CHAPTER III

EXPERIMENTALS, RESULTS AND DISCUSSION

3.1 Preparation, Purification and Identification of Synthesised

T—

Oximes
3.1.1 Preparation of +/245-dihydroxy acetophenoxime and
5-chloro-2-hydroxy sthyl acetophenoxin

The prop6: : 1 res ~\ ¢ above mentioned two oximes

he
are as follows r 8\

OH
= N\OH
i
Cgflgh0, ' V— #‘ Hmc_moz

M.W. 167.17 @MW 199.63
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Reagents :
(

Acetic anhydride (Laboratory gr Merck) b.p. = 140 C
Concentrated sulfuric acid (Analar, Merck) 95-97 %‘
density = 1.18 g/amL

(5) Ethanol (Analar, Merck) 99.8 % b.p. = 78.5%

(6) Anhydrous calcium chloride (Laboratory grade, Fluka) 97 %

(7) Anhydrous aluminium chloride (Laboratory grade, BDH) 98 %
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(8) Concentrated hydrochloric acid (Analar, Merck) 37 %
density = 1.19 g/mL

(9) Hydroxylamine hydrochloride (Analar, Seelze Hannover) 99 %

(10) Sodium hydroxide (Laboratory grade, BDH) 96 %

(11) Acetone (Analar, BDH) b.p. = 56.0 - 56.5°%C

3 edoe L1l Prer 2,5-dihydroxy acetophenoxime

ime could be prepared from

HO

B OCH3
OH CHy
Cxo
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Hydroquinone (M.W. = 110.11, m.p.= 170-173°C) was acetylated with
acetic anhydride to give hydroquinone diacetate (M.W. = 194.19, m.p.

= 121 - 122°C) (28) . The Fries rearrangement by the use of AlCl_ gave

3
2,5-dihydroxy acetophenone (M.W. = 152.15, m.p. = 202 - 203°C) (29).

‘The ketone was oximated to give 2,5-dihydroxy acetophenoxime. It was

recrystallised several times water and acetone mixture. It was

dried and kept in a ve tum dessicE & (56 % yeild of the last step,M.W.

phenoxime

The prepation is s€.

o e CHy
O\C/CH3
HEIVNENINEING =,
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OH OH
+ NH,O : ‘t> :
cl E/CH3 ' o cl &/CH3
(e} N\\
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(1) 4-Chloro-2-methyl phenylacetate. One drop of concentrated

sulfuric acid was added to a mixture of 30 g (0.21 mole) of 4-chloro-
o-cresol and 25 mL (0.25 mole) of freshly redistilled acetic anhydride
in 250-mL Erlenmeyer flask. The mixture was stirred gently ; it warmed
up very rapidly, and the 4-chloro-o-cresol dissolved. After 5 minutes

the clear solution was pour te about 150 mL of distilled water in

250 mL separatory fu.nnei;a-;;ﬁ.F tlon was washed with another

portion of water (w mI..j)

was dried with por ’;? _Wﬁ‘tum“E‘:rlde. The nearly pure.

product (characterist Sl nel Hb) 4-chloro-2-methyl phenyl

acetate ester was g G,.“7,  243-2486"C.
(2) 85-Chlg ! e dacetophenone. A mixture of

30 g (0.16 mole) of S

llquld in the lower layer

fethyl phenyl acetate ester and
47 g (0.35 mole) of a = ium chloride (finely powdered in

a mortar) was 1ntroduced-r
4-:"/‘"- -’""’

with a water cdﬁﬂensor ané;cow ectex i =}psorption trap. The

00-mL round bottomed flask fitted

flask was placéd. 'yf , > 1ieh’ was heated slowly from

©f about 30 ﬁinutes the

temparat w ?m ﬁoj ﬁﬂ,n[ﬂhﬁh point the evolution

of hydroge loride began. The temperature was then raised slowly to
|

RN IR 'TTW‘EI'T&SEJ“ T e

houts the evolution of hydrogen chloride became very slow and the

room temparatur E(BOOC) so that at the end

mass assumed a dark green colour and pasty in consistency. The flask
wes removed from the oil bath and allowed to cool to room temperature.
The reaction mixture was dissolved in 250 mL of ethanol and the excess
aluminium chloride was decomposed by adding 500 mL of distilled water

and 20 mL of eoncentrated hydrochloric acid. The brown solid obtained

in collected on a Buchner funnel anéd washed with 100 - 150 mL of
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1}

distilled water. The brown solid was collected, and then subjected
to further recrystallisations (3 times) from ethanol-water to yield

the brown needles, 5-chloro-2-hydroxy-3-methyl acetophenone (19.7 g's

67 %), m.p. 68 - 70°C.

(3) 5-Chloro-2-hydroxy-3-methyl acetaphenoxime. A mixture

hydroxy-3-methyl acetophenone,

of 10 g (0.054 mole) of 5-ch ﬁ
5 g (0.072 mole) of K &hloride, 20 mL of ethanol,
cheQ—mL round-bottomed flask.

5 mL of distilled?

To this was added i 'ng_, 8 g (0.2 mole) of sodium

hydroxide pellets too vigorous, cooling with

tap water might b sodium hydroxide has been

added, the flask w : ted Bo'e eflux condensor, heated to boiling,

and refluxed for 5 g the content was poured into
a solution of 12-13 h3 drochloric acid in 100 mL of
# ‘, 4
distilled water. The t’,“fﬁ 3 i It was collected on a
O w
Whatman filtex;"hap;éx No. Z; : 4 iséd 4 times with ethanol
and water mixtv 3 .chloro-2-k droxy-3-methyl aceto-.

g, 52 %), m.p. 168-171°¢

3ﬂ -
yh synthesised gximes, Z,Edihydroxy agetophenoxime and
5‘°Q¢Wﬂlﬂ"’%’ﬂ§@d %4%%3}341 El"q aatﬁly purified by
recryqstallization several times. Besidés their sharp melting points,
purity of these reagents was verified by applying methods of thin
layer chromatography with many solvent systems and elemental analysis.

Experiments and results of the methods are described in the following

section.
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_3.1.2.1 Thin layer chromatography of the synthesised Products'

About 0.605 g of a dry synthesised product or starting
reagent was dissolved in 5 mL of ethancl (Analar, Merck). The prepared
ethanolic solution (10 ul) . was spotted on 4 x 10 cm fluorescent
silica gel-coated plastic sheet (silica gel 60 F254, Merck, layer

thickness 0.2 mm). Many solv

systems of n-hexane (Analar, BDH) ,
chloroform (Analar, BD alar, Merck) were used foi:'

developing the chro atio of the three organic

e
solvents in the co ) e polarity range of .

these solvent sys Comparision of R £

values of the starti >d products were exhibited

in Tables 3.1 and

AULINENINYINg
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Table ‘3.1

composition ratio of

the mobile phases

R_ values (solvent front = 8.0 cm)

£

n—C6H14:CHCl3: CZHSOH

(1) (2)

(3)

(4)

=
H N W bd 00 OO N YW O
W 0O N 600 1 b W N !

! 1
[
o

I
L o ) S * * B e

a

- AUYANYRINYANS
RN WR 888

0

0.01
0.04
0.05
0.07
0.08
0.09

0.09 -

0.10
0.11
g.11
0.12
0.57
0.78
0.81
0.95
0.96
0.96
0.97
0.97

0.01
0.03
0.03
0.03
0.04
0.04

0.05

0.05
0.05
0.05
0.06
0.46
0.69
0.76
0.85
0.93
0.96
0.97
0.96
0.96
0.96

Remark : (1)
(2)
(3)
(4)

hydroquinone

hydroquinone diacetate

"2,5-dihydroxy acetophenone

2,5-dihydroxy acetophenoxime
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Table 3.2

composition ratio of Rf values (solvent front = 8.0 cm)

the mobile phase

= s . ¥ (2") £3°7) (a%)
n C6H14' CHCl3 : C2H50H (1*)

10 - 0.10 0.03
9 1 0.24 0.04
8 2 0.39 0.10
7 3 0.57 0.15
6 4 0.54 0.22
8 5 0.57 0.25
4 6 0.60 0.24
3 7 0.66 0.24
2 8 0.73 0.38
1 9 0.74 0.43
- a0 0.78 0.43
- 9 0.79 0.70
. 8 0.88 0.83
- 7 0.90 0.87
=, 6 0.92 - 0.88
po 5 0.89 0.86
- 4 0.87 i 0.89 0.89 0.87
. UEJ NEITIN P e
- Fi; ’:E “ngij iit‘]:f] 0.88 0.88

9 “o0.89 £ 0.90 0.89

’Q‘W%Nﬂ‘i TR 8 e

Remarks : (1') = 4-chloro-o-cresol

(2') = 4-chloro-2-methyl phenyl acetate ester

(3%) 5-chloro-2-hydroxy-3-methyl acetophenone

(4') = 5-chloro-2-hydroxy-3-methyl acetophenoxime

TAB LR

35
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Ascending TLC experiments of the synthetic products using all
twenty-one developing solvent systems as described in the above tables
were carried out. It was found that each synthesised products gave

single regular round spot under UV radiation. By using the solvent

system of 9:1 CHCl_ - OH as a mobile phase,these synthesised products,
3 2 S (4

(1), (2), (3) and (4), showe t differences in R_ value among twenty

£
sised products, (1'), (2'), (3')

é‘cem, 5:5 n-C_H. ,-CHCl.. The

6714 3
se spots (Fig. 313, B.2;

systems while the othe
and (4'), prefered
UV absorption sp

3.3, 3.4, 3.6, 3. - ded by us:.ng Shimadzu TLC

scanner. These ose belonged to the

ethanolic soluti 3.5 and 3.10)

ﬂ‘UEJ’JVIEW]ﬁWEI’]ﬂ‘i
ama\mmum’mmaﬁ
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Fig. 3.1

200
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Fidg. 3.2

- ——

A :
0 . bsorption of hydroguinone

1l

0V absorption of hydroquinone

Fig.3.2

. V] ?iﬂgjjnz:mn of 2,5-dihydroxy
WieNincr:

UV absorption of 2,5-dihydroxy
acétophenoxime .

Fig. 3.5 wv absorption of ethanolic
solutions of the synthesised

products :

(I). hydrogquinone

(II). hydroquinone diacetate

(III). 2.5-dihydroxy acetophenone an
(IV) . 2.5-dihydroxy acetophenoxime
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1

Fig 3.6 UV .absorption of 4-chloro-0O-cresol
Y

3 'u.'absorption of 4-chloro-2-methyl

phenyl acetate

./
ﬂ 5 Wﬂgmorption of 5-chloro-2-

hydroxy-3-methyl acetophenone

i 3\] m G}GA} ﬂtﬂa’x}éfﬂn of 5-chloro-2-

hydroxy-3-methyl acetophenoxime

Fig.3.10 UV absorption of ethanoclic
solutions of the synthesised

products :

(I'). 4-chloro-O-cresol :

(II1') 4-chloro-2-methyl phenyl
acetate

(III') 5-chloro-2-hydroxy-3-methyl
acetophenone and

(IV') 5-chloro-2-hydroxy-3-methyl
acetophenoxime




3.1.2.2 Elemental Analysis of the Synthesis Products

verified by the

Purities of the synthesised products can also be

method of elemental analysis.

Percentage of carbon,

hydrogen and nitrogen content in these substances were considered

and compared with those calculated as shown in Table 3.3.

seen that the purity of

It can be

39

ised oximes were approximately 98 %.

acetate ester
5-chlor:;Eq 14;
2-hydro ,
3-methyl qﬂ
/RN
5-chloro- :
2-hydroxy-
3—methy1

acetophenoxi
¥ i

B e
NI URIINE:

54.14 53.63 0.94 [5.05 4.96 1.80
+0.21 +0.05

Substance ﬁaaf‘ T N
, Rel Rel
i, € err. cal. exp. err.
Hydroquinone % 1.16 - - -
diacetate
2,5-dihydroxy .13 - - -
acetophenone
2,5-dihydroxy 2.02/8.38 8.31 0.84
acetophenoxime +0.08
17 -
4-chloro- 158 )2 65| - - 2
2-methyphenyl EB 10.@3

7.0 "6.88 "1.71
~ 40.06
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3.1.3 Structural Elucidation of the Synthesised Products

3.1.3.1 ByInfrared Spectroscopy. Infrared spectra is

useful to interprete empirically the structure of the compounds by
observing their functional group frequencies and finger prints. The

spectra of these synthesised products were compared with spectra of

in Ref. 31. The IR spectra of

these substances andwtheir & of various important bands

using pure ligquij €o0lid samples i ‘POtassium bromide pellets ‘and
were recorded o i M8 G = 4 7V~ are pectrophotometer.

Figures 3.1l to show the IR spectra and

corresponding assif s of ‘various \esised products.

- AubINENINeIns
ARANIUNAINNY



Fig. 3.11
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b Fig. 3.13
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3.1.3.2 By Nuclear Magnetic Resonance Spectroscopy

Structures of the synthesised products can be eluci-
dated by the useful proton and carbon 13 NMR spectroscopy. Suitable
solvents were used for dissolving the samples. The proton NMR is

able to characterize aliphati a_romatic proton patterns comple-—

ment while the carbon 1 he numbers of carbon atoms

and their positions. éwn by usuxg FX 90 Q Jeol

NMR Spectr; with corresponding
assignments of vari [ ' -oducts are shown in Fig.3.17 to

3.28 and Tables 3.10 L, repnce =\TMS,solvent = DMSO-d, or

ﬂ‘lJEJ’J‘VIEJVIiWEJ’]ﬂ‘i
QW']Q\":ﬂ‘iﬂJﬂJWTJﬂ&I']@EI

a
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Fig. 3.17
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A
OCOCH
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H i
H

Assignment of the g rotc als of hydroquinone diacetate

(DMSO-d_ as solv S e 3
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: : - Y -~ el
R0 A 111713 1 o
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7:16 singlet 2 (B) aromatic protons
'3.36 singlet HOD as impurity in
solvent
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Fig. 3.18
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Fig. 3.19 Assignment of the proton NMR signals of 2,5-dihydroxy

acetophenone (Dnso-d6 + CDCL

3 as solvent)
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_ J 2 hydroxy proton

@f the ketone

(C) aromatic proton

coupling w:.th the

coupling with the

- vicinal proton (D)

X
9:15 broad line ) (F) ortho hydroxy proton
of the ketone with
intramolecular
hydrogen bonding
3.36 single-t HOD as impurity in solvent

50



Fig. 3.20
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153.87 1.4

203.83 1.0 =0

/
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Fig. 3.21 Assignment of the proton NMR signal of 2,5-dihydroxy

acetophenoxime (DMSO—d6 + CDCl3 as solvent)

A
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et il
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-CH)

“aromatic proton
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7 : 7 o vicina.“yéton (B)
RGN VT
q : 0,92 s nglet 3 (E) meta hydroxy proton
» e of the aromatic
oxime
11,33 singlet 1 (F) orthc hydroxy proton
of the aromatic oxime
11.87 singlet 1 (G) proton of the oxime
(broad line) group
2.50 broad line DMSO
3:5Y singlet HOD as impurity in soclvent
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Fig. 3.22
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Fig. 3.23 Assignment of the proton NMR signals of 4-chloro-2-

methylphenyl acetate ester (DMSO-d 6 + f:DCl3 as solvent)
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Fig. 3.24
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Fig. 3.25
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Fig. 3.26
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Fig.3.23 Assignment of the proton NMR signals of 4-chloro-2-

methylphenyl acetate ester (DMSO—d6 + CDC13 as solvent)
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Fig. 3.28
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119.3%
YEINSNA mm HOREL .
127 27
130.30 2.2
154,31 3.9 }
Cc., C = N-OH
156.80 1.0 2
39.55 : : DMSO-d, (multiplet)
78.83 cpel, (triplet)
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3.2 Preliminary Studies of Metallochromic Property of 2,5-Dihydroxy

Acetophenoxime and 5-Chloro-2-Hydroxy-3-Msthyl Acetophenoxime

Reagents

1) The Oxime Solution. The two oximes .(1.0 x 10—2F) are sligh-

tly soluble in cold water. e, solution can be prepared by

dissolving 1.67 g and oxy acetophenoxime and
5-chloro-2-hydroxy- espectlvely in 1000 mL

of ethanol (Analar,

-2

2) ion solutions (1.0 x 10 “F)
were > amounts of analytical
grade of nitrate, ch d-su g e’ salts of various metals.

3) \ 0 F) was prepared

e etraacetlc acid disodium

‘ﬂ'tloms were prepared

2
ﬂ‘lJEJ’JVlEW]iWEJ’]ﬂ‘ﬁ

ama\‘m‘imummmaa

4)

as followings:
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Procedure

Preliminary studies of metallochromic property of the synthesis
oximes were carried out at pH 2, 4, 7, 10, 11.5 and 12. Series of
test tubes were required for blank, oxime alone, metal ion alone and

metal ion with the oxime. All tested solutions were kept in 20 %

concentration of the o '

solution was about /1’ ".The@ solutions were pH controlled

by adding 2-3 drops © ¥ ng solutions listed in the

v/v ethanol-water to prev :.p:.tata.on of the oximes. The

J.n 5 mL of each tested

Table 3.22 and tes atman, BDH).

PH

v‘ acetic acid and

= ih%rate are made up to

100 mﬁ ith deJ.onJ.z water.

a HHARE BINEAR oo

anunonla-amonljmchlonde lution [7 g of NH Cl:+

Q RAIDT R NB Y IDIRL oo m i

deionized water

11.5 50 % v/v of ammonia solution (sp.gr. = 0.880) and

deionized water

12 2 F sodium hydroxide solution
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Colour change due to the complex formation of metal ions with
the oximes were observed and compared with those of oxime alone and
metal alone. The coloured or precipitated solutions were further

tested with 3 to 5 drops of the EDTA solution.

25 metal ion d:.e e two oximes as metallo-

chromic reagents at r‘ons that showed no change

after adding the

Na (I),
Be (II), (11), 2r (II), Mo (II),
cd (11), (11), Hg (II), Pb (II),
Bi (II),

whereas Mn (II), Co ' (II) and Fe (III) displayed some

interesting colo ed precipitates. These were

investigated ;,’* :’ the use of the pH

adjusting soluticg and t vas t&ted by pH meter (pHM 83,

Radiometer). The métallochromic pert:Les of 2,5-dihydroxy acetaphen-

e rendet UHANINIHLAAT e

(Rea%| nt II) with these metdl ions aremshown in Table 3.23 and

LLIANT U AN INETRE

3.24
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Table 3.23
Reagent I + metal - Visual Observation PH Range
reagent I alone light yellow solution . 9-12
Mn (II) brown ution 7-10
Co (II) 7-12
\"s-:‘..\"‘
Ni (II) : ’"- 7-9
Cu. (EX) tate 3-9
Fe (III) 3-6
Reagent II + metal PH Range
reagent II "@m“ 1-12
g 3 :____ \" :

Mn (II) B , m -4
Co (II) yellow1saJprown solution 6-12
M ﬂ UL INHNFHEANT | e

Cu (II) buﬁf coloured rec1p1tate 3-9
Fe%‘ﬁ 18413 'é}.}vﬂdoﬁn’}’}%&’] 8 .

Only the complexes of the two oximes with Fe (III) showed

colour change after adding EDTA from dark brown coloured to lignt yellow.

Many immiscible organic solvents (CHC13, CC14'C6H6’ © HS,CH3,

6 &

C6H4 (CB3)2, CGHIZ and pestroleum ether) were used to extract Ni-oxime

complexes. It was found that CECl3 showed the most visual intense

colour.
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3.3 BAnalytical Chloroform Extraction Spectrometric Studies of

2,5-Dihydroxy Acetophenoxime and 5-Chloro-2-Hydroxy-3-Methyl

Acetophenoxime with Nickel II

In analytical chemistry, the solubilities of metal complex
ytical selectivity of 2,5-dihydroxy

‘ &/methyl acetophenoxime arise
&es with nickel and copper,

from the low solubilia:hﬁ ‘their
| — "
whereas the corre

E————
metals are quite .

be caused by the

are of vital importa'nce. The

he other transition

“water solution. It may
n bonding of the -OH
group in the pla es it relatively
difficult to co-or this can explain its
readily extractabili the corresponding, but

non-planar, cobalt (I “Mn (II) €omplexes, the -OH group are

Determinagon of nic s of impor@zce particularly in the
fields of i ﬁ:ﬁqmgﬁ %‘mﬁro hotometric methods for
nickel have - . ¥Q e, aiethod based on

; : : &

The red nickel- 1 “glyoxime | 12,@ = 366 nm,
max

465-470 nm) is only slightly soluble in chloroform leading to small

sensitivity of the method. 1In the former study of 5-chloro-2-hydroxy-
4-methyl acetophenoxime (pH 8, Amax = 580 nm) gave more selective
results but its sensitivity still was not satisfactory. In this work
2,5-dihydroxy acetophenoxime and S-chloro-2-hydroxy-3-methyl aceto-

phenoxime were examined as spectrometric reagents for determination
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of nickel by chloroform extraction spectrophotometric method.

AEEaratus

Visible spectra were recorded with a UV-240 Shimadzu UV-

Visible Spectrophotometer with 10 mm-matched quartz cells and

',ﬂ/or PH measurements.

pHM 83 Radiometer pH met

Reagents
1) Water e 2 used for all solutions
2) Stock.S 1y £ es.  The solutions of 2, S—dlhydroxy

‘acetophenoxime and \ wyl acetophenoxlme

(1.0 x 1072 F) werefbrép: v/dissolving 0.1672 g and 0.1996 g
i i AN ' oy
respectively in 100 ‘éthonaly { 0 3 F and 0.5 x 10 3}:-‘ of oximes

were prepared by fur r afiw ;7 e ‘ 00 x 10-2 F  solution.

3) sStandard nickel SolutionSks. The 1.00 x 10 > F standard

BRNE JEETY” AT T
ht

solution of Ni -~;'r m.t.,:fgq;:.::.:.ze;_:j ssolving 0.1454 .g of
9 g P ¢
nickel nitrate he dr Lo H oncentrated hydrochloric

acid was also added‘.to prevent hydrolys:.s and the content was diluted

to 50 mL w;ﬂ %%J Q ‘VE' EJ m w ﬁl ’arﬂ %utlon was prepared

by further d ution of the 1,00 x: 10 2 solution .

(or)al.o x 10'”2 F ammonia solution were employed for pH adjustment

of the solutions.
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3.3.1 Visible spectra of the chloroform extracted 2,5-

dihydroxy acetophenoxime and 5-chloro-2-hydroxy-3-methyl acetophenoxime

at various pH

Procedure Twelve 2.0 mL-aliquots of 1.0 x lO_ZF ethanolic

oxime solution were pipetted into a series of 20 mL mixer cylinders

(Lidex) .The pH of the djusted to the desired value

'éitable amount of water were

1.0 - 12.0) by pH a@s
( ) by p )

added. The pH o SR

solutions were

wed by a pH meter. The

pf chlorofrom (
cylinders were pi tons woved back and forth for
20 cycles. Aft i o : _ O layer completely separated,

the chloroform lay : nsfer e % the spectra study et the

wavelength of 400 nm to" chloroform as reference. The

gain of the spectr to 0.1, the slit width
5. |

was 2.0 nm. 3 oy % |

The absomtion pectra of 2,5—dihyﬂoxy acetophenoxime and
5-chloro-2 ‘ﬁ Y, t%’ﬁ i p] various pH are shown
in Fig. 3.avﬂﬂg. ﬁij iﬂpe tiv ﬂ‘ I]wz found that the
ext.:q 91 q\ ﬁ ¢ ﬁvﬂ Wﬁgnt absorption
i QE rE . ﬂe VEQEJ so c:il '

in vi rptions the two oxime were
studied again at the same pH range of the complex formations. The
gain of the speétrometer was set at 0-0.1 with the same slit width.
The absorption spectra of the two oximes at that pH range are shown

in .Fig. 3.32 and Fig. 3.34



- 0100
A

AN TUNNANGIAY

WAVELENGTH
nm

Fig. 3.30.
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3.3.2 Visible spectra of the chloroform extracts of 2,5-

dihydroxy acetophenoxime nickel (II) complex and of 5-chloro-2-

hydroxy-3-methyl acetophenoxime nickel (II) complex at various pH

Procedure Nine 0.5 mL aliquots of 1.0 x lO_ZFnickel (IT)

yk/f 20 mL mixer cylinders

. F ox:.me solution. The pH

solution were pipetted i
of
of the solutions wer ) to the ired pH (5.5t09.5 with the
interval of 0.5) l ution. Suitable amount
of water was ad & P of )e solution was measured by a pH
meter. The pH pr - v ‘- deionized water into
the solution which : “ 1% e to 10 mL. The solutions

were left to stand 9id- o 10 minutes to complete the complex

formation. The green /prégipite. ctedwith exact 10.0 mL of

similar manner as E fm\ae spectrophotometer was set

at 0-0.1, and the Silt width was 2 0 nm. The absorption spectra of

Ni (ID)-2 sﬁ%y‘% %E\%ms w%}’]aﬁfg (I1)~5-chlors-2-

hydroxy—B-me y1l acetophenoxime are shown in Fig. l and Fig. 3.33

reSPeQ W38k 14 '}%Elr’}@%llank os i

Fig 3. 32 and Fig. 3.34.
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3.3.3 Chloroform extraction spectrophotometric determination

of nickel using 5-chloro-2-hydroxy-3-methyl acetophenoxime as spectro-

metric reagents.

AEEratUS

The absorptions were measured with a Hitachi model 220 A spectro-
photometer and a Shimadzu UV-240 recording spectrophotometer in a 10-mm

quartz cell.

extraction system wer

Reagents

in the case of an;ﬁ’:
|

the case of catlons. The further dllutions of these solutions were

“““"”“"'“ﬂ"fiﬂ’MEJW‘ﬁWEJ’]ﬂ‘i

Proc ure The optimal condltlo ‘of the c roform extraction
spect@.pmaaaaaeﬁm WA NY ’}@oﬂ—z-hydroxy-s-
methyl acetophenoxlme as c0mplex1ng reagent were studied. They were
carefullystudied and established in order to obtain the highest
sensitivity of the method. The experimental variables of the condition
were carried out in the order of selected wavelenght, suitable pH,
optimal amount of oxime added, sequence of reagent addition, waiting

time, shaking time and standing time.
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Selected Wavelength As shown in Fig. 3.33, the green complex

of Ni and 5-chloro-2-hydroxy-3-methyl acetophenoxime displayed the
absoption band with the highest sensitive wavelenght of 607.0 nm at
PH range 6.0 - 9.5. Since the absorbance of the reagent blank at

the same pH range were nearly kept on the base line. In this work,

’W)fore carried out at wavelenght
L

—
? e complex formation and

! \ \\ nplex solutions were

the absorption measurement

607.0 nm.

extraction were

prepared in the xperiment. They were

O oloroform. The obsorbances of
the chloroform lay Sasu '- 1t 6 nm against the reagent

‘ lfable 3.25 and the coures-

maximum and constant absorbances

were obtained in a range: o #2 ' Therefore, a pH of 8.0 was

)

s
ﬂ‘IJEJ’J‘VIEJVlﬁWEJ’lﬂ‘i
amaﬂmm um'mma e



Table 3.25

PH Absorbance at 607'.0 nm.

5.5 0.011

6.0 0.037
6.5 0.063
7.0 0.071

0.076
.0.077
0.077
0.075

. 0.073

72
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Optimal Amount of Added Oxime The effect of the concentration

of the added oxime was examined by adding various valume of 1.0 x 10-2F
(or 1.0 x 10-3F if required) from 0.25 - 2.0 mi. A series of solutions
containing 2.50 x 10-'6 mole (0.14 mg) of Ni (II) were added with various

amount of the oxime solution. The pH of each solution was adjusted to

8.0 + 0.5 by addition of solution(s). The precipitate in

the aqueous solution rnl of chloroform. The

absorbance of each s $ m e 607.0 nm against the reagent
blank using 10 mmy 14, \r - = ppearingin Fig.3.36 shows
the plot of abso 7 '.: 1 N & t the added amount of the

reagent. The maxi " A:ﬁ;«—=; rbances were obtained above

0.5 mL of the oxim  ;; “.v%F‘   -rbance of the solution

did not increase 6n - olume of the oxime solution,
2.0 mL of 1.0 x 10-2F ion was adopted throughout

this experiment.

] 0-52 10 15 20
ML OF 1.0x10"F OXIME SOLUTION ADDED

Eig, - 3936



reagent addition of all solutions used in the Ni-Oxime complex forma-

tion was studied.

Sequence of Reagent Addition The effect of sequence of

It is shown in Table 3.26 that the absorbance

ie constant in any sequency of addition. The subsequent

experiments were performed in accordance with the chosen sequence

No 1 Or No 5

AR e S99 )

lutlng water.

No. Absorbance at
607.0 nm
1. | metal, oxime, 0.040
water.
2. | metal, pH adju 0.038
water.
3. | metal, water, pH ad 0.038
diluting
4. | oxime, pH adjust QiT4 ing 0.040
| : . i
J — U
water. ¥
é °"“‘“‘*ﬁﬁ%‘i‘l‘ffﬂ‘§‘ﬂ“ﬁ’1‘ﬂ"‘§“
water.
g 0.041
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Waiting Time. The effect of waiting time for the complete

complex formation of Ni (II) with the oxime was examined. The waiting
time after vigorus stirring of the contents was obtained by measuring
the absorbances of a series of the chloroform extracted complex solutions

prepared in the same manner as previous experiment after the specified

period of waiting. Result : é”jrlTable 3.27 shows that the
absorbance remained w. more than 5 minutes. For
the subsequent exp erefore chosen for

maximum complex £

ANININUNMINIAY

1 day 0.042
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Shaking Time The effect of shaking time on extraction of the

complex with the immiscible chloroform was studied. The effective

20 mL Lidex solvent extraction system was used. To obtain the ultimate
surface contact of two liquids, it is claimed that only one cycle of
piston movement is equal to shaking in a separatory funnel 40 times.

The optimum numbers of shaki e were determined . It is shown in

Table 3.28 and Fig. 3.37. d maximum absorbances were

obtained above 10 cycle: pract a@les of shaking process

was employed throu S

220 \
Numbers of Ii N4 AN (at N\ = 670 nm)
Wos Y\
0 * A

0:012

0.028

0.034
=4 0.038

0.038

0.039

ﬂ’ﬂﬂ’mﬁl TN e

0. 040

QW’]@\‘lﬂ‘iﬂJ BIANYIRY

0.041
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The recovery of Ni in the extraction process was determined by
testing the amount of Ni (II) left in aqueous solution after being
extracted into chloroform layer in the form of Ni-oxime complex. The
left Ni (II) amount was compared with that of initial concentration
of Ni (II) before extraction. This was determined by the method of

'ﬁ Shimadzu model AA 650 Atomic

v/v ethanol-water 0.1-15.0 ppm

atomic absorption spectro
Absorption Spectromete
Ni (II) solutions wr " ratJ.on curve. A series of
aqueous layers of . gentration of Ni (II)

u ons were added with the

\Q omplex formation, and then

The absorbances of these

(2-40.0 ppm) was

excess amount of

The concentration of Ni (II)
mined by the calibration method.

The result is Bhown in T f, 29 givi g the reeovery in the range

Initial ﬂ%&i—!ﬂtﬂ TW % Recovery
QLA IUURAN 1A Y s - o
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Fig. 3.38

1
60

TIME (HOUR)

=
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Standing Time Standing time after shaking process was also
studiedﬂbjyerset aside for a certain period of time, the chloroform
layer was gradually separated from the aqueous one. The measurement
of the absorbance should be performed after the complete separation

of the two layers to avoid the light scattering from any immiscible

droplets causing the desr ittance. The absorbance of

the chloroform extrac

at a specific time in A ishi the shaking process.
Results are shown i ! ,‘\H;‘ he obtained result

indicates that ap

were measured periodically

aquired for complete

separation and the bance for at least

24 hours.
Period Absorbance
(at 607.0 nm)
5 mins . 108 0.042
10 mins 04993 60 mins 0.041
% =t : =3
s wos (| WBINUNTNYULT oo
i ,
20 mins 0.062 ¢ £3 hours | @/ 0.039
AW TANDUNRTIIVIEINE
25 qi- A ) ™~ T ours | 0.039
30 mins 0.049 18 hours 0.038
35 mins 0.045 20 hours 0.039
40 mins 0.043 24 hours 0.040
45 mins 0.041
50 mins 0.043
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Calibration Curve The calibration curve of the Ni (II)-5-

chloro-2-hydroxy-3-methyl acitophenoxime complex was obtained by
standard procedure. 0-4.0 mL of 100 ppm (1.7 x 10-3F) standard solution
of Ni (II)prepared from the 10 fold dilution of standard 1000 ppm

Ni (II) (for ARS, BDH) were pipetted into a series of 20 mL mixer

cylinders, containing 2.0 ) 0 x 10 F oxime solution.
The pH of the solution - 0 + 0.5 by using a pH
adjusting solution. atex was added. The pH of
the solution was ‘The pH probe was washed
throughly with wa s then made to the final
volume of 10 mL.

precipitate was ex h- € "‘” t of chloroform (10.0 mL)

The obtained resulm ad Fig. 3.39. The calibra-

tion curve is llnear 1n a range of 0-20 ppm of Ni (II). The molar

oo G AT 2 e

was equlvale to the spec1f%F absorpt1v1ty of 2.73 x 10 mL g =1

s o AGERFOAI BN N oo
ducibi;lty~of the method was investigated by the mean absorbance for

ten measurements at 12.0 ppm of Ni (II) was 0.040, the relative standard

diviation being 2.5 % ( =+ 0.001)



Calibration curve of Ni -5-chloro-2-hydroxy-3-methyl aceto-—
phenoxime complex. (0-40 rpm)
.24 .
Reagent. - 0.2 mL - 4.0 mL of 100 ppm Ni Std solution

- 2.0 mL of the reagent (2.0 x lO—5 mole)

mL of the Ni2+ Absorbance
100 ppm.
0.0 0.0002
0.2 0.0072
0.4 0.0132
0.6 0.0205
0.8 0.0276
1.0 0.0352
Yid 0.0415
1.4 , 0.0509
1.6 e e e ) 0.0587
1.8 b B 0.0646
2.0 ‘ 0.0716
2.2 ¢ 0.0747
AU INEATNY N
2.6 4 0.0798
YR 18) LokE;
W 3ai i Ing 4
3.2 32 0.0830
3.4 ‘ 34 0.0841
3.6 36 - 0.0848
3.8 38 0.0856
4.0 30 ~ 0.0853
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Fig. 3.39

0.100 | B

0.080

4 0.060

0.020

IR 3 a - 25 30 3s 40
f ,‘l RATION 3:1‘ -:;k

s )

..i# ek L

n of Ni (II) above 25 ppm, the

It was found that at

green chloroform . laye some insoluble matters were

observed. The ‘},-

hloroform were obtained by

masuring the filt@te usx ' atman pa@r No. 41). The solubility

of the complex was daleulated at this concentration of Ni to be

oo o A UB INENINEINT

¢
Q affeet of E€oexisting T)iT??I ;-j;ﬁiring ions was
examinqi at 12.0 ppht of Ni concentration. ionic salts and EDTA

were individually present in various amount by adding their previously

prepared 0.10 F, 1.0 x 10-2F, ot 1.0 X% 10-3F solutions for the molar
ratio of the ions to Ni (II) being 200:1, 100:1, 50:1, 20:1, 10:1 and
1:1. The absorbances of the solutions were measured at 607.0 nm against

a reagent blank using 1.0 cm quartz cells. Results are shown in Table

3.32. The absorbance of Ni alone(12.0 ppm)was 0.0400.
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Table 3.32
PrARGUS Absorbance at 607 nm of Ni (II) : salt
salts.
1:1 1:10 1:20 1:50 1:100 1:200
Ni alone 0.0400 0.0400 0.0400 0.0400 0.0400 0.0400
EDTA 0.0042 0.0043 0.0043 0.0041 0.0043 0.0049
NaCl 0.0418 . 0400 0.0392 0.0409 0.0406
NH4C1 1 0.0396 0.0410 0.0416
MgCl2 0.0400 0.0406
SrClz 0.0386 0.0392 0.0282
CoCl2 .1848 0.1832 0.1857
CuCl2 0.0060 0.0057 0.0063
znCl, 0.0118 - =
MnCl2 0.0373 0.0395 0.4127
Fe (1‘103),3 - " -
AgNO, 0.0412 0.0375 0.0256
Ba (NO,) , w0, 0.0379  0.0365
Pb (N03)2 --------- . .0373 0.0402 0.0391
1( SO 0.. 0. 000 ; 0.0407 'ﬂ).0410 0.0415 0.0387
AlK(SO, )ﬂ uﬁma wﬁij f] 6 - 0.0072 0.0084
K2C03 0.0394 0391 E t]j 0.0383 0.0340
“o W EN’ﬂ ‘im“l’lm?ﬂ EJ“TE% EI““
K,C0, 0.0162 0.0133 0.0038 0.0018
K2HPO4 0.0381 0.0390 0.0382 0.0387 0.0374 0.0360
NaOOCCH3 0.0413 0.0412 0.0397 0.0404 0.0421 0.0392
Na2N004 0.0399 0.0390 0.0379 0.0359 0.0316 0.0232
Na2w04 0.0410 0.0393 0.0365 0.0347 0.0288 0.0266
NH Br 0.0420 0.0395 0.0377 0.0313 0.0242 0.0221

4




84

Remark Cu (II) showed coprecipitate with the reagent at this
PH. The buff coloured precipitate could be extracted into chloroform
and stayed as colloidal matter. The absorbances of the chloroform extracts

were obtained by measuring the filtrates (using Whatmen paper No. 41),

It can be concluded re

\\::\xn

le 3.32 based on the diviation

+ 5.0 % from Ni (II) alog Table 3.33.

Cations Tolerable amount
olds of Ni-(11) )
+

mat, ¥, 200
Pb2+
L g 100
Ag+l Ba2+ y - 50
- v Mob4, W04, Br 10
1

zn?", e’ ] b N EJ*’Tﬂ—ﬁ 1
o VARG e D (T
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Determination of Ni (II) in the Presence of Cu (II) by Using

5-Chloro-2-Hydroxy-3-Methyl Acetophenoxime as Complexometric Reagent

As described previously, Cu (II) as the coexisting ions usually present
in many Ni-determined samples can interfere seriously in the chloroform

extraction spectrophotometric determination of Ni by using 5-chloro-2-

hydroxy-3-methyl acetopheno l ce Cu (II) forms buff coloured

complex with the oxime

into chloroform, th?ic

be measured. As sho

rec:Lp:Ltate and is also extracted

e'! of“ﬂeterm.ned solution can not

, Nbviously seen that Cu (II)

‘the oxime with K. (complex forma-

N
Nﬁ Ni-Oxime. The chloro-

form extracted Cu-o ! B Were A form of low soluble colloidal
y b 1

and Ni (II) competi

tion constant) of

Fortunately, the coexisting

Cu (II) could be elimi eﬂyk ! scipition with the excess oxime

at the pH higher than 4 a — g.out the precipitate. After that,
a-" - =

the solution was:{djusm b P ié:éting Ni-Oxime complex

thout interference form

Cu (II): On this xper:l.ment, the aqueous mﬂture of 1:1°Cu (II) and

s ot WAL ﬂﬁjﬁmﬂfamm’
BRI T NN INYIND

l) Stock 1.0 x 10 F solution of 5-chloro-2-hydroxy-3-methyl
acetophenoxime (as described previously)

2) Standard 100 ppm Ni (II) solution prepared from 10 fold
dilution of standard 1000 ppm (1.70 x 10_3'F) Ni (II) solution (for

AAS, BDH)

&



=
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3) Standard 100 ppm. Cu (II) solution prepared from 10 fold
dilution of standard 1000 ppm (1.57 x 10—3F) Cu (II) solution (for
AAS, BDH)

4) pH adjusting solutions (as described previously)

1”” (1:02 % 10~ ® mole) and a

o & le) were pipetted into a
— / 2

50 mI beaker contaw QF oxime solution

(5.0 % 10> mole)/ ' NS adjusted to 4.0 (+ 0.5)

with the suitable a

Procedure :

6.0 mL of 100 ppm Cu ¢

measured by a pH m PH P hed throughly with water
into the solution. ) e of Cu-oxime complex was
formed in the vigorousl mﬂeﬂf After standing for a peroid
of 15 minutes to com etée- k n, the precipitate was filtered
with Whatman paper No, 41": - rouchly with water. The filtrate

was quantitativghrvw”;_., rred ' olumetric flask. Small

2.0 mL of :ﬂyuﬂ a?;ﬂzjﬁqs?ﬁnﬂzjﬂs?he content was adjusted

to 8.0 (+ by using the pH adju ution. Sultable amount of

RN I AT

The pHfprobe was washed throughly with water into the solution which
was then made the volume to 10 mL. The solut':i.on was left to stand for
10 minutes. The green precipitate of Ni-oxime complex was extracted
into 10.0 mL of chloroform (by the condition of 20 cycled shaking and

1 hour standing). The absorbance of the chloroform was measured at

607.0 nm against the reagent blank. Mean absorbance for ten measurements
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at this concentration of Ni (II) (12.0 ppm) was 0.0393, the relative

‘standard diviation being 3.5 % ( + 0.0014) The result was very
close to the absorbance of 0.0400 + 0.0010 belonging to the previous

study.

éaplication of the the Determination of Ni in Ni-

" ‘-‘_
b,

Cu Alloy The usefulne%

tion of Ni in Ni-Cu aﬁ‘he '-jxaom of the dry alloy (in

/ '\U‘-L{the 1:1 concentrated

this case 1.0191 g) w
o, 4 ' _
mixture contained i cex . %ll the alloy dissolved

s applied to the determina-

nitric acid (65 %

in the acid solution ‘ qua " ively transferred into a 250 mL
volumetric flask and made up to he mark with water. The freshly prepared
~solution (0.05 mL) d intko a 50 mL beaker. The Cu (II)

amount (5.0 mL) p‘hl 0x lﬁ T3 » 7 Cu-oxime complex at

pH 4. The J.nsol’

D

tively collected a'l made up to the volume of 25 mL in a 25 mL volumetric

flask. A 3. lﬁgwrjwt] mﬂtﬁ 20 mL mixer cylinder
oxlme solut

containing 2 ion. The Ni-oxime complex
S RN Tﬁm iR .
The detdil of the experiment was the same as the previous one. he
absorbance of the chloroform layer was measured at 607 mm against the
reagent blank. Mean absorbance for 10 measurements was 0.0443, the
relative standard diviation being 0.36 % ( = + 0.00016). The concen-
tration of the measured solution was obtained by using calibration

curve (Fig.3.39) being 12.4 ppm. The Ni content (% w/w) of this alloy
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obtained from this experiment was calculated to be 30.42 % compared
with 30.85 % of the true value. The relative error of the method

was 1.39 %

3.3.4 Determination of EmRirical Formula of the Ni-oxime

Complex
3.3.4.1 thg "Analysis. The green silky
needle of Ni-5-chloxg methyl & etophenoxime complex was

S aade. standard Ni (II) and

\‘\ jpetted into a 250 mL

beaker. This pox fou wa: with water to 40mLapprox1mate1y.

prepared as follgcs

10.0 mL of 1.0 3

The pH of the soluf] . pE 8 (+ 0.5) by using the

pH adjusting solu olution was measured by the pH meter.

meter. Then the so 50 mL. The green precipitate

appeareéd and was fi.l ‘ SLx y papérs No. 41. It was

washed with cod ' mL and finally washed with

Y
een paste on the filter

{

paper was dried :u?a desiccator and was recrystallized in chloroform.

The crystﬂ % Ha{azw 8%%%1%%:1 by elemental

analyzer. he results are ‘shown in 'I‘able 3.34 in comparlsn.on with

RN I SHASRHEGE

another portion y
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Table 3.34
% Composition (w/w)
%C %$H %N
Calculated 1l:1 metal-ligand 41.84 3.87 5.42
ratio
Calculated 1:2 metal-ligs nd 4.40 6.12
ratio
Experimental 5.92+0.01

II) and the oxime mixtures

el . 2
containing various mCle Traciio:

The sum of the concentraticn oi

rom O-1 was prepared.
and the oxime was kept constant

at 1.0 x 10" adjusted to the pH 8.0+0.5

and the complex Wae intc fichloroform. The absor-
bance of each SO].\EOII was measured at 610 z@aga:uxs!t pure chloroform
using 1.0 cm plot is shown in Fig. 3.40.

s R
PMIAINTUNMINYIAY
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0.100 [ T T T T )

0.080 |- 4

3.3.4.3

A series _, 7 e taining' equal concentration
of the metal fi: ";,"'—“—‘-*—"——“"‘-"h—' different concentration
of oxime (0-2.0 xﬁ) : r,ﬁred. The pH of the solution

was : adjusted to 8. g- + 0.5 and the ethanol—water content in the

solution waﬂ %H q w(%ﬁj wﬂqAﬂo‘ri Each 10 mL solution

was extractea‘] with 10.0 mL ojv chlorofo . The abso@nces of these

BT EPRLE BT ErIp—

us:.‘ng 1 0 cm quartz cells. The obtained result is shown in Fig.3.41
which is the plot of the absorbances against the mole fractions of
Ni (II). The curve showed the deflection at a molar ratio of 1:2

; metal—li’gand complex.
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0.050 |- ey

0.040 |-

ABSORBANCE

0.030 |-

0.020 |-

0.010 |

were prepared for the study

by this method. _On on of excess Ni (II) concentra-

tion fixed at 2 07 : : cas f; e concentration of the
oxime varied (0—5@ x : ther one was in the
condition of excessgfoxime concen jon fixed at 2.0 x 10~ mole/lo mL

whereas theﬂ u&lz%moﬂ%ﬁw&’}ﬂﬁ-s 0 x 107° mole/

he pH of each solution was a usted to 8. + 0.5 and the
ethaa-ﬁtg a ﬂﬂ imu qug %&q a E" % v/v. Each
10 mL solut:.on was extracted with 10.0 mL of chloroform. The absor-
bances of these chloroform extracts were measured at 607.0 nm against
pure chloroform using 1.0 cm. quartz cells. The obtained result is
shown in Fig. 3.42 which is the plot of the absorbances against the
added mL of the 0.5 x 10"%F of oxime solution or Ni (II) solution.
The ratio of the slope A/slope B was 2.063. It shows that 1:2 metal-

ligand ratio complex is formed.



Augineningins
PRIANTUIMININY
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3.4 Determination of Fe (III) by the Method of Direct EDTA Titration

Using 5-Chloro-2-Hydroxy-3-Methyl Acetophenoxime as Indicator

It has been observed that 5-chloro-2-hydroxy-3-methyl aceto-
phenoxime forms dark brown coloured complex with Fe (III) ion in 20 s
v/v ethanol-water solution at 3-5 which is discharged by the
addition of EDTA. :Lndlca% i %
indicator in complex&degrm gf Fe (XEI1). . In the
subsequent exPernn(.i %&atlon for Fe (III) is

eagent may be used as a meta]

investigated.

Reagents

1) .10 F of Fe (III)
solution was prepared by .‘ of dry Fe (N03)3. 9 Hzo
(Analar, Merck) in 100 0 m,é-__ B 'revent hydrolysis and moulg
growth, this solut:l.on uag,éﬂﬁap ept in nitric acid(approximately
1 % v/v of coné e rerck)) This solution
was kept in polyeiﬁy le. 0.0 an_J! 01 F of Fe (III)

solutions were also #)repared (if 1red) by further dilution of the

N T (I E .

secondary standard EDTA solution at pH S, using Erioghrome black T as

was A TANTIIEU ANWIVE1R E

2) Standard Solutions of EDTA 0.10 F of EDTA solution was

prepared by dissolving 37.22 g of ethylenediamine tetraacetic acid
disodium salt (dried in an oven at 80°C for at least 24 hours) in
1000 mL of water. The solution was kept in polyethylene bottle .

This solution was standardized with primary standard calcium carbonate

solution. 0.05 F and 0.01 F of EDTA solutions were prepared by further



dilution with water.

Standardization of the EDTA Solution with Primary Standard

CaCo, Solution 2.5031 g of dry calcium carbonate (Analar, BDH) was

dissolved in a smallest portion of 1.0 F hydrochloric acid and was

etric flask with water. The con-

‘)was 0.10 F. 10 mL of the

m]!JEer lask. Ammonia ammonium

made up to the mark of 250 m
centration of the calci
Ca (II) was placed

chloride buffer W

to pH 10. A pH me

'us:. the pH of the solution
. PH measurement. A few

drops of Eriochrom ion were added. This

3) i TSk } *?”', % w/v of the indicator solution
was prepared by di 11ors-2-hydroxy-3-methyl

acetophenoxime

Acetathuffer Solut:. for pH 4 Adjustment The solution

SR TYT 1 YT T -

BDH) and 13.7 g of sodium acetate tr:Lh rate in delguzed water and

v QR S0 ;ﬁﬂ%mglmf

solutJ.on were reun.red ¢ 1% 10 mole of CH3000 ). This amount of

acetate ion was tested causing no change in colour. Other PH 4
adjustment solution were also tested to be valid for this PH control:
Clark and Lubs buffer mixture (0.40 mL of 0.1 F NaOH + 50 mL of 0.2 P
KHCSH 4O4 diluted to 100 mL of deionized water) or 0.5 F hydrochloric

acid.



[

95

Procedure

Practically the following considerations are applied in the

following complexometric tetrations.

1) Adjustment of pH Stability of the complex is dependent

#ynetal-reagent complex and metal-

;’ plex, the suitable pH of
—i‘ \J e —

upon the pH of the solut‘: on f
EDTA complex. For :
the solution should st intense colour of the
solution. Since ist at low pH while most
of the divalent terferences form some
divalent metal io ity of the colour of
the solution, pH of t ‘ romised. The pH 4 was
shosen and was limi To achieve these, a pH

meter was recommended!

Conce n of the Metal Ion to be Titrated This titra-

2)

tion was carrie'
0.56 mg) of Fe co: 40 @ of solution in a 250 mL
Erlenmeyer flask. {@Itewas tested that 40 mL of the solution in 250 mL

o th contfindd b Bl ) Y HLERLD) G commren s

(us:mg net:.c stirrer) with no solutidn strewing &nd colour dilution

e WTANTIIEM URI1ING1a Y

3) Amount of the Indicator Many portions of Fe (III) ion and

the indicator were tested for satisfactory colour in the volume of 40 mL
of aqueous solution at pH 4.0 + 0.5. The obtained result is shown in
Table 3.35, The satisfactory amount of the indicator was at least

1.0% 18 " doie



f\
Table 3.35
=3 -
1.0x10 54+ 0x10
1.0x10-3 very very
dark
5.0x10"%|" very e
dark dark
‘% 1.0x10_4 dark dark
g brown brown
=]
-
5.0x10—5 dark dark
(0]
_ﬁ brown brown
5
9 e Bl
ﬁ brown
8
ﬁl 5.0x10-6 brownish llghf
g orange
-6
1.0x10 orange

ii"r of Fe (in mole)

5.0x107° |1, 0x107° | 5.0%1077 | 1.0x207
brownish |colour- colour- | colour-
yellow less less less
brownish [colour- colour- | colour-
yellow less less less
brownish |colour- colour- | colour-
yellow | less less less
brownish [colour- colour- | colour-
yellow | less less less
rbrownish colour- colour- | colour-
yellow | less less less
brownish |colour- colour- | colour-
I=¥.ellow less less less
églour- colour- colour- | colour-
less less less

lav=f]

96
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4) Concentration of the EDTA Solution as Titrant EDTA forms

1:1 complex with Fe (III) at pH 4. It is therefore 1.0 x 10--3 to

-6
1.0 x 10 ~ mole of EDTA should be present in a suitable volume which
was not affected by colour dilution when the solution of Fe (III)-

oxime complex was titrated near the end point. The original volume

(before the titration) was / final volume (at the end

point) should not eve concentration of the
titrant should be 0.0 o)

5) AttainmentsOf the Point In this EDTA titration, the

colour change from dz e neighbourhood of the

end point might be"slg e continuously stirred

(a magnetic stirre as CO : 0 titrations were performed

at the same amount of Feg tistical evaluation. The end

el

point should be observed mere pr:
___:?{%s{;. 7]

undergoes by COlﬁril’g tﬁ 1&?

v when the later titration

e former titration

solution containisy slight S N

6) Methodjor the T:Ltratz.on under tﬂ Described Condition

A certain mﬁ df](il) was pipetted
into a 250 mlqprlenmeyer flask and was d to 30-35 mL with water.

o YR O NV T It e

the acetate buffer solution ; the pH might be checked with a pH meter

as it should lie between 3.5 and 4.5. 1 mL of the 0.2 % indicator
solution was added for colour development. All the content was titra-
ted with secondary standard 0.050 F EDTA solution contained in the
buret until the colour change from dark brown to light yellow.

10 titration was performed for each améunt of Fe (III). The result of

the titrations is shown as Table 3.36 to Table 3.38



' e urlt of StA"EDTA"0:0501 F used for determination of Fe
e

1 19.02| 16.81| 15.56| 13.48| 11.80 ; ; 3.89 | o 1.62| 1.42| 1.21| 1.00| 0.82 | 0.60 | 0.40°

2 18,92| 16.27| 13.91| 13.74 11.76 9s-443.94 | 2. s2+| 1.60| 1.42| 1.20| 1.02| o0.78%| 0.62 | 0.42

3 18.51| 16.86| 14.23| 13.70| 11.524 10. 93 | Y4202 | 1.9 80 | 1.62| 1.41| 1.20| 1.00| 0.82 | 0.61 | 0.41

4 18.10] 16.54| 14.44| 13.62] 11.85 [#8.024" 748: svr 7 .0 ”\ 1% 1.60 | 1.40| 1.244 o0.98| o0.80 | 0.62 | 0.42

‘I“H' 4 1 k
5 18.66| 17.14| 13.86| 13.78| 11.96 4 sjﬁr 4| 1.9 e | 1.60| 1.38| 1.21| 1.00| 0.82 | 0.62 | 0.40
dliaqe
6 19.61| 17.66| 14.68| 13.59| 12.04| 9.96l ﬂgf?.i'z B 41 3 1. 1.62| 1.38| 1.22| 0.99| o0.81 | 0.58*| 0.38
o ™ L
el !

7 18.04| 16.90| 14.40{ 13,72| 11.90| 9 .96 | fscos ] 2.0 79 | 1.60| 1.39| 1.20| 1.02| o0.81 | 0.62 | 0.39

8 18.48| 17.09| 14.68| 13.79| 11.90 £ 1oEi94 ] - 971 1.80 | 1.60| 1.38| 1.20| 1.01| 0.80 | 0.60 | 0.42

9 18.60| 17.10| 15.72| 13.82| 12.02 ,n:W‘;; 02| 1.78 | 1.62| 1.42| 1.22| 1.02| o0.82 | 0.62 | 0.42
10 18.58| 16.84| 15.13] 13.70| 11.89 5.96] 2.784 1.62| 1.39| 1.22| 1.01| 0.82 | 0.60 | 0.42

- [ '
lrange | 12.57| 1.39] 1.86{ 0.34] 0.§ i ' 10.02 0.04| 0.04| 0.04| 0.04 | 0.04 | 0.04
Sl

X 18.65 16.92| 14.66| 13.69| 11.90| £.96 N 1@ 1.61| 1.40] 1.21| 1.00| o0.81 | 0.61] 0.41
std 0.4s| 0.37] o.64| o0.10 o0.09| 0.06| 0.04| 0.02f 0.06| 0.03 | o. o.01| 0.02| 0.01| o0.01| o0.01| 0.01| o.01
diviation

tpun- 12000, 18001 1600 1.40| 1.20] 1.00| 0.80 | 0.60 | 0.40
value

o
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# experimental amoun
£ 53.22| 47.03| 43.54| 37.72| 33.02 | 27.78
2 52.94| 45.52| 38.92| 38.44| 32.90 | 27.95 24
3 51.79| 47.17| 39.81| 38.33| 32.23%4 28.09
4 50.64| 46.28| 40.40| 38.11| 33.16 | 27.76 | 2
5 52.21| 47.96| 38.78| 38.56| 33.46 | 27.76 | 22.
6 54.87| 49.41| 41.07| 38.02| 33.69| 27.87
7 50.47| 47.20| 40.29| 38.39| 33.30| 27.73| 22.
8 51.73| 47.82| 41.07| 38.58| 33.30| 28.04 | 22.33
9 52.04| 47.84| 43.98| 38.67| 33.63| 28.04 | 22.
10 51.99| 47.12| 42.33| 38.33| 33.27| 27.53
®
range | 4.40| 3.89] 5.20/ 0.95/ 0.79
X | s2.19| 47.34| 41.02| 38.32| 33.30 27.86
std 1.27| 1.04| 1.78] 0.29] 0.26
diviation
true | 55.85| 50.26| 44.68| 39.09] 33. 27,9
value u
absolutJ 3.66| 2.92] 3.66| 0.77| 0.2l
error q W f] @ L
Relativel 6.55 5.81] 8.19 1.qq 0.63| 0.22
error

3.97 | 3.39| 2.80 | 2.29 | 1.68 | 1.12
3.97 | 3.36 | 2.85 | 2.18%| 1.73 | 1.18
3.95| 3.36|.2.80 | 2.29 | 1.71 | 1.15
3.92 | 3.47% 2.74 | 2.24 | 1.73 | 1.18
3.86 | 3.39| 2.80 | 2.29 | 1.73 | 1.12
3.86 | 3.41| 2.77 | 2.27 | 1.62*| 1.06
3.89 | 3.36| 2.85| 2.27 | 1.73 | 1.09
3.86| 3.36| 2.83 | 2.24 | 1.68 | 1.18
3.97| 3.41| 2.85| 2.27 | 1.73 | 1l.18
3.89| 3.41| 2.83 | 2,27 | 1.68 | 1.18
0.11| 0.05| 0.11| 0.05 | 0.05| 0.12
3.91| 3.38| 2.81| 2.27 | 1.71| 1.14
0.05| 0.02| 0.04| 0.02 | 0.02 | 0.04
301} 3.35] 2.79] 2.23] 1.68 | 1.12
0.00| 0.03| 0.02| 0.04 | 0.03| 0.02
0.0 Oﬂ 0221 14791 179 ], 179

66
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Table 3.38
Determined Amount of Standard Relative Standard
Amount of Fe (mg) Diviation Error ( %) Diviation of
Fe (mg) Obtained from (mg) Added 0.05
Experiment EDTA sclution (mL)
55.85 52.19 6.55 0.45
50.26 47.34 \ ’/}// 5.81 0.37
i Sy
44 .68 41.02 : 8.19 0.64
39.09 1.97 0.10
33.52 0.63 0.0°
27.92 0.22 0.06
22.34 . 0.54 0.04
16.:75 0.60 0.02
11.17 0.54 0.06
5.03 0.40 0,03
4.47 0.89 0.01
3.91 e .oo 0.01
3.35 @ 0.90 0.02
2.79 2.81 0,04 0.72 0.01
s FUHANYNENYNAS | om
1.68 Y Lad 1 : 0.02 B 1 79 0.01
WIS JUBAANBINY | o




It has been observed that the end point of the titration at
high concentration of Fe (III) was very difficult to observe because
of large amount of Fe (III) ion at the equilibrium condition caused
reddish yellow solution at the end point. At very low concentration

of Fe (III) (less than 2.5 mg/4 ) the initial visual colour of

the solution could not be ol o) he efficiency of the titration

, mined amount of Fe against
——
relative error (in | The result of the

titration method W > of 5-30 mg of the

determined Fe (I

RELATIVE ERROR (%)

q axcanmuwuornaunmuom)

Fig. 3.43
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7) Study of Coexisting Ions Effect on the Titration The

Effect of coexisting ions was examined at 11.17 mg/40 mL of Fe (III)
concentration. Sixteen_cations and = twelve anions wer individually present i
-various amount by adding their previously prepared 1.0 F, 0.1 F or

1.0 % 10'-2 F solutions for the molar ratios of the ions to Fe (III)

being 100:1, 50:1, 30:1, q\\‘vj/l :1, 0.1:1 and 0.01:1.
S

Reagents

115 "as described previously)

2. standdrd 8 J/{,IA as described previously)

3. The digaty r : ibed previously)

4. ibed previously)

5. seribed previously)
Procedure

A 2.0 mL of 0. w.?"ﬁéfn;f d solution were placed in a
250 mL ErlenmeyA ~the tested salt solution

was added individﬁih ‘ioﬁ. Then the content was

diluted to 30-35 mL‘w:Lth water. of the solution was adjusted to

v mr e FIIRI 2 9 IR TP morecsin, o o0

of the solut?on was checked by using a H meter as &5. should lie between
2.5 B} BIRIAFR NI BN B

colour development. All the content was titrated with secondary
standard 0.050 F EDTA solution contained in the buret. Any change

that divia;:ed from normal titration were noted. The titrations at

the same ratio of Fe and the salt.were carried out duplicately.

Resulte of the titration that allowed to be at most + 1.5 % deviation

from the true value (employ the 0.050 F EDTA solution in the range of



3.94-4.06 mL)

are treated as no interferences.

These results

summarized and shown in Table 3.39 and Table 3.40

Table 3.39

103

are

Cations

Tquerable amount
(folds of Fe (III))

+
Na®, X', NH) 100
Ba2+, Sr2+, Mg
Ca2+, Al3+
Ag 30
Fe2+ 3
w2t oa®t 0.1
PboT, Za° ', 0o 0.01
‘ =
ype of ﬂlﬁ@i;‘ﬂ HUYNIN Ei’lﬂfém
1. Other olour develo ent‘ N]A( reen) , (blue) Co (red)
AR 1NNt dN)N O%J
2. olqur dlsappearan e Ag , W04,C2
&t 2+
3. Using more amount of Fe2+, N12 o 72 s S Pb2+,.Mn2+,Zn2+,
2+

titrant

Co
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8. Application of the Titration Method for Determination of

Fe in Mineral Samples

8.1 Determination of Fe in Iron Ores Generally, Iron are

contains large content of iron. Iron in the ore was converted to
chloric acid . Amount of insoluble
%red in this titration.

small granular ore ] - \ oC for an hour and kept

Fe (III) after dissolving in hy

matter suchas A1203 and Si

Procedure

;

The exact am®uat oOf

in an dessicator)wa
of concentrated hydrg = “ag Amalar, Merck) by heating on a water

vath (70-80°C) for 2 hbu: M ilade'dp to the mark in a 500 mL volumetric

pipetted into a 250 mL Erlemmeyer £1 and was diluted to 25-30 mL

-

-
et

with deionized wa Y adjusted to 4 by the

addition of 6-10 n. The pH meter was

| : . fl .
used to check pH O;Jthe solution. (between 3.5 and 4.5). 1-2 mL of
f o

: ' i Qf
the 0.2 % lnﬁ:ﬂﬁq?.ﬂ'mng evelopment. All
the content was titrated with secondary standard 0.050 F EDTA solution
¢ - o/
AW TN SUHRATIVIE TRE == ™

titratidns of 3 persons was performed for statistical evaluation and
personal error correction. The results are shown in Table 3.41 to

Table 3.43



s ! ’
| [able 3.41
A) Nimba iron ore ~ i j/ »
Y, F
~ : -
b L of Std EDTA (030ReESE¥so] T e in each titration
weight £ . - £
= Lot
1 2 # 6 47 # 8 # 9 # 10
18t tiome .| 992 | 4.75 ' f NN 4.78 4.72 4.76 4.76
person
2 nd 1.0212 4.80 4.88 4.86 4.88 4.87 4.88
person
g 1.0314 4.92 | 4.68 4.88 5.00 | 4.88 4.90
person

AU INENTNYINS

ARIANIUNM NN

SOT



B) Brazilian iron ore

\“

ore

weight mL of Std EDTZ -"' 1utio " used in each titration
(9) #1 # 2 //l‘\\\\\-.~ # 7 48 9 # 10
~
1l st \
; 1.0045 4.92 4.95 N 4.96 4.88 4.98 4.96 4.92
person [+ ." | \\ ‘
. ! ,& ;‘ J: ‘\‘
2 nd wdC a4 \
1.0138 5.12 4,97 4 L4 .88 5.06 4.88 5.10 5.04 4.94
person _-'_—.—,':
3-xrd
0.9916 4.76 4.88 91 4,79 4,94 4.80 4.86
person ‘

ﬂ‘UEl’J‘VIEW]?WEJﬂﬂ‘S

qma\mmumawmaﬂ

90T
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Table 3.43
Sources Methods % Fe (w/w)
Nimba Iron Ore certified value 66.1
(a) 1=F person's titration 66.20 + 035

66.82 + 0.23

66.58 + 0.51

Brazilian Iron 69.1
ore (b) 68.71 + 0.45
69.09 + 1.29
68.82 + 0.76
Note (a) Nimba Iron Ore » Bureau of Analysed Samples,

LTD, England, 1968
o 1I.
d”‘-, others 0.2 %

0

Fe 66.09

Bra211ﬁ?n Iron Ore (No 17 b), Bureau of Analysed Samples,

5 “ﬂ i#) 9 wﬂmwmm

Fe 6 =1 5102 Q. ﬁ? %, P 0

AR AND AR WA

barite contain” small portion of iron so the larger amount of sample

were recommended for the titration. Insoluble matters such’as S—iO2

and Alzo in large amount should be filtered out to make the accurate

3

volume in any dilution.
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Procedure : The iron content of cement or barite was determined
by weighing out certain amount (10.0 g) of dry powdered sample (dried
in oven at 105°C for an hour and kept in an dessicator) dissolving
in smallest portion of concentrated hydrochloric acid by heating on
a water bath (70—80°C) for 2 hours with temporary vigorously stirring.
The éontent was cooled to re. p 20 mL of water ;»Jere added
with continuous stirri i 4tters (such as SiO_ and

,'. 2

A1203) were filter solut y using Whatman paper No. 42.

The filtrate was 250 mL volumetric flask

and then was made mL of this already pre-

pared solution wa enmeyer flask. The pH of

the content was adj pproxima tely ' by the addition of 10-12 mL

of the acetate buff > lie between 3.5 and 4.5.

1-2 mL of the 0.2 % i dtor-solw was added for colour development.

All the content was ti ry standard 0.050 F EDTA .

solution until ?’”"-"““’ﬁ“f to light yellow.

Each 10 titration 5 4 dﬁox statistical evalua-

tion and personal erfo:r. correctioanhe results are shown in Table 3.44

oo UL TNYNTNY NG
RN IUNRINYINE

&



A) Portland cement

::?P;: used in each titration
g
e g g # 2 47 48 59 # 10
lst
10.0714 6,12 6.09 6.22 6.20 6.18 6.2k
person
nd
2 10.0650 6.04 6.16 . 6.24 6.26 6.14 6.16
person

ﬂﬂﬂ?ﬂ&lﬂi‘wmﬂ‘i
Q‘W'\ﬂ\‘lﬂ‘iﬁﬁﬂﬁ’]’)ﬂ&l'}ﬂﬂ

60T
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B) Siamese barite / .-

sample /ﬁ {5; m tion used in each titration
b o R # 2 //" # 7 48 # 9 # 10
® | N \\
g . '\
L5t . N
10.0422 5416 5.22 - 5.16 5.24 5.20 5.20
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Table 3.
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Sources Methods Fe (w/w)
Portland Certifigated value 1.71

Cement 1.72 + 0.01

(e) 1.72 4+ 0.0}
Siamese 1.42

Barite
1.45 + 0.01
1.44 + 0.01

Note (c) Portland Cement |
=

LTD, England, 988

‘{:,
Fezo3 2. “
W

MgO 2.56 %

3 ;':‘
i¥

22 %, ;

ﬂﬂﬂ?ﬂﬂﬂﬁﬂ81ﬂ5

ARIANN

D), Bureau of Analysed Samples,

Ca0O 62.9 %
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