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Trace co ncem ratiolls of chro miu m(l ll ) have been qu antitatively 
ex tracted with 0.000 I M hexaacetato calix(6)arene in toluene at 
p H 6.5. Chro mium(l ll ) was stri pped from the organic phase wi th 
4M hydrochl oric acid and determi ned spectrophotometri call y at 
520 nm as it s co mpl cx wit h xylenol orange. Vari ous parameters 
inlluencing the extraction such as p H, reagcnt concent ration, 
nature or di lucnts and stripping agents and effect of diverse ions 
have bcen cxamined. The novelt y or the proposed method is that 
chromium ill di ll'c ren t oxidation states can be separated rrom each 
othcr, apart rnlm it s separati on from iron(III ), manganese(II ), 
cohalt (lI ) and molybdcnum(V I). The method has been extended 
to analysis or chromium(lIl ) in real samples such as stainl ess 
stee l. 

Amongst supramolecul es, ca li x(4)arene has been 
ex tens ive ly used fo r so lvent ex tracti on separation of 
transition elements 1.2 . Picric ac id ' or thi ocyanate4 are 
favo ured as the counter-anions during ex tractions. 
Ac tinium(lll )' and uranium(V I/ have been extracted 
with carboxy late derivati ves of calixarene . 
Chromium(l ll) shows strong interference during 
ext racti on wi th the hyd roxamic ac id7 derivative of 
ca li xa rene. Lanthanides have been ex tracted with 
d iamideK and te trasulphonate9 derivati ves of 
ca li xa renes. Hexaacety~ ca li x(6)arene have been used 
fo r the quantitati ve ex traction of cobalt(Il)JO, 
pall ad ium(ll )" , and iron(llJ) '2. In thi s note we report 
a nove l Ille thod for the so lvent ex tract ion of 
c hromium(lII ) using a hexaacetate derivative of 
cal ixarene . 

Experimental 
A Jasco V-530 UV- vis ible spec trophotometer with 

matched 10 mm quart z cuve ttes and a dig ital p H 
meter (Eli co. mode l LI-120) with g lass and calome l 
e lec trodes we re used 

Stock so lu tion of chrom iu m(l II) was prepared by 

tpresent add ress: Departmcnt or Chcmistry, Indian Institute or 
Technology. Powai . Mumbai 400076 

di ssolving 0 . 153g of chromium chloride in 250 ml 
disti lied water and standardi zed 
complexometricalli '. It contained 200 Il g/ml of 
chromjum (III). A diluted so luti on contallllllg 
10llg/mi of chromium(III) was prepared by twenty­
fold dilution . A 0 .000 I M solution of hexaacetato p­
tert-butyl cali x(6)arene in toluene was also prepared . 

Aqueous solution of xylenol orange (0 .00 I M) was 
used for determination of the extrac ted 
chromium(III). Buffer soluti on of pH 3.0 was 
prepared with sodium acetate and monochloroacetic 
ac id . 

Hexaacetato calix (6)arene was synthesizecl t4 by the 
fo llowing procedure: About 109 (0.666 mol) of p-t­
butylphenol was dissolved in potass ium hydroxide 
(6 ml , 5M) and 37% formaldehyde so luti on. The 
mi xture was heated at I 10-1 20°C fo r 2h to give a 
light yellow taffy like precursor. Thi s precursor was 

mixed with xy lene (40 ml) and heated to 2 10-220°C 
for 3h in an atmosphere of nitrogen with a Dean 
and Stark collector. The cooled mi xture was filtered 
and suspended in 300 ml of chloroform, and then 
shaken with 100 ml of I M hydrochloric ac id. The 
organic layer was separated , washed with water, dried 
over anhydrous sodium sulphate and concentrated to 
100 ml. The addition of methanol caused 
prec ipitation of a colourless solid which was filtered 
off. Recrystall ization was carried out fro m 
chl oroform and methanol (y ie ld , 80 %; m.p. 380-

388°C) . The spec tral c haracteri sti cs are as fo llows : IR 

(KBr): 3400,3 150 cm- I (OH stretching). I H M R 
(CDCl,): 10.2 (s, I , ArO H), 7 . 10 (s, 2, ArH), 7 . 10 (s, 
2, ArH), 3.88 (s, 2, CHz), 1.25 (s, 9, C(C H,hh- I3C 
NMR (CDCb): 147. 2 ( 15 % Ar), 144.2 ( 15%Ar), 
126. 1 (65 % Ar), 34 .0 ( I 7%Ar C H, Ar), 33. 1 (25 % 
C(CH,h ). 

The synthes is of hexaacetato cali x(6)arene 
derivati ve was carri ed out as fo ll ow. About 2.0 g of {­
butylcali x(6)arene was treated with a 1:3 mi xture of 
pyridine and acetic anhydride. The mixture was 
re fluxed fo r one hour at room te mp to get the crude 
product, which on recrystalli zation from 
chloroform/methanol gave white plate lets (yie ld , 

84 %; m.p. 360-362°C). The spectral charac teri sti cs of 
the deri vati ve are as fo ll ows: fR (KBr): 1760 cm- I 
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(>C=O stre tching). IH NMR (CDCI 3) : 6 .9 (s, ArH), 
3.6 (Br, CH), 1.9 (s,OCOCH~) , 1.2 (s , C(CHJh). 

General procedure 
An aliquot of solution contatntng 30f.1g/ml 

chromium (III) was taken and its pH was adjusted to' 
6 .5 with dil. hydrochloric acid or ammonium 
hydroxide .The total volume of the solution was made 
up to 10ml with di stilled water and it was transferred 
to separatory funnel. Then 10 rnl of hexaacetato 

calix(6)arene in to luene (l x IO-4M) was added to it 
and shake n vigorously for 5 min. The two phases 
were allowed to settle and separate. Chromium (m) 
was stripped with 10ml of 4M hydrochloric acid from 
the organic phase and determined 
spec trophotometrica lly a t 520 nm as its complex with 
xy lenol orange l4

. The concentration of chromium (Ill ) 
was computed from the calibration curve. 

Results and discussion 
When chromjum (III) was extracted in the pH 

range of 1.0-8.5 with Ix IO-4M hexaacetato 
caiix(6)arene in to luene the extraction was < 50% at 
pH 2.0 and -75% at pH 4 .0 . From pH 6.0-7.5 
extracti on was quantitative and after pH 8.0 it 
decreased . Therefore all extraction experiments were 
carried out at pH 6.5. 

Chromium (Ill) was extracted with varytng 

concentration of reagent ranging from 5x 1 0-4_ 

5x 10-6M. T he extracti on was quantitative with 

I x 10-4M. Hence thi s concentration was employed 
throughout the in vesti gations. 

Various so lvents having different dielectric 
constants, VIZ., benzene, to luene, xylene, 
cyc lohexane, hexane, carbon tetrachloride, 
chloroform, dic hl oroethane and dichloromethane 
were tes ted as the di luents. The ex tracti on was 
quanti tative onl y with toluene, xy lene and carbon 
tetrac hl or ide, with all other diluents it was 
incomp lete. S ince, to luene offers better phase 
separati on and is re lati ve ly less tox ic, it was preferred 
as the diluen t. 

After ex tracti on chromium(IlI) was stripped with 
vary ing concentration of several mjneral acids, vi z, 
hydroch loric , nit ric , sul phuric and perchloric acid . 
The stripp ing was > 98% with 3M perchloric ac id and 
85.3 % wi th 4M acetic ac id. However w ith 2M 
sulphuric and 4M hydrochl oric ac id, the stripp ing was 
quanti tat ive. S ince it fac ilitated subsequent 
spectrophotometric determjnation of chromjum(llI), 

Table 1- Effect of di verse ions on the extracti on of Cr (III ) 
[ Cr(l ll ) 20 Ilg 1 

Foreign ions Amount Ratio , 
tolerated 

(Il g) 

Li(l ),N a(l ), K(I),Cs(l ),Rb(I) 1000 1:50 

Ba(II ), Ca( II ),S r( II ) 500 1:25 

In(II I),Se(I Y),Te(l Y),Ga(l I I) 300 1:15 

Ce(l II ),S n(lY ),Sb(I I I),As(l I I) 200 1:10 

Pt(lY), Bi(1II ) ,TJ (III ), Au(lII) \00 1:5 

Zn(II ),Mg(II),Cu(II ),Pb(II ), AI(lII ), 60 1:3 
U0 2(1I),Mo(YI ),Th(IY) 

Mn(1/) ,Co(1 I),Fe(I II),Pd(l I) 40 1:2 

CI-, 1-, SC N-, SO/- , N02- ,SO/- 800 1:40 

Cd(I1 ), Ni ([I ),Ag(l) Interfe rence 

4M hydrochloric ac id was preferred as the stripping 
agent. 

The extracti on of chromium(III) was carried out 
with varying shaking time from I- IS min. The 
optimum period of equilibration was 3 min ; hence 
equilibration period was kept at 3 min. 

To ascertain the nature of extracted species, plots 
of log D versus log [HR] were constructed . A linear 
pl ot with a slope of 2.74 suggests the probable 
composit ion of the ex tracted spec ies as I :3, I.e., 
Cr(HR)3 where HR represents the extractant. 

As the calix(6)arene derivative exists in the 
' winged ' conformation, i.e. I A-alternate conformer, it 
g ives ri se to a conformation where the aryl groups in 
the 1- and 4-pos itions proj ect outwards like a pair of 
wings perpendicul ar to the aryl groups in the 2-, 3-, s­
and 6-posit ions. S ince they are co-linear, they form a 
channel where other molecules are comfo rtably 
pl aced . It is assumed th at there is no true coval nt 
bond fo rmati on in these supramolecular compounds . 
Chromium (III) is probably held firml y among three 
cali xarene molecules by real ionic attraction due to 
the substituted oxygen II . 

Effect of diverse ions 
Chromium (I II) was ex tracted in the presence of a 

large number of fo re ign ions (Table 1). The tolerance 
limit was set as the amou nt of fo reign ion causing an 
error of +2% in the recovery. Most of the anions were 
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Table 2-Separation from multicomponent mixture. [Extractant I x I 0-3M] 

Sr.No. Metal Conc. pH Stripping agent Recovery Chromogenic 
(~g) (%) Reagent 

Cr(VI) 100 6.5 Unextracted 100 Diphenyl carbazide 

Cr(lll) 30 6.5 2M H2SO4 99.5 Xylenol orange 

2 Sr(ll ) 200 7.5 Unextracted 100 Muroxide 
Cr(lll) 30 7.5 4.0MHCI 99.5 Xylenol orange 
Th(IV) 50 7.5 0.005M H2SO4 98.0 Thoron . 

3 Cs(l) 100 7.0 Unextracted 100 
Th(lV) 50 7.5 0.005M H2SO4 98 .0 Thoron 

CrOll) 30 7.0 5.0M HCl 99.5 Xylenolorange 

Fe(l ll ) 30 7.0 I.OMHCI 99.7 Thiocyanate 

4 Mg(ll) 250 7.5 Unextracted 100 Eriochrome black T 

Th(IV ) 50 7.5 0.005M H2SO4 98.0 Thoron 

Co(ll ) 30 7.5 1.5M NH4SCN 99.9 Nitroso-R-salt 

Cr(lll ) 30 7.5 4M HCl 99 .5 Xylenolorange 

5 Th(lV ) 50 7.5 0.005M H2SO4 98.0 Thoron 
Co(l l) 30 7.0 1.5M NH 4SCN 99.9 Nitroso-R-salt 

Cr(l ll ) 30 7.0 5.0M CH3COOH/4.0M HCI 99.5 Xylenol orange 

Pd(ll ) 30 7.0 3M HN03 99 .7 Stannous chl oride 
Pb(lI ) 50 6.0 4M HN03 99.5 PAR. 

tolerated in the rati o 1 AO. Alkali metals were 
tolerated in the rati o I AO, while main group elements 
were tolerated in the ratio 1: 15 . A few of the 
transiti on element s were tolerated in the ratio 1:2 but 
cadmium(ll). nickel (II ) and sil ver(l) showed strong 
iJiterference. However it is poss ible to eliminate such 
interference by se lective ex tracti on! 5. 

Th.: difference in ex trac tion and stripping was fully 
ex ploi ted to deve lop a nove l method of separation of 
chr6millm(II1 ) from several metals in multicomponent 
mixtures . The details of various separation developed 
are desc ribed in Table 2. 

When chromium(II1) was ex tracted, most metals 
like strontium( II ), caesillm(l) and chromillm(VI) were 
not ex tracted and consequentl y separated. Although 
metals like th oriull1(IV ), cobalt(lI) , iron(III), 
palladium(ll) and Iead(ll) were coextracted with 
chromillm(lII ). they could be stripped with different 
stripping age nts either before or after stripping 
chromium (III ) depending upon ex tractability of the 
sa id cati on. 

The mixture of strontium(II), chromium(III ), and 
th oriull1(IV ) was reso lved by stripping chromium (III) 
wi th 4M hydroc hl ori c acid, thorium (IV) with 0.005M 
sulphuri c acid whil e strontium (II) remained 
unextractecl . 

The separation of caesium(I), thorium(IV), 
chromium(III) and iron(lII) was accomplished as 
caesium(l) was not extracted while thorium (IV) was 
stripped with 0.005M sulphuric acid, chromium (III) 
with 5.0M hydrochloric acid and iron (III) with I.OM 
hydrochloric acid. 

The separation of magnesium(II) , thorium(IV), 
cobalt(II) and chromium(III) was achieved, as 
magnesium(II) was not extracted, thorium(IV) was 
stripped with 0.005M sulphuric acid, cobalt(II) with 
1.5M ammonium thiocyanate, and fin ally 
chromium(III) with 4.0M hydrochloric ac id . 

The separati on of thorium(IV), coba\t(II), 
chromium(III) and palladium(II)lIead(II) III 

quaternary mixture was accomplished by first 
strippin g thorium(IV) with 0.005M sulphuric acid, 
cobalt(lI) with 1.5M ammolllum thiocyanate , 
chromium(lII) with 5.0M acetic ac id and 
palladium(II) or lead(lI) with 3-4M hydrochloric ac id . 

It was poss ible to separate chromium(VI) from 
chromium(III) as the former was not extracted under 
the conditions for ex trac tion of chromium(III) and 
was thus separated. Thi s facilitated the separation of 
chromium(III) from several metal s generall y 
associated with it in mineral and alloys. 
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Analysis of chromium (III) in real samples 
A sample of austentic stainless steel (O.4g) was 

di ssolved in a mixture of nitric and perchloric acid. 
The so luti on was evaporated to near dryness, 
extracted with water and the volume made up to 
1000m!. An aliquot of the solution was taken from 
which iron(III) was extracted with ethyl acetate with 
4M nitric acid followed by selective extraction of 
ni ckel(II) at pH 5.5 with O.IM dimethylglyoxime in 
chloroform. Chromium(III) was extracted as usual by 
the proposed method. The results indicated 18.1 % of 
chromium (III) in the sample against the certified 
va lue of 18.0%. 

The proposed method is simple rapid and selective. 
Total time required for separation and determination 
is 30 mIn. It is suitable for separation of 
chromium(III) from lead(II), iron(ill), palladium(II), 
cobalt(II), thorium(IV) and chrorrUum(VI) with which 
it is generally associated in minerals and alloys. 
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