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i&an&e iﬂﬁiga%iﬁg thaﬁ»ﬁﬁfi’agﬁﬁ aa&a&al lignin can

b@ iaslataﬁ fr@m yiaﬁt tiseue by the ae%&gn,af aer;

f&a_gr,
a%hsr &alvan%$ is a@ﬁggiau@aa only by its a@ﬁﬁn@a, Thug any
a%%amyﬁ to ﬁﬁ%ﬁ%&iﬁe the atructure of ligﬁlﬁ must conglder
the sﬁlvﬁn% &a the firat r@aﬁt&nt\af’tha gories used in
’@szag zha ﬁ%rﬂﬁtarai problem., ?his necesaltates an iﬁ?ﬁsti*”
gnin (or %h$~1$;viﬁ'«
@5iﬁﬁrsara3 and the solvent before valid date r&gﬁrﬂing %bé
- of lignin cen be obtained.

Eﬁwiay and Harris {i} found that mild pyrolysis of
Cross and Bevan Q&w*a&ﬁaa produces methoxyl free ﬂﬁgﬁﬁhﬁ%ﬁ&
lignin®, water and a small smount of carbon dloxide. It was
demonstrated by Lowry (2) that 1lignin may, on the basis of
elementary analyeis, be reparded sa Intermedlate between

ga@ian of the raaﬁ%iaﬁ‘hatw@an ngtural 11

sellulose snd goal, Evidence indicating that solvent extraoc-

tion can be regs

garded as & mild type of pyrolyasls hes been
presented (2),

A atudy of the reaction between natural and isolated
{aaustic alkall) cornatalk lignins and laetic acid is reported
in this thesls. The data obtained are correlated with similar
but less extensive data for a series of simple organic aclds,



HISTORICAL

The literature on lignin has been reviewed by FPhillips
(3}, Horman {4), Preudenberg {(5) snd Hibbert (6).  Unfortu-
nately the actlon between lignin and organic solvents is

not complestely covered in these reviews.

The historical section of this theels is limited to &
review of the literature covering the aﬁ@iﬁﬁi%&%@ﬁéﬁniigﬁiﬁ
&nﬁ‘ai@ahgig, ethers and sclds. Lactle scld has an aléé&gliﬁ
hy&?%ggi group snd may ot za an aleohol or as an aﬁié;'

O\~ Methozypropionic acid may function sg either an ether or

1 ﬁﬁﬁ‘?ﬁﬁﬁiﬁiﬁw‘aaiﬁﬁiifﬁ@ﬁiﬁ,

as en eeid. On the other ha
acetlc and proplonic) used in this invaé%ig %iaﬁ,amn%aia no
functional proups @thﬁr than the carboxyl g@@a@‘

 Klason (7) reported, in 1893, that nesrly helf of the
1igﬁin.is ﬁiagalweﬁ.wh&a ﬁ??ﬁ%& wood is Gﬁ&kﬁﬁ with ﬁ&%h&%
al@ﬁ%ﬂl,ﬁaﬁ%&%ﬁiﬁg hydropgen ghlafféa* ?ﬁa a@i&b&a izﬁ&iﬁ
containg %&%‘watifﬁxxi this indicates that ﬁﬂt;{lati@n »
& when ligniﬁ i tr@akﬁﬁ.wiﬁh,ma%ﬁ§4
eﬁiﬁw&§e¢ It 1ﬁ;$§@t;w' that the sleohol insoluble 1&@&5&
remaining in the wood ie agﬁﬁﬁaﬁeé %y’&hﬁ-miﬁﬁrai acid. The
soid catalyzed condensation of lignin in plant tissue forming
aleohol immoluble lignin has recently been observed by Hibbert

and coworkers (8, 9).



~Ex$%ﬁﬁ&@ﬁ*ia%bﬁﬁﬁg@*iﬁaQ}vﬁing ethylene glyeel (10, 11,

12, 13), ethylene glycol monomethyl ether (11, 12, 14, 15,
18), giycerol (11, 17), glycerol c-monochlorchydrin (18),
p-amyl aloohol (17), isp-amyl aleohol (17, 19, 20), a-butyl
‘alcohol (17, 21, 23, 23, 24, 85, 36, 37, 28), Llso-butyl sloo-
‘hol %1?; lﬁi* n-prepyl alechel (17}, isg-propyl aleohel (17),
ethyl alaaﬁai {8, 9, 17, 20, 29, 30, 31, 33, 33, 34, 35, Sﬁ},
methyl a‘i@ah@l {7, 17, 37, 38, 39, 40), and benzyl alcohol
(41) have lead to the conclusion that alcohols extraot lig

nding on the tiaﬁa&

from plant tissues in varying amounte depe

used and on the conditions., In gaaar@l the presence of watar,
miﬁaxaz‘aaié or csustic alkalil ﬁ&%&%?zﬁﬁ the extraotion. |
It is also agzaed that the isolated lifan, is combined with
the &Ziky}. group of the aleohol. Hagglund and Urban (19, 20)
believe %Bat a e¢arbonyl group of the lignin formes a semi~
acetal with the extracting aleoohol, .&.simiiax-ﬁaahanigm
wag @2&@@3@&.%y/ﬁha¥§&aaig§ {3&} who bellieves that an sce
is fomméd between a tautomeric hydroxyl (42) of the ligain
and the alcohol. Another and more probable explanation
wa§~@§@§®s$ﬁ“§§'ﬁﬁa Swedish investigator Holwberg (43) who

1 &%@ﬁhﬁﬁ&iﬁm {3&} wapax%a& th&@ a aaaﬁaaaatien pxaﬁuﬁt @i
snol with lignin is obtained only when & catalyst such ae
'hfiné»hiaxi@ acid 1s present during the extraction. He alseo
believes that alkall acts as the active pulping sgent rather
than ae z catalyst in "alkall catalyzed® hn#an@l extractions,
On the other hand Bailey (27) found that a lignin-butanol

; .,;saﬁaﬁi@a ocours in the absence of minersl acid catalysts.




believes that the resction:

Li-C-R 4 HOR' =
tekes place between the ligr

14+0RY + HOR _ ,
in snd the extrecting aleohol.
It is zﬁf%~ﬁﬁﬁﬁ%@&ﬁé{ﬁﬁﬁﬁkﬁﬁ'%;aﬁﬁgigﬁg of hydrogen, a

m rbohydrate group, shother 1ignin gmuy or even another part

of the seme lignin moleculse.

Lignin extracted by alcoholysis ls ueual

by pouring the zlcoholic solution into & large volue
%*at%?; this cauacs part of the }_i{;ﬂi{; Ty 53?%&&?1@&%%’ The
fallure to obfain a guantitative yleld of precipitated 1ignir

led %o s series of Anvestigations of the water soluble pro-
ducts formed by the etha
been adequately reviewed by Hibbert (8); 1t indlcstes that

wlysis of llgnin. Thig work has

&igzzin is, in pert, composed of phenylpropane building units.
The ethanolemines and morpholine-ethanol constitute an
inseresting group of lignin esolvents because they contein

alechollic hydroxyl groups ond also have basic propesrties.

Thus, zs& lignin solvents, they msy functlion as alechols

catalyzed by thelr own alkellnity or as orgenic bases.
‘?rimmmmmm wos studled by Gibbe (42) who inferrod that
enin golvent are due to the alecholie
charsoter of the base. Reld and co-workers (48, 46) found
that %miﬁﬁ"ﬁm&lmiﬁﬁ fﬁeﬁﬁiﬁﬁﬁ lignin acld soluble; they alse
reported that this bese effects partial demethylation of
‘native and lsoleted (sodium hydroxide) lignin. The action

of the etha:

its properties s a 11

anolamines and morpholine-ethanol on cornatalk



1ignin hse been reported from this lshoratory ié?}. It was
found that the amount of 1immin extracted depends upon the
besic strength of the extracting llouors for both the asgueous
and snhydrous nitrogen bages. The addition of csustic alkall
to aqueons solutlongs of the baseg incoreasses the amount of
1ignin extracted; thie 1g apparently due To increased alke-
linity of the extrecting licuor rather then %o catslytic
sotion by the alksil., In no czse wes the recovery of exitracted
1ignln cuantitative. This showe that the anhydrous bases and
t&ﬁiﬁa&%ﬁﬁﬁﬁavgaiﬁtgaﬂa'ranﬁaﬁ g1l or part of the lignin acid
asoluble. The bsges form nitrogencus compounds with 1lignin.

The mechanism through which the sthenolamines extract end

combine with 1ignin 1e¢ not Xnovm. It ig probable that they
extract Lipnin by virtue of thelr alkelinity and then degrade
the disgolved 1ignin by aleoholysis.

wydrogen chlordde has been uged to
B0). Hilpert snd Wisselinck
{51) investizated this rescilon. They resoried that the goneral

Dioxane catelyzed by

remove lignin from wood (48, 49,

bellef that sn orgenic solvent guch ses dloxane acts on lignin,
only as a solvent and the minersl acld as & calelyet 1z false.
According to these investipsiors xylose or fructose vhen

treated with dioxene conteining hydrogen chloride form water

Insoluble "lipning” which are giniler to those obtained Trom

wood Tissue. The "super ligning® contaln no methoxyl and
slightly less nins produced by the

goame tTrentment. HNikitin and co-workers (52, 53) reported

hydrogen then do wood 1ipg




thet the compositions of dloxane and hydrochlorie seid
(Willstatter) lignine from wood are slnmost identicsl.

These
resgults were Interpreted ass meaning that lignin 1s present
in wood as a specils) componeni which 1z isolsted by the
dlox i+ The
wwestigators slaso ¢lalm thet the nild conditions
under whitch the é&QJJAa:iigﬁ%ﬁ was obtalned precluded the
posslibility of 1te formation by carbohydrate resinification.

ne method In a form very similar to native 1isnly

Rusglan 1

1% may be g%@%ﬁ?&a&ﬁ% thet Hilpert recovers his dloxane
1ignin by precipitation into water while Nikitin precipl-
%&t&a his into ether. Hikitin'e contention that dloxane
lignin is obtelned in & form very similar to native lignir
d, becsuge 1t Impllies & similer

does not appesr well Tounde
fﬁﬁ%*ih@ hydrochloric aeild 1lignin, . 1. Braung (54) reported
that purified dloxene, even in the presence of hydrochloric
&ﬁiﬁ%-hﬁa.ﬁﬁvpaiyiﬁgiﬁffaaﬁﬁ If thile finding 1le conflimmed

the pulping setion attributed to dloxene is unfdoubtedly du
to the presence of aleohols whish exist ss impurities in

grg},@i grades of dloxane.

& patent covering the pulping of wood with 85% acetic
20ld catelyzed by 0.3% sulfuric acid was obtalned by Pauly
' Friedrick (56) used gleciel acetic aclid contalining
hydrogen chloride to extract lignin. The acetlec acid lignin
was precipitated by the addition of water. Alkeline hydrol-
volps ghowed that
acid. It wes reported {57} that scetlc acid lignin is a

this lignin is an ester of Lignin and secetic.
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phenolic ester of lignin znd acetic scid. The pregence of
phenol glucosldes or phenol glycuronides snd their scetates
was esteblished by hydrolysis of scetic acid lignin; this
hydrolysis liberates carbohydrate msterisl, acetlic acid and

- Formie acid has been used as a solvent for lignin (58},
The work of $taudinger and Dreher (59) showe that formiec
acld will extract lignin from spruce without the use of
mineral soild. The lignin obtained resembles dloxane lignin
in 1ts properties. OCotton is sitacked glovly by formio acid
and in 10 hours at 100° C. the cotton molecules are degraded
about one half. On belling geveral daye part of the cotton
dissolves and evaporation leaves a methoxyl free regidue.

It was reported (80) that the dlgestlon of quantitative

filter paper with 92% formic acid forms a light brown solution;
& precipitate resembling lignin is formed when thie eolution
is added %o & large smount of water. A series of investiga-
Hibbert and co-workers (61, 62, 63) show thet hot
formic eeid demethylates lignin and gnhydrous formie zcid

tlons by

zives a higher yleld of recovered lignin than ie given by
238 formiec acid. Formylation tekes place when lignin ig
extracted with anhydrous Fformic acid. Spencer snd ¥Wright
(57} state that formic acid lignin and acetic acid lignin

gontain chemically bound carbohydrate material. 8ince they

gave no deteils showing how thelr products were purified to
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remove copracipltated carbohydrate materisl sguch as that

reported by Serksr (80} this claim must remsin open %o

further investicastlon.

lmer (64) thet lignin is soluble
in monochloroscetic acid. Hikltin end Rudneva (65) investi-

Iz %&ﬁ«r$§er%%é by Hil

gated the action of hot anhy

cetalyzed by hydrogen chloride on Willstatter lignin. They

rdrous monochlorozcetic acld

found that the isolated iignin le almost completely soluble

in &giﬁ, Preclpitation into ether gives an easily hydrolyzable
\ ' y1, Under the

same conditions the rescilon between monochloroscetic acid

and pine pulp results in the solution of two thirds of the
esterified lignin and part of the carbohydrates. Preclpi-

tatlon of the product &aﬁa:ﬁﬁhay:&&ﬁ removal of the carbo~

easter containing 9% chlorine snd 13% methoo

hydrate by acid hydrolysis glves a regenerated Iignin with
g comppsition similar to %&&%-ﬁfiwﬁliﬁﬁgﬁtﬁg‘iigﬁiﬂg The
action of hot 80 =~ 85% monockloroscetic scld on wood mesl

and strew was studled by gdehutz (88). He reported that slphs

cellulose 1g left as & fibrous residue, the lignin and

hydro!

lyzed hemicellulose go into solution. No minersl acid

wog added but sgon

e hydrochloric aeld is formed during the

reaction. It was found thet anhyirous chloroacetlc acid

produces congidersble decomposition when used as & pulping

agent. The extracted 1llgnin was vecovered by

preciplitation

soluble, sodium carbonate ingoluble and it condsine no



chlorine and no sarboxyl groupsa. ,
. Holmberg (43, 67, 68) investigated the action of
thiloglycolille acid on lignin. He proposed the following
mechanisms: | |
| L1 0+R + HSCHoCOOH = Li-8-CHuCO00H

+ HOR

B may be a hydrogen, a carbohydrate group, another lignin
sroup or part of the ssme lignin molecule. The result of &
study on thioglycellic aeld lignin was recently reported by
Anlm end Breuns (69), They attempted to prove the presence
of carboxyl groupa on the thicglycollic acid lignin by

m@%ﬁxiaﬁiﬁg an analyzed genmpls with dilazomethane, anglyzing
for sulfur and methoxyl, hydrelyzing with sodium carbonate
and rﬁpeatﬁﬁg the snalysis. Although gome suliur is loast

during the hydrolysis the results tend %o sﬁgyark/ﬁhﬁr?iéﬁ

t&g%‘ga?%~$f the acild groups add sccording to the method of
Holmberg (43).
. Hilimer {64) found that 1ig

nin is slightly soluble in
5&% %&§%§$ acid. Lactlc ameld was later used ss an extractant
for lignin by Hibbert snd Phillips (18) and by Gibbs (44).
%ﬁ%ga:iﬁvagaiga%%?gwigplia&,%ﬁa% jactic acid's solvent action
is due to the presence of an alcoholic hydroxyl group.

They presented ﬁa.@@&ﬁﬁnée'%ﬁ_aa%s%aﬁﬁi&%s $his implication
other than the fact thet minersl acid ﬁ?’iﬁﬁi@& {(which

' in by sleohols) catalyze the
extraction of lignin by lactle acid. On the other hand

ag%&%@%ﬁ the extrsction of 1im




10

B
gchutz (68) said, in a foot note, that di-, and tri-
chloroncetic sclide and gome hydroxy solds a&t»ﬁﬁ 1ignin
in a manner similar to that of monochloroscetic acid.
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EXPERIMENTAL

Preliminary end Orientation Experiments

Fifty g. of alr dried ground cornstalks were bolled
with 600 ml. of 85¢% lsctic acid for twelve hours. The

sample was then diluted with an equal volume of hot 85%

lactic acid, filtered and thoroughly wasshed with hot
lactlc acld. The extrzoted lignin was precipitated by
pouring the a@@lﬁé,fiiﬁraﬁﬁ:iﬁﬁﬁ 5 1, of distilled water.
The preecipiltated 1lgnin wee flltered, %&ﬁhﬁﬁ*&ﬁﬁ gir dried;
a yield of 8.3 g. was obtained. The recovered lignin was
analyzed for methoxyl (70) after drying over phoasphoric
anhydride in a vacuum deslccator. _

A sanple of lactic &éiﬁ 1ignin wes heated at 100° C.
for 4% hours in a soluti-n of 5% sodium hydroxids. The
saponified 1ignin was preciplisted with dilute sullfurie
aclid, flltered, washed, driled and anslyzed as above.
gﬁﬁ%hﬂr semple wae trested at room t@ﬁ@ﬁrgﬁurg for 24
hours with aleoholic smmonlis; after precipltation with
rcld thle semple was washed, dried end snalyzed.

The iodine oxidatlion number of lactic acid lignin
was deteymined by a modification of the nethod of Walde
and Hizon (71). A sample of lignin weighing 100 ng. was
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dissolved in 26 ml. of 4% sodlum hydroxide, 16 ml. of

Q. oN lo@ine~potassium lodide golution was added and the

resciion mixture gllowed %o gstand for 4 )

temperature. The sclution wes acldified with 15 ml. of
ted hydrochloric acld, diluted to 200 nil. and
the excess lodine determined by bsck titretlon with 0.1N

concentr:

podlum thicsulfate. The number of ml. of 0.2H fodine~

potasesium 1odide solutlon used per 100 mg. of lignin is

reported as the lodine exidation number.

oxidation value for lastic z2cid lignin is 10
| 1ks were bolled
ml. of 92% formic scld. The

by the method used in isolating lactic

Forty g. of ground zir drled cornste

for twelve hours with 400

sample wae trested
acld 1ignin. A yield of 6.7 g. formic aeid lignin was

A semple of formie sclid lipgnin wae ansliyzed for
aple was seponified with 5% alkall,
recovered and analyszed. The ilodine oxldstion number of

nin wes Tound %o be 12.52.

hoxyl; snother ag

Binees 1t 1s known that some hydrox:
methylate lignin {27) 1%t wes declided to test the action

¥y compounds de-

of lactic acid on anisole. Anlsole was prepered Trom
phenol end methyl sulfste (72). A 3-necked 1 1. flesk

wae provided with & sepasrstory funnesl, a reflux

snol (0,17 mol)

sondensor

enical stirrer. A solutlon of ph



and 7 g. sodlum hydroxide in 70 ml. water wags placed in
the flask and the molution was cooled to -10°C. and
gtirred. Hethyl sulfate (0.34 mol) was added greduslly

from the geparsatory funnel. After the met)

iyl sulfate was
added the reactlon Tlask waa heated on & bolling water

Table 1. HMethoxyl Content of Lignins

Type of LI

gnin % Methoxyl

Laotic Acld Lipnin 8.9
Leotic Aclid LaAomnin %ﬁ@ﬁﬁiﬁ&@ﬁ ) o

with 5% sSodium Hydroxide 8.6
Lactic Acild Lipnin Treated with

Al.eoholic Ammonis B.4
Formic Aeid Lignin B 8.5
Formic Acid Lignin Saponified

with 5%‘$uéiﬁa,uy&xﬁxiﬁg 9.9 1
Sulfuric Aclid Lignin 12.5

2 This value wag given ﬁy,?ﬁsh&r and Bower, J.,%g.
Shen. & 63, 1881 (1941)

2 4

bath; in about 1/2 hour a further asmount of phenol (0,17
mols) and 7 g. of sodium hy

droxide in 70 ml. of water was
gdded. The mixture was refluxed for 12 hours and cooled.
The anisole was extracted with ether, washed with water,
dried over snhydrous celclum sulfste (Drierite), and dis-
tilled (151 - 182°9C.). 4 yield of 64.7% (0.22 molg) was
obtained, |
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Five g. of aniscle were sdded to 50 ml. of 85% lactic
acid in 2 200 ml. flask provided with a reflux condensor.
Another ganple slmilar to the Tirst %ﬁﬁ~$ﬁﬁt&iﬁiﬁg 1 ml.
of concentrated hydrochloric acid was prepared. These

gsamples were refluxed for € hours,

cooled and slowly added
to 600 ml. beakers confeining 40 g-‘ﬁf sodium ﬂy&rﬁxi@& in
260 ml. of water. The mixtures were extracted with ether,
the ether gw&m@iﬂﬁﬁ-ﬁgra washed with water and dried over
anhydrous caloium
tilled off and the anisole was then dlstilled (150 - 1537C.);
e yield of 4.20 g. was obbained from the first sample and a
yleld of 3.96 g. was obtained from the second semple {cata-
lgaﬁ@'%y'&yﬁ?aehiﬁriﬁ acid). The alkell soluble portions
were neutrelized wi%hAhyﬁr@ﬁﬁlayia'%%&é and satursted @ith.

sulfate (Prierite). The ether wae dls-

sodium hydropen

carbonates The godlum hydrogen carbonate
solutioneg were sxtracted with ﬁ%hﬁr; the ather gsolutions

were washed with water and dried with ar

hydrous sodlium
sulfate, then the ether was removed by é&aﬁii&aﬁi&n; The
first sample left no resldue, and the second gemple left
100 mg. of sirupy liquld %ﬁa% gave no color chanpe with
iron {IIX) chloride.

Although At wae found that lactic aeld does not

i

smethylate anligole, csution must be employed in making

= the acetion of lactic z¢id on

guch an agsumption regardir

lignin. Accordingly it was Geclded to prepare & sample of
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laetic acid 1lipnin from comstalks thet hed been freed
of pentosans by acid hydrolysis (73). Three kg. of alr
dried ground commstelks were placed in containers and
40 1. of ©.1N hydrochleric scid were afded. The mixture

- wee auloglaved for 3 houre at 20 pounds pressure, cooled,

filtered and washed free of chloriden. A yileld of 1880
ge Of sir dried acid hydn
Five g. of scld h

lyzed sornatalks was obtained.
;é&@lyaaﬁ:%ﬁyﬁs%&lkg were boiled for 8
hours with 60 ml. of 85% lsotic mcid. The lsctic sold

1lignin wes recovered and anslyzed by the procedures
glven sbove. A yield of 1.18B g Lignin containing 13.5%
methoxyl was obisined. Thig indlcates that laotic seid
1ignin nede from cornstslks ocontaining pentosens is con~
taminated with cerbohydrate nmeterisl. Accordingly a1}
further lignin prepsrations renorted In this thesis were
made from secld hydrolyzed @@rﬂgﬁaikgig

A simplificstion of the cold 728 sulfuric acid nmethod
for lignin (74) was tested and found fto give sabisfactory
resul ta.

One-gream aspples of pround corngstellie were weighed
and placed in 50 ml. beskers within a desliccator. The
deslceator was placed in sn lce box. When the gamples

e of the lce box, 15 ml. of cold

scguired the tempersiw

¥t wes found by Peteraon, Welde, and Hixon (74) thot
&xtraatian with alcohol-benzene mixture is not necessary
befores prepering lignin from cornstalks because cornstalks
contalin very 1ittle ax%r&a%abla«maﬁaxi&li
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semple, The samples

to each

72% sulfuric acld were added
were stirred until ell lumpe dlsappesred; then they wers
left, with occasionsl stirring, for 18

hours,

At the expiration of 18 hours, the samples were re~
moved from the ice box, each was made up %o 600 ﬁi;‘ﬁ&ﬁﬁ
distilled water, hested to boilling, and kept above 85 ¢,
on a shtesm plate for 2 hours (the volume was kept constant),

The semples were removed from the %%ﬂ&ﬁrﬁiﬁﬁafaﬂﬁzﬁ$iﬁggé
to stend untll the flocoulent material settled. Kach

Al through a prepared Gooch orucible,
washed with hot water until free from sulfate, dried at
108%C., cooled in & desiceator, and weighed., The weliphed
ignited 1n & muffle furnace, cooled in a
deglccator, and weighed. The loss In weight was taken as
the lignin.

Table 2. Comparison of Hethods

f§§ Mggﬁm @y
Peterson,
Welde and
_Eixon Method

Haterial

e 16,4
1.5 31.2

2,@ 2.5

§$§%i$'&&&%'f"

23.5
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Action of Laotic Acid on Cornstsike

ram samples of alr dried,

4 hydrelyzed,
stelke were digested with ml. portions of

&ﬁ;@%ﬁaﬁaiﬁmﬁw of laotie scid for verying lengths of

time at elevated temperatures ome of the extractions
were catalyzed by the addiilon of 1 ml. of concentrated
%i irochloric &i&&ﬁ to the %x‘%;m&tmn liquors. ELach sample
wag then diluted with an equal volume of hot laotic acid
solution, Tiltered and thoroughly washed with hot lactile
acld solution. The pwip wes then added to 1 1. of boil-
i}%gg water, allowed to stand over nlght, filtered, washed
with boiling water until the filtrate was Tree of acld
snd eir dried. The dried sulp wes awigm
for lignin by the previously described simplificetion of
‘%ﬁ% cold sulfuric acid method (P4). This 1ls a genersl

g&ﬁ“i}iﬁ&@%ﬂ‘*ﬁ and wae ﬁs&ﬁ when investigeting the action ﬂi’

analyzed

dﬁ,ﬁ%&’ﬁ%i’ﬁﬁﬂ@%ﬁx;f“ olonie acid;, proplonic secld, scetic acid and
formic acld on cornstalke.

A 25 g. semple of slr dried, acid izyé%&ym&; ground
aﬁmamlks wae extracted for 4 hours at 112°C. with 300
ml. of 8B% lactic acid. At the completion of the Gige
the sample was treated by the method demoribed sbove., A
yield of 18.88 g. pulp containing 17. 351&@:* n was obtained.
& 15 g. sample of alr dried pulp from the Tirst extraction
was digested Tor 4 hours at 112°C. with 180 ml. of 85%
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lactic acid. A yleld of 14.06 g. of pulp enalyzing
13.6% 1ignin was obtained. Ten grams of pulp Trom the

sonund sxtmmetion wus extracted for 4 hours with 120 ml.
of 85% laotic acld; this produced 9.71 g. of pulp con-
telning 11.9% lignin. Finally a 6 g. ssmple of pulp

from the third extraction was subjected to a fourth

extraction. A yleld of 4.87 g. pulp contalning 10.0%

' lﬁ.gmﬁ was obtained.

Zach filtrate from the lactic scid extractions of

while the acld solution weg added. This ceused the lig-

nins to preeipitete. The precipltated lignin was

- The recovered lignin wes dried over phosphoric ank

ydrdde

in e vecwum desicoator. Certain samples of the dry lactic

aeld lignin were snel

yzed for methoxyl. Thlg method was
ke by the

other organic acids used in thie investigation.

uged to recover lignin extracted from cornsis

1. The 1lignin solutions from 5 g sanples of corietelks
were added To 1.6 1. of water; the solutions from larger
sampleg of stalke were gdded to proporiionslly lavger
apounts of water.
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Five Grems Cormstalks Extrscted with 85% Laoctic Acid

Time, Temp. , ?@&gﬁﬁ of
ﬁg ff“‘ F};{}x@* g’

3z éu@’?
4,10
4.06

Db Do

o

s Pt o
1

112
112
i1z
%Eﬁ
ua 3.61

15‘*’%' 15 68
12@ 5 » éﬁi

WM b %@i?@

7 _:ma; {;1 m”mf aai&*
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Five Grams of Uornstalks Z%‘gtm&%% . Hours
, with 60 wl. of
Aqueous Lactlc Acid at 1127

npth of Acid, Welght of Lienin
i Bl * Pulp, ﬁmﬁ%{%{é@;ﬁ

@ﬁgi
B3.8
?,c {3‘

85
44

a Ga‘%saiyﬁﬁﬁ by %ﬁm &é&wiﬁf; ai’ 1 3331» can&&n%ahaﬁ
hydrochloric acid and dligested only one houre

“:’tv& Grame of Qﬁ%‘ﬁﬁ%ﬁiﬁ:& Extyeocted 4 Hours
with 80 ml. of
Fmgiﬁam Aclid and
Proplonic Acld Solutions.

%‘W@ﬁgtﬁ of Acid, Temp., Welght of Lignin

c. ?ﬁim 8o %mmvaﬁ, %

100 112 @,&f.} ﬁ‘*
a6 11z 4,08 45,53
2.4 105 4,01 44.%
79,4 © 105 3.0% o 3

Catalyzed by the addition of 1 nl. concentrated
hydrochioric aovld.
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alr dried, scid hydrolyzed, grov alke
30 1. battery jJjer and 15 1. of 4% squeous alkall
were s8ded Yo 1% The mixture was allowed %o gtand 18

hours with a2 wely

in a

1t keeping the stalk lmmersed. The ine
caline liquor by
£11tering through chessecloth in a stoneware filter and
ed with 2 1. of water.

soluble pulp wee removed from the all

wagh
The black liouor was placed in g 30 1. batbery Jar
end the lignin preecipitated from th

y mechanically-atirred

solutlon by an excess of concentrated hydroc

hiloric acid.
After settling the supernatant liquld was decsnted to 5
1. The Lignin pmmpim% was filtered with
“hatnman Ho. 50 qw

guction over

ntitative £ilter paper, washed free of
acid with dietilled water and air dried.

.!;ﬁ & dilute alkaline solu~
tion, 1 1. of 3% squecus sodium hydroxide per 100 g. of
1ignin. The solution was heated to 80° €. and filtered
%o remove any residusl cellulose. The filtered mmmm

The lignin wes dlssol:

was aoldifled, filtered, washed free of acid and dried,



Action of Lactlec Acld on Sedlum Hydroxide Lignin

| %me grems of sodium h droxide lignin were digested
for 4 hours at 1120 G, with %5 ml. of 85% lectic aeiﬁn
"ﬁm | geiurgma was cooled end filtered. The lignin was re-

ed by pouring the solution into distilled water.t

eOVEL
The ;pmm%ﬁg@% 1ignin wee Filtered, washed, o
vacuun desiccator over phosphoric anhydride snd anslyzed
for methoxyl {70). 4 1 g. sample of sodium hydroxi

1ignin wes digested for 4 hours st 112° C. with 25 ml. of
74.5% lactic a@i&’f The ﬁﬁﬁ«%é; solutlon wes £1ltered, and
the 1irmin was recoversd ?ﬁ? souring

360 ml. of distilled water.s

the solution into

Preparation of o-Hethoxypropionic Acld

d~ Methoxypropionic a&ﬁﬁ wag | ;smzﬁm'ea according to
& modification of the method pf Purdl i Irvine (78).
A mixture of methyl lsctate (3 mwole) and methyl lodlde
{5 m;m wae edded gmﬁuﬁ.ﬁ;’g from ¢ 22
silver oxide (4 mola) in a S-necked 5 1. fi&sig The flask

sparatory funnel to

1 "ﬁm '.t iiﬁ s@lﬁuﬁi@ﬁ fm 23 g;. @f‘ godliuwm } o
l1ignin was added %o 1 1. of weter; the m:m%i@n from
1 g. of glksll 1ignin was added to 350 ml. of water.




wos provided with s mechsnicsl stirrer snd s reflux con-

densor. The reschion was modersted by occaslonal cooling

end completed by heating for 3 hours on = walter bath. The

product %ﬁﬂ~%ﬁiﬁ%ﬁﬁ with dry ether, filtered and the ether

pnd excess methyl mﬁmw Ailabilled @ﬁx The estey wag .

Aistilled (132 - 138° 2.3, @%ﬁh@ﬁ*@&%h.aa%&»@;%%-a@ﬁsa&a
droxide, washed free of alkall, dried with

: Latilled wnder

reduced pressure {44 - 46° C. at 20 ~ 22 mm.) snd soponi-

fisd by heating with 10% aqusous potassium hydroxide. On

saleium sulfate (Drierits), &

complstion of ths hy

with dilute sulfurde szcid, concentrated %o a syrup,

rolysis the liquid wes neutralized

fied, extracted with ether and driled over snhydrous
sulfate. The ether was %&§@%ﬁﬁﬁh¥.@ﬁaﬁiiia%iﬁﬁ and ﬂhﬂ»
i£i§§,§§€§i$%§11aﬁiﬁa under reduced pressurs
(96 = 98° G, at 11 - 12 mu. ). A yleld of 2.4 mola (80%)
- methoxypropionic seid was obtained. |
Methyl lactate for use in the syntk

acld was pur

als of d-methoxy-
propionie scid was prepared by the method proposed by
~ 8ix mols of lactic acld that

ﬁﬁé‘bgéﬁ dried by %ﬁ&%&gg‘ﬁﬁf& gteam plate for 24 hours
were dissolved in 10 mols of anhydrous methyl aleohol and
bolled with 30 >

wdrous copper sulfate for 24 hours.

i

1 the_copper sulfate wes dehydrated by heating in an oven
at 110° C." for 24 hours and then heating at 150° C. for
4 DOUTrte
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The product was filtered, the copper sulfate wes
waghed with enhydrov
alcohol was removed from the filtrete by distillation.
The methyl lactate was purified by distillatlon under
reduecsd pressure (88 .~ 680° ¢, at 19 « 20 sm. )}, A yileld
of 3.5 nols (52.4%) was obtained. |
The methyl

8 m@t}iﬁ alcobol and the excean %ﬁ

iodide uged in preparing o- methoxypropionic
1 sulfate
(78). & 5 1. fisek was provided with a mechanical stirrer,

‘& separatory

acld wes made from potesesium lodide end methy

funnel, a thermometer and s fractionsting

column leading to a &Qﬁ@ﬁﬁﬁﬁy set downward ;!:“@33 d1stillation.
woter was placed in the flask, 120 g. of calcium carbonate

were added and the mixture was heated to 60 - 65° (. with

stirring. The tenperature was meintained gt 60 -~ 8% o,

sulfete (8.4 mols) was added graduslly from the
| 71 ilodide dle-
; 1 sulfsate was added the
temperature was ingressed Lo 68 -~ Y29 C. for an hour to
the @&g@ﬁm&m& of mkhy}. 1odide. The methyl

After the meth)

| arated from a emsll amount of water, dried
with anhydrous salelum chloride snd decented into a dry
distilling flask. A few crystels of solid poltaselum lodide
were added and the meterisl was dlatllled (40 ~ 47 % Cu)a
A yield of 7.3 mols (91.2%) was obtained.
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Agtlion of d-HMethoxyproplonic Aclid on Cornatalks

A S g. sample of aly dried, scld hydrolyzed g:m}z_m&
cornstalka wes dlgested for 4 hours at 112° C. with 80 ml,
of BEY o~methoxyproplonic scid. The resction %mﬁun‘{; %ﬁﬁ,
trested by the previcusly described procedure. A yield of
3.64 g. pulp analyzing 18,78 lignin was obtained.

The Lignin extracted From cornstelke by o-~methoxy-
proplonic acld was recovered by pouring the acid solution

into weter and following the procedure given previougly.

%ﬁ%i&ﬂ fsf c&*ﬁﬁe@%&agz&:«mgzaﬁia é&ciﬁ on

& semple of sodium

hydroxide lignin welghing 1 2.

wae. dlgested for 4 hours at 112° ¢, with 25 ml. of 35%

0— methoxypropionic acid, cooled, filtersd and precipliated
‘%:;y pouring into 350 ml. of dletillied water. The recovered
1ignin welghed 0,75 g. end analyzed 17.0% methoxyl,

Action of Proplonle Acid on Coynstalks

The general procedure previously described was used

to imﬁ.g@iggm the action of preopionic acid and agueous
solutions of propionic acid on 5 g. ssmples of cornstalks.
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‘-@ﬁ@'prgviaﬁgly éﬁ&%@i&aﬁ §g;ffk§r@ was used to ra@ﬁ?mw

the iiﬁnin in esech of the Tiltrates ﬁhﬁaiﬁ%@ fr&m the pro-

piloniec acid exitractions of cornstalks.

Aotion of ?wﬁgigﬁﬁar&aié,aa
Sod lum Ex&#ﬁ?iﬂg &i@ﬁ&ﬁ.

ﬂ%ﬁwgyaﬁ samples of ﬁﬁ&&ﬁ@,k@&rﬁgiéﬁ 1ienin were 41~

gestad ﬁiﬁh:ﬁﬁyfqa,gér%iﬁﬁgtaf-grayiﬁnia aold for 4 hours

at elevaled temperatures. Both the fkhyﬁf@ﬁﬁ,aeigl'aﬁﬁ.&ﬁ

agueous solution of the acld wers ﬁ@ﬁ@;7 &£$ digsolved

 lignin was recovered by the ususl procedure,

Action of Acetic 4cid on Cornstalk

The motion of aceblc acld and its squeous solutions
on cornstalks wes investigated through the use of the

genersl procedure desoribed shove.

was recovered by pouring the scid liguor from esch extrac-
tion into water, Tiltering ﬁﬁéﬁﬁ%ﬁhﬁﬁg‘ﬁﬁﬁr?@ﬁﬁ%@%%&?&ﬁ

17 only part of the sedium hydroxide 1ignin was soluble in

het snhyd

rous propionic acide




Acticn of Acetlc Acid on 9odium Hydroxlde Lipgnin
The previously deseribed method was used to investigate
the action of both glacisl &@ﬁt@%-&ﬁiﬁg.&aﬁ a 86.4% aqueous
golution of scetic acid on modiuwm hydroxide lignin.

Action of Formio Acid on Cornaialks

gtudies of the setion of formic zcid and ite aqueouns

golutions on cornatalka were made using the genersl method
cdeseribed ebove.

Formie acid lignin was recoversd fr

m each of the acid
1liguor Piltvates from the formic acid extractions ef corn-
stalk sampless The Formic acid lignin was recovered by the

nethod used to recover lsetle zoid lignin.

Aotion of Fprmlc Acld on Sedium Hydroxide Lignin

The zotion of anhydroug formic seid and a B60.4% mqueous
salmsiaﬁg of the acid on godlum hydroxide lignin wes Anvesti-~
#gateds The previously @gﬂmriyéﬁ.m@ﬁn&&.waﬁ used in this

investigatlon.

£

A small amount of the sodlum hydroxide lignin was in-
soluble in glacial acetlce acid.
Sodium hydroxide 1ignin was slmost completely ingoluble

(23 53
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T&bla &,

Pive Greams of Cometalks ﬁiﬁ@sﬁ&é 4 ﬁanra
with Acetic Acid and Aceblc Acid Solubions.

dtrength 8f Acid,  Temp., ﬁaight of  Lignin
% o3, ﬂig, 8 %ﬁﬁ&vaﬁ, %

1002 112 74l
G664 103 ‘%ﬁs?

%&ly@wﬁ'%g th@ &éﬁitiaﬁ @f 1 mi. @f cﬂwm@n??at&&
y&yaakiayﬁe acid.
Catalyzed by the addltion of 1 ml. of conatant boil-
ing hydroicdie acid,

?&%ﬁﬁt & e

Five Gramg of Carnegtalks %i?gﬂzaﬁAé Hours
at 100°C. with %;@mia Acild and Formio Acid Zolutions.

treng ﬁk of Acid, ﬁaighﬁ:ﬁf &ignin
% Pulp, . | %@ﬁﬁvgé, %

D 20 ?§¢§
2,75 75,3
5.97 40.5

a 'Sggalgzaﬁ @g %n& &&ﬁiti&ﬁ of 1 ﬁl. ﬂf ﬁﬁﬁﬁﬁﬁt@éﬁ@ﬁ
hydrochloric acid,

B ghe pulp was not recovered. Ho lignin waag recovered
'wheﬁ the scid liauor was added to water,



Table 8.

. Heple w@m Dipested at 185° ¢. with mml,

anol Solutiong snd Water.B2

Time, Ordginal Lignin
Hours Remaining in leg,,%

1 89,8
4 ' 83.7
1. 28,3
4 | 17,1
10 | 12.8
1 72,0
10 | ‘m.t
4 2.7 %
10 26,4

1 765
& %.tg
0 101.0'

The ﬁa@a in %hig %ahla wﬁrﬂ g&va& by Kﬂwsaﬁ, ﬁaﬁ&rzhy

and Hibbert, J. An. Ch Sog., 83, 3
Gatelyzed by the &{iﬁi&%i@% @f n.:i.:é

5045 {(1941).

The obgerved redeposition of lignin was agaﬁmed o

alcohol.

be due to condensstion-polymerization chen

Thege extractions were made using water s@%ﬁ&iﬁiﬁgf;v
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Teble 9. Analysis of Acid Lignine

Tacia | Temp., °C.  Time, Hours *53830, %
ﬂf &%ﬁm@t&@ﬁ of Extrasetion

1$Q?
116
1240
12.0
1‘3,
&

12,30
13.3°
15, ﬁ‘?’
:gz.,s;a
m,zﬁ«
12,4®
12,3
14.3
12.0
13.5
12.6

85% Lactie

.
;1

[od pnd & bad AOAOAHUODAAMSEDHNODM |

P4.7% Lactic
85% d-Methoxy~ |
proplionie 112
100% Propilonic 112
88% Propioniec B £
72.4% Proplonie 108
100% Acetic "

12.3
10.2
fﬁisgé
3@.2
11.5%
13.8

68.4% Acetic
100% Pommice 11.?
.f.%% Formie 15,4

Tla exiraction ’%‘&5 “made ﬁﬁiﬁ{f‘ B g, of cornstalks and
60 nl.of 85% lactic scid.
%m exirsction was madé using
BO0 ml. of 85% lactic acld. _ N
‘ﬁziﬁ extraction was made on the pulp from the preceding
sxiraction.

The temperaturs dropped below 112° €. during the night.
Thim @xﬁmﬁ‘%ﬁ,&ﬁ was ¢atalyzed by the addition of 1 ml.of
soncentrated hydrochloric acid to the resctlon mixture.

25 g.of cornstalk and

o B o o saat t
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Teble 10.

Sodium Hydroxlde Lignin Digested 4 Houre
wiﬁh Organic Aclds

‘ —— **, Eﬁﬁ@§§¥$§¢ﬁ ﬁ@%ﬁvered‘hiwpaa

85% Lectlc Acid 112 85 15.0
W4.7% Lectic Acid 1ae o1 18.1
85% olethoxy- | -
- proplonic Acid i1z 83 - Ao
100 Propionie Aeld 112 28" 1841 -

72.4% Propionic .
géiﬁ‘g 108 84 16.:2

100% Acebic Acid i1z 74° 172
- BB,4% Acetie Aeid 103 84 18.0
100% Formic Acid 100 78 18.2

B0.:4% Formic Acid 100 -G “

, YRy
ﬂﬁiy part of the sodlum %3@?e£1§$ lignin was gainh%a

in hot anhydrous prepionic acid.

A small amount of the sodium hydroxide lignin was
iﬁﬁﬁiﬂblﬁ in hot gleclisal zcetic aclid.

jodium hydroxide lignin was slmost completely insoluble
in het 60.4% formie scid.

gﬁtrﬁat&ﬁ a@ii&&~

& 6 o

ikall Saponification of Lignine

A number of acld ligning, sodlum hydroxide lignin
treated with the acids snd untreated sodium hydroxide lignin
weres s&%ﬁ@e%&& to ﬁ&?ﬁﬁ}f@ﬁ&%ﬁﬁ§ $i%ﬁ‘@&ﬁgﬁi@'%lgﬁlia'%&ﬁ?ﬁ%ﬁ
of lignin welghing 150 mg. were dissolved in 20 ml. of 10%
godium hydroxide solutlon, heated to @ﬁili%g;‘?&&ﬁaﬁ'ﬁﬁ a
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stesm plate and kept sbove 90° €. for 2 hours. At the end
of this tims the aemples were ramoved Trom the gbeanm plate,
eooled, filtered snd diluted to 200 nl. The lignin wes
precipifated by the addition of a slight excess of hydro-
chloric meld; The preeiplitated lignin was Tiltered, wasghed
until the Tiltrate was free of chloride, dried, waished and

snslyzed for methoxyl.

Acld Hydrolysis of Ligning

Seversl semples of lactle acid lignin, sodium hydrox-

ide 1ignin trested with lsctic acld snd untrsated sodium
hyds

acld (1 volume of concentrated acid %o 4 volumes of water).

oxide lignin were hydrolyzed with dilute hydrochloric
Lignin samples welghing 250 mg. were covered with 25 mil. of
dilute hydrochloric acid, heated to beiling and kepb above

90% (. on a atesm plate for 2 hours. The samples were then
gooled, Tiltered and weshed until the Tiltrate was Tree of

chloride. Af%er drying the acid hydrelyzed lignins were
wyl (?(3).

gﬁg&yzgﬁ for meth

Hethylation of Lignins

One gream of laectic aeld lignin snalyzing 12.3%

MAfiecation

methoxyl was meithylated with dlazometbane by & mo

of the method used by HMorgal (78). The lignin semple wos


mailto:pr@olpitfi.tea
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Alkall Zsponification of Lisnine

Type of Lignin Ea%@m Resovered, gf%;;«
~ Sepomifi- % After  guioniri-
ocation fﬁag:;gmm;“ ontion

sation

Lactic Acid X;*}:*:-;; Ty
:‘:’*r&sm“v by Bolling
talks with 85% , ,
&a@ﬁi& Acid for . ; ‘
8 hourag. ‘ 13.5 78 15.%

Lectic Acld Lignin,
Prepered by m%sm
ing Stelke with 85% A , o
Laotic Acid for 4 : ‘
Hourg =%t 112° 4. 12.3 73 14.%7

Lactic %@i& Lignin,

Prepared by Dicest-~

ing 8%alks with 74.7% ‘ o
L&ﬁ%iﬁ ﬁmi& fﬁi&' 4 ; ’

Lootioc Acld mmm%
Prepared by M T
ms? S%allkg %ith @ﬁ%
ig&ﬁti{} Acid {Cata~

ivzed Dy 1 ml. Con~

centrated Hydrochloric , :
Aa*:&} for 1 Hour at _4 - .
i} 3}3‘ e 18.4 T 18,8

%ﬂ&iﬁm Hyaroxide Lignin 15,4 83 16,7

lodium Hydroxide Lignin

;igmtaﬁ 4 Hours at , .
112° ¢. with 85% | .
Lactic Acld 1B.0 82 1644

Sodium Hydroxide Liemin
333_&“6&%&3@. 4 Hours sl _ ,
1312° ¢ with T P% B ,
&aati@ Acid : 18.1 74 16.1




Table 11. {(continued)

Type of Lagntn  OHp® £ Limmin  CHLO, %
Before  Lecovered, srter

Zeponifi- % Af‘%%? . Sarnonilfi-

eation Saponifi~  sotion
GO

d~ﬁ%&th@xwmzﬁmﬁia é@i&. . o o
Lignin 12.3 70 14.3

Sodium Hydroxide Lignin

Bigested with A-Hethoxy- , o _

proplonie Acid 17.0 78 15.5

Propionie Acid Lipnin,

Prepaved by ig&a@iﬁgﬁ

Stalks 4 Hours st 112° .
o with 1008 Proplenic

Aeid 10,2 76 « 14.5

Proplonic Acid Lignin,

Prepared by Digesting

Stalke 4 Howrs at 1056°

C. with 72.4% Proplonle o |

Sodium Hydroxide Ligmin,

Digested 4 Hours ot 112° ; ,
C. with 100% Proplonic | ,‘ |
Acid 18.1 5 18,3

Sodium Hydroxide Lignin,
. Digested 4 Hourg st 105° , .
C. with ?33‘@% Proplonic ‘ »

Acetlic Aclid Lignin, Pre-
pared by Digesting Stelks
4 Houra at 112° C. with
100% scetic Acld
Acetlic Acld Lisnin, Pre-

- pared by Digesliling Stalks
4 Hours et 103° C. with
665,49 Acellc seid 135.8

B
ot
i
¥

e

Sodium Hydroxide Lignin

Treated 4 Hours at 1129 o o
C. with 100% Acetic Acid 17.2 77 15.8
fodium Hydroxide Lignin
yreated 4 Hours =t 103°
€. with 66.4% Acetlc Aeld 16.0

14,7
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Teble 11, (continued)

CH.0, £ Lismin ﬁﬁ‘ﬁ i

?a%ﬁm _ Hecovered, Affer

Zaponlfi- % After Saponifi-

%ﬁ%&&ﬁ- Baponifli- Q&t&ﬂﬁ
catlon

fype of Lipnin

Formic Acid Lignin,
??@@%raﬂ.ﬁy‘Trﬁatiﬁg -
Stalkg 4 Hours &t 1000 .

Ce with lﬁ@ﬁ Formlo aAcld 11.7 4 14.4

Formic Acid &igﬂzﬁ
Prepared by im@&%ﬁﬁg
é%&iﬁs épﬁ&&ys at 3#@

1344 75 14.9

Sodium ﬁy&w&xﬁé@ Lignin,

Digeated 4 ﬁiﬁ“av%ﬁ '

1009 €. with 1005 T o
Pormic Acid o 168.2 83 156.9

pessed through a 100 mesh sleve, dried in a vacuvum degleo-
cator over phosphoric snhydride, placed in a 150 ml.

Erlienmeyer flasgk and sn ether solutlion of dlszomethane

@;’Sﬁéz}@:z*&; from 2 ml. of nitresomebthylureth

ne (80) poured
over 1%t and allowed to stand overnlght. The ether wee
il Lerec

off and the lignin was washed with low boiling
<§ﬁﬁf¢lﬁﬁm ether (Skslly A). %h@:li@ﬁlm wag then sublected
to another methylation sinilsr to the above but using only
1 ml. of &i%ﬁ%ﬂﬁ&ﬁﬁﬁ@%&@ﬁ%ﬁ
The twice methylated lsetic acid lignin was methylated a
third time, dried in vacuum snd aaa13$§% for methoxyl {(70).

ne to generate the diazomethane
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Al g. gample of sodium hydroxide lignin was subjected
to three methylations using the procedure given aﬁe}vg. T
dried methylated iigmﬁ was anelyzed for methoxyl i’?ﬁ}.
| godium hydroxides 1ignin that had
been digested with 85§ lactic acid for 4 hours at 112° C.
wasg mﬁhﬁaﬁaﬁ three times with dlazomethene by the method
described above. The methyl .
for methoxyl (70},

A1l g. gemple of the

ated lignin was dried

Hydrolysis of the Methylated Lignins

thylated lipgning were hydrol:
by & modification of the nethod of Ahlm and Brauns (69).
The methylated ligr

ing were dlsgolved in 15 ml. of dloxaw

0.5 g. of sodium carbonate in & ml. of water wag adled
{thls caused part of the

1ignin to precipitate).

. The dioxane solution was heated on a water bath at
78° C. for an hour; the precipitated lignin graduslly
dissolved with the evolution of carbon dlexide. Another
sbonate in 10 ml. of water was added and

0.5 g. of sodlum o
part of the dloxsne wes removed with reduced pressure. The
solution was heated at 75° €. for enother hour. The dloxane

was removed by heating An veguo; ‘the lignin was kept in solu-

constantly adding

ane free solution
was Filtered and heated at 75° G. Por another hour. After
cooling the 1lignin wes precipltated by the addition of a



Table 12.

Acld Hydrolysis of k&gﬁ&ﬁs

G, Ligia . ongo, 7
Type of Lignin @%%@;Q Recovered, ﬁfﬁ@; 

Hydrolyeis # AfSEr  RBydrolyel
3$ ré1ygiﬁ ﬁyﬁrﬁlygi&»ﬁ?arg;?gig‘

Leactic Acid Lignin,

Prepared by Bolling : ,

Btalks B Hours with ‘ ,

86% Lactic Acld 13.5 21 13.8

Lactic Acid Lignin,
Prepared by Digesting ; _
$talks 4 Hours at 118° .
C. with 85% Laotlc Acid 12.3 23 13.1

Lac%ic Acid Lignin,

Prepared by @ig@@ﬁiﬂ%

8talks 1 Hour at 112

C. with 85% Lactle

Acid {Catalyzed by the
Addition of 1 ml. Con-
sentrated Hydrochlorie ,
Acid) 12.4

godium Hydroxide Lignin  15.4

Sodlum Hydroxide Lignin

ﬁiggﬁtai 4 Hours al , .
112% ¢. with 85% Leaotic L
Acild 18.0 89 18,0

13.1
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Table 15?

Hethylation and Seponification of Ligninas -

i % CHz0, # Lignin *%, »%
Eﬁfara After Recovered, Af er
Methy- Hethy- % After deponifi-
lation lation  Seponifi~ aption of
gation Hethylated
Lignin

Type of Lignin

Lectic Acid &1@%1@;

Prepared by Treai-

ing Stelks with .
85k Leectic Acid at - - .
112° €. for 4 Fours 12.3  22.4 80 17.6

Sodlum Hydroxide

Lignin, ??ﬁazgg

4 Hours at 112°

with tﬁ% aaati@ - . _ R

Acid 15.0 23.6 88 18.1

Sodlum Hydroxide W | ‘ L
Lignin 15.4  24.8 83 25.5




slight excess of hydrochloric acid. The precipitated
lignin was filtered, woshed until the filtrate war free
of chloride and alr driled. The dried hydrolyzed lignin

waa dlgmolved In 10 ml, of dloxane and precipltated by
pouring inte 500 ml. of dry ether. The preeipitated
lignin was flltered, washed with low bolling petroleum
ether (Skelly 4}, dried in vacuwum over phosphoriec
anhydride and snalyzed for methoxyl (70).

Color Teal

None of the lignins prepsred gsve & color chenge

when treated with Wiesner's reagent (phlorogliucinel-HCl).
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that agueous solutlionsg of formie acid containing hydro-

Qﬁi@?ﬁa~§§i& remove slishily less 1ienin than do hydrogen
chloride free agueoug sgolutimeg of formic acld mey be due
res puch as those shown

in Table 8, The Tact that hydrochloric acid hag a elightly

‘tﬁ_ﬁgﬁaaﬁsaﬁiaﬁugilymﬁrigﬁtiwﬂ chan

pogitive catelyiic effect on the sxirsction of lignin fron
corngtalks by anhydrous formic acld tends to conflirm this
opinion, |

The data of Hibbert and co-
?ﬁ%i& 8 show %ﬁaz effecta similar to thos discussed above
ere observed when plant %&aﬁaa'iﬁ extrasted with alechol,

workera (9} preasented in

These workers atiributed the catalytic effects produced by

water end hydrogen chloride to & hydrolytie influence of

the hydrogen lons present in the alcohollic reagent. They
(2} found that ascidic subsbences are fomed when maple

wood is @ﬁ%@aataﬁ with pure ethanol.
rdvolytic influence similar to but

orgenie aclds
formed probebly sxert a h
lesg intense than that of
thie view 1g found in the Fact that formlec am
» of plant tissue by slechols (82).

- It scems p%&aiﬁlﬁ that &'”5fwﬂlygiﬁ strect ney play
an important role in the extraction of lignin by both

hydrogen chloride., Conflrmestion of

1 acetic acids

catalyze the pulpls

aleohols and organic acida.
extreoted fyrom cornstslks

Hethoxyl ansliyses of lignin
by lactic seld indiecete thet fractionation takes place

during the e fwﬁeﬁianﬁ firat removed have &

riraction.
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1@@%%'@&%&@&31 content than do the intermedlate fraetlions.
The intermediate fraotions contalin more me%bﬁxyifgrﬂﬁgg then
the Tinal froacitions,

It was observed that lignin extracted with B5% proplonie

- azcld has sz lower methoxyl content then 1ignin extrescted with

the an

yarous scid. It wze slso Tound that lignin extracted
with anhydrous propionle acid contains less methoxyl than
does lignin extracted with 72.4% proplonic celd. This is
partly due to Tractlonatlon and also bo esterification of
lignin extracted with the ent
Alkell gapor

proplionic, &ﬂé%iﬁlaﬁﬁ‘fﬁwﬁiﬁ scide form esters with the

yarous acld.
ification studies indicate thet anhydrx

i3

1ignins thet they extract. Apparently esterdilecation plays
no importent role In the extraction of lignin by these scids

beceusge maximum sxtractions of lignin are obiained under con~-

ditiong that do ﬁﬁﬁ‘f&ﬁﬁ&“@ﬂ%ﬁﬁifi%ﬁ@iﬂﬁ; aﬁﬁ&li gaponifli-
eation dtudies confimm the opinlon that 1ittle esterification
takes place when 1lignin ig extracted with agueous solutiong
of lactile, a-methoxyproplonic, propionic, ascetlc and formic
aclda.

In most cages the action of the organie aclds on sédium

hydroxide lignin is not clesrly revesled by the data avall

able. XIn sll the resctions invegtigeted there ls evidence
of Troctionation. The inoreass in methoryl content of

godiuwn hydroxide lignin vwhen it is trested with d-methoxys

propionic acid is probably due to ssterification of the lignin.
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The fact that the methoxyl content of the trested lignin

1g dscreased by slksll saponificstion tends to ontirm

this conclusion, but the possibility that the decresse in

methoxyl content is due ‘o fractionatlion rather then to

soids on isolated 1ignin is not the geme as thelr sctlon
on the natural lignin of plant %tlseues. 4cld hydrolysis
oxide lignin end sodiuvm
hydroxide 1ignin treated with lactic aeld indlcates. that

with lignin,

4. by the
&%ﬁﬁﬁﬁh&ﬁ@ mebthylation of lactic acid 1lignin, sodium
hydroxide 1ignin treated with laetlc acid end sedium hydroxide
lignin. The fact that sodium e

of lechic acld lignins, sodium hydr

the lactle acld doesg not form an acetal

Figure 3 summarizes the results obtained

rbonate saponification of the
methylated 1ignine decreased the methoxyl content of lactic

Lignin treated with lactle

han 1t decreased the methoxyl
sodivm hydroxide lignin indlcates that laetic

acld adds free carboxyl Sn. Mt Sk tion
that Iactic acid rescts with sodium hydroxide 1ignin
e lignin ie found in the fmect
that methylated sodium hydroxide 1lignin contains a larger
percentage of methoxyl then does methylated sodium hydroxide
1 thet has been dlgested with lsctic acid before methy-
latlon. From these data 1t appears that lactic acid nay

rombine with both isolated and natursl lignin according te

ugh phenolie groups of %

1igni




24}[— @ NaOH Lignin B | =

O NaOH Lignin Digested with Lactic Acid

— @ Lactic Acid Lignin

1 | ' | | | 1

Uptreatgd, "A' Hydrolyzed 'AY Hydrolyzed "A" Methylated "B" Hydrolyzed
Lignin ¥A"

with HCl - with NaOH  with CH N, "B" with NayC0,
Fig.3. Effect of Various Treatments on the Methoxyl Goritent of Lignin.
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the mechanism proposed by Holmberg (43) to explain the

getion bebween slechols and ligning, The following re~

sction 1llustrates the mechanism inveolved:

%

| GOOH
L1OR + fﬁ_ = L1OGH
CHy CHg

Lignin 1% 1s undecided whether R

In the cease of natursl

congiste of a hydrogen, a %&@%@hﬁﬁﬁaﬁg[gr@gﬁﬁ_&ﬁﬁﬁhﬁy
lignin group %ﬂ“ aven %ﬁﬁﬁh&‘g& part of the seme ligzai;x
molecule. In 1solated lignin R ls probably the hydrogen
of a phenolie hydroxyl.

The dats do not indlcate whether the comblnation of
lactic seold with lignin plays an lmportent role in the
igolation of lignin or whether fhis combination is merely

a side reaction of 1little or no importance in the extractior

of lignin from plant tissues. Furthermove the evidence

does not show whether the combin

tion tskee place before
‘the lignin &%&@ﬁﬁfﬁﬁtﬁﬁeayAﬁ@a‘sff»i%:aaﬁﬁra~af%ﬁ@'%hs
lignin is in solution.

Ahlm and Ewﬂﬂﬁs (69) reported ﬁh&%\ﬁi&gﬁ&?¥s<r§&geaﬁ,
gives a positive test with isolated spruce lignin. Since

the test le no %ﬁﬁgﬁ? §$$&%ivavar$§f'1&gﬂﬁxf&g~masbgiasa§
with éiamaﬁath&a%‘%hﬁg_atﬁriﬁat&@ the test To the presence
) ?Fﬁxyi group. The absence of a posiltlve Wliesner's
. alkall lip
comstalke indlcates that the group rea?ﬁﬁﬁiﬁ&ﬁ for thie

test in all samples of acld an

nin prepared from

test 1s not present in isolated cornstalk lignin.
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A hyarolytic effect appears to play an
in the extrsction of lignin from plant tissue by both

~role in the extraction of lignin fn

When lignin is extracled from cornstelks by a large

excess of lactic acld two major changes ocour, namely
e rapld initisl process end a slow time-determining
fiyﬁ@'ﬁyﬁﬁﬁ‘%ﬁﬁﬁgiﬂgﬁ The temperature coefficient of
the slow part of the resctlon 1g negligible.

aleohols and org

anic aclids. .
Evidence indlesting that agueous sgolutions of formic
ecid containing hydrochloric scid may ceuse lignin in

- plant tissue to underge condensatlon-polymerization
 resctlons 1s presented.

~ Fractionation tekes place when lignin 1s extracted

from plant tissus by orgenic acids.
Anhyarous organic ascids form eeters with the lignin
that they extract. Esterification plays no lmportant

om plant tissue by

aqueous solutions of organic aclds.

In most cases the sctlon of organle aecids on isolated

(caustic elksli) lignin is not the same as their actlon
on natural lignin,
Lactlc acld adds free carboxyl groups %o both natural
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when treste

and igolated lignin. It ie possible that thie ecid

combines with Iignin sccording to the mechaniem Holm~
berg (43} proposed to explain the action between
alcohols and Lignin.

Isolated cornstalk lignin does not givée a color change

sente

d with Wiesner's res
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