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ABSTRACT 

4'. 5, 7-P~nlahydroxyfli3vyIi11r11 cliloridc was cstractcd in 

nxthanol/rICl (P5:15 v/v) from the flowers of Hibisczrs I-ma-sineusis, The 

extraction process was inexpensive, efficient and fast. The UVNisible spectra were 

also in agreerncnl n4h  those reported by past workers. Using methanol, as a 

sollvcnt, the hmax was 532n1n in the visible region, and 279nm in the ultraviolet 

rcgion. The soIubiIity of the crystats wcre testcd in different organic solvents and 

fbund to be high in I-butanol. Liquid-liquid extraclion sludies were also carried out 

c m  six bcavy metal (Cd, Cu,Cr, Fc, Pb and Zn) co~np lcws  of 3, 3', 4', 5, 7- 

pci~~ahyciroxy f lwyliu~n clrh-ide in I-butanol as tlx organic solvent. The effect of 

pI-1 on the extraction was also invdigalcd. Complex formation with Ihe hcavy 

metals was co~lfirmcd from spectroplioto~netric analysis of both the frcc ligand and 

the complcxed ligand wieh various nrcfals in I-bu~anol.The sensitivity of the 

estraclion prtxuss ~ v a s  enhanced through pF[ ad-ius~mcn~ which gave pi-I 7 as 

ogliinum, 'The mean percentage rccoverics of 'thc rnetds in tap water were: Cd 

(101m44), Cr f lO2.03), Pb (I03.33), Fe (149.731, Zn (5.23) and Cu (1 17.94) while 

the mean recolvcrics in ~ l i c  river watcr, (in ppb) were; Cr (0.1 l), Cd (2.95), Zn 

(5.27), Pb (10.853, CU. (14.951 and Fe (30.8 1). Considering the cheapness and ready 

availability of this rcagcnt over the conventiona1 ligands, it  codd be wry uscfid as 

an exlractant for hcavy metals rccovely and concentratim in natural wafers. 
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CI-IAPTEII ON13 

INTRODUCTION 

I .  1 Anthacyanins 

'I'he anthocyanins are the most important and widespread group of colouring 

matters in plants I .  Thcse intensely colourcd walcr-soluble pigments are responsible for 

nearly a11 h c  pink, scarlct, red, mauve, violct and blue colours in the petals, leaves and 

fruits of higher plants. The antliocyanins are all bascd chenlically on a single aromatic 

struclure, that o f  cyanitlin [3, 3', 4',  5. 7-pcntnliydroxyflavyliutn ion]? and all arc derivcd 

fioni this pigment by addition or subtraction of hydroxyl groups or by methylation or 

glycosy lation. 

There are six c o n i m o ~ ~ l y  occurring anthocyanidins [anthocyanin aglycones 

formed \vlien anthocyanins are hydrolyscd with acid). 'I'licsc arc pclargonidin, cyanidin. 

pconidin. ilelphinidin, malvidi!~, and pctunidin (sce Fig. 1-6). I3y f i r .  thc most cnnlmon is 

the niagenla-coloured cyanidin. 

1-10 

'OH . 

01 I 
131 

Pconidin 



Figures 1-6: Cnmnion Anthocyanidins 

Each of tllc anthocyanidins occurs with various sugars attachcd forming a range of 

glycosidcs 1i.c. ns antlmyaninsl. Thc n~ain variation Is in the nature of the sugar [oflen 

glucose, but may allso bc gaiactosc, rhan~nmc, xylase or arabinosc), the number of sugar 

units [mono, cli - or tri  - glyca~sidcs) and tlic position of altachrncnt of sugar (usually to 

111c 3-hy drosyl. or to ihc 3- and 5-hydroxyls) I .  

A signif cant n~unbcr nf anthocyanins occurs acylatcd with either an organic acid 

such as rndonic or n i t h  an aromatic acid such as p-coumaric acid. AcyIation is commonly 

through thc sugar unit of the 3-position and both typcs of acylation may be present in the 

same molecule. Because of thc diversity of glycosylation and acylation, there are at least 

300 naturally occurring an~hocyanins. 

Anlhocyanins, such as cyanin providc a natura1 sunscrecn for plants. Becausc thc 

molecular structure 01' an anthocyanin includcs a supr ,  production of this class of 

pigrncnts is dcpcndcnr on Ihc avaihbi!ity of carhohydrales ~ v i t h i n  a plan!. Anthocyanin 

colour chnngcs with PI-!, so soil acidity affects lcaf colour.  Anlhocyanin production also 

rcquires light, so sunny days are nceded For ihc brightest colouis '. !'?hen leaves appear 

green i\  is because ilwy con~ain an abuidai~ce of chlorophyll. Chlorophyll masks other 

pigment mlours. Anthocyanins, it1 !urn, mask carotcnoids. As summer turns to autumn, 

decreasing light icvcls causc chlorophyll produclion lo slow. I-hwevcr, thc decomposition 

rate ofshlomphylI remains constant, so the grecn colour will fade from the Lcaves. AT the 

same time, anthocynin prOducti011 it1 leaves increases, in response to surghg sugar 

concentrations. Leavcs containing primarily anthmyanins wiIl appcar red. Leaves with 

~ o o d  amounts of both anthocyanins and carotcnoids will appear orange. Leaves with 
C 

carotenoids but rit~le or 1ia clntli~c~ani~ls will appear )rcl!ow. In !he absenw of 11icse 



pigments, other plan( c l~en~ icah  can also affect colour '. An example includcs tannins, 

which are responsible for the brownish colour of somc oak [caves. 

Solvent Extraction 

Solvcnt Extraction involves thc extiaclion of a solute molecule in an aqueous solution into 

a waler-immiscible organic solvcnt. Thc interaction hctwccn a solute molecule and its 

neighbouring solvcnt niolecuTes changcs drasticaliy when the solute rnolcculc crosscs the 

interphase sf the IWO liquids. I r  can be summarized as involving the distribution of a solute 

betwecrl two i~nmiscible phases. In this way, an extractive separation of the solute is 

effectcd. 

For solvcnt extraction of metal cklatcs, rneta! ions are the solute in the aqueous 

phase, and are prcscnt in solvated form as metal-aquo comp'lexcs, metal ions being bonded 

to water molecules in the first or second sphcre of attraction. The organic phase usually 

consists of  the organic chelating agent dissolved in an organic solvcnt. For thc metal to be 

cxtrackd, thc ionic conlplexes formcd viith water nlust IE converted to neutral mctal 

species called metal chelatcs, which dislributcs irscTf befween the two liquid pl~ases (in 

most cascs conlplcteIy solubk in the organic phase). Therefore, the efficiency of 

extraction among other factors depcnds to a large cxtcnt 011 the value of the patition 

coefficient and the number of extractions ', 

1.3 Environnlental Impact sf Hcavy Metals 

Metals arc unique envirorunental and industrial polluta~lts in  that they are found naturally 

distributed in all phases of the environment. Howcver, tIu.ough industrial processes they 

are conccntratcd and transformed into various products, aid often this leads to human 

exposures to much higher concentrations or different chemical specics t l~an those naturally 

present in dc environment '. 
Many mctallic elemc.nts play vital biwhcmical roles in the maintenance of life. Some of 

them, cxrtrnple, sodium and iron arc requircd in relatively large amounls while others such 

as manganese, coppcr, cobalt , molybdenum and zinc, are essential in trace amounts, but 

lethal or detrimental at higher mnceatrations. On the ohcr hand, several othcrs like lead, 

cadmium and nlcrcury havc nevcr k e n  known to have any biochemical functions to 

perforn~ in any organisna and have been found to be toxic even at tow concentrations. 

Most heavy metals are toxic but the exact foxicily varies considerably. Toxicity also 



varies wirh chcmicaI forms and the point of exposure. Few milligrams of ~nethyl mercury 

c2iloride, CH3HgCl, cause terrible ill  effects while grams of mercury rnctal can be 

swalkwcd wi~hout serious effccts. When n~etallic toxicants find their way into the body, 

they attack tIic proteins, notably rhe enzymes. Thc attack of heavy metids on the enzymes 

and proteins in cell n~crnbrancs in the body intcrfercs with the working order of the M y  

system and the combincd result of t11is atrack Icads 20 a variefy of health problems ranging 

from cancer to heart diseases. In some cases, h w y  mctols may have cithcr antagonistic or 

synergistic effects on the biological proportions of other metals. For example, stlcnium is 

antagonistic to mercury and reduces its toxicity. Also, some toxic metals are u s 4  in 

therapy for spccific purposes dcspitc the toxic risks6. 

A11 toxic hcavy nlctals can endangcr human healrh on slight exposure; the criticat organs 

thcy affect in tln: W y  diffcr from metal to metal. The critical organ for Cd (11) and Mg (81) 

for cxnn~ple is t l ~ c  kidney, for cHflgt if is !lie brain, Icad aRccts the brain and 

hcmatological system and it  is thc most ubiquitous toxicants in the ,eav iromcnt7, whik 

arscrnic appears to bc non-speciik, i t  afkcts most organs or tissvcs but the skin is   no st 

significantly affected. Cadmium has a long biological life of twenty ito thirty years in the 

kidney and chronic exposure may evcnlunlly accumulate lo toxic levels, one of whosc 

corisequcnce may be Itai-ltai which is characterized by ancmia, damaged proximal 

tubules. severe bonc pain and rnimral loss' . Lead and most of the other hcnvy rnctals have 

ncurotoxic cffects eithcr on the peripheral ncrvous system (PNS) or on the central nervous 

system (CNS) and lead specifically, has 'been inlplicatcd in cot dcaths and still-births7. A 

bricf list of the neurotoxic cffecls of some of'thc: hcavy metals is giverl. in thc table below: 



Tnblc 1 Neurotosicity of some of ihc heavy mctals 

Mercury 

Lead 

Arsenic 

Indium 

Neurotoxic cl'fccts 

CNS: brain damage, visuaI, sensory, auditory and co-ordination mal- 

function. 

PNS: tremors i.e, involunlary ngilations of the body or limbs due to 

CNS: oncephalitis (inflammation of thc brain), inattcntion. IQ deficits. 

PNS: reduced nenfc conduction 

CNS: dizziness, restlessness, irritability, Ioss of hearing. 

PNS: motor paralysis, peripl~cral neuritis (nerve inflammation). 

PNS: paralysis of limbs, convulrio~rnovemenis. 

PNS: tremors, diminished reflexes, convulsions. 

PNS : pcripheral neuritis 

CNS: deprcssion, irrilabilily. 

17ic most o frcn pol lutcd or thc environmental pllases arc the aquatic systenis, This 

is hccausc contaminants i r ~  t h ~  air, soil or on land ~iltimately cnd up in thc aquatic system 

via local pncipitatioa: watcam r~mnolT;md lcaehing of nrb and solid 5. Precipitation 

is an excellent collector and carrier oTattnosplwric pl2utants such as gasa [eg. GO, SOz, 

NO, NO*!. acrosol 1c.g. (T!lls)zSO~] and particles [c.g. CaC03. Silicates] ". These are 

furthcr ~ransportcd into Lhc aquatic systems by rhc: runoff water. The most important 

pathway, by which 'aquatic syxtums rcccive wnstcs, is howcvcr by direct discharge or 

urban and industrial wastes. Expcrts estimate that urban and indusrrial waskwaier 
P iutroducc up to one million clirerenf potential pollutan1s into aquatic systems . 

Neverthckss, a body of watcr is not regarclcd as polluted unless one or more of these 

various contnrni~iants have rcndcrcd it unsuirnbk for 311 intended usc- c.g.. fbr domestic, 

indusrrial or agricultunl water supply; propaga~ioin of fishery and wildlife; rccrealion; clc. 
10 

1.4 Conin~sn Estrxring Kengenls for Metal A l ~ a l ~ s i s  

Ilstracting ngcnfs are wc:A acids and thc nnn~bcr or elcn~enrs hey  ptrcipitntc can usually 

be rcgularcd by adjusrtiicnr or !lit pI-I 13. '1-hc reaction can be generalized as: 



Wlim M" is the metal ion and nf1X is the cstracting rcagent. 

' l l ~  wcaher the mctaI ct-rclate (MXn) formcd, r k  highcr thc pH needcd to achieve 

Prt~ipitationl''. 

Eslraction of mchl compk?c from onc sdvcnt, usuaIly water, into another often pcrmits a 

considerable concentrarion of rlx complex to Ix- xliicved, witla consequenl increase in the 

effecltivc sensi~ivity of a11 sna!yricd procedure. I t  is also so~nctimes a vcry rlscful means of 

sccrrrin~ separations From intcrfcring subsrmces. E?r:~mpIt. 01 its analytical application 

include ~ h c  extraction of thiocyanafe cornplcxcs of l7e(l1I) and Mo(lV) rmm water By 

hydroxylic solvents, o I  Fe(Il1) irorn sfmng hydrochloric x i d  solutions by ethyl: ether, of 

Cu(I[) dielhylditl~iocarbamate inlo amylxctale, and of Ag, Hg, Cu, Pd, Bi, Zn, and Cd 

complexes of' rlithizonc intu ehloro~orni or c:ubon rctr-chloride. 'The solute may then be 

determined s~xclrophotomclricaIly, or rccavr.red y ~ ~ a n ~ i ~ a l i v e l y  by evapornhq thc solvenr 

or by back-exhxction inla an aqueous phasc. This back-cstractkn may be made possible 

by the addition of oxidizing, rcclucing, or specific complcxing substances, or by change of 

pT 1. 

Solvcnt cxtrnc~ion rcagcnts finding applicalion in analytical chemistry include the 

rollo~ving: tetraphcnylarsoniurn chIoride, quinddic  acid, triisooctylamine, o- 

phcnnnthroline, acctylacetotlc. benmyl,?cctonc, bis-(acctylacelone)- ethyIcnediinline, 

saIicyl;ldosime, bis-(sa1icyInldehydc)-o-phcnylenediin~inc, bis-(trifluoroacetylaceton~- 

cthylcnediirnine, .S-!~pdroxyquinolinc, 8-hydroxyquinnldine, di~liethylglyoxime. 

thenoyltrilluoroacctot~c ('ITA), I-11itr0~~2-napI~ll10I. supfcfron, dithizone, salicylic acid, 

erc. 'I he propcrtics of somc cs~rx!ing agcnis arc givcrl in tllc [able k!ow: 



'I'ahle 2: Properks of Somc Selected Chelating Agciits used in ~x! racf ion '~  

Llolccular 

might 
,- 

100.1 I 

Physical form at Solvent 

room te~npcrature 

Crrlourlcss liquid 

white solid 

Yellow solid 

- 
Coloulcss solid 

Colourlcss solid 

White solid 

Orange-brown 

solid 

Buff solid 

nnphtl~ol (PAN) 

Orange-red solid 

Violet-black solid 

Whitc solid 

I acid I 
Salicylic acid t--7 White solid 

Equilibrium in  solurion ktwesn n~ctal ions and coniples-forming s p i e s  arc 

similar 20 h o s e  Tor protonation reactions. This is to bi: cspecied from rhc Lewis definitions 



of nlctal inns and protons as acids and of all Iigands (bccausc \hey nrc proton acceptors) :IS 

boscs. Chclatcd coniplexcs most often involving 5- or 6-rnenlbwed ring formation, are 

usually tnorc stable than the corresponding conlplcscs involving nmndcntate lignnbs. I6 

Thc few known csccp~ions can be e s p l a i r ~ d  in terms of steric strain, usually as a 

c o n s q i w m  of lllc prtferrcd stercocl~cmistry of Ihc metal ion. Quali~atively, one would 

expect tIw chelate effect Lo become more i i~pman t  the more dilute the solution. This may 

be scen by comparing the coniplcs bchaviour sf very dilute solutions of mi- and bidenfate 

ligands. In the first case, attachment of a ligand to a metal ion docs not enrich the solution 

around the I : I complex with ligand, whereas in the second case, attachment of one end of 

a bidentate ligand cnsurcs thc proximity of a sccond complexing group. Provided 

slereochelnicd rcquiremcnts 'arc nict, 111c chclatc c f h r  incteascs with thc number of 

chelate rings fornlcd in tlzc comPkx". 

1.5 Aitu of Project 

TIie aim of the present research work is to 

Eslract cy;inidin from orlu of its rlafural sources; Hihiscrrs rosn-sirwuis. 

Irs application in rnctal rccovery ~eperirnents iimn spikcd lap water. 

Study its applicarion in the dc~csmination of SOINL. toxic hcwy n~etals (Cd, Cu, Cr, Fe, Zn, 

and Pb) in wntcr. 

To assess its application in a one-skp prc-concsn~sation technique for heavy 

pollutional studies in natural waters. 



CHAPTER TWO 

LITERATURE REVIEW 

C11elnist1-y of Anthocyanidins 

TIIC various shadcs of  colours exhibited by all flonw-s arc: duc to a very small nuinber of 

con~pounds that conlnin 111c samc carbon skelcion but differ only in the nafure of tlic 

substituent groups'7. These natural pigments which exist as glycosides in aqucous cell sap 

were callcrl anthocyanins and ilze sugar-frcc pigtnents - aglycones are known as 

anthocyanidins. An~hocyanitts arc widely dislributcd in plants and are rcspnsibIc for the 

pink. red, purplc and bluc hues seen in many flowcrs, fruits and vegctablesrS. They are 

prcsent il l  ilowcrs, li-ui~s and bcrrics in amounrs which vary from 0.424% of the dry 

subs\ancc. As a rdc. tllc c o h r  i n  a flo~rer, T ~ w i t ,  or bcrry is cluc to only onl: 

~1111oc~:lnin '~.  M c r c  rnisfurcs exist. lhcy are i n d c  up of rnc(1~ylnted and unmethylatcd 

dcrivativcs of the same anthocyanin. The ; ~ n t h ~ y a n i d i n s  are a group of water-soIuhle 

f la~~t10id  cicrivatives: which can be glycc~syla1c.d and acylnted and whose slruclurt. is 

based on ihc flavonc (Fig. 7)19. Thcir i'undamenfnl nuclcus is benzopyrillium chloride 

(Fig. 8) and heir parent conlpound is 2-pl~enylbcnzopprillium chloridc or flavylium 

chloride (Fig.9). 

0 Bcn;;.,opyrillium chloride (8) 

Flavonc (7) 

Flnvylium chloride (9) 

Some of the naturally occurring anthocyanins arc summarized in Table 3 based on the 

struckmi uni t  of  flavylium cation (Fjs,IO), 



TABLE 3: Some Naturally Occurring Anthocyanidins 2". 

Position of OF1 and If Trivial Chemical Name 

- - 
Cyanidin 3, , 4 ' ,  5 ,  7- 

pentaIiydroxyflavyIium ion 

Peonidin 3, 4'. 5, 7-tctrahydroxy-3- 

I 

Rosinidin 3, 4', 5-trihydroxy-3', 7- 

dimetl~sxyflclvyli~~~~i ion 

w&-nxT7 
I hcxnhy droxy flavyliii~n ion. 

nsc(11oxy flavyliuni ion 

hhlvidin 3, 4', 5, ? - t ~ t r a t h ~ d r o x ~ - 3 ~ ,  

Coloui is their niost important property kcause of its relationship with thc appearance of 

flowcrs. The posirion..; of the fiydroxyl (OII) groups arc thc ractors which conrrol colour 

in the antlli~cyanidii~s and t l q  h a w  their grcatcst cfTecl when present in the 2-phenyl 

group. ,411 incrcasc in fhc numbcr dO1-i group causes a variation in colour from orange- 

red to blue-rcd in  acid nmlia2'. Ahsorption specln have bcen uscd Cor tllc quantitative 

estin~ation of nrlthocyanidir~ pign~cnts in strawbcrric~'~. 

Bxlcnsivc sludies of 3, 3', 4', 5, 7-PentnbydroxyflavyIiu~~~ chloride l w c  k e n  carried out 

by many rescarclws. IVilistatlcr and Evciscst isolated and identified cyanidin from 



cornflower. This Lvas followcd by the cIassicsl work on thc isolation and a~~alys is  of Ihc 

compound by W i l l s t a ~ c r s ~  school. ~a rbonc"  and latcr workers" used borh 

chromatograph\i and spcctromctry which arc now u&versally acccpkd for the 

characterization ni~d idcnrilication of the anthocyanidins. 
I Thc early use of 3, 3', 4 ,  5, 7-pcntal~ydmxyflavyliiin~ chloride was as an  acid-base 

indicator, although. rnodcrn synrhetic indicators I raw rclcgated tlic usc in this regard duc 

lo its poor bcnch strength. Recently, studies havc shown !hat blackberry extract with 

cyanidin as its nnjor constituent is a vcry useful drug in h e  trcatincnt or  cancer sincc it 

inhihits the growth of cancer turnour ". Bernard " discovered that compoui~k, conlaining 

cynnidin chlaridc are uscful for the trcnlmcnt of nntherama and angiopathcics. Liclti 27 and 

co-\vo~~kc.c.s also used this compound for ~rcnrrnent of wouncls, s~omach and duodenal 

ulccrs, mouth 3114 [Iiroat inflanla!ions, pathological vascular disordcr .ironncctcd with lipids 

and glyccrol mctabolisrn kcausc  i t  inhibits !ow-densily Iipproteins, I t  is an active 

component of bil bcny (vacci,rrrrm m j ~ r ~ i l l ~ ~ s )  wl~icll was I I S C ~  i n  the 1 2Ih ccntqr  to induce 

mcnslruatian and during World War 11 lo improvc British pilots' night vision 

( R e h q x ~ ~ h y )  ?',. m. I t  rcduccs strcss-tclatcd palomctcr c.g, blood tJucosc. l u w l  and arterial 

hypcrtcnsion. I! Icsscns minor bleeding, hclps alIcvialc I~ncmcxrhoids and has n strong 

antioxidant properly bwause it is rich in vitamin C and E . 
Antliocyanidins haw found wide applicalioli also in food industries as red food colourants 

in countries likc Uni~cd States of America and I~a ly  2! Thus, ccanberry pigments have 

been uscd to enl~ancc the dolour of cherry pic filling. Anthocyanin extracts from red 

cabbage was reported to havc a good cdouring agent propcrty ~vhen used for dry beverage 

niiscs. Anthocyanidins of Saskaloon bcrrv. a native of Sou~hcrn Yukon and North Wesl 

territories, thc Canadian prarirics and the Northern Prairies of USA was round io be 

imporIan1 in ~ h c  prnccssing of important p-aducts strch ns jams, syrups, juices and jellics. 

3, 3 ' ,  4; 5, 7-Pentahydrosyflavylium chloride can aIso tn- uscd as an analytical rcagent. It 
23. 24 was shown that aluminium ~hloride Ted to UV spectra! shifl of ~ h c  anthocyanidins . 

The shift was attributed to complex lornlalioii bclrveen alulninium and h e  3', 4' - 0 - 
clih~droxy system in the nntlmcyanidins *4 Many workers like Maekawa el  st '* suggested 

lhal complex formation bctwcen Al (11I3 a d  anthocyanin ivas responsible for the blueing 

of p c ~ a I s  i n  cut Chinssc Bell-flower, pldycodon gi-nmfikoru~n. Tin (113 which has a similar 

status 35 almniniull~ Chloride \vas rcporkd to form stablc colourcd complcs will1 cyanidin 

chloride 35. 



2.1 Isolation, Identi fica!ion and Clraractcriz;itio~~ of Anthocyanidins 

To isolate the anthocyanin, the flowers, h i t s ,  or berry skins are extracted with 

cithcr mcthyl alcoholic hydrogcn chIoride, acetic acid, or similara solvents. ?'kc salt is then 

usudly precipita~ed as a syrup by the addition of large volun~es of cther ". The 

precipitation proccss is rcpcated with varia~ion of solvents, if necessary, until the 

anthocyani~~ is obtained in crystalline form as a hydrochloride or picratc. In some cases, 

the lead saIt is used as an interrncdiate in thc purificatio~~. '1'0 obtain 311 absolutely pure 

compound, the anthocyanin chloride or picralc may havc to be re-crystallized for tcn to 

dirty times 1 9 .  For rnixturcs of anthocyanins, crys~allizntion is not sufficient for separation, 

chromatography must bc rcsorted to. 

I-Ipdrolysis of the anthocyanins with 20% hydrochlo& acid gives anthocyanidins, 

which arc still highly colourcd, and either a sugar, a mixture of sugars, or. a mixture of 

sugars and organic acids. The structurc of thc anthocyanidins has been deterrnin~d by 

degradation with alkali and conIirnlcd by sp~~t l~cs is .  The s t~wfures  of rhc anthocyanins and 

111c points of a~tachment of !he sugars have also been determind by oxidation, 

mcthylation sludics, partition bewccn immisciMe solvents, colour rextions. compmison 

of physical properties. and synthesis. Melting points are accompanied by decomposition 

and arc of no value f i r  identification purposcs. Such shldies divide thc anthocyanins into 

the hotlowing fivc classcs; 

3 -Manoglucosides, 3-Monogalxtosides, and 3-Monopcntosides. 

3-Rhamnoglucosides and other 3-Pcntow glycosides. 

3-Riosidcs 

3,S-Diglucosides , 

Complex mtl~ocyanins or acylated derivatives of  he abovc classes in which acids such as 

malonic, p-hybros ycimxlmic, and p-hydroxy benzoic arc involvcd. 

The partition of anthocyanins bctwcen immiscible solvents is useful for the identification, 

separation and purification of antl~mynnilas. I n  idcntifmtion work, the parlitioning is 

repesentcd as a disfribuiiorm number, or thc percent of anthocyanin extracted by the 

organic ~01vcnt from Ihc aqueous ~ncdium under definile conditions. Isoanlyl aIcohol and 

0.5% hydroch2mic acid arc 14csr suited Cbr n~onogIucosides, and 0.5% hydrochloric acid 

and n-butyl alcohol arc preferred for diglucosides since these are 200 insuluble in my1 

alcoho!. The amount of anhxyan in  in the organic laycr is measured calorin~etricall~. 



l 'hc dis~riburion constants for purc anthocyanins arc mainly depcndcnt on thc sugar 

residues prescnt and are increased nlarkcdly by the introduction of acyl groups into the 

sugars as in the complex anrhocyanins 19, and decreased only sli&h[ly by rcdu~cing !he 

number of hydroxyl groups by one. The method is supcrior to the application of a b s ~ r p h n  

spcctra and coIour reactions for idcntification purposes in cascs w k r e  the ~ m i n  variation 

is rhe sugar. 

The partition method can be used to separate anthoq~anidin From anthocyanins, since the 

f o m m  are soluble qunntitntit4y in the amyl alcohol whcteas  he anlhocynnin remains 

mainly in the 0.5% I tydr~hlor ic  acid. Other n~ctltocfs of identification arc dependent upon 

comparison of ou~ward physical properfics, such as crystalline form, appearanw in the 

solid and moltcn stales, solubilrty, fluorc~cencc~ and colour in  soIutions of different pH. 

2.1 . I  Use of Colour Reactions fix Identification Purposes 

The colour rccx2ious and partition behaviours of pure an~hocyanins have bee11 

dcvclopcd into rapid qualitative 1c51.s which call Be u s d  to determine thc type of 

anthocyanins prcscnlt in plants. Best rcsults arc ob~aincd n41h these by examining a cold 

1% clqueous hydrochloric acid extract of the fresh flowers as soon as possiblc after 

prcpara~ion. 

The tests arc as fo~lows" 

Cyanidin Reagent: A portion sf the cold 1% aqucous l~ydrocl~loric acid exrract of the fresh 

Rowers is sltakcn with an equal valunx of a mixture of'cyclolicxanol ( 1  vol.) and loluene 

(5 vol.). 

Uclphinidin Reagent: A pvrlion is sIlaken with a 5% salufiorl of picric acid in a misrure of 

amyl ethyl cther l vol.) and anisole (4voI.). 

Oxidation Test: h portion is shaken with air and half its voluntc of 10% sodium hydroxide 

is addcd. This is imrnediateIy followed by mncentrakd hydrochloric acid and amyl 

alcohol to detcrmirlc whsther thc anlhocyanidin w r a  bc rccovcred. 

Colour Test: To a porLian extracted with imyl alcohol, sodium acelate is added and the 

colour is observed. This is followed by the addition of a drop of ferric chloride with 

shaking and thc co2our again obsend. 

l h c  rcsults observed with various anthocyanidins are given in Table 4, 



1 1 extracted 1 1 1 1 
Oxidation Not destroyed FairIy stable Unchanged Destroyed Destmycd 

Acid s o ! u t ~ I ~ c d  1 Violet-red 1 Violet-rcd 1 Violet-red / Bluish-red 1 

Reagenl 

Cyanidin 

reagent 

Delphinidin 

reagent 

NaOAc I I violet I I 1 I 

Delphinidin 

No estraction 

No extraction 

Pclargonidin 

large1 y 

extracted 

Completely 

Extracted 

Malvidin 

No 

extraction 

Co~npletcly 

extracted 

2.1.2 Spxtral Mctllods of Idcn!ification 

Anthocyanidin has bccn analysd by GLC - MS (gas-liquid clzromatography and 
34 mass spwilmscopy) . 'Trimethylchlorosilane [TMCS] is used e~ derivatise the 

anthocyanidin and conscqucntly analyscd by GLC - MS. 

Recently? mgativc Nuclear Over I-louser's ERc! ( N ~ E )  method has been used in 

ducidating tlx stn~clure of anthocjanin rrom dx: morning glory IPor~rocti lricohr. The 

Cyanidin 

Rose colour 

Not 

co~nplelcly 

Petunidin 

No 

extraction 

No 

e.xtractiort 

.- . 

FeC13 

anthacyanidin round present wms pconidin ". 
Thc absorption spctt-a of a largc numbcr of chromatograpl~ically pure pigments 

were measured by 1-larbome 2" EFronl his results. it was apparent that this m d m d  coutd be 

Violet-red 

used to characterize anthocyanins and anthacyanidins. 

Exanzinations are usually donc in McOI-I/O.Ol%I-ICI to avoid variations arising 

from the amplmteric nature of the pigments. It was observed that addition oFAlC13 la an 

anthocyanindin pmduccs a large bathochrornic shift only whcn thc 3' and 4'-dihydroxy 

Bright blue 

groups are present. 

FrcquenlIy, i t  is dcsirabIc ts express anthocyanin dc~crminations in terms that can 

Blue-violct 

be compared with thc rtrsults from different workcrs. The h s l  way to cxprcss thcse rcsults 

is in terms of absolutc quantitics of ant11wyanins prcscnt 36. 

Thc lotal antllocyanin contcnt in crude estracls conraining otl~cr phenolic materials 

Purc blue 

has been dcterrni~lcd by ~ncasuring absorptivity OF thc soIution at a sin$ wavelength. This 

is possible because anthocyanins have a spccial absorption band in the 490 to 55Onm 



i s  possible beaux antl~ocyanins havc a special absorption band in the 400 to 550nm 

region of the visible spectra. This band is  far from the absorption bands ofathcr phcnolics, 

which have spectra maxima in t k  UV range ". In many instances, Imwcve~, this sirnpk 

method is inappropriate becausc of interference from anthacyanin degradation products or 

melanoidins from browning reactions ". In those cascs, the approach has been to use 

differential andhr  subrracdvd rncthds to quantify anthocyanins and their degrada~ion 

products. 

Thc diflcrential method mcasures the absorbance at two different pH values, and 

d i e s  on the structural trans fortnations o F the anthocyanin chromophore as a function of 

pH. Fuleki and Francis used pH T.0 and 4.5 buffers to measure anthocyanin content in 

cranberries, and modifications of this rechnique h a w  been applied 20 a wide range of 

commodities 3'. 

Subtracfive methods are based on the use of bleaching agents that will decslour 

anthocyanins but not affect intcrfcring matcrials, A rneasuremcnt of the absorbance at the 

visible maximum is obtained, followed by bleaching and remeasuring r~ give a blank 

reading. The two mosl used bleaching agcnts arc sodium sulfite and hydrogen peroxide 19. 

By using both of thcse spccrral procedures, accurate measuremcnt of the total 

nlonon~eric anthocyanin pigment mntcnt can be obtained, along with indices for 

polyincric cdour,  coTour density, browning and degradation. Thc bisulfite bleaching 

rcactiun is utilized to gcncrate thc various degradation indices. While monomeric 

anthocyanins are rcadiIy bleached by bisullite a1 product pH, thc polymeric anthocyanin- 

tannin and melanoidin pigmcnts are resistant and will remain coloured. Absorbancc 

measurements arc taken at thc k,,.,, and at 420nni on the bist~lfitc blcached and control 

samples. Colour density is the sum of thc absorbanccs at t lx A,-,,.,, and at 420m of the 

control samplc, whilc poIyrncric colaur is the samc measurenwnt for ~ h c  bisulfite treated 

sample. A nlcasurc of pcrcent polymeric colour is obtained as the ratio between these two 

indices. Thc absorbance at 420nm of thc bisulfitc-treated samplc is an index for browning, 

as the acoun~utntion of brownish degradation producb increases the absorption in the 400 

to 440nm range. The absorption of tllcse compounds is in general not affccted by the 

addition af a bisuIfitc solution. 



Subsk-mliaI information can be obtaincd from the spcclra1 characteristics of 

anthocyanins. Two distinctive bands of absorption, one in  the Wv-region (260 to 280nm) 

and another in the visible region (490 ta 55011n1) are shown by a!! anthocyanins. The 

different aglycons h a w  diflcrent jt ,is,,. wnging from 52011m for pelargonidin to 546nrn 

for dclphinidin, and their nmnoghlcosides cxhibil thcir kVi,, 31 a b u t  10 to 15 nnl lower 

40. The sknpc of thc spcctnlm may givc i n f o r n ~ a h n  regarding the nutnber and psition of 

glycosidic substitutions and nu~nber of citulanlic acid ncyIa~ions. The presence of 

cinna~nic acid acylation is revealcd by ithc presence of a third absorption band in Ithe 310 to 

3Wmm n n g q  and the ralio of obsorbancc at 3 10 to 360nrn to the absorbance at the visible 

h,,,,,,,, will givc an cstilnation for the nulnbcr of acylating groups The solvent used for 

spectral determinalion will aEcct the position of the absorption bands, and therefore must 

be taken into sonsidcrafion wllcn c ~ n ~ p a r i n g  avaihbllc data. 

2.2 Cyanidin 

Cyanin diglucosidc has k c n  idcniilied as the anthocyanin present in Hibixus 

rosu-sin~n~~is fTc~wrs and blackberry, with cynnidin as the aglycone or anthocy midin. 

Hibiscrrs msa - sinen.si.~ is !he bcsf known of  all the spccies QF Hibiscus flowers. I1t has 

f-lowcrs which havc slightly reflcxcd pctals, a dark spot in the ccnfre and n long red 

stamina[ column. Thc coburs range froni orange to the darkest of shades. Its height varies 

from 3 - 12 fcct. 
34 Cyanidin is onc oi thc four most camn~on antlmyanidins . Physically, it is a 

reddish colourcd crystalline substance, insolubla in water but soluble in orsanic soIvents 

such as acetone, methand and ethanol. Cyanidin likc other andlwyanidins lack sharp 

melting point and is unstable at alkaline pH giving blue to green compounds ". 
WIlcn cyanidin chloride is kept in an aqueous sodium acetate solution (pH 81, the 

solution is violct due ro the formation of the anhydrobase, The solution becomes 

colourlcss on standing dua to loss of quinonoid structure of thc ad~ydrobasc and a pseudo- 

base is formed. Wllcn h c  pH is ra i sd ,  that is, made alkaline by the addition ofNaOH (pH 

121, an anion of the anhydrobase which is blue is formed. Whcn this soIution is made 

acidic ('11 4); h e  rcddish colaur of cyanidin chIoride is regenerated. 011 the other hand, on 

standing {in pl-I 12) in nlkdine solution, all of thesc c o ~ ~ ~ p u l r c l s  arc c o n v e ~ ~ e d  into the 

yellow chalcone ". 



Various forms of 3, 31, 4' ,  5, 7-Pentahydroxy flavylium chloride in varyhg pH 

conditions. 

Cyanidin chloride (red pH 4) 

anhydrobase anion (blue) 
\ 

Chalconc (ycllow, p1i 12 and abom) 

Melds have becn classified by wood " from the stand point of cnvironmenlal 

pIlu~ion,  toxicity and bioauailability. According to him, n~ctals arc grouped 3s follows: 

non -toxic 

toxic but very insoluble or wry rare; and 

very toxic and relativcEy accessible. 

Anlong the vcry toxic and bioavailable ones are Ti, Y, Cr, Mn, Co, Ni, Cu, As, Cd, Ag, In, 

Sn, Sb, Pb, tTg and Bi. 

In the salnc regard, Ever! and Richardson '' while trying to explain the cbcrnistry 

of heavy mcrd toxicity, arrangcd thc metals in threc classes as folllows: class A (oxygen - 

secking), class I3 (nitrogerdsulphur seeking) and hrdcrlinc class. While nmctals of classes 



A and B arc ligand-selective, the metals in brdcrline class can f m n ~  complexes with all 

catcgories of ligands. Among the borderline metals are ~ a " ,  cd2', ~n", so", pb2', As 

(III), Sb (111) and all menlbcrs of  the first row of the transition metals in the pcr id ic  table. 

On the basis of atomic number and spccific gravity, heavy metals have been 

defined as those whose atomic numbers are 22 - 34,40 - 52, in addition to r k  lanthanides 

and the actinides or those nlctals having specific gnvitics greater than 4 glcn~3 ". Most 

heavy meraIs are thercfbre toxic n ~ b  bdong lo either class E or the borderlint. class. 

Pearson '%1sa classifid metals and ligands into the "hard and soft" categories on 

the cri tcria of clcctron mobility or plarizability and electroncgalivity, He explained the 

"Hard and soft Acids and Bases" ~heory by saying thai hard acids such as M~*",  ~2' and 

hi'' form very stable complexes with hard bases such as 0'- a d  CCO**~, while the SOH 

acids like H$ prefer thc soft h s c d  such a5 s2- and NO3' to form stable complexes. 

2.3.1 Sources of 1 leavy Metals 

Hcavy metals arc present at much lower concentrations in waters cornparcd to 

major ions [SO:, CI-, NO;, M$, ca2', etc] hence they are commonly referred Lo a$ 

atrace metals' 47. 

Major anthropogcnic sources of heavy metals are industrial wastes from mining, 

manufacturing and mctal linishing plants. Other antlzropogenic sources of metals in 

surface waters in~cludc donmtic waste waters and runoff from roads. Metals are cycled 

through the environment nnd they may enter surface waters in precipitation. Therefore, 

metals emitted into the atmosphere by industrial processes (c.g. Hg from the combusfion 

of coal, Pb from p c r d )  end up in surface or groundwaters. 
- 7 I hcy may also be leaclkd Fronz soils and rocks in contact with water, The disposal 

of massiva quantities of metaI wastes at land fills can lcad io metal pollution of ground 

and surfacc waters. Acidification sf surface and ground waters by acid rain could lead to 

irlcrenscd leaching of metals and hence higher coilcentrations of trace metals in drinking 

water awing to the acid-induced leaching of metals from pips, 

Many of the t rxc  metals are highly toxic to humans [cg. Ag, Pb, Cd. Ni, As, Sn] 

and other living organisms, and their presence in surface watcrs at above background 

concentrations is undesirable. Also, unlike many organic pollutants, metals cannot be 

degraded in rhc cnvitonment by chemicaE or BiologicaI processes. They can, however, 

react in the envirnnment, but t1w resulting nlctal-containing compounds may be even more 



'toxic [c.g. ~ncthylntion oilig]. Toxic metals may also be 'biocentrated' in the food chain 

so that concentrations in thc uppcr nien~bers of the chain can reach values many times 

higher than in water. The rcsuIt is that same plants and animals may present a s c r i ~ u s  

h m r d  if consurncd as food. Toxic m!al pollution has been identified in surface and 

coastal waters tluoughout thc world and i t  is beconling a major environmentaf pr~blcm. 

Usually, treatment at source is thc only practical way to control toxic metal polfurion. 

Thc concentrations of somc heavy metals in different waters arc shown in Table 5 

below: 

Table 5 conccntrations of some heavy nlctals in water samples (pfl) ". 

Metal Seawater REvcr water Rain water I Tap water I 

Scawatcr has very low conccntrations; however, coastal m t c r s  reccivir~g sewage and other 

effluents can have csnsidcrabIy highcr conccn[ratkns than thasc shown in ~ h c  table. 

Concentrations in river waters can vary considerably. I3ackground concentrations in 

rcnlotc areas may be below ~ h c  range shown in the table, whilc highly polluted wafcrs in 

industrial zoncs may h a w  cvcn higher levels. Rainwater concentrations are generally 

lowcr than lhosc ohcrved in river water. Concentrations of some metals [Zn, Pb, Cu] in 

first-draw tap water can bc considerably higher than tliosc shown in the table owing to the 

accumulation of metals Teaclwd from pipcs in standing water. . 

2.4 Tccllniques for Trace Metal Analysis 



To procurc analyticd data of significance, two important preliminary steps must be 

aakcn prior to an andysis. These are 

( i )  Sanpling and (ii) Sample prcpsnlion '. The two sleps arc aimed at producing a 

homogenous rnixturc to be analyscb. Far trace metal analysis, the exact nature of the 

procedures, of coursc depcnds on: 

(i) Tf~e  aitn of lhc analysis, . 

{Ii) Thc nature of thc samples, 

(iii) The ck~nents to be determined and thc analytical concentrations expected, and 

(iv) The detection Icchnique available. 

Thc reliability of the analyrical results are significantly influenced by the manner 

in which the sampfes are ~allectd, prescwed, stored, or orhcnvisc processed, prior fa 

analysis and often, the detection technique is dccisive on the alcthcld of'sample preparation 

to be employcd '. 
I'hc most widely used technique for dctcrminntion of trnec mctals in cnvironmcntal 

samples is the atomic absorptiori spcctroph~tometry. Other techniques that have been used 

arc x-ray fluorescence spectroscopy '8, neutron ac~ivatiot~ analysis 493 anadic stripping 

voltarmtry and induct ively coupled plasma emission spectroscopy ' I .  Each of these 

tecltniques requirtxi onc form or anothcr of preliminary sample treatmen! bcfore reliable 

determinations of the tracc mctlals can bc made. 

Atomic absorption sl>ccfrophotomctry with flame atomization (flatnc-AM) 

rcquires that the sample be in sohtions. The sample aerosol is produced by a 

pneumatic nebulizer system and introduced into the flanlc where thc solvent i~ 

evaporatcd, and [Fie samplc vapourized and atomized lo produce ground state 

atoms. Thcse ground slate a2orns then absorb characteristic wavelength from a 

ho1Iow cathode h p  excitation source. 

Apart from tFle usc of flame, vapour tccfmiques and ekctrically heated non-flame 

atomizers are also used. Thc eIcctrothen11a1 devices irldude the graphitc tube furnace and 

the graphitc rod. Wowever, these h a w  limited usc. For example, vapour techniques are 

limitcd to a fcw volatilc nletals such as Hg, Sb, As and Bi. With elcctrotherrnal 

atomization, solids can be analyscd directly. 

Anothcr highly scl>sir,ive ~ ~ x h n i q u e  xvhich can I= used ditcctly to nlcnsurc 

conccnlrntions of trace rnctaIs in nafural watcr is the Anodic stripping voltmetry (ASV). 



It is most useful in speciation studies in distinguishing be~ween "labilc" and "bound" 

rnctal spccics ", 7 f x  labile spccics src Ihc frec mc~al  ions plus metal complexes which 

will dissocintc in thc diffusion layer to liberate thc nlctaI ion. Bound metal is a mctal 

combined in relatively inert complexes and is dcfincd as total minus labile metal. Total 

mctal can be dctcrrnincd after irradiation with u.v. tight. Preliminary chcmical separations 

such as by liquid-liquid exlraction, dialysis, elccrophortxis, ultrafiltration and 

centrifugation can be applicd to achieve bettcr results. 

Anodic stripping valtamctry is a two-stcp proccss or roncenrration rind analysis in 

an electrolytic cell. The elcctroacfivc metals in solution in the prescnce of large excess of a 

suppofl electrolyte, c.g., KC!, arc depsitcd on a Ranging mercury drop cathode when the 

potential made 0.2 - 10.4 V more negative than tllc highest reduction potcntial of the 

reducible ions. Afier elccrrodeposition, for a rdativcly vcry short time (0.29 - 0.65 scc), 

the connections to the ccll arc reversed, and a gradually increasing pofcntial is applied to 

the hanging mcreury drop, which is now thc mdc of the cclL Peak current due to the 

oxidation of any of the mctals in thc Incrcury anlnlgam is abtaincd at thc oxidation 

potcntial or [he mcral, and the metal is said to Ix str ippd from the nlercrlry amalgam. As 

the potential sweep continucs, the current falls back to the minimum until the oxidation 

potcntd for anothcr e h e n t  in h e  amalgam is approached and reached, when maximum 

current flows again. The magnitude of thc peak currcnt is propo~tional to the concentration 

of thc mc(d in the original solution. 

The usc of x-ray fluorescence spectroscopy involves the irradiation of the sample 

with an unfiltered bcarn of high - intensity pri~naly x-rays, which causes the elements 

present in the sample to emit their characteristic fluorescence lines. Tlx sample should be 

preferably in a liquid form. The inlcnsity of the cmitted x-ray is influenced by the 

absorptio~l and cnhanccmcnt efFects from demcntnl intcrilctions and physical effccfs 

resulting  iron^ variations in particle size and surface ". Due to ihc above, a separation of 

the matrix clcnlents is a necessary stcg in x-ray fluorescencc analysis of environmental 

sampIcs. Thick sarnplcs complcfely absorb the cxciting radia~ion but fusing with d i u m  

borate or mising with silica gel arc recommended methods for obtaining a uniform matrix 

". Howevcr, by using a thin layer of samples deposited on a thin support which does not 

interfere, derncnts can be analysed at the nanogram levels, and spcciaI excitation such as 

with a small anglc or plctrized x-ray, lowcrs the clctection limits cvcn nlore. Concentration 

steps which pmducc thin layers include precipilation, adsorption and electrodcposition, ". 



h rush malerial, chclcx- t 00, has been used ta concentrate 01, Ni and Zn in seawater and 

tllc metals wcre detennincd directly on the resin using x-ray fluorescence spectroscopy ". 
Ncurron activation analysis (NAA) on the other hand involves the irradiation of the 

sample with neutrons to produce rd ioxr ive  or  excited states of thc elements in the 

smple.  Tlic advantage of NhR in malticlemen! trace determination is thc high accuracy 

and precision whcn an instmrncntal analysis without separation is ncedcd ". However, 

interferences in rhe r~-spcctra may arise from s o n ~ c  of  the matrix elements that are 

activated very highly, Such matrix elcn~ents have to be separated from the sample before 

determination of thc frace metals. For exaniple, sodium, potassium and phosphorus in 

large amount interfere in (he a-spcctra  hen Itrace heavy metals are determined using 

NAA. 

2.5 Bricf Cllcniistry of Heavy Metals Undcr Study 

2.5.1 C h r o n l i u ~  {Cr) 

Cllrorniun~ is a bluish - white, hard, shiny rneta! which is very resistant to chemical attack 

and no! tnrnisIied in air. Although it is unnkc.tcrl by dry air at ordinary temperatures, 

some oxidation occurs on strong heating. It is the 24"' clclnent of the periodic table with 

electronic configuration - [hr] 3d 4s'. Its com~lwreially inlportant ore is chromite [FeO. 

Cr20s]. The principal va!cncies exerted by chromium are 3,.6 and 2 in decreasing order of 

srabiliry, tlicse being also the numbcis describing the oxidation states. Chromium (111) is 

an mscntial trace element in nlammalian mctahlisrn and together with insulin, is 

rcsponsih!e for tlrz clearance of glucose from the blood strea~ii. It forms stable salts with 

all the conlrnoI1 anions and complexes with virtually any species capable of donating an 

elcctmn pair. Tlicse complcxcs may be anionic, cationic, or neutral and with hardIy any 

cxcepfions arc hexacwrdinate and octahedral e.g. [Cfi6] '' = halide, CN, SCN*, N'33. 

HpdroIyzed, polynuclear Cr (111) complex& are of considerable comniercial importance in 

thc dyeing (as mcrdants to dye) and tanning indusfries. Chromium is uscd in metal alloys 

and pig~ncnts fur paints, inks, cement? paper, ceramics, rubber and other materials used as 

corrosion inhibikm and fungicides. Clu-omium can causc skin irritation and ulceration in 

low level exposurc, damage to the kidney, livcr, circulatory and nerve tissues on long-term 

exposurc. 



Potassiun~ chromate, potassium tetraoxoclvomate (VI), may be estin~atcd by conversion to 

dichrarnate on acidification and titration against nrnnloni~~m iron (IF) sulphate. I r  is iuscd in 

analysis as an indicator for determination of chloride or bromide by silver nitrafe in neutral 

solution, brick-rcd silver chromate not bcing precipitated by silver nitrate until all halide 

has been precipitaled: 

?his precipitation ma); be used as a qualitalive test for chromate ions in neutral solution. 

Lead (11) acetate solution givcs a precipitate of yellow lead (11) chromate with solutions of 

ch~vmatcs. But hydrogen peroxide aflords tllc most sensitive test; an intense blue 

cvlouration appears wtlcn hydrogcn peroxide is acldcd to an acidified cllrornate (or 

dichl-csnutc) solurion. This is probably due to pcroxidc, pss ib ly  CrQ, which may be 

cxtracld by ehe r  as a blue immiscible layer. 

2.5.2 Coppcr (Cu) 

Coppcr is widely distributed in na~ul-e as a metal in sulphidss, arxnidcs, chlorides 

and carbonates 53. Agc old n~ethcds like roilsling and smelting or in same cases microbial 

assisted Icaching arc uscd for its estrxtion. Like many othcr. tnctals, ir is tough, soft and 

Juclile. I r  is a reddish mcfal second only to sitver in  its hi& tllcrnial and electrical: 

conduclivitics. I-ierc then underlies the inymtance of copper a d  its wide application in 

cvery day lifc 53. I t  is also uscd in making brass and gold alloys. 

Some physical constants " of coppcr are presented below: 

Atomic Mass - 63.546 

EIeclronic configurntkm - [ArJ 3d lo 4s ' 
Melting point (K) -- l3ST.G 

Bailing point (K) - 2836 

Density at 3OOk (dcm3) - 8.9G 

Covalent radius(A) - 1.17 

Atomic radius (A) - 1.57 

Atomic volume (cm3hnol) - 7: 1 

First ionimtion potential (V} - 7.726 

Elcotrical conductivity ( 10 "-' c n ~  -') - OS9G 

Nlermnl conductivity (W Ern  " k - I )  - 4.01 



Crystal structure - cubic, face centered. 

It is absorbed by plants as cupric ion (Cu I * )  and is a metal activator of several 

enzymes in plants. which include tyrosinasc, luicase, ascorbic acid a i d  oxidast. 

Deficiency of copper in plants cause unattractive appearance and smaller size of citrus 

fruits, discolouration of carrots, chIorisis and wilting in leltuce ", At high concentrations 

of 1 - 5 ppm, copper imparts an unplrnsant tastc ta water and affect certain individuals 

suffering from a hereditary capper metabolism disorder callcd Wilson> dismse 4'. 

Aqucous Chen-iiswy of Copper 

copper csists irk solution in two stable oxidation states of +I  a d  +2. However, thc 

+2 oxidation state is the nlore sfabk. This csplains the reason why mostly Cu (11) 

compounds exist. 

Copper (I) 

'Fhc soppcr (I) compounds are diamagnetic due to dl0 configurnlion and except 

where C O I U U ~  I C S U ~ ~ S  fr~nrl the a n i o ~ ~ r  charge transfer bands, they are colourless. In 

aqueous sahtion only low equilibrium co~~centration of Cu+ (< I0  M) can exist 

2CU I .----' Cu + CU 'I 

and the ~ n l y  Cu (II)I compounds that arc stable to water are tlx highly solublc ones sucl~ as 

CuCl or CuCN. This instability towards water is due panty ro the greater lattice and 

sohation encrgics and higher formation constants for cornplcxes af Cu (11) ion, so The 

ionic copper (I)  derivatives arc unstable. 

The equilihi'urn above can be displaced easily it? either direction and this makes it 

possible for CN', I - aid Mcfi to react with Cu (11) to give Cu (I) compounds. The 

residence thnc of Cu (I )  in water depnds strongly 011 the nature of the aqueous media. 

Goppcr (I) forms cotnplcxes with silnple lignnds tikc halide ion, amhe  etc. The 

coordination in Ihr:sc conlplelies k i n g  absolutely tetrahedral. 

Copper (1 1) 

Most coppet (I) compounds are readily oxidizcd to the copper (11) state k a u s e  it 

is the most srablc hencc the most important oxidation state of copper. This also makes the 



rxpeous chemistry of Cu (11) wcll defincd. Various anionic salts which nre hydrophylic 

including various complcscs of Cu (11) exist. 

Most Cu (11) salts dissolve in watcr to forin copper - aqua cornplcx~s cd the fiorn~, 

[CU(H~O)~] ". If ligands are added to such an aqueous solution of Cu (I!) competition for 

possession of the nlctal ion ensues betwen the water n~olccula  rind the ligand molecules 

and dcpending on how nuclcophilic such a ligand is, conlplexes will be formed by 

succ:cessive displacement of the water rnoIecules. This displacement reaction cannot be 

carried very far because after the addition of the fourth ligand moleculc it becomes 

difficult to add more molecules because of Jahn - Tcflcr effcct which causes some 

distortion for cubic structured Cu (11) compounds. Based on the above reasons, the 
5 $ formation constants, Ks and K6, will have wry small values'-. 

2.5.3 Iron (Fe) 

Iran is the sccond most abundant mcbI after aluminium and the fourth most 

abundant element in thc carth's crust. The earth's core is belikved to consist mainly of iron 

and nickc3 and thc occurrence of iron rnctcorilcs suggesls that if is abundant tluougl~out 

the solar system. I t  is the 26& clcment of the periodic table with electronic configuration - 

[Ar] 3d " 4s '. The major iron ores are hacrnntite (FczOr), magnetite (Fc30J), l imnile  

IFeO(O1-l)J and sidcritc (FeCQ3). 

Because: of its high abundance, iron is o k n  found as an Pn~purity in other 

materials. F Q ~  cxample corundum (y-A1203) of gem quality is known as sapphire, and its 

colours are caused by small amounts of iron. 

Iron is requfrcd in relatively large nmounts due ta the vital biochemical role it 

pIays in the maintcnancc of life;;.. It functions specifically in thc activation of several 

cnzymcs such as f~rmaric hydmgcnase, cetclasc oxidase and cytachromes, It is also 

necessary for the synthesis of chlorophyll. In 11umans and animals, it is essenfial for the 

for~nntion of hxn~oglobin in blood. Thc cor~ccntrafion of iron in water a h v c  0.3 ppm can 

result in a rcddish brown tinge and a biltcr or astringent taste to water and thus can 

substantially affkct the taste of kvcrages and stain cloths during washing ". 
Iron is a white, lustrous metal (tn.pf 1528°C). [t is m t  particularly hard, and it is 

quite reactive. In moist air it is rather rapidly oxidized to give n hydrous oxide that affords 

no protecfion bccausc it flakes off, exposing f m h  metal surfaces. Finely divided iron is 

pyrophoric. Iron co~nbincs vigorously with chlorine on mild heating, a d  also with a 



variety of other non-metals inchding the other halogens, S, P, B, C and Si. The carbide 

and silicide pTiases play a major role in  the technical metallurgy of iron. 

ChniicaIly pure iron can be prepared hy the reduction of pure iron oxide (which is 

obtained by thermal decomposition of Fe (11) osalate, carbonate or nitrate) with hydrogen 

by clcc~rdcpositioii lion1 aqueous sdutions of iron salts, or by thcr~nal deconlposition of 

Fe (CQ) 5. 

The metal dissolves readily in dilute milleral acids, in zhe absence of air and with 

non-oxidizing acids to give Fe ". With air present or when rvarn~ dilute HNO, is used, 

some of llx iron goes to FJZ' ' I. Very strongly oxidizing rncdia such as concentrated HNOl 

or xi& containing c ~ ~ o ~ ' '  pssivate iron. Air - free watcr and dilutc air - lree hydroxides 

have liltlc effect on the mctaI, but hot conc. NsOH attacks it. In rhc presence of air and 

water iron rusts to give a hycinted ~e '"oxide.  

Aqueous and Coordinalion Chemistry of Iron (111, d" 

Aqucous soIutions of iron ([I) in the abscncc of complcxing anions contain the pale blue- 

green ion (FL' C I I ~ ~ ) ] ~ ,  which is oxidized in acid solution'. 

~ F C ~ ' + X ~ ~ + E I + ~ Z F C ~ ~ + H ~ ~  ~ 0 = 0 . 4 6 v  

Oxidation is easier in basic solution 'but neutral and acid solutions of ~ e ~ *  oxidize t a s  

rapidly with increasing acidity (even though thc potential of the oxidatiori reaction 

bcco~nes morc positive). This is hccause F? is actually present in the form of hydroxo 

cstnplescs, cxccpt in ex~remely acid solutions, and therc nlay also be kinetic reasons. 

Complexes of ~ e '  ' 
Most ~ e "  compleses arc octahedral. There arc few tetrahedral con~plexes but these 

including ( ~ e ~ l 4 ) ' -  ion in silts with large cations, ( F ~ ( o P P ~ ~ . ) ~ ' ,  and a few others. 

Pentamordinate species, usually tribromophenol, include those of tripod ligands such as 

(Fe(np)js)*. Dodecahcdral complcx include ( ~ ~ ( n a ~ t l ~ ~ r i d i n e ) ~ ) "  and crown ether 

complex. 

The most irnpo~tant ligands, however, arc p r p h y r h s  as many enzyme $ystems are iron 

porphyrins. 



Aqueous and coordination chcmisfry of imn ( I  1 I), d' 

Iron ( 1  11) occurs with mosi anims, except thosc with reducing capacity like the 

prphyrinss7. Porphyrins which are complexes of conjugated macrocycles are of prime 

importance in living systems and for similar reasons o k r  N4 macmcyclic complexes have 

been intensively Y tudied. 

The square ~ ' e "  porphyrins initially add oxygen reversibly but, unlike haeme and 

Iigand potential syslems, undergo nutoxidation even at low temperatures to give p-peroxo 

species, @orph~e"')y-(02), which can react with a bnsc to give (base)(porph) ~ c ' "  = 0. 

Thc ~ e "  species arc unstable decomposing to (porph ~ e " ' ) ~  p - 0. The oxygenated 

species can oxidize organic  substrate^'^. 
There are also other porphyrin cornpounds such as  (prpll)Feph, bridged species 

(p~rphFe)~x;  s = 0, N or G and carknes,  [porph) Fc = CC12, ' tha~ are of lthc type implicated 

in CClr and DDT toxicity. There arc also other ~ e "  species such as (porph) Fe (x) ph, 

(porgh] Vc = NR, and so on. Rduced  Fc ( O C ~ ) ~  spccicu wirh F? and ~ e '  are also 

known5'. 

2.5.4 Zinc (Zn) 

Purc zinc is a bluish-white metal of rnodentc strength which has excellent resistance l o  

almospheric corrosion. It is widely uscd as a stirfacc coafing on iron and S ~ W Z  to prevent 

rusting. Over the rangc of lemperaturc I 10°C - 150°C zinc is both malleable and ductile. 

In damp air, zinc is quickly covcrcd by a coherent layer of basic carbonate. At red heat, 

zinc burns vigorously in air to form the fibrous zinc oxide, ZnO, once called pl~ilosopher's 

wool. Its con~bustion in the oxy-coal gas flamc is spcctacular. 

Zinc is thc 30Ih clement of the pcriodic tabIe with eIectronic coaliguration - (Ar) 
~ i r  2 3d 45 and it is not a \ransition metal. The pcnultjmate shell is complete both in the metal 

and in thc ion, ~ n " .  Zinc is bivalent only and its ions are colourless. In con~puunds, zinc is 

ofcoursc, in the oxidation state 1-2. 

It is an csscnltial trace elemcnt hr plants, mima1s and humans as it is associated 

with many cnzymcs and with certain other proteins. Zinc is relatively mare abundant in 

the earth's crust (0.02%) than some ather n~e tah  [e.g.Cu); howevcr, there are not many 

minerals that contain Zn. There is only one carnmon suTphidc-Sphalerite ( Z n S ) ,  but it 

forms nlinerals which are tvorkcd in many palls of t l ~  world. Anthropogcnic sources of 

Zn in thc cnvironmcnt includc printing praccsscs, constn~clio~i materials, mctals (iron, 



stccl and brass coated with zinc), fertilizers. batteries, sewage-sludge, animal waste in the 

form of manure, Zn-containing pcsticida [ tg .  Zineb, Mancozcb and Ziram), atmospheric 

deposition and coal cornbustion. Zinc concentrations in soils typica11y range from 1 to 

2000 m@gl, but at sonrc sites, levcls as high as 10000 n l g ~ g - '  have k e n  reported 47. 

AIthough levels 01 Zn in soils are higher than those oFeopper, mdybdenum and 

other micronutrients, plant rcquiremenls are fils0 grcatcr. I1 is rcquired in plants for the 

activity of various enzymes (carbohydrate and protein mctablisrn) and for the synthesis 

of indole acetic acid 1 1 ~ ~ ) ~ ' .  High levels of Zn are norn~ally toxic to plan[s. 

Concentrations of Zn in ~alural Ivatcrs are generally low, however, hdustrial' effluents and 

drainage from mining areas can act as sources of pollution. 

The m j o r  hcaIth concern in thc general population is marginal or deficien! Zn 

intake rathcr than its toxicity. Zn is gcmrafly considered as being of low toxicity due to 

the widc margin between usual environnler~tal concentrations and toxic levels. However, 

high lcvels of Zn arc undesirabk as i t  may lead 10 Cu deficiency by inhibiting Cu 

absorption. In h u n m s  and animals, zinc dcficicncy causcs dwarlism, reduces rstc of blood 

clotting and wound hcalins skin abnorrnalitics, loss of appetite, seucre grmvth depression 

and sexual iinmaturity5'. In e x m s  of I .5ppn1, i t  may imparr astringent taste to water? md 

cxcessivc ingestion of i t  causes cnrcinogcncsis in 

Qualitativc tcsts for zinc salts 

Addition of caustic alkali to a solution containing Zn ions precipitate the white 

geIatinous hydroxide, which dissolves in excess alkali to form the zincate. Aqueous 

ammonia also prccipifares the hydrosidc, which dissolves in excess ammonia to give 

ammines. In  the presence of ammonium chlmidc, suppcessi~n of the hydroxide ion 

concentration in aqueous ammonia prevents prccipitil2ion. . 

From ncutra! or alkalinc solultions, hydrogen suIphidc precipitaks white {aften 

discolourcd) zinc sulphide, which is insoluble in wcakly ionized ethanoic acid but  readily 

soluble in rnincrd acids. 

\!%en zinc compounds, are mixed with fusior.1 ~nixture, made from equal amounts 

of sodium carbunale and ptassiunl carbonate, and heated on charcoal b h k ,  a yellow 

incrustation of the oxide, which becomes fvhite as, it cmls, is formed. Addition of a little 

cobaIt nitrate solution and further heating forms 0 grecn mass, Rinmann's Green, a solid 

solution of cobalt 4,sidc in Zinc oxidc. 



Complexa of ~ n "  

Of the complexes fwnlcd, only the ammines and cyanidcs arc most important. 

Complex cyanides K [Zn (CNb] and K2[Zn(CNk] are fomcd containing the anions, Zn 

( 0 . I ) i  and Zn (CN)'~~, thc Lricyanozincate [[I) and ~ tmyanoz inca t e  (11) ions respectiveIy. 

Thc arnmincs m y  contain up to six rnnlecdes of ammonia for each zinc cation, Zn 

wfl J"~. Passagc of gaseous anlmonia into a hot saturated solutioo of zinc chloride in 

water unlil t l ~ c  precipitate formed initially dissolves gives the tetraammine, which 

crystallizes on cooling as (Zn (NH,)J Clt. On evaporation and cooling, thc diamminc is 
0 

formed; [Zn (h'HJ)2] C12. Assing dry ammonia over zinc chloride at-15 C yields 

volu~ninous mass of the Rcxaamminc, [Zn WH3)6] CI2, 

2.5.5 Lead(i'b) 

rile proportion of lead by weight in the carth's crust is estimated as 0.0?2%. 

Galena, lead (11) solphide, PbS, is ihc chief orc and is round associated with many other 

sulphides. Principal soilrccs occur in Australia at Droken Hi11 (NSW) and ~ a n a d a  which 

arc the two large31 exporkn, Mexico and the USA. Cermsite, lead (11) carbonate, ~ b C 0 ,  

and anglesite, lead (I[) sulphate, PbS04, are othcr ores. 

Lead, having a natural abundance of 13pprn'P is by far the most abundant of the 

heavy metals, being approached only by Ttralliurn (8. I ppin). This abundance is due 20 the 

facl that three out of the four naturally occurring isotopes of !cad (206,207,208) arise 

primarily as \he stable cnd products of the natural radioactive series. Only ' & ~ b  (1.4%) is 

non-radiogenic in origin. 

The electronic configuration of lead wirh atomic number 82 is [XeJ 4e4 55d" 6s' 

6p2 and is prcdominalltly divalent; the lctnvalcnt state lends lo be strongly oxidizing in ib 

com~ounds- In the divalenl slate, the two 6s elearons are incn due to incfl pair effect, 

taking no part in chcmical bonding. Lead (11) ion has ionic radius of 1.33A and co- 

ordination number six. It exists in only onc form which is mefallic unlike tin which has 

three nllotropcs. Lead is now rcchgnized as a hcavy rnclal poison60 (whilo Ge and Sn in 

the same group an: non-toxic}. it acls by complcaing with 0x0 groups in cnryrncs and 

nffccts virtually all stcps in the prwess of lacme synthesis and porphyrin me~abaIism. Pb 

((1) also inhibits SH enzymes [though less strongly tlian Cd (!I)] especially by interaction 

with cystein residucs in proteins. Typical symptms of lead pois6ning are eholic, anaemia, 



headaches, c o n v d s i o n s ,  chronic ncphritcs of the kidneys, brain damage, and central 

nervous system disorders". 

Uses of Lcad 

Lead is an cstrcmely dense, grey ineta1 (1 1 .3gcm-3) qf low tensile strength, easily 

workcd, being soft, ~nalleablc and with a low melting-point (327"~). It  is only 

superficially oxidizcd at ordinary tempemlnrc in air to hydratcd oxide (hydroxide) and 

carbonate. Lead is used for sheathing clectriwl cablcs, as sheets for roofing and pipes for 

plumbing (Latin, plumbum=lead). I m d  compounds as described a h v e  are poisonous. 

Some old hoincs may haw lead water pipes, which can conta~ninate drinking water. In 

hard water districts, lcad watcr pipes soon bccomc coated with lead (11) carbonate and 

sulphate, preventing uptnkc of lead conlpounds. 111 areas scned by son, acidic, moorland 

watcr. silicalcs arc aaddcd to watcr no give an insoluble coaling of lead (I!) silicate. Traces 

of lead in dr inking water bave a deleterionis effect on health, retarding mental 

devctopn~ent. For this rcasan t h ~  w e  of tctraethyl lead, Pb(CsEis]s, as an anti-knock agent 

in pctrot is being p h a s d  oul in countries of thc European Union and elsewhere, 

particularly in the USA. L e d  paints tllust be avoided where a child might chew the 

surface, as with cots, toys ctc. Lead is highly resistant to stdplluric acid and is used in the 

Lc<M Chamber P roms  and as acid-resisting surfaces in the Iabmtories. Lead is used to 

absorb Rnrnrfd radiation frum nucIenr reactors and X-my sources. It  was found that lead 

could inhibit nitrogen rnincmlization in the soil 'I. Alloying itnprovcs the tcnsile strength 

of lead and n~czny solders and fusible alloys contain lead. 

Conlplexes of Lead 

Lead forms co~nplcxes with many organic reagenrs and has been used in its andysis. 

One of the most imporrant reagents that has becn in use for lead determination is 

diphcnylthiocarbazone (dithizene) 62 (15) which can exist also as (1 6 )  

Other rcagcnts includc Quinaldic acid or its sodium salt (17) and (181, 8- 

hydroxyquinddine ((19) and 8-hydroxyquinolii~e (20) 



Cadmium (Cd) 

The chief mineral is Greenockilc, Cadn~ium Sulphide, CdS. Up to 0,4% cadmium may be 

found associated with zriit: and read ares. Bccause s f  its volatility, cadrlium accumulates 

in flues, rslectrostafic prccipi~ators and 0 t h  purification apparatus in Icx!, coIpcr and zinc 

works. TI-icrc is some alarin nbout ground water pollution by cadmium in certain nearby 

areas, 

Cadmium has atomic number 46 with clcctronic configuration-[Kr] 4d" 55' and density 

of 8.~5~1'cm'. Cadmium (11) favours 4-mrdinnte tetrahedral con1p1cxes and ro somc 

extent Gcoordinate octahedral complexes. This is because stereochemistry of the 

compounds dcpend on the sizk and polarizing power of met3 ([I) cation (M") and sterric 

rcquircmcnt of the lignnds since the dl0 configuration affords no crystal ficld st a b'l' i lzation. 

Cd (11) ions do not form n: complexes with CO, NO, or alkenes, because of  the stability of 

its dlo configuration and its conseqvcnt inability to providc cl~ctrons for "hck bonding". 

In solution, 'the majority of the complexes of Cd (like Zn) have a coordination number of 4 

considered lo be $Cd ([ l z ~ ) d ] "  which is poisonous to most living mnttcr. Other ~ 0 n l p k x ~ s  

formed by Cd include, [Cd (CN)~]~ .  [Cd C I , ~ ] ~ .  [Cd ( N I ~ J ) ~ ] "  and they nre tetrahedral in 

shape ", 

Cad~iliunl can bc dctcrnlined as quinaldate using quinaldic acid or its sodium salt at 

a PI-I 5-7, Anthranilic acid (2 1) forms Cd (C7H6@N)t with cadniium 



Diphcnylthiocarbamnc (dithizone) ( I  5 )  can be made spec :ific for cadmium, us iing a 

strongly basic solurion. 8-Hydrosyquinaldine (191, 8-hydroxyquinoline (203 can also 

quantitatively precipitate sadrniuin uh~n the pH is adjusted. Chel'ating agents are weak 

acids; the number of elements precipiratcd can usually be regulated by adjust~nent of the 

pH ". The renclion can &. generalized as: 

Mn' + 4-1X = MXn + nM+ 

TRc weakcr thc metal chclate formed, the higher the pH nceded to achieve 

precipitation. 

Cadmium has no known biologics! rolc and is anlong ihe most toxic of all 
64 elements . It accumulates in humans mainly in the kidney and livcr leading to 

dysfunction of [he kiclncys, cardiovasculnr diseaws, hyprtcnsion ,and slcrility anong 

maIes. It can inhibit the action of zinc enzyme by displacing the zinc. It can also replace 

calcium in boncs, Icading to painful disordcr and wen death. 

Uses of Cadlnium 

Cadmium is a sibmy-white, soft, ductile and maI1eablc n~ctal. Elcch-oplating is the 

chief outlcr of cadmium. Small srcel articles are protected from rusting in a way similar to 

the protection afforded by zinc. Cadmium-plating is applied to radio and telephone 

conlponcnts made of copper and brass. Cadmium nloy f o m ~  the r~egativc plate of alkaline 

clcclrical storage cclis with an electrolyte of caustic potash. In nuclear engineering, 

cadmium rods h:wc been used in the regulators of atomic piles for the conversion of 

Uranium inlo plulonium. 

Cadmium is a constituent of certain bearing alloys, solders and fusibIe alloys. It is 

used lo strengthcn copper for long spans of thc high-vdtagt overhead elcctric cabla of 

the National Grid. 

2.6 Preparation of Water Sample for Trace Metal Determination by Atomic 

Absorption Spectropl~otometry 



High sail concenlrations in saline waters prcclude the direct use of atomic 

absorption spcctropl~otomcfry in determining trace metals in water, using flame 

atomization (flame - AAS). This is due to scattering effcct on the flame and the clogging 

of the burner by the salt particles. 11.1 addition, these metals occur in natural waters in very 

trace amounts. Flameless-AAS using elcc~rothcrn.tal abrnization (ET-AM) is also 

rcndcred unreliable by  high salt contcnr eve11 though the tcclmique is sufficiently sensitive 

lor direct application ". 
Usually, the tracc metals are concentrated fi-om a large volumc or water and the 

transition metals separated from !he aIkaIi and alkaline cart11 metals. In practice, pre- 

concentration and separation are conveniently coinhined in such teclmigucs as liquid- 

liquid extraction (chelation/extraction3, a-prwipitation, use of chclating or i ~ n  exchange 

resins and adsorption on adsorbents such as carbon 50. 

Chclntion hllowed by extraction have had the widcst applicarions in trace metal 

analysis of solutions. Usually, an organic chelating agent such as ammonium pyrolidene 

dithiocarbamate (APDC), 8-hydmxyquinolinc [oxine), dithiozone, cupfcrron, etc. is used 

to form cllelatc's with the trace metals svhich arc mostfy transi tio~a metals. Such &elates 

are soluble in organic solvcnts like methyl isobutyl ketonc (?vlfBK), Chlorafonn, 

amylalcohol, cthyl acetate 47 etc. Chlaroforn~ is howcvcr no more in use bccause it  has 

bcen round to be carcinogcnic. 

2.7 Liquid - Liquid Extraction 

Since the discovcry that etllct could extract uraniirni (VI) from nitric acid, the 

study of solvcnt extraction techniques has Bccome wide and varicd both irl $cope and 

application. '1'0 lay crcdci~ce to thc versatility of solvent extrxtion 8s a veritable analytical 

tool, skcy "5 posited an clcgant rnctI~od For the separation of cobalt from nickel, gold h m  

platinium and iron From many other ~ncrals by coveting the phenomena of different 

soIubilitics of tl~cir ~hiocyanalc solutions in ether. 

Dcspite thc cstablishtnent of new and easicr solvent extraction systcms and 

procedures, new organic reagcnts have also been prepared to make solvent extraction a 

viable f ield for analytical and inorganic chemists. Thc introduction of a versatile organic 

reagcnt, ''dithizonc" foIIowcd by the application of  cupfcron, dimet11ylgIyoxinie a b u t  five 

ycars latcr and 8-hydroxgquinoline " in the I94Os opened a new era in liquid-liquid 

cxtraction studies which was ncglcctcd from TWO till  thcn. 



In comparison to the phenomenon of liquid-liquid oxtraction of ion-pair associated 

complexes, which is sel&ve and for which the physica-chenlical interpretations arc so 

intrinsically complicated, the interaction of cations with suitable organic chelating agents 

to give for-maIIy neutral and less hydrophibc entitics provides an inmediate clue ro their 

role in promoting the solvent cxtraction of inorganic species 67. 

A thermodynamic interpretation 911e phenomena o f  liquid-liquid distribution 

equilibria was intrduccd by Kolthoff and   an deli^'. ThcEr work established 

unambiguously very casy nlcam of refa~ing thc percentage of mctar cstr,xtcd to pH of 

aqucous plzhase, concentration oforganic reagmt or the concentration of  auxiliary masking 

agents. 'Fhcsc equations, fronr practical usage, have been cstablishcd to apply to all solvent 

extract ion systems. 

Studies on many rnetllods of analysis whereby the tra~npm-t of matexials from one 

phase to another - thc lll6st fundamental pmcedurc for the separation oh a chemical 

species fiom the nlcdium - has spanned many decades. From thesc studies, m e t h d s  like 

distillation and condensation, dissolution n r d  crystalliznti~n or precipitation and 

su blin~alion have been discovered, utilized and perfected. When compared ro solvent 

extraction, these methods are found \vanting. The ucrsatility and scope of solvent 

extraction as a sofi of inferphasc transprt poccsu is founded on its ease of application, 

speed and simplicity ''. In solvent cxtraction, separation is clcanct when compared to the 

precipitation method. Solvcnr extraction procedures are ideally suited for the isolation of 

trace quenlities of species in a sharp contrast to the precipitation process 4. In addition, the 

greater variety of cxtractants makes it possible for an easy selection of most suitabk 

system for any given problem. 

Employmen! of solvcnt cxrraction in txkding a chemicnl problem will require very 

common and non-complicated apparatus like a small extraction bottle, or a separation 

funnel. It also requires short time that can range from a few millures to some hours for 

separation of chemical specics to be achieved. Therefore, it is  onc of the most suitabk 

methods of separating both micro and macro quantities from large amounts of other 

substances sime such ~ndcsi~able phenomena as ciz-precipitation encountered in niethods 

like precipitation is non-existent. 

Judicious utilization of reagcnts and control of pH makes the method highly 

selcc\ive, and the isolation of  the rnctal in question can be made as complefe as desired by 

several repetition of thc extraction procedure. Also, as most chclaees are coloured, 



spcctroplmto~i~etric n ~ l l i o d s  ore enlpIoycd in detection and quantification of trace amounts 

of metals. 

Solvent cvtraclio~i con now be applied effectively in chemical teclu~dogy, in 

pu~ifying chemical rcngcn[s, also in separating several radioisofopes and processing 

67 nuclear fuels . 
2.7.1 Distribution Law 

Ir has been established that the basis of solvent extraction is a two-phase 

distribution of molecular species. Thcrcfore, the classical pbasc rule of Gibbs applies, viz: 

P + F = C + Z  ------ ------------------------------- (1) 
IVhere I )  is thc number of phascs, F Ithe number of  degrees of freedom and C the 

number of componcn[s. Equation (1) shows that a system consisfing of two imliscibIe 

solvents and one solute distributed Extwccn them has one degree of frecdom at  constant 

lcmpralure and pressure. Therefore, if thc conccn!ration of the solute in one phase is 

conslant, thc canccntmion of the solutc in ahc other p l m c  is also fixed 67. 

Thcomhdly,  this co&cpt can ahvays be applied lo any solvent ahac t ion  system. 

It was on this basis that Nernst formulated the "distribution law", which is a general 

principle for relating thc concentration of the solulc in each phase. This law has become 

the most fundan~cnlal rulc in solvent estracIion chemistry. 

For a systcm in equilibrium where a solutc distributes itself betwecn two 

immiscible phases, Kernst clistribulion law states that at a particular temperature and with 

the solulc exisling in  ~ I I C  same molecular sratc in both pl~ases, lhc ratio of the aclivities of 

t l ~ :  solute in b t h  p11asr.s is invariant (ic) it will always be constant and indcpcndent of the 

totall lconcentrati~n. This constant is callcd [he distribution or partition coefficient, KD, of 

the solute in the solvent. Hence, if the activity of the solute in the organic phase is denoted 

as Aorg and its activity in tho aqueous phase denoted as  Aaq where "org" and "aq" 

reprcscnt ~ g a n i c  ar-d aqueous phases respectively, thc partition coefficient can be ' 

rcprcscntcd ma~hcmntically as 

A 9, 

The activity A is represented as A = Yc wIlere Y is the activity cwfficienl and C is 

conccntrafion. For very dilute solutions, Y tends ra unify, therefore: 



This equation shows lhal the partition cmfficienl does not dcpcnd on the total solute 

concentration or on nctual phase v o l u m ~ .  

Thc law howcvcr, can only have real tllcorctical significance but not usefu1 

practically as it cannot account for such phenomenon as dissociation or association of the 

solute in solution whereby it exists in other rnolccu'lar statcs as is normally encountered in 

solvcnt extraction practice. A practical tern1 in use is thc distribution ratio, D: 

2.7.2 Distribution Ratio, II 

Defined, as the ratio of concenlrati~ns of solutc in n!P its forms in the two phases, 

distribution ratio takes into accbunt the fact that a solute exists in a two phase system in 

sevcral c11emicnE forms MI ,  MZ ----- M,. However, only the total concentration of the 

solute in each phase can be experimentally measured, Acncc the distribution ratio far these 

systems can be denoted as 

In some cases, the distribution ratio diffcrs with diffcrcnt experimental methods. This 

arises from the fact that U ~ C  method may detect and nlcasure an clcmem for cxample, in 

t\vo chemical states, while another method can da sa in only one chemical state. The 

distribution ratios calculated from the data obtained from these two methods lvould be 

different from each Other. 

2.7,3 Pcrcentage Extraction, E 

Far thermodynamic study of distribution equilibria, distribution ratio is always 

advantagcoils but extraction can be convcnienlIy cxpressed as thc percentage extraction, E. 

This gives thc pcrccntage of the metal extracted into the organic phasc. This quantity is 

defined by 



and the relationship between the distribution ratio and thc perccnlage extraction is given 

by the following e q u ~ t '  lon. 

where V statids for phase volume. 

To easily consider the distribution equilibrium of a material, i t  is preferable to 

cxpress i t  as D, although E gives a clearer picture of the efficiency of that operation in 

analytical or preparative chemistry, especially when the volumes of the two phases arc 

dificrent. Of utmost importance in liquid-liquid cxlraction is the transference of as much 

metal species as possible from the aqueous phase to the organic phase so as to obtain both 

high D and E values. It  is equally important to device a method for the recovery of the 

nlctal from the organic phase since i t  is of inlrncnse econonlic importance in the industry. 

2.8 Classification of Inorganic Extraclion Sys tem 

Inorganic extraction systems have been identified to exist in three forms; as metal 

chelates, ion-pair or ion-association complexes, and additive con~pleses. These are all 

neutral metal species that can form during soIvent extraction of metals. 

Mctd Chelates 

Whcn a nlctal b1 with charge n' is cquilibrated with organic and aqucous phases, first, the 

metal ion is solvated in the aqueous phasc by water molecules forming metal-aquo 

complexes. In the presence of an organic rcagertt MA, which will complex the metal ion, 

thc q u o  complex has to be destroycd for the complexation to take place. 

For thc organic reagent to be a chelating agent. it must behave like a weak acid. In  

h i s  wise, thc abiIity to ionize in thc aqueous media for~t~ ing  a proton and conjugate base 

of the weak acid is necessary. I t  is in this form that a displacement reaction can take place 

whcreby thc water molecules attached to the metal are substituted by the conjugate base 

groups (chelate ligands) in a ratio that gives a neutral compound (tnetaI chelate). 

Organic reagcnts having one anionic group (e.g. - OH, - SEI, ctc) and one 

i~ncharged basic group (e.g. = N - , = 0 ,  etc.) quaIify as chelating ligands and can easily 



rcplctce co-ardinatcd water moFccules from metal ions and pnwide more than one point of 

co-ordination to the 1netaI ion forming chelate con~pounds which are essentially neutral 

and covnkntly knded.  Chelatc mml>aunds, in which the medal has become part of the 

organic structure and is more or less buried irlsidc the molecule, are mostly hydrophobic 

(having little solubility in water) but mganophilic (dissolve rcadiIy in organic solvents). 

This Bchaviour n~akcs ilt possible for mela! chelates to be extrxtcd into the organic phase. 

2.8.2 Ion - Pair CornpIcs~.s 

Ion - pair or ion - associated complex is fomcdl when an anionic complex of a 

nictal ion interacts wilh cationic spccies formed by the dissociation of ligand in the 

aqueous phase which must be acidic. For such a complex to form therefore, more than one 

step must be invoIved. 

First, the aquo rnoleculcs attached to tlx: metal ion are replaced by the predominant 

anions in thc aqueous phasc to give an anionic complex. Secondly, on equilibrahn the 

brgmic rcagent transfers to the acidic aqucous phase w h ~ r c  it is pmonated and it becomes 

cationic. LaslIy, the anionic n~ctal complex associates with the cafionic ligand to form an 

ion-pair complex. Since the interaction Txtwcen thc cation and anion is essentially 

electrostalic and tlm-c is no strong solvation in the organic phase, the c~mplex is easily 

extracted into ehc organic phase. High biaekctric solvents likc nitrobenzcne and 

dichloromctham: are aequircd for chis complex lo  bc formed. 

2.8.3 Additive Conlplcxes 

These arc complexes originally formed either in ion-associated or in chelatc form 

but in addition may have organic s~lvent  molecules, reagent molecules, or hydroxyl 

m~o~cculcs cmrdi~~ated  to the n~ctal  as ligmds. 

( i )  Additive Complcxcs with Organic SoIvcnts 

Rdditivc wmplescr arc miostIy iornled when hydroplmbic rcagents such as trim- 

butylphosphate or trion-butylphosphine oxide are employed as organic solvents, and, or 

h e  maxin~um co-ordination nurnbcr of the ~netal and the gcometry ol the ligands are 

favourable- In the first case, the organic rcagcnt fsolvcnt) can repIace w t e r  nlolecules 

attached to the metaI chclate to h n ~  a less Rydrophih additive complex which is readily 

cxtnclcd by non-polar solvcnls ". This bchaviour rcwgnized as a Sort of synergistic 



enhancement of the distribution ratio operates gcnerdly wl~ere the Following conditions 

Etrc f d f i k d  'lo. 

[a) Wherc 1k organic reagent rcadily dispTaces rcsidunl coordinated water molecules from 

the neutral chclate rendering it Iess hydrophilic, 

("a) Where the organic rcagcnt is kss nuclcophilic and !ess hydrophilic than the chelating 

ligand, and 

(c) Where the maximum coordination number of the metal and the geometry of the ligands 

is favourable. 

Thc existence of such a con~plex is rcadily esiablished by measuring the 

distribution ratio Dl and ISz of the metal using two different organic solvcnts at the same 

reagent concentration. If additive complex is formed with organic solvent, the ratio Dl/Dz 

will vary with the pH otherwise it will remain constant "'. This means that log DI and log 

Dz when plotted as a function of pH wiI1 run parallel for no formation of dditive complex. 

(ii) Additive Complexes with the Organic Reagent 

Tlme havc the general formulae of MA, (HA), and MA, (OH& [HAX where M is 

the mctal ion, n its charge, HA the organic reagent whereas p and r are the nurnkr of 

hydroxyl and ligand molecules coorcIinatcd to ~ h c  complex. The media n-lnsl 'be highly 

hydrolytic for thc latter complcx to be formed while the former one is not rrffcctcd by the 

pH of the mcdia. Formation of both complcltes will tX possible where the metal 

coordination nunlbcr and the geomctry of the ligands are favourable and the rcagent 

concentration high enough, 

(iii)  Additive Complexes with Hydroxyl Groups 

These complexes havc the general formula MA, (Omp and will require highly 

alkaline mcdia to effcct hydrolysis of the mctal ion. Extraction ~f such complexes will 

require organic so1vents with high dielcctric constant since they are not neutral cornplexcs, 

Consequently, they will give Iow partition coefficient in organic sorvents with low 

dielectric constant. 

Factors that Influence Stability and Exfractibility oEMetal Chelate Colnpleses 

Kolthoff and Sandell " were the first to quantitatively investigate the process of solvent 

catraction. ARcr their work, other ivorkcrs Kke Morrison and Freisscr '' extended the 



frontiers of liquid-liquid extraction of rnetals by providing more detaikd overview of the 

factors that come to bear on its workability. 

(i) Inlluencc of Acidity (pH) 

Chclatc formation as often encountered in solvcnt extraction arises from 

interaction be~wccn an organic rcngcnl HA and rtlctal ion M' and can be pictured as 73. 

Where MA, (org) is the metal chelate formed. From equation (7) we can deduce the 

cquilibriunl constant or extraction constant, Kex of the reaction as 

From equation (41, the dktribulion ratio D is given by MorgfMaq, hence equation (8) 

changes to 

For any given system at a parficular tcn~peralure, Kc, is constant asd depends tnostIy on 

tho ionic strength of Qc aqueous media. I f  thc concentration of the organic reagent is kept 

constant i.c. [HA] =constant (C) equatiod (9) becomes ' 



Equation (12) depicts that the distribution ratio varies inversely as the exponential 

power of the hydrogen ion concentration. 

Taking the log of equation (94 it a41 be obtained that 

It has already been eslablished in equation (9) that when n metal ion M" reacts 

with an organic reagent HA to give an uncharged metal chelate MA,, the extraction 

constant, Kc-, has a direct reIationship with the distribution ratiol D, of the metal, From 

equation (IS),  tI1c rrlalionship betwecn the distribuhn ratio and the acidity can be 

deduced. This equation shows that D increases exporrcntially with pH for thc  extraction of 

the rnetal chelate. R plot of 1) against pH givcs 3 curvc of which the slope depends on n 

and the position along the pH axis depends on L,. 

(ii) rInfluence of Masking Agcnts 

A masking (sequestering) agcnt is a con~pound or anion which when present in the 

aqueous phase can form a non-cxtractable complex with the metal ion. There are many 

examplc~ of thcse but thc most common oncv are EUTA, citrate, cyanide, fluoride, 

thiocyanate etc. In the presencc of the masking agent, ~Ilc distribution ratio of thc metal 

dccreases because Iess quantity of the metal would be available to go into the organic 

phase than would have bcen possible in its absence. 

This phenomenon of masking is very important in  solvent extraction d~cmis f ry  

becausc by judicious utilimtion of inasking agents a particular mctal of interest can be 

separated from a mixture of other metaIs that form non-extractable ionic complexes and1 

remain masked in the aqueous phase. The ixtraeted mctal citller forms unstable complex 

i v i h  the masking agcnt o r  does not react a1 all with it hence its preference for formation of 

the extractable chclate with the organic reagetl!. 



(Eii) Influence of Ihc Concentration of the Organic Reagent 

Equation (IS) estabIishes the k t  h a t  lhe cxitractabiIity of a metal with a given 

orpnic reagenl and organic solvent dcpends largeIy on thc concentration of the organic 

reagent. It  is clcar from this equation thaf the distribution ratio increases with increase in 

concentration of the organic rcagent, and the cxtraction CLINC is shifted to the acid side 

pcrnlitting cxtraction from more acidic salurions. Tl~ercforc, in systems whcre hydrolysis 

of thc metal comcs about readily the use of high rmgcnt concentration becomes very 

nccesxwy. 

The solubility of the rcagenr in the organic solvent and the formtion of non- 

extractable hydroxyl complexes purs a limit to the cxtent to which lhis phenomenon may 

be utilized. Dcsides, excess reagent may pose a great problcm in the spectrophot~metric 

determination of the metal chelates whcre the reagent has high extinction coc fficienf at thc 

wavelength of measurement. On .the other hand, excess reagent is utilized to ensure 

quantitat ive cxiraction. 

(IV) Inflwncc of Metal Oxidation Statc 

A rnetal may readily form chclate co~nples wit11 an organic reagent in .one 

oxidation state, but not in another oxidation state, In such eases the metal nus t  be 

converted to the suitable oxidation state before being exrracted. Examples include pd2+ 

fornling complex with dithizonc while ~ d "  does not or ~ e "  k i n g  easily complcxed with 

0-phenanthroline whcreas would na. 

(V) Influence of.Organic Solvent 

The organic solvent which serves as a diluent for the organic reagent must have 

sufficient miscibiIity with thc organic reagent. It should also in addition have the 

following properties. 

It should have very low viscosity, and also the spccific gravity must differ so' much from 

that of the aqueous phase in order not to form en~ulsions. 

It  should have low toxicity and inflammability. 

I t  should be practically immiscible with the aqueous phase so as to make for high 

distribution ratio during estraction. 

The metal cllelute shouId bc readily sdubk in it. 



- Ihe organic solvent should l m e  such a property that will makc For easy s~ripping of the 

mctal cheIate. 

(VI) Influence of Salting-out Agents 

Saltingout agents are ionic salts usually of conlnmn anion with the acid under 

investigation. They enhance the dis~ribution ratio of the metal by the following 

mechanisms 6h. 

Ilydration theories: salting-out action comes aboul by the effective removal of water 

molecules from their solvent role clue to the hydration of ahe salt. In this way, free water 

molecules are deple~ed paving way for easy forination of the metal chdates. 

Electrostatic theories: the watcr molecules arc ~hought of as constant dielectric hence only 

the clcctrostntic intcraction of rIie ions can eflangc the idcality of [he solution. This action 

increascs the dielectric constant of rhc aqueous media illcrcby rcducing the solubility of 

the nlctal c11el;lre therein. 

The salting-out action results from ~omptession of thc solvcnt medium especially when it 

i n k r x t s  with a neutral solute. 

The ionic activity of the extractable metal chelate is also dccrcnsed. 

(VII) Influence of Solubility of Metal Chelate 

The distribution coefficient of a metal cl~elate, MAn, approximates correctly to the 

ra~io  of its solubility in both phases. Thus, metal chelates formed by hydrophilic groups 

like osalatc, tartarates, citratcs etc, which are readily soluble in the aqueous phase and 

practically insoluble in the organic phase will not be extracted into the argariic phase. 

Mctal chclates like acctylacctonatcs of Zinc, cobalt (11), nickel, manganese (11) etc. which 

are soluble in both phases can only give partial extraction. On the other hand, those 

chelates that are hydrophobic and readily so1ublc in the organic phase can be 

quantitatively extracted. Based on the solubility data of these chclates, it is possible to find 

the nmst suitable solvent for extraction. 



CHAPTER THREE 

EXPERIMENTAL 

3 , 1  Description of Apparatus 

Wcighings: Mettler Balance, type P 162N, was used for all thc weighings. 

pH Mcasurcmc~its: The pH values of buffer solu~ions were monitored using Universal 

pH indicator paper and digital pH rncter type pHs - 25. 

Separation of Phnscs: Phase separation was done using suirable separatory fiinnel, 

SpcctraI InstrumentsMe~~urcmen ts: Absorbances of soIutions were measured with 

Unicam 939/959 - Solaar Atomic Absorption Se.pctrophotonleter. 

UV - Visible Mcasurernents: EIectronic spectra were measbred with Unico UV - 2102 

PC spect~-ophoton~eler. 

Othcr Apparatus: Rotary Evaporator, Vacuum Pump, Thermometer, a set of refluxing 

apparatus and KADIO 'R) KD - 1 OG9 stopwatch. 

3.2 Methodology 

The determination of trace n~etals in saline watcrs using flame atomic absorption 

spcctrophotometry requires pre-cnriclunent and separahn of tlx trace metals from the 

major cations whose salt parlicles in the flame cause scattering ofthe: f l a ~ m  which lead to 

unreliable resulls, Commonly, amnn~oniurn pyrolidene ditIliocarbamate/metl~yl isobutyl 

ketone (APDCIMIBK) chclatiodextraction system is used for this purpose, but, since 

these reagents were not easily available, thc cxlraction procedure involving cyanidin 

chIoridef1-butanul systcnl was studied and used in the current work. Tile procedure is 

similar to lllc oxinclchlorofnrm mct l~od  carlier used by 0k0$ also, i t  is an advancement 

of the mciliod uscd by Gcntry and ~herr in~ton ' '  who cxkacted individual metals at 

different pH while in the cuncnt procedure, all the metals of interest werc sirnultaneousIy 

extracted at p1-17. Thc procedure showed high enough efliciency, reproducibility and 

speed. 

The best technique for evaluating an analytical p r w d u r e  is the analysis of one or 

more standard samples whosc composition with respcct to thc analy're (s )  of interest is 

rcIiably known. However, for thc teclvliquc to be oC val ut, it is essential that the standards 

closeIy rcscrnble thc sanlples with respcct to the concentration rangc of mal,vte(s) and the 

ovcrall composition of the samples (thc matrix). If the sanlplcs arc cnvironnlcnta1 ones, it 



ilsually becomes impossible to acquire standard smplcs  which closely match the field 

samplcs, in wl~icli, of course, h e  form of the analytc(s) is unknown or variable and quits 

impossible to reproduce. Under such situations, the standard-addition tcchique is 
C adequale- . 

In standard-addition kchnique,  3 scries of solutions con~aining both the sample and 

varying concentrations of thc substance to be dcternlined are prcparcd by adding aliquots 

of a standard solution to the sample. The solutions are analysed and the response of the 

instrument is plotted against t h  concentration due lo the addcd standard. This m c h d  is 

used to eliminate matrix effccts, ic, intcrkrcnces by other components which may be 

prtssent in the samples. 

3.3 Extraction of 3, j', 4 ' ,  5, ? - Pcntahydroxyflavylun~ Chloride 

About 400g of the flowers of I-libisczis rosn-si)~ertsis (L) (Malvaceae) were 

collected h m  within Universi~y of Nigeria, Nsukko cmpus.  'The flowers were macerated 

in 2.0 dm3 of (85:15 ' l v )  n~cthanol - 2M HCI mixture for 72 hours to extract h e  pigment. 

Thc cxlract aftcr filtration was concentrated lo about 500in1 using the rotary evnprator, 

filtered again into a beaker and about lO01nI of concentrated FICl added to if. This was 

heated in  a round bottom flask under reflux for a b u l  thrcc hours. The refluxed sdutivn 

was transferred into a covered bezker and then cooled in a r*cfrigerator uniil cvstals settled 

out. The crystals tvcrc filtered out under suction, rccrystallizd several limes from 

methanol, air dried and wcighed. The yield was thereafter calculated using the expression: 

The air dried compound was stored in a dark sample bottle to avoid auto -oxidation, 

3.4 Solubility Test 

To obtain a nor-1-water miscible organic solvent which is also non-viscous, ncm- 

toxic and lowly inflammable that can be used for extraction with 3, 3'. 4'. 5, 7- 

Pcntahydroxyflavylium chloride (cyanidin chIoridc), the solubility of cyanidin chloridc 

crystals was tested on the following organic solvents: acetone, methanol, cthnnaf, hexane, 

toluene, carbon te t r~hlor ide,  I -butanol, b i ~ ~ h y l e h x  and c~l~ylacctare, 



3.5 Spectral Characterization ofzhe Sample 

8Omg o r  cyanidin c w m l s  were d i s s o l d  in IOOml of mclhanol containing 0.01% 

HCI. Subscquenlly the UV and visible speck8 of the solution were detcmnlined using 

Unico UV - 2102 PC spcctmphotomctcr .The process was repeated using 1-butanol as 

solvcnl for b t h  the frce ligand and the ligand cornplexed with solutions of Iead,cI~orniunl 

and cadmium ions. 

3.6 Qualitative Tests for Cyanidins 

Freshly extracted solillion sf cyanidin from Hibiscus flower in 1.0% aqueous I-ICI was 

uscd for the following tests: 

Cyanidin Rcagent: A portion. was shaken with an equaI volume of a mixture of 

cyclohesanol and toluene ( I  :5  '/v) and thc colour observed. 

Oxidation Test: A portion was shaken in air and half its volume of 10.0% sodium 

hydroxide was addcd. This was immediately followed by the addition of concentrated HCI 

and amylalcohol to determine whether 4hc anthocyanidin can be recovered. 

Colour Tcst: To a portion estracted with amylalcol~ol, sodium acetate was added and the 

colour was observed. This was followed By the addition of a drop of ferric chloridc 

solution with shaking and the ce10ur again observed. 

3.7 Preparation of Metal Stock Solutions 

Thc metal stock solutions were prepared fresh weekly (to avoid fo~mation of 

hydrolytic species) with oven d r k d  salts as follows: 

Chromir~m:. A stock solution of cllrsn~ium containing 10,000 mg/l was prepared 

by dissolving 2.830g of potassiun~ dichromate, KzCrzOt, in minimuin volume of 

concentratd nitric acid and diluting to 1001111 with I% "I'v HCI, 

Cadmium: 1 S36g of cadmium carbonate, CdCOa, was dissolved in 1 .Wmi of 1:l 

IHCl and made up to the Imml  mark with 1% 'lv He1 to give rt 10,00On1g/l s:wk solution 

ofcadmiuin. 

L c d :  Lead stock s~ Iu t i an  (1 0,00Orng/l) was prcpared by dissolving 1.600g of kad  

nitrate, Pb(IWJ)2, in l . 5 c e J  of concentrated HN03 and made up ro the 1 OOnd mark with 

distilled water. 



Coppcr 01): Stock solution of copper (It) containing 10,000 mg/l was prepared by 

dIssoIving 3.90Sg of copper sdphate pmtahydrate, CuSO+ 5H20 in IOml of distilled 

watcr and made up to 100nll mark with distillcd water. 

Zinc: 1.002g of zinc metal was dissolved in 20ml of 1:l HCI, and made up to 

100mI mark with 1% '/v MCI for the zinc stock solulion containing 10,000ingll. 

Iron: 1.000g of iron mchl  was dissolvcd in 501111 of 1 : 1 HN03 and made up to 

100ml w i ~ h  1% '/v 1-IC1 for the iron stock solution containing I0,000nlg/l, 

3 .8  Preparation of Standard Solutions of Salts and Acids " 

(i) 0.2M KCI: 1.492~ of oven dried KC1 was weighcd into a tOOrnl standard flask, 

dissolved in small quantity of distilled watcr and made up ro mark. 

(ii)  0.2 M NCl: 1.8mI of 36.0% HCI was made up lo W!cm3 with distilled water, 

(iii) 0.1 M HCI: 9-Om1 of  M . O %  HC1 was measured into a standard flask and made up to 

ldn? mark with distiIlcd water. 

(iv) 0.1 M Na0I-I: 10.0g of NaOI I was dissolvcd in  dislillcd w f c r  nnd made up fa 2501111 

mark w i ~ h  distilled watcr. 

(v) 0.1 M Kl-Iphthalate: 2.05g of KHpthaIate was dissolved and madc up to 1 OOml mark 

wilh distillcd watcr. 

(vi) 0. IM KH2P04: 1.742~~ of KI-I2Po4 was dissolved in  distillcd water and made up ro 

1Of)nll mark. 

(vii] 0. I M II3DO3: 1.55 I g of oven dricd Boric acid was dissolved in a minimum volume of 

didNed water and made up to 250nd mark. 

3.9 Preparation of B u f k r  SoluGons 75 

Buffer solutions of pH 1 - 10 wcrc preparcd as describd in hnges Handbook of 

Cl~emistry with the above standard solutions of salts and acids. The pH values of the 

bulfcr solutions were monitored using Universal Indicator papers and Digital pH meter of 

thc type pH -25, 

pH 1 : 25 ml of 0.2M KC1 was pipetted into a 100rnl standard flask, 67ml of 0.2M KC1 was 

added and made up to IOOmll niark with distilled water. 

pH 2: 25ml of0.2M KCI was pipetted inlo a 1001 standard flask, 6.50~11 of 0.2M HCI was 

added and diluted to 1 OOml nnrk with distilled water. 



p1-1 3: 50ml o f  0. I M KHPluhalate was pipelted into a 1 OOnll standard flask, 22.50ml of 

0. I M HCI was addcd and diluted to IOOlnl mark with distiItcd rvatcr. 

pH 4: Son11 of O.lh3 KHPh~halare was pipcttcd into a I(MmI standard flask, 2.80nll of 

0.1 M NnOH was added and diluted to JUOml mark with distilled watcr. 

pH 5: 50ml of 0.1 M KHPhthalat was pipettcd into a lOOm1 standard flask, 22.60mI of 

0.1 M Na0I-T was addcd and made to I 001111 mark with distilled w3te.r. 

pH 6: 5OmI of 0. IM KH2P04 was pipetted into a l6Oml slanbard flask, 5.60ml of O.1M 

NaOI-I was addcd and diluted to 100ml mark with distillcd water. 

pH 7: 50ml of 0.1 M KM2P04 I V ~ S  pipetted into n l0Ond standard flask, 29.1Oml of 0.1M 

NaOH was added and diluted to IOOm1 mark with distilled waler. 

pl-I S: !On\\ of 0.1kI KC;I-l:PC).i \!.as pipc~tcd into n IOOnll srnndard flask, 46.lOlnl of 0.1M 

Nl~Ol l  \) rls adJcJ and n ~ d c  up 10 1001111 nwk wirh ilis\illcd \\alcr. 

pH 9: 501111 of a mixture 0.1M with respect to both KC1 and H3B03 was pipetted into a 

1001111 standard flask, 20.801nl of P.IM NaOH was added and made up to m a k  with 

distilled water. 

pH 10: 501nI of a mixime O.1M with respect to both KC1 and H3803 was pipetted into a 

100ml standard flask, 43.70m1 of 0. I M NaOH was added and diluted to 1 O h 1 1  nmrk with 

distillcd water. 

3. I0 Equilibration Temperature 

All extractions wcre carried out at room temperature 27*1"C. Solutions of both 

orgnnic and q u e o u s  phascs were allowed to equilibrate at morn temperature before 

mixing for extraction. 

3. I I Equilibration Time 

The tin= rcquired for tllc metal cc~n~plcx transfer from the aqueous to the organic 

phase to reach equilibrium was investigated in buffer soTution as f'!lows: 

10cn1' of a mixed standard solution containing 100~g/crn~ Cu ions was pipetted 

separately into n i x  diffcrcnt 1001111 separatins funnels , 25cm3 of buffer solution pM 7 and 

2 5 c d  of cyanidin chloridc 13, 3', 4', 5,7-PentahydronyfIavyliun1 chloridc] in butan I- ol 

were nddcd to cach funne.1 and the pH adjusted to 7 with either dilute ammonia solution or  

hydrochloric acid and finally made up to 100crn' with distilled wnlcr. The separating 

I'ulu~ls with thcir contents wcre shaken vigsrously for tIrc following time intervals 



respectivdy: 30 secs, 60 secs, 90 sccs, 120 sccs, 150 sea, 180 secs, 2 LO sccs, 240 secs and 

270 secs wl~ich was monitored will1 KADIO " KII - I069 S t q  Watch. Thc s~lut ions were 

allowed lo settle and the phases latcc separatcl. The amount of Cu left unextractcted was 

determined spectrophoton~ctricaIly using thc Unicanl 939/959 atomic absorption 

spectrophotorneter. The e q u i l i b r a h ~  time was delermincd as the time after which no 

further increase in the extraction is observed. 

3.12 Extraction from Buffer Solutions 

SeriaIly diluted mixed standard soIutions were prepared by pipetting the 

appropriate volume of each stock solution into different 100n11 separating ~unnels IaBcIed 

pH 1 - pH 10, 2km3 of the corresponding buffer so1urion was added followed by 25.0crn3 

of 2% 3,3', 4', 5 .  7-Pentahydroxyflavylium chloridc [cyanidin chloride] solution in butan 

-1-01. The solutions were adjusted to the appropriate pH using either dilute HCl or 

ammonia solution and finally made up to mark with the corresponding buffer so1ution 

such that each solution contained the mctals in the following c~ncentrations: Gd (2ppm), 

Zn (3pp1n), Cr (3ppm), Cu (Sppm), Fe (Sppm) and Pb (20ppm) respectively. 

Each of [Tic mixturcs &as equilibrated for three minu&s and allowed to settle in the 

separating f~~mel beforc the phases were separated. The amount of metals in both the 

organic and the aqucous phases were determined spectropI~oton1ctcicaI2y using the Unicarra 

939/959 atomic absorption spcctrophotometer against the blank [2% cyanidin chloride in 

butanol] and the different concentrations of mixed standard solu~ions. Thc percentage 

rccovery of each 111etnl at a given pH was crtlculaled as: 

Concenh.ation in h e  organic phase X IOD%. 
Ini f id  cortce~zlration 

3.13 Heavy Metal Recovery Experiment in pH ltange 5.0 - 7.0 

Five different serially diluted mixed standard solutions for a quintet [5 times] 

analyses were preparcd such that the mixed standard solut i~ns [MSJ contained the metal 

ions in the following concentrations; 



MS4: (4gpnl), Cd (4ppn1), Cf (4ppm), CU (Jppm), Fe 14~~;) and Pb (8ppm). 

MS5: Zn (5pprn), Cd (fipprn), Cr (Sppn~), Cu (5pp111), Fe [Sppm) and Pb (IOpprn). 

The extractions werc done as describcd above using 2% cyanidin chlolide solution 

in butan01 and the PI-I adjusted to 5.0, 5.5, 6.0, 6.5 and 7.0 respecfively by the careful 

dropwise addition of either dilute I-ICl or dilute ammonia salurion as the case may be. 

Equilibration was for three minutes and separation donc after the phases !lad scttleb out. 

The amount of mctals in both the organic and aqwxus layers were determined as 

before using the sarne model of Atomic Absorpfion Spectrophotomcter. The percentage 

rccoverics of each metal were crtlcuIated. The mean perccnlage recoveries for the five 

extractions with thcir standard errors and coefficienfs of variation (C. V. 1 wcre calculated 

and tho mean values plotted against the pH valucs 5.0 - 7.0. 

3.14 Determination of Heavy Metals in Tap water Iiorn University of Nigeria, Nsukka 

(Nkrurnah Hostel). 

Threc serially mixed standard soIutions MSI, MS2 and MS3 which contained the 

metal ions in the following concentrations werc prcpnred: 

MSI: Zn, Cd, Cr, Cu and Fe (Ippm); Pb (2ppm). 

MS2: Zn, Cd, Cr, Cu and Fc (3pp111); Pb (dppm). 

MS3: Zn, Cd. Cr, Cu and Fe (Sppm); Pb (8ppm). 

Into 1 litre standard flasks Iabelcd X I ,  XZ, and X j  w.re added lml  of MSI, MS;! and 

MS3 respectively and made up to thc marks with tap water, so that the solutions contained 

the metal ion spikes as follows: 

Zn, Cd, Cr, Cu, Fe (1 - 5 ppb) and Pb (2 - 8 ppb). 

The pH of thc spiked watcr samples wcre adjusted to 7 by careful dropwise 

addition of dilutc I-ICI or dilute arnmonia solution while stirring and monitored using the 

Digital pI-1 rncter typc pH,-25. 

Aftcr pH ad-justment, SOOml each of the samples wcre lransfcrred into I - litre 

funnels and 25ml of 2% cyenidin chloridc solution in I - butand WAS added to 

each alld s h a h  for 3 minutes. The phases were allowcd to settIe before separation. 

25n1! of' 2% cyanidin chloride solution in 1 - bulnnol was added to the aqueous 

layer left after cstractionand equilibrated for 3rn ins ,a l lo~d to scttle and the phases 

separated. Thcir rcspcctive organic cxtracts labeled TI, T2 and T3 were enlployed as 

standard solutions. 



, 
The amount of mcrnls in the spikcd wotcr wcrc deternlined as bcfore using the 

Unicanl 9391459 Atomic Absorption Spcctrophotanleter against the blank (2% cyanidin 

chloride in 1 - butanol) and the standard solutions. 

3.15 Deternlination of I-lcavy Metals in River Watcr h r n  Opobo River, Ikot Abasi 

Akwa lborn, State. 

The pI-I of S O O d  volume af river water measured into one-litre separating f u n d  

was adjusted to 7 by dropwise addition of dilute HCI and d ih tc  h7H4QI-I while stirring and 

monitored using the Digital pH meter. 251111 of 2% cyanidin chloridc sn1ution in 1 - 

butanol was added, shaken for three minutcs and allowed to settle before separation. The 

process was repented for two more times (triplicate aaa1ysis). 

A "metal free" dilucnt for preparation of standard solutibns was obtained by 

adding 251111 2% cyanidin chloride in'  I - butano! 20 each aqueous layer left after 

extraction. Thc mixtures were shaken for three minutcs, the organic layers discarded and 

thc re-extrxtcd waters wcre combined. 1+0n11 each of bISE, MS2, and MS; respectively 

was thcn nude up in 500tnl.standa1-d flasks with thc "metal f'rce" diluent. Thc pH of each 

standard solution w2s adjusted to 7 and 251111 2% cyanidin chloride solution in 1 - butand 

added. The mixturc was shaken for thee nzinutes and thc pkases wcre allowcd to separate. 

The organic. laycrs werc employed again as thc standard solutior~s. 

The absorbances of the soIutions of the sarnplc extracts were read against those of 

the blank and standard solutions on the Unicanl 939t959 atonlic absorption 

spcctropl~otometcr. The concentrations of each mctal in parts pcr bilIfon Cppb) in the 

original water samples were obtained directly from a calibration graph plotted after Mank 

corrections. 



CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1 Extraction of Cyanidin Chloride 

3 1.20g of dry dark brown crystals of 3,3', 4" 5,7- pentahydrqyflavylum chloride 

were obtained from the 400g of Higbiscus ro.w-sirrcnsis flowers. This amountcd to 7.8% 

yield. 

4.2 Solubility 

The solubility of the cyanidin chloride crystals in acetone, mclhanol, cthar~ol and 

I-butanol wcre very good con~pared to hexane, toluene. carbon tetrachloride, diethyhther 

and ethylacetate in which the solubiIity was either poor or the crystals completely 

insoluble. The choice for I-butand, was based on 4hc fact that othets arc misciblc with 

water while it is not. 

4.3 Spcctral Analysis 

Thc characteristic spectra of the aglycon from f dihiscus rosn-sirrensis obtained 

from uv/visible spectrophotonlerric analysis w r e  279nm and 532nm in the uv and visible 

regions rcspcctive[y. In 1-butanal as a solvcnt,tl~e values were 2 8 0 m  and 530m in uv 

and visible regions respectively before cornplcxatio~~ and 455nna and 706nm after 

con~plexation with a soIution of cadmiun~ ions. T k  absened spectral shifts of a b u t  

176nnr is attributed to compIex formation through the 3' ,4'+dihYdroxy system in the 

ligand. 

Anthocyanidins havc two characteristic absorption bands, at 475-560m (visible region- 

band 1) and at 275-28Onm (ultraviolet region-band 2). Band I which is the actual colour 

band dcpcnds on thc nrrnlbcr and position of the hydraxyl (OH) and rnethoxy (OME) 

groups and when they arc fixed, the coIour then depends bn pH and the solvent2' The 

aglycon from Hihisclrs rosa-sinemis exhibited characteris tic absorption bands ' in both the 

UV and visible regions which compared with thal for cyanidin I*. Results From past 

workers23 showed that cyanidin absorbs at about 280n1n and 530nm in the UV and visible 

regions respcc tively. 



4.4 Qualitative Tests for Cyanidins 

Table 6: IZobinsonk qualitative tests for Cyanidins. 

1 Test I Observation I 
I 

i )  Cyanidin Reagent I Rose oolour 
Y 

ii] Oxidation 1 Fairly stable 
I 

iii) calour ( Bright blue - 

From the above colours, and in comparison with the behaviour of anthocyanidin (see table 

4) together with the result of the spectral anaIysis, it could Be concl'uded that the type of 

anthocyanidin prescnt in Hibiscus msa-sinemis is cyanidin with cyanidighcoside as the 

anthocyanin. 

4.5 Equilibration Time 

The equilibration time required for the extraction of the metals From a mixed 

standard solufion with 2% ~yanidin chloride solution in 1-buatnol was investigated at pH 

7. The table below is a display of the cffcct of contact time ~n the degree of cxtraction of 

copper. 

Table 7: Quantify of Cu (pg) Remaining in aqueous phasc at pH 7 at different time 

intervals. 

( Time (Sec) ( Cu In) in Aqueous phase (pg) 11 

Equilibri~nl is established in three minutes and in subsequent extractions this time was 

employed. 



~~ental~ydroxyflavyIiurtl (cyanidin) chloride solulion in I -butan01 was studied a$ 3 function 

of pF-I in the range 1-10. 

Table 8: Percent rccovcries of some heavy mctals in the pH range 1-10 

Sample pH Fe Cr P b 

pH1 nd 96.20 69.24 nd 

nd = not detcc.ted 

I-- - . -  
-F; 
!&cy 
14pb - Cu 
"Zn 

I 2 3 4 5 G 7 8 9 10 
PI-I of extraction 

Figure 4.1 : Pcrcentage Recovery of Heavy Metals 31 various pH 



TabIc 8 and figurc 4. I show h e  cfkct of PI-I variations and ~ h c  cs i rx t ion  of n lda l  ions 

inlo thc organic phasc. 11 i s  cvidcnt that above 90% of the nlctals [cxccpt %I! (83.3?4)] is 

exlractcd at pI I 7. Thc rcsutt for coppcr compares favourably with that reported by Agget. 

and Richardson (94.0"/0) in their sludy of the usc of rjis [4-hydroxypnt-Z-ytide11e] 

Diaminoetl~anclMcthylisob~~~yIk~tone ns o r c a p n t  for ~ o ~ p c r ' ~ ,  also a similar percentage 

(94.3%) was rcportcd by 1 Iarries et a177. 1'Ile quantitative extraction ob~aincd at this pH 

dccreascd at pH 8 (cxccpt for Zn). The formation of thc conlplcses is due ts the bel~aviour 

of the ligand as a weak acid Icading to the formation of a violel anhydrobase at neutral and 

high p H  which dissociafcs furlher as shown in 111e equation; 

Figure 4.2 

Mencc fonns chchie complexes wit11 mcta1 ions. Thee eon~plexes arc therefbre possible 

because of the prccncc of thc 3,' 4'-0-dihydroxy sydcrn20 in the ligand. Al pH above 9. 

the perccnlagc rxtrnction diminishes and this may be attributed to the hydrolysis of the 

m c h l  ions or duc to [he nlasking effwt 01 thc base component of the biifler7'. Also 

according to lIverestP2 cyanidin like otller an\hocyanidins Inck sharp melting p i n t  and is 

unstable at alkaline pII giving blue to green compaunds.The very now extraction 

witnessed k t w c c n  p H  1-4 is duc to inability of ligand ro dissociate in acid medium, hence 

less easc of chefarc for ma ti or^. 

Sincc a mela!-ligancl mole ratio of 1:2 has earlier been suggesrcd,the possible 

slructurcs of 1ht' C O ~ ~ ~ C S C S  ore as shown in figure 4.3 klo\v:  



4.7 Rccovery Exprimcnt At pl I Range 5.0-7.0 

Since !he nios~ qunnti~ai ive extraction or the merals was observed i v i ~ h i n  the pH 

rmgc 5.0-7.0, furrhcr recovery was rcstrictcd wilhin this p H  range. Thc results Table 9 m d  

figure 4.4 revealcd an optimum pII of 7 hence all other work using 3, 3" 4', 5 ,  7- 

puntahydroxy f l a v y h m  chloride was done a t  this pl-1 (7). 

Tnblc 9; Mean Pcrxnl Recoveries of Some Tracc Ikavy MctaTs at pH R a n ~ c  of 5.0- 7.0 

hETAL/pM 

Zn(mean -t sd) 

C.V.% 
-- 
Cd (n~ean =tscl) 

C.V% 

5.5 

19.51f 1.96 

10.05 

62.66 h2.70 

4.3 I 

92.78 t2 .29  I 
2.47 

30.22 f 1.56 

5.1G 

75.21 f 2.88 

3.38 

78.35 h2.34 

2.99 

5.0 

14.39 h 1,89 

13.13 . 

4.35 k0.25 

5.75 

G.0 

21.10*1.99 

9.43 

70.24 *2.75 

3.96 

89.55 32.24  Cr (mcnrl - !  s d )  ( 96.0s *?..37 

C.V% 

Cu (mcan *sd) 

C.V% 

Fe (mean ~ s d )  

C.V% 

Pb (mean rtsd) 

C.V% 

6.5 

84.59k3.34 

3.95 

83.27 3~2.90 

3.48 

01.7'J 22.35 

2.47 
- 

3.69 kO.18 

4.88 

5 1.55 -+2.37 

4.60 

70.65 h2.19 

3.10 

7.0 

86.52k3.20 

3.71) 

88.22 k3.00 

3.40 

95.49 "2.35 

2.46 

91.5032.17 

2.37 

93.87 n3.42 

3 -64 

97.08 f2.66 

2.74 

2.50 ' 2.48 I 

60.81h22.11 

36-36 

86.42 *3, I2 

3.61 

86.20 *2.25 

2.6 1 

89.333214 

2.40 

87.74 s2.98 

3.40 

96.58 ~ 2 . G 5  

2.74 



4.8 Heavy Metals in Tap watcr and River watcr 

Da~a  an thc one-stcp prc-cowentration or six heavy rnctals (Cd, Cu, Cr, Fe, Pb and Zn) 

from spiked lap water and rivcr water at pH 3 are presented in aablcs I 1 and 12. 

Tablc 1 1 : Percentage Exlraction of MetaIs from Spiked Tap Water 

I C.V. % 1 1.2 I 

Metal 
-. 

Zn (mcan + sd) t 
---- 

((mean ksd) - / 101.44f 3.35 

- 

FE (mean -t. sd) 149.73+ 3.74 

Cr (rncan + sd) 

C.V. % 

( C.V. % 1 2.6 

102.03 + 3.98 

3.9 



Tablc 12: Concentrations of the Mctals deterl-nined in Water of Opobo River, Ikor Abasi, 

Akwa lbom (pdl) 

The mean pcrccntage recoveries (n=3) ranged Fronl 101.44% for cadmium to 

149.73% for iron in tap watcr while thc mean recoveries in the river tvnter rangcd from 

0.1 1 ygA lor chromium to 30.81 &I. The coefficients of variatioi~ (7%) at pH 3 were as 

follows; Zn (1.2). Fc (2.51, Pb (2.61, Cd (3.3X Cu (4.75 and Cr (3.9) for tap water nrtd Fe 

(2.51, Pb (3.31, Cd (4.1), Zn (4.41, Cu (5.6) and Cr (27.3) Tor the river watcr. The 

reproducibilities were good. 



'Table 13: Table For tllc Standard Graph of Copper 

Standard Graph of Coppor 

OUT PUT 

0.065 

0,134 

0.145 
- 

0.187 

Figure 4.5 

CONCENTRATION (ppb) I 

1 

2 

3 

4 



Standard Graph 01 Zlnc 

TabIc 14: Table for the Standard Graph of Zinc 

OUT PUT 

0.00 1 

0.004 
-- 
0.007 

0.009 

0.012 

0.0 I6 

0.020 

0.024 

CONCENTRATION (ppb) 

1 

2 

3 

4 

5 

G 

7 

8 



Table 15: TabIc for the Standard Graph of C,dmium 

Standard graph of Cadmium 

0.8 

- -- - -- _ 
9 10 

Concentration of Cd (ppb) 

Figure 4.7 



Standard Graph of Chrarnium 

T:lblc 16: Tttblc hor ~ h c  Standard Graph of Chtumium 

Figure 4.8 

OUT PUT 

0.010 

0.019 

0.029 

0.039 

0.049 

0.052 

0.072 

0.095 

CONC ENTRAYION @pb) 

I 

2 

3 

4 

5 

6 

7 

8 



Standard Graph of Load 

Table 17: Table for the Standard Graph of Lead 

1 2 3 4 5 6 7 8 

Conconcntlon 01 Pb (ppb) 

OUT PUT 

0.003 

0.004 

0.005 

0.006 

0.008 

0.009 

0.010 

Figure 4.9 

CONCENTRATION (ppb) 

I 

2 

3 

4 

5 

G 

7 



TabIe IS: Table for the Standard Graph of Iron 

Standard Graph of Iron 

OUT PUT 

0.005 

0.017 

0.027 

0.028 

2 4 6 8 

Concentrallon ot Fe (ppb) 

CONCENTRATION @pb) 

1 

2 

3 

4 

Figure 4.10 



Thc ovcrall mcan Icvels oT LIIC hcavy metals in both tap-water and river water were 

compared with Environ~nental Protection Agency (EPA) masimrm allowable 

concentratioris in Table 19 and World Health Organization (WHO) standard for drinking 

water Table 20. 

Tablc 19: EPA Maximurn Allowable lcvcls coxupared with both Tap ~ ~ i l t c r  and Rivcr 

Metal 

[ Zn 1 15.23 
Source EPA (1 972); I976 '', 

Tap water 
Overall mean 

I'b 
Cr 

3.33 
2.03 

Tablc 20: WHO Standard VaIues for Drinking Watcr 

Riverwater 
overall mean 

EPA maxima (pdl) 

I Iron ( r n g ~ )  1 0.1 I 1.0 I 

Pari~mctcr  

Cadmium (mdl)  

C hrolniu~n (~ng/l) 

I I 

Zinc (mdl) ( 5.0 / 15.0 

Ingcst DcsirabIc lcvcl 

- 

- 

Lead (mg/l) 

I I 

Copper (mg/l) 1 0.05 1 1.6 

Maximum permissible 

0.0 1 

0.05 

I I 1 I 

Source: International Standard for Drinking Water WHO, 1 9 7 3 ~ ~  

- 

In both the tap water and river water, iron has the maximum concentrations while 

cadmium was least in tap water (mean value 1.44pdl) and chromium was least in river 

water (mean valuc 0.1 Ipdl). 

On thc wholc, the levels of heavy metals studied in both the tap water and river 

watcr can be judged not to constistrite any danger at the moment since their values are well 

below thc EPA and WHO maxima. 

0.05 



CONCLUSION 

3, 3' ,  4 ' ,  5, 7-pentahydroxyflavyliuln chloride (cyanidin chloride) was obtained 

from Hibiscus flowers. The extraction process was inespensive, efficient, fast and its 

solubility in I -  birtanol was equaIly very good. The spectra of the aglycone from Hibiscus 

rosa-sinensis obtained from UV/Visible spectrophotornetric analysis were 279nm and 

532nm in the UV and visible regions respectively while results from past workers showed 

that cyanidin absorbs at about 280nm in UV region and at about 530nrn in the visible 

region. I-lencc the UV/Visiblc spectra werc in agrecment with literature. 

Solvent estraction studies on Cu, Cd, Cr, Fe, Pb and Zn showed that about 90% of 

thc rnctals is extracted in the pH range 5-9 with pH 7 as the optimum. Conlplex formation 

with the heavy metals was confirmed from spectrophotometric analysis of both free ligand 

(md thc complexed ligand and the sensitivity of the extraction was enhanced through pH 

adjustment. Results of the chelation of Cd, Cu, Cr, Fe, Pb and Zn from tap water and river 

water show that these water sources are not significantly contaminated with these heavy 

metals. On the whole, the Icvels of these heavy mctals studied in both water sources can 

bc judged not to present any danger at the moment since their values are well below the 

EPA and WHO ~ m x i m a .  

Considering the cheapness and ready availability of this reagent over the 

convcntional spectrophotometric reagents, i t  could be very uscful as an analytical reagent. 



REFERENCES 

1. Harbonle, J. B. (1 998): Phytochemical methods. 2"d e.d Chapman publishers, London 

66. p 

2. Drouillard, R. and Dangles, 0.(1994): Anthocyanin molccuiar Interactions: thc first step 

in the formation of new pigments during wine aging? Food Clietn. 5 1 :365 - 371. 

3. http:// chemistry .about.co1n~librar~/wcckl~/a~082002a.htm?nl 

4. Okoye, C. 0, B. (2000): Fund'mn~ental Principles of Analytical Chemistry. 1'' ed. 

FIJAC Academic Press, Nsukka, Nigeria. 25.p 

5. Okoye, C. 0. B. (1988): A study of some Heavy Metals in Lagos Lagoon. P1l.D. Thesis, 

Dcpnrt~nent of Chelnistry, Obafcmi Awolowo University, Ile-Ife 5. p 

6 Adcmoroti, C.M.A. (1996): Environmental Chemistry and Toxicology. Foludex Press 

Ltd, Ibadan. pp. 171-188 

7 Goyer, R. A. (1993): Lead Toxicity: current conccrns. Environ. Health Perspect. 100: 

177- 187 

8. Asonye, C.C; Okolie, N. P; Okenwa, E.E. arid Iwuanyanwu, U.G. (2007): Some 

physico-chcmical characteristics and heavy metal profiles of Nigerian Rivers, Streams and 

Waterways. Afr, J.Diotechno1. ~01.6 (51, 619. 

9. Bocks, R.L. (1986): 'Lead Poisoning in Childrcn'. , Anal. Chem. 58: 274A - 287.4 

10. Galloway, J. N; and Cowling, E. B. (1978): The effects of precipitation on aquatic and 

terrestrial ecosystem in proposed precipitation chemistry network. Journal of Air pollution 

Control Association, 28 (3), 229-235. 

1 I. Laws, E. A. (1 98 1). Aquatic pollution, John-Willy and Sons, New York. pp 30 1 - 369. 

12. Anicrican Clicmical Socicty (1969): Cleaning our environment: the chemical basis for 

action. Report by the Subcomrni ttee on Environmental ln~provement; Conlrni ttce on 

Chcrnistry and Public Affairs, Washington DC, 249p. 

13. Holnies, F. (1959): "Organic Reagents in inorganic Analysis" in C. L. Wilson and D. 

W. Wilson., eds; Comprcl~cnsive Analytical Chemistry, Vol. 1 A, New York; Elsevier 

Publishing Company Chapman 1 1. 8, p . 

14. Garry, D.C. (1986): "Organic Precipitant" in AnaIytical Chemistry 4"' ed,, John Wiley 

and Sons, Inc. 169p. 

15. Dilts, R.V. (1974): Analytical Chemistry, D. Van Nostrnnd Company, New York. 



16. Perrin, D, D. (1964): Organic Complexing Reagents. Interscience Publishers, New 

York. Pp53-20 1. 

17. Willstatter, R. and Evercst, A. E. (1913): Liebigs Ann, 401; 189. In Ukwueze, 

N.N.(2005): Extraction, Characterization and use of 3,3 ,4',5,7- Pentahydroxyflavylium 

Chloride as Ligand in Metal Determination. M.Sc. Thesis. Department of Pure and 

Industrial Chemistry, University of Nigeria, Nsukka. 2 p. 

18. Markakis, P. (1982): Anthocyanins as Food Colors, Academic Press, Inc. New York. 

24 

19. Elderfield, R. C. (1951): "Anthocyanins" in 1-Ieterocyclic compounds, Vol. 2, John 

Wiley and sons Inc. New York, pp 329 - 335. 

20. Finar, I. L. (1980): Organic Chemistry, Vol. 2.Longmans London, . 769. p 

21. Robinson, R. and Robinson, M. A. (1931): "A Survey of Anthocyanins I". Biochem. 

J., 25; 1687 - 1705. 

22. Sondhcimer, E. and Kertesz, Z. I. (1948): "Anthocyanins in Strawberries". And. 

Chem., 20; 245. 

23. Harborne, J. B. (1  958): "Spectral Mcthods of Characterizing Anthocyanins". 

Biochemistry J., 70, 22 - 28. . 

24. Kodama, Y., Ishida, K., Kato, S., Kodana, T., and Minoda, Y. (1983): "Formation and 

Identification of Anthocyanins in cultured cells of Vitis SP". Agric. Biolo. Chem., 47 (5); 

997 - 1001. 

25. Meiers, S. (2001): "The anthocyanidins - cyanidin and delphinidin are potent 

inhibitors of epidermal growth factor receptor". J. Agric Food Chem., 49 (2); 958 - 962. 

26. Bernard, M. (1983): "Treatment of Antheroma" in Societe de Rocherdes lndustrielles 

(SORI) SA. USA, 229; 439. 

27. Lietti, E.A., Bonati, R. and Attilio, N. B. (1991): "Pharmciceutical Beff. S. P. A. Ger 

Offen 2, 740; 346. 

28. Zadok, D. (1999): "The effect of Anthocyanosides in Multiple Oral dose in night 

vision" Eye, 13(6); 734 - 736. 

29. Muth, E. R. (2000): "The effect of bilberry nutritional supplenlentation on night visual 

acuity and contrast sensitivity ". ,411. ~bfcd. Rev. ,5(2): 164-173 



30, Wang, S. Y. and Jiao, H., (2000): "Scavenging capacity of berry crops on superoxide 

radicals, H202, OH and singlet oxygcn". J. Agic. Food Chern. 48(11); 5677 - 5684. 

3 1. Melcdan, M. R. and Cash, J. M., (1979): "Application of Anthocyanins as colorants 

for maraschino - type Cherries". J. Food Sci., 44(2); 483 - 487. 

32. Mvlackawa, S., Inngaski, N. and Terabun, M. ( 1  983): "ETTect of Aluminium ions 011 the 

Blueing of Petal coIour in cut Chinese bell flower, piu/ycodon Grud1j7ori~inz " plant and 

ccll physiology, 24(4); 759 - 764. 

33. Igwe, B. C, (1987): "Flavylium Chloride; a potential reagent for qualitative 

dctcrmination of Alumiuium and Tin". M, Sc. Tbcsis. Department of Biochemistry, 

University of Nigeria, Nsukka. 53p 

34. Dombardelli, E., Bonati, A., Gabetta, B., Martinelli, E. M., and Mustich (1976): "Gas- 

Liquid Chromatographic and Mass Spectrometric Identification of Anthocyanidins". J. 

Chron~atography, 120; 1 15. 

35. Kondon, T., Goto, T., Kawai, T., Tamura, H. (1987): Structure Dercrnlination of 

Meavcnly blue Anthocyanin, a conlplex monomeric anthocyanin from the morning Glory, 

Iponloea Tricolor by means of negative NOE method" Tetrahedron Letts, 28; 2273. 

36. Fuleki, T and Francis, F. J, (I968a): Quantitative methods for anthocyanins, 1. 

Extraction and determination of total anthocyanin in cranberrics. J. Food Sci. 33: 72 - 78. 

37. Fuleki, T. and Francis, F. J. (1968b): Quantitative methods for anthocyanins. 2. 

Determination of total anthocyanin and degradation index for cranberry juice. J. Food Sci. 

33: 78 - 82. 

38. Wrolstad, R. E., Culbertson, J. D., Cornwell, C. J., and   mat tick, L. R. (1982): 

Detection of  aduIteration in blackberry juice concentrates and wines. J. Assoc. Off. Anal. 

Chc~n. 65: 1417 - 1423. 

39. Swain, T. and Hillis, W. E. ( 1  959): The Phenolic constituents of Prurnus dornestica .I. 

The quantitative analysis of phenolic constituents, J. Sci. Food Agric. 10: 63 - 68. 

40. Stmck, D. and Wray, V. (1989): Anthocyanins. In Methods in plant Diochernistry, Vol. 

1, plant pllenolics (P. M. Dey and J, B. Harborne. Eds.). Academic Press San Diego. lop. 

41. Harbornc, J. B. (1967): Comparative Biochen~istry of the Flavonoids. In Current 

Protocols In Food Analytical Chemistry (2000). John Wiley and Sons, Inc. 7p 

42. Everest, A. E. ( 1  9 14): Identification of Anthocyanins by Paper-parti tion 

Chromatography I'roc. Roy. Soc. London, B87; 444. 



43. Wood, J. M. (1974): Biological cycles for elements in the environment. Science, 183, 

1049 - 1052. 

44. Evert, N. and Richardson, D. H. S. (1980): The replacement of the non-descript term 

"heavy metals" by a biologically and chemically significant classification of metal ions, 

Environmental Pollution (B), Essex, 13 - 26. 

45. Murphy, C. B. (1781): Bioaccumulation and toxicity of heavy metals and relatcd trace 

elements. Journal of Water Pollution Control Federation, 53, 993 - 999. 

46. Pearson, R. (1968): Hard and Soft acids and bases, HSAB, par 1: Fundamental 

Principles. Journal of Chemical Education, 45, 581 - 585, 

47. Miroslav, R. and Vladimir N. B. (1999): Practical Environmental Analysis. The Royal 

Society of Chemistry. Thomas Graham House, Science Park, Milton Road, Cambridge 

CB4 OWF, UK pp. 261,365.. 

48. Leydey, D. E. and Patterson, T. A. (1775): Preconcentralion and X-ray fluorescence 

determination of Cu, Ni and 211 in Seawater. Analytical Chemistry, 47,733 - 735. 

49. Lee, C., Kim, N.B., Lee, 1. C., and Chung, K. S. (1977): The use of a cheIating resin 

column for preconcentration of trace elements from seawater and their determination by 

neutron activation analysis. Talanta, 24, 24 1 - 245. 

50. Florence, T. IM., and Batley, G. E. (1776): Trace metal Species in Seawater - I. 

Removal of trace mctals in seawater, by a chelating resin. Talanta, 23, 179 - 186. 

51. Mcleod, C. W., Otsuki, A,, Okamoto, K., Haraguchi, H., and Fuwa, K. (1981): 

Simultaneous determination of trace nietals in seawater using dithiocarbarnate 

preconcentration and inductively coupled plasma emission spectroscopy, Analyst, 106, 

419 -428. 

52. Winfordner, J. D. (ED) (1976): Trace analysis: Spectroscopic methods for elements. 

Toronto, Jolm - Wiley and sons Limited, 484 p. 

53. Cotton, F. A,, and Wilkinson G., (1 962): Advanccd lnorgcmic Chemistry. John WiIley 

and Sons. Ncw York pp. 904 - 1045. 

54. Nyiatagher, T. D. (2004): Quality of Shallow Well Waters in Gboko, Benue State, 

Nigeria. MSc. Dissertation, Department of Pure and Industrial Chemistry, University of 

Nigeria, Nsukka pp. 13, 1 1. 

55. Ukoha, P.O. (1985): Solvent Extraction Studies on Cu (11) and A@) complexes of 

Bis-(4-Hydroxy pent-2-yIidene) Diaminoethane. MSc. Thesis, Department of Pure and 

Industria1 Chemistry, Univeristy of Nigeria, Nsukka. pp27 - 55 



56. Culp, G. L. and Culp, R. L. (1974): New Concepts in Water Purification. Van 

Nostrnnd Reinhold Company, New York. pp. 1 - 25. 

57. Lever, A. P. B. and Gray, H. B., Eds. (1983): Iron Porphyrins, Vols. 1, 2, Addison - 

Weslcy, Reading, ~Massachusets. 84 

58. 0' Neill, P. (1985): Environtncnlal Chemistry. Unwin Hynlan Ltd, London. pp. 50 - 

59. Liptrot, G. E. (1983): "Compounds of Ge, Sn and Pb" in Modern Inorganic Chemistry 

4"' cd Unwin Myman Ltd London, 237, p 

60. Harrison, R. M. and Lasen, D. P. M. (1981): Lead po1lution. Chapman and Hall, 

London. 175. p 

61. Liang, C. N. and Tabatabai, M. A., (1977): "Effects of Lead on microbial activities in 

Soil". Environ. Pollution, 12; 14 1 - 147. 

62. Jeffery, G. H., Bassett, I., Mendharn, I., Denney, R. S. (1989): "Organic Precipitants" 

VogeIs Textbook of Quantitative Chemical Analysis, 5'" ed. pp. 432 - 476. 

63. Liptrot, G. E. (1983): "Complexes containing Zinc and cadmium" in Modern 

Inorganic Chemistry, 4"' ed., Unwin Hyman Ltd, 428. 

64. Mennear, G. IM. (1979): Cadmium Toxicity, Dekker, New York, 224, 

65. Skey, as rcportcd by Stary I., The solvent Extraction of Metal Chelates, Pergamon, 

Oxford ( 1964). 

66. Vanossi, R.,(1968) as reported by Sekine, T. and tlasegawa, Y,(I977) in Solvent 

Extraction Chemistry, Marcel Dekker, NY. 105p 

67. Stary, J., (1964): The Solvent Extraction of Metal Chelates, Pergamon, Oxford, 13p 

68. Kolthoff, 1. M., and Sandel, E. B.,(I941): A Quantitative Expression for the 

Extractability of Metals in the form of Dithizonates from Aqueous Solutions. J. Am. 

Chcm. Soc., 63, 1906, (1941). 

69. Alimarin, 1. P., and Zolotov, Yu. A.,(1962): The Influcnce of the nature of the Organic 

Solvcnt on thc Extraction of Chelatc Compounds, Talanta 9, 891, 

70. Irving, I-I. and Eddington, D. N.(I961): Synergic Effects in the Solvent Extraction of 

Actinides-IV. 1. Inorg. Nucl. Chem, 21, 169. 

71.. Nwabue, I;. 1.,(1982): Ph.D. Thesis, Department of Pure and Industrial Chemistry, 

University of Nigeria, Nsukka in Ukoba, P. 0. (1988): ibid 17p 



72. Morrison, G. H, and Freiser, H.(1957): Solvent Extraction in Analytical Chemistry, 

Vo1.3 John Wiley, New York 23p. 

73. Vogel, A. I., Quantitative Inorganic Analysis. 3rd Ed., Longman, London, pp 894 - 896 

(1 96 1). 

74. Meites, L. (1963): Handbook of analytical chemistry 1" ed. Mc Graw Hi11 New York 

pp. 3 - 97. 

75. Langc, N. A. (1973): Handbook of Chemistry 1 I"' ed. Pp. 70 - 75 Mc Graw Hill New 

York. 

76. Agget, J. and Richardson R. A., (1970): Solvent Extraction of Copper (11) by Schiff s 

Brrscs. And Cl~im. Acta. 2, 269. 

77. Harries, H. J. and Moorcrofi, G. J. (1978): Tetradentate Ligands derived from P- 
diketones and 1,2 - diaminoethane. Inorg. Nucl. Chem. 40,352. 

75. Gentry, C. H. R, and Sherrington, L. G. (1950); Extraction and Photometric estimation 

or  some trace metals with 8-hydrosy-quinoli~le. In Okoye, C. 0 .  B. (1988): A 

study of sotne Heavy Mctals in Lagos Lagoan. Ph.D. Thesis Obafcmi Awolowo 

University, Ile - Ife 96. p 

79. EPA (Environmental Protection Agency) (1972). Quality criteria for water, US, EPA. 

R3.73.003, March, 1973; Environmental Protection Agency, Washington DC. 

80. EPA (Enviro~unentd Protection Agency) (1976). Quality criteria for water, US, EPA. 

440/9 - 76 - 023; Environmental Protection Agency, Washington DC. 

81. WHO (World HeaIth Organization) (1973): World Health Statistics Report. 26: pp 720 

-783. 


	OKEKE_Lazarus_2007_35772
	Preliminaries
	Title Page
	Approval Page
	Certification
	Dedication
	Acknowledgements
	Abstract
	Table of Contents
	List of Tables
	List of Graphs

	Chapter One: Introduction 
	Chapter Two: Literature Review
	Chapter Three: Experimental 
	Chapter Four: Results and Discussions 
	References 

		ICT/Innovation Centre - UNN
	2010-06-09T15:21:58-0700
	Enugu State
	Ojionuka Arinze
	I have reviewed this document




