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INTRODUCTION AND HISTORICAL

General Definition of Lignin

Plant or woody tissues consist prinaigaily‘&r cellulosge,
hemicelluloses, lipgnin, and small smounts of such constitu-
ente as asgh, resins, gums, tannins, and proteins. The
cellulose and hemicelluloses (pentosans, hexosans, ete.}
are polysaccharides, while the lignin represents the non~
carbohydrate portion of the plant. Approximately 254 of
wood is lignin (35}, an organic material which is present in
the cell walls of the plant (8, 14, 81).

To the chemist, lignin represents the high molecular
weight, non-carbohydrate portion of the celluler tissue after
it has been freed of tannins, resins, and gums. It is very
resistant to the usual carbohydrate hydrolysis but is scluble
in hot alkali sulfites and insoluble in concentrated aeiéa. 
It can be Turther defined as that portion which contains
methoxyl groupsg and aypréximataly £20% more carbon than the
carbohydrates. The presence of methoxyl groups has usually
been considered ag one of the most lmportent charscteristioes
of the lignin molecule.

To the botaniet, lignin represents that woody or ligni-

fied cellular tissue abundant in the plant kingdom. By



 1ignified cellular tissue, the botanist means those tissues
which show no customary eellulose reactions and which are
ingoluble in ammoniacal cuprie hydroxide. Lignin is the pre-
dominate substance in the iignifiéﬁ ¢sllular tissue.

The chemistry of lignin is at the present time in a
state of considersble doubt and uncertainty. Among the most
obsoure plant constituents, lignin occupies a most prominent
place. Thig substance or mixture of substances is character~
ized largely by the method of preparation, ss well as by the
presence of certain characteristic groups, viz., methoxyl
and hydroxyl groups,

The methods of lignin preparation are based upon (a) ite
dispersion in dilute alkali solutions, (b) its insolubility
in concentrated acids, such es 64-80% sulfuric and 424 HC1,
and (¢} its combination with certein organic solvents, such
as phenol, methoxy glyccl, and other hydroxylie compounds.
411 investigatore agree that it iz most unlikely for the
lignin to be separated from the wood in ité original condition.
¥any support the view that lignin is chemically cambinéﬂ‘wiih
the cellulose, either in the form of sn ester-type union
between an acidic group in the lignin and a hydroxyl group
of the earbohydrate, or an ether-type linkage between the
lignin and the cellulose or other carbohydrates. Just what
changes oocur during isclation sare unknown at the present

tinme,



e bt
The Question of the Existence of Lignin

The question as fto¢ whether lignin exists pre-~formed in
the woody tiessue or alternately arises from gimpler types
of molecules during the extraction process is still an open
debate. Investigaters, in general, have considered lignin
to be a substance pre~formed in the woody tissue, which is
altered to a considerable extent by the extraction process.

- Recently, there have aypegraé~e&r$ain gsontributions by
Hilpert and sssoclates (15-23) which have tended to gquestion
the validity of the time~honored ideas on the distribution
and properties of lignin. He has pointed out that vari@ng
sugars (fructose, pentose) give, on prolonged boliling witﬁ"
acids, dark colored gompoundas which have properties similar
to lignin, especislly their insolubility in concentrated
&Gi&ﬂik This fact was interpreted by Hilpert as indicating
that the origin of lignin should be looked for in the inter-
action of certain, unknown as yet, methylated sugars @ith
the acid used in the preparstion of the lignin.

It has long been recognized by almost all invaﬁtiga%&rg
that in the preparation of ®scid lignin" s short period of
trﬁatm@ntvgua& sufficient to hydrolyze the carbohydrates isg
gssential; continued contact with the concentrated acid will
result in the caramelization of some of the dissolved carbo-

hydrates. In some cases this process was believed to lead to
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the formation of *synthetic lignin" (13). The similsarity of
the "synthetic lignin® to the nstural lignins %ﬁg shown by

(a) its resistance to hydrolysis with 72% sulfuric acid,

(b) its solubility in sulphite reagent after chlorination,

(e) its ultra violet absorption speoctrum, éﬁ& (d) its faéaaiﬁg
value.

Hilpert (17, further suggested that his proof of the
non-existence of lignins in plant materials is aabﬁtantiataé
%y the fact that on treatment of stiraw wit§ a@idﬁ at a very
low temperature (~129), practically all the organie matter
was brought into solution. On ﬁiluting_tha.sxtr&e§ with
water, a flakly precipitate was obtained, amounting to
8~20% of the total material in the case of straw, and to
 49-50% in the case of %aeﬁ; on treating the latter with
concentrated aeid at room temperature, a product was eﬁﬁaiaaﬁ
which gontained 61% ¢arbon and 17,?%rmgﬁhaxy1, nanely &
substance which showed characteristices of lignin. This fact
was interpreted as indieating that lignin is produced by the
action of acid on certain carbohydrates originally present
in the plant materisl, bhrought into solution at the low
temperatures, and transformed into lignin at room temperature.

Btoreh (36), however, has shown that a part of the lignin
in beach wood is soluble in a&iﬁ (64% gulfurie) and is‘pre§1§~ 
itated out on dilution with water. The methoxyl content of

the insoluble and soluble portions of the lignin is practi~



cally the seme, pointing merely to a difference in the solu~
bility of some of the lignin but not in its chemicel nature.
The acid soluble portion of the lignin was also soluble in
ceold sodium hydroxide, pyridine, and aqueous aaetana. A
gsimiler amount of lignin gaaid be dissolved out directly from
the wood by treatment with 5% sodium hydroxide.

Wedeking (41) tr@&teﬁ wood flour with Schweitzer's reagent,
(which dissolves the cellulose) and obtained a lignin prepar-
ation whiech was not different in“appaaranaa and chemiecsel
properties from the iignin gre?ara& by treatment with acids.
This led Wedekind to ﬁaacluéé that the existence of beech
wood lignin was beyond any question.

Waksman and Cordon (37} have made a stu&y‘af the yield
and chemieal nature of lignin prepared from wheat straw by
4treatment with concentrated sulfuric acid at different
teﬁperatureﬁ, with and without preliminary treatment with
dilute acid. They concluded that the hydrolysis of the
¢arbohydrates was~iaGQM§leta at the iﬁwer tamparatura,l&ma
that this in@émylete hydrolysis tended to mask the chafaatarw
istic pra§értias of the lignin. When lignin obtained from
straw at 2° C. was again treated with the same aeoid a2t room
temperature, the same yield of both lignin and methoxyl was
abtéinedf&s by the single treagm&at of a straw with acid at
room temperature. Preliminary treatment of the straw with
dilute acid, however, did reéﬂaé the lignin yield. This was

probably due to the destruction of some hemicelluloses,
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which would otherwise remain with the acid lignin residue.
The necessity of hydrolyzing the carbohydrates and hemi~
¢elluloses with dilute acid before the determination of
lignin has long been recognized and has been utiliged in the
standard methods of analyses. These facte led Waksman to
conclude that Hilpert's theory of the formation of lignin
from carbohydrates during the isolation process had no

foundation.

Practionation of Lignin

Hany investigstors have considered the problem of the
axistence or non-existence of lignin pre-formed in the woody
tissue as of secondary importence compared with the study of
the constitution of lignin as it comes to hand. Early
investigators in this field seemingly assumed their products
" to be homogeneocus, and upon this szsumption based their
studies and their conclusions.

It mas found, however, that the lignins isolated by
various hydroxylie camy@uﬁﬁs in the presence of catalysts
were easily fractionated by various organie solvents., The
fact that these fractions, so obtained, were found to differ
gongiderably in structure and properties, indicated that the
previously reported lignins were mixtures and not homogeneous

~products.
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(3, 27, The Alkali Lignin B had a methoxyl eontent of
14.0% and was present in considerable guantity (20%). 4
molecular weight of 1244, or CgyHyy0.,, was deduced for the
Alkali Lignin &rfram methylation ﬁxpﬁrimaﬁta using diago-
methane and dimethyl saifa%a. The Alkali Lignin B seemed to
have a melseular'waight.af 1996, or an expanded férﬁula of
Glﬁgﬁi0?637. These empirical formulas for Alkali Lignin A
and Alkali Lignin B were considerably larger than the formula
for the "native building unit® postulated by Brauns and
ﬁi&bert (5). The authors stated that their results indieated
clearly the more complex character of alkali lignin in
aemparisaﬁ with lignins extracted by corganiec solventis, eg., .
methanol lignin (5). |

Hilpert and Wisselinck (82) have reported that frﬁcﬁaae
and xylose, when treated under conditions similar to those
used by Hibbert and so-workers for the iscolation of lignin
products by use of phenol and HOl, ohange into substances
which in composition and properties are very éimilar to those
obtained by treatment Qf plant materials witn gtronger ginerai
aei&s.' Hilpert maintains that the action of pbenol and
dioxane on lignin haé been underestiimated, and that the
sensitivity of the sugars to thege last two named reagents
hag been overlooked by Hibbert and his co-workers.

Phillips (29} igolated two 1ignin fractiong from oat

hulls by extracting them successlively and exhaustively,
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first with 2% alcoholie scdium hydroxide solution at room
temperature, and then by refluxing with 4% aqueous sodium
hydroxide solution. All the resulte sgree with the formule
Czgtiz109(CCH, ), (CH), for the first lignin fraction and
C3glipg0g(0CH,), (ON), for the second lignin fraction. The |
lignin fraction isclated by the alecoholic sodium hydrexide
method wes found to have the same composition as that iso-
lated from c¢orn cobs by the same method, namely, 043345015*
In the lignin fraction isclated from corn cobs, however,
four hydroxyl and three methoxyl groups were shown to be
present, whereas the results on the lignin fraction isolated
from oat hulle indicated the presence of three hydroxyl anﬁ:
four methoxyl groups. |
FPhillips and Goss (31) isal#t&d twe fractions from’
barley straw in the same menner as described above. The
lignin fraction isolated by use of alcocholic HaCH had five
hydroxyl and four methoxyl groups, while the fraction
isolated by the agueous NalH had four methoxyl and four
hydroxyl groups. There wag alsc a slight difference in the
number of carbon snd hydrogen atoms of the two frasctions.
Phillips and Goss (30) have fr&aticnéted oat straw into
three fractions by successive treatment with 2% alcoholic
HaCH at room temperaturse, refluxing with 4% aqueous ﬁaﬁH;
end finally tresting the residue with fuming HCl. The first

and second fraction both contained four metheoxyl and four
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hydroxyl groups. The third lignin fraction contained higher
percentage of carbon than the ‘others but the same percentage
of methoxyl.

Sarkar (34, treated Jute lignin with acetone in the
presence of Pg0g at & temperature below 10° C. The material
that he obtained was no longer soluble in dilute NaOH. He
postulated the view that tﬁia acetone condensation product
was probably s cyelic compound and indicsted the presence
of two hydroxyl groups in the o-position in the benzene ring,
which was formed by the cleavage of the methylene dioxide

group present in the lignin molecule.

Statenent of Problem

| The preceding discussion has brought out the follé@ihg“
points:

1. ihﬁ uncertainty as to whether lignin exi#ts as &
definite entity in the weoody tissue or is a product formed
during the extraction process has been indicated.

2. The improbability of isolating unchanged lignin from
the woody tissue is still apparent.

3. The homogeneity of en isolated lignin depends apon
the gource of materisl, method of isolation, and the
technique used by the investigator.

4, The hitherto reported lignins indiocate that they are

mixtures and can thus be fractionated by organic solvents.
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5. Thege fractionated lignins vary considerably in
structure and properties.

The first three points seem to be fairly well established
by the data already guoted. To test the validity of the last
two parts, on a lignin isolated from ost hulls, was the
purpose of the present work. This work continues the
jinvestigation begun by Walde (38).

The a%parimentai part divides itszelf into three main
sections: -

A, The preparation of various lignins.

B. The fractionation and alkaline oxidation of the
isolated lignins.

C. The preparation of methylated and saponified deriva-

tives of wvarious isolated ligniﬁsg



EXPERIMENTAL

The Preparation of Verious Lignins

The ammonie lignin was prepsred from ocat hulls according
to the procedure of Walde and Mixon (40). The eanalytical
resultes of the isolated product compared favorably with the
results reported bty these authors. The analyses, caloulated
on the esgh-free bagis, are: (€, 68.4; H, 6.6; OCHg, 11.5;
esh, 7.7. Analyses of Walde's ammonie lignin, caleulsted
on the ash~free basis, sre: C, 63.8; H, 6,02; seﬁs, 13.1;
ash, 3.7.

Oxidized lignins may be prepared by two different

methods., To differentiaste these two lignins and their
derivatives, appropriats abbreviations have been used
throughout the thesis. A list of these abbreviations is
given in Table I. |

first method used to prepare an oxidized lignin was as

follows: 1780 grams of alr-dry acid-hydrolyzed oat hulls



2.

De

7. &

Iodo~carboxy lignin # I
Iodo~carboxy lignin & II . .

Bromo~carboxy lignin # II.

9. u* .
10. ai* .

18w
Table I
List of Abbreviations Used in the Thesis.

» » Lignin prepared from acid-hy-

drolyzed oat hulls by use ef
HaOl. Also labeled I,C.L. L

lignin preparsd from ammonia
lignin by use at Kaﬁz, Also
labveled I.C.L. i ‘

. lignin prepared from ammonia

lignin by use of ﬁuﬁﬂr. Also
l&halﬁ& Er.u‘L. ;{ z;

-iode~carboxy lignin, prayaraé

from acid-hydrolyzed cat huils,
re-oxidized with NaOI.

the preceding product re-
oxidized with NaCl.

acgetone insoluble fraction
of the iodo-~carboxy lignin
prepared from aaiﬁ»hy&raiyzﬁd
oat hulls.

acetone soluble fraetian of
the icdo~carboxy lignin pre~
pared from the acid-hydrolyged
oat hulls.

acetone insoluble fraction

of the iodo~carboxy lignin,
prepared from acid-hydrolyzed
oat hulles, which was re-
oxidized with NHalOI.

the exponent X represents the
number of times methylation
wasg performed by Urbants (1)

" method (33).

the number x represents the
number of times methylation
wag performed by the diazo-
methane (d4i).
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were treated with 18 liters of cold 4% NaOH. After the
solution was allowed to stand overnight, it was filtered by
suction using s Buchner funnel containing a cloth filter. |
To determine gquantitatively the theoretical smount of fodine
needed to agiﬁiza the elkeline lignin solution, 10.00 ce.
portions of the alkaline lignin solution were treated with
20.00 oe. of 0.84 Io~EI 5elu&§éa, according to the procedure
of Goodwin (11), and the excess I, titrated with standard
Hag8,0,.. The excess iodine titrated in three samples,
expressed in ec. of 0.1014N Nag8y0s, was £0.55, 20.20, and
20.,40. The titration of the blank was equivalent %o 42.70
ce. of the C.1014N Na.S,0,. The lignin in 10.0C cc. of the
alkaline solution therefore required 22.40 co. of G;iﬁlg§ 
&agsggﬁ.

From the above result a caleulated amcunt of 317 grame
of jodine and 418 grams of KI, dissolved in two liter of
water, were added with vigorous stirring to 11 liters of the
alkaline lignin solution during a twe hour period. The
golution was allowed to stand overnight. Vhen the bxidation
was complete a known smount of the mixture was tested for
the presence ¢f freoe jcdine by acidifying the salatian. The
alkeline lignin solution was heated to 559 €. and econcentrated
HC1 wag added, with vigaraasystirring, until the solution
was slightly acid to litmus. The precipitated lignin was
filtered by suction and washed free of halides. A 15% yield
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of the slr-dry oxidized lignin was obteainsd; the csleulationsg
were based on the air-dry, acid-hydrolyzed ocat hulls. The
freshly prepared oxidized lignin liberated COg from a ﬁaﬂc§$  '
golution and thus indicated the presence of a carboxyl group.
Walde (28) showed that the jodine was rirﬁiy pound to the
lignin molecule. For convenience of reference the lignin
prepared from the acid-~hydrolyzed oat hulls has been tenta-
tively designated as lodo-carboxy lignin # I. Analysis:

C, 44.85; H, 4.3; OCHgy, 9.63; ash, 0.18; Iy, 11.4. The
lignin wag insoluble in petroleum ether, ethyl sther,
chloroform, lactic acid, and o-nitretoluene; slightly soluble
in dioxane, ethyl aleohol, and isopropyl aloochol; it was

partially scluble in methyl alechol asnd scetone.

: The second method
used for the pragaratian~af an oxidized lignin was the |
oxjidation of the isolated ammonia 1igﬁi$;by use of HaCI,
aceording to the procedure of Walde and Hixon (40). The
Nall oxidation velues on three samples of the amﬁénia‘lignin,
obtained by the method described by Welde (38), were 187.5,
188.3, end 187.& respéctively* These latter values, ex~
presses in ce. ¥/10 iodine per gram of lignin, are in
agreement with the average oxidation value of 188.0 cobtained
by Walde.

A 75% yield of the oxidized lignin was obtained by
this procedurs. The lignin thus prepared by the oxidation



of the ammonia lignin has been tentatively designeted ss
jodo-garboxy 1lignin ¥ II. Anslyses: ¢, 49.20; H, 4.41;
OCHg, 7+4; Ip, 14.4; ash, 0.0. The freshly preparad prodnct

was completsly soluble in 107 ¥aOl, 5% HUaglOly, and 5% NallCOg
solutions; pariially soluble in dioxans and scetons; and

insoluble in ether, methyl and ethyl eleohol, earbon tetra-

chloride, snd ethyl sostate.

the iodo-gavboxy lignin / I could be further oxidized by
HaGI. A weighed semple of the icdo~carboxy lignin # I was
placed in o 250 co. lodine fleek, snd 10 cc. of water were
added to facilitate dispersion. To this dispersed sanple
wore ndded 25.00 eo. of 1 } Helll sclution. After solution
had been complete, BC.LC oo. of G § Ip=il solution wers
addad, using the Qf&ﬁ&&%i@ﬁﬁrraﬁﬁﬁﬁﬁﬁﬁﬁﬁ by Goodwin (11).
The flask was stoppered inmediately and sllowed to stsnd
the allotted time for oxidation. To the salkeline lignin
gélaﬁsﬁn,ﬁare added E5.00 go. of 8 B Holly,, and the lidbersted
Ip wes titrated with standard sodium thiosulfate. Starch
wae used as an indieator. The results are shown in Table II.
The time of oxidation 414 not meenm to bring about say appreci-
sble chenge in the oxidation values.

It was found, however, that if there were a preliminery
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Table II

The effect of time on the NaOI oxidation
of iodo-gcarboxy lignin # I

¥4, of Time Excess eec. of | oc. N/10
oxidized of NagSe0sz 0.1014% iodine
lignin oxidation cC. Ne 8 O per gram
(1.C.L.I) hours 223 of lignin
g. oo , , oo s
0.2018 24 £9.50 15.18 67.18
0.2114 24 28.80 13,85 67.556
0.1806 48 30,75 11.90 64,37
0.1212 48 - 30.60 . 12,08 64.98

heating of the alkaline, lignip-~conteining solution at $
varions elevated temperatures for a one-half hour interval
before the addition of the I,-KI solution, the oxidation
value increased from an average of 65.0 to 154.0 ce. of
N/1C iodine per grem of lignin. The results of thess exper-
iments are indicated in Table III. Consistent oxidation
values were obtained at both the 1C0° =nd 120° C. temperatures.
The theoretical amount of Iy and KI necessary to re-
oxidize 10.0 grams of the iodo-carboxy lignin # I was
ealeonlated from the average oxidation value obtained from the
latter series of sxperimente. Ten grame of the ia&emearﬁoxy
lignin # I were dissolved in 65 cc. of 5 N HaOH and heanted to
1009 ¢, for one-half hour. The iodine~potassiom iodide



Table III

The effect of temperature on the NaOI oxidation of ijodo-carboxy lignin # 1.

Wt., of Temp. of  Time of Time of Excess T ec. T ee. N/10
oxidiged - heating heating oxidation NagSo0x 0,1023 K iodine
lignin °c. hours hours ea, - NagSg0g per gram
(I.C.L.I} ‘ of lignin

0.2232 120 0.5 0.5 20.85 53.35 153.8
0.2206 120 0.5 0.5 20,90 33,30 155.2
0.2186 100 0.5 CoB 21.65 32,55 183.0
0.2164 100 0.5 0.8 - 28,15 52,05 152.4

0.2140 106 G5 0.5 B21.80  32.40 154.8

-2~
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solution was added drop-wise with sheking and the stoppered
sclution allowed to gtand for three hours. The isolation of
the re~oxidized product was then carried out in the usnal
manner. This product has been tentatively designated ss
re-oxidizedt iodo-carboxy lignin # I (re~ox.l 1.G.L. # I).
Yield, 8.0 g. 4Analysis: C, 48.7; H, 4.74; OCHgz, 8.5; Ig,
14.8; ash, 19.5. During the NeOl oxidation of the iodo-
carboxy lignin # ]I iodoform ecrystals were cbserved. The
crystals were later charactorized and identified as previocusly
reported by ¥alde and Hixon (40).

Oxidation of the re-~oxidized jodo-carboxy lignin # I.

The isolated re-oxidized icdo-carboxy lignin # I (OCHgz, 8.5)
wae found to heve en oxidation value of 44.7 co. N/IC iodine
per gram of lignin. The effect of time on the NaOI oxidation
of the re~oxidized icdo-carboxy lignin # I 1is shown in

Table IV, It is evident from the table that an inocrezse in
the time of oxidation did'nat bring about an increase in the
oxidation value, but tended toward a lower value.

The re-oxidized lodo-garboxy lignin # I (OCHx, 8.5) was
again oxidized with the calculated amount of I ~KI aﬁd iso~
lated in the usual manner. A 20% yield was obtained. The
twice oxidiged 1ﬁdawe§rwaxy lignin, tentatively assigna%éd
as re«axi&ixa&g iodo~garboxy lignin # ;‘(reuag‘g‘l.g.&, # 1),
had & very low oxidation value and was not further re-oxidigzed.

Analysie: O, 47.5; H, 3.9; O0CHz, 7.5; Ip, 15.7; ash, 19,1.



B B
Table IV

The effect of time on the NaOI oxidation
of the re-oxidiged iodo~carboxy lignin # I.

~Wt. of T Time  Excess ec. of  ec. §/10

re—~oxidized of NagSg0lxn 0.10148  iodine
lignin oxidation e, NagSq0x per gram

8. _hours e of lignin

0.1786) p 54.08 8.08 46.72
0.2060 2 3,80 9.33 46.70
0.2053 4 33.75 8.38 42.34
0.8C80 48 53,45 8.68 44.3
0.8010 | 48 _B3.58  8.55  43.9

The sodium hypo=-

bromite oxidation values on the ammaaia431gaiﬂ were obtained
in'a,manner»aimilar to the values obtained by the NaOl axid-
ation proeedure. There were, however, a few variations. The
procedure was as follows: 10 co. of water were added to a
weighed lignin sample which had been placed in a 280 ce,
fodine flask., Twenty five ce. of 1 N NeOH were added and the
mixture shaken til1l1 dispersion was complets. To ths'alkaliﬁﬁ :
lignin solution were added 50.00 c¢o. of HaOBr, which had beén
prepared according to the procedurs of Kolthoff (24). The |
flask was stoppered immedistely after the addition of the
slkaline hypobromite solution and allowed to stand for ten

minutes., About two grems of KI were added to the solution,
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after which 25.00 cc. of 2 ¥ Hpy80, were added. The liberated
lodine was immedlately titrated with standard NapSpgls using
starch as an indicator. A blank was also abtaineé}using the
sbove standardized procedure. The excess cc. of godium
thiosulfate used in the lignin titration were subtracted from
the ce. of thicsulfate used in the blank £a give the number
of co. used in oxidizing tha,waighaé lignin sample. The
results of the effeet of time on the NaOBr oxidation @f
ammonia lignin at room temperature are shown in Table V. It
is evident from the teble that an increase in time of oxida-
tion did not bring about an inoremse in the oxidation value.

Table V

The effect of time on the NaOBr oxidation
of ammonias lignin at room temperature.

Wt of Time  &Lxcess  ce. of  ©6. N/1D
ammonia of NagSs0y 0.10148  bromine
lignin oxidation = Cec. Ha 8504  per grem
g bowrs 0 ""7 of ligmin
0,1925 1 ©.95 44.88 240.4
0,.1912 1 1.10 44.73 241.1
0.1898 2 0.80 44,93 244.1
C,15082 ] C.85 44,98 243.8
¢,1898 4 C.T0 45.13 £45.2
G. 1943 18 C.65 45.28 ' £239.8
0.1987 18 C 80 45,83 £242.0

0,1951 18 0.65  45.28 238.7




It was found that when there was a preliminary heating
of the alkaline lignin-containing solution to 80° and 100° C.
for a one~half hour interval prior %o the a&ﬁitien‘af the
NaCBr soluticn, the exidation values at tﬁaé& two temperatures
were practically the sems, namely, 242.0. This latter
figure was found to be in close agreement with the results
ubtaiﬁed by the HaOBr oxidation of the ammonia lignin at
room tempersturse (?ahle:V);

' The NaOBr oxidized lignin was prepared according to the
faliawiﬁg procedure: five liters of N/2 NaOH solution
containing 60 cec. of bromine were stirred until all of the
bromine was dissolved. Twenty-eight and one~half grame of
ammonia lignin, whieh had ba@n‘wall dispersed with water,
were added slowly to the weii»atirreﬁ alkaline hypobromite
solution, and the solution sllowed to stand overnight. The
lignin was then precipitated with concentrated HC1, filﬁéiéa,
and dried in the usual manner. Yield, B.2 grams. Analysis:
C, 46.1; H, 6.2; OCHz; 2.3; Brp, 29.1; ash, 18.5. The lignin
prepared rraﬁ the ammonia lignin by NaOBr has been tentatively
designated bromo-carboxy lignin # II (Br.C.L. # II).

Qxiﬁétiﬂn values on the isolated bromo-sarboxy lignin
# 11 were obtained in the same manner as described above. The
oxidation value decreased from an average of 242.0, as obtained
on the ammonia lignin, to 68.0, the value obtained on the

isolated bromo-carboxy lignin # II. The time of oxidation
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made no appreciable difference on the HaOBr oxidation value
of the isolated bromo-ecarboxy lignin # II.
4 sohematic summary of these various lignin preparations

ere shown in Disgram I.

Air-dry ammonia lignin (22.5 g.) was exhaustively

extracted with acetone for 9 hours in a Soxhlet extractor.
The ﬁérk eolored solution was replaced b§ fresh acetone until
the extractant liquor was colorless. The acetone soluble
fraction was then concentrated by vacuun digtiligtiunAand
allowed to evaporate to dryness. The gummy~like residve wasg
dissolved in NH40H and slowly heated to 40° C. Concentrated
HC1 was added to the holt ammoniacal solution until slightly
scid to litmus. A light brown fleceulent lignin was yraeipw
itated. The lignin was filtered, reﬁiééolvea, and reprsaipi—
tated in the above mannsr. OCare was exercised in precipitating
this ligniﬁkfraatieﬁ 80 thet the temperature did not rise
above 50° §. On the addition of the goncentrated HC1 to the
ammoniacal solution heated to higher temperatures, the lignin
aaa;eaeaﬁ and became a heavy, hlaek; gummy mass. The acetone
soluble frﬁetiém {sir-dry) weighed 6.5 grams, whereas the

- acetone insoluble fraction (air-dry) weighed 12.1 grams. A
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Diagram I

Diagrammatic summary of
- various lignin preparations.

Oat ﬁulls__;ml__, Agid-hydrolys
Pat Hulle

; 35,;051‘ He0I
Ammonia L gnin
Ocﬁs, 11, 5 \
o HaOI
Ha(QByr \ o N 25331'
| ¥ v
Br.C.L, # 11 Re~ox.- #

Qafas, g. ' OC%{K’ 8-5
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repeated run on £1.0 grams of ammonia lignin yielded 10.7
grams of the acetone insoluble fraction snd 9.5 grams of the
aceatone éalﬁﬁlﬁ fraction. |

The acetone soluble and ingeluhla~fraatianﬁ were
oxidized by NaOI in the same menner as described for the NaOI
oxidation of the ammonia lignin. In each case an air-dry
sample was used and 2ll the precauvtions observed as recommended
by Goodwin (11) and ¥%alde (38).

Some experiments were also run by giving the alkaline
lignin solution & preliminary heating at various temperatures
for a pericd of one-hslf hour before the gddition of the
Ié*Kz solution. The results of the HaOI oxidation of the
agstone soluble fracticn of the ammonia lignin under these
varying conditions, are sh&wn in Table ¥I. An inerease in
the time of oxidstion at room temperature 4id not bring sbout
any change in the oxidation values. Approximately the ssme
oxidation values were obtained when the alkaline lignin
solution was treated to a preliminary hesting at 120° ¢. f&r
g2 half~hour before the Nall oxidation procedure.
| When the same proceadure as described above for the
acetone soluble fraction was apprlied to the acetons insoluble
fraction, the oxidation values inecreased with an inerease in
temperature and reached a constant value at 80° C. The results
are shown in Table VII.

A smeriss of similar experiments were carried out on the
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Table VII

The effect of temperature on the NaCI oxidation of the acetone inaeiubla fraction
of ammonia lignin.

#t. of mcetons Time of  Temp, of  Time of  Excess  ©G. 0f  Gg. of H/10

insoluble heating h@ating oxidation NagSgly  0.10B1H iodine
lignin hours ¢, hours Co. Hazsgﬁg per g. of
8 I T - | lignin
0.1982 w»  rToom temp. 0.8 11.06  31.08 161.7
0.1949 - " "o 0.5 - 10.90 31,83 165.7
c.2085 0.5 60 0.8 7.90 %5.23 174.2
0.2048 0.5 60 0.5 7.60  35.53 173.9
0.2025 0.5 80 0.5 5.70  36.45  187.2
0.2006 05 80 0.5 6,50 35,68  184.0
0.1946 0.5 100 0.5 6.90  35.23 186.7

0.1989 0.5 100 0.5 . 6.45 35,68  185,%

'
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non-fractionated ammonia lignin. The samples, dissolved in
alkali, were heated at various temperatures for one~half hour,
and then treated with Is-KI in the usual manner. The results
of these experiments are shown in Table VIII. The oxidation
values at ~5° and 120° C. wers 152.0 and 200.0, respectively.
A cérresp&nﬁiﬂg gradation in the oxidation values was obtained
between these two temperatures. At a temperature highef than
120° C. there was a slight decrease in the oxidation value.

¥hen the concentration of the iodine used for the NaOl
oxidation of the ammonia lignin wés varied, & higher oxidation
valus was abﬁaiﬁ@d. The conditions of oxidation were in
easch csse: a time allattmaﬁt of 24 hours, and a tempersture
approximsting 20° C. The results are tabulated in Table IX.
The effect of C.1 ¥, 0.2 N, and 0.3 § ilodine solution on
the oxidetion values of emmonia lignin varied from 99.0,
165.5, and 175.5, respectively. Higher concentrations than
0.3 § were not attempted. '

Oxidetion of the acetone soluble fraction of the
ammonia lignin with NaODr at room temperszture gave a con-
sistent oxidation valus of 240.0 cc. }/10 bromine per gram
ér 1igniﬁ. This figurs is in cleose agreement with the
valués on the a¢n~£raatié;atad ammonia lignin: The NaOBr
oxidation values on the aaetanéﬂinaaluﬁle fraction of the
ammonia lignin war@:samewhat lower, but gave o ¢onsistent

oxidation #alna~af'z@6‘0 ce. N/10 bromine per gram of lignin.
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With a preliminary heating at various temperstures, followed
by the HaOBr oxidation in the above ﬁeseribeé manner, the
oxidation values of both the acetone soluble sand inﬁéluhzs
fractions remained the mame, namaiy, 240.0 and 226.0,

respectively.

The iodo~carboxy lignin # I was exhaustively treated

with acetone in the pame manner as described above for the
fractionation of the ammonia lignin. The scetone fraction,
after the evaporstion of thé excess acetone, was dissolved
in 1 § NeOH, and the alkaline salutien”heateﬁ to 80° ¢, To
the hot alkaline solution was added concentrated HC1 $i11
the solution was slightly acid. The precipitated aoetone
soluble fraction was filtered, washed, and dried in the usual
manaef after which it was dried over Pg0g in a vacuum
dessicator.

| The acetone ingolwble fraction was likewise reprecip—
ftated from an alkeline scolution by concentrated HCl and
‘dried in the same menner. Twenty three and itwo tenths

grams of air-dry iodo-earboxy lignin # 1 gave £23.5 grams of
the vacuum-dried acstone insoluble fraction and 1.8 grams of
the vacuum-dried acetonc snlubl&ffrawtia;, or a gain in .

weight of 9.1%. A duplivate run ghowed an 11% weight
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inerease when carried out in =n snalgous manner. The same
weight inerease was noted when the acetone extraction was
performed on an air~ﬁrgAar oven~dry (120%; 18 hrs.) sample
of the iodo-earboxy iianin # I. Analyses on the agetone
goluble fraction sre: ¢, 58.5; H, 4.8; OCHg, 5.2; Ig, 17.3.
fnalyses, on the acetone insoluble fraction are: ¢, B5l.6;
B, 4.8; OCH,, 9.76; Iz, 12.8.

Oxidation af tha~aa§teae 3@1ubxﬁ\£ra@tiaﬁ'af the iodo-
aarbexy lignin #,;>;1tn’§a@1 at room tamperaﬁar%g gave a
aamﬂisgant value of 110.0 and 111.4, whether ithe %time of
oxidation were one hour or forty eight hours. The Nall
oxidation of the acetone inscluble fraction gave an oxidation
value of 104.0 at room temperature, regardless of the time
of oxidation. Preliminary heating at 100° ¢. for oneﬁggif
hour, of the elkaline molution containing the acetons in-
soluble fraction, followed by the NaOI oxidation in the usnal
manner, gave a consistent oxidation value of 144,0. The
oxidation value of the non~fractionated ilodo-carboxy lignin
# 1 wes only 65.0 when oxidized gt\rsom temperature, but rose
to 154.0 when treated to s preliminary heating at 1@@6 C. as
described above. A summary of the NaOI oxidation of the iocdo-
earboxy lignin # I and its acetone fractions is shown in g
Table X. Insufficient guantities of the acetone soluble
fraction prevenied any series of experiments using the pre-

liminary heating method desecribed above,
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Table X
The eoffect ef’temy@ratara'aﬁ‘the HaOI oxidation of the
iodo-carboxy lignin # I snd ite acetone fractions.

8, W}tﬁ fodine Eﬁ%r o

Room Temp. & 1§0§ 6.
Iodé»aarbaxy 1iggin §11 o | 65.3 | - iﬁéyéﬂw;
Acetone soluble fraction 111,0 | -
Acetone insoluble fraetion 104.0 144.0

The theoretical amount of 23 necessary to oxidize

5.0 gramez of the acetons insoluble iodo-carboxy lignin # I
(OCHz, 8.8; Ip, 12.8) was ecalculated from the oxidation
value of 144.0 ce. of N/1C fodine per gram of lignin. The
lignin was dissolved in 100 c¢e. of water ecntainiﬁg‘ﬁa grams
of HalCH, to which was added, with shaking, a solution
containing 9.0 grams of iodine and 11.8 grams of potassium
jodide. The aslkaline solution wes immediately stoppered and
allowed to stand for six days. Iodoform was observed in

the alkaline solution and identified and characterized as
reported above. The alkaline oxidiged solution was then

acidified with concentrated HCl, filtered, washed, and dried
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in the ususl manner, Yield, 4.0 gresms. Analysis: sﬁH$@ B.2;.
Ig, 17.6; ash, 0.0. :

The acid filtrate from the above oxidation was concen~
trated on the staam-hazh to one~half ite original volume.
The solution was then extracted with ether. The e%hér axﬁr&at
containing the excess iodine was washed with sodium thiosulfate
until the thiosulfate was not further reduced by the iodine,
The ether extract was then dried over anhydrous NepgSO,. After
filtering off the NapS804 the ether solution was concenirated,
and a gummy-like residue was obtained. Benzene was added
to this gummy residue, which gave & benzene aélabla and &
benzene insoluble fraction. Tﬁe benzene insoluble fraction
was completely soluble in 3 ce. of acetone. To the aaeséné
solution was added a large exeess of CHpN,. The benzene
goluble fraéticn wag methylated in like nanner.

After allowing the Gﬂgﬁg methylated solutions to gtand
in the cold for 18 hours, the excess cﬁgﬁg was removed by
heating at 58“ €. for 15 minutes. On cooling the acetone
fraction which had been methylated with diagomethane, é
small guantity (1-5 mgms.) of crystals were obtained, which
have not as yet been identified. The benzens portion,
methylated with diazomethane, failed to give any character-

istic orystals. A slight residue, however, was vhtained,
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Methylation of all types of lignin has been regarded as
one of the fundamental reactions in this field of study. 4
recent publication of Compton and Hibbert (7) has pointed out
that the uge of dimethyl sulfate and caustic as & methylating
agent requires caution in the interpretation of data when -
applied to the structure of lignin. These authors pointed
out that high temperatures and large excess of alkaii‘aaﬂsaé
the formastion of free hydroxyl groups during the methylation
progess. The best methylating conditions for avoiding |
structural changes, aosording tv these authors, ars: (a) use
of acetone as a solvent; (b) & slight excess of alkalil iﬁéléﬁ};
and (¢) a temparature of 20° ¢, It was fortunate that prior
to this publication of Compton and Hibbert the progedure uged
below in methylating varions lignin preparations and fractions
was that recommended by those auhﬁarﬁ, with the omission va
the use of scetons as a solvent.

ﬁathyla%i&& by diazomethane was also psrformed on the
various isoleted lignin preparations. The diazomethene,
prepered according to the method of Arndt (8), wes a}lewaﬁ
to react with the dry lignin produet in the cold for an |
apprapriate time. The excess diazomethane and ether were

then removed by heating at 50° C. for 15 minutes. Before
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each analyasis the product was dried in a vacuum oven (20~
28 mn.) over ?205 at temperatures varying for the different
products. A more detailed deseription of the ma%hylatian
and treatment with alkali of the various lignin preparations
is described below. Approprinte schematie diagrans are also
included to show these gseries of resctions. All of the
analyses reported below were obtained hy the micro methods

of Pregl and Roth (38).

IThe preparation of methylated

and saponified derivatives of

, mmo ; 1. One gram of air-dry
smmonia lignin (Gaﬁﬁ, 11.5; ash, Gta} was treated with 40 e¢¢
of CHglig~ather sclutian; The lignin sclution wes allowed té
Btsnd overnight, after which the supernatant ether layer was
decanted. The methylated praaaéﬁ wag washed twice with low
boiling petroleum ether (30-40° C.) and decanted each time,
The product was finally dried over Polg in a vacuum oven at
56° C. for 4 hﬂurﬁ. Analysis: OCHz, 24.68. After & repeated
methylation with CHplg, purification, and drying, as reporied
in the abaverexp@rimanﬁ, the methoxyl analysis was 24.14%.
Yield, 1.2 grams. The diazomethane methylated product was
insoluble in cold and hot 104 NeOH, but completely soluble
in alecohelie NaOH. |

Two grams sf-air~éry ammonia lignin and 70 ec. of 45%
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EOH (655 grams KOH per liter of water) were treated with

65 cc. of ¥e, S0, sccording to the procedure described by

Urban (33). The solution wae slightly alkaline after the
addition of the sulfate. The product was filtered, washed
free of sulfates, and dried in the air. The product was

#gain methyleted in the seane manner.‘ The twice methylsted
produet, after drying in a vacuum oven (20-25 mm.) over Pgls et
56° ¢. for 4 hours, had a methoxyl content of 27.5%. This
product was again methylated with Me, S0, and csuetic which
gave a product, when treated as described above, having a
methoxyl value of £7.8%. Yield of thrice methylated ammaaié
lignin, 2.1 grams. The fully methylated product was completely
soluble in CHClz and cold alecholie NsOE, but insoluble in

hot 10% NaOHE.

; tion of emmonis
lignin, The acetone goluble fraction of ammonia lignin

ylation of the spetone goluble frac
(OCHy, 10.6) was in like manner methylated with CHolNp until
a constant methoxyl content wag obtained., The fully diago~
methane methylated produet had a constant methoxyl value of
23.3%. Complete methylation of the aéetane scluble fraction
of the ammoniz lignin by Urban's method, as aésar&bsa above,
yielded a product having a constant methoxyl content of
28,9%.

Bethylation of the scetone insclubile
ammonia lign

The apatone insoluble frasction of amm@nia'
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lignin (OCHg, 11.1) was methylated with CHoN, until a
constant methoxyl content was obtained. The final methoxyl
content of the diagomethane methylated product was 22.8%.
Complete methylation of the agetone 1nsaluﬁla fraction by
Urban's method gave a methylated derivative with a.m@thaxyl.
content of £3.0%. After two methylations with Me 80,,
acgcording to the method deseribed above, the methoxyl content
was 23.1%, and after the third methylation, the methoxyl
content was 25.0%. Analysis, c¢alculated on the ash-free
basis: €, 58.5; H, 6.33; Gﬁﬁg, £3.0; ash, 3,62, The fully
methylated acetone inscluble fraction was completely soluble
in CHCl,, from which it could be precipitated by use of
anhydrous ether. Such purification, by use of Gﬁeis and ether,
did not affect the methoxyl content if proper precautions
were observed in washing and drying.

Tﬁe rﬁauits of the methylation of ammonia lignin an&
its acetone fractions are tabulated in Diagram II. It is
evident from these results that the methylation of the

acetone insoluble fraction by Urban's method eand by diaze-

methane give a product having the same methoxyl content.

lignin #‘;;,{Qcﬁg, 7.4; Ig; 14.4) was'm&thyiateé three tim&g
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Diegram II

The methylation of ammonia lignin and its acetone fractions.

Qat Hulls
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with CHollp in the usual manner. After each methylation the
product was allowed to stand in the cold (15° ¢.) for 18
hours. The excess ether was then decanted, and the product
maghed twice ﬁiah low boiling petroleum ether (3&*466 3.},
Baech time before the enalysis the product was dried in =
‘#aenam oven {(20-25 mm,) avar\Pgaﬁ at 78° C. for 2-6 hours.
?he meothoxyl eantent after the second and third methylations
'waa 16,68 and 16,30, raapeativalg, The iodine analyais on
the thrice methylated derivative was i2.2%. The product was
insoluble in cold and hot 10% NaOH and only slightly soluble
in alecholic NaOH. “ B
Four grams of the iodo-carboxy lignin # II were mathyiﬁ
ated three times with dimethyl sulfate and caustic according
toc the procedure described above. The products were dried
pefore each analysis in @ vacuum oven (20-25 mm.) over Fo&s |
at 78° C. for 2-6 hours. After the second and third methyl-
ations the methoxyl content wase 19.86 and 19.3%2%, respectively.
Found, Iy, 7.7%. The product was scluble in dioxane, CHC 1y,

0850ﬁ anﬁ CgHgy and enly siightiy soluble in ﬁiexanansthﬁr
and hot 109 NaOH.

NaQH. Two grams of the HepSO, methylated iodo~
earboxy lignin # I1I (OCH,, 19.5), dispersed with water, were
finely pulverized in an agate mortar. Fifty cubic centimeters

of 104 NaOH were thén added to the lignin suspension. The
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alkaline lignin suspension was placed in a 125 cc. round
bottomed flask and refluxed for two hours. The solution
was filtered through filter paper and then re-filtered
through diatomaceous earth. The filtrate containing the
soluble lignin portion was heated to 55° C. and the lignin
precipitated with concentrated HCl., The alkaline saia%}ﬁ;k
portion (A) (see Disgram I1I) waes isolated and dried in thw
usual manner, Yield, C.5 grams. Analysis; Qaﬁg, 17.2;
.12’ 11.0; ash, Q.0.

The alkaline insoluble fraction (B) wes washgﬁ with
water and dilute HC1 until the lignin was free of alkali.
Yield of the insoluble fraetion (B), 1.0 gram. Analysis:
0@33, 16.7; Iﬁ, 10.2; ash, 0.0,

- The alkaline soluble fraction (4) (OCHy, 17.8) was
twice methylated with CHpllp. After the first methylation
the methoxyl content was 19.0%, and 19.2% after the second
methylation. This latter value agress, within axp&#i&égﬁﬁl
error, with the value of 19.5% methoxyl, which was the
value on the fully HepBO, aethyiaieé product. The iodine
analysis on the twice re-methylated alkaline soluble gra&ﬁaﬁ ;
(Ay) was 7.7%.

The results of the methylation and treatment with
alkali of the iaéaéaarbaky lignin # II are shown in Diagram
III. It is noteworthy that in treating the epSOg @zhg:.amé
product with 10% NeOH there is a distinct loes in the



Diagram 11X
The methylation and saponification of iodo-carboxy lignin # II.
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methoxyl ceontent in both the alkali soluble (&) snd insoluble
{B) fractions.

methylation of the iodo~carboxy lignin # 1 {Qﬁﬁs, 8.1; 1

;:5"
11,4) yielded a product which after the third methylation

had & methoxyl content of 19.4% and after the fourth methyl~
ation a methoxyl value of 19.1%4. The ifodine amalysis on
the fully methylated product was 9.3%. The methylated
derivative was insoluble in cold and hot 104 NaOH but fairly
soluble in alcoholic NaOH and CHClj.

‘Repeated methylations of the 10&@~carbaxy lignin #1
with HeoSC, aeaardiag to Urbants method (35) yieldad a pradnat
having a constant methoxyl content of 23.0%. Other ﬁnalysas‘
C, 55.4; H, 5.8; I, 9.3; ash, 2‘6* The fully methylated
product was completely soluble in dioxane, but inﬁalﬁbie in
CHC1z;, ether, and celd 10% NeOH. Purification of the pmémat
fully mathylateﬁ with dimethyl sulfate by éiaselving it in
dioxane and reprecipitating it with ether did not ahanga;iﬁs'

methoxyl content.

ated with diazomethane (OCH,, 19.1) was fractionated by
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treatment with CHCls. This separation gave a 65% yleld of
a CHClz soluble fraction. The CHCl, soluble portion was k 
precipitated with anhydrous aﬁ&er in a manner mimilar to the
method desecribed by Brauns and Hibbert (6). There were né~
marked differences in the snalyses of these two fraet&ens. :
The snalyses far/gh@ C§ﬁ13 insoluble fraction are: OCH,,
19.0; Ip, 9.3. Analyses for the CliClz~ether insoluble
fraction are: OCHg, 18.9; I, 9.5.

; L with alo H. The iodo~carboxy Iigain;# gj
fully methylated with dlazomethane (@aﬁg, 19.2) was ﬁarafaiiy
refluxed with alecholic NaOH for two hours. The alcohol
was then removed by éistillatiana The alkaline inselahi$
portion (C) {see Diagram IV), after filtering off tﬁ@
soluble liguors, was againltrsaﬁaé with fresh portions of
alooholic NaOH until no more of the product went into
solution. The alkaline soluble portion was treatsd in the
usual manner for the iscolation of the lignin fraotion.
Analyses of the alkaline soluble (D) fraction are: OCH,,
14.7; Iz, 9.5; neutralization equivalent (1 COOH), 384. An.
insufficient amount of the alkali insoluble (C) fraction
prevented any extensive analyses. OUne methoxyl determinstlon
on the alkali insoluble fraction (C), however, gave az value
of 4.0%. ,

The lodo-carboxy lignin # I methylated with dimethyl
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Diagram IV

The methylation and saponification of iodo~carboxy lignin
prepared from acid-hydrolyzed eoat hulls.
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sulfate (OCHy, 23.0), when treated with alcoholic NaOH aaz“
described above, 4id not lsave any insoluble fraction. The
alkaline soluble fraction (E), when isolated and dried in
the usual manner, was‘sﬁiubxe in.ﬂaaaﬁs,and liberated ﬁég‘
Analyses: ﬁcﬁz, 18.6; Iy, 9.5; neutralization equivalent
(2 coon), 898. | |
 Diagram IV gives the results of these above described
reactions on thé ioﬁa~aarbaxy~ligniﬁ # 1. Caution must be
exercised in evaluating the math@xgl_aenﬁamz~cf thﬁd&lkali
insoluble fraction (C), as has been already mentioned above.
- However, it is noteworthy that in the trestment of the
diazomethane methylated product with alcoholic NaCH, the
alkali insoluble (C) and alkali soluble (D) both show a

decided loss in the methoxyl content.

Diszomethane methylation of the

acetone socluble fraction of the fodo-ocarboxy lignin # I

(ﬁeﬁé, 5.2) in the usual manner yielded a product which, |

after the third and fourth methylations, had methoxyl values

of 16.6 and 16.4% respectively. The iodine analysis was 12.67.
Another portion of the acetone soluble fraction was

twice methylated with Mep80, and caustic acoording to Urban's

method (33). The methoxyl content after the first and Eeaaﬁﬁ

methylations éaa 1%.1 and 21.5% respectively. An imsufficient

amount of the product prevented a re-methyletion. I% is not



50

at 2ll unlikely that this fraction was not completely
methylated,

Complete methylation of the

ascetone insecluble ffaatiwn of the jodo~garboxy lignin
(OCH,, 8.8) with diezomethane gave a produet with 18.2%
methoxyl, and with MegB0,, as described above, o grﬁﬁuﬁh
with 23,94 methoxyl. The product fully methylated ﬁith
dimethyl sulfate (OCH;, 23.9), when methylated with diazo-
methane, had & methoxyl content of 23.8%, and when acylated
with acetic anhydride and pyridine, had a methoxyl content
of 22.4%. | |

acetone insoluble derivative fully methylated by diazonethane
(OCHy, 18.2) was ﬁam§1a§aly soluble in hot 10% NaCH. The
soluble product (F) (ses 3iagram V), when isolated and dried
in the usual manner, hed a methoxyl content of 13.8%, and a
a&atr&liz&bieﬁ.Qqnivai&ﬁt of 510 (1 COOH).

The scetone insoluble derivative fully methylated with
dimethyl sulfate (OCH;, 25.3) was also completely soluble in
hot 10% NaOH. The alkali soluble product (G), when isolated
and dried in the usual manner, had s methoxyl content of 18.0%

and & neutralization equivalent of 499 (1 COOH).



Diagram V
The methylation and saponification of the acetone soluble and

insoluble fractions of the fodo-carboxy lignin # I.

Cat Hulls HCY Acid-hydrolyzed
o oat hulls
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Diagram V (cont.)

The methylation and &apanifieaﬁiaﬁ of the acetone soluble and
insoluble fractions of the iodo-carboxy lignin # 1.

06:&25 ) | 5.5
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alkali soluble fraction (?} {see Diagram V) of the acetone
insoluble # I, which had been fully methylated with diazo~
methane, was re-methylated with CH.N.. The rawmaﬁhyiataé
derivative (Fy), when heated with 10% NaOH would not go
gompletely into solution under any kind of trﬁatmant; The
re-methylated preduct {?1}¢ after exhaustive treatment with
hot 10% NaOH, wae separated into sn alkeli insoluble fraection
(F2) and an alkali soluble fraction (Fy)., The alkali soluble
fraction (Fﬁ) was isolated in the usual nmanner with a&nﬂan~‘,
trated HCl. The alkali insoluble portion (Fg) hed a methoxyl
content of 16.8%, while the alkali soluble fraction (Fz) had
a& methoxyl content of 15.2% and an iodine content of 10.4%.
The alkali soluble fraction (G of the acetone iaaolgkia
# I, which had been fully methylated with dimethyl sﬁlf&té,
was likewise re-methylated with CHgNo. The re-methylated
product (Gy) had a methoxyl content of 25.7% and an iodine
content of 10.3%. This latter produect (G;), however,
failed to go completely into solution when exhaustively
treated with 10% NaOH. No analyses were obtained on these
fractions. (Gg and Gg}. |
Disgram V tabulates the results of the methylation of
the agetone soluble fraction, and the methylation and treat-

ment with csustic of the acetone insoluble fraction of the
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fodo~carboxy lignin # i It s netawerthy that two products,

ks T ‘ Hx 4 £ U, are completely
soluble in 10% NaOH. The respective soluble products (F)

and (G) of these two latter-pamed derivatives, when re-

methylated with CHN,, are now not completely soluble in
104 NaOH,.

carboxy lignin # I (OCHg, 8.8; lp, 17.6) (H), when ecompletely
methylated with CHgly, yielded a product (Hy) (see Diagrem
VI) which had & methoxyl ﬁagtaat of 17.6%. When the re~
oxidized acetone insoluble fraoction (OCHy, 8.2) was methyl-
ated three times with dimethyl sulfate and aéas&i@* as
desoribed above, and then re-methylated with CHoNp, a

produet (Hg) was obtained which had a methoxyl content of
21.6%.

Diagram VI shows the plan for the isolation of the
ro~oxidized acetone insoluble iodo-carboxy lignim # I and
its reactions. It may be noticed that there exists a close
-agreement between the methoxyl content of the acetone in-

goluble # I and its re-oxidized derivative.

Hethylation afrthérxgmaxiﬁizﬁé é&rivatives of iodo~

carboxy lignin # I. The re-oxidized iodo-carboxy lignin # 1

(OCH,, 8.5), when fully methyia%e& with ﬁiagamaﬂhans (X)

(see Diagram Vil), gave a product (Kj) with a mﬂthaxyl
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Diagram VI

The oxidation and methylation of the acetone insoluble
fraction of iode~carboxy lignin # I.

Oat Hulls
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‘ﬁgﬁg, 17 6 " OCHgz, 21.6



Disgram VII

The methylations of the re-oxidized iodo~ocarboxy lignins # 1.

HC1 o Acid-hydrolyzed
g oat hulls
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sontent of 19.84. The product (K), when completely methylated
with dimethyl sulfate and caustic, as described above, gave
a product (Kp) with a methoxyl eaﬁ%aﬁt of 20.6%.

The re-oxidized iodo-carboxy lignin # I (K), when treated

with HalCl, gave another re-oxidized product, re-ox. :
(see Table I for abbreviations). When the product, g&~gg,g
# I () (see Diagram VII), was completely methylated with

dimzomethane, a derivative (ﬁl} was obtained which had a

methoxyl content of 20.4%. The re-ox.® f

, ), when

completely methylated with dimethyl sulfate and caustic,

gave a derivative (Mg) which had a methoxyl centent of 21.9%.
Diagram VII shows these above described reactions with

the respective analyses of the various derivatives, The

proximity of the analyses of the re-ox.t # I and ihe re~ox.?

# I are noteworthy.



DIBCUSSION OF RESULTE

The difficulty of repeating another investigator's

research on lignin has been a well known fact for many years.
Two different investigators working on the same lignine

containing tissue and using the same methods have often been
unable to reproducs each other's work. ﬁxﬁeﬁaive disoussions
on the difficulty of repeating another invastigatar’s work
have besn well reported on by;&bﬁerhaiﬁen {1), Fuchs (9),
Freudenberg {16}, and Phillips (28).

The ammonia lignins isﬁiatﬁékby‘thﬁ same method but
by two different investigators in this Laboratory have been
found to be in remarkably olose sgreement with each other.
The carbon and hydrogen analyses and the oxidation values o
have been found to be in axaeliaﬁt agrsam&nt, whereas the
methoxyl content of the two. yrﬁgarﬂd lignins differed by 1'6%.

The fact that the ammonis lignin prepared from oat hulls
aould be fractionated into an aceione soluble and an a&@%ﬂnﬁ—
insoluble fraction indicated that the ammonia lignin, as
previously reported, was not & homogeneous product. Theéa,
two fractions differed ﬁaaaiﬁarghiy. From the products
methylated with diazaaﬁzhana and dimethyl sulfate the number
of hydroxyl and methoxyl groups could be pgaéi}f calculated,

For the ealculations it was assumed that the &aahylaﬁibﬁ‘aiﬁh
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suggestad the previously mentioned conditions as being the
mogt favorable for the methylation of lignin products. They
still, hﬁwevef, suggest extreme caution in drawing conclusions
regarding thé gtructure cf lignin based on this type of
methylation.

It was found, however, in this study that the acetone
insoluble fraction of the ammonia lignin when repeatedly
methylated with diszomethane gave a constent methoxyl content
of 22.8%. Repeated mﬁ%hgl#ﬁiﬁaa of the same acetone insoluble
fraction with MepS04 and 45% KOH, as reported above, gave § 
‘oonstant methoxyl content of 23.0%. The methoxyl values
-ﬁitainad by %haaa'twﬁ different methods agree within the
limits of experimental error. The f&ﬂt ﬁkat the methylation
_ of the acetone insoluble fraction with Hep80, and eaustic
yislda& a product having the same methoxyl content as a
product methylated with diezomethane would indicate that the
former method of methylation has not brought about any drastie
~éhangaa in the moleoule. The similarity in the methoxyl
content in these two last-named products would also indicate
that all of the hydroxyl groups are acidie 1n,ehargctar\anﬁ-
are as readily methylated with diszomethane as with dimethyl
sulfate and ecaustic.

It has been shown by various investigators (7) (42}
that the treatment of lignin with 8«10% NaCH at room temper-

atures brings about & distinet fraetionation of the lignin,
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It does not appear at all unlikely that a similar fraction-
ation of a2 heterogeneous lignin prﬁﬁuet may ececur during %hﬂ
repaateé methylation processes. Thig possibility of rraetisn»
ation during the methylation with dimethyl sulfate ana ‘
‘ﬁ sustic may partially aceount for the large difference 1n
the methoxyl content of 2 product methylpted with ﬁiasthyi
gulfate and a product methylated with diazomsthane, Tha‘
similarity in the methoxyl content in the above-mentioned
products would indicatse ﬁhat;‘in ali'praﬁabiiitg, there was
"no fractionastion taking §lave by the use of caustie during
the methylation process. HNo further evidence for the
fractionation of the acetone insoluble fraction of tﬁe
ammonis lignin was found in any of its analyses or reactions.
Whether the acetone insoluble fraction of the ammonis lignin,
is a homogensous product awaits further experimental evidence.
The iﬁééﬁearboxyyiignin prepared from the ammonis lignin

(1.C.L. # II) was found teo differ aaaéiﬁ&rably from the iodo~
earboxy lignin prepared ffﬁﬁvﬁﬁﬁ ae1d~hyéralyza& oat hullse
(I.C.L. # 1). A comparison of the two products is shown in
Table XI. The average minimum molecular weight of the ifodo-
carboxy Iignin.§ 1I appeared to be around 96C but was 15&@"
for the iocdo-carboxy lignin § i‘

 Welde's oxidized 1ignins, obtsined by these two methods,
.had an average minimum molecular weight of 18260 {3&}; He
assumed that the oxidized lipgnin greparﬁﬁ from the acid-



hydrolyzed oat hulls was identicsl to the oxlidized lignin

prepared from the ammonia lignin.

Tabnle XI

A eom?arisen of the analytical results of the iodo-carboxy
lignin # I snd the iodo~sarboxy lignin # II.

Av. minimum

: ¢ H  OGHy I  Hol. Wt.
I.C.L. # 1 ¢ - 44,3 4.3 9.6  11.4 1340
I.C.L. #I1 :  49.2 4.4 7.4 14.4 960

The methylation of the ijodo~carboxy lignin # ;;,(QC§3,°
7.4) with dimethyl sulfate and caustic gave & product which
had a methoxyl content afylg,zﬁ, an increase of 11.9% in the
methoxyl content. The iedine content of th&'f&iiy &@tnylgtaﬁ |
4prcaaet, however, was 7.6%, which éménntaé to a decrease
four times the theoretiesl amount. fha%‘tha high iodine
eontent of the jodo~sarboxy zigﬁin # I1II was not due to an
abgorption phenomenon seemed %o be clear fra@ the fact that
the iodine snalyses were teken on products repurified by
reprecipitation from warm (50-60° C.) 10#% NaOH. The products
were always washed free of halides before analyses were
attempted. The explanation of this decreage in ithe iodine
content cannot be adequately explained at the present time,

It was also observed that the iodo-carboxy lignin # II
fully methylated with dimethyl sulfate and csustic (CCHx, 19.3)
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would not go completely into solution when treated with hot
10% NaOH. This phenomenon was in contradistinction to the
results obtained by Walde (38). Both the alkali sﬁiﬁ%l&vik)
(OCHz, 17.2) and the alkali insoluble (B) (OCH,, 16.7)
fraction of the fully methylated iodo-carbexy lignin # IL
(see Diagrem III, pg. 47) ahewéd logses in ﬁethaxyl content.
The alkali soluble (A) fraction, when rawmethylataé with
diazomethane, gave a product (Ay) which had the seme methoxyl
content as the fully methylated product (OCHs, 19.3). It
appeare from these results that the fully me%hylateﬁ‘ieéﬁ~
earboxy lignin # 1I is s mixture which 1s separated into
distinet fractions by treatment with hot 10% NaCH. Addition=-
al support is given to this #1sw from the observation that
the other lignin pre?arﬁtians were shown to be easily frac-
tionated with suitable solvents. Further &xparimantati&n;~i
however, is needed to establish this point.

The fact thet the lodo~carboxy lignin # I eould be
quantitatively oxidized with NaOI resulting in the formation
of re-oxidized lignins was of note. The once oxidized iodo-
carboxy lignin # I (rewax‘I # 1) had foarfhydyaxyl'graupé
and two methoxyl groups; the game number as the twice-
oxidized ifodo-carboxy lignin ﬁ/;_(re~ax.g # 1). Iodoform
" was the product isolated from the oxidation in each case.
Teble X1l shows the similarity in the analyses of these two

praﬁucté and their derivatives. It would appear that the -
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temperatures for several hours. It wasvprahable that
condensation of the amcetone with the oxidized lignin had
taken place during the extraction procvess.

A comparison of the acetone soluble and acetone in-
soluble fraction of the 1eda~ﬁarbaxy lignin # I reveszled a
elopse relationship to the parent product. From the resulis
of the methylation reaction, both with diazomethane and
dimethyl sulfate, the number of hydroxyl and methoxyl groups
ean resdily be caleulated for these two fractions of the
iodo-¢arboxy lignin # 1. It was assumed that the methyl-~
ation with dimethyl sulfate and caustic of these two ae&ﬁéaﬁ
traatians with the above prescribed precautions, gave prcdnsas
that were gompletely methylated. On such an assumption it
was found that the acetone soluble fraction had five hydroxyl
groups and one methoxyl group, while the acetone 1&9@1ﬁhlﬁ_%
haﬁ five hydroxyl and three methoxyl groups. Of the five"f
hydroxyl groups in the acetone insoluble fragtion, two were
found to be carboxylic in character. Table iIEI shows the
relationship of the sneslytical results of these two fraction
with the parent iodo-carboxy lignin # I. It may be readily
observed that there is a wide divergence in the results of
the two fractions when compared to the parent prodnct.

The complete methylation of the lodo-carboxy lignin # I
- with diagzomethane gave a product (OCHg, 19.2) which failed
to go complstely into solution when treated with aleoholie
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NaOH. An alkali soluble (D) and an alkali insoluble fraction
{C) were isolsted. (See Diagram IV, pg. 50). Both the ,
alkali soluble (D) (OCH,, 14.7) end the alkali insoluble {é)
{Gcﬁg,lé.a} showed decided losses in methoxyl content. I?
view of the faet that the iodo-carboxy lignin # I is =a
mixture readily fraoctionated with acvetone, it wes not
auﬁpr&siag to find this separation of the diazomethane
methylated product into an alksli soluble and insoluble

fraotion,

Table XIII

A comparison of the enalyses of the fodo~garboxy lignin # I
and ite acetone fractionms.

3 Parent produoct : Methyd. : ﬁe%hy&.
T W O0H, I : 00H, I : 00, I

T.0.L, # 1 44,8 4.3 9.6 11.4 16.2 6.8 23.0
"A. Sol. #.I 52.5 4.8 5.1 17.3 16.4 12.6 21.5 -~
A, In. I 51.6 4.8 9.7 12.8 18.2 10.8 £3.9 13.2

The iodo-carboxy lignin # I fully methylated with
dimethyl sulfate and caustic gave a product {GGH&,'%E.G},
which when treated with aleoholic NaCH, went completely in£é 
solution. (See Diagram IV, pg. 50). The scluble lignin
derivative (E) showed a loss of 2.6% methoxyl. The presenas
of carboxylie groups in the alkali soluble fraction (E) was
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indiceated by the loss in methoxyl content, complete solu-
bility in O.1 K NaOH, and the liberation of GO, from a NalCOg
solution. ' \

4Tha importance of technique in regard to treating these
methylated derivatives with caustic cannot be over-emphasiged.
Products which seemingly fail to go into solution in 2 test
tube will go completely intoc soluticon when carefully puivefizeﬁ
and treasted with water and caustic prior t¢ the refluxing
process. It is also highly desirable to have all the products
as free from ash as possible,

The acetone 1ﬁsaluble fragtion of the iodo-carboxy
lignin # I fully methylsted with diazomethans (OCHz, 18.3)
wags readily solubls in hot 10% aqueous NaOH. The solnble
-proiuwet (F) (see Diagram V, pg. 54), when isalataé, was re-
methylated with CHylNg. The methoxyl content of the remethyl-
ated product {?1} went back to the original methoxyl value
(18.2). This re-methylated fraction (Fy), after treating
with hot caustic, failed to go completely into solution
under any set of eircumstances. The same phenomenon was
ohserved in exactly the analogous way with the acetone
insoluble fraection fully methylated with dimethyl sulfate
(OCHg, 23.9). The explanation of this phenomenon remains
conjectural at the present time. ‘

After a lapse of geveral years, a sample of Walde's

methylated iodo-carboxy lignin (OCHg, 22.2), which went



-0

completely into solution in hot 104 NaOH to give him a
goluble lignin with a methoxyl content of 17.4%, wounld not
go completely into solution under any set of circumstances.
It is most unlikely that s variance in technique c¢an account
for this phenomenen. Hany variations in the praeeﬁgrelwere
tried without any apparent success. Later Welde (39) was
also able to substantinte the above results. A more extended
investigetion of the repeated methylation and treatment with
eaustic of any one of these fractions would be highly
desirable and would, in all probability, throw ﬁensiéerabie
light on this phase of the constitution of lignin.

The NaCI oxidation of the acetone insoluble fraction of
the ijodo-carboxy lignin # I alsc yielded a product which had
four hyﬁroxyl groups and two methoxyl groups., The analyses
of this latter-named product, and its derivatives, agree
fairly well with the analyses of the re-oxidized iodo~
carboxy lignins # 1 and their derivatives. ?able'xiv ghnwﬁi
the similarities in the analyses of these three products.
(See Table I for the meaning of the abbreviations).

It would appear that by repeated oxidations of the iodo~
carboxy lignin # I and its acetone insoluble fraction, =an
oxidized product which is common to the lignin nolecule is
obtained. It would be of interest to sae‘haw much farther
this step-wise oxidation does oceur and whather the re~

oxidized products agree in number of methoxyl and hydroxyl



-1~

groups as 40 the above named products.

Table XIV

Similarities in the analyses of the re-oxidized iodo-carboxy
lignins # I and the re-oxidized scetone insoluble # 1.

T Parent  ‘CHglg methyi- ‘Heg80; methyl-
© produet  : ated deriv.  ated deriv.

Re-0x.* # I 8.5 14.8  19.8 11.6  £0.6 11.0
Re-0x.2 # I 7.5 15,7  £0.4 14.3  21.9 13.8
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. SUMMARY

1. The properties of the ammonia lignin praparwd tramyﬂ
oat hulls sgreed remarkably well with the agmoaia lignin |
prepared by Weldse,

2. Aﬁmeﬂié lignin was fractionsted with acetone. The
scetone soluble rraazia& had five hydrexyl groups and three
methoxyl greoups as compared to three methoxyl and three
hydroxyl groups found in the scetone insoluble fraction.

3. The NaOI oxidation value of the acetone soluble
fraction of the ammonia lignin was 212 as compared teo an |
oxidation value aof 163 for the acetone insoluble fraction.
The non~frectionated ammonia lignin hed an oxidation value

of 188.

4. Iodo-carboxy lignin prepared from the ammonia lignin
" has s minimum molecular weight of 980. It was, in all
probability, a mixture as indicated by the results obtained
from the methylation reaction with dimethyl sulfate and
esustic. '

5. JIodo-carboxy lignin prepared from agid-hydrolyzed
oat hulls was not the game as the jodo-carboxy lignin pre=
pared from the ammonia lignin. The former had a minimum -

nmolecular weight of 1546*
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6. Two successive oxidations with NaOI have been per-
formed on the iodo~carboxy lignin prepared from the scid~
hydrolyzed oat hulls. Bach isolated product had four |
hydroxyl and two methoxyl groups. Iedoform was i&éntifieﬁ
in each of the alkaline oxidizing solutions.

7. Iodo-carboxy lignin prepared from the acid-hydro-
lyzed oat hulls was fractionated by the use of acetone. Th¢ 
acetone soluble fraction had one methoxzyl and five hyﬁroxyi~
groups, whereas the acetone insoluble fraetion had five
hydroxyl and three methoxyl groups.

8., The acetone insoludble fraction of the iadawearbaxyk
lignin prepared from the acid-hydrolyzed ocat hulls was r34 
oxidized with Na0I to give an oxidized lignin having four
hydroxyl and two methoxyl gr&uﬁe* The same number of
hydroxyl and methoxyl groups was observed on the rﬁmaxiﬁi%ed
iodo-carboxy lignins, |

9. An unidentified erystalline product has been
obtained in the oxidation of the acetone insoluble ftaeticﬁ
of the iodo-carbexy lignin prepared from thé agid~-hydro~
lyzed éat hulls. |
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