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ABSTRACT

Local gin (50% cthanol/water) extracted 8.5% of orange-reddish
extracted (2,1% wine 1ed dye from the rhizome of Zingiber
ofticinale. The IR and the UV absorplion characteristics and the
results of the chemical analysis indicated that (hese dyes arc of
hydioxyanthiagqginone class. The dye extract from Sterculia
tasacantha gave persistant orange colour to white synthetic fabric
(Satin) but stained white paper pink. while extract from Zingiber
otlicinale dyed natural white cotton fabric. paper and satin [abric,
bright yellow. ‘The colours were fast (o waler, washing detergent
solutions and to daylight. The dyc from Zingiber officinalc was
also found suitable as colour indicator in pll titration of a strong
acid against a strong basc, therefore scrving as a substitute for the
mcthyl  orange  standard  indicator in  volumctric  analysis.
Recommendation for adoption in practical Chemistry cxciciscs in
Sccondary Schools is madec.
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INTRODUCTION

Nan has always shown greal ingenuity in his search for colou : to
cxpress his ideas and feelings, to brighten his surroundings and to decorale
himsell Belore the introduction of the synthetic dye, mauvaine, from coal
tor by Petlin in 1856 (Abiahant, 1977) man had been using colouring
materials extracted from natural sources namely, plants, insccts, aninals
and minerals, The list of conimon colouring cxtracts from materials and
thei sowces are given in Table 1. Castine'(1975) has also given a list of
some dyes obtained from named plant sources.  Extraction of coloured
materials fiom plants can be done using the tlowers, lcaves, [ruits, secds,
stems (harks) or the roots. ;

The peaple of Akwa Ibom Stale of Nigeria have been using
coloured plant extracts in decorating their bodies,  Culturally, women in
the fattening rooms mix extract lrom the sceds of Sterculia  tragacantha
voith palne oif as cream to give light reddish appearance to their skin while
the pelp lrom Zingiber oflicinale is mixed with clay pigment (ndom) (o
pive it a yellowish tint also used in decorating the body. Dyecing of raffia
(nedamy) with natural dyes from plants dates back lo many ceturics and is
still being practised in 1kot Ekpene, the RalTia City of Akwa Ibom State.

FABLE [ Dyes lrom Some Local Plants

SN NNAE OF | BOTANICAL NAN PART USED COLOUR USES
FOCAL EXTRACTED
Besi i
Awa {enbe oot} lLeaves bluish-green cloth dycing
2 Man Uoen Zingiber oflicinale Rhizome yellow dycing, ol commetic s
essentinl oil
3 Felinl Sterenlia tegacantha Sceds reddish-oranpe dycing of costics
LERPE | S EERREE P S
1 RUSTIRT Rothananid whitglickd | L Frwit and seed brown on paper | oas cosmdics dyetng e
¥ i e and  black o | black S
Rl Hemnar (ibaba) Lavwsoncd allw [eaves, lower skindir dyes for cos-muties and
red essential oils
O Corn flowver Conlanien gyangs Petals ha . " cosmetics dyes
i, & dark red - S B
7 Ry Rosa gallila Petals 4 r “cosiiddics  for cssential
) dark ™ vils

Ohjectives

The objectives ol the study were (0;




(a)

(h)
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(a) ixtract dyes [from local plant sources with su e
solvents.~
B B owa
(b) Characterize the dye extracts.
(c) Usc the dye extiacts (i) as end-point colour indicator in pll

Gtration and  (i1) in dycing of fabrics and paper.
3 ]

()" Rccommend Ihe dyes as a resource in curriculum
innovation in the teaching of practical chemistry. in the
Sccondary School. h

L

METIHODS
Extraction of Dycs

The pods of Sterculia_ tragacantha  (idut) and the rhizome of
Zingiber officinale (aran uncn) were collected from a school
parden in Uyo. The pods of Sterculia_ tragacantha, were broken to
reledse yellowish red dry sceds which were ground into powder,
dried inair and stored in a container (sample A. 70g). the rihizome
ol Zingiber ollicinale was washed with water. The exoderm was
peeled ofTand then grated into yellowish pulp, sundried and stored
(sample 13, 85g) belore extraction,

Local gin (~ 50% cthanol/water) was used for extracting
dye from sample A, while mcthanol was most suitable for samplc
1. lixtraction was done with the Soxhlet Extractor using 500cm’ --
Extracting Flash. 30g of cach sample was refluxed for three hours
within which the solvent in the thimble of the extractor became
very faint in colour indicating ncar total extraction of the dyc from
the crushed sample. The resulting solution was distilled off in a
water bath and traces of the solvent removed in a rotary evaporator
aller addition of dicthyl cther. ‘The coloured solid extracts 2.65g
(sample A) and 3.63p, (sample 13) were stored in a dessicator. The
viceld was 8.5% for sample A and 12.1% for samplc B.

. . : ; ) ! / )
Characterization ol the Dyes . - Y g1t Lo
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IR and UV Absorption of the Dycs
(W/V) solutions of the extracts were made by dissolving ¢ Ig
ol sample A in 10em® of 98% cthanol and 0.1g of samp!c I\ in
Locm® methanol. These solutions were then used in mcasuunb the
In!‘m Red (IR) and the Ultra Violet (UV) absorption pattern in the
IR spectrophotometer (Model-Perkin Elmer 710 B) and spectronic
10 Modcl-Bush and t.omb respectively { William, 1973) (Ethanol

and methanol were used as blanks for A and B respectively).
!

Chemical Tests lor the Fanctional Groups in Dye Lx.ll acts

Chemical tests for the presence ol phenolic CH, carbonyl (C=0)

proup and unsaturation and hydroxyanthra-quinone. compounds

were carried out and were positive (Vogel, 1968).
Clolour Effect of the Extracts in Acid and Base Solutions

A solution of dye A in excess NaOIl solution gave red colour and
in cxcess HCL solution gave-orange colour. Extract B solution
was orange in acid and yellow in alkaline solution.

Application of the Dye Extracts

—

pll Titration with the Dycs

1% (W/V) solution ol extract A was pu,palccl in cthanol and 1%
(W/V) solution of extract B was prepared in methanol.  Three
drops of cach of the dyc solutions A and 13 were used as 111d|<,¢110;:,
respectively  in ncutralisation reaction between 0. IMHCL and
0. IMnaOll solutions. Lixtract A gave no qlmrp end point in dircet
titration while a sharp end point (10.95cin’) was oblained with B.
Titration which B was repeated using pH Meter (Model 7010,

“Electronic Instruments 1, imited). "The ptl against volume of acid

plot using dyc solution b was unnp.ucd with that obtaincd by
using methyl orange indicator (FFig. 1). TFrom the plots the pll
range of B coincided with the ptl range of methyl orange and the
pencral shape of the curve for strong acids with strong alkalis
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using standard indicators,  The theoretical pH range for mcihyl
orange is 3.1 — 4.4 (Vogel, 1979; 54),

(i1) Dycing of Fabrics and Paper with the Dye Extracts
4 pid | 2 &

2% (W/V) solution of cach dyc was pn;parcd and used in dycing
$em x 3em picees ol white cotton and synthetic (satin) fabric. The
dyeing was carried out by dipping the picces in cach dye soiution™
for ten minutes with gentle agitation. The fabrics were dried in air.

<
g - - l.
Fest for fastness
IFastness (o Water:  Each of the dyed fabrics was soaked in
waler tor one day. Squeezed to remove the excess water and dricd in air.
The colour of the fabric aller being soaked in water was compared with its
original colour. (there was no change in the colour of the dyed fabrics).

IFastness to washing with detergent solution was done by washing a
Picce of dyed Fabric in bar soap solution, rinsed in water and dried in air.
The esultant colour ol the washed fabric was compared with the
eriginally dyed picce. The test was repeated for synthetic detergent (Omo)
solution.

IFastness in light was done by exposing the dyed picces to daylight
for A% hours. Afler which the colour of the exposed picce was compare
with that of the originally dyed labric.

The dyeing process and fastness in light were repeated with white
piaper. The resultant obtained are shown in Table 2.
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FTABLIC 2: Dyed Fabrie/Paper And Their Fastness Propertics

PEANT DYE [T TWHNAT | COLOUR FASTNESS PROPERTY
B RSET SUBSTRATE [ AFTTR WATLR | DETERGENT | LIGHT
i LUDYEING | SOLUTION
A Colton Light pink Modcrate | moderale Modcratc
Satin Orange Good ¢ good Good
A (synthaolic)
t
A Paper Stained pink | - - Modcrale
13 Cotlon Bright Good good good
yvellow _
3 Satin Bright Good - good good
(synthctic) ycllow
L | Paper | Ycllow ' - - good

RESUIL'T AND DISCUSSION
The Exteact and their Solvents

Tual extraction showed  that water did not cxtract significant
colouring matter from sample A: but is produced yellowish emulsion from
Csample Boaleohols and beszene were found 1o produce deeply colourcd
cxtracts both i the cold and in the hot solvents. FHowever, because of the
intended applications athanol (local gin) was found most suitable for
sample Ao methanol for sample B.

Lixtraction ol sample A with (Local gin) using soxhlet apparatus
pave a yield of 8.5% orang-reddish dye and extraction of sample B with
methanol using the same apparatus yiclded 12.1% wine-red dye which
tined yellow on dilution. Therefore local gin (crude cthanol) and
methanol are recommended for industrial extraction of the dyes from
sample A and sample B respectively.

Characteristies of The Plant PPyes

The UV absorbance of 1% (W/V) solution of the extracls in
cthanol and methanol respectively showed that Extract A dye absorbed
maximally  between 500 and 575nm while extract B had infinite
absorbance from 7000m. The UV absorption characteristics showed the —
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O ol the phenol and the ~O1 of carboxylic acid band ((3‘700 ~ 3100 cm’’
D, - CHL and - Cl'1; streteh (’3(){)0—28()00111'1); the —C = ¢'—I'l of aromalic
componnds (3090 - 3070 e, the C = 0 of the “carboxylic acid,
aldchydes, and 6 - membered ring Ketone (saturated and unsaturated)
(1780 1500 cm').

The presence of these functional groups were comnfirmed by chemical tests
i which:
'
the cthanolic solution extracts formed violet colour with Iron 111
Chloride indicating presence ol phenolic compound,
the cthanolic solution extracted formed white precipitate with 2,4 —
dinitrophenylhydrazine indicating presence of carbonyl group (C =
M) and Tollen’s test showed that the carbonyl group was of the
aldohyde functional proup;

the extract formed purple solution with aqueous sodium hydroxide
solution showing that the extracts contain hydroxyanthraquinone
compound;

the extracts decolourized bromine water indicating unsaturation in
the system (Vogel, 1968).

With above results the extracls could contain dyes of the
anthraquinone class shown in Fig. 1.

Fag. b Sappested Structure of (he Plant Dye (Anthraquinone Dye) X, Y, Z,
heing substituents some of which are auxochromes (Abrahart, 1977).

O ~
I |
N W

-
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The 'yes as Colour Indicator in Acid/Base Medium

Liach alcohplic solution of the dye extract cxhibited difTerent
colours in acid and base solutions.  Lixtract A was orange in acid
(OINTHICL) and red in the alkaline (D.IMNaOI1) solution. Extract B
solution turned acid solution orange while it coloured an alkaline solution
yellow,

1
Dye Extracts As Colour Indicator In Ph Titration Of Strong Acid
Against Strong Base

In titrating above solutions with the dye extracts, extract B
ndicated a sharp colour change at the end point, changing from yellow in
the all aline solution to orange when a little excess of the acid was added
(ev the hases extract A did not show a,sharp end point. The average titre
obtained  was  10.95¢m” (O IMIICL) for 10em® of approximatcly
O ININaOTT solution giving the actual concentration of the base as
0.T095N (0. 11M). this compared well with 11.0em? (0. IMHCL) obtained
with standard methyl orange indicator, which gave concentration of the
base also as 0.1 TM. also graphs of pIl against volume when extract B and
methyl orange were used as indicators separately, gave the end point as
[1.oem® of the acid. The results are shown in IFig. 1.

Flant Dyces As IFabric And Paper Dyes

Table 3 shows the colour and the fastness properties of the dyc-
cxtinctz on tabrics and paper. Lixtract A dyed satin (synthetic fabric) with
orange colour and had  pood Tastness  properties in water, washing,
(detergent) solutions and when exposced (o daylight.  Although it also dyed
cotton fabrie, the lastness properties were not as good as these of the
synthetic (satin) fabric.

lixtract B dyed cotton and satin bright yellow and showed good
Fastness property to water, detergent solutions and daylight.

Extract A only stained paper pink while extract B dyed paper
vellow and showed good lastness property when exposcd to daylight.
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4

CONCLUSIHOWN

Focal gin avas fonnd suitable for extracting the orange colourced
dyve from sample A (Starcatia tragacantha  sceds) while methana)
estracted a high yield ol wine-red dye {rom sample B (Zingiber oflicinale
rhizamey TR and UV absorption characteristics and chemical analysis
showved that these plant dyes belong, to the anthraluinone dye class.

1he dye from sample A was found uselul in dycing while satin
(synthetic) fabric orange while sample I3 extract dyed natural (cotton)
abaic, paper and synthetic (satin) fabric Lright yellow in solvent systems.
Sample Bodye extract was also suitable as an indicator in the pH titration

ol a sttong acid against a strong, base, henee it can be used'as a substitute
tor the standard colour indicators in such pll ttration,
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