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NEW SUBSTITUTED HYDROXAMIC ACIDS FOR SPECTROPHOTOMETRIC
"PETERMINATION OF CERIUM(IV)

Y.K.Agmwal and K.,T.John ‘ b ‘,'\.f- .

Pharmacy Departmeént, Faculty of Technology & B@gineering. P
u.s Un!.verstty of Baroda, Kalabhavan, Baroda-350001, . S
INDIA, C e e

A sensitive end selective method for the solvent extraction and
spectrophotometric determination of cerium{iV) with N-p-Chlorophenyl=- IR
3,4, 5-trinethoxycinnamohydroxamic acid has been described, It forms R
a reddish brown coloured complex with cerium(IV) which cen be extrected A
into chloroform at pH 9=10 end thé molar ebsorptivity ia 8,5 x 10 )
a8 mol~! o™ at 465 nm, The effects of pH,- resgent concentration,’ s
extraction time end stability of the complex are discussed,

o INTRODUCTIQN., . v

Substituted hydroxamic acids have received a great deal of attemntion us colori= . -
metric and grevimetric reagents for metals- '9 - Among the rere earthe, it has Yeen :
found that cerium(IV) forms stable complexes with N-arylhydroxamic ac:l.da whfch’ are
quantitatively extrectable into different orgenic solvents in pH 8-10 renge'®=12),
. Substituted cinnamohydroxamic aclds have elicited special interest in the extrection
s&d epectroghotometric determ.nation of Ce(IV) due to ita high sensitivity and T
selectivity r On the above basis, a number of substituted Ne-arylhydroxamic acids
were synthesized and complexation hds haen studied for Ce(IV). A comparison on the
selecti,v@ty and sensitivity with other reported hydroxamic acids is showm in Table 1,
Nep=Chlorophenyle3, 4, 5-trinethoxycinnamchydroxamic acid has been studied in detail
- since it proved to be the best reagent for the repid, senaitive and aelactiva deter=
mination of cer:lum(Iv). ’

¥ . ¢

9 ‘ EXPERIMENTAL
Au chemicals used were of A.R.-and E.Merck quality.
" The hydroxanic acids used were synthesised as described elsewhere 19),  Reagent

solutions of the N-arylhydroxemic acids 0.2% (W/V) in ethenol were used for complexat.ton.

The standard buffer sclutions in the pH ranges 6.0-7.4 and 10,0-11.6 were
rrepared with 0.1 M KH. P°t; + 0.5 M borax and 0.025 M bvm%:?-r 0.1 M NaOH (aiso 0,05 M
N!mct)3 + 0.1 M NaOH) respectively, -as described sisewhere R
v A standerd” solution of cerius(IV) was prepared by dissolving required amnunt of
carmn(rv) ammonium sulphate in redistillied water ami 1ts final oonccnmtton R
(1.2 x 10~> M) vas deternined by spectrophotonetry ©) and titrimetry o ‘

Absorbence measurements were made-in C.Z.Jena vsUa-p vn_:h 1cm qunrtz oells,
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General Procedure ' o T
One ni of cerium(IV) Bolution (1.2 x 10~ M) and 3 ml of 0.2% (W/V) reagent

“solution in ethanol were transferred to a 60-ml separatory funnel, The pH was adjusted

to 9.0 with borax buffer'’) and the volume of the aqueous phase to 25 ml, and the
complex was extracted into 10 ml chloroform, The chloroform layer was separated after
shoeking for 3-5 min, dried over anhydrous sodium sulphate and transferred to a 25~-ml
volumetric flask. To ensure the complete recovery of cerium, the aqueous layer was
treated with 2 ml of resgent solution and extracted with 2 x § ml of chloroform, The
extracts were diluted to 25 ml with chloroi‘om and the absorbance vas measured ageinst
the reagent blank,

RESULTS AND DISCUSSION

Cerium—N—p-Chlorophenyl-B,l«»,5-trimethoxycinnamohydroxamic acld complex gives a
reddish brown coloured extract at pH 9-10. having 8 maximumm absorbance at 465 nm with
8 molar absorptivity 8.5 x 10% dw’ mol™! cw”l. The characteristics of the cerium{IV)
complexes of the several Nearylhydroxamic acids studied are recorded in Table 2, The
enhanced sensitivity of the reagent as reflected by an increased molar ebsorptivity is
due to the increased conjugation and presence of the alkoxy groups in the C-phenyl
rings It is noted that the molar absorptivity of the complex is increased with the
introduction of chlorine “to the para position of N~phenyl (Table 2) presumably due to
the resonance stabillization of the conjugate base anion by the ¢lectron withdrawing

- ability of the chlorine atom, This s8llows positive charge bullt upon N and theredy

el

stabilize the anion by induction, Separation of Cephenyl ring from the functional
carbonyl group by a tertiary carbon yields a decréased sensitivity ig the reagent
tovards cerium(IV), due to.the decreased con,jugation in the reagent. - ‘
Bffect of pH -

The extraction behaviour of cerium(IV) complex was studied in the pH renge 17 '
6-11 (Table 3)., 'The results given in Table 3 show that the extrection commences from
pH 7.0 and it is quentitative around pH 8.0, The extraction curve remains slmost
constant in the pH range 8-11.. The extraction at higher pH (D 11) gives the turbidity.
The optimum pH renge for quantitative extraction is 9-~10,
Beer's Lawy,

Beer's 1éw is obeyed in the concentmtion range of 0.3 to 13 ppn of cerium(lv)
(in’the extract) at 465 nm, and Sendell sensitivity is 0.016 pg cn™%, -

Effect of reagent concentration

Extradtions of cerium were studied with varying concentrations of the reazent.
The results showed that a single extraction with 2 ml of C.2¥% W/V reagent solution in
éthanol (the absorbance of the reagent sclution vs CHCl, &t .465 nm is 0,001) vwas
énough for the complete recovery of 167,5 p& cerium per 25 ml of solution. Although the
excess reegent haés no edverse effect on the extraction of cerium, lower concentration
of the reagent gave incomplete extraction., The increased amount of me‘alcohol
{ > 1(+) tends to reduce the extraction percentage. o i .



otmction time and atabuity e : o RN

Extraction of cerium complex is very mpid under the conditions recommended ifi i‘ .
the analytical pmcgdurg. Shaking for 2-3 min was enough to ettain equilibrium whan f
the reagent was added to the aqueous phase., The cerium complex is stable for sgversl
days, The absorbance remains unchanged for at least 10 days,

Effect of diverse ions T

The recommended procedure was followed to study the interferenceé due to varloua
diverse ions in the direct aueetrophotometric determination of cerium(1V) with Nep-
Chlorophenyl~3,4, 5-trinethoxycinnamohydroxamic acid, . ) )

Cerium (6,7 ppm in the 25'ml extract) can be determined (stenderd deviation C..0%,
ne6) 3.n the presence of the followmg ions:

g*(100 mg); BeZ*(100. ms)é 2+(100 mg)é 2*(100 ma). sr2*(100 ma)z cu®*(100 -z)a
2*(100 ng); z0°*(100 mg); NAZ*(100 mg); PL=*(100 mg); Co*(100 mg); BaZ*(100 mg)y -
ke 24100 ug)s m?- (100 mg); ca’*(eso mg); La 5"(100 mz). $c>*(80 ng); 5b*(100 ms)}“
AsP*(80 wp); F*(100 ng); In >*(s0 mg), cr?*(80 mg); T** (30 ng); 2 (30 ng)yh
(80 mg}; ¥**{30 mg); Ta”*(80 mg); Wb7*(8O mg); Moot(40 mg)s an*(ﬁo ng); and rere v
sarths {84, Pr, N4, Sm, etc,) (100 mg). )

NOZ(BO mg)s NOZ(80 mg); F(80 mg)s CL7(80 ug); Br™(80 mg)} I°(E0 me)s soﬁ"(ao )
and POJ°(40 mg).

‘me complexing ions such as citrate amd, tartmte hed no exfect on tha extraction '
and ‘deterdination of cerium(IV), . v e ) PR

: L v L e
Precision and accuracy :

To test the relisbility of the present method, standerd cerium Shmples were & _,
_analysed. The x:eaults represented in Table 4 show that cerium can be detex‘znined oy
accurately, L

The cefiunm standani and monazite ore samples were obtained from Indian Rars :
Earths. The sea water samples were collected from Bombay and used (one litre) es
such’ for the determinstion of ceriun’ « Values for standard cerium analysis wére ”
obtained by emiseion spectrographic end radicactive tracer technique (analysis was v
carried at. Rediochemistry Division, B,A.R.C., Bombay) )

The cerium samples were dissolved in 12 M HC1, oxidized with HNO, and evnporsteda
to dryness. The residue was redissolved in 1 M sto,‘. Then 0.1 n/potaseium
permanganete solution was added drop by drop until a pink colour persisted tnr 5 min. .
The solutiod was Linally diluted to 100 ml with 0.05 M 8230“. N

-t

L3

o

Stoichiometry of the complex =~ ' ‘

i Job's continuous varietion methodzz) and molar retio method?>) were used to
determine the ratio of cerium(IV) to Nep-Chlorophenyl=3, 4,5~trinethoxyoinhamo= .
hydroxamate in the extracted species at pH 9,0 vrhich showed thet cerium to liga.nd -
ratio is 11 4, . - r .o

N {
R A 1 ‘
.
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Teble * Comparison of spectrophotometric methods for the determination of carium

Hydroxsmic acid Ampax - Molar ebsorptivity Reference
N~Phenylbenzow ' . héo 3740 1
N~p=-Tolylbenzo~ 465 4600 b
Nep=Tolyl-p-chlorobenzo- 460 4500 ) 15
Nep-Tolylerotenoc= 460 300 16
N-Fhenyl~-p~chlorocinnamo- ) 470 5500 13
Nep-Tolyl-p~chlérocinnamo= . 470 5300 13
N-p-chlorophenyl-p-chlorocim:amo;- _ 70 5300 13
{mChlorophenyl-Lb y 5 465 8500 : Present work
ethoxycinnal :

Table 2 Extraction and spectrophotometric determination of cerium(IV) with K-aryl-
hydroxamic acids

Cerium § 6,7 ppm (in the extract) pH s 8-10 Solvent 3 Chloroform Reagent & 3 ml of

0.2% alcoholic solution.

Compd, Hydroxamic acid Colour of Wavelength Molar abaorptivit¥ Sandell
No. .. chloroforn of maximum (€) an® mor™ aensit‘jfvzty
extract absorption Hg ca
{nm) ~ .. .
I H-p-hlorophenyl-3,k, RB - 465 8.5 x ,10° 0.016
Setrimethoxyclnnamo~ . ' - .
I N-Phenyl-2,3= 4o L RB 4. - 48D . - 7.5 % 107 0.618" 7
y dimethoxycinnamo~ . . . . , .
III, Nep-Chlorophenyl-p-, RB 460 6.5 x 10° 0.021
butoxyhenzo=-
IV N-Phenyl-p- R - N S 5.9 x 10° 0,024
butoxybenzoe o o ;
V ':  Nep~Chlorophenyl-pe © Y0 S&80 . . b,25% 10° 0.033
. chlorophenoxyw . - ’ ) N . . s
) isobutyro- L .
VI N-Phenyl-p~chloro~ ' ' YO % b0 3.9 x 107 . 0,036
phenoxyisobutyrow A N

. + *
Fal ) i

RB = Reddish brown Y0 = Yellowish croige

s
’

3
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Table .  “ffect of pH on the extraction of cerfum(IV)~N~p=Chlorophenyl~3,4,5«
: ~inethoxycinnemohydroxamic acid complex : .
Cerium = &.7 ppm (in the extract) Reagent = 3 ml of 0.2¥% elcoholic solution

pH Absorbance at % Extraction
465 nm -

6.0 0,073 Bt
643 0,145 ) 35
7.0 0.220 \ 52
Tols 0.350 . " 8s
8.0 . 0.410 . ' 100 .
8.5 - . 0.410 . : : 100
9.0 ) . 0410 o . 100
9.5 0.410 - 100
0.0 . 0.410 . ‘ LW 100
11,0 o410 ., ) : 100
11,6 04400 . . 97

N
5

* Table 4 Determination of cerium in standerd samples end sea wa'te;;

Cerium sample Recommended  Cerium found Stendard deviation Coefficient of

) valt(x eti)r21) :(n‘é mgdgpresen?. , (n=7) varietion
. r . (ppm)
Cerium Standard 2.5 2.5 , 2 0,005 TTo0k002 .
Sample .
Monazite Ore 43% 42.8% + 0.1% 0,00
Seawater, néhr . - ' .
Bombay ' NN .
Thana (Bridge) 0,005 0,004 . 4 0,001 0,250
Appolo Bunder 0,003 0.004 - T % 0,001 0,250
Marine lines' 0,003 0,003 2 0,001 ‘ . 0,333
Mahim 0.004 0.005 " & 0,001 04200
Belapu.r 00003 0.003 x 00001 00333
. Ia
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