Extract; with MEK, HOAc
water (80:5:15 v/v)

Organic layer Aqueous portion

Resinous material

Bio-gel P-2 column

Fractions from fraction collector

(Fractions AA to II; not further investigated)
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Extracted with MEK and dried



Purification of the Lignosulfonates
from the Methanol Extracts

The methanol extract obtained above was dissolved in 25 ml of

water and extracted with diethyl ether for six hours in a liquid-liquid

extractor. The aqueous portion was concentrated in a vacuum rotator

as described above. At the end of the evaporation, three separate

10-ml portions of methyl ethyl ketone (MEK) were added and re-

evaporated to remove the residual water in the sample. The sample

was dried in a vacuum desiccator overnight, using sodium hydroxide

pellets as drying agent, and weighed; weight 16. 66 g. (average of

three determinations) (Table 3, page 44).

The dry sample was transferred to a 250-ml round-bottomed

flask to which was added 50 ml of a mixture composed of methyl

ethyl ketone (80%), acetic acid (5%) and water (15%). The flask con-

taining this mixture was rotated on a rotatory evaporator at atmos-

pheric pressure for 30 minutes.

The liquid was transferred to a 250-ml separatory funnel and

the organic layer (methyl ethyl ketone) was separated. The remain-

ing aqueous portion was again transferred back to the original

flask and was again extracted with fresh methyl ethyl ketone mixture.

The extraction was repeated several times until the organic layer

remained colorless. The acetic acid was partially removed from

the aqueous portion by addition of methyl ethyl ketone followed by
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evaporation in a rotatory evaporator. Fresh methyl ethyl ketone was

added to the syrup and re-evaporated. This was repeated several

times. The syrup was finally dried in a vacuum desiccator over

sodium hydroxide pellets and weighed; weight 14.07 g (average of

three determinations) (Table 3, page 44).

Isolation of the Low-Molecular Weight Lignosulfonates
by Quaternary Ammonium Salt Precipitation

Precipitation and Fractionation of the Quaternary
Ammonium Salts of the Lignosulfonates

The methyl ethyl ketone mixture used in the previous extraction

procedure (page 25) left a small residual amount of acetic acid in the

final sample. This acetic acid was difficult to remove and made the

lignosulfonates unstable for later experiments. Therefore, a quater-

nary ammonium salt was used as an alternative method for the isola-

tion of the low-molecular weight lignosulfonates.

The quaternary ammonium salt used in this experiment was

Hyamine 10-X (Rohm & Haas Company, Philadelphia, Pa. ). The

structure is shown as 2 (page 8).

One liter of a 5% aqueous solution of Hyamine 10-X (50 g) was

added slowly with stirring, into a 3-1iter Erlenmeyer flask which

already contained 50 grams of Ligno site. The mixture was allowed

to stand for four hours so that the quaternary ammonium salts of

the lignosulfonates could be fully precipitated. The aqueous portion



Chart 2. Experimental procedure for the quaternary ammonium salt lignosulfonates.

Lignosite

(Hyamine 10-X)

Precipitate

'Decanted
49Decantate Precipiitate

iDried
Dissolved in methanol

Resinous material Methanol solution

1

1-but;ed
nol

ct
Precipitate

900 ml of water
extra

layer
Sephadex G-10

1 CentrifugeAqueous 1-but extract

column 4/ 4t
Precipitate Centrifugate
(Fraction-1) 900 nil of water

Precipitate

1
Centrifuge

Precititate Centrifutte
(Fraction-2) 800 ml of water

Fraction-HS

iPaper chromatography
Fractions HS-1 to HS-4

(Continued)



1 Paper chromatography
(developer B)

Purified fractions
I1-butanol extraction

11° Ntf
Aqueous layer 1-butanol extract

Dried
,..k.)

Purified solid 0

Aqueous solution Aqueous solution

'Ether extraction

Paper chromatography
(developer A) Ether extract Aqueous solution

Dried

Brittle solid
Bio-gel P-2 column

Fractions A to 1-1

Sephadex G-10 column

FractTon A Fractions 1 to H-10

I Paper chromatography
(developer A)

Fractions B-1-1.11Fractions D-1-1 to H-10-2
to C-6-16

Chart 2. Continued. Precipitate

'Centrifuge

Prectpitate Centrifugate
(Fraction-3)

Concentrated

Brittle solid
Cation exchange resin (Fraction-4)

Cation exchange resin
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was separated and the precipitate was washed with water on a What-

man No. 40 filter paper. It was dried overnight in a vacuum desic-

cator. This dried material was added to 200 ml of methanol, with

stirring, in the original 3-liter flask. The mixture was warmed at

50° in a water bath until the salt completely dissolved in the methanol.

The solution was cooled to room temperature and the weight of the

total system was determined.

The lignosulfonate-Hyamine 10-X complex was fractionated

according to molecular weight distribution by the addition of water.

The highest molecular weight portion (Fraction 1) was first precipi-

tated by slowly adding 900 ml of water with stirring at room temper-

ature. The precipitate was recovered by centrifuging at 500 RPM

for five minutes. The supernatant was returned to the original

Erlenmeyer flask and weighed. Methanol was added by weight to

make up for the methanol lost by evaporation, transfer, and removal

of the first fraction as described by Quimby and Goldschmid (54).

Fractions 2 and 3 were precipitated in the same manner by

adding 900 and 800 ml of water respectively. The lowest molecular

weight portion (Fraction 4) was obtained by evaporating the remain-

ing supernatant in the vacuum rotary evaporator at 500.



Recovery of Lignosulfonates from the Quaternary
Ammonium Salts by Cation Exchange Columns

Six hundred grams of Dowex 50 W-X2 (H+ form) ion exchange

resin was wetted with water in a 1000-ml beaker and the wet resin

was poured into a 4.5 cm X 60 cm column. The resin is a strong

acidic cation exchange resin which has an exchange capacity of 0.76

mg per ml on a wet basis or 5.2 mg per gram on a dry basis.

The column was changed to the sodium cation form by washing

with two liters of 2N sodium chloride solution. It was then washed

with water until the effluent was neutral to litmus paper. The wash-

ings were also tested with 0.1N aqueous silver nitrate until no chlor-

ide ion showed in the effluent.

Methanol was added to 3.0 g of the lowest molecular weight

fraction (Fraction 4) of the quaternary ammonium salts of the ligno-

sulfonates until the sample became fluid. The material was added

to the top of the column followed by washing with 50 ml of methanol.

The column was then eluted with water.

The sodium lignosulfonate eluate was collected in a 500-ml

Erlenmeyer flask until the eluate showed a very low absorption at

280 mti, in a uv spectrophotometer. A Molisch test of the eluate was

negative, indicating that no carbbhydrates were present.

The sample was recovered by evaporation to dryness on a
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rotatory evaporator. The solids were dried in a vacuum desiccator

over sodium hydroxide pellets for one week.

The dry sodium lignosulfonate sample was extracted with ether

in a liquid-liquid extractor for six hours. The aqueous portion was

dried in a vacuum rotatory evaporator and weighed; weight 49.00 g

from 300.00 g of crude Lignosite (Table 4, page 47). The lower

molecular weight portion (Fraction 3) was similarly passed through

the cation exchange column (Table 4, page 47).

Column Chromatographic Separation of the Lignosulfonates

The sodium salts of the lowest molecular weight fraction (Fig-

ure 4, page 75) were the only lignosulfonates separated by column

chromatography. Two different types of gel filtration media, Bio-gel

P-2 and Sephadex G-10, were used for this experiment.

Bio-gel P-2 (6,7) is a porous polyacrylamide bead which has

an effective operating range from 200 to 2000 molecular weight with

an exclusion limit of 1600 molecular weight.

Sephadex G-10 (51) is a cross-linked dextran that consists of

three-dimensional networks of polysaccharide chains. It is less

porous than other sephadex gels and will, therefore, effect a better

resolution of low-molecular weight substances. The degree of

swelling is not affected by changes in pH and ionic strength of the

solution. The effective operating range of the molecular weight is



up to 700.

Bio-gel P-2 Column Chromatography-- First-run Column

Column Elution Procedures. The lowest molecular weight ligno-

sulfonates isolated by both the methanol extraction (page 25) and by

precipitation with Hyamine 10-X base (page 28) were separated on

Bio-gel P-2 columns.

A typical column separation was as follows. A column (3.5 cm

by 148 cm) packed with Bio-gel P-2 (100-200 mesh) was washed with

water for 48 hours at a flow rate of 31 ml per hour. An amount (2.5

g) of the respective sample to be separated was dissolved in water

(2.5 ml) and added slowly through a pipet to the top of the column.

The sample was allowed to elute to the level of the bed and then

washed with aliquots of water (1.0 ml) until it was washed down to

about 2 cm from bed-level.

The elution was done with water added through a pressure tube.

The flow rate was adjusted to 65 ml per hour (13.2 ml per hour per

cm2 ) by adjusting the height of the reservoir. A sample of effluent

was collected each eight minutes by means of an automatic fraction

collector. The total effluent collected was 3280 ml in 410 tubes.

Ultraviolet Spectral Studies of the Eluted Samples. An aliquot

(0.5 ml) of each tube from the fraction collector was transferred into

a 10-ml volumetric flask and diluted with water to the line. The

34
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spectrum was measured in a Beckman DB spectrophotometer using

1 cm thick silica sample cells.

The wavelengths used were from 500 to 200 mp,. The first

spectrum was measured in neutral solution and the second in alkaline

solution made by adding one drop of 10% sodium hydroxide solution

to the sample medium. The samples measured were one in every

three or five tubes depending on the spectra variations between any

two adjacent samples. Every fraction was measured when the sam-

ple spectra from one tube was different from that of the next follow-

ing tube.

The results of the uv spectra from each column were plotted

in two diagrams (Figures 3 and 4, pages 74 and 75). The first one

was based on absorption intensity at the maximum against the volume

of elution. The second diagram was based on the absorption wave-

length at the maximum and on the volume. Based on these two dia-

grams, test-tube fractions with similar wavelength and absorption

intensities were combined. The fractions were named from AA to

II for the methanol-extracted lignosulfonates and from A to H for

the Hyamine 10-X treated sample. Eight columns of Bio-gel P-2

were run on the methanol extract. However, this material was not

further investigated.

Thirteen columns were run on the Hyamine 10-X precipitate.

Similar fractions from the columns were combined and dried as
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previously described. Additional research involved these fractions.

Sephadex G-10 Column ChromatographySecond-run Column

The fractions from the Bio-gel P-2 column were further sepa-

rated by Sephadex G-10 column chromatography. Only those frac-

tions B through H from the Hyamine 10-X precipitation were sepa-

rated.

A typical separation was made on a 1.8 cm by 112 cm column

of Sephadex G-10. The column was first washed overnight with wa-

ter at a flow rate of 7.85 ml per cmz. An aliquot (1.0 g) of each

fraction from the Bio-gel P-2 separation was dissolved in water

(1.0 ml) and added to the top of the column. The column was eluted
2with water at a flow rate of 7.85 ml per hour per cm . The frac-

tions were again collected by an automatic fraction collector. They

were grouped from (B-1 to H-10; Table 2) according to their uv

spectra. A number of Sephadex columns were run on each fraction

from the Bio-gel column (Table 2, page 37).



aOnly the lowest-molecular weight samples from the Bio-gel P-2 column were further fractionated.
Fraction A from the column contained higher-molecular weight material and was not separated.

Paper Chromatography

Samples of each sub-fraction from the Sephadex G-10 column

(Table 2) were further fractionated by paper chromatography on

Whatm.an No. 1 paper (46 cm by 57 cm). The papers were irrigated

with water before use.

Each sample, dissolved in methanol, was applied to the paper

as a streak across the 46 cm dimension. Approximately 10 mg was

applied to each paper.

The chromatographic tank was 67 cm by 67 cm by 67 cm in size

and was divided into two identical chambers. Each chamber allowed

four chromatograms to be run at once.

37
Table 2. Fractionation by Sephadex G-10 column chromatograph.

,
Fraction troma
Bio-gel P-2

column

No. of columns of
Sephadex G-10

Volume
collected

ml

No. of
sub-fractions

B 3 370 B-1 to B-5

C 4 370 C-1 to C-5

D 3 390 D-1 to D-6

E 4 720 E-1 to E-8

F 1 610 F-1 to F-11

G 2 1600 G-1 to G-8

H 1 600 H-1 to H-10
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The chambers were always allowed to become saturated with

solvent for at least three hours before use. The paper chromato-

grams were first developed (descending method) with methyl ethyl

ketone, acetic acid, and water (16:1:3 viv) (developer A). The time

required for the solvent to travel to the bottom of the paper was about

20 hours. It was found that changes of temperature and the age of

the solvent mixture somewhat affected the rate of solvent flow, but

this had only minor influence on the
Rf values of the materials.

The bands were first tentatively located by the use of uv light

with the paper out of ammonia vapor and then with the paper in am-

monia vapor. Definite location of the bands was accomplished by

cutting a strip of paper (2.5 cm in width) from the center of the

paper chromatogram in the direction of solvent flow, and spraying

it with a 0.2% methanolic solution of "Fast Scarlet R salt" (2-amino-

4-nitroanisol). The strip was next sprayed with 2.5N sodium hydrox-

ide solution to develop the characteristic colors of the bands.

These characteristic colors on the paper chromatograms were

designated as follows: (Capital letters indicate fluorescence in uv

light; small letters indicate colors after spraying with "Fast Scarlet

R salt").

blue--B, b; darkD, d; golden--G, g; green--Gr, gr;

orange--0, o; purpleP, p; red--R, r; yellow- -Y, y;

white--W, w.
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The sprayed center strip was pieced back into the original

paper chromatogram and the corresponding bands marked on the

unsprayed portion of the paper. These zones were cut from the

paper and eluted with methanol in a beaker for 30 minutes. The elu-

tion was repeated two more times with fresh methanol. The meth-

anolic solution was transferred to a 250-ml round-bottomed flask and

concentrated to a sirup on a rotatory evaporator. The sirup was

taken up in a minimum of methanol and transferred to a 5-ml screw-

capped bottle and dried in a vacuum oven at 400 under reduced pres-

sure.

Each of the samples separated by the paper chromatographic

method above (developer A) was further fractionated by paper chro-

matography using 1-butanol, pyridine, and water (6:4:3 v/v) (devel-

oper B) as developing solvent. An amount of 3-5 mg was applied to

each paper and the isolation was as described above. Each resulting

fraction was examined in an ultraviolet spectrophotometer, both as

neutral and alkaline solutions.

For comparison purposes certain known monomeric sulfonate

compounds were chromatographed by developers A and B. Their

R values and characteristic colors are shown in Table 5 (page 59).



Butanol Extraction of the Fractions
from Paper Chromatograms

Butanol extraction has the advantage of separating monomeric

lignosulfonates from polymerized material. The extraction also

separates carbohydrates and other polar contaminants from the

ligno sulfonates (50).

Each dried sample from the paper chromatograms of developer

B was dissolved in water (0.5 ml). The solution was extracted with

1-butanol a number of times until the 1-butanol layer showed a very

low absorption intensity at 280 my.. The extracts were combined and

dried in a vacuum oven at 40 to 500 under reduced pressure.

Qualitative Detection of the Lingnosulfonates in the Aqueous
Layer after the Quaternary Ammonium Salt Precipitation

After precipitation of the lignosulfonates by Hyamine 10-X, the

aqueous layer was separated from the precipitate by filtration on

Whatman No. 1 paper as described on page 28. The aqueous phase

was later dried under vacuum on a rotatory evaporator to a resin-

like substance. This resinous sample (10 g) was dissolved in water

(10 ml) and transferred to a 250-ml separatory funnel. The ligno-

sulfonates were successively extracted with three 20-ml portions of

1-butanol by vigorous shaking for two minutes each and then allowed

to stand until the two layers separated. The organic layers were
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collected in a round-bottomed flask and dried under vacuum on a

rotatory evaporator as described before. Three 10 g samples of

resinous material were used and the extracted material combined.

A part (0.5 g) of the dried extract was fractionated on a Sephadex

G-10 column as described on page 36. A sample of each fraction

was then chromatographed on Whatman No. 1 filter paper as de-

scribed on page 37.

Spectroscopic Studies of Purified Compounds

Ultraviolet Spectroscopy

Pure samples from the 1-butanol extraction (page 40) were

dried in a desiccator under reduced pressure overnight using phos-

phorus pentoxide as drying agent. Accurately weighed 0.5 mg sam-

ples were added to 20-ml volumetric flasks and diluted to volume

with water. The sample concentrations in these preparations were

therefore 0.025 g/l. The absorption coefficients (E) were calculated

from Beer's law:

A = Ebc moles/liter

b = light path = 1 cm c = 0.025 g/liter

A = absorption intensity in log scale.
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NMR Spectroscopy

Pure sodium lignosulfonates were individually dried overnight

in a desiccator as described on page 41. The dry samples were

separately placed in standard 5 mm outside diameter NMR sample

tubes and dissolved in 0.4 ml of 99.7% deuterium oxide (D20). The

samples were examined in a 60 Mc Varian high resolution NMR

spectrometer.

To check if there were peaks around 2.17 ppm (acetone), each

sample was first examined by adding one drop of deuterated acetone,

and using the water peak at 4.62 ppm as a reference. After this

spectrum was made, one drop of acetone was added as an internal

reference and the spectrum re-examined.

Infrared Spectroscopy

Samples in crystalline form were prepared with potassium

bromide pellets for IR spectroscopic measurements. About 0.5 to

1.0 mg of solid sample was thoroughly ground with an agate mortar

and pestle. To this was added approximately 100 mg of potassium

bromide and the mixture was reground to uniformly mix the matrix

with the sample. The ground mixture of matrix and sample was

made into pellets using a mini-press purchased from Wilks Scien-

tific Corporation (63). The potassium bromide pellets were
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examined in a Beckman IR-5 spectrometer.

Certain dried amorphous samples were examined in thin films.

Approximately 0.5 mg of each dry sample was dissolved in a small

amount of absolute methanol and added as a spot on the wall in the

center of the sodium chloride cell. The sample was immediately

dried in a vacuum for 30 minutes at room temperature. An IR spec-.

trum was determined by using this dry film.



IV. RESULTS

Low-Molecular Weight Lignosulfonates
Isolated by Methanol Extraction

Three samples of Ligno site, each of which had an original

weight of approximately 450.00 g, were separately extracted with

absolute methanol from which an average of 6.87% dried extract

was obtained as is shown in Table 3. In this extract, 3.10% of the

material was soluble in the ether fraction. The remaining 3.77%

in the aqueous.layer was extracted with methyl ethyl ketone (MEK):

water:acetic acid (80:15:5), leaving an average of 3.15% of water-

soluble material. This material was considered to be low-molecular

weight lignosulfonates.

Table 3. Low-molecular weight lignosulfonates by methanol extraction of dried Lignosite powder.

Sample Lignosite (g) Ether extraction of MEK, H20, HOAC
number methanol extract extract of (1)

aPercentages are based on the weight of the original Lignosite.
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aqueous
layer

ether
layer

organic
layer

aqueous
layer

(1) g (2) g (3) g (4) g

1 439.70 16.45 14.10 2.15 14.24

2 450.00 17.75 13.94 1.99 14.50

3 450.00 15.78 13.58 2.25 13.46

Total 1339.70 49.98 41.62 6.39 42.20

3.77% 3.10%

Percenta 100% 6.87% 0.48% 3.15%



The lignosulfonates isolated by methanol extraction followed

by methyl ethyl ketone:water:acetic acid (80:15:5 v/v) treatment ap-

peared to be unstable after standing for a period of time. Paper

chromatography (Figure 1, page 72) of the dried sample, after stor-

age in a refrigerator for six months, showed that the Rf of the lower

compounds of the sample had increased considerably in intensity,

while the higher Rf
compounds were reduced. This is indicated in

Sample 1 of Figure 1 (page 72).

Low-Molecular Weight Lignosulfonates Isolated
by Quaternary Ammonium Salt Precipitation

The low-molecular weight lignosulfonates in Ligno site were pre-

cipitated by complexing with Hyamine 10-X (page 28). The complex

was dissolved in methanol and fractionally precipitated by the addi-

tion of water. The fractionation was due to the variation in molecular

weight of the lignosulfonates. The higher-molecular weights were

precipitated first with little addition of water (Fractions 1 and 2).

The lower-molecular weights required more water (Fraction 3).

The very lowest-molecular weight materials were not precipitated

by the addition of water (Fraction 4), but were recovered by evapora-

tion of the solvent.

According to Quimby and Goldschmid (54), the lowest-molecu-

lar weight fraction of the lignosulfonate-Hyamine 10-X quaternary

ammonium salt had an average molecular weight (Mn) of 700, which
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would be equivalent to the monomeric form with a small amount of

the dimeric form. Fraction 4 of the present study was isolated in

the same way and thus the molecular weights should be similar.

Quimby and Goldschmid also isolated another low-molecular weight

fraction (comparable to Fraction 3 of the present study) which had

an average molecular weight of 2000, which was approximately that

of the dimeric and trimeric forms of the quaternary ammonium salt

complex.

The lowest-molecular weight fractions (Fraction 3 and 4) of

the lignosulfonate-Hyamine 10-X quaternary ammonium salts were

passed through a cation exchange resin in the sodium form. This

exchanged the Hyamine 10-X salts for the sodium cation, and the

lignosulfonates were recovered as the sodium salts of the respective

sulfonic acids. These sodium lignosulfonates were dried to a brittle

state (page 32).

Table 4 (page 47) shows that the yield of Fraction 3 was 11.00%

and Fraction 4 was 16.33%. The 16.33% yield was 4.30% lower than

that described by Quimby and Goldschmid (54) for a similar fraction.

Paper chromatography of these sodium lignosulfonates (Figure

2, page 72) showed that the lowest-molecular weight fraction (Frac-

tion 4) had many compounds with Rf values larger than 0.1, and

that the next higher-molecular weight fraction (Fraction 3) contained

mostly compounds with Rf values less than 0.1.



Sample Weight of crude Lower mol. wt. Lowest mol. wt.

number lignosite (g) (Fraction 3) ( a) (Fraction 4) (b)

aRemained in methanol solution after addition of 1800 ml of water.

bRemained in methanol solution after addition of 2600 ml of water.

Column Chromatography

Bio-gel P-2 Column Chromatography--
First-run Column Fractionation

Column chromatography of the low-molecular weight lignosul-

fonates on a Bio-gel P-2 column resulted in fraction groups accord-

ing to the wave-length shifts and relative absorption intensities at

the maximum in the uv and visible regions. The results are shown

in Figure 3 and 4 (pages 74 and 75).
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Table 4. Low-molecular weight sodium lignosulfonates prepared from quaternary ammonium salts.

gram percent gram percent

1 25.00 2.73 10.91 4.69 18.75

2 25.00 3.43 13.72 4.47 19.99

3 50.00 5.00 10.00 8.85 17.00

4 50.00 5.62 11.24 8.34 16.65

5 50.00 5.51 11.02 8.24 16.50

6 50.00 6.43 12.86 7.84 15.68

7 50.00 5.64 11.28 9.05 18.10

Total 300.00 34.33 51.48

ether soluble 1.29 0.43 2.48 0.83

Average % pure lignosulfonate 11.00 16.33

Net weight 33.04 49.00
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Figure 3 shows the results of column fractionation of the

methanol-treated lignosulfonates. Nine fractions, AA to II, were

obtained from this column. Curves 1, 2 and 5 of this figure show

the relative absorption intensities of the effluent. Curve 1 shows

the relative absorption intensity in a neutral solution while curves

2 and 5 show it in an alkaline solution. Curve 5 is actually obtained

from the shoulder peak at wavelengths between 300 and 350 my. in the

alkaline medium. Curves 3 and 4 show the wavelength shift of the

effluent in changing from a neutral to an alkaline solvent. The

former indicates the wavelength maxima of the samples in neutral

solution while the latter shows the wavelength maxima in alkaline

solution.

Figure 3 shows that there was a phenolic shift of 10 to 20 mil

for most of the fractions except that the fractions AA, BB and a

small portion in II had phenolic shifts of less than 10 mil. The

figure also shows that 85% of the material was located in the frac-

tions from BB to EE. Two measurable shoulders (340 to 350 rrill )

were found; one in fraction BB, the other in FF.

Figure 4 shows the results from a column of Hyamine10-Xtreated

sodium lignosulfonate. Eight fractions, A to H, were divided as

shown. According to the figure, the major portion of material was

concentrated in fractions B and C, which made up about 70% of the

total material from the column. Fractions E, F, G and H were
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considered as the lower-molecular weight portions of the sample in

the column. These made up about 30% of the total amount. Estimates

of the amount of material were based on the areas under curves 1

and 2 in each fraction.

Paper chromatograms of the compounds fractionated as shown

in Figure 3 (page 74) are shown in Figure 5 (page 76). The chromato-

grams of the compounds fractionated from Figure 4 (page 75) are

shown in Figure 6 (page 77). These chromatograms were developed

with the solvent methyl ethyl ketone: acetic acid: and water (16:1:3

v/v).

Sephadex G-10 Column Chromatography of the Sodium
Lignosulfonates- -Second-run Column Fractionation

Fractions from the Bio-gel P-2 column were further fraction-

ated separately on the Sephadex G-10 column. In this experiment,

only the fractionated samples originally prepared from Hyamine 10-X

were used. The samples obtained from the methanol extraction were

not used, because of their instability on standing for a period of six

months.

The results of the Sephadex G-10 column fractionation of the

samples obtained from the Bio-gel P-2 column are shown in Figures

7, 8, 9, 10 and 11 (pages 78-82). These figures show only the frac-

tions of interest.
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In Figure 4 (page 75), fraction D from the Bio-gel P-2 column

hasX,max at 279 mil in the neutral solution and 292 mp. in the alka-

line medium. This fraction was further divided into six fractions

(D-1 to D-6) on the Sephadex G-10 column as shown in Figure 7

(page 78). Two major peaks, D-4 and D-6, were found by this col-

umn. The major fraction, D-6, accounted for as much as 70% of

the sample based on uv absorption curves. In the transition between

D-4 and D-6, there was a peculiar sub-fraction, D-5, which showed

a peak at 395 mp. in alkaline medium. The absorption intensity in

the alkaline medium was enhanced in sub-fraction D-5 more than in

D-6. In sub-fraction D-4, there was only small enhancement, while

sub-fractions D-1, D-2 and D-3 decreased the intensity in the alka-

line medium.

Fraction E from the Bio-gel P-2 column was further divided

into eight sub-fractions (E-1 to E-8), on the Sephadex G-10 column

as is shown in Figure 8 (page 79). This figure shows that fraction E

was separated into four major peaks--E-4, E-5, E-6 and E-8.

Curves 3 and 4 represent the absorption wavelength at maximum

in neutral and in alkaline solution. It shows that the sub-fractions

E-4, E-5, E-6, E-7 and E-8 contributed to the characteristic uv

spectra of fraction E in Figure 4 (page 75) which had Xmax at 280 mil

in neutral, and 292 mi.t, in alkaline solution. In sub-fraction E-3,

there is an extra shoulder peak which has Xmax at 395 mil in alkaline
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medium. This particular fraction was actually the same compound

as observed in D-5 of Figure 7 (page 78). This fraction showed a

stable green color in alkaline solution which persisted for two

months.

Figure 9 (page 80) shows that fraction F from the Bio-gel P-2

column was separated into nine sub-fractions (F-1 to F-9) by the

Sephadex G-10 column. There were only two major peaks from the

column (F-6 and F-8). A comparison of the increasing absorption

intensity from neutral to alkaline solutions shows that sub-fraction

F-6 in Figure 9 (page 80) and fraction F in Figure 4 (page 75) have

the same increase in absorption intensity. The other sub-fractions

in Fraction F (Figure 9, page 80) do not have such large increases

of intensity in alkaline solutions. This comparison indicates that

sub-fraction F-6 accounted for most of the original fraction F.

Based on the uv absorption curves (Figure 9, page 80) the amount of

sample in F-7 accounted for only 30% of fraction F.

Fraction G from the Bio-gel P-2 column was divided into eight

sub-fractions (G-1 to G-8) on the Sephadex G-10 column, as is shown

in Figure 10, page 81). There were two separated peaks--G-5 and

G-6 to G-7. According to the uv absorption curves, G-5 was the

major portion of fraction G. It contained about 90% of the total

amount of this fraction. Two shoulders have X around 340-350max
mp. in G-3 to G-4 and in G-6. An additional shoulder in G-4, showed
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at 490 mil. This material showed a red color 20 seconds afterxmax

treatment with one drop of 10% sodium hydroxide. The color re-

mained for 15 minutes. It was colorless in acid and in neutral med-

ium. However, this material was present in trace amounts and was

unstable, which made a continuing study of the compound difficult.

Fraction H was the last fraction to come from the Bio-gel P-2

column. Theoretically, it was the lowest molecular weight fraction.

As shown in Figure 11 (page 82), this fraction was further separated

into 10 sub-fractions (H-1 to H-10) on the Sephadex G-10 column.

Eight distinct peaks are shown in the figure- -H-2 (3 peaks), H-3,

H-4, H-6, H-8 and H-9. The considerably large volumes ofwater re-

quired to elute all the sample out of the column was expected because

of the lower molecular weight. The lower molecular weight portions,

H-5 to H-10, contained much larger amounts than did those from

fractions D, E, F and G. A particular result observed was that the

sub-fraction H-3 and H-4 did not have a phenolic shift in alkaline

solution. This was especially true for H-4, in which the absorption

intensity did not change at all in alkaline solution.

That portion of the lignosulfonates not precipitated by the

Hyamine 10-X base was recovered by 1-butanol extraction and then

separated on a Sephadex G-10 column. There were four fractions--

HS-1 to HS-4 as shown in Figure 12 (page 83). Two peaks were

found--HS-2 and HS-4. It can be seen that this column is similar
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to that for fraction H (Figure 11, page 82), which required large

amounts of water to wash the sample out of the column. This indi-

cated that the molecular weights of the sample should be small. Fig-

ure 12 (page 83) also shows a shoulder around 320-330 mil, except

for a small proportion in HS-3 and HS-4 (curve 5).

Ultraviolet Spectroscopic Studies of the Column Fractions

Ultraviolet Spectral Data of the
Bio-gel P-2 Column Fractions

The first-run chromatogram of the Bio-gel P-2 column from

methanol-extracted Ligno site is shown in Figure 3 (page 74). Curve

No. 3 of this figure shows the wavelength at maximum absorption in

neutral solution. Fractions AA to DD have Xmax at 280 mil. There

is a shift to a lower wavelength of 276 m1.i in fraction EE, then a

return to longer wavelengths. The fractions from FF to II have Xmax

around 281-283 mi. The materials in fractions FF to II represent

the major portion of monomeric compounds of interest in this study.

Curve No. 4 in this figure is the wavelength spectrum obtained

from the sample in the alkaline solution. A phenolic shift in absorb-

ance was generally observed. However, the amount of shift was not

always the same. For example; the higher molecular-weight fraction

AA had a small amount of shift. A maximum shift of around 10 mil,

was obtained with the fractions between EE and II.
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In fractions BB and FF, the presence of shoulder peaks in the

spectra at 350 mp., indicated an unsaturated conjugation with the

phenyl ring in the alkaline medium.

The first-run column of Hyamine 10-X isolated Lignosite in the

Bio-gel P-2 column is shown in Figure 4 (page 75). Curve No. 3 of

the uv spectra shows a wavelength change in the neutral solution.

Fraction A and E have absorption maxima at 280 mi. Fractions B

and C showed a shift of about 3 mil and 1-2 mp. respectively, to short-

er wavelengths. The shortest wavelength maxima was fraction F,

which had Xmax at 264 mp,. Fraction G had a X of 280-2 mil.max

This is a common characteristic of lignin compounds. The last

fraction, H, again showed a shift toward a shorter wavelength of

275 mil.

Curve No. 4 of Figure 4 (page 75) shows the uv spectra change

of the sample in alkaline medium. Fraction A did not have an appre-

ciable phenolic shift ( Xmax of 280 mil), in alkaline solution. Frac-

tion B had an intermediate alkali shift (280 to 289 mil). Fractions D

and E which had a phenolic shift of 10-14 my. to the longer wavelength

of 289-294 mil in alkaline solution indicated a general behavior of

lower-molecular weight lignosulfonates. Fraction F was a peculiar

fraction, having Xmax of approximately 270 mil in neutral solution

and had a bathochromic shift of about 20 mil in alkaline solution.

Fractions G and H also had about the same amount of bathochromic
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shift as fraction F.

Figure 4 (page 75) further indicates that fractions B, E, F

and H had shoulder peaks (curve No. 5) in alkaline medium. Most

of the shoulders were located between 340 and 350 mp,, except frac-

tion D which had a shoulder at 395 mil. The shoulders located be-

tween 340-350 my. were somewhat weaker than the major peak (280-

300 mil), so it was difficult to locate the exact wavelength of the

shoulder. The shoulder at 395 mil in fraction D was twice as strong

as the peak at 300 mp..

Ultraviolet Spectral Data of the Sephadex
G-10 Column Fractions

Figure 6 (page 77) shows that fractions -A, -B and -C from

the Bio-gel P-2 column contained mostly high-molecular weight

materials. Consequently, these fractions were not included in the

Sephadex G-10 column chromatographic fractionation. The results

of the uv spectral investigation of the fractionation of fractions D, E,

F, G and H on the Sephadex column are shown in Figures 7, 8, 9, 10,

and 11 (pages 78-82) respectively. The results of the Sephadex G-10

column separation of that Lignosite material which was not precipi-

tated by the Hyamine 10-X base are shown in Figure 12 (page 83).

Figure 4 (page 75) shows that fraction D had a Xmax at 279 mp,

in a neutral solution, and 292 mp. and 395 mp, in an alkaline medium.
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Figure 7 (page 78) shows that fraction D was separated into six sub-

fractions (D-1 to D-6). The findings in Figure 7 (page 78) indicate

that sub-fraction D-5 had a shoulder at 395 mp. in the alkaline solu-

tion. Consequently this contributed to the bathochromic shift to 395

mp, in fraction D in Figure 4 (page 75). However, fraction D-5 had

a Xmax at 276 mp, in a neutral solution, and this was not found in the

original fraction D. Sub-fraction D-6 had a X.max at 279 my. in the

neutral solution and 292 mp, in the alkaline solution, which corres-

ponds to that of fraction D in Figure 4 (page 75).

Figure 8 (page 79) shows that sub-fractions E-4 to E-8 had

at 278-9 mp, in a neutral medium and 290-3 mp. in an alkalineXmax

medium which indicated that these sub-fractions contributed to the

spectra of fraction E in Figure 4 (page 75). However, in Figure 4,

fraction E did not have a shoulder peak in the alkaline medium, while

in Figure 8 (page 79) sub-fractions E-3, E-4 and E-7 had low inten-

sity shoulders at 395 mi., 340 mil, and 340 mp, respectively.

Figure 9 (page 80) shows that fraction- F was separated into

nine sub-fractions (F-1 to F-9). In Figure 4 fraction F had Xmax

at 270 mp, in a neutral solution, and 290 mil in an alkaline solution.

The sub-fraction in Figure 9 (page 80 which showed such wavelength

character as F-6 (266 mp, and 288 m4. However, F-6 did not have

a shoulder in alkaline medium which indicated that the shoulder peak

at 350 mp. in the original fraction F (Figure 4, page 75), was due to
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compounds other than those in fraction F-6. The shoulder at 350 mi.t.

in fraction -F appeared in sub-fractions F-4 and F-9.

Figure 10 (page 81) shows that fraction-G was separated into

eight sub-fractions. The original fraction G had aXmax at 280 mil

in a neutral medium and 298 mp, in an alkaline medium (Figure 4,

page 75). The sub-fractions which had the same wavelength maxima

were G-5, G-6, G-7 and G-8. In alkaline solution no shoulder was

found in the original G sample; however, two shoulders were found

in Figure 10 (page 81), one in G-3 to G-4, the other in G-6. Both

shoulders have wavelengths of 340 to 350 mp,. In sub-fraction G-4,

the basic solution had an additional weak shoulder peak at 490 mil.

The solution became red in color 20 seconds after the addition of

one drop of 10% sodium hydroxide solution. The red color faded and

the solution became colorless 15 minutes later. Upon the addition

of excess sodium borohydride to the sample, the red color became

depressed (Figure 13, page 84). However, the material was only

found in trace amounts and was unavailable for further study.

Fractionation of fraction H in the Sephadex G-10 column result-

ed in ten sub-fractions (H-1 to H-10) as is shown in Figure 11 (page

82). Because of the irregularity of the uv spectra in Figure 11 (page

82), it was hard to determine which sub-fractions contributed to the

spectra of the original H fraction. It can be seen from the figure

that sub-fractions H-3 and H-4 did not have a phenolic shift in
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alkaline medium, and sub-fractions H-6 to H-10 had a phenolic shift

of 18-20 mil to longer wavelengths. The other findings in Figure 11

(page 82) show that sub-fractions H-7, H-8 and H-10 had shoulders at

350 mti in alkaline medium. However, the shoulders were very weak

when compared with the parent chromophyres of 280-300 m.

The result of the Sephadex G-10 column separation of the start-

ing Ligno site material which was not precipitated with Hyamine 10-X

is shown in Figure 12 (page 83). The wavelength specra in curves 3

and 4 show that the entire spectra had strong phenolic shift of 15 to

20 mil. towards a longer wavelength. The uv spectra in Figure 12

(page 83) show that all the fractions contained shoulders at 330 mil,

in alkaline solution, except for a few portions in HS-3 and HS-4.

Infrared spectral analyses showed that these compounds had a strong
-1absorption band at 1780 cm, which gave a good indication of the

presence of a carboxyl group in the HS sample. This may help ex-

plain their solubility during the Hyamine 10-X precipitation of Ligno-

site.

Paper Chromatography

For comparison purposes certain known sulfonate compounds

were chromatographed as standard compounds. Their characteristic

colors under uv light and after spraying with 2-amino-4-nitroanisole

are indicated in Table 5 (page 59). Their Rf values are also given



Table 5. Characteristics of standard compounds on paper chromatograms.

Past A
Colors Rf

values

a The structure of standard compounds is shown in Part B (Continued on next page)
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Compounda uv light sprayed developer A developer B

1 none red 0.17 0_, 48

2 none red 0.02 0.46

3 dull yellow orange 0.67 0.58

4 none red 0.18 0.31

s bright none 0.51 0.38

6 light blue none 0.24 0.48

7 none red 0.29 0.52

8 dark red (fade) 0.26

9 deep blue red 0.31 0,49

10 light orange orange 0.65 a. 86

11 none red 0.27 0.47

12 light blue none 0.03 0.40

13 none red 0.12 0.35

14 none orange 0,02

syringl -803Na dark orange 0.35



Table 5. Continued.
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in the listed solvent systems.

Each fraction from the Sephadex G-10 columns was further

fractionated by paper chromatography as described previously (page

37). These fractions were numbered consecutively from the fastest

moving to the slowest moving. This number became the third part

of the fraction code. For example fraction D-6-10 means that it was

fraction D from the Bio-gel P-2 column, the sixth part of fraction D

from the Sephadex G-10 column and the tenth part of fraction D-6

from the paper chromatogram (developer A). If developer B further

fractionated the sample this number was placed in brackets; example

D-6-10-(1).

The results of the paper chromatographic fractionations are

given in Table 6 (page 63). The yields of the purified materials were

low. In most of the paper chromatographic separations, a narrow

intense band in the low Rf region was observed, indicating the pres-

ence of higher-molecular weight materials. Table 6 (page 63) shows

only the fractions which have been purified to 95% or better. Frac-

tions containing impurities and fractions with low uv absorption

coefficients were excluded from the table.

As the table shows, only a few fractions crystallized. Theywere:

E-5-6,E-5-9, E-6-3, E-7-3, F-9-1, G-5-2, G-5-4-(1), G-6 and

G-6-1. The other fractions were mostly brown amorphous forms

which resisted crystallization even after purification by 1-butanol

61
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extraction.

Table 6 (page 63) shows that some fractions have the same char-

acteristics on paper chromatograms. They should be the same com-

pound, even though they separated into different fractions on column

chromatograms.

The last section of Table 6 (page 63) contains the compounds

HS-3-1 to HS-4 which were isolated from the material which was not

precipitated by the Hyarnine 10-X base.

The last compound, HS-4 has some benzyl alcohol character-

istics, and is possibly not of lignin origin.

Some Characteristics of the Purified Fractions

Only those fractions which have either a high yield or have

some particular characteristic in the uv spectrum are described.

Compound D-6-10 and D-6-10-(1). These compounds were

originally from a single spot in developer A with an Rf value of 0.23.

This was further separated in developer B into two spots; one with

an Rf of 0.49, the other with 0.89. The former was labeled as

D-6-10 and the latter D-6-10-(1). Both compounds have an absorp-

tion peak at 280 mil in neutral solution (Figures 14 and 15, pages 85

and 86). In alkaline medium, the compounds turned green in color

and both had strong absorption maxima at 395 mil. The green color

disappeared when neutralized with acid; however, the green color

was still persistent two months after addition of base to pH 9. 5.
The infrared spectra showed that compound D-6-10 had a med-

ium absorption at 1720 cm-1. There were also absorptions at 1600
and 1520 cm-1 of about equal intensity. In the region from 1000 to



Table 6. Characteristics of some purified sodium lignosulfonates on paper chromatograms.

Remarks

green in base

green in base

same as E-6-3

white powder

white powder

crystal (same as No. 7)

white ( yellowish)

same as E-5-6

same as E-6-1
F-9-1

low E

(Continued)
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Sample no. Fluorescence in uv Sprayed
colors

Rf
values in

developers
Weight
(mg)without

NH3

with

NH3 (A) (B)

D-6-10 green green yellow 0.23 0.49 10.0

D- 6-10-(1 ) green green yellow 0.89 3.0

D-6-16 none dark red 0.52 0.29

D-6-17 none dark red 0,53 0.54

E-5-1 blue none 0.81 0,57

E-5-2 yellow none 0.70 0.54

E-5-4 blue blue none 0.55 0.48

E-5-5 blue blue red 0.51 0.47

E-5-6 blue blue red 0,47 0.47 8.0

E-5.-9 green green red 0.27 0. 36 2.0

E-6-1 orange orange none 0,83 0.66 5.0

E-6-3 blue blue red 0,29 0,54 93.0

E-7-3 none none red 0.54 0.47

E-7-4 blue blue red 0.47 0.49

E-7-4(1) none blue red 0.47 0.51

E-8-1 none none red 0.63 0.63 60.0

E-8-2 blue blue orange 0,49 0.51
i

59.0

F-5-2 blue blue red 0,45 0.53 4.0

F-5-3 blue blue orange 0.31 0.57 7.0

F-6-4 blue blue blue 0.32 0.43

F-6-6 blue blue orange 0.24 0.45 7.5
(fade)

F-7-1 blue blue red 0.75 0.51 15.0

F-7-2 green green red 0.50 0.31 3.0
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Table 6. Continued.

Sample no. Fluorescence in uv Sprayed Rf
values in

colors developers
Weight
(mg)without

NH3
with
NH3 (A) (B)

F-8-1 blue blue red (fade) 0.57 0.54 32.0

F-8-2 green green red 0.38 0.51 20.0

F-9-1 none blue red 0.60 0.53 9.5

F-9-2 blue blue blue 0.46 0.50 19.0

G-5-1 blue blue red 0.66 0.52 3.5

G-5-2 blue blue red 0.58 0.50 11.0

G-5-3 blue blue none 0.46 9.5

G-5-4 dark dark-
blue

blue 0.46 0,52 20.0

G-5-4-(1) dark purple-
blue

red 0.53 3.7

G-6 dark blue red 0.40 20.0

G-6-1 none blue red 0.60 0.53 10.0

G-6-2 blue blue none 0,55 Q.34 5.0

G-6-3 go/den golden none 0.45 0.20 5.0

G-7-1 blue blue red 0.52 14.0

G-8-1 dark blue red 0.65 0,63 20,0

G.-8-1-(1) none none red 0.86 0.83 14.5

H-8-3 blue blue red 0.48 19.0

H-8-4 orange orange none 0.30 2.0

H-8-6 blue blue none 0.39

H-10-2 blue blue red 0.86 6.0

H-10-3 blue blue none 0.82 5.0

HS-3-1 none blue red 0.85

HS-3-2 blue blue red 0.53

HS-3-3 golden golden red 0.42

HS-4 dark dark none 0.25

Remarks

crystal

similar to G-5-4

white crystal

two spots

two spots

white crystal

crystal

similar to F-91-1

same as E-8-1

like benzyl sulfonate



65

-1 -700 cm, there were only two medium bands at 825 and 838 cm1

The infrared spectrum of compound D-6-10-(1) showed a strong
-1 -broad band at 1600 cm while the band at 1500 cm1 was greatly

reduced. The band at 838 cm-1 which appeared in D-6-10 was mis-

sing in compound D-6-10-(1). The larger Rf value (0.89) for D-6-

10-(1) in developer B could possibly be due to the loss of a sulfonate

group from the parent compound (D-6-10).

Compound D-6-16. This compound had the same characterisr.

tics as E-6-3 on paper chromatograms, and in the uv and IR spectra.

The character and structure of compound E-6-3 will be described

later.

Compound D-6-17. This compound was separated from D-6-16.

Because it had a very close Rf value with D-6-16 in developer A, it

failed to separate in this solvent system. However, compound

D-6-16 crystallized from ethanol by slow evaporation of the solvent,

while D-6-17 formed an amorphous brown substance when it dried.

The latter compound was easily extracted by methanol, while the

former was less soluble in methanol because of its crystalline form.

Ultraviolet spectra (Figure 16, page 87) of compound D-6-17 show

that it had strong absorption peaks at 277 mi in neutral, and 290 mp.

in alkaline solution. No shoulder peak longer than these two wave-

lengths was found. Infrared spectrum showed that it had a strong

absorption at 1730 cm-1.
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Compound E-5-6. This compound was the major compound of

sub-fraction E-5, and had a crude sample weight of 19 mg. Further

purification with 1-butanol and ethanol extraction resulted in 8 mg of

white powder. The uv spectra are shown in Figure 17 (page 88).

Compound E-6-3. This was the major compound of sub-fraction

E-6. It was later found that compound D-6-16 was also the same

compound as E-6-3 based on paper chromatographic and spectro-

scopic studies. Compound E-6-3 was easily obtained through crys-

tallization in ethanol solution. The uv, IR and NMR spectra are

shown in Figures 18, 19 and 20 respectively (pages 89-91).

Compound E-7-3. Paper chromatographically E-7-3 is simi-

lar to E-6-3. However, there are differences between them in uv

spectra as shown in Figures 18 and 21 (pages 89 and 92).

Compound E-8-1. This compound showed the same charac-

teristics as compound G-8-1 by paper chromatographic, uv and IR

studies. They are therefore considered to be the same compound.

The material showed no shoulder peak at wavelengths longer than

274 mp. in neutral solution or 291 Trip, in alkaline solution (Figure 22,

page 93). The IR spectrum (Figure 23, page 94) shows a strong ab-

sorption band at 1760 cm-1, The NMR spectrum is shown in Figure

24 (page 95). The detailed structural studies will be described later.

The yield of this compound was 60 mg.

Compound E-8-2. This was also one of the major compounds
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in sub-fraction E-8. It showed an orange color after spraying with

2-amino-4-nitroanisol. This compound was obtained in crystalline

form by the slow evaporation of ethanol as solvent. Figure 25 (page

96) shows that this compound did not have a shoulder peak at wave-

lengths longer than 280 my. in neutral and 294 my, in alkaline medium.

-1The IR spectrum has medium absorption bands at 1670 and 936 cm.
-1 -1A band at 1520 cm was stronger than at 1610 cm There were

-1also two medium bands at 815 and 856 cm'. The yield of this com-

pound was 59 mg.

Compound F-5-2. This was one of the unusual compounds

which hadmax at 272 my, in neutral solution (Figure 26, page 97).

In alkaline medium, the peak shifted to 292 my, with reduced inten-

sity. The spectrum has a strong shoulder peak at 330 mi in alkaline

solution and a lesser shoulder at 313 my. in neutral solution. The IR

spectrum of F-5-2 shows two strong absorption bands at 1600 and

1520 cm-1, two medium bands at 870 and 826 cm-1 and a strong

sharp band at 1680 cm-1. The yield of this compound was 5 mg.

Compound F-5-3. This was one of the two major compounds

in sub-fraction F-5. The uv spectra (Figure 27, page 98) shows a

strong shoulder at 300 my, in neutral solution and at 344 and 396 my,

in alkaline solution. The IR spectrum shows strong absorption bands
-at 1750 and 1680 cm',

Compound F-6-4. This was the major compound of fraction
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F-6. The uv absorption (Figure 28, page 9 9 ) showed a maximum at

264 mp, in neutral solution and at 286 nip, in alkaline solution. These

peaks contribute to curves 3 and 4 of F-6 in Figure 13 (page 84).

There are also strong shoulders at 293 ml.), in neutral and 310 mp, in

alkaline solution. The IR spectrum shows absorptions at 1600, 1520,

1470, 1433, 866, 820, 1650 and 970 cm-1.

Compound F-8-1. This was the major compound of sub-fraction

F-8. The compound turned red in color when sprayed with 2-amino-

4-nitroanisol. The color faded in a period of one week. The uv

spectra (Figure 29, page 100) show shoulders at 312 mp, in neutral

and 340 mp, in alkaline medium. The IR spectrum shows absorption
-bands at 1605, 1520, 1470, 1450, 860 and 820 cm'. This is charac-

teristic of the guiacyl grouping. It also has medium bands at 1650,

-930 and 887 cm'.
Compound F-9-1. This was another unusual compound which

in neutral solution had Xmax at 278 mp, and a shoulder at 304 mp, as

shown in Figure 30 (page 101). In alkaline medium it had X atmax

294 mp, and 345 my. with equal intensity. Compound G-6-1 (Table 6,

page 63), also showed the same characteristics in uv absorption and

in paper chromatograms. They may possibly be the same compound

which fractionated into two adjacent fractions. The IR spectrum

shows absorptions at 1600, 1520, 1470, 1450, 860, 825, 1670 and
-

920 cm'.



69

Compound G-5-4. This was the major compound of sub-

fraction G-5. This compound showed two spots with close Rf val-

ues on a paper chromatogram using developer B. One spot had an

Rf
of 0.52 in developer B which showed a dark color in uv light, and

a blue color after spraying with 2-amino-4-nitroanisol. The uv

spectrum in neutral solution had X at 280 tnp, with a shoulder atmax

288 mu.. The latter had a slightly lower intensity than the former

(Figure 31, page 102). The IR spectrum shows all the characteristic

bands for the guaiacyl grouping. It shows no distinct band around

1650 cm-1.

The second spot had an Rf of 0.53 in developer B. It was a

blue color in uv light and a red color after spraying with 2-amino-4-

nitroanisol. This compound was coded G-5-4-(1) and was separated

from G-5-4 on an 80 cm long paper chromatogram.

Compound G-5-4-(1). This material was isolated from G-5-4.

Compound G-5-4 had a tendency to gradually transform into com-

pound G-5-4-(1). This transformation was irreversible but was

rather slow. There was only 3.7 mg of G-5-4-(1) obtained from

G-5-4.

The uv spectrum of G-5-4-(1) is shown in Figure 32-a (page

103). This compound was unstable when standing in water. Figure

32-b (page 103) shows the uv spectrum of G-5-4-(1) after one week

in aqueous solution. The uv spectra of this compound was further
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transformed to c of Figure 32 (page 103). Finally this compound

transformed to compound G-6-3 (Figure 33, page 104).

Compound 0-6. This material was directly obtained from the

crude sample of sub-fraction 0-6. In methanol solvent, this com-

pound formed white crystals or powder. The paper chromatogram

showed one major dark spot in uv light with an Rf of 0.4 in solvent B.

The uv spectra are shown in Figure 34 (page 105).

Compound G-8-1. This is the same as described in E-8-1.

Compound G-8-1-(1). This compound was obtained from com-

pound G-8-1 and E-8-1 after standing for about one year. It was

soluble in acetone and had very high Rf values in both developer A

and developer B (0.80 and 0.86 respectively). It had a strong car-
-1.bonyl absorption band at 1710 cm in the infrared. The details of

the structural studies of this compound will be shown later. The IR

spectrum is shown in Figure 35 (page 106).

Compound HS-3-2. This was isolated from the Ligno site which

was not precipitated by the Hyamine 10-X base. Because the crude

sample contained large portions of carbohydrates and other contami-

nants, the yield of compound HS-3-2 was only in trace amounts after

a series of purification steps.

The IR spectrum shows a strong absorption at 1780 cm-1. The

uv spectra are shown in Figure 36 (page 107).



Infrared Spectra of Some Model Compounds

The infrared spectra of some model compounds have been in-

vestigated. The results of these spectra are shown in Figure 37

(page 108). In this study only the number of substitutions on the

benzene ring was of interest. Therefore, this figure shows only the

characteristic region of wavelengths for these substituents.

Structure (a) is the partial spectrum of p-hydroxy benzyl sul-

fonate. The spectrum shows two equally strong, sharp bands at 1620

and 1520 cm-1 and medium sharp bands at 1459 and 845 cm*

Structure (b) of Figure 37 (page 108) shows the partial IR spec-

trum of a guaiacyl model (vanillin). The wavelength between six

and seven microns has four distinct bands; 1590, 1520, 1465, 1430

-1 -1 -1cm . It shows medium strong bands at 862 cm and 815 cm .

Structure (c) is syringyl sulfonate. The IR spectrum (Figure

37, page ) has four bands; 1610, 1520, 1472 and 1452 cm-1 which

are equivalent to the four bands of structure (b) at the same region.

There is only one band, 807 cm-1, found in the region of 800 to 870
-1cm .
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Figure 1. Paper chromatogram of the low-molecular weight lignosulfonates obtained from
methanol extraction and from Hyarnine 10-X precipitation.

a. Standard compound No. 9, Rf .---- 0.31; 1. methanol extract of Lignosite six
months old; 2. Methanol extract of Lignosite, freshly prepared; 3. Flyarnine 10-X
isolated sample from Lignosite, six months old, Developer, methyl ethyl ketone:
water:acetic acid (80:15:5).
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Figure 2. Paper chromatogram of the low-molecular weight sodium lignosulfonates
isolated by Hyamine 10-X.

a. Standard compound No. 8, Rf = 0. 26; 1. The lowest molecular weight
fraction (Fraction 4); 2. The lower-molecular weight fraction (Fraction 3).
Developer, methyl ethyl ketone:water:acetic acid (80:15:5).
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Figure 3. Ultraviolet absorption data of fractions from the Bio-gel P-2 column fractionation

of the m-,-thanol extract of Lignosite.

Curve 1. Absorption at X.max in neutral solution. Curve 2. Absorption at Xmax

in alkaline solution. Curve 3. X max in neutral solution. Curve 4 X. max in

alkaline solution. Curve 5. Shoulder peak of curve 4 between 300 and 350 mil.
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Figure 4. Ultraviolet absorption data of fractions from the Bio-gel P-2 column fractionation
of the Hyamine 10-X precipitation of Lignosite.

Curve 1. Absorption at kmax in neutral solution. Curve 2. Absorption at X-max
in alkaline solution. Curve 3. X.max in neutral solution. Curve 4. kma, in
alkaline solution. Curve 5. Shoulder peak of curve 4 between 300 and 350

Samples in neutral solution. o---- Samples in alkali solution.
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of the methanol extract of Lignosite.

a. Standard compound No. 9, N.= 0.31. b. Aliquot of the original sample
that was added to the Bio-gel P-2 column. Developer, methyl ethyl ketone:
water:acetic acid (80:15:5).
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Figure 6. Paper chromatogram of fractions from the Bio-gel P-2 column fractionation
of the Hyamine 10-X precipitation of Lignosite.

a. Standard compound No. 9, Rf = 0.31. b. Aliquot of the original sample
that was added to the Bio-gel P-2 column. Developer, methyl ethyl ketone:
water:acetic acid (80:15:5).
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Figure 21. Ultraviolet spectra of compound E-7-3 in water with trace
of methanol.
--, in neutral solution; ----, in alkaline solution.
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Figure 25. Ultraviolet spectra of compound E-8-2 in water with trace
of methanol.
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Figure 28. Ultraviolet spectra of compound F-6-4 in water with
trace of methanol.

in neutral solution; ----, in alkaline solution.
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Figure 30. Ultraviolet spectra of compound F-9-1 in water with trace of
methanol.

in neutral solution; ----, in alkaline solution.
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Figure 33. Ultraviolet spectra of compound G-6-3 in water with trace of methanol.
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Figure 34. Ultraviolet spectra of compound G-6 in water.
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Figure 36. Ultraviolet spectra of compound HS-3-2 in water with
trace of methanol.

----, in neutral solution; ----, in alkaline solution.
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V. DISCUSSION OF RESULTS

Comparison of Methanol-Extracted and Hyamine 10-X
Precipitated Lignosulfonates

The low-molecular weight lignosulfonates obtained by methanol

extraction of Ligno site had a final yield of only 3.77%. The original

crude methanol extract had a yield of 6.87% but almost half of this

extract (3.10%) was ether soluble. This indicated that the methanol

extract contained not only lignosulfonates but also other non-sulfonate

substances. Paper chromatographic work of Angelas and Schroeder

(5) indicated that such an ether extract contained no coniferyl alcohol

or coniferyl aldehyde, two of the primary units in lignin. However,

their paper chromatograms showed unidentified red spots when

sprayed with 2-amino -4-nitroanisol dye. The present investigation

is in agreement with this and other previous work (11, 33), and it

is concluded that the ether extract contained little or no lignin-type

materials. The substance in one of the red spots, Compound G-8-1-

(1), was later identified as guaiacyl acetone.

The methyl ethyl ketone: acetic acid: and water (80:5:15, v/v)

separation of the water soluble lignosulfonates after ether extraction

resulted in 0.48% (based on original Lignosite) dissolving in the

methyl ethyl ketone layer. There was thus only a small amount of

material remaining that was soluble in organic solvents.
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The fractions, AA to II, from the Bio-gel P-2 column chro-

matographic purification of the methanolic soluble Ligno site were

shown to be unstable on standing for six months. Paper chromatog-

raphy (Figure 1, page 72) showed that a considerable amount of

material had become condensed on standing. The old sample (num-

ber 1) contained more slower moving spots and fewer faster moving

spots than did a freshly purified sample (number 2). This instability

could be due to the acetic acid which remained in the sample after

methyl ethyl ketone, acetic acid and water (80:5:5 v/v) extraction.

The aqueous layer had a pH of 4 and this acidity could cause poly-

merization of the lignosulfonates. Because of the instability, the

methanol extracted material was not further investigated.

The quaternary ammonium salt precipitation of the lignosul-

fonates with Hyamine 10-X resulted in a lower-molecular weight

fraction (Fraction 3) (11.00%) and the lowest-molecular weight frac-

tion (Fraction 4) (16.33%) (Table 4, page 47). The reason for the

higher yield in comparison to the 6.87% by methanol extraction

was due to the fact that when the lignosulfonates were precipitated,

most of the lower-molecular weight fraction was immediately pre-

cipitated along with the higher molecular weight species. The

methanol extraction might not have completely removed all of the

lower-molecular weight lignosulfonates. To get a higher yield, a

larger portion of methanol and a longer extraction time would be
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necessary.

The precipitation with Hyam.ine 10-X had to be carefully done.

The Hyamine 10-X organic base had to be added dropwise with vigor-

ous stirring, and the resulting precipitate exhaustively washed with

water, otherwise the precipitate retained inorganic salts.

The diethyl ether extract from the Hyamine 10-X-precipitated

lignosulfonates contained only 0.43% of the original Ligno site solids,

whereas the diethyl ether extract from the methanol-isolated material

contained 3.10%. The low content of diethyl ether solubles from the

Hyamine 10-X precipitation could result from: 1) Diethyl ether-

soluble material might not precipitate with the Hyamine 10-X base

because these diethyl ether soluble components do not contain a

sulfonate group; 2) The Hyamine 10-X precipitate was re-dissolved

in methanol and fractionally precipitated by addition of water prior to

extraction of the aqueous solution with diethyl ether (Table 3, page 44).

Therefore, if any diethyl ether soluble materials were precipi-

tated with the Hyamine 10-X base, they would most likely be precipi-

tated by the water fractionation and would not appear in the diethyl

ether extract.

The sodium lignosulfonate fraction which percolated through

the cation exchange resin did not contain carbohydrates as shown by

a negative Molisch test. It is unlikely that carbohydrate materials

were precipitated by the Hyamine 10-X base. The sulfonated sugars
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might have reacted with Hyamine 10-X but would not be expected to

precipitate because of their high solubility in water.

The lignosulfonates isolated as quaternary ammonium salts

were more stable than those isolated by methanol extraction. This

is because remaining fractionation procedures avoided the separa-

tion with methyl ethyl ketone, acetic acid and water (80:5:15, v/v)

which was used with the methanol extract. Therefore, lignosulfonates

that were precipitated as quaternary ammonium salts were not ex-

posed to the catalytic effect of acids and bases.

Column Chromatographic Separation of the Lignosulfonates

Bio-gel P-2 Column Chromatography--
First-run Column Fractionation

The lignosulfonates isolated by methanol extraction appeared

to contain a greater proportion of low-molecular weight materials

than did those precipitated by Hyamine 10-X. The largest-molecular

weight fractions eluted from the Bio-gel P-2 column first. These

were fraction AA (Figure 3, page 74) and fractions A and B (Figure

4, page 75). Fraction AA had a greater uv phenolic shift than did

fractions A and B indicating that fraction AA had more free phenolic

hydroxyl groups and hence lower molecular weights. Fraction AA

also made up much less of the total sample added to the column than

did fractions A and B (Curves 1 and 2 of Figures 3 and 4, pages 74
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and 75). Figure 3 (page 74) shows that considerably more eluent

was required to remove the lower-molecular weight materials from

the methanolic extract (400 test-tubes) than from the Hyamine 10-X

precipitated material (100 test-tubes) indicating that there were more

of these materials in the methanolic extract. Thus it would appear

that although the methanol extracted less of the original Lignosite

(3.15%) than did the Hyamine 10-X (11.00%), a larger portion of the

material was the desired low-molecular weight lignosulfonates.

The ultraviolet spectra of lignosulfonates isolated with methanol

(Figure 3, page 74) showed them to be more homogeneous than those

precipitated with Hyamine 10-X (Figure 4, page 75). Most of the

fractions have Xmax around 280-282 mil in neutral solution and 295

mp.. in alkaline solution. The fractions precipitated by Hyamine 10-X

had greater variation in Xmax (Figure 4, page 75)

The paper chromatograms of the lignosulfonates isolated by

methanol extraction (Figure 5, page 76) and by Hyamine 10-X (Figure

6, page 77) precipitation indicate that the methanol isolated material

had a greater number of high Rf compounds. This shows that the

material had a greater number of low-molecular weight lignosulfon-

ates. A portion of the low-molecular weight lignosulfonates may

have been lost through precipitation with Hyamine 10-X.

Although the methanol isolation procedure gave a greater pro-

portion of low-molecular weight materials, these lignosulfonates
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were found to be unstable (see page 110 of discussion). Therefore,

the fractions precipitated with Hyamine 10-X were investigated

further.

Sephadex G-10 Column Chromatography--
Second-run Column Fractionation

For reasons described above, only those fractions isolated by

Hyamine 10-X precipitation were chromatographed on Sephadex G-10

columns. Fractions A, B and C from the Bio-gel P-2 column were

not investigated in detail because they were too large in molecular

weight.

Fraction D from the Bio-gel P-2 column was divided into sub-

fractions D-1 to D-6 (Figure 7, page 78). The sub-fractions D-3

and D-4 had an alkaline shift from 271 to 305 nai and from 270 to

298 m4i respectively. However, these two sub-fractions did not have

an increase in absorption intensity, but only a wavelength shift.

These sub-fractions, therefore, contained few free phenolic hydroxyl

groups. The phenolic hydroxyls might be blocked in the form of aryl-

ether linkages with other parts of the lignin building stones. The

large, long wavelength shifts of about +3011 could possibly be due to

some unsaturated groups in conjugation with the ring.

Sub-fraction D-5 had a shoulder peak at 395 my The sub-

fraction became green in color in alkaline medium, indicating a
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highly conjugated chromophor system. The color disappeared on

neutralization. Since this was a reversible reaction, it could reflect

a type of keto-enol tautomerism. The sub-fraction was not further

investigated.

Sub-fraction D-6 was the major portion of fraction D. The

phenolic shift of 280 to 292 mp, with increasing absorption intensity

in alkaline medium indicated that the compounds in this portion

should be of the general type of lignin monomeric or dimeric struc-

tures.

Fraction E from the Bio-gel P-2 column was further divided

into four distinguished peaks, E-4, E-5, E-6 and E-8 (Figure 8,

page 79). This indicated that the separation on the Sephadex G-10

column was more effective than that on the Bio-gel P-2 column

(molecular range up to 2000). A much better separation on the

Sephadex G-10 column than the Bio-gel P-2 column was expected,

because of the much smaller pore size of the Sephadex G-10 gel

(molecular range up to 700) (6, 7, 51).

Fraction F from the Bio-gel P-2 column was further separated

into two main peaks, F-6 and F-8, as shown in Figure 9 (page 80).

The uv spectrum of F-6 was quite representative of the original

fraction F which had aX.max at 265 mil. The spectrum of F-8 was

similar to that of fraction E (Figure 4, page 75). The result indi-

cated overlapping of fractions E and F in the Bio-gel P-2 column.
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The fractionation of fraction G from the Bio-gel P-2 column

is shown in Figure 10 (page 81). Only one major peak, G-5, was

found. Sub-fraction G-4, had a shoulder peak at 490 my, in alkaline

medium. A detailed uv spectrum of G-4 showed that this compound

(Figure 13, page 84) in neutral solution had Xmax at 258 and 328 mil.

In alkaline medium the X were 289, 380 and 490 mil. A red color
max

developed 20 seconds after treatment with one drop of 10% sodium

hydroxide solution and faded after 15 minutes. This reaction was

irreversible. The peak at 490 mil and the red color were depressed

by an excess of sodium borohydride. On paper chromatograms,

sub-fraction G-4 showed very low Rf values (0.1-0.13) possibly due

to the presence of a catechol group. The evidence for a catechol

group was based on the work of Schroeder (57) who studied the uv

spectra of caffeyl compounds. However, as there was only a trace

amount of this particular compound, no further work was undertaken.

Fraction H was the last fraction from the Bio -gel P-2 column.

Theoretically, this fraction contained the lowest-molecular weight

compounds. This was substantiated by the relatively larger quantity

of eluent required to elute the sample out of the column. Sub-

fractions H-3 and H-4 did not have a phenolic shift (Figure 11, page

82). There was no increase in absorption intensities in alkaline

medium which indicated that these sub-fractions contained no free

phenolic hydroxyl groups. Sub-fractions H-5 to H-10 had phenolic
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shifts from 280 to 298 mp, which could be representative of the com-

mon characteristics of lignin model compounds.

Fractionation of the lignosulfonates which were not precipi-

tated with Hyarnine 10-X is shown in Figure 12 (page 83). A very

large volume of eluent was required to wash the sample off the col-

umn, indicating the presence of low-molecular weight materials.

The low-molecular weights agreed with the work of Quimby and

Goldschmid (54). According to these researchers, some of the much

lower-molecular weight lignosulfonates remain soluble in water even

when made into quaternary ammonium salts. The shoulder at 330 mp,

extended through much of the spectrum as shown in Figure 12 (page

83). Infrared spectra showed that these samples had a strong sharp

-1absorption at 1780 cm'. Brauns (9, 10) reported that 13-lignosulfonic

acids which contain carboxylic groups are not precipitated by organic

bases. Thus the strong absorption at 1780 cm-1 could be an indica-

tion of carboxyl groups in the HS sample.

Paper Chromatography

Paper chromatography was used to compare the materials iso-

lated from Lignosite with known, standard compounds. Two solvent

systems were used in this comparison. The known compounds had

higher Rf values in developer B than in developer A (Table 5, page

59). Compound No. 10 (Table 5, page 59), which contained no
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sulfonate groups, had the highest Rf value in both solvent systems,

and compounds No. 2, 12 and 14 which have two sulfonate groups

have the smallest Rf values. The other known compounds contain

one sulfonate group and have medium Rf values. These results indi-

cate that sulfonate groups lower the Rf values of these compounds

in paper chromatography, and that the effect is more pronounced

in solvent A than in solvent B (Table 5, page 59).

Compound No. 13 contains two hydroxyl groups on the side

chain and has the lowest Rf
value among the mono-sulfonated com-

pounds. Compound No. 1 which has one hydroxyl group shows a low

Rf in developer A (0.18) but slightly higher than No. 14 (0.17). The

other mono-sulfonated compounds contain no hydroxyl groups on tie

side chain and possess higher Rf values (0.24-0.51). The results

indicate that the presence of hydroxyl groups on the side chain lowers

the Rf
values of the compounds, but the effect is smaller than that of

sulfonate groups.

Other findings show that the mono-sulfonate compound No. 4

has only one carbon atom on the side chain and has a lower Rf value

(0.18) in developer A than the other mono-sulfonate compounds.

From this, it can be concluded that increasing the chain length of

the alkyl side chain increases the Rf values of the compounds. The

reason for this could be the decrease in polarity of the molecule

when the alkyl chain length is increased.



The retardation power of groups can be drawn in a sequence

based on the above observations as follows:

-SO3Na>
-CH> methyl > propyl

dimer > monomer (based on number of -SO3Na)

The Rf
values of low-molecular weight lignosulfonates in de-

veloper A can be approximated as follows:

0.01-0.10 dimer (disulfonate group)

0.10-0.15 monomers containing di-hydroxyl groups on the

side chain

0.15-0.20: monomers containing an hydroxyl group on the

side chain

0.20-0.65: monomers other than (b) and (c)

greater than 0.65: lignin monomers, containing no sulfonate

groups.

Paper chromatography of the lignosulfonates freshly extracted

by methanol showed a number of samples with high Rf values (Figure

5, page 76). The sample prepared by Hyamine 10-X precipitation

contained fewer numbers of high Rf compounds (Figure 6, page 77)

This could be due to the fact that during precipitation with Hyamine

10-X a portion of the lower-molecular weight lignosulfonates was

not precipitated and was lost through washing of the Hyamine 10-X

lignosulfonate salt. Quimby and Goldschmid (54) reported that in

isolating lignosulfonates by quaternary ammonium salt precipitation,
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about 20% of the very lowest-molecular weight samples were lost

because they were not precipitated by the ammonium salt.

Paper chromatography also demonstrated that most of the com-

pounds tended to form a slight amount of polymer because of isolation

procedures. A trace of very low
Rf

compounds was found in most

chromatographic purifications.

There is no particular evidence that the chromatographic de-

velopers affected the stability of the lignosulfonates.

Infrared Spectroscopy of Model Compounds

The infrared spectra of some lignin model compounds are

shown in Figure 37 (page 108). Spectrum "a" of this figure is that

of a model compound with substitution at positions 1 and 4 on the

phenyl ring. -This has strong absorption bands at 1620, 1520 cm'
and a medium sharp band at 1459 cm-1. A medium broad band at

845 cm-1 indicates two adjacent hydrogen atoms on the ring.

Spectrum "b" of this figure shows the characteristic IR absorp-

tion bands for a guaiacyl model compound. There are four distinct

bands between six and seven microns. These are at 1590, 1520,

1465 and 1430 cm-1. The first three bands are equivalent to the

bands of 1620, 1520 and 1459 cm-1 of structure "a". The additional

band at 1430 cm-1 could be due to the presence of a methoxy group

on the phenyl ring of the guaiacyl structure. The band at 862 cm-1
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-is equivalent to 845 cm' in structure "a" which indicates two ad-

jacent hydrogen atoms on the ring. An additional medium strong

band at 815 cm-1 represents an isolated hydrogen on the benzene

ring. All of the bands in structure "b" appear as slightly lower

wave numbers as compared to structure "a," which could be at-

tributed to the fact that structure "b" does not have a sulfonate

group.

Structure "c" of Figure 37 (page 108) is the IR spectrum of

syringyl sulfonate. It has four bands: 1610, 1520, 1472 and 1452

cm-1 equivalent to that of structure "b" in the six to seven micron
-region. The band at 1610 cm' in the syringyl compound is strong-

-1er than that at 1520 cm'. However, in structure "b" (guaiacyl

group), the band at 1520 cm-1" is stronger than the band at 1610

cm'. In the syringyl compound (structure "c") the band at 862

cm-1 has disappeared, indicating that the benzene ring contains no

adjacent hydrogen atoms. The band at 805 cm-1, equivalent to 815

cm' of "b,' indicates the isolated hydrogen atom on the benzene

ring.

Structural Studies of Identified Compounds

Compound E-6-3. Paper chromatography showed that this com-

pound had the same properties as standard compound No. 7 (Table 5,

page 59). The uv spectra (Figure 18, page 89) showed that this compound
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%0CH3
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had X at 278 in neutral and 291 nip, in alkaline solutions. There were
max

no other absorption peaks at longer wavelengths which indicated that

this compound had no double bond in conjugation with the phenyl ring.

The IR spectrum (Figure 19, page 90) showed a medium strong band

-at 1650 cm', a strong band at 975 cm-1 and a band at 675 cm-1

which indicated a mono-substituted alkene on the side chain. The

three vinyl protons were further proven by NMR spectrum (Figure

20, page 91) which has a proton -multiplet signal at 6.2 ppm due to

the vinyllic protons. The two proton signals at 5.40 and 5.20 ppm

were attributed to the terminal methylene protons. The guaiacyl

unit was indicated by the three protons signaled at 7.06 and 6.85

ppm and the methoxy group was indicated by the three proton singlet

at 3.8 ppm.

Elemental analysis of E-6-3 showed the following results: C,

43.77%; H, 4.38%; S, 12.11%. While compound No. 7 has C, 45.00%;

H, 4.50%; S, 12.12%. The empirical formula was 09 12.1205.16

S1 00Na1 00' which agreed with C10H1205S1Na1 of No. 7. Thus the

structure is
CH
II 2

CH

CHSO1Na
I
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This compound is identical with No. 7 (Table 5, page 59) which had

been identified by McCarthy and co-workers (14).

Compound E-8-1. The uv spectrum of compound E-8-1 is

shown in Figure 22 (page 93). The absorption of X at 278 Trip.

(log E, 3.40) and 230 mil (log E, 3.78) in neutral solution is generally

characteristic of lignin model compounds. In alkaline medium, the

peaks were shifted to 291 (log E, 3.53) and 248 (log E, 3.86) with in-

creasing intensities indicating the presence of a free phenolic hy-

droxyl group. However, there were no additional absorption bands

at a wavelength longer than 278 mil in neutral and 291 m4 in alkaline

solution indicating no double bond conjugation with the phenyl group.

A solid film of compound E-8-1 was examined on an infrared

spectrometer. The IR spectrum is shown in Figure 23 (page 94).

There were four peaks at 1605, 1520, 1472 and 1450 cm-1; the

second being much more intense than the first indicating the guaiacyl

type of structure. This guiacyl structure was further proven by the

two medium bands at 860 cm-1 (two adjacent hydrogens) and at

820 cm-1 (an isolated hydrogen). A strong, sharp band at 1760

cm-1 clearly indicated the presence of a carbonyl group. Be-

cause there is no unsaturated conjugation with the phenyl ring

(Figure 22, page 93), this carbonyl function could not be located
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on the a -carbon atom next to the ring.

The NMR spectrum of compound E-8-1 is shown in Figure 24

(page 95). The two proton signals located as the broad band at 6. 80

ppm, and the proton multiplet at 6.30 ppm were attributed to the pro-

tons of the guaiacyl nucleus. A three-proton singlet at 3.65 ppm

indicated the presence of an aromatic methoxy group. The singlet

proton signal at 3.62 ppm was possibly due to a proton attached to

the a -carbon atom next to the ring. The three-proton singlet at 3.30

ppm indicated that a methyl group terminated the side chain. The

carbon atom to which the methyl group was attached contained no

hydrogen. Thus the carbonyl group shown in the IR spectra (Figure

23, page94) should be located on the carbon atom to which the ter-

minal methyl group is attached. Therefore, the one-proton singlet

at 3. 62 ppm and the sulfonate group should be located on the a -carbon

atom.

The ferric h.ydroxyamate test (13) for an ester was negative

for compound E-8-1 (no deep- red color formed), indicating that the

carbonyl function of E-8-1 was not an ester. There was no reaction

with phenylhydrazine hydrochloride unless the mixture was heated.

When the mixture was heated to boiling and cooled in an ice bath

overnight a yellow precipitate was formed. This indicated a posi-

tive test for a carbonyl group. The compound formed a light yellow

precipitate in the iodoform test (12, 13, 44, 62) which indicated the
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presence of a methyl-ketone group in the molecule. Therefore, the

structure of compound E-8-1 is proposed to be sodium guaiacyl

acetone I -sulfonate as shown below:

CH
3

C=0

CH-503Na

OD

Elemental analysis of E-8-1 had the following results:

Observed: carbon, 42.47 ; hydrogen, 4.20%; sulfur, 11.29%.

Calculated: carbon, 42.50°k; hydrogen, 4.25%; sulfur, 11.30%.

The molecular weight was found to be 284, while the calculated value

is 283. The observed values above were obtained from the 1-butanol

extract of compound E-8-1, from which the organic phase had been

removed by acetone. The I -butanol extract showed a low sulfur con-

tent of 5.26% before acetone extraction. The result could be an indi-

cation of desulfonation of compound E-8-1. The IR spectrum showed

-that the carbonyl absorption at 1760 cm' was a peculiar situation

for an acyclic carbonyl group. Hergert (26) showed that the carbonyl

group in guaiacyl acetone absorbed at 1710 cm-1 (film). The shift

from 1710 to 1760 cm-1 (+40 cm-I) could possibly be due to the

strong electron withdrawing group, -503Na, attached to the carbon

atom adjacent to the carbonyl carbon. Nakanishi (45) showed that

OCH3

27
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the presence of one a -halo-substitutent shifted the carbonyl band to

a higher frequency by about ten to 25 cm-1, and a shift of +45 cm-1

indicated possible a -di-halo-substituents.

In the NMR spectrum (Figure 24, page 95), the three proton

singlet at 3.30 ppm was somewhat downfield for a normal methyl-

ketone. A downfield of 1.23 ppm compared with acetone (2.17 ppm)

was possible for two reasons; firstly, solvent effect, and secondly,

electronic effect of the sulfonate group.

Freudenberg (27) has proposed structures 28 and 29 and Erdt-

man (27) has proposed structure 30 in lignin. Based on these model

structures, the formation of compound E-8-1 could possibly be

formulated as follows:

CH
I 3

CHOH

OR
OCH3

28

OCH3

30

29

OCH3



CH
I 3
7=0

CHOH

28

2HS0-
3

OCH3

CH3
I /-%

H IC::;\1 c ,f, '§o3H
T (OH) SO3-

I

C (H) SO°
H

C (H) SO3 H
I

3
+ I

CH
I 3

OR

OCH
3

C/IOCH3
OH

INeutralized
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30 OCH3
OH

E-8-1

Another possibility for the formation of compound E-8-1, could

be based on the work of Goldschmid (22). He isolated compound 31

from p-guaiacyl ether which had been heated in distilled water at

1700, or in a mild acidic media. Browning (12) stated that with the

presence of an a -hydroxyl group in 31 it should readily undergo

condensation reactions. However, such reactions are effectively

blocked by sulfonation of the a -hydroxyl group leading to compound

E-8-1. Thus the formation of compound E-8-1 could be readily

formed under such conditions, as shown below:



9
R-CHOH-CH-CH2 ----4-R-CHOH-C-CH3

OH,
31or OR

R-r-tCH3
SO-

3

R = gualacyl,

or syringyl

RTHp0H)-CH3
503 SO3
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This reaction sequence shows that compound 31 is one of the key

steps in forming compound E-8-1.

Structures 28 and 29 have free hydroxyl groups. They can be

sulfonated in one stage during the bisulfite reaction on wood, fol-

lowed by hydrolysis of the aryl ether bond and can thus liberate

compound E.-8-1.

Structure 30 could be sulfonated in two stages. The first stage

sulfonates the carbonyl group. The second stage is hydrolysis of

the ether bond.

Compound G-8-1-(1). Infrared spectra and paper chromato-

grams showed that compounds E-8-1 and G-8-1 had the same proper-

ties. It was concluded that they were the same compound. After

standing for a period of six months, part of the sample of this com-

pound became soluble in acetone. The acetone solubles (labeled
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G-8-1-(1) did not have the same properties in the uv spectra as the

parent compound (E-8-1 and G-8-1), and showed higher Rf values of

0.83 and 0.86 in developer A and developer B (Table 6, page 63).

The IR spectrum (Figure 35, page 106) compound G-8-1-(1)

shows a strong, sharp band at 1710 cm-I, which indicates a carbonyl

group in the molecule. The band at 1175 cm-1 from the parent corn-

pound (E-8-1 and G-8-1) (Figure 23, page 94) had disappeared which

indicates the loss of the sulfonate groups from the molecule. This

IR spectrum is exactly identical with that of guaiacyl acetone shown

by Hergert (26).

The Rf
value for compound G-8-1-(1) on paper chromatograms

was 0.86, using a solvent of 1-butanol saturated with 3% ammonium

hydroxide. This compares closely with guaiacyl acetone which had

an Rf of 0.87 (28). The sample was also chromatographed in a

solvent consisting of the organic layer of a mixture of water, ligroin,

chloroform and methanol (5:7:2:1 v/v). The Rf value was 0.62, iden-

tical to that reported for guaiacyl acetone (14, 40).

A third developer system consisting of the aqueous layer of a

mixture of benzene, ligroin, methanol, and water (50:50:1:50) gave

an Rf value of 0.84. The organic layer of this mixture gave an Rf

of 0.63. The reported R values for guaiacyl acetone in these two

solvent systems were 0.85 and 0.65 respectively (22). The com-

pound 1-hydroxy-1-guaiacy1-2-propanone was reported to have Rf



values of 0.18 and 0.71 in these systems (25). Because compound

G-8-1-(1) had the same properties as guaiacyl acetone, that is the

same IR spectrum (26), and the same Rf values by paper chromatog-

raphy in four different developers, it is concluded that compound

G-8-1-(1) is guaiacyl acetone. It has the structure 32 below:

OH

32

The end methyl-ketone group was confirmed by the iodoform test

(13, 44, 62).

The fact that compound E-8-1 has been shown in this study to

become guaiacyl acetone through the loss of a sulfonate group adds

strong support to structure 27 which is proposed for the unknown

compound E-8-1.

Some Characteristics of the Unidentified Compounds

The following descriptions of unidentified compounds are based

on their characteristics from uv and IR spectroscopy and paper

chromatography. Although these compounds were not identified for

this study, the following descriptions should assist further studies.

130
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Compound D-6-10 and D-6-10-(1). Compound D-6-10-(1) was

obtained from D-6-10. The former had a very large Rf (0.89) in

developer B. This could possibly be due to desulfonation of D-6-10

which would decrease the polarity of the molecule.

Both of these compounds produced a green color in basic solu-

tion and returned to a colorless solution when neutralized. Since

this color change was a reversible reaction, these compounds may

have an active hydrogen which can be easily abstracted by base.

This might form a conjugated double bond with the ring. This con-

jugated unsaturation was evident from the strong absorption peak at

395 mil in basic medium (Figure 14, page 85).

Compound D-6-17. The ultraviolet spectra (Figure 16, page

87) of compound D-6-17 showed that it had strong absorption peaks

at 277 mu, neutral solution and 290 TY14 in alkaline solution. No

shoulder at wavelengths longer than these was found. The infrared
-1

spectrum showed that it had a strong absorption at 1730 cm indica-

tive of a carbonyl group. The IR and uv spectra (Figure 16, page 87)

indicated that this carbonyl group did not conjugate with the benzene

ring. The IR spectrum further showed strong and sharp peaks at

1600 and 1520 cm-1. The latter was more intense than the former.

There were other medium bands at 830 and 862 cm-1. Together

these absorption bands indicated that the compound was of the

guaiacyl type.
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Compound E-8-2. This compound was obtained in crystalline

form in ethanol solution. Figure 25 (page 96) shows that this com-

pound did not produce shoulders at wavelengths longer than 280 mu.

in neutral medium and 294 mu in alkaline medium. However, the

IR spectrum had medium absorption bands at 1670 and 936 cm-1,

which indicated the presence of an isolated carbon-carbon double

bond. The band at 1520 cm-1 was stronger than that at 1610 cm-1.

In addition there were two medium bands at 815 and 856 cm-1.

These results indicated a guaiacyl type of structure.

Compound F-5-2. This was one of the unusual compounds

which had X max at 272 mu in neutral solution (Figure 26, page 97).

In alkaline medium, the peak shifted to 292 mp, with reduced inten-

sity, and had a strong shoulder peak at 330 mu. The IR spectrum

of F-5-2 showed that this compound belonged to the guaiacyl type.

It had two strong absorption bands at 1600 and 1520 cm-1, and two

medium bands at 870 and 826 cm-1. A strong sharp band at 1680

cm-1 possibly indicated the presence of a carbonyl group. Since

it had a shoulder at 313 mu, in neutral solution, this carbonyl group

should be located in a highly conjugated system. The yield of this

compound was 5 mg.

Compound F-5-3. The uv spectra (Figure 27, page 98) showed
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a strong shoulder at 300 mil in neutral solution and 344 and 396 my.

in alkaline solution. This indicated that this compound had a highly

conjugated, unsaturated system. The IR spectrum showed that the

-1compound had strong absorption bands at 1750 and 1680 cm in addi-

tion to the signals for a guaiacyl model. These results indicated that

the compound may have a carbonyl group conjugated with the ring.

Compound F-6-4. The uv absorption maxima at 264 mF_L in

neutral solution, and 286 mil in alkaline solution of fraction F-6-4

from paper chromatography (Figure 28, page 99) appear responsible

for curves 3 and 4 of the parent fraction F-6 from the Sephadex G-10

column (Figure 9, page 80). The shorter wavelength of 264 mp, in

neutral solution would be due to the effect of a strong electron with-

drawing group on the side chain. Strong shoulders at 293 mp. in

neutral solution and 310 mp. in alkaline solution indicated a conjugat-

ed unsaturation with the aromatic ring. Absorption bands at 1600,

1520, 1470, 1433, 866, and 820 cm-1 in the IR spectrum indicated

the guaiacyl group. A medium absorption band at 1650 and 970 cm-1

indicated a carbon-carbon double bond with two trans vinyl hydrogens.

Compound F-8-1. The uv spectra (Figure 29, page 100) showed

that this compound produced a shoulder at 312 my. in neutral solution

and 340 mp. in alkaline solution. The IR spectrum showed that the

compound yielded absorption bands which were characteristic for

the guaiacyl model (1605, 1520, 1470, 1450, 860 and 820 cm-1).



The presence of medium bands at 1650, 930 and 887 cm-1 could

possibly be due to a structural type of R-CF-I=CH on the side chain.

Compound F-9-1. The uv spectrum in neutral solution had

X at 278 my, and a shoulder at 304 mp. (Figure 30, page 101).
max

In alkaline medium the spectrum had Xmax at 294 m1i and at 345 mp.

with equal intensity. Compound G-6-1 (Table 6, page 63) also

showed the same characteristics by uv spectroscopy and by paper

chromatography. They could possibly be the same compound which

fractionated into two adjacent fractions. Their IR spectra gave the

characteristic absorption band of the guaiacyl model (1600, 1520,

-1470, 1450, 860 and 825 cm'). The medium absorption bands at

1670 and 920 cm-1 could be an indication of a C=C bond in the mole-

cule.

Compound G-5-4. The uv spectrum had Xmax at 280 Mp, with

a shoulder at 290 mp. in neutral solution (Figure 31, page 102). The

latter had a slightly lower intensity than the former. The infrared

spectrum showed that this compound had all the characteristic bands

for the guaiacyl model. There was no distinct band around 1650 cm-1,

indicating that the compound did not have a double bond in the side

chain.

Cornpoung G-6. This compound was obtained directly from the

crude sample of sub-fraction G-6 and this compound was easily crys-

tallized from methanol solution. The uv spectra (Figure 34, page

134
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105) showed that this compound had no shoulder at wavelengths longer

than 280 mp, in neutral solution and 293 mp, in alkaline solution. This

indicates that the compound did not have a double bond in conjugation

with the phenyl ring. The infrared spectrum showed no aliphatic

double bond characteristic. Thus the side chain should contain no

double bond. The characteristic absorption bands at 1600, 1520,

-1472, 1452, 842 and 820 cm' indicated that the phenyl group was

of the guaiacyl type.

Compound HS-3-2. This compound was isolated from the Lig-

no site which was not precipitated with the Hyamine 10-X base.

Brauns (9, 10) had indicated that lignosulfonic acid, which consisted

of a carboxylic acid, was not precipitated by a quaternary ammonium

salts.

The IR spectrum showed that compound HS-3-2 had a strong

absorption at 1780 cm-1 which could possibly be due to the carboxylic

function. The uv spectra are shown in Figure 36 (page 107) and indi-

cate that the carbonyl group was not conjugated with the ring.



VI. CONCLUSIONS

Methods for Isolation of the Low-Molecular
Weight Lignosulfonates

Methanol extraction of Ligno site for low-molecular weight ligno-

sulfonates gave a yield of 6.87% solids, of which one-half were sol-

uble in diethylether. The ether solubility indicated that the extract

contained a considerable quantity of materials other than lignosul-

fonates. Purification of the lignosulfonates after ether extraction

involved separation with methyl ethyl ketone, acetic acid, and water

(80:5:15 v/v). This freshly purified material contained many low-

molecular weight lignosulfonates. However, it proved difficult to

remove all of the residual acetic acid from the purified sample, and

the acidified material became unstable on standing. At a future time

it might be possible to remove this residue of acetic acid by neutral-

ization either with base or ion exchange resins, and thus isolate

stable monomeric forms of the lignosulfonates by methanol extrac-

tion.

Quaternary ammonium salt (Hyarnine 10-X) precipitation of

low-molecular weight lignosulfonates from Lignosite gave a yield

of 16.33% solids. This method did not precipitate carbohydrates and

no further treatment to separate carbohydrates was required. Since

the solvents used for the purification of lignosulfonates in the

136
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precipitate were therefore less severe than those used in the methan-

ol extraction, the purified sodium lignosulfonates were found to be

stable.

Column Chromatography

Column Chromatography showed that there were some differ-

ences in the lignosulfonates prepared by methanol extraction as com-

pared to those prepared by Hyamine 10-X precipitation. Lignosul-

fonates prepared by the methanol method contained mostly mono-

meric species, whereas fractions from the Hyamine 10-X method

contained certain amounts of oligmers along with a large amount

of monomers. Also, some p-lignosulfonates found in the methanol

preparation were apparently lost in the Hyamine 10-X preparation.

For both isolation methods, samples in the first sub-fraction

from the Sephadex G-10 columns had small phenolic shifts in the uv spec-

tra. From this, it was concluded that a small amount of the samples

had polymerized. Complete prevention of polymerization was not

accomplished in this study.

Paper Chromatography

Paper chromatograms showed 44 distinct spots for methanol

extracted lignosulfonates and approximately 24 distinct spots for

samples isolated with Hyamine 10-X. These results indicated that
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the compounds lost in the Hyarnin.e 10-X method should be some

particular type of lignosulfonate. These compounds were later re-

covered from the aqueous unprecipitated portion of the Lignosite-

Hyamine 10-X mixture. Infrared spectroscopy showed that these

unprecipitated lignosulfonates contained carboxyl groups (1700 to

1780 cm-1). The presence of carboxyl groups in this group of corn-

pounds has also been referred to by Brauns (9, 10).

Paper chromatography gave further evidence that there was not

a clean separation of the lignosulfonates by column chromatography.

Fogelberg et al. (15) reported that the resolution of the lignosulfo-

nates by gel chromatography is influenced not only by differences in

molecular size, but also by some kind of retardation effect.

The characteristic Rf
values of low-molecular weight ligno-

sulfonates on paper chromatograms can be used to help identify the

structure-type of the lignosulfonates. Low-molecular weight ligno-

sulfonates which contain two sulfonate groups show very low Rf val-

ues. Compounds which contain longer alkyl side chains have larger

Rf
values than those which contain short ones. Thus the order of

magnitude by which groups lower the Rf values can be sequenced as

below:

-SO3Na
> -OH> methyl> propyl
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the Rf values of compounds. The higher the ionizing power of the

group (-SO3Na), the more the Rf value of the compound is lowered.

Identified Compounds

A new, low-molecular weight lignosulfonate, guaiacyl acetone

1-sulfonate (E-8-1), was identified. This compound showed that a

sulfonate group attached to the carbon atom next to the keto group

effects this carbonyl group. For example the IR band was shifted

-1 -to 1760 cm, The magnitude of this shift was about 35 to 40 cm'
towards a higher frequency (shorter wavelength). Such shifting is

probably caused by the strong electron withdrawing power of the

sulfonate group at the a. -position.
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