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The relation of lignin to the waste sulfite liQuor prob- 
lem has stjniu1ted. a vast amount of research aimed at finding 
out the chemical nature and constitution of this substance. 
The problem of the disposition of sulfite pulping waste is of 
vital interest to plant operators because the unused material 
represents ari economic loss of ap,proxirìately one-half of the 
wood and creates stream polution problem. Lignin, constitut- 
ing about one-half of the waste, is the object of most wood 
research. The nature and constitution of lignin is also of 
interest to those seeking an answer to the question of plant 
synthesis. 

The meaning of the term "lignint' is arbitrary. In gen- 
eral, it can be defined as the non-extractive, non-carbohydrate 
part of woody tissue. Lignin is named more specifically after 
the reagent or method used in its isolation. Native lignin 
is lignin as it occurs in wood. 

Methods of isolating or determining lignin involve the 
use of two types o± reagents: (1) those that dissolve the 
cellulose leaving the lignin as a residue, and (2) those that 
dissolve the lignin. Type (1) reagents are for the most part 
strong acids and type (2) reagents, organic solvents. 

Lignin can be acylated, aroylated halogenated, nitrated, 
sulfonated and methylated. It has oeen oxidized to saturated 
and unsaturated aliphalic acids, and aromatic acids. It can 
be reduced to hydrocarbon. Among the products of fusion with 
alkali are oxalic acid, catechol and vanillin. Dry distilla- 
tien has yielded acetone, methanol, acetic acid, eugenol, 
phenol, hydroxy benzenes, and saturated and unsaturated hydro- 
carbons. 



ÂBSTR.CT 
Erickson, D. L. 
May 9, 1939 
Page 2 

Various formulas have been pGstulated to take into ac- 
count tue reactions of lignin. KUrschner's formula rere- 
sents a jiolyiner of the glycoside coniferin. Kiason roosed 
a formula made up of guaiacol propane nuclei in linear poly- 
rnerization. Preudenberg originally held a view similar to 
flason's but pictured. a much larger molecule. Phi11is has 
suggested gualacol and. a hyd.roxypropyl substituted gaaiacol 
as the building units. Puchs has presented a uniue formula 
containing nine rings. Hibbert has recently suggested that 
the molecule is a condensation-polymer of c-bydroxypropio- 
vanillone or of this compound and 0-hydroxypropiosyringone. 

Benzyl alcohol lignin has been prepared and subjected to 
solvent extraction. The fractions obtained and the original 
lignin have been analyzed for carbon, hydrogen and methoxyl 
content. Results so obtained indicate that the benzyl alcohol 
lignin is a mixture of substances and is a degradation product 
0± native lignin. Solvent extraction did not serve to resolve 
the benzyl alcohol lignin into pure substances that could be 
identified. 
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SOLVBNT PR.CTIONÀTION OP LIIN 
PRFARED FROM WEST RN ILO OK BY 
XTRAOTION WITH BEI'TZYL ILCOHOL 

I. INTRODUCTION 

As long as wood is used as a source of cellu- 

lose fibers for pager pu1 and. the various jroducts 

in the chemical cellulose field, the nature of the 

other part 0±' the wood will comrnnd. the interest of 

those connected with this problem. In the gulping 

process aproximate1y one-half of the dry wood. used. 

never leaves the elant as a salable product. In the 

Kraft process it is burned and. has a certain calorific 

value, but in the sulfite rocess it is not only a 

total loss but gives rise to a stream pollution problem 

that threatens to invite legal restriction. nong the 

classes of compounds that are 3iown to be in this un- 

used. half of the wood. re the extractives (resins, fats, 

oils, etc.), hemicellulose, tannins, and. sugars, which 

together constitute roughly one-fourth of the wood. The 

other fourth of the wood has not been identified and. is 

iown only as lignin. 

y industry that discards half of its raw mate- 

rial is naturally awake to any possibilities of finding 

commercial uses for this waste material, and. many uses 

have been proposed and. patented for the use of waste 
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sulfite liquor. These have been thus far of superfi- 

cial nature or limited to certain fractions of the liq,- 

uor, and, by no means represent a satisfactory solution 

to the problem. s a road-binder it can be used with 

very little processing but is water soluble. It has 

met with little success as a source of fertilizer. ii.- 

mong the commercial, derived products may be included 

vanillin., yeast, alcohol, and plastics. 

Because it constitutes the major part of the 

waste and because its composition is uniown, lignin 

has attracted. most of the chemical investigation con- 

ducted. on the problem of wood waste. 0±' course the 

interest in lignin is not entirely inspired by commer- 

ojal motives, as its elucidation would throw much light 

on the mechanism of plant synthesis. iS long as its 

structure is uniown, it will be a puZzle to challenge 

the imagination and intrigue the wit of the intellectu- 

ally curious. It is not here asserted thet the identi- 

fication of lignin would result automatically in a solu- 

tion of the waste sulfite liquor problem, but it would 

certainly be a helpful basis for experimentation. Hib- 

bert (li) has presented a theory of plant synthesis 

based on what he believes to be the building units of 

lignin. 

From the time that de Candolle in 1833 applied the 
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name lignin (9) to the fiber-encrusting material of 

wood it has had only an arbitrary meaning. In general 

it may be defined as the non-carbohydrate, non-extrac- 

tive part of woody material. It occurs in plants rang- 

ing from herbs to trees. Therever rigidity is needed 

lignification has taken place, for it is the function 

of lignin to bind, the plant fiber. 

The term lignin as defined above has been applied 

to the non-carbohydrate, non-extractive part of wood. as 

a whole and to parts thereof. Its meaning is made more 

specific when used. in conjunction with the reagent used 

in the isolation of the lignin referred to. Synonymous 

with names so applied are lignins named after the origi- 

nator of the method. employing the appropriate reagent. 

Native lignin is lignin as it occurs in the wood. Its 

meaning is somewhat vague owing to the possibility that 

lignin in wood is held in chemical combination by the 

carbohydrates. Opinion on this point is divided. If 

so held, it is only by a bond severable by hydrolysis 

which would make native lignin the lignin complex of 

ligno-cellulose with hydroxyls attached at those bonds 

where it previously joined the cellulose. It is doubt- 

ful that lignin bas ever been isolated by chemical 

means without modification, and the products ordinarily 

obtained are considered to be derivatives of native 



lignin. Then it is remembered that the wood. tissue 

is heterogeneous, it seems probable that there is a 

cellulose-lignin interface away from which there is 

on one side, lignin-free cellulose and. on the other 

cellulose-free lignin. Harris, Sherrard and. Liitchell(]D) 

are among those who believe that lignin and. cellulose 

may be combined. They found wood to be less suscep- 

tible to acetylation before being subjected to hy.rol- 

ysis than after. Bailey (1) has isolated lignin physi- 

cally by cutting out the middle lamella. He obtained 

material containing 7l.4 lignin. As suggested by 

Gortner (9) the two views can be reconciled if some 

of the lignin is assumed to be combined and. some not. 

The reagents used in the isolation of lignin are 

of two types: (i) indirect, those that dissolve the 

non-lignin material; and, (2) direct, those that dis- 

solve the lignin. To the first class belong the strong 

acids, 40% hydrochloric acid (Willsttter method), 

72% sulfuric acid (Forest Products method), phosphoric 

acid (Urban method), and cuprammoniurn solution (Freuden- 

berg method). There are many solvents for lignin. 

Those most commonly used in its isolation are alkali, 

methanol, phenol, glycol, cellosolve, other higher al- 

cohols, formic acid, and. acetic acid. All but alkali 

and. formic and. acetic acid require the use of a small 



eroentage of an acid. (usually hydrochloric acid.) as 

an activator. In general the indirect method gives 

higher yields, the direct method giving as low as 5% 

of the wood in the case of methanol lignin. The orest 

roducts method gives the maximum yield which is 100% 

of the lignin or about 25% of the wood, the latter fig- 

u.re varying with the species of wood. used. The Porest 

roducts method is generally used. as an analytical pro- 

cedure to determine lignin content and freuently used 

to prepare lignin for experimentation. Because of the 

inert nature of the reagents of the indirect method the 

lignìn is less subject to combination with the reagent 

than it is when prepared. by the direct method. However, 

it is subject to hydrolytic action and changes result- 

ing from heat. Harris, Sherrard. and Mitchell (10) com- 

pared lignins obtained by the Porest Products, 11111- 

stttter, cupramonium, etc. methods with regard. to 

yield, methoxyl and carbohydrate content and found that 

Forest Products lignin is free of carbohydrates, con- 

tains all the methor1 not accounted for in the carbo- 

hydrates, and is produced uantitative1y. ;i11sttter 

and. cuprammonium lignin contained carbohydrates and 

were low in methoxyl. Cuprammonium solution dissolves 

some of the lignin, resulting in a low yield. On the 

basis of methylation studies they concluded that Forest 
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irod.uets lignin is most like native lignin. 

Lignin contains only carbon, hydrogen, and oxy- 

gen. The very reactive nature of lignin has afforded. 

oortunity for identifying a number of functional 

groups in the lignin conilex. One of these, the 

mothoxyl group, can be determined quantitatively by a 

simple routine procedure. It varies from in phenol 

lignin to l7 in glycol lignin. It also varies with 

the species of wood. The reactions that lignin can be 

made to undergo include acyÏation, aroylation, hilo- 

genation, nitration, sulfonation, and methylation. 

Oxidation has yielded the following acids: formic, 

acetic, oxalic, succinic, fumaria, malonic, adipic, 

benzoic, phthallic, iso2hthailic, mellitic, hemi-mel- 

litic, tri-mellitic, and anisic. It can be reduced to 

hydrocarbons. Fusion with alkali has yielded oxalic 

and. a number of fatty acids, eatechol, protoctechuic 

acid, and vanillin. Dry distillation has yielded ace- 

tone, methyl alcohol, acetic acid, eugenol, phenol, 

hyd.roxybenzenes, and, saturated and unsaturated hydro- 

carbons. These reactions predicate the presence of 

the benzene nucleus and carbonyl, hydroxyl, and methoxyl 

groups. 

uy attempt to correlate all the information about 

lignin reported by various investigators is complicated 
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by the fact that one camot interpret reactions and. 

analytical data indiscriminate of the source of the 

lignin. Lignin prepared from different species of wood 

by identical treatment may vary, for instance, in me- 

thoxyl content. As stated before, wide variations are 

found in lignins prepared by different methods. ot 

only does lignin vary with the species and method of 

preparation, but many "extracted" lignins have been 

shown to be either heterogeneous or accoiapanied by a 

fraction that would not precipitate under the same con 

ditions. 

Various formulas have been assigned for native 

lignin to take into account the properties displayed 

by it. These presume a homogeneous substance. 

Kirschner (15) has postulated a formula repre- 

senting a polymer of the glycoside coniferin. 

-D-o-QcMH-c/o 
I 

'O/'.s 

C---. CH22F/ 

C- Q-O-H--c-H-/1 
I I 

I 

C)C./1 c2cH 

C,- CHH 



Kiason (14) was the first to propose that lignin 

was built up of units containing the benzene rings 

with side chain as nuclei. He was of the opinion that 

lignin is essentially a polimer, or linear condensation 

product, of coniferyl aldehyde or alcohol or both. 

Freudenberg's (5) early formula for "primary" 

lignin gives a much larger molecule, namely: 

-CHt1-cH-(O- OC. I-1.CH 
HC OH 

fo\ 

o 

CH 
/ 

1L. ¿,t1 

This formula makes it hard to account for guala- 

col, catechol, acetovanillone, etc., obtained from 11g- 

nm sulfonic acids by Hibbert (lu). Freudenberg (6) 

later changed his views to regard lignin as being con- 

densed from the polymer types III and IV. 

OHJ 
I/O-C 

J C) 
w1_ 

HO- 

OM 

o 
/ 



hi1lis (17) has suggested that the fundamental 

building units are guaiacol (V) and n-roy1gaaiacol 

(VI) with hydrogen atoms substituted by hydroxyl groups 

in the n-royl side chain. 

o- 

ichs (8) has jroosed. the following formula (VII) 

which has been set u.p so that it contains all the nec- 

essary parts to explain all iown roerties and re- 

action of lignin. PLlchs, however, doubts very much 

the correctness of this formula. 

et" 

o ,i 
CH3O- 

C CH- C 
('11g. / 

-tI -o 

o)- q- OC/i 
QL/ 

4cct 
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Although &ll the constitutional formu1s pre- 

sented have some basis in experimental fact, they fail 

to agree completely with all the facts now ]nown abo'it 

lignin. Naturally, being different they could. not all 

be true of the same material. More recent work, al- 

though showing a definite difference in lignins in dif- 

ferent woods, has pointed toward a far greater struc- 

tuai similarity than exists between these formulas and 

has opened the possibility that all native lignin may 

be composed of a few relatively simple building units. 

Brauns and Hibbert (2) have established an em- 

pirical formula for native lignin from spruce wood. 

Analysis of phenol condensation products from four types 

of lignin showed them to be derived from the same build- 

ing unit. Analysis of methylation and acetylation. 

products showed the presence of five hydroxyl and five 

methoxyl groups in the building unit. It has a molecu- 

lar weight of 872 and is represented by VIII. 

(o H)5 C H O (o C ) 

v411 
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?tirther work in Hi'obert's laboratory (4) has 

given suort to the idea that native lignin may be 

relatively simle. He was able to isolate by ethanol- 

ysis of spruce wood. a eomound which uon methylation 

yielded. C-ethoxyrojioveratrone (IX). 

H(O-ÇD -H- C-Hi 

' O-Wç 
i-/o--I.::;' - (d-i- C-/I3 

¿H3 C' H 

This corrpound was also synthesized. He also synthe- 

sized -hydroxyroj.iovanillone (X), which compound he 

found would. olymerize-condense readily under the in- 

±'luence of dilute acid. at room temperature to give a 

rod.uct very similar to lignin. These facts suggest 

that lignin in the wood. may be a condensation-olyrier 

of X, or even X itself, in which case the high molecu- 

lar weight of extracted lignin could be accounted. for 

by the olierizing effect of the extracting treatment. 

Male yielded. two ethanolysis products (13). 

In addition to the one obtained from spruce he isolated 

and. identified -ethoxyroiosyringone (XI). 

HO-Q 
OC H3 

- cH-ct-i3 
11 

C' 
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A mixture of X and XI in maple wou1 ecount for its 

higher methoxyl content. 

The compounds (Ix and XI) which Hfbbert id.enti- 

fled. are eried from only small fractions o the to- 

tal lignin and. in the usual reci.pitation Erocedure 

practioed in isolating extracted lignin this fraction 

is not precipitate but remains in solution in the 

.reciitating medium, which usually has been discarded. 

Hibbert (12) previously had reported a similar sort of 

fractionation in the ease of phenol lignin where he ob- 

tained. a dioxane-ether soluble and a dioxane-ether in- 

soluble fraction, the former being only a small per- 

centage of the total. 

Many instances of heterogeneity of isolated hg- 

nun products could be cited and many fractionation 

studies have been conducted. Besides fractional pre- 

cipitation, solvent extraction has been employed as a 

fractionation procedure. 

As a step toward gaining an insight into the na- 

ture of benzyl alcohol lignin the latter procedure was 

applied in this work to this material. By using a num- 

ber of solvents capable of reacting with lignin as well 

as dissolving it, it was hoped to obtain data enabling 

comparison of this lignin with other lignins in regard 

to molecular weight of building unit and. hydroxyl and 
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methoxyl content. 

Recently Priedmn nd LLc(al1y (7) have devélqped 

a method for extracting lignin employing benzyl a1coho1 

working with 7estern Hemlock and Thite ir they ob- 

tained. yields of around 20% with about 10.0% methoxyl. 

The lignin for this study was reared essentially in 

accordance with their method. 
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II. EXERflTTL 

rearation of Lignin 

Western Hemlock sawd.ust from clear, 'oarkless 

sections of wood. was ground in a ball-mill and. screened 

through a 100-mesh screen. The wood. flour thus ob- 

tained. was extracted 10 hours in a Soxhiet extractor 

with a mixture of 2 parts of benzene and 1 art of 

ethyl alcohol by volume, dried at 105°C., extracted. 

10 hours with water, and again dried at lO50Ce Forty 

grams of the resin-free material were constantly 

stirred for 1 hour at 105°C. with 400 ml. of benzyl 

alcohol and 34 ml. concentrated. hydrochloric acid. 

The reaction was carried out in a l-liter round bot- 

tomed flask with a standard taper neck into which was 

inserted a short straiìit section of standard taper 

glass tubing. This seed as a reflux air condenser 

and the mixture was stirred through it. The mixture 

was filtered. hot on a Bchner funnel and washed with 

50 ml. of hot benzyl alcohol. The filtrate was al- 

lowed to cool and was then poured slowly into 4 liters 

of well-stirred. ether. The lignin settled. immediately 

and. the liuid was filtered. through a fine cloth. 

The fi1trte was only slightly turbid.. The lignin was 
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washed with about 500 ml. of ether. To insure corn- 

plete removal of benzyl alcohol the product was given 

a prolonged Soxhiet-type ether extraction. Approx- 

imately 8 grams of lignin was thus obtained and was 

designated Lot 9-R-3. 

Lignin yields previously prepared in essentially 

the same way but from 10 gram samples of wood were 

combined and. designated Lot 6-R-6. These were col- 

lected on alund.um crucibles but owing to the slow rate 

of filtration were not washed with sufficient ether 

to remove the benzyl alcohol completely. When the 

ether evaporated. off the residue was not powdery but 

somewhat gwnrny. .fter being in the oven over night 

at 105CC. it could. be ground. to a powder which was 

then freed. of benzyl alcohol by prolonged ether ex- 

traction. The yield obtained was l9 of the wood. 

A second precipitate was obtained. from the fil- 

trate from the first precipitate by concentrating un- 

der vacuun after distilling off the ether, and again 

pouring the benzyl alcohol solution into ether. This 

precipitate was found to represent about 4% pf the 

wood, making a total yield of 23%. Since only a 

small percentage was not precipitated by a single 

precipitation no further effort was made to recover 

this portion, and no study was made of it other than 
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to determine its methoxyl content, which was found 

to be much lower than that of the main lignin preci- 

itte. 
In a similar manner, lignin was reared from 

Western Hemlock using phenol as the solvent instead 

of benzyl alcohol, moi Lor mol, and hydrochloric aoid 

in the same concentration as before as the activator. 
The lignin was recipitated from the henoi solution 

by jeouring it into ether. 

third lignin was made by the use of 7O sul- 

furic acid in the manner mown as the Modified Forest 

roducts Laboratory procedure (18). sight grams of 

resin-free wood flour was added. to 80 ml. of 70 

sulfuric acid, reviousiy cooled in a stoerd flask 

to 1000. The contents of the flask were addeOE to 

3 liters of water, mixed well, and boiled 3 hours un- 

der reflux. The lignin was ailovea to settle and. the 

solution decanted through an alundum crucible. The 

residue was washed into the crucible with i liter of 

hot water, dried and weighed as lignin. Yield eual1ed 

40%. 

The cellulose residue from the benzyl alcohol 

extraction of wood was treated with sulfuric acid as 

described above, and a yield of l9.5 lignin was ob- 

tained. 
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Fractionation 

.L.pproxirnate1y 500 mg. samples of 1igiin (9-R-3) 

were weighed into tared. alund.um cruci'oles and ex- 

tracted. 16 hours on a Bailey-Walker extraction ap- 

paratus with the following solvents: butyraldehyde, 

carbon disulfide, acetone, chloroform, methyl alcohol, 

ethyl acetate, formic a.cid, dioxane, glacial acetic 

acid, ethylene glycol monomethyÏ ether, diisoarnyl 

ether, phenol and ethylene glycol. The material re- 

maining in the crucibles was washed with water, using 

suction, and then extracted. 4 hours, with ether, on 

the Bailey-Walker extractor, dried. and weighed.. The 

solutions containing the soluble portions were poured 

into tarea weighing bottles, evaporated to dryness at 

100°C. and. weighed. 

Determination of Methoxyl Content 

The method used for determining methoxyl content 

was that described by Clark (3). Approximately 10 mg. 

of the sample to be analyzed was weighed on an analyt- 

ical balance on a tared. piece of cigaret paper. The 

paper was folded. and rolled. into a compact ball, care 

being taken not to lose any of the weighed material. 

The sample, together with a bumping tile, was then 



1aced in the boiling flask of tile aaratus, which 

had. previously been charged with ,.5 ml. o± phenol 

and.. 5 cc. of constant-boiling hyLriodic acid (Sp. G. 

1.70). The flask ws connected to the rest of the 

aaratus which consists of scrubber containing a 

5 cadmium sulfate solution and. receivers containing 

lo ml. of a lO solution o potassium acetate in 

glacial acetic acid to which Six drops of bromine 

had been added. Carbon ôJoxid.e was asse through 

slowly and. uniformly and. the flask heated so that 

the vapor height was about half the height of the ir 

condenser. fter 25 minutes the heating was discon- 

tinueci and the receivers were washed into a 250 ml. 

rlenmeyer flask containing 5 ml. of 5% aqueous sod- 

juni acetate solution. The solution was diluted to 

125 ml. and about 18 dro1s of 90% formic acid was 

added and agitated to deodorize the excess bromine. 

One gram of otassiurn iodide was then added, followed 

by a few ml. of io% sulfuric acid. The iodide re- 

leased was titrated with 0.1 N sodium thiosulfate. 

The reactions involved are as follows: 
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R-CH -00H5+ HI -* 0H31 + R-CH-OH 
CHI+Br .- I Br '4- OH3Br 

2Br IBr * 3HO H103 - 5 HBr 

¿HIO + 10 Kl + 5 HSOq > 5 KSO + 61,..1 6 HO 

I, + 2 NaSO1 Na 
2 SlOh, -t- 2 N I 

From these equations it is seen that one euiva1ent 

of methoxyl (mol. wt. 31) is euiva1ent to 6 ejuiva- 

lents of thiosulfate. The percentage of methoxyl is 

given then by the formuls: 

31 x Ml. of Thio. x Norm. of Thio. 
x 100 

6 x ¿t. of Sample 

In practice it was found possible to run ¿s 

many as five .eterrninations with one charge of phenol 

and hydriod.ic acid. without loss of' accuracy. To avoid. 

a high result on the first d.etermination of a series 

i_t was found necessry to first heat the phenol nd 

hyd.riodic acid. alone with passage of Carbon d.ioxide 

for one-half hour to remove alkoxyl impurities in the 

chemicals. s a check on the accuracy of the method 

control determinations were run on pure vanillin at 

the start and finish of a series until it was apparent 

that this practice vas satisfactory. Data are shown 

in Tables I and. III. 



Combustion a1ysis 

Pr combustion analysis the apparatus used. 

was with slight modification that described by Natel- 

son and Brodie (16). The. essential parts are, in 

the order in which the gas passes through them: 

(1) an oxygen reservoir, (2) a preheater, (3) a bub- 

ble counter, (4) a purifying tube, (5) a combustion 

tube, (6) absorption tubes, and (7) guard tube. 

In the construction of the preheater and. coni- 

bustion tube pyrex glass tubing (10 mm. internal 

diameter) was used. The heating coils of both the 

preheater and combustion tube were made as an in- 

tegral part of each unit. The glass tubing was first 

covered with a sleeve of iron gauze to prevent ex 

pansion of the tubing in use. 3/16 in. ìnsulting 

layer of asbestos was then placed over the iron gauge. 

No. 26 Nichrome wire was then wrapped around the as- 

bestos. To obtain uniform heating it was necessary 

to wrap the Nichrome wire closer at the ends than in 

the middle of the heating section. The coils were 

finally covered with a section of pipe covering. A 

total of about 18 feet of wire was used and. when the 

two heating coils and a rheostat were connected in 

series and 110 volts applied it ms possible to obtain 
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ternperatures in ioth units just under the softening 

oînt of the g1as. 

The reheter was filled. with copper oxide and. 

since only carbon and. 1iydroen were to be d.eterrnined. 

only coer oxide was used. to fill the combustion 

tube. Carium oxide irnregnated. on jumice was used. 

as the catalyst. The oxygen reservoir ws mad.e from 

a ¿ liter fissI: by sealing a sto-cock to each end. 

and a manometer to one end. The manometer was cali- 

brated to read the volume of oxygen delivered after 

being filled from a cylinder. The purifying tube 

was a straight tube containing anhydrone at the in- 

let end and ascarite at the discharge end.. 

The moisture absorption tube was made from 

straight 10 mm. soft glass tubing. The barrel was 

divided into two chambers, a short (about i cm.) gas 

chamber at the inlet end, and an anhydrone chamber 

(about li cru.). These were searated by a glass mem- 

brame with a small orifice (about 0. mm.). Short 

ni1es were made from 3 mm. glass tubing by con- 

stricting them at 2 glaces to about 0. mm. and, fire 

o1ishing one end and enlarging the other for sealing 

to the barrel. After the barrel had been filled with 

anhydrone the nij1es were sealed on. The ascarite 

tube was made in the form of a U-tube (10 mm. internal 
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diamter) 11 cm. in height. ter filling with a 

few orn, of anhydrone at the discharge end and the 

remainder with ascarite, niles similar to those 

used on the anhydrone tube but longer, were sealed 

on and bent at right angles. The tubes were always 

asirated with dry carbon dioxide free air before 

weighing. The gaard tube was ari ordinary drying tube 

filled with ascarite and anhydrone. 

Combustions were run on ¿O mg. sarnles weighed 

into porcelain boats. fter being placed in the corn- 

bustiori tube the sample was slov1y heated with a 

quiet slightly yellow flame until only a black carbon 

residue was left. The flame was then made larger 

but not hotter. Corlete removal of the sample was 

usually aocomlished in ¿5 minutes. Throughout the 

heating oxygenwas allowed to flow at the rate of 

10-li ml. er minute, which rate was maintained after 

the heating to swee. out the tube until a total of 

600 ml. hd passed through after 55 minutes. rol- 

urne of 600 ml. of oxygen is more than the recommended 

amount but it was found necessary for this particular 

aaratus. Complete removal of moisture froni the 

combustion tube at the temperature allowed by pyrex 

required overnight washing with oxygen. The only 

practical operating procedure was to maintain a 
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balance between the moisture entering the coer 
oxide from the sample and. the moisture swept out by 

oxygen. It was found that below 500 ml. of oxygen 

the moisture absorbed is comparatively sensitive to 

variations in oxygen volume, while above 500 ml. of 

oxygen a comparatively large variation in oxygen vol- 

uine results in a small variation in moisture absorbed. 

Six hundred ml. of oxygen was selected as a safe 

amount to use. Data are shown in Tables II and III. 

Saonificat ion 

possibly presence of an ester linkage in ben- 

zyl alcohol lignin was tested for by attempting to 

saponify it. smple of the material weighing 

1.7 g. was refluxed with 80 ml. of 25% aqueous sodium 

hydroxide solution for 10 hours. The reaction mixture 

was extracted with about 100 ml. of benzene Z times. 

Then the benzene was evaporated, no oily droplets were 

visible in the water remaining nor would the residual 

1icid when mildly oxidized with hydrogen peroxide 

give a coloration with fuchsine aldebyde, indicating 

the absence of benzyl alcohol. The saonifioation 

was repeated using saturated alcoholic potassium by- 

droxide. The alcohol was evaporated off on a steam 

bath and. the residue mixed with water and extracted 
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with benzene ¿s before. igain there was no indica- 

tion of benzyl alcohol. 
A 

third saponification was 

run to determine the saonification equivalent. This 

time 500 mg. 0± lignin was refluxed with 50 ml. o±' 

1.125 N alcoholic sodium hydroxide. In another flask 

another 50 ml. of the alcoholic sodium hydroxide was 

refluxed without liin to serve as a control. fter 

2 hours 2 ml. of the liquid was titrated with standard 

acid using henolhthalein as indicator. The corrected 

titration value was 21.9 ml. of 0.0985 N acid. The 

saonifica tion euiva1ent was calculated as follows: 

500 
= 213 

50 x 1.125 - 50/2 x 21.9 
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III. DISCUSSION 

In Table I are shown the results of methoxyl 

and. yield. determinations obtained in the preparation 

of the lignin. It is to be noted that there is con- 

siderable variation in methoxyl content of the ben- 

zyl alcohol lignin from lot to lot. Lot l3- L-5 

was reared. by C. R. McCully (7). Evidently the 

methoxyl content is sensitive to slight variations 

in time, temperature or hyd.rochloric acid concentra- 

tion present as catalyst. 

Combining the methoxyl found. in the precipi- 

tated Hemlock lignin (la), the second. prscijitate 

(loi, and the cellulose residue (le), it is evident 

that only 64 of the lignin originally present in 

the wood has been accounted for. 

reasonable explanation for this, which also 

agrees well with the values found for the methoxy]. 

content of the lignin (other extraction methods have 

given s high as l7), is that the methoxyl ether 

linkage has undergone a considerable degradation dur- 

ing the extraction. This results in a degraded. hg- 

nm preparation, low in methoxyl. This is evident 

also in the case o Thite Fir. Such splitting off 

of methoxyl has been observed. by other investigators ÇÌD,2). 



The very low value for phenol lignin can be 

ascribed to condensation of heno1 with lignin to 

give a comound of much higher molecular weight (2). 

fter couaring lignin extracted from wood by 

various solvents, Hibbert (2) has concluded that the 

formula (OHò)5 C4 H3 O (OH) probably represents 

native li'n1n. He states further that during the 

extraction process there is a marked tendency for 

combination of solvent with one of the hydroxyls which 

is apparently more active than the other four; that 

methoxyls may be split off by hydrolytic action; and 

that nuclear condensation with the solvent may take 

place. 

The methoxyl content oi native lignin based on 

HibbertTs formula is l?.8. Iwer methoxyl content 

in the extracted lignin may then re&alt from any one 

of these three causes. Examination of the carbon 

content values obtained with benzyl alcohol lignin 

(Table II) leads to the conclusion that in this hg- 

min no combination has taken place with the benzyl 

alcohol. This was further borne out in the saponi- 

fication experiments previously described. 

If we accept Hibbert's formula for native hg- 

nm, the splitting off of one methoxyl group and. its 

replacement by hydroxyl will result in a product 
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containing 14.5% methoxyl; splitting off of two 

methoxyl groups, 11.0%; and the splitting off of three 

methoxyl groups, 7.5%. It would appear that the ben- 

yl alcohol lignin obtained in these experiments is 

probably a mixture of break-down products of native 

lignin, containing four, three, and possibly two me- 

thoxyl groups per molecule. 

with this view in mind it was thought possible 

that such a mixture 

ences in solubility 

which would contain 

cordingly, the benz, 

to extended solvent 

ent solvents. 

might be separated by the differ- 

into fractions at least one of 

a single type of molecule. .c- 

l alcohol lignin was subjected 

extraction using thirteen differ- 

Table III shows data obtained on the resolu- 

tion of benzyl alcohol ligûin into fractiis by sol- 

vent action. In every case but one, chloroform, it 

can be seen that the methoxyl content of the insola- 

ble fraction is greater than that of the soluble 

fraction. The partial solubility of the lignin in 

these solvents is proof of heterogeneity and. the 

corfelation between methoxyl content and solubility 

is significant of what the difference between the 

components of the lignin might be. It will be noted 

that the methoxyl content values of the residues 



(insoluble fractions) ía11 into two air1y distinct groups. 

In group I the methoxyl content varies from 12.O to 

and. averages 12.25%. Thile in group II it varies only from 

14.1% to 14.3> and. averages 14.22%. This rather sharp 

d.ivision suggests the presence in the original lignin of 

at least three different compounds, having methoxyl con- 

tents of 14.22%, 12.25% and a value below 12% to account 

for methoxyl in the original lignin. However, the weight 

values for the residues do not bear out the conception 

that the residue is one of two compounds, unless it is 

assumed that in the case of the 14.22% methoxyl lignin 

some of it had been dissolved - ûd that long enough ex- 

traction would dissolve it all, and that in the case of 

the 12.25% methoxyl )ignin some of it had been dissolved 

as well as all the 14.22% methoxyl lignin. In other 

words some solvents dissolve the low-methoxì1 compound 

leaving the highmethoxyl compound while others behave 

just oppositely. This har seems possible. 

In spite of the failure of the residue weight 

value to support the idea that the residues are identical 

to one of two compounds, the methoxyl values for the 

residues present a comparative uniformity when contrasted. 

with the a ssortment of values found for the extracts 



(soluble fractions). These variations are accounted 

for in part by reaction of ligin with solvent. It 

should be pointed, out that the method used. for deter- 

mining "methoxyl content" is not limited to methoxyl 

groups but is affected by other alkoxyl groups. Thus 

the solvent can affect the metbo:çîl analyses in two 

ways: by introducing alkoxyl groups; and by increas- 

ing the molecular weight without introducing alkoxyl 

groups. 

Ptrther evidence of similarity in the residues 

as compared with the extracts 

and. hydro'en composition. The 

in the residues is 4.6 and in 

The variation of > hydrogen in 

is seen in the carbon 

variation of carbon 

the extracts, 6.6Á. 

the residues is O.83 

and in the extracts, 1.38%. 

Although the data show the residues to be more 

uniform than the extracts, it is evident that no 

resolution of benzyl alcohol lignin into single corn- 

pounds can be accomplished by simple solvent extrae- 

tion. Further attempts to learn more about this sub- 

stance by fractionation should employ some other 

technique. 

Table 1V shows the balance between the weight 

and methoxyl content of the original lignin samples 
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an the combined weight and. methoxyl content of the 

frctions. The aethno1 and. formic acid combined 

rieights were iow owing to spattering óuring the 

evoration. Phis cn 1so account for the low corn- 

bined methoxyl contait of the formic acid fractions. 
The excess combined weights in the cases of butyral- 
dehyLe nd acetic acid re undoubteJy the result 
0± reaction between these solvents and lignin. The 

butyraldehyde residue was a light yellow color in 

contrast to tue original pinkish bron of the lignin. 
lthouii in the cases of methanol and. ethylene glycol 

rnonomethyl ether (ceilosolve) the source of additional 
methoxyl groups is obvious, the almost universally 

high combined methoxyl content is hard to explain. 
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nl. SUMRY 

A discussion has been resented. to point out 

why there is an interest in the nature 0± lignin anO. 

the Lcieaning of the term Tt1jgnint. enera1 methods 

of isolating and d.eterminin liin have been de- 

scribed. The present status o± our ]ow1edge of the 

chemistry of lignin has been discussed. 

Benzyl alcohol linin has been prepared and. 

subjected to solvent extraction. The fractions ob- 

tamed and the original lignin have been analyzed 

for carbon, hydrogen and methoxyl content. Results 

so obtained indicate that benzyl alcohol lignin is 

a mixture o.± substances and is a degradation iroduct 

of native lignin. Solvent extraction did not serve 

to resolve benzyl alcohol lignin into pure substances 

that could be idntifled. 



TABLE I 

MISCELIfOUS ITHOLYL ÀTD YIELD TE1LLITATIOTS 

Yield 
1. Benayl Alcohol Lignin a of wood a Methoxyl 

from Western Hemlock 

(a) Lot 9-R-3 20.0 12.05 
(b) lot 6-R-6 1.0 13.3 
(c) Lot 13-A 1-5 21.1 11.1 
(di 2nd .reciitate 

(Lot 9-R-3) 4.0 9.37 
(e) Cellulose Residue from 

Lot 9-R-3 53.0 0.83 

Z. Benyl Alcohol Ligriin 
from Thite Fir 

(a) ist reciitte 20.3 15.4 
(b) 2nd 1.5 12.22 

3. 70% H2SO4 Linin from 
Western Hemlock 10.5 

4. .heno1 Ligriin from 
Western Hemlock .8l 

5. Wood. Flour 

(a) Western Hemlock 
(b) White Fir 

5.07 
5.16 

The above methoxyl values are in ail cases the 
averages from several determinations. 
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TABL& II 

MISCTLLANE0US CARBON AND KYDR0GÎ D.TRLiINATI0TS 

1. Hemlock good. Flour 

2. Benzyl Alcohol lignin, 
6-R-6 

3. 70% HSO41ignin from 
Hernio ek 

4. .heno1 Lignin from 
Hernio ck* 

5. Benzyl Alcohol Lignin, 
13-A L-5 

6. Sucrose 

7. Vaniliin 

48.9 6.17 44.93 

64.0 6.8 29.6 

58.6 

53.8 

62.0 

42.05 

62. 9 

6.6 35.14 

6.44 39.76 

5.55 32.45 

6.72 51.23 

5.38 31.72 

*Single determination; other values are averages 
of several determinations. 



TABLE III 

FRACTIONATION OF BENYL ALCOHOL LIGNIN 

ram Gru Grus Roiduo ract 
Solvent of of of % Yo % % % 

------- --- LininResiduectrac1 LIethoxyl CH O Methoxy C H O 

1. Butyraldehyde .5433 .4102 .2034 12.2 63.9 5.86 30.24 7.95 65.0 6.63 28.37 

2. Carbon disulfido .5123 .4963 .0109 12.4 62.8 5.92 31.28 - - - - 

3. Acetone .5O8. .4051 .1035 12.9 63.0 6.11 30.89 10.1 61.3 5.77 32.93 

4. Chloroform .5187 .4328 .1055 12.0 61.1 5.97 32.93 12,2 65.6 6.03 28.37 

5. Methanol .5010 .3851 .1010 14.1 64.7 5.73 29.57 10.1 57.7 6.24 36.06 

6. Ethyl Acetate .5037 .4065 .1164 1'h3 64.5 6.10 29.40 8.97 64.2 5.33 30.47 

7. Formic Acid .5104 .2159 .2452 14.3 65.7 5.34 28.96 10.3 60.7 5.25 34.05 

8. Dioxane .5074 .2519 .2520 14.3 65.3 5.69 29.01 11.0 59.5 5.36 34.64 

9. Glacial Acetic Acid .5113 .1863 .3452 13.5 63.6 5.34 31.06 9.97 60.9 5.70 33.40 

10. Collosolve .5132 .1692 .3492 16.6 54.1 5.82 30.08 15.3 60.6 6.01 33.39 

11. D1soamyl ether .4862 .4540 .0313 12.4 6.0 6.02 29.98 - - - - 

12. Phenol .5142 .0000 - - - - 8.00 72.8 5.63 21.57 

13. Ethylene Glycol .5797 .3052 .2666 14.1 62.8 6.17 31.03 10.40 59.0 5.80 35.20 



TABLE IV 

V'EIGHT AND IHOXYL CONTT BAlANCE 
-.----- ------- 

Methi1 
Grams x V? of x W of x Th of Stun. 

Solvent Qf 
_ 

Edraot L.gnin Residue c-traot Col. 4 Col. 5 

-- --- 
Lignin 

---- 
mg. fflße --- .2:.ns 

1. Butyraldehyde .5433 .6136 5.4 50.0 16.2 66.2 

2. Carton disulfide .5126 .5072 61.8 61.5 - - 

3. Acetone .5081 .5066 61.2 52.3 10.4 62.7 

4. Chloroform .5187 .5383 62.5 51,9 12,8 64.7 

5. Methanol .5010 .4861 60.4 54.3 10.2 64.5 

6. Ethyl Aoetate .5037 .5229 60.6 58.1 10.4 68.5 

7. Formic Acid .5104 .4611 61.5 30.9 25.5 56.4 

8. Dioxane .5074 5039 61.2 36.2 27.7 63,9 

9. Glacial Acetic Acid .5113 .5315 61.6 25.1 34.4 59,4 

10. Cellosolve .5132 .5184 61.8 28.0 53.4 81.4 

11. Dsoarnyl ether .4862 .4853 58.6 56.0 - - 

12. Phenol .5142 - 62.0 - - - 

13. Ethylene Glycol .5797 .5718 69.8 43.0 27.6 70.6 
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