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nm  SUBSTIIro!IrED HYDRO)CAMIC  ACZDS  FOR  SPE)C[IrROPHDTOMETRIC

             DETER)aZNATrON  OF  CERrUMC:V)

             Y.K.Agrawale  erK}  K.T.John

Phamecy  Depar'tment. Faculty  ot  Technology  &  Engineez"ing,

  M.S.Univers ±ty  ot  Baroda,  Kalabhavan,  Barvda-590001,

                       r)[)zA.

    A  sensitive  and  selective  method  tor  the  solvent  extraet ±on  and

speetrephotomctric  aeter'mLnatien ot  cerium(;V)  with  N-p.Chloropheriyl-

5,4,5.trtmethoxycinnarnohydroxanic actd  has  been  deseribed.  It  for'ms

a  reddish  brown  colour'ed  conrplex  with  eerium(rv)  whtah  can  be  atttrected

into chloroform  at  pH  9-10 and  the  molar  ebsorptiv ±ty  ie 8.s x  lo5

dm5  mol'1  cm-1  at  ti6s  nrn. The  effects'es  pH, reegetit  concantvatien,

extrection  time  and  stabUity  ot  the  eorrplex  are  discussed.

                                    :NTRODUCTION

    Sul)stituted  hydrcxantc  acids  have  received  a  groat  deal  oS  ettemtion  as  colori.

metrie  and  gravimetric  reagents  sor  metaLsn)'9).  Among  the  rere  earths,  ±t has been

tound  that  cer ±um(rv)  tor'rns stable  eorrrplexes  with  N-arylhytlr,oxamic  acids  which  are

                                                                     10)-･12)
quantitativaly  e7ctrNactable  into  different  organie  solvants  in  pH  8.AO  range  .

Substituted  emmhyar'oxamic  acids  have  alicited  special  interest  in the  extraction

:/:i.::,e:r,olg}grom:`ir;x,d2t,::.:`J:z.,.Zi,o.",o:gthCgTlllg;e.t.'.;:S..2'.gh.S-.a.tiSIX;ti";6`I.2..,,.
were  synthesizecl  and  complexetion  has  been  studied  tor  Ce(ZV).  A  comparison  on  the

selectivity  and  sensitivity  with  other  repor'ted  hyciroxqrnie  acids  is  shown  in  Table  1.

N.p.ChlorophenyL-5,4,5-trtmethoxycirmamohydroxamLc  a ¢ id  has  been  studied  in detail

since  it  prcrved tQ be  the  best  roagent  tor  the  repid,  sensitive  and  selective  dster-

minatien  of  cerium(rV).

                                    E)CPMumAL

    ALl  chemtcals  used  were  ot  A.R.  and  E.Merck  qual ±ty.

     The  hydlvxnmic  ac ±ds used  were  synthesised  as  described  alsevthere19). Reagent

solut  ionB  ef  the  N-arylhycir.oxamic acids  O.2PS CWIV) th ethanel  were  use(i  for  complexatien.

    rhe  standar'd  buffer  solntians  iri the  pH  renges  6.0-7.4  and  10.0-al.6  were

PNarHflgg;e2
 IItTtlMO&Aio:)iffri2.il9p2,;ie;6iyV 2Z:Xl,f.:I.l2ibO.d'02.it,M.,,bhO,r.ux.i7;.O'i 

M

 
NaOH

 
<aiSO

 
O'05

 
M

    A standartl  soltrt  ion  ot  ceriumCrv)  wes  prepared  by  dissolving  requLred  amDunt  ot

&eltUll(,rv,IJa:[)elltXP,S.U,i.p.'di:,,l:.r.e,ai.e.:k}.ed,:e.t.e,;,;ge,gtl';:sii:,}cl.,.::';,en.SIetion
    Absorbence  measur'ements  were  mede  in  C.Z.Jetna VSV2-P  with  1 cm  c!uartz  cal.ls.
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General  Pr'ocedure

     One  ml  of  ceriun(rv)  solution  (1.2 x  lo-5 M)  and  s ml  of  o.2)6 (W/v) reagent

soZution  in  ethanol  were  trmsterred  to  a  60.-tu separetery  tumel.  rhe  pH  mas  adjusted

to g.o  with  borax  butfer17)  and  the  voiume  o £  the  aqueous  phase  to 2s tu,  antl  the

complex  was  extracted  into  AO  r!il chlorotorrn.  The  chZorDform  layer.  was  separated  after

shat[ing  for  ]-5 min,  dried  over  a:xhydrous  soclium  sulphate  and  trensterr'ed  to  a  25.ml

volumctric  tlask. re  ensure  the  corrplete  recovery  of  cerium,  the  aqucous  layer  was

treated  with  2 nd of  reagent  solution  and  e)diracted  with  2 x  5 rri1 ot  ehloroform.  The

e)rt  racts  were  diZuted  te 2S  ul  with  chZoroform  and  the  absorbance  was  measured  against

the  reegent  blank.

                                  msULMS  AND  DrSCUSSION

     Cerium.N-p･･Chlorophenyl-S,4,5-･trimethoxycinnartDhlrdToxam±e  ac ±d co  rplex  gtves  a

red"sh  brown  coloured  extrect  at  pH  9-aO,  having  a  maxLmuio  absorbance  at  465  nm  with

a  molar  absorptivity  s.s  x  loS  dmJ  oo1'1  cm'1.  The  character ±stics  of  the  eeriun(zv)

coirplexes  of  the  several  N-arylhydroxarnLc  ac ±ds  studied  are  reaorded  in  Mable  2. The

enhanced  sensttivity  of  the  reagent  as  retlected  by  an  increased  moZar  absorptiv ±ty  is
due  to the  imcreased  cenjugatton  and  presence  of  the  alkoxy  grozrps in  the  C-phenyl

ring.  It  is noted  that  the  molar  absorpt ±vity  of  the  corrrplex  is  in ¢ reased  wtth  the

introducUon  ot  chlorine  to  the  para  position  of  N-phenyl  (Table 2) presumably  due  to

the  resonance  stabilSzation  of  the  conJugate  base  an ±en  by  the  electron  w ±thdrawing

ability  ef  the  chlorine  atom.  This  aUows  pos±tive  charge  buUt  xpon  N and  thereby
stabiltze  the  anion  by  inductSen.  Separation  of  C-phenyl  ring  from  the functSonal

carbonyt  group  by  a  ter'ttary  earbon  yialds  a  decreased  sensitivity  in  the  reegerit

towards  cerium(rv),  due  to the  decreased  eonJugat ±on  Sri the  reagent.

Effect  ot  pH

     The  extract ±on  behaviour  of  eeriumCIv)  corrrplex  was  studied  ±n  tihe pH  renge17)

6-11 (Table 5>. The  results  given  in  Table  S shovi  that  the  etctraction  eorrrrnences  trom

pH  7.0 and  it  ts  qumtttative  around  pH  8.0. The  extraction  curve  rematns  aLmost

constant  in the  pH  range  8-M.  The  extraetion  at  higher  pH  (> ")  gives  the turbidity.
The  opttmum  pH  rnnge  tor  cTaantitat ±ve  extraction  is  9-10.

BeerSs  Law

     Beer's  Zaw  is  obeyed  in  rtihe concentration  renge  of  O.J  to  15 ppm  ot  ceriumCrv)

(in the  extract)  at  465 nm,  and  Sandal1  sensitivity  is  o.ot6  .i}g cm-2.

Ettect  of  reagetit  concentration

     Extracttons  of  cerium  were  studied  with  varying  cencentratlons  of  the  rieagent.

The  results  sbowed  that  a  single  extraction  with  2 ul  ef  O.296 W/V  reagent  solutSon  in

ethanol  (the absorbance  of  the  reagent  selution  vs  CHCIs  at  46S nm  is  O.co1)  was

enough  for  the  eomplete  Tecovery  ot  167.S  })g aerium  per  25  ml  of  solut ±on.  Although  the

excess  reagent  has  no  adverse  affect  on  the  extraction  ot  cer ±urn,  lower  ooncer;tratton

of  the  reagent  gave  inceirplete  extvection.  The  increased  amount  ot  the  aleQbo1

( >  16%)  tends  to  reduce  the  exi  raction  per'centage.

NII-Electronic  
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E)ctreetion time  and  stability

    Extraction  of  ceTium  complex  ±s  very  rapid  under  the  conditions  recommended  in

the  enaZytical  procedure.  Shaking  tor  2-J  inin  was  eneugh  te  ettain  equLl ±brium  when

the  reagerit  ves  added  to  the  aqueeus  phase.  The  cerium  cemplex  ±s  stable  tor  several

days.  The  absorbance  remains  unchanged  for  at  least  10 days.

Etfect  ot  diverse  ions

    The  reeomntended  prccedure  was  tollowed  to  study  the  intereerence  due  to  var ±ous

diverse  ions  in  the d ±rect  speetrophotometric  determLnation  ot  cer ±um(rV)  with  N-p-

Chlorephenyl.S,4,5nytrimethoxyctmhydroxarnLc  ae ±d.

    Ceriun  C6.7 ppm  in  the 25  ni. extract)  oan  be  determLned  Cstandar'd deviat ±on  O.O05,
                                                              '
n=6)  in  the  presence  of  the  following  iens:

    Ag+ooo  mg);  Be2'ooo  mg);  Mg2'cfioo  ng); ca2+ooo  mg);  sr2+"oo  ng);  cu2'cioo  mg);

od2'ooo  rag);  zn2'"oo  mg);  Ni2'"oo  rng);  pb2'eoo  mg);  co2'ooo  mg);  Ba2'cico  ng);

.Hg.;: 
(, g6oo.mg, l. 

',
 p,i;S ." 

oo."g,
 l ; ,ll:l;g660,,eF, l ; ,p,l;g6' o2g:/ ?, ) i･ ,2icL?;6, 8o.?f,;) 2･ IEb.l;8 

o.'
 , t/ai.,

(so rng);  v5'(so  ng);  Ta)'(so  ng); igb')'(so mg);  )toD'C4o mg);  uo:'(6o  rng);  and  r'are

ear'ths  CGd, Pr,  Nd, Sm,  etc.)  (100 rng).

.nd
 pNozti[2g l:ll 

N05(BO
 

mg);

 
E-(80

 
ng);

 
ci"(so

 
mg);

 
Br-cso

 
ng);

 
rcBo

 
ng);

 
soZ-(so

 
ng)

    The  corrplexing  ions  such  as  eitrate  arxl  tarTtrete  had  no  ettect  on  the  axtrectSon

arxi  deter!minat ±on  of  eeriun(IV).

Preeision  encl  aecumcy

    ro test  the  reliabnity  et  the  present  method,  standard  certun  saixrpleB  were

analysed.  The  results  represented  in  Table  4 shew  that  ceriun  can  be  determ ±ned

accuretaly.

    The  ceftum  standard  and  monazite  ore  sa=[ples  were  obteined  trvm  lndSan  Rare

Eerths.  The  sea  water  sairples  were  coliected  trcm  Bombay  and  used  (one IStre)  as

such  for  the  deterrninat ±on  ot  cer ±uni4).  valties  tor ssandard  eersum  analysis  were

obtained  by  emission  spectrcgraphLc  and  radioaet ±ve  traeer  technique  (analysis was

earriea  at  Radiechetnistry  Diviston,  B.A.R.c.,  Bombay)20)'21).

    The  eerSum  samples  were  diseelvecl  in  a2 M  HCI,  oxidized  with  H)IOs and  eveporeted

to dryness.  rhe  residue  was  redisselved  in  1 M  H2S04.  rhen  O.1  M potessium

permuiganate  solution  was  added  drop  by  drop  untiZ  e  p±nk  colour  persisted  for  5 rnSn.

The  solution  was  t±naUy  dUuted  to  aoo  rri1 wich  O.e5  M  H2S04.

StoiahLometry  of  the  coTrplex
'
 Job's  eontir;uous  variation  method22)  and  moiar  r,at ±e method2S)  were  used  te

determine  the  rat ±o  of  oerium(IV)  te  N-p-Chlervphenyl.S,4,S-trimethexycinnamo-

hydro)carnate  in the  extracted  species  et  pH 9.0  whLch  showed  that  eerium  to  Zigand

retio  is  1:  4.

'
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Table  1Comparison  ofspectrcphotometric･methodstorthedeter
 nination  otcerium

Hydrcxentcacid X max

  (run)
)(olar

  cimJabsorptivity   .1  -1

IIIOZ     cm

Reterence

N-PherlyZbenzo.

N-p-Tolylbenzo-

N-p-Tolyl-p-chlorobenmo-

N.p-Telylcrcteno-

N.･Ptieriyl.-p-chlorocinnamo--
N-p-Tolyl-p-chlorocinnamo.

N-p-Chlorophenyl･-p-chloroetm-
N.p.Chlorophenyl-5,4,5"
trimethoxycirmamo-･

46046St,60L,6047047047046S57t,o46CX)4500i7ooS5005JOO53oo8Soo

.

     10

     14

     15

     16

     15

     15

     15

Present  wonk

Table  2 E)ctraction and  spectrophotometric

         hyirc)canie  acids

Cerium  : 6.7 ppm  (in the  e)ttract)  pH : S-ao

O.2P6 alcobolic  solution.

daterminatton

Solvent  :

of  ceriurnCIV)

Chlorctonn

wtthN..ar-yl-

Reagent  : 5 ml  ot

Co!nypd.
  No.Hydroxarnic

 acid Coleur  of
chloroform
extract

Wavel  angth

ot  maxlmum

absorption

   (nm)

Molar  absorptivtty

(E) dmS mol'a  en-tSandal1
SopE}i!SVitY

}tg cm

z

:I

ZII

rv

v

vz

N-p.Chlerophoriyl-],4,
S･.trimethexyetm.
N-.Pheriyl.2,S.
dimethoxyeinnamo.

N-p-,ChlorcphenyL-p-
butoxyi)enzo.

N-PheriyfE..-p-
butoxytanmo-

N.p.-Chlorophenyt.p-
ehlorophetioxy--

isobutyro-
N.PhenyZ-pt.chlorc"
phenoxyisobutyrc.

ne

as

ne

as

yo

vo

46546o

tF60

uao

t",o

t-t,o

8.5 x  10j

7.S x  loS

6.s x  loS

S.g x  io5

4.2sx  lo5

J.9 x  loS

O.O16

o.ole

O.021

O.024

O.05S

O.056

RB  -  Reddish  brpwnvo  .Yellowishorange
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Table

Certun

) Effect  ot  pH  an  .the extractien  of  

'cerSunCrv)-N-p.Chlorvphenyl-5,4,S.

   trSmetboxycinnamohydro)fiamic  acid  cozrplax

 u  6.7  ppm  (in the  extr.act)  Reagant  =-5  ul  of  O.2P6 aZeoheUc  solution

pH Abserbance  at

   46S  nm

% Ext  raction

 6.0

 6.5

 7.0
 7.4

 8.0

 8.S

 9.0

 9.510.011.011.6

o.ono.145O.220O.]50O.410o.41eO.41oO.41OO.41OO.41Oo.t,oo 17

 5S
 52
 851001001QO100100100

 97

Table  4Determinationot  ceriumin  standard  sarrrpXes  end  sea  water

CeriumsarrpleRecommer:ded

vazue14),21>

   Cppm)

Cer ±um  tourul Standard  deviation
(ppm) gpreserTt (n-7)
methDd)

Coaftic ±ent  ot

  vartation

Cerium  Standard
Sartrple)lonazite

 Ore

Seewater,  near

bombayrhana
 CBridge)

Alrpolo Bunder

Marine  1ines

)4ahinBelLapur

2.5

45es

O.oo5o.oo5o.ooso.O04o.oos

2.S

42.SPC

O.oo4Oeoo4O.oobO.O05e.oos

± o.oos

± O.1sc

:  o.coa

:  o.ooa

± O.OOI

± o.oot

S,O.OOI

O.O02

O.O02

O.250O.250O.]JJO.2ooO.55J

1)2)J)4)5>6)7)8)
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