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Thin-layer Chromatography of Oxidation & Nitration
Products of Lignin from Dendrocalamus strictus

Rita Dhawan, Man l'\1uhan Singh &. S. R. D. Guba
Cellulose & Paper Branch, Forest Research Institute, Dehra Dun

Dioxane, thio and soda IignirlSas welltasdioxane nitrolignin prepared in different media
{carbon-tetra-chloride; ether and-methanol} wtfes,}bjected to alkaline nitrobenzene oxidation.
The oxidation products were separated by rhtn-tayer chromatography (TLC) using benzene-
ethanol (150:22) as the .developing solvent and silicagel o as adsorbent. All the iignins gave
vanillin, syringaldehyde and p-hydroxy benzaldehyde as the major oxidation products, which
indicates their close resemblance and confirms that bamboo lignin is composed of guaiacyl
syringyl and p-hydroxy'phenylfropane qflildi~g units. The higher percentage of oxidation
products from dioxane lignin cOIVi'rrtts'its higlu~rpu,.;ty than thio and soda lignins. The amount
of oxidation products obtained from .dio~~ne nJtrolignil1s was very low, showing the degradation
of lignin on nitration. From the spentnitrating/iquor, 4.6-Dinitroguaiacol (DNG) was obtain-.
ed indicating the substitution of nitro groups iii 4~and 6 positions of the aromatic nucleus.

Introduction

Thin-layer chromatography is
an important technique for
rapid and good separations and
is the method of choice (a)when
the time factor is crucial (b)
when separation on paper is
difficult-to achieve and (c) when
only micro amounts of subs-
tances are available. TLC is
best considered as a comple-
mentary technique to paper
chromatography.

It was presumed that degrada-
tion reactions of lignin might
throw some light on the mecha-
nism of delignification of bam-
boo with nitric acid,so, in this
paper some preliminary studies
on the oxidation and nitration
degradation products of lignin
were carried out.

Lignin being phenolic in nature
is susceptible to a widevanety
of oxidants. Alkaline nitroben-
zene oxidation was first of all
introduced by Freudenberg.!

Manymethgds for the separa-
tion and estimation' -of the

alkaline nitrobenzene oxidation
produCts' have been reviewed by
Pepper and, Sidiquellah.·

(iii) Methanol-Chloroform
(3:7)

Out of these benzene-ethanol
(150:22) gave the best separation
therefore, it was used for the
quantitative estimations.

Stone and Bludellt separated
vanillin (V), Syringaldehyde (S)
and p-hydroxybenzaldehyde (P)
found by alkaline nitrobenzene
oxidation by Paper chromato-
graphy.

KratIl and' Puschrnann- separat-
ed V, S andPby TLC using
sifica gel G as adsorbent and
di-isoamyl ether (water-saturat-
edj-n-butanol, (3: 1) as the
developing solvent.

The TLC separation of many
aromatic aldehydes including
P, V, andS has been reported
by Rffini5.

Bolker & Co-workers? carried
outstudies on the reactions of
simple model compounds (like
guaiacol, veratrole, etc.), with
nitrous acid in order to throw
some light on the degradation
reactions of lignin.

Shorygina & Co-workers! also
carried out nitration of hydro-
chloric acid lignin from lir and
isolated 4, 6-Dinitroguaiacol
(DNG) as a by-product.

Experimental

Dioxane, thio and soda lignins
Were isolated from bamboo,
Dioxane-lignin was isolated by
the method of Pepper and Co~
workers". -Thio and soda lignins
were isolated by convential
methods.

Towers and Maass' have also
described the separation of
P,V,S on silica gel G.
In the present investigation, the
following solvents were tried
for the separation of oxidation
products !-

(i) Benzene-Acetone (3:2)
(ii)Benzene- Ethanol (150:22)

Dioxane lignin was nitrated in
earbon-tetre-chlorideand ether
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media by. the IJlt~hpa pf Sh~FY~
gina . and Co-Workers". In
methanol medium, it was nitrai .• '
ed by the methods of Kurschner
and Co-Workers'",

The isolated lignins and nitro-
Jignins were subjected to alkaline
nitrobenzene, oxidation.

(i) Reaction Conditions

The oxidation was carried-out
by the method followed by
Stone and Blundell' under the
following reaction conditionsi-

Reaction temperature, °C :::::170
Time, hours == 2.5
Nitrobenzene, ml. = 2
Sodium hydroxide, ml. c::: 15

(2 N)

(Ii) Procedure

Ig. of lignin sample was weighed
accurately and placed iti a 100
mI. stainless steel bomb, 15 mi.
of 2 N sodium hydroxide and
2 ml. of nitrobenzene were added
to the bomb. The bomb was
sealed, shaken vigorously and
heated in an electrically operat-
ed digester for 21 hours at
170oe.
(iii) Isolation of Reaction Pro-
ducts

After cooling, the contents of
the bombs. were transferred
quantitatively to a separating
funnel. .The nitrobenzene was
removed from the. reaction
mixture by vigorouslyshakingIt
with ether. After whole of the
nitro-benzene was removed, the
reaction mixture was acidified
with glacial acetic acid to pHa
and further extracted with ether
to remove the lignin oxidation
products. The mixture of oxida-

252

,tiohprod*t~ W~S dissolved I i~
5 rhl, of ethanol. These etha'nol
soh-tilo." ,~ek used' for the
chrom~tographic. analysis and
for -(heq1}a,jtitati~e ~stitrlations.

(iv) separation and Quantitative
estimation of oxidation pro-
ducts _of lignin (Vanillin,
Syringaldehyde and. . p,:"

.hydroxy be~aldebyde) by
TLC
(a) Adsorbent

,The oxidation product:! of lignin
were separated by means ofTLC

using silica Gel' G (E. Merck
A.a.' Daqnsta,dt; Germany-a
standardized' mixture' of silicie
acid and gypsum), as adsorbent.

(b) Prepar_tioo of CbroQlato,.
pl_tes·

Smooth glass plates (20 x 20 x 0.4
em). were coated with a thin,
even layer of silica Gel G (0.3·
mm. thick) by spreading a well
stim~~ mixture of 25 'g. of Silica
Gel G with 50 ml, of distilled
water ,using Desaga applicator
(C. Desaga G.M.B.H., Heidel~
berg, Germany). The plates were
allowed to dry at room tempera-
ture and then, activated at
lOSoe for $0 minutes.

-,

(c) Development of Chromato-
plates

The chromatoplates were deve-
loped by the ascending technique
by using benzene-ethanol (150:
22) as thedeveloping solvent.

Aliquots containing oxidation
p(odq~ts;weJe spotted onrtbe
chrornatoplates .at 2 cm. from
the base line with aqistai!~e of
1.5 cm. in between. After drying,
the chromatoplates were' placed
in glassjars,covered with ground
glass plates. and fitted with glal>s

"r~k~ to keep the chromatoplates
up-right,

For development, the jars filled
"witli a quantity of solvent mix-

ture to.wet the plates to a height
of approximately 0.5 ern; shortly
before the solvent front was
about to reach the top, the
development was interrupted .
The development took 40-70
minutes.

•

•
After development, the chroma-
toplates were taken out of the
jar. and their front line Was

. marked. After drying thoroughly,
they were suitably sprayed and
used for further investigation.

(d) Detection

The various spots were observed
under U.V. lamp and they were
further confirmed by spraying
with 2,4-dimtro-phenyl hydro-
zine and diazotized p-nitroaniline
followed by saturated solution
of sodium carbonate. The obser-
vations (colours produced by
different oxidation products and
their Rr and Rv values) are
recorded in Tables I & II.

(e) Recovery Irem Plates

After detection,corresponding
zones of adsorbent were carefully
scraped across the complete
width of the plate and transfer-
red to centrifuge tubes containing
ethanol. The supernatant liquor
containing .oxidation products
was decanted intofurther centri-
fuge tubes. Any precipitate
(Silica gel) which was formed at
this stage was centrifuged down.
The clear supernatantliquor was
evaporated to dryness. After
weighing, the amounts of the
individual aldehydes were deter-
mined quantitatively. The results
are recorded in Tables III& IV.

•
•
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Rf 281141'RJ'.a1Uflo'f OxlcJatioa fP6bduCDI 'OIiLipibi usiitg three
€:.aqelop~ SelYelits '

•
~lfift'ga,ldehyde

>
p~hjaroxy ..

benzaldehyde

,4 ' ; 1 "I i,?";

"BE =Benune»Ethanol O~2)
BA =Benzetle-Aceone (k2)
MC=Metnanol-Chloro!Mmi(3:7)
Rf =Distance 'travelled by respectivecompounds ~

Distance travelled by the solvent
R, :.=Distance traveltetlb1te1pective compounds

Distasce !tra~IIe4,bJt-p~l1in~"

t'" t g' " IU'.' "i

BE '\ 'BA MC
0.67 0.71 0.62
0.92 ~0.94 0.96

DE·\ BA
Rf 0.73 0.76
Ry, .•.1.0 1.0

'Me
0.76
1.0

,TABLEU

BE
0.56
0.77

BA
0.74
0,98

MC
0.52
0.84.,

"'.

C0111Pf!.und Under UV
Lamp'

2,4 dinitrophenyl-
hydrazine

Diazotized
p-nitroaniline

foUowedby
NaiCOa

·.Solution

Vanillin
Syringaldebyde
p-liydroxyben-
, zaldohyde
Va~iIlic acid
Syringie;acidJ
Acetoguaiaconc'"

.Light.blue --
Light brown .....;...:

.Light Purple -

Purple
Purple·
Brown

Deep Orange
Deep Orange
D.eepOrange

Voilet
Light green

Purple
, Blue
Voilet

\ i,

TAB.LE III

• Yield ,q,(, Alkaline Nitrob,nzene., Q~l"tionfr~ ••cts of
~,,' Isohlkd Ligni~s' . "

•• Products f%)' :' Dioxanelignln.. ; Thio lignin Soda lignin

,Vanillin .
S),'rjnea14ehyde ..
PrbY,dro:lty.benzaldehyde
:;r.Qtaly~eld .
MtlJar ratio (S/V)

d
(S/V r~tiollfl',SyriDgaJ4ebyde,to Vapillin ratio). " t

:IpptaO~t;, NQv(~J~~c•.(l~17.Vol. XJV, ,No.t4

4.8
6.6,
1.9

13~3
?L,1.1

(v) Isolation of 4,6-D~~gAAWr
cc), (D\'l.G),_ ~) ,

) ~ ' ,J ,

4,6-Dinitroguaiacol (DNG )
was isolated from the used re~c~
tion :inedia Le. acidic carb'Ort-
tetra-chloride ~ndethe'r ;lnecti~
len ~her isolating ~itrbligrlifiS::

TQe reaction medium was ex-
tractectwith,~ther. sever~ltlln~s
~4.eth~real extract WM .further
extracted with NaOH,_Th~
combined' NaOHextract was
acidified . and again e:lttract.c;d
~ith e~h~i. '..Fr(,[J} the ··~t~e~~,a.l
extract, .,ether w~· evaporated
an~to.the' dark ,h.rpwn-, SPI-QP,)'
mass sopbtained •. ethanolw as
added •. ' TLC .of ethanol e~tract
was ~airied' out using a' :pljxtur~
of. .methanol: benzene. acetic
'acid; petroleulll,etber, (8:4S:':~.5:
20) as the, developing ,~olvent
and silica gel G as adsorbent".
The dark yellow zone .'at Rr 0.47
was, carefully scraped" fro11\ the
plate andextracte? _with metha-
nol. Wli~n the ..metlianol '. was
evaporated under redrtced pris~
sure, a ye!J9w. residue of 4,6::':::'
Dinittoguaiacol . (DNG) (M.P(.
120°C) was obtained. The yietd~
are reported'in Table V. .•,

'J f

Besides DNG, the chromato-
gram showed the presence of
some distinct spots at the follow-

• . ',I

ing Rr '

Rr :value

(i) 0.33
.-

Oi) 0.52

"(iii)· 0~66,

(iv) 0.72

These compounds could not be
isolated as these were present in
traces.

~S3
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(I) Oxidative Degradati6n Pro-
dl,l~ts.ctfLignin .

the. ;tlire~ .Iso lated ...".fignins
(di()~a:ne.tbiQ and ...so~a) .were
oxi~~~td wit4. alkaline nitroben-
zene; wbich is a mild oxidant in
order to determine the position
bf varlous substituents in tlle
beniene ring" of, the 'pfienylpro~
pano'hnits of Hgdin:' ~b\tildil1g
stones.

iAl1 thb isolated .lignirisgave
vani1lm, 'sytinga1deliy'd~ r!alICl
p~it:ydroxy~be'rlz~ldehyde ·~s th~
~jbr pr~ducts .bP911 •.alklrlib'e
nitrobenzene oxi(isti'tirl,Whitli 'ill
true in bise6f trtoridcotyl~a6:ne
-c-r: •.•• . .' .'. r'. . .'. '.(Sbftwdod lignins yield" vanUlin
artd.;hardwo.ods .li~nin$yie1d
yafiillin and syring~idebyde upori
'alkali:tie Illttbberitene oxidation).

Jtt····and.Rv V·alqes. o.r. alkaline
pitr;Qb~n~ne pxida.~Q'~pxopu~isor lSO)M~d ..1igni~~ .oQJ~lned :1>Y
.lJ,sjpg·,three 4i[e,ient develqpipg
solvents' are recorded in Tablel:
ASi'~. clear fromtp~s~J~~ aP'i
~.,..y.tu.elh the, soly.ent,~~n~~-
'ethanol (lS(j;22) gave .tJ1e.best
separation. . th~refore. it . was
selected forq\lani~tative estima-
Jrdik'''. -> •

the quantitati'~e this-lay~r chro-
matographyof ether-soluble nit-
robenzene oxldaticn prpdu8ts of
isolated lignins and their -com-
parison with known ref&ence

.compounds indicated the, pre-
sence of vanillin, syringaldehydi:,
p-hydroxy-benzaldehyd~,. 4cFW'"
guaiacone, vanillin acid and
syringic acid. IdentifiCation' !~f
the some oxidation products
ftoIb· tho three . Ugtli§.s lRdtc:atos
tbe: closc' .resern bla.nce of .t-Jiuso
lignins,

1IABIl.B' IV

'"nYIeW ofJA:!Pllhe fiitIDhBJ •••• l1(j)xlllltioa 1ft'~~UeGlllf
D_W Nltloligds

-,lJifJ~'eze . Dioxane Dioxaiif!
nitro-rignin ni/ro-t;g~in nitro-ifglk;,
(Methanol- Corban-tetra- (ether_

medium. Cbloride < i medium
'!Jet/tum. •

•

V~billin'!\
Syringaldehyde
p-hydroxy benzaldehyde
Total yield
Molar ratio

'1(!4~
0.98

\ '0:20
2.58
-.0.58

.
, 1.15
0.85

11'races
2.00
0.6.2

0;95
0.70

,.ITraces
1.65
0.62

)'; \ 1') ".

II ')

.TABLE V

~ield of 4, 6-DinitroguafAc4)l'obt~il1eaby ttieNttration of
Isolated Lignins

$, •

Type of Nitroltgnin Yield of 4, 6-Dinitro-guaiacol
%r

'\ J' :~ -"

In Ether
0.28
0.19

Traces
0.22

In Col,
0.33
0.4

Traces
0.25

, \ -, ~
~iox~~~ .nitrolignin
Thio)nitrolignin
~~~AY.~~tedthio nitrolignin
-Soda nitrolignin

Table 11 shows the colour,of.·thel
various oxidation products under
U.V. I_pand after spraying
with 2; 4.dinitro-phenYl-hydra-
zine an'dl:diazotized p-nitroani-
lltne . fol1owedby 'a: saturated
solution of sodium carbonate.

This suggests that. bamboo
(Dendrocalamus strietus) con-
tains mote syringyl repeating
units . than guaiacyirepeating
units. This, is also evidenced by
the high methoxyl values of
bamboo lignins.

Table III indicates the yield of The ratio of syringaldehyde to
niti:oben£ene'6iKf(!~titlliPro'ducts;~;'vtinniin <~(S1V! tlldo) is an
of isolated lignins. The (jjj:Ida•., ""itrt~ortant factor; higher the S/V
tion products confirm that ratio, lesser is .jhe degradation
bamtJOo" lignill is'\lJompbSed of of Iignin.: As is clearfrom Table

.guaiacy], syringyl and p-hyd- VI, dioxane lignin has a some-
roxypijenyl-propane . ,. building whathigher molar S/V ratio and
units: Higuchill obiairi~d similar higher p'ercentage of oxidation
results. for other ;"SP7cies of products as compared' to the
bamboo. A perusalrof . Table other two lignins(thio and
Vl (eveals that the' .yields of soda). This ccSnfirms that it is
syd~gaIdehyd-e--aie-l:iIglier as," least degraded & contains more
compared to that br. vahimn~"syiingyl units than soda and'thio

~tta (i)cr:,NtW.'& Deo~''l917, Vol. XIV,~NC1.'4
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Jignins. This ~ f¥rf\,~-~uPP"!., "/'9&i~~ff,,~ ilr()~a~~ ~~~f-l .~(ir),T~e ,IQ~? amo~nt of
ted by the fact' tbtl'tdioiaqe, ,'11:le.t,rac~~.?rI>NQ_ PDt~!p~~In

i
', ,arOma!lC ~Idehydes. obtalDe~ by

, lignin has a higher methox~t:,!! tdeiof ] Inltk,laUtiJi tlJJobgruru; ,~e ?xldatIon of dioxane ~Itro-
value than thio and Soda lignins, ,was ~u.e to the fact .th~t. t~e .fr~~, c ; hgn~n sho~s t?e degradation of
- ,,':'1>he.reltet!: I1fdrox'}'l.<groo~' Ill' e, ,lignIn on .mtranon.
A perusal of Table rtIVdDtllG8t~sl Hgtiift \nt8j,!b\ONred~nnesult" (i'" 't'he"gteliter Joss,in the yield
that the amount of aromatic of methylation. Shorygina and of syringaldehyde than vanillin
aldehydes obtained by the Co-workers" carried out nitra- shows that the loss of syringyl
alkaliD,e nitrobenzene, ,o~ddati4n:. tionof lignin n10deleompounds., units is more than guaiaeyl units
of dioxane' n1trolignms,'js,;v.e;y. 'and rc$ortedth~ttbetormationOIl' nitration •
low as ooinpued to. the.~.unt " of4,6wON(Hh ,th~ 'mtrati?nofi . (v) ';The isSlation of 4~ 6-Dint-
of. atd~~~~ ~obtalD~d, '~Y, -,th~Jj~nm'is ,~Ssociated~in p~rtIcular'roguaiacol . (DN'9) froni the
~xrdatron of\dlo~~ne ~l~' This 'With theprese~e~\()f'struGturalspent nitratlng,.Jiq~or shows the
IS due to the degradation of elements containing a benzyl substitution of nitro group in
lignin by nitration. "alcohol or .benzyl ether group the 4 and 6 position of. the
Th te I . th y' Jd1 'o-Jr'tbgether with a 'free phenolic aromatic nucleus. ;je grea er oss In e te J... iti f
Syri~Jgl·i1JdehhYdet8hat",C/(IthIaP~I , ..~~ "~l~f~;J'ihi~~en~:~:u:os~~i: ~s
va~I in s o":s ,.a eoss, 0 further -evidenced by the stu-
svnnayl umts~", more than .,' . .' " ,,; " e: .('''.'' ". ,.\'.,' ." o"'lldles carned"'but by Gustafsson
gua.a~y'~ units ~P,~W~~~o~',n and Andersen. They condluded
the basIs, of stu£fte,searned oU!. th t DNG I' ~ d only w'hen

' 11 Ii'" l'k ' ct'" , a IS10rme .by Dence .on gDln 1 e DIP ,e , th ..' ouads ,subjected to
COMpounds. ,this JSi due. to ',e t~O~f~Pt;i; ei,r':r"",' ','" . nitra IOn ale,70 .sydh&yl nucleus 1:>~tng more ,A/I.,,'
reaetb'e towards r, electrophllic (] BesidesPNG •..,Jl¢ chromate-
reageats (like nit* acid) than gram reveal.ed,.Jt~I=.,P~~SCIl,cepof

, guaiM:yl nucleus. ;:1t Is apparent ' some otpcr compp~nds,.wh~h
that,~ syringyl ullita are more could 'not b.c1jso~ted,,~si1th~e
susceptible to nitrat(Qn than "the '1 wer~ prSlse,~t r!'l' m~·ce~'~)iBased
IUal9$yJ units; on \~jdation the 1 on the sfudi@~cllrfi4;d, out-!>y
loss in the yield of syringaldehy-Bolker and Co-Workers" and
de is more than vanillin. ' from the Rf values of unknown

;, : c'' ' c()m'pbUDds;,~t 'is,anti~ipated
(ii~!nijtlatiou.. ProcW~t,oft.Pln. that three Gf the unkMwns were

:,A,;S,::~ ~ljLp~?~'uct, 4~.,l)-~~?itr,?- probably :14,:;.4J ~imethoJ[~i-

~uai~011I?,Ng),'r~s Is~lated,br :~~~~~~:~:l~~)~~f=o~;~)~n~
TLR Jrq,m"th~~~n~on-tetra-c~l9- 6-nitroguaiacol(~) tRr-iL(7).rld~,anQ,~therJiltf:~te~ left ,after
J$,q.iati~;~,:nitr,QJjgI)W~, -1s' ",~s '09cl"!I~~:ns
C;y;~pqt(r~Pl r~}>{~Y4: the )'~el~ (1)" 'Ttle t~biati()n", ofvanilIin,
'Q('DN<;J '.varied ·.fiontQ.19-0.~3 syringald~bydt!andp-hydroxy •.
'Her~e.n~,(%, od\V~i~ht,'~ c,f (tign,!'in' benzaldehvdeby' the ',o)tidati&11~lC:,;n). ,"" ',"" , I,', .: J
rr: ,.?' . i blall the lignlas 'confirms;tbat

• • I: H i 4'~ b,'a.mbooJignin' is :C'OOlposedt ofIn.; the· filtratIon Oa' gnn:,' Ul"

DNClis'lorme>das a result.cof guaiacyl,syringy1attdp-hydto;'
1eltlcttQphllW,displacement' of the x,phenyl 'pr~o~De building ,UnitS'.
.•lde- cIlaint,:b~:a nitto group'. (ii)Thehigb& jyi~ld .of 'syrin-
Tbt di6;.acel1Nnt)~ of' sid~~¢haiD galdehyde thaJ?!~~llip,jP-Ri7~t'f
oci:tk3" ,partiautlttJyt1CadUy' ia that bamboo lignin contains
ubits with a f-"to pbeAoDc more '"sytingyl thart auaiacyl
hydroxyl Iroup inc'tM-" para t"~ating,url~s.
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