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ABSTRACT

UV-
Vis.spectrumforcomplexesofZn(ll)andCo(ll)extractedardingtooniumsystemfromacidicHCLsolutionbyuse?2,4-
dimethylpentan-3-one(2,4-
DMP)asoniumcomplexwas(262nm)forZn(ll)butoniumconxteCo(ll)was(243nm),thismethodshowneed0.5MHCLfdrex
actionZrf'and0.8MHCLforCé8",aswellgivingobeytoBeer-Lambertrelationatthe(1-2@prgn®*and(1-
50pg)forC*. Theoniumcomplexextractedhavestructureb{2,4-DMP);HZnCl, ,H(H,0)(2,4-DMP)";HCoCl,
.ThismethodobeytoBeer-Lambertrelationattherang@{igforZrt'e=16893.56L.mot.cm*,D.L=6.33x10
®lug/MI,RSD%=0.0069ug/MI,Sandell'ssensitivity=3.87<u@/cnfand(5-50u g)forC8,e=8918.77L.mot.crm
! D.L=3.38x10°ug/MI,RSD%=0.00664p g/MI,Sandell'ssensitivity=7.38%1

ug/cnt.AswellasthisresearchinvolvedmanystudiesandapplgiterminationZftandCé*indifferentsamples.
KEYWORDS: OniumSpecies,Zinc,Cobalt, SpectrophotometricDeteation
INTRODUCTION

Oniummethodisanapplicationofsimplecoordinationandgsociationsolventextractionmethod, thisapplicatkbma
ctedacidichalometalliccomplex,whereashydratedhyeina@nisthecationparticipatetofromionassociationclemjphiscompl
expartitioninwaterbutwhensubstitutedthreewatermdésinthehydrationshellofprotonwithorganiccompounedithecomple
xpartitiontoorganicpha$é ExtractionofBi(lll)withn-
octylanilineinchloroformfromHCLandHBRmedia. Theoptimconditionswereevaluatedsuchasacidity,n-
octylanilineconcentration,equilibrationtimeanddiitg andextractedspecieswas(RfBICls 2. Extractionandseparationo
fSN,As,Cu,PBandZnfromHCLsolutionbyusing TBPasanettmat, studiesalloptimumconditidisDeterminationCo(ll)spect
rophotometricallybyusing3,5-dicl-PADAT(5-[3,5-diaiib-2-pyridylazo]-2,4-
diaminotolueneatpH=3formcomplexwhichisveryst&hiePEmethodologyappliedforextractionofNi(Il)aschlanionbyusi
ngcrownetherDB18C6,ionpairassociationcomplexex@@itaving,.,=295nm,inpresence0.5MHCland0.25MNaCland1%T
ritonX-100assurfactant. Theextractedcomplexhasthetsire1:1[NaDB18C6}NiCl;,[NaDB18C6];HNICl,

B! Byusedorganicreagentl-(2-pyridylazo)-4-
BenzenenaphtholasreagentforthedeterminationofMugifferentsamplesafterconversionfigationtoanioncomplexbyrea
ctionwithoxine.Thestudyshow0.5MNaOHfavoritetoproéagineanion,theorganicreagentPABNprimaryreactwithjtiofo
rmlargecationproduceionassociationcomplexwithMg(g%)Used1-(2-pyridylazo)-2-

naptholfordeterminationofPd(ll)inrealsamplesbyCP ErodinpresenceTritonX-
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114andCPLwasdilutedwithHNB5%w/w)afterphaseseparation,thentheconcentratiBdseeredeterminedbyGFAAS So
IventextractionofGa(lll)fromHCLusing2-
octylaminopyridinedissolvedinchloroform.Studyallpareterseffectonextractionefficiency. Fromslopearsiysthodextrac
tedspecieswas[RR’NfIGaCl,]®1.CPEmethodforextractionCr(VI)byusing2-[benzenetbigazo]-4-
benzenenaphtholasreagent. TheCPEefficiencyisoptithizene-factoratatintd.

TheCPEmethodforextractedCd(ll)aschloroanionwithiadysoletdyebyusingnonionicsurfactantTritonX-
100toformionassociationcomplexwhichhavipg=449nn*®. Used3,5-Dimethoxy-4-
hydroxybenzaldehydeisonicotinoylhydrazoneasreage®iti(I1), thecomplexextractedhas,=430nmwitlz=1.82x10L.mol
Lem
! thestoichiometryshowthecomplexextractedwas1: 1 véthibtyconstant8.99x 1. CPEmethodologyusedtoseparationand
extractionCé'ionbyusing2-[4-antybyrenzolylazo]-1,2-dihydroxy-9;&nthracene-dioneascomplexingagentandnon-
ionicsurfactant1%Tritonx-
100atpH=8,studyinvolveddeterminationoptimumcondisibhermodynamic,synergismandspectrophotometricdéatation
ofCo(ll)indifferentsampleswithD.L=1.6559x P g.mL*,Sandell'ssensitivity=7.99x1Wng.cm? e=7374.12L.mof.cri
tandRSD%=0.00682. ExtractionofZn(ll)accordingtoCPEmethodbyusingnegasicagent2-(4-amino-N-5-
methylisoxazol-3-yl)benzenesulfonamideazo-1-NaphBemzenatpH=9andbyusingTritonX-
100assurfactant,extractedcomplexhaiipg=380nm.Additiontostudyeffectiveparameterssuchastbeynamic,timeofheat
ing,interferences, electrolyte,stoichiometryshowtttiecomplexextractedwas[Zn(AIBSNB)TI or[Zn(AIBSNB (CI
)]. ThemethodappliedtodeterminationofZn(ll)indiffateampleswitt=13067L.mot".cni*,R.S.D=0.0068,D.L.=1.55x10

SandSandell'ssensitivity=0.000§cm?*?,

Experimental

e Apparatus

ThespectrophotometricmeasurementsweremadebydoalnidBé-
Vis.spectrophotometer,(BiochromLibraS60)(UK)isusghmquartzcells.ForshakingusedHY-
4vibratorwithADJustaboutspeedmultiplie(y). Forthermodynamicstudyusedshakingwaterbath(Galvenotythermostatic
waterbath(G,Gerhardt,Germany))

* ReagentandMaterials

AstocksolutionsofZn(Il)in(1mg/mL)preparedbydissal@el gmofZn(ll)elementinsmallquantityof1: 1hydrochbar
cidsolutionandcompletethesolutiontol00mLwithdistilvaterinvolumetricflask,aswellasCo(ll)solutionim@/mL)prepare
dbydissolved4.780gmofCogLH,0Oindistilledwatercontain2mLofconcentratedHCltheotithesolutionwithdistilledwaterto
1Linavolumetricflask.OtherworkingsolutionforZn(IndCo(ll)preparedbydilutionwithdistilledwater,whellehemicalusedi

nexperimentsareofanalyticalgradeandwereusedwittigh#rpurification.

»  TheFundamentalMethodforExtraction

Taken5mLaqueoussolutioncontainafixedquantity$farCd ‘ionandsuitableconcentrationofhydrochloricacidshak
ingthissolutionforSmin.,afterwardadd5mLof2,4-dimggfentan-3-onedissolvedinchloroformat1x10

“Mandshakingthesetwophasesfor10min.atlattersepagaeicphasefromaqueousphase,determinetheabsorbamgzatcp
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haseatmaximumabsorbancewavelengthforoniumspeciestgankpreparedatthesamemannerwithoutanalyteimefialitt
heaqueousphasetreatedaccordingtospectrophotonegrioinationforeachion(dithizonemethodfof Zand1-nitroso-2-
naphtholforCé")*andafterreturntocalibrationcurvesforeachiontodeieeneminderquantityofmetalionafterextraction,after
wardsubtractionthisquantityfromoriginquantityofmeainagueoussolutionbeforeextractiontodetermirresfarquantityof
metalionintoorganicphaseasoniumspecies,andfromttiegaantitiescalculatedistributionratio(D). Aswellssarefoundedth
etransferredquantityofmetaliontoorganicphasedetegdbystrippingmethodaftershakingorganicphasewithtwibonsof5m
LconcentratedNEDHwasequaltothesamequantitydeterminedbysubtraetioainingquantity,thenweareusingthesubtraction

methodfordeterminingthedistributionratio(D)becaastérandeasier.

RESULTSANDDISCUSSIONS

Spectroscopy
InspiteofdeterminemaximumabsorbancewavelengthfarnspeciesextractedintoorganicphaseféfandCé*,uv
-Vis.spectruminFigure1show.=262nmforZA ‘anthm.,=243nmforCé".
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Figure1:UV-Vis-SpectrumforZn#‘andCo**OniumSpecies
VariationofHydrochloricAcidConcentration

Aqueoussolutions5mLinvolumecontain20p§am50p gCé*withdifferentconcentrationsofHClintherange(0.05-
1.0M),shakingthesesolutionsfor5min.,thenadding5mkaf*Msolutionof(2,4-
DMP)dissolvedinchloroformandshakingthesetwolayetddmin.atlatterseparatetheorganicphasefromtheagpbéaseandd
eterminetheabsorbanceoforganicphaseat462nmtta@d243nmforCagainstblankpreparedatthesamemannerinabsenceof
analytemetalionaswellastreatedtheaqueousphaseaugtospectrophotometricmethdtforeachmetalionasdetailedinthe
mainmethodtocalculatedistributionratio(D)valuesaftturntocalibrationcurveinFigures(2,3)andtheresudreasinFigures(

45).
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Figure2:CalibrationCurveforZn **lonbyDithizoneMethod
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Figure3:CalibrationCurveforCo *‘ionby1-Nitroso-2-NaphtholMethod

L1 ez

15 1 _@—co(l)
1.3 4

L1 A
w

-
< 0.9 A

0.7 A

0.5 T T 1

=15 -0.5 0.0

Logmen

Figure4:EffectofHCLConcentrationonOnium
SpeciesforMationandExtraction
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Figure5:F(Log[HCL])

TheresultsshowanoptimumHCIconcentrationwasO.5Mf6’ﬂilnforC6+waso.8M,attheseconcentrationsreachtofav
orablethermodynamicequilibriumforformationoniumcdexywiththreemoleculesof(2,4-
DMP)replacedwatermoleculesinthehydratedhydrogemsiceizgon,anyconcentrationlessthanoptimumvaluenotginoveach
equilibriumforformationandextractiononiumspeciesw&fiasHClconcentrationmorethanoptimumvaluecausioljiieextra
ctionefficiencybyeffectoftheLechatlierprincipleandssactionlawandincreasedissociationanddecreasdfonof@niumspe

ciesaswellincreaseformationstablecompoundsZr@CoC]).
VariationofMetalionConcentration

Aqueoussolutions5mLinvolumecontaindifferentquaesitifunderstudymetalionsintherange(1-22f&yamd(5-
60 gC6Mand0.5MHClforZii*and0.8MforC4" aftershakingthesesolutionsforsmin.added5mLof 13M$olutionof(2,4-
DMP)dissolvedinchloroformandshakingthesetwolayetddmin.atlatterseparatetheorganicphasefromtheagpbaseandd

eterminetheabsorbanceandthedistributionratio(Dp&dteachconcentrationofmetalion. Theresultsweregsirds(6,7):
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Figure6:EffectofMetalionConcentrationon
OniumComplexFormationandExtraction
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Figure7:D=F[Metallon]

Theresultsshowtheoptimumconcentrationwas20d G501 gC8 , theseconcentrationssuitabletoreachthermody

namicequilibrium:
Cl"+ HgO,* + 3(2,4-DMP) === H(H,0)(2,4-DMP);*;CI

AH"Y + 4CI" + Zn** === HZnCl, +3H"

H*(H,0)(2,4-DMP)5;:Cl" + HZnCl; H*(H,0)(2,4-DMP)5;HZnCl ;7 + CI°

A4H" + 4Cl" + Co?* === HCoCl, +3H*

H*(H,0)(2,4-DMP)5;Cl"- + HCoCl; H*(H,0)(2,4-DMP)5HCoCl, + CI

Whereasmetalionconcentrationintertothermodynamitiegumforformationacidichalometalliccomplex,whiisy
ivenbythermodynamicequilibriumforexchangeoniumianpamplexextractedintotheorganicphase,anyconceommavteno
ughtoreachfavorableequilibriumanddecreasedabsogbanthedistributionratio(D)values.Ofconcentrationgtioanoptimu

meffecttoincreasetherateofbackwardreactionandiseiasociationoftheacidichalometaliccomplex,acegttimassaction

lawandLechatlierprinciple.

Variationof2,4-DMPConcentration

ExtractedmetalionsZfandCd&*from5mLaqueoussolutionscontain20p §2m50ugCaé*,and0.5MHCIforZR*ando.
8MforCo** shakingforsmin.andthenadded5mLof(2,4-DMP)dissaiveld oroformatdifferentconcentration(1x1®x 10
M)andshakingthetwolayersfor10min.atlatterseparattanicphasefromtheaqueousphaseanddeterminetheatseandt
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hedistributionratio(D)valuesaccordingtothefundaraémethodateachconcentrationof2,4-

DMP.TheresultswereasinFigures(8,9).
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Figure8:Effectof(2,4-MP)ConcentrationonOnium
ComplexFormationandExtraction
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Figure9:D=F[2,4-DMP]

Theresultsshowabsorbanceaswelldistributionratieasingasastraightlinewithincreasing2,4-DMP1x10
“Mforbothmetalions, thusincreasinginabsorbanceandligtonratiovaluesreflecttheincreasinginoniumspsfirmation, but
theconcentrationmorethanoptimumvalueatconstantedhni@bleseffecttoincreasetherateofdissociationacré@dseabsorban

ceanddistributionratiovaluesaccordingtoLechatliergiple.

ShakingTimeEffect

Extracted20p gZiior50pgCé'insmLaqueoussolutionsinpresence0.5MHCIfdamd0.8MforCé",shakingforsmi
n.afterwardadded5mLof(2,4-DMP)dissolvedinchlorofatfrx 10*Mandshakingthesetwolayersfordifferentshakingtime (2-
20min.),aswellasdeterminedabsorbanceanddistrinatiimvaluesateachshakingtimeaccordingtothemainndelgtailed. Th

eresultsobtainedwereasinFigures(10,11).
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Figure10:ComplexFormationandExtraction=F[ShakingTime]
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Figure11:D=f[ShakingTime]

Theresultsdemonstrateoniumcomplexformedandextrattexhsewithshakingtimeincreasingtillreachedtheopti

mshakingtime10min.forbothmetalions,atthistimereaéaeorablethermodynamicequilibriumandgivingamaxineemcentr

ationofoniumspeciesextracted,whereasshakingtinettfiekineticsideofextractiontocompletereachedégrarextractionef

ficiencyanyshakingtimelessthanoptimumnotallowtohesgiilibriumofextractionsothatshakingtimemorethaimopmcausi

ngincreaserateofbackwarddirectionofequilibrium.

EffectofOrganicSolvent

Aqueoussolutions5mLinvolumetricflaskcontain20u §on50p gCé atoptimumconditionsshakingforsmin.afterwa

rdadded5mLsolutionof2,4-DMPdissolvedindifferentargaolventsat1x 10

“Mconcentrationandshakingfor10min.,thenseparaterghasefromaqueousphase,andtakenUV-

Vis.spectrumfororganicphaseagainstblankpreparesdathemannerwithoutmetalion,aswellastreatedaqueassgdccordi

ngtospectrophotometricmethodforeachmet&ifhfheresultswereinFigure(12a,12b)andTables(1,2).
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Figure 12a:UV-VisSpectrumfor Organic Solvent
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Figure 12b:UV-VisSpectrumforOrganicSolvent
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NB=Nitrobenzene,1,2-DCE=1,2-Dichloroethane,BB=Bromobenzene,

C=Chloroform,B=Benzene, T=Toluene

Table 1:MolarAbsorptivityand Ayax forSpectrums

. D Molarabsorptivity
gg?vir:fs £ nm ATSDREENES (g)L.mol™.cm™
Zn(ll) | Co(l) | Zn(l) | Co(l) | Zn(1D) Co(ll)
NB 35.7¢ 342 381 0.857 1.4¢ 857( 1480(
1,2-DCE 10.6¢ 25(C 297 0.95¢ | 0.86¢ 959( 864(
BB 5.400 281 28t 1.1271 | 1.3 1121( 1320(
C 4.80¢ 262 243 1.187 | 1.2¢€ 1187( 1260(
B 2.80¢ 24¢ 28€ 0.72¢ | 1.37 728( 1370(
T 2.43¢ 27E 23( 0.342 | 1.54 342( 1540(
Table 2:EffectofOrganicsolventonExtractionEfficiency
Organic D -AG, K A*10* K e -AG,,
Solvents | © | zn() | o) | zn(y | Coqn) | zn(n | copn | S0 | G20 | znay | comm
NB 35.74| 2.69| 15.67] 0.04 0.03 6.04 9.8p 1.19 144{38 .2347 52.87
12-DCE | 10.65| 3.76 | 11.82] 0.22 0.2( 7.78 7.5p6 2.31 82.19 73#8. 51.59
BB 5400| 4.88| 13.97] 0.47 0.43 9.61 8.8p 3.89 114{80 .9149 52.35
C 4.806| 8.30| 13.33 0.53 0.49 15.20 8.44 1126  104.432.31 | 52.14
B 2.804| 2.37| 14.65 0.93 0.84 5.51 9.21 0.92 12582 .6546 52.56
T 2438| 157 | 18.23 1.08 0.99 4.21 11.33 0.40 195514.7% | 53.56

Theresultsdemonstratethereisnotanylinearrelatiovdsidielectricconstantfororganicsolventsanddistigiomatio(
D)aswellabsorbanceofcomplexextractedintotheorgdmaise, thatismeanthereisnotanyeffectofpolarityanddigtconstanto

forganicsolventonextractionefficiency,butthereidéeroforganicsolventstructureonextractionefficigandparticipatetheio

npaircomplexextracted.

EffectofTemperature

Extracted20p gZiior50pugCé*accordingtooniumsystematoptimumconditionsexcepteratpre (5-

45°C)andaccordingtothemainproceduredetailedates@eature. TheresultswereasinFigures(13,14):
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Figure 13:Absorbance=f[T°C]
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Figure 14:D=f[T°C]

TheresultsinFigures(13,14)demonstratethat(35°C)veagitimumtemperatureforeachions.Andcalculateexaract

onstantk,fromdistributionratioaccordingtorelationbelow:

K, = D WhereM*=zn?*,Cc’*

[M2%]qq.[2,4—DMP]org.

TheresultswereasinFigure15:
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Figure15:ExtractionConstantKEXasaFunctionofTemperaure

FromtheslopeofstraightlinerelationsinFigure 15andreataticalthermodynamicrelationsdeterminethermodynam

data:

Table3:ThermodynamicData

M2+ AHex 4 AGex a ASEX 1
KJ.mol KJ.mol J.mol~.K

zn** 0.04¢ -53.7¢ 177.6¢

cc™* 0.10: -53.41 176.6(

Theresultsshowextractionaccordingtooniumsystemisgredmicbehavioraswellasthehighvalueofentropyréthec

dependenceofoniumsystemmethodonentropicregiontafioitmspecieswithhighstabilityextractedtoorganicghas

Effectofinterferences

ExtractionZri*andCd atoptimumconditionsandinpresenceofmanyanionsagémesrcesaccordingtothemainmetho

ddetailed,theresultswereasinTable4:

Table4:InterferencesEffect

Zn(ll) Co(ll)
Electrolytesalt D %E Abs. D %E ADs.
KMnO, 2.7C | 73.0C | 0.06¢ | 3.0z | 75.20 | 0.7¢
Na,C,0, 1.94 | 66.0C | 0.031 | 3.17 | 76.0¢ | 0.87
Table 4: Contd.,
KH,PC, | 152 [ 60.50 [ 0.045 [ 2.4 | 71.0C | 0.7Z
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tartrate 2.7C | 730C | 0.081 | 3.17 | 76.0C | 0.801
picrate 3.0¢ | 75.20 | 0.037 | 1.87 | 65.20 | 0.5%
K2Cr,0O, 412 | 80.50 | 0.070 | 2.01 | 66.€0 | 0.6¢

Theresultsdemonstratethereisinterferenceforallanisedindifferentactivity.

EffectofElectrolyte

ExtractionZri*andC4 atoptimumconditionsforeachanalyzemetalioninpreseiffeeentelectrolytes,accordingtothe

mainproceduredetailed,theresultswereinTable5:

Table5:EffectofElectrolyte

Zn(ll) Co(ll)

Electrolytesalt D %E Abs. D %E ADS.
LiCl 99.00 | 99.00| 0.282 61.50 98.40 1.34
NacCl 22.81| 95.80| 0.198 58.52 98.32 1.25
KCI 19.20 | 95.05| 0.123 49.51 98.02 1.11
RbCI 13.29| 93.00/ 0.155 34.71 97.20 0.86
CsClI 10.56| 91.35[ 0.13L 27.90 96.54 0.75
MgCl, 27.57 | 96.50| 0.142 50.02 98.04 1.p
CaCb 18.05| 94.75| 0.12¢ 46.62 97.90 0.903
SrCh 12.16 | 92.40| 0.112 31.89 96.96 0.82
BaCl, 9.58 90.55| 0.10]1 25.4§ 96.22 0.74

Theresultsshowpresenceelectrolytesaltsinaqueouss@fecttoincreaseextractionefficiencyandthiseasingapp
earasafunctiontotheionicdiameterandchargedensétioftandaccordingtothisphenomenalLiClgivinghigherectionbecau
seLi'hassmallerionicdiameterandhigherchargedensity,vigeéfecttomoredestroyedhydrationshellofZorCd bypullingm

orewatermoleculestoitshydrationshell.

EffectofMethanol

Extracted20p gZiior50pgCéeachonealonefromaqueoussolutions,containoptimunecorationofHClandinprese
ncedifferentpercentageofmethanol(5%-50%)andshakésgisolutionsforsmin.andthenadded5mLorganicsolota-
DMPdissolvedinchloroformat1x10
“Mconcentrationandshakingfor10min.,afterwardseparpteousphasefromorganicphase, thenmeasurethealssfmgan
icphaseat,.,=262nmforZA*and\,»=243nmforCé'againstblankpreparedatthesamemannerwithoutmetalimmueouspha
setreatedbyspectrophotometricmetfidreachionandcalculatedistributionratioDvaluesferéanaccordingtoprocedurede

tailedinthemainmethod. TheresultswereasinFigure${6,
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Figurel6:EffectofMethanolonExtractionEfficiency
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Figurel7:EffectofMethanolonFormationand
PartitionComplexintoOrganicPhase
Theresultsshowenhancementinextractionefficiencgs@ncemethanolinagueoussolutionaswellasthisenhantem
increasebyincreasingmethanol tillreachedoptimungreeageofmethanolinaqueoussolutionswhichis40%wit et 30%w
ithCc®* themethanolhelptodestroyhydrationshellofmetaliafiacreaseformationsexmetalionwhichincreaseformaticum
productandthiseffectincreasewithincreaseconceatratC H;OHtillreachedoptimumanyconcentrationofmethanolmuaat
optimumdecreaseextractionefficiencybecauseeffeattiipn2,4-

DMPtotheaqueousphasebyreasonofdeclinepolarityofwate
ThesuggestedstructureofoniumspeciesextractedftaAdCd ‘'suchasbelow:

— - +

H H
(@]
}
M~
o} o ; HZnCl,"
Yﬁ\(
— -+
H H
(0]
{
7~
o b } HCoCl,

SpectrophotometricDetermination

Forspectrophotometricdeterminationanalytemetali@aseneedtopreparingcalibrationcurvebyapplicatidotiaa
mentalmethodatoptimumconditionforaqueoussolutiotaiadifferentconcentrationsofanalytemetalioAZ8¢**. Theresults
intheFigures(18,19):
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Figure18:CalibrationcurveforspectrophotometricdeterminationofzZn
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Figure19:CalibrationCurveforSpectrophotometricDeterminationofCo®*

ThismethodusedforspectrophotometricdeterminationdfZ o ‘ionsindifferentsamples,wheresamplessolutionprep
aredaccordingtowetdigestionmetfdandaqueoussolutionofsampletreatedasfundamentaidfetextractionandusedthes
uitablemaskingagentforeachion.Theresultswereasla®ab

Table6:Applications

Samplename A4ill) %RSD callly %RSD
ppm ppm
Al-Salamvalley 112.11 0.63 45.62 0.15
Agriculturesoil Al-Shwati 182.23 0.39 26.00 0.27
Agriculturesoi | Al-Mishkhab 175.09 0.40 30.47 0.23
Nonagriculturesoil Al-Mishkhab 135.00 0.52 55.77 0.13
Whitemeatofchicken(breast) 26.60 0.27 0.08 0.12
Cowmeat(beef) 35.24 0.20 0.07 0.14
ChickenLivers 21.33 0.34 0.52 0.19
FarmsFish 42.91 0.17 0.43 0.23
Gardencress 22.01 0.32 0.02 0.50
Leek 20.00 0.35 0.09 0.11
Celery 51.16 0.14 0.11 0.09
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