CHAPTER III

EXPERIMENTAL SECTION

3.1 Apparatus

The temperature during extracti 1
by Bosstech control temperatu@ J
stripping, the two phases (aquéous and ggan@ were separated by Heraeus

Christ medifuge. The pH- ted aque;%and the initial solution of
G 825.(r nce electrode: Ag/AgCl).

re obtained on a HP 8453
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ater bath. After extraction or

Cr(VI) was measured
UV-vis spectra of Cr,0
UV-vis spectrophotometgr: it 1 _lme::l was used for shaking the

extraction glass vessel in s

3.2 Chemicals

i ‘ @s¢d from Merck (CHCI,
HNOs, HCI, KCl, KN@ 2OH and Si ). JTimm) and Fluka (K>SO,

KH,PO4 and K;CrOy). Th se materials were used without further purification unless

otherwise note sium salts (K,CrOg,
e and%? %’[ﬂm TITELITS

ﬁ,ﬁ aﬂ ﬁ iﬁfﬁﬁﬁ (ﬁlencdlamm rt-butylcalix[4]
arene (Hl { j, ZM(HSQ nium)nonyl)

diphenoxyl]diethyl}-p-tert-butylcahx[4]arene trichloride (compound 2b) and

All materials

inclusion of 25,27-di-((2-ethoxy)benzylaminc)-calix[4]arene (compound 3) and 3,3'-
dihexylurea azobenzene (compound 4) were used as extractant for the extraction
studies of Cr(VI) anions. All of extractants were kept away from direct sunlight to
avoid the decomposition and stored in a desiccator.

All of extractants employed in this research were synthesized from

Supramolecular Chemistry Research Unit, Department of Chemistr);, Chulalongkorn
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University. The synthesis of compounds 1b and 2b were based on the previously

published procedures [52, 150, 151] (synthetic route shown in Scheme 3.1). The
compounds 3 and 4 are reported for the first time [152] (Figure 3.1).
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Scheme 3.1 Synthetic route of compounds 1b and 2b.
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3.3.1 Liquid-liquid Extractic

r-i

-
' A
";" 7 4
-

1 ‘

T
3.3.1.1 Extraction Efficiency by Ch

Blank Test)
i fv;;:—* )
257x10" M ,-.‘i : K 'i‘ at initial pH 2.37 and
chloroform were magne ally stirred for 30 mm

1312 @Mﬂ ’Atmllnmmﬂ L)
2@73&1‘]@ m ﬁu Nﬁﬁﬂ g m r]l &ﬂ 89x10* M

compound 3 and 2.61x10™* M compound 4 in chloroform were used as extractant for

the extraction of 2.57x107* M K,CrO4 in 0.01 M KCI at different pH values: 2.26
2.38, 2.63 and 3.23. The extraction time of 30 min was used
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3.3.1.3 Influence of Extraction Time

2.57x10* M compound 1b, 2.58x10™* M compound 2b and 2.57x10> M
compound 4 in chloroform were used as extractant for the extraction of 2.57x107* M
K,CrO4 in 0.01 M KCl at initial pH 2.37. The extraction times of 15, 30, 45 and 60

min were individually studied.

3.3.1.4 Influence of Type and C‘T )tratlon of Mediums

2.57x107* M compo 2 58x @mpound 2b were used for the
.5 M KCI or KNOj at initial

extraction of 2.57x107* M X A
pH 2.37. The extraction ti n '- \

3.3.1.5 Influence

ound 2b were used for the

itial pH 2.37) which was

2.57x10™* M co

extraction of 2.57x107*

individually added an anion 304 KNOs or KH,PO, The concentration of anion
in aqueous solution was mamtam;e_dg?ﬂflg)t ,\, he extraction time was 30 min
3.3.1.6 Influen " , Qi’arious Mediums

Five co ﬁﬁﬁ ﬁ; Mbugmb (1.54x107 - 5 65x10™ M) were
used. The 2.57x1 ﬁﬁ ﬁ I\’/a pH 2.37 and 2.76,
0.05 M KCl at pH 2.37 and 0.01 M KNO; at pH 2:37) were studieds The extraction

imevasioiie | 61N 719 T Wb EREH

3.3.1.7 Recycling of Ligand

2.57x10™* M compound 1b and 2.58x10™* M compound 2b were used for the
extraction of 2.57x107™* M K>CrOy4 in 0.01M KCI at initial pH 2.37. Each extractant

was used for 7 cycles of extraction. The extraction time was 30 min.
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3.3.2 Solid-phase Extraction Studies
3.3.2.1 Extraction by SiO; (Blank Test)

2.57x10* M K,CrO4 in 0.01 M KCI (10.00 mL) at initial pH 2.37 were
agitated with 0.01XX and 0.03XX g of SiO,. The extraction time was 30 min.

2.57x10™* M K,CrOy4 in 0.01 M KCI (10.00 mL) at initial pH 2.37 were
agitated with 0.200X and 0.500X g o

\‘r,/’l‘ he extraction times of 30 and 60 min

) at initial pH 2.37 were

were individually studied.
2.57x107* M K,C
agitated with 1.00XX g . 5 30, 45 and 60 min were

individually studied.

Cl (5.00 mL) at initial pH
2.37 and 0.03XX g of comip 22 ‘and 0.01XX g of compound
ed. The action times of 15, 30, 45 and

The extr 57x10™* M of K . in 0.01M KCI (5.00 mL) at initial
g m; b i i 412 e povsr v
individually observed at the extractionstime of 30 min.

AR1ANN I ININYINY

3.3.2.4 Leaching of Ligand from SiO; by Chloroform

An amount of 0.05XX g of compounds 1b-HC and 2b-HC was individually
agitated with 20.00 mL of chloroform for 30, 60, 90 and 120 min.
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3.4 Preparation of the Solution

3.4.1 Liquid-liquid Extraction Experiments
3.4.1.1. Preparation of K,;CrQO4 Solution

All aqueous solutions were prepared in chloroform-saturated deionized water.

(Deionized water was agitated with CWI or 30 m1n ).
A stock solution ofﬂgé /l or 500 ppm) was prepared by
dissolution of a weighed am 2Cr94 m

Unless otherwis '4 M K,CrO4 used as initial
stock solution of K,CrO4

I HCI. (The deviation of

aqueous phase of extracii
in 0.01 M KCIL The «
adjusted pH was + 0.01.), ‘

In case of the extr: : .. or KNO3), K,CrOy solutions
were prepared by dilution o ck: 0 ‘f ‘ of KoC 4\by 0.01,0.05,0.1 and 0.5 M

KCl or KNO;. The pH justed by 0,01, 0.05, 0.1, 0.5 M HCl or HNO;,
respectively. il z

For the study of compehhyﬁ,angﬁrm(ﬂro4 solution was prepared by
mixing individual ampa : ium salt o " NO3 -, HoF ‘ 4 ) to the stock solution

; The pH was adju ted 1 HCI. The concentration of

anion in aqueous solut1  was malntamed at 1.28x107 MJ’J

Five co ions j 1%1“ 54x107%, 2.06x107*
and 2.57x10™* Q:Lbaep ﬁyﬂ ﬁn f ﬂ)jfli solution of K,CrO4
with 0. %lﬁ OH. These solution§ were used toxconstruct a standard calibration

TANNIU AR INY 1A Y

3.4.1.2. Preparation of the Extracting Solution

of K,CrO4 in 0.01 M

The extractant in organic phase was obtained by dissolving each ligand in
water-saturated chloroform. (The chloroform employed in this work was washed with

~ deionized water just before use.)
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The concentration of 0.257 + 0.001 mM was used for compound 1b and 2b

unless otherwise noted.

The extraction with compounds 3 and 4 at different pH were done at 2.89x107*
and 2.61x10™ M, respectively.

A concentration of 2.57x10™ M of compounds 4 was used for the extraction

time study.

3.4.2 Solid-phase Extraction //
. | —

The aqueous ph of 2: » 'O4 in a 0.01 M KCI at pH

2.37 for all of extraction i ¢ sol t pared as described in section
34.1.1 W

3.4.2.2 Preparatio igar d.Co

The ligands coated on Sx(i’lfﬁe repared as follows: A weighted amount of
ligand (~ 40 umole) was dissolved in 25 mL 0. 1.00XX g of SiO; was
added. The mixture was magnetically . 5:0 °C in closed system in

ompounds IIE.C and 2b-LC (LC = Low
Capacity) were obtained fronzusing compounds 1b and 2b, respectively.

i s bk, oo 10 S B0 | = Figh Capciy

 were prepared fr(i“l ~ 100 pmole of compound 1b ﬂi ~ 150 umoleog}~ compound 2b,

=@ 1ANNTU AR V121N 2

Ve concentrations of compounds 1b and 2b (2.1x107, 4. 1x107, 6.1x107,

order to prevent a chloroform evaporation.

8.1x10'5 and 1.0x10™ M) in chloroform were used to obtain a standard calibration

curve.



58

3.5 Analytical Procedure

3.5.1 Liquid-Liquid Extraction Procedure

The extracting solution (5.00 mL) and the initial K,CrO4 solution (5.00 mL)
were mixed in a stoppered round-bottle flask (extraction vessel) and magnetically

stirred for 30 min at 25.0 = 1.0 °C (with the exception of the extraction time study).

After centrifugation at 3000 rpm for t e aqueous phase was separated and its
pH was measured. The aqueous PK s then mixed with 0.1 M NaOH

(1.00 mL) in order to obta1 01es (see Chapter II section

2.2.2.1). The organic ph S bal;‘%(smppmg) for 60 min at
. The concentration of CrO4> ion in the

25.0 + 1.0 °C by 0.01 \
ophotometer at 373 nm. The liquid-

aqueous phase was me

liquid extraction pathway i

extraction. The extraction step st camed@ 25.
centnfugatlon the aqxiious phase’i\?v:'a% m:the organic phase containing

by 0.01 M NaOH (23.00+ - saration of aqueous phase,
|

0.02 M HCI solution (
ligand (22.00 ﬁ 1.0 °C for 60 min
giving the pro::@'mﬁ Q‘;I mﬁrm P ﬂ ’jﬂi solution was used
for the se extractio ratiof“of CrO4°~ in aduéous phase was
measured ma ﬁﬁiiu ﬁ% ﬁlgeulﬁjwfl‘ [ged 7 times.

The recycle pathway and the volume used are summarized in Scheme 3.3 and Table

OO mL) was added to organic ‘phase containing stripped

3.1, respectively.
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K,CrO4 5.00 mL + Extractant 5.00 mL
[ |
I
Extraction Magnetically stirred for 30 min at 25.0 £ 1.0 °C.

Centrifuged at 3000 rpm for 10 min

l

v

“Aqueous phase

v

pH measured

v

Aqueous phase 3.00 mL or

initial K»CrO4 3.00 mL Magnetically stirred

for 60 min

v

#0210 °C,

Added 1.00 mL of 0.1 M NaQO
(Dilution factor = 4/3)

v

Determination by a UVLVS | «——] Aqueous phase | |~ Organic phase
‘ [l (Stnpped ligand)

spectrophotometer D
(A =373 nm)

T TANYNING "m“zifzft:::;“
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Scheme 3.2 Liquid-liquid extraction pathway.
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3. Protonation (60 min)

Table 3.1 Volume used for each phase of 7 ex
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1. Extraction (30 min)

Extracted ligand + 0.01 M NaOH
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Stripped ligand +0.02 M HCI |

Scheme 3.3
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No. of Extractic p ptonation
Crele N Cf-'-' Stripped | 0.02M
A
1| 240 ; 00 ¥ 22bd 94 22.00
2
3 | 918.00
4 | 15.00
5 | 1200 | 1200 | 11.00 11.00 | 10.00 | 10.00
6 9.00 | 9.00 8.00 8.00 7.00 7.00
7 6.00 | 6.00 5.00 5.00 4.00 4.00
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3.5.2 Solid-phase Extraction Procedure

Compounds 1b-LC or 2b-LC (white powder) was weighed in a stopper glass
tube. 5.00 mL of K;CrO4 (2.57><10'4 M) in 0.01 M KCI at initial pH 2.37 £ 0.01 was
added. The mixture was magnetically stirred for 15, 30, 45 or 60 min at 25.0 = 1.0 oc.
After centrifugation, the extracted ligand powder, which became yellow because of
CrOs> ion (the CrO,* ion was extracted into the ligand-coated SiO), was
precipitated at bottom of the tube. The ous solution was withdrawn to another
tube and 3.00 mL of aqueous phase was IIP !@\ ith 1.00 mL of 0.1 M NaOH in

order to obtain Cr04 ~ ion as@me‘s.‘ fo g ination of the concentration of
I' i Vﬂx

CrO.> ion by UV-vis spectroj Bler.
For the study of of )i ’

the extraction step as described @aboy

order to deprotonate protorn heam};pge;f\?%(‘)m ( “~) on ligand and recover

CrO4* ion into aqueous phase. Agg‘ﬁcenmf 3 solid became white and the
aqueous phase was slightly yellow Ihe basm,mus solution was kept to determine
the concentration of (erz ion by UV-v1s spectrophotome t.f The solid residue was
rinsed by adding 5 muf deionized water and
min. The protonation stepJ was performed by
shaking by Vortex mixer fors5 min. After eentrifugation, the aqueous phase was

s e DR B AT e

were repeated 3 timmes.

TR RO YRHQ. E’;Jl N

Coriipounds 1b-HC or 2b-HC were weighed in a stopper glass t

y Vortex mixer for 2

ing 5 mL of 0.02 M HCl and then

of chloroform was added. The mixture was agitated for 30 min at 25.0 £ 1.0 C. The
ligand-coated SiO, was left to precipitation by gravity. The chloroform was withdrawn
to measure the concentration of the ligand by UV-vis spectrophotometer at 281 nm.
After UV-vis measurement, the measured chloroform was poured in the stopper glass
tube again and the mixture was then agitated for 60, 90, and 120 min. The

concentration of the ligand was measured after each agitation as described above.



	Chapter III Experimental Section
	3.1 Apparatus
	3.2 Chemicals
	3.3 Parameters Studied and Conditions Used
	3.4 Preparation of the Solution
	3.5 Analytical Procedure


