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CHAPTER III

EXPERIMENTALS, RESULTS AND DISCUSSION

5ele Preparétién, Isolation and Purification ofvthe Dyés.

'3.1.1' Prepdration of ‘the 1,34bi3(1,8édihjdroxy—

3,6-disulfo-2-naphthylazo)benzene:; (m-X Dye) and 1,4-bis-

(1,8~dihydroxy-3,6-disulfo-2-naphthylazo)benzene: (p-X Dye).

The propdsed'structures'of the dyes are as follows

respectiﬁely'a

- OH oH NNOH 0. -
_ N=N@,~=N ' i
liin'iil .4 HD
o SOH™RAHO387 X S04 . %

( M.W.= 842,768 )

HO - OH HO OH ;
g ., 4 H O
H038 : SO;H HO;S NFNS0zH 2

( M.W.= 842,768 ).
Reagents : 3
(1) m- and p- phenylenediamine dihydrochloride,
CgH, (NH,) 5. 2HCL (reagent grade, BDH) 98%
‘_(2).Chromotropic acid sodium salt,*C10H6O8SQNag
(reagent grade, BDH)
(3) Sodium nitrite (Analar, BDH)
(4) Hydrochloric acid (Analar) density 1.18 g/ml

(5) Sodium hydroxide (Analar, BDH)
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. Proecedure: + ° ' . ; ‘ N el J

Hydrochloric acid 20.5 ml' (d=1. 18 g/ml) was ;

poured on ice (100 g) and the whole was codled in a

|
f

freezing mixture, to this was added a‘cold solution of

sodium nitrite (3.75 g in 12.5 ml of water).

|
i

A previously prepared solution of m-phenylenedi-
amine dihydrochloride for the synthesis m-X Dye (3.8 g
of amine acj%dii“ied with 2.5 ml hydrochloric acid) was
immediately poured into the sblution of nitrous acid. A
yellow solution of the tetrazonium compoﬁnd was produced

instantaneously.

14, 5 g of chromotroplc acid (dlsodlum salt) were

dlssolved 1n 5 g of sodlum hydrox1de in 50 ml of water.
‘After cooling to‘-S C in a ffeezing.mi#tﬁpe, this‘solution
‘was’added, with constant stirring at'aﬁoﬁt:SZml.a fimef
the éolution of-fhe tefrazoniuﬁ.salt;  A'déep‘red‘dye was
obtained immediately. The soiution ﬁas:_contihuoﬁsiy.
stir#ed iﬁ theffreezing mixture for about 30 minutes, and
the appropriaté'amount of sodium hYdroxide'solﬁtion was

' then added to adjust the pH of the solution to 9 (observed

. by a.pH-méter).

The whole was evaporated to dryness on a steam:

‘ : : : : ' o :
bath. Subsequently the product was dried at 60 C for 24
‘hours in an oven., The crude m-X Dye was kept an a dark

bottle for further isolation and purification.

i



For the preparation of, p-X dje,'the.détailed
experimental procedufe was exactly the same as of m-X dye
., except p—phehylenediamine dihydrochloride was used in

place of m-phenylenediamine dihydrochloride,

3.1.2 Isolation and Purificatioh of m-X and p=-X
Dyes

Some impurities due to the excess of starting
materials and the derivatives of dyes caused by the
side reaction were expected to present in the crude dyes.

T -1y consequently necessary thatfthe following isolatién

.énd purification of dyes to be carried out,.

About 2.0 g of crude 'dye was dlssolved in 20 ml
of 1 F NaOH .and cooled in an ice bath then gradually‘
pour 'into 30 ml conc. hydrochlorlc a01d W1th Qonstant
stlrrlng (by us1ng a magnetlc stlrrer) and stqred in the
Vrefrlgerator-overnlght The prec1p1tate was separated
:by centrlfugatlon and finally rlnsed w1th cold 6 F
- hydrochlorlc acid. The residue was dr;ed at 60° C in an
 oVen for 24 hours. The procedure was récycled and repgated
for three times. The puhity of the dye'ohtained was
checked by applylng a method of paper chromatography with
sultable solvent systems, Detalleq experiment and result

are described in the following section.

3.1.3 Paper Chromatogfaphz,of Dyes

In the paper chromatogfaphy offdyg, géﬁerally; .

partition chromatography is applied (239 . . The experiments

1
‘
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are a"suitable-chromatography-papqr,-a sdlvent system
and apparatus for developing the chromatagram. Sramek’s
study (24).on‘thé selection of solvent‘sysﬁgmstor.the
partition paper chromatography of water‘ﬁoluble dyes gavev
the foilowing concluéions; Firstiy, the[s§1ven£ system
must élways'éontain water and a further cq;ponEnt enabiing
" : - ‘ |

the fbrmation:of-hydrogen bonds. Sepondiy, the{solvent
Systemslcoﬁtéining aliphatic, aromatic, hy&rogenated,
hitrated, chlorinatedg or terpene hydrocafﬁons as # mobile
.phase'aré nét suitable for the chromatoéraphy of dyese.
Thirdly, suitable conditions for the chromatography are
obtained with solvent systems containing aléohols, glycols,
and-. ethers (substances containing functioﬂél OH groups)
as g‘mobile phase. Especially suitable‘MObile phases are
primary alcohols, in which cohesion of hﬁdrogen bonds are
Chafacterizéd. Finally, in‘one;componeqt équebus solvent
systéms, the'abéorpfion effect is most;importané. |

In this research work,'various COmposi%ion'of‘;
mixed solvent sysfems were inVesfigatéd?by‘fhe ascending

paper chromatbgréphy in order to detefmine'the'optimal

condition for séparating the pure dye from its impurity.

The various composition of mixed solvent systems were
5 : ]
shown in Table 3.1.
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Table 3.1 The various composition of mixed solvent systems

that used for determining m-X and p-X dyes.

system Solvent CémpoSition Ref,
no. :
1 water : J -
_2 methanol =
3 ethanol -
L acetonei- : - |
.5 * |lammonia solution 1% (v)‘ | = 25,26
I6 sodiumchloride 2;5% (w/v) o ‘ 25,261
7  |sodiumchloride 2% (w/v) in ethén&; p5',26]
50% | { - '
8 isobutanol eéhanol water 1;2:1, 5:3;2"25,26
9 ' ln-butanol:glacial acetic adlid: | | | |
water ' 20:5:1 5, 26|
10 isobutanél:ethanol:water S 2 | '
' |land added 1 cc. of ammonia |
- |solution(sp.gr.0.91) in the mixed ‘
|solvent 99 cc. ' 25,26
11 phenol. : water 80:20  (w) 25?26
12 . 2-butahone;acetonefwater:ammonia‘ 350:150:150:1R5,26
| solution : | '
13 |2-butanone:acetone:water: . T3S 25,26i
14 ethylécefate:pyridine:water 11:5:4 .25,26v
15  |trisodiumcitrate 2% (w/v) in ' ;
ammonia solution 5% ‘ ’ £ ‘27
16 water:hydrochloric'acid(sp.gr‘1.18;:“30:6.5 25,26f




Tablé 3.1  cont.

‘|system o Solvent ' Compositibn | Ref
Nno, ' ‘ ' ~

1 by pyridine:isopentanol:25%

ammonia solution ' < 1.3:1:1 ‘ 28
18 | n-butanol:pyridine:water D.52121 ' o8
19 |water:ammonia solution:n-butanol | '25:2:2 | |

3

Solveﬂt'systems of No.5—18'éré-th%lgeneral
standard systgms recommonded fgr the'ﬁape? éhromatégraphic
identification of food and synthetic dyestuffs (25428).
Tﬁe system dleo.19 is developed iﬁ this worke,

Ascending paper chromatographic experiments of
m-X and p-X dyes using all nineteen developing solvent

systems as described in the above table were carried out

in order to find:the optimal system which gave well

|

1

separation and good chromatograms,

A few milligrams of the dyesvwefb dissolved in a

small amount of the mixed solvent system. A Whatman number 1

Ifilter paper (15x23 cm) was spotted.Withtg'smqll amount of
the dye of the distance of 2 cm. from ﬁhe;bottom and tﬁen

dried in air. The paper was féldéd in é|¢y1indri¢ai‘
shape and subsequently immersed info an entlosed éonfainer
whichTWas_contained about 2 cm. Height of ea¢h|miied
solvent, Thefdeveloping solvent waé allowed to ascend to

. ¢ o A : | ,
‘a premarked line on the paper (10 cm above the starting

'
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point). Chromatogram was developed and,completedbinvabbut
a half an hour at room temperature, The paper was:then

! ' [

removed from the chamber and was dried in air.
n ‘ ~ |

i wés.found that the solvent sjstem of No.i9 and
‘No.8 appeared to be most suitable for m-X and p-X' dye

respectively,

After the third recrystallization of the dyes
the paper chrématbgram Qf m-X dye‘showed that the dye
“sample consisted of the major component had a purity more
than 90% and an average R value is.O.SOL For ﬁ-X dye,

i

.iﬁ showed one component with a purity of| above 90% and

had- an averageva value of 0,61.

3.2 Infrared Spectroscopy Qf'éynthetic_ﬂyeS‘

Infrared . spectrum -can in theofy be rigorouslyl

analyZed on-thé basis of fﬁndamental prindiples. It éan

i

‘ , ; j R
also be interpreted empirically using 'so-called

Mfunctional group frequencies" and the most characteristic

physical property of a compound, serving as a "fingerprint",

Infrared spectroscopy can be enormously useful in

the analysis of dyes (29).

(1) Pendant groups, of crouse, can be detected via
the usual correlations, due consideration being given to
intensities and the possibilities of overlapping.

1

(2) ‘Groups involved in the chromophore can often

be detected, 'although the usual correlatibns must be
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applied with caution and frequency shifts must be expected.

i

(3) Pattérn reconition remains a most valuable tool,

since the dye may thereby be identified exaetly; or a

similar spectrum; which may establish at,least a partial

i
i

structure, may be found,

The spectural eomplexity of_the dye usually‘reSults
in a fairly crowded spectrum.' Overlapp;ng may conceals
" bands otherw1se readlly recognlzable, let out weak but
ordlnarlly usuable confirmatory bands or'upset familiar
infeneity.relafionship. Flnally,.the functlonal group
.correlatlons are not always readlly applled to structures
in which the chremophore interacts strongly Qifh substituent.
 groups.‘ The systems are often spatia11§'cempact, with
functional groups so oriented that bonddng or tautomerism

seem inevilable,

Insfruments

The infrared spectra of m—X and p X dyes were
‘recorded on Shlmadzu Infrared Spectrometer double beam

record;ng spectrophotometer.A : e

Sample Preparation % S G e e o !

.Infrared | spectra of the dyes were obtalned ‘using
so]1d eamples in form of potassium bromlde'pellets., The
color of m-X dye pellet is darker violet than thevonerof
p-X dye.. BothlIR spectra were shown %n Fig 3.1 and Fig

302
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The azo group (-N=N-) is very difficult to identify

by‘infrared'analySis (30). Infrared spectra of m-X and]
pQX dyes were very similar and difficult-tofclarify the
dlfference between them. They showed strong absorptions

in 3700—2000 cm = region and these could be due to -0OH and
_CH stretchlngs, but could also be partly due to m01sture.
A_strong pattern in 1250—1000'cm e reglon; suggested the

.'presence of the_sulfonic.acid groups, The spectrum of m-X
dye showed more complex pattern in,reglbn‘l680h1560-cm e

than the one of p-X dye.

3.3 Nuclear Magnetic Resonance Spectroscopy of Synthetic

Dyes '

i

Nuclear magnetic resonance (NMﬁ) spectroscopy is
~of great value in the structure elu01dat10n of synthet1c
dyes (31). The ablllty of proton NMR ( g NMR, PMR) to

'characterizevaliphatic side chains andlaromatic substitution

1

patterns complements other spectrometric techniques such as
TRe - In addltlon, 13 nMr (CMR) allows contalnlng functlonal

groups that have no attached protons (e.ge carbonyls,'

nltrlles).

[
I

'Analysis of dyes by NMR however;tpresents some .

dlfflcultles whlch although not unlque to ' this class of
chemlcals are more prenounced than for many other types of
materialse. Many dyes have moderately or hlghly complex
structures anq are sparingly soluble in NMR-compatible

solvents. Also, occasionally, only'a limited amount of



sampie is availéble. Two relaﬁiveiy;feceﬁf developments
“help' the spectréscopist to cope With‘£heéé problems::VPMR
at high magneﬁic fields, and Fourier transform (fT) NMR.
TheAformér provides greater chemigéllshift dispersion and
higher sensitivity, and the latter not oniy facilftates
the recording of PMR spectra of highly dilute solutions or

of very small samples but also makes obtaining 13C spectra

a routine matter.

Instruments

Fourier transform NMR.spe¢trometér,FX90Q.(JEOL)‘

The PMR spet il T4 X andp-X cl'ly‘é's in DMSO-dg
solution indicated the presence of aromatié pméton as
. shown in the Figures 3.3 and 3;4,respeo£ivély.. In the“
case of PMR of p-X dye, it apbeared thé%‘theré‘wefe'ﬁwo
aromatic ﬁroton peaks at 7.58 and-7.03.'.F§r ﬁ:X dyef three
peaks of éfqmafib proton at 7;53,7;39 andh?.iivwefe cieary
fidentified:ahd-the complex patterns of arbmatic,proton also
_appeared T rangé of 8.26 and 7.60. The appearance of
'these aromatic‘proton complex patterns‘are probably due to
. the féct that the p-X dyé has more'molebular symmetry in

13

comparison with m-X dye..  Results obtained from C NMR of

both m-X and p-X dye, in Figures 3.6 and 3.7 respectively,
revealed that the numbers of peaks of R—X areless than those
of m-X. This can also be explainéd in térm of molecular

symmetry which causes the superimposition of signals and

leSs'appearenqe‘of peak.



% 2

H,0 (Hydrated) DMSO

Fig.3.3

lH NMR spectra of m-X dye.
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1H NMR spectra of Chromotropé 2R,
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“Fig‘.3.7 13(3 NMR spectra of p-X dye.
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Fig.3.8 . :: 3¢ NMR spectra of Chromotrope 2R.
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In order to confirm that both m-X and p-X dyes being
bis—azo compounds, 1H and 13C NMR spectra of a mono-azo
'compound which was previously Qynthesised by diazotizing
aniline and then coupling with chromotropic acid.were
recorded as shown in Figures 3.5 and.3.8,compared with those
of m-X and p-X dyes; It is seem théf the spectra of momno-

azo compound is completely different from those of m-X and

p-X dyes.



36

'

3ok Preliminary Studies of Metallochromic Property of

_—
»

m-X Dye and p-x Dye :

Reasents ;i : lii
Dye solution : 0.5% w/v freshly prepared‘infﬁater.

10_2F,Meta1'sblutions : Stock metal solgtions were pfeparedf
| by dissolving approﬁridté amounts
of analytical grAde'of nifrate,
chloride and sﬁlfate salﬁs of
varioﬁs‘matals;:

10'?F- EDTA Solution : 0,932 g of ethylenediamine tetra-
acetic acid (disodium salt) was
dissolved iﬁ déi&nized water and
WK diluted £o“250 ml.

Solutiqn fqr'pH.adjﬁstment oY:Six solutioﬁs were'prepared as

follows:

pH " Solutions
2 2'F'hydroch10ric acid -
4 acetate buffer (250 ml of glacial acetic acid +

.137’g.of sodium acetafeltrihydrafe made upjto %
_litef with distilled water

e ,éodidm acetate trihydrate solution (20% w/v)

10 ammonia-ammonium chloride solution (NH4C1 0 g

NH3 (sp.gr 0.,880) 568 ml make up to 1 liter with

distilled water)

'11.5 ' | ammonia solution (NH, Sp.gr 0.8?0)} distilled waten

k-
&1 s 4

12 ° | 2 F sodium hydroxide solution
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Procedure :

Preliminary studies of.métallochromic propertf

of the dye at pH 2-12 were carried.out. ‘Tﬁb series of
the test tuﬁes containing 1 ml of deionized water, 2'
drobs of dye solution and 2 drops df pg'adjustiﬁg solution
‘wére placed on a test tube rack. 'Io one geriés‘of the
test tubes7!was added 2 drops éach, the,sblution of 10#2F
métaliions, The.solution in,eachIseries waé adjusted tp
‘pH 2, 4,7, 10, 11.5, and 12 by pH‘adquiing éblu{ién_‘f
listéd in the above ‘table, 'Colorfchahgeidpe to the comﬁlex
formatibn of,metal.ion withldye were Qbsefvéd,and‘compared ;
with the dye alone. 3 drops of.lb—ziF'ED%A‘was added into

the test tube of metal-dye complex and_any‘color'change was

then recorded. b, 4

The metallochromic properties of m-X dye and p-X
dye at various pH values together with studie of EDTA as
a mass masking agent are shown in Table 3.2 and Table 3.3

1

respectively,
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‘Table 3,2 "Visual color change studies of m-X Dye

~ pH ' :
metal 2 4 A e R R
Dye(alone) r. * r R I | r.
Ti(IV) ¥ + L BT ST, N e
cr(III) ] 4 * Lvarb}'}'Q-Qbﬁ" ver?® .f
‘Mn(II) o+ L g ' o : + e P et .
Fe(II) * E + hads o+ }j +
Fe(III) F. 4 + 2 4 i I‘f+' l ¥
Co(II) u% + & - “ ‘fevb e
NUIT) |4 £ NN T [ G
cu(fi) + + vb vb r-vb révb
Zn(II) L + 2o + . M, +
Pb(II) = ¥ v—rb R 'v—rb 'v—rb
ca(IT) s " S " et 4
wivn) | .« f + + ¥ . + +
Mo (VI) " % +. )% Lo +
Th (IV) ppt” v? v° Jtpptollfl, ppt $ 5 ppt
U0, (11) | P ¢ T PR i
|
Note '
SLe ¢ |
+ = no change ; vfr‘;= vidlet—red,v
, :
¥ " . red 3 r-v =  reddish—Vi61ét
v  = ' ‘violet ; ppt = prebipitated‘
& 1 = : no change after the EDTA‘;dqitipn
‘b'_ = color change to the original dyé color at

the same'pH.



 Table 3,3 Visual color change studies of p-X .Dye

|
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the same' pH.

PH - : £ 5 ' - ‘
metal 2. ‘ 4 10 S diteD ; 12
Dyé(élone) V-r Ver Ver v-r v-r v-r
Ti(IV) + ; + ‘ ? ¥ # %
Cr: (ITT) + + r-vb r—vb fevb r-vb
Mn (1) + & & . :
Fe (1I) bor® e B + + 9
Fe (III) : + + bogP Y & +
Co (II) - + + l+ +
Ni (I1) - { PR " . g
Ga LIT) + 4 i R b—rb r-v
Zn (II) ¥ + +l + +
cd (I1) 5 € ; g ¥ ¢
w (VI) + + ' S + +
*y
Mo (VI). ¥ e | + Ea +
Th(iV) v revo r-vb  ;¥ '} '+.
' b . .
U0, (1I1) v + '+ ' +. +
|
|
Note :
+ ho change BT e Ivioj.et
v;r. violet-red H b—rJ = broWnish—red
r=v reddish-violet 3§ ppt = ‘precipitated
a no change after the EDTA addition
b color change to

the original dye color at




4o

3.5 Analytical Visible Spectrophotometric Studied of

1,3-bis(1,8-dihydroxy-3,6-disulfo-2-naphthylazo)-

-benzene (m-X Dye).

Apparatus

Visible spectra were recorded wilth a Uv-240
Shimadzu UV- V;51ble Recording Spectrophotometer, with 1
cm matched éuartz cells. Measurements of pH were‘made
w1th a pH meter (Radlometer Copenhagen, model PHM 63
iAutocol equlpped with a combined electrod), , For all
subsgqugnt‘experiments, measurements Wére.made by the use

of the above apparatus,

Reégents

Stock m-X Dye so;ution : A 10—? F dye was‘prépared
by dissolving 0.8427 g of the purifived‘dvyesfuffl in 100 ml
‘of deionized water. 10-3 F and 10-,'11 F of the dye solutions |
wefe prepared'by.further dilution of fhé 10_2 F dye
solﬁtion. The solutions were kept in 'the aBsence of light
in order to minimize the photochémical reactiéﬁ ofvthe‘aye.

.Standérdithoriumvsolution s A stahaérd thorium
solution was‘prépared by dissolving ;}5159‘g of thorium -
nitrate tetrahydrate'(BDH) in deionized ﬁater, 1~ml:of
cqncentréted ﬁydrochloric acid wasva;so added to prevent
pdssible-hydrolysis and the solution was diluted to 250 ml
with deionized water. The concentration 6f the solution ’
was 0,01 F éf thorium. This standard stock solution was

then further diluted to the concentrations of 10—3F with
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deionized water, The 1O_L1 F sblution'nas‘freshly prepared.
~frequently to.minimize the possible change in concentration
dué_to the adsorption caused by the ionic exchange with

thé'glass‘container'etc. The concéntrgtion:of the solution

- was occasibnally.checked by titration with EDTA using

~Xylenol orange as indicator(25).

&3 4 : ‘ oy C ol 6 : )
pH adjustments : Ammonia solution (10 = F) and, / or
hydrochloric acid (10 F) were .employed for pH adjustments

of ‘the solutions.

3¢5.1. Acid-Base Property of m-X'Dye

Twelve 2 ml aliquots of 1074§E m-X dye snlution
were pipetted into a series of 100 ml beakers. The pH of
the solution was adjusted to 1;0—12,0 by,nsing nitric acid,
ammonia solution or sodium hydroxide. Suitable anount of
water was added. The pH of the solutionlnas recorded by
a pH meter.. The solutions were then guantitatiVely
'tfansferred to a series of 56 ml volumetric flasks and
made up to nark &ith deionized water, The colér_nhangeé

were ‘observed and corresponding colors are reported in

Table 3.4

The color of the free dye was fpound to change

- with pH. The.change in color may be aspribed to change

' 4 . y [} .
in the structure caused by ionization. The change in color
when 'the pH was lowered is due to the attachment of a:

proton'to fhé auxochromic groups or on oné.of the nitrogen
atoms of the azo group and by increasing the pH; the

pProcess is reversed. ]
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Table 3,4 Colors observed at particular pH values .for

m-X Dye, i
pH . E Color 6bservgdj
el ‘ rosy red
2 rosy red
'3.' rosy red
4 rosy red
5 . rosy red
6 rosy red
7 purple red
8 ' purple red
9 - : purple.red |
10 N ‘ purple red
11 : ] brownish red .
12 ' » brdwnish‘red E j
. +
R-N=N-R . —_— R-N=NH-R

The color changes resulted form Table 3.4 shows

that m-X dye has acid-base property,

3.5.2 Visible Spectra of m-X Dye at Various pH

values,
. Procedure

The previously prepared obtained from 3.5.1 were

‘used for the Spectra study. The ébsorption spgctra'of
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the dye solutions at various pH values w?re recorded form

' the wavelength of 400 nm to 600 nm using,water‘as reference,
. | A -

The gain of the spectrophotometer was set at 0-0.2, the

. |
slit width was 2.0 nm.

The. absprption spectra obtained are shown in Fig 3.9
The maximum absorbance occurs at about 527 nm over' the pH
range from 1,0 to 7.0, it shows a bathochromic shift above

:pH 7.0 and intensity of the color is decreased,

3.5.3 Visible Spectra of the Complex at Various pH.

The result from the qualitative color reaction
g i
indicates that the suitable pH range foficompléx formation
is in the acid range.
Probedﬁre

|
|

Seven.3 ml allquots of 10 2F thoflum were plpetted
'1nto a serlés of 100 ml beakers containlng accurately 3 Al
each of 10~ F m-X dye solutlon. The pH oﬂ the solutlons were
adjusted to 2.0~ 5 0 with the interval of O 5 by u51ng nitric
acid and ammoriia solutions. The solutions were then quantita-

. &y e

tively transferred into a series ofVSO ml volumetriq flaskse.
Small amount of water was édded‘to the mark., The solutions
were set aside for complete color develophent. The absorption
spectra of tﬁe thorium-mX dye‘COmplex at pH 2,0-5.0 measured
against water as a reference were recorded from 450—650 fim,
The'absorbanqe of the solutions were also measured against a
reagent blank treated in a similar manner as a reference at

570-670 nm (in. expanded scale) forieasilyfpbsprvation., ‘
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Fige3.10 Absorption spectra of'thorium - Dye complex

at.various pH (2.,0-5.0).
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Apsorption Spectra of Th, - Dye complex at

various pH (2.0-5.0).A o

Thorium Nl 3 ml
m-X Dye- s 10*4 P s 3 mls
Final volumn : 50 ml ‘

Refefencé R Reagent blank
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Figures 3,10 and 3. 11 show the absorptlon spectra
of the thorium - mX dye complex at varlous PH measured

against water and reagent blank as refeﬂeﬂces, respectively,

3.5.4 Spectrophotometric Determination of Thorium

Using the m-X Dye as Metallochromic Reagents.,

Experimentai

AEEaratus

The same set of instruments as previously
described were used., The gain of the spectrophotometer

was varied in each case but the slit width was fixed at

2.0
‘Reagents
Standard thorium solution, 10-% F. (as described
previously)
| ' B '
Stock m-X Dye solution, 10 F. (as‘described‘
previously)

!
1

: | -9 & s
Diverse ion solutions,'iO F. 'Stock solution of

diverse ions were prepared from most analytlcal grade and
some 1aboratory grade of varlous metal salts of nltrate,
chloride and sulfate. Sodium salts were preferably employed
in the case of anions. Diluté hydrochloric acid was added
in these‘stocﬁ solutions whenever necessary. The
concentrations were of 0,01 F, and further dilutions of

of these solﬁtions were made when required. Deionized

water was used in the preparation of all solutions,

|
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Procedure:
e ———————————————————

In order to determine thorium spectrophotometri-
cally using m-X dye as a reagent, the following conditions
should Be carsfully studied and eszblished:

1):Optimal wavelength for the thbfium~- mX dye

‘complex. |
2) Optimal pH
'3)rSequence.of addition
-4) Optimal amount of m-X djé

5) Optimal time for color development

Optimal Conditions

'~ Optimal Wavelength

Two set of solutions with different conditions,
that is in one solution the excess of dye is used whereas
thé.other the excess of metal is employed, Were prepared
for the investigétion of the optimal énalytical wavelength,
'Tﬁe abSorptibn specfra of the dye alone and the thorium-
dye complex at pﬁ 4 were recorded from 450-650 nm, The
freeAdye was. measured against water as a‘réference. The

thorium-dye complex was measured against water and blank.

The absorption spectra and experimental éondition are
i

!

. shown in Fig 3,12

From the figure 3,12, at pH 4, m—X.&ye:shows
thereere, 610-nm was adopted as the analytiCai wavelength
.to be used .thoughout the subsequent experiments‘t the
Amaximum absorption at 528 nm and the thorium-dye complex

‘has maximum absorption at 610 nm,



ABSORBANCE -
o
(0]

WAVELENGTH ( nm.)

Fig.3Q12 Optimal wavelength of theldye'and.its thorium
complex at pH 4.0

" -3
¢ m=X Dye 10 “F,

: m-X Dye 10'3E,

A ml : -

B ml and Th. 10-4F,,3 m1
C ‘1. A against % o ‘ .
A : m-X Dye 10-4F,

é :

C

"y :
ml and Th, 10-3F, 3 ml

W W O Ww W

-4
m-X Dye 10 F,
2 A against. 2 B

N DN R R

Final volumn - 50 ml

* : measure against water



Optimal pH
The effect of pH on the'abSorbénce‘of the thorium-

|

_ dye oomplex‘was investigated., A seriee!of;solﬁtions
‘containing 2 ml of 107 % Flthorium,'S-mliof:dO—q F m-X dye
solution and appopriate amount of‘water-waelprepared.
Nitrlc acid and'ammonia solution~wereﬁueed‘for pH adjust—
ment (between 2.0 and 7.0). The final volume was 50 ml,
After the color was developed, the abeOrbances of solutioms
were‘measured at 610 nm agalnst the reagent blank whlch was
treated in a similar manner. The results‘obtained are
shown in Table3.5 and the cdrrespondlng plot appears in

Fig3e13. » e | ,

- It can be seen that the optimum pH range for
analytical pnrpose lies in a narrow range between 3, 5 and
k.5, Therefore, a pH of 4.0 was selected for all further

work of this dye. | : : .f l

Sequence of Addition

fl f : & Bl 7
The effect of the sequence of add1t1on of all

solutlons concerned in the thorlum - mX dye complex. Color

development is shown in Table3.6 and 307

Fron_the reEsul eheve, Lt ts rather clear that
‘the order of addition of solutions shows’no‘effect on the
coloxr development of thorium - mX dye complex, In
practice, the sequence No, 2 wae chosen for the subsequent

experiments,
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Table 3.5 : Optimal pH of thorium - mX dye complex.

SH Absorbahce
610 nm _
2.0 0.027
2.5 0.037
340 0,046
40 | 0.051
k.5 0.050° * . .
540 ‘ | 0,049 L
6.0 /i RN 0023
I ¥ a " ] | AT ‘ . I
006F | | g
0.05 | -
w o
S o0o0a} -
= i#
. @
g 003 |
(2] : 3
@ ) :
- B L
002} , N
ool b : el £
1 1 1 1‘ 2 'n'
1.0 2.0 3.0 4.0 5.0 6.0

pH‘ ' " : | '

1
¢

Fig,3;13 Effect of pH on absorbance of thorium-mX dye

complex measured against a reageht'blank at, 610 nm
m-X Dye : 107 ».5 ey Tha:.16_4 F 2 ml

|
"

Final volume: 50 ml
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‘Table 3.6 : ' Sequence of addition. ]

' =4
m-X Dye - 5 ml of #10: "B
i S
Thorium : 2 ml of. 10 -Fs ¢
Final volumn  : 50 ml

pH : &

.Seggence Sequence of reagent Fddition
1’ dye, metal, pH adjustment, dilution
a5 . dye, metal, water, pH adjustmeht,.dilution‘
3 dye, water, pH adjustment, metal, dilution
Yt dye,.pH adjustment, metal, dilution
5 metal, pH adjustment, dye, dilution
6 metal, water, pH adjustment, dye, dilution
‘Table 3.7 : Absorbance of solutions from Table 3,6
g . 3 ‘
Sequence 9 Absorbance at 610'nm
No. j ( (against blank)
3 | ~ 0,048
2’ TR ., ©0.050 ¢
3 ‘ N - 0,050 '. |
5 ' . 0.050
6 J . 2 00050
. ' 5
Note ‘
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Optimal Amount of the Dye

The effect of the amount of the dye on the

absorbance of the thorium - dye complex system was studied
{

,by varylng the molar ratio of the reagent to thorium. The

amount of metal was kept constant A series of_solutlons

-4
contalnlng 2 ml of 10 F. thorlum, w1th varlous amount of

C =k
- 5 MR dye solution from 1 to 10 ‘ml and‘approprlate |

amount of water were prepared. The pH of each solutlon'

was adjusted to.4.0 by the addition of 0.01 N nitric acid

. i ! .
or 0,01 N ammonia solution. Each content was then

quantitatively transferred and diluted to a 50 ml volume-
tric flask. The absorbance of each solution was measured

at 610 nm against the reagent blank using 1 cm cells,

The absorbance of solutions containing various
ratio of dye to thorium at pH value of 4,0 are shown in

Table 3.8 and the corresponding plot appears in Fig3-14

|

The results in Fig 3+14 show that.the absorbance

inereases with increasing amount of dye‘reagent up to 2

l

ml and then remains reasonably ‘constant up to 10 ml.

‘Therefore in this system, 5 ml of 10 & F dye was adopted

to be used in the subsequent.experiments.fA

|

Optlmal tlme for color development

]
3 ml of 10 -4 F thorium solution was pipetted into
b
a 50 ml volumetric flask containing exactly 5 ml of 10 'F.
‘'m-X dye solution. 0.2 ml of O.,1 F ammonia ‘solution was

added into the thorium - dye solution whereas 0.6 ml of
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Thorium o, 1070 P md

Final volumn : 50 ml o

-Reference : Reagent blank

]

Table3;8 .Opfimal amount of m-X dye, = .. P
i e
‘ -4 ' o R ‘
Th. 10 'F m-X Dye 10 F Absorbance
(ml) (ml) , . 610 nm
2 1 104025
2 2 0.052
2 5 '0,053
2 4 ‘ 0.053
2 5 N 0.052
2 - 0.054
2 ‘ . 0.054
2 8 0.055
2 9 | ~ 0.050,
2 10 b 0.050
{
i
0.10 1 1 Y T T T
w i ; i '
o . 1
= waly sgdtg i
! - PARRY. YN R, 3RS
95" 0.08 T s e T
o :
o -
< .
1 ) g L
0 2 4 8 g 10
ML. OF 1004F DOYE '
Fig;3.14: Effect of reagent concentration.
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Tablle 3.9: Effect of time on color
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development of the complex

TIME , hours

Fige3.15: The iﬁfluence of time on the(aﬁsbrbance of the

" thorium - mX dye complex.

Time "Absorbance Time Absorbﬁncé
610 nm 610 nm
0 minute ' 0.081 2 hours 0,080
1 0.081 4 n 0.080
‘2 m 0.082 6 0.081
& el 3 0.081 g 0,081 .
8 0.081 o« 0.081"
1o 0.081 - i 0.080
15: M 0.081 hg n ' 0.080
20 " 0.080 Rr4 . 0.080:
25 n 0.080 30 " 0,080
30 n 0.082 36 " 0.080
lss w 0.081 o v 1" 0.080
6o v 0,081 48 " 10.080
& T ] 1“' ] T Y -!—__f
0.10 ¢ -
0.08 P00 0o=L © O-0-0 o —Olv Og 20 g O -© =
 poco—ooo0° : ;
CLOB - ok v
0.04}F ‘ e
0.02} . 5
| ‘| ) 2 y Bae. { '!. 1 b,
0 025 05 075 ' .10 20 30 .

40’



0.01'N nitric acid was added into thef.réégfent Blank fas
'adjusting pPH to 4.0.' Both solutions were'then made:up4

to: 50 mlf mark.with deionized water, ,The absorbance of
the thofiun-dye solution was measured immediately after
dilution against a reagent blank at 610 nn , using 1 cm
cells, The absorbance of the‘thoriumudye.complex solution
was. then measured periodically‘at the specified time

1

intervals, Results are shown in Table 3.9 and corresponding

Fig 3.150
Result obtained shows that the color of .‘the it

”complex is developed 1nstantaneously and remalns constant

for at least 48 hours.

Adherence to-Beer-Bouguer-Lambert,Lawr fa‘”

Calibration Curve

_The linearity relationship between thetabsorbance
of the thorium ;-ﬁX dye complex and the thorium concentra-
'tions was investigated In this . study,KO to 10 ml of 10 4F
thorium solutions were plpetted into a series of 100 ml
Abeakers contalnlng 5 ml of 10 4F dye solution and appro—
priate amount of water. The pH of solutlon was then
- adjiisted to 4.0 by using 0.01 F nitric acid or 0,01 F
ammonia solution, The solutions Wefe tnen quantitatively
transferred.to a series of 50 ml volumetﬁic flasks., Small

amount of deionized water was added to adjust the mask, _

The absorbances of these solutions' were: measured at 610 nm

against the. reagent blank using 1 cm cells. The data



=
obtained is shown in Table 3,10 and corf?sﬁonding plot .in

Flg 3.;16. R
' i

i) N

The calibration curve is found tvobey Beer-Bouguer—i
Lambert Law very well over the range of 2.3 to 116//4g of

‘thorium in 50 ml of solution at 610 nm, The' molar:

-absorptivity coefficient (& ) is 1.31 x'104 mol-i.cm—i,

equlvalent to the specific absorpt1v1ty (a) of 0.06 ml. g 1.cm_1

-2
“and- the sandell. sensitivity (&) of O. 0177-/Qg-cm &

Table3,10 : 'Calibration curve of thorium - mX dye complex

m-X Dye 107 ‘F L T N ' Absorbance

(ml) : | (ml) g/50 ml, | . 610 nm

5, 0. 4 2.3038 SR Y [
5 | Du8 b.6%08 | - 0:009 = | ‘
5 0.5 11.6019 MO
5 NS 23.2038 “'11 . 0.028 g
. L 34.8057 | . 0,039

5 2.0 | ‘46.4076 | - o.osk

5 2,5 58,0095 '| .. 0,069
5 30 69.6114 : - 0,086
5 Y. 81.2133 _ - 0.099
5 | 4.0 92.8152 0.110

5 4.5 | "104.4171 B X1 ¢

5 5.0 116.,0190 ‘ 0.130
5 6.0 139.2228 : 0.139
5 788 162.4266 Nodg

5 8.0 | 185.6304 . 0.146 |
5 ' 9.0 208.8342 : 0.146
5 110.0 232,0381 1 0.146




0.200 F

0.1 50

10.100

ABSORBANCE

0.050

Calibration Curve of thorium i mX dye c.ompléx.
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Reproducibility of the method

The reproducibility of this method was checked
by means of the standard diviation of the determination
obtained from measuring the absorbance of 10 sets of
solution, each containing 5 ml of '1O—li F dye solution,
3 ml of 10—4.F thorium and appropriaté amount of water
under the optimal conditions. The data ohtained is

repqrted in Table 3,11,

The standard diviation, s , was calculated using

the formula:

-2
g E;(§—X)
s L/
) n_1.
where X & individual value
x = mean value
n = number of wvalue

Table 3%.,11: Standard deviation study of the method

Dye 10~* F Th. 10°* F Absorbance at

(ml1) ' ' (ml1) ' 610 nm.

0.082
0.080
0.081
0.082
0,081
0,084
' 0.080.
0.081 ‘
0.082 |
0.082

A1) B B} B BV |

RS I L B e S S S S Y S

Uil

T
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s o

Percent standard deviation=

Effect of diverse ions

60

The effect of 21 cations and 9 anions on fhe

determination

trations.

A series of solutions containing 3 ml of 10- F

 thorium, 5 ml of 1O—Lf F m-X dye

mole ratios of the diverse ions

50 : 1, 10 : 1 and'1 : 1 ) were

3

-9 e
of 10 B, 5 ml of 10 F and 3

solutions,

These diverse ions were

thorium-dye solution.

of thorium was examined in various oconcen-

t

solution with wvarious
toNthorium ( 100 : 17
prepared using 3 ml, 1.5 ml

ml of 1O_li F diverse ions

{

added individually to a

The pH of the solutions were

adjust to 4.0 by 0.01 F nitric acid and 0.01 F -ammonia

solution.,. The final volume was

50 ml.

The absorbance ofithe solutions were measured at

610 nm against a reagent blank 'using j cm“cell, The. results

obtained are summarized in Tables3.12 and 3.13.

i



Table3.12:

Effect of some cations

Absorbance at 610 nm 7

condition e :
Th:ion=1:1 |Th:ion=1:10 Thiion=1:50 Th:ion£1:100
' Th.alone 0.080 0.080 0.080 0.080
| +Me(xD) | o.082 0.085 0.087. 0.089
4 Ba(ID) | 0.08% 0.092 0,092 0,093
£ 1i(IvV) | 0,079 0.060 ppt ppt
£ V(V) 0.058 0.029  *0.918 0.000
-+ cr(III) o0.081 0,081 0,07k 0.070
+ Mn(II) 0,081 0.079 0.075 - - | 1 0.066
+ Fe(II) 0.088 0.079 0.076 . 0.09%
+ Fe(III) 0.083 B p pgt?i }l‘ ﬁpt if;
4,06(11). 0.080 0.080 ._OQQBQ - 0.083 )
+ Ni(IT) .0.078 6.079 0;08;?; 0.085
+ cu(II) 0.079 0.086 0,097 0.102
+ Zn(II) _6.080 0.081 0.081 . 0.081
+ PL(II) |  0.080 0.076 0.087 0.089
3 CAKIT) 0.080 0.080 0.081. 0.083
+ 8n(IX) 0.061 0.100 ppt ppt
+ sr(II) | * 0.080 0,082 0.087 0.091
+ Ag(T) 0,081 0.084 0,084 0.084
+ Mo (VI) 0.081 0.084 0;089 0.091
' ; W (VI) 0,081 0.083 0.086 0.087
+ Ce(IV) 0.08k 0.096 | ppt ppt
+ U0, (1) 0.088 0.096 0.140 0.150




Table 3,1%3: Effect of some anions

Absorbance at 610 nm
condition- ;
Th:ion=1:1|Th:ion=1:10|Th:ion=1:50 [Th:ion=1:100
Th. alone | 0.080 0.080 | 0.080 0.080
+ citrate | 0,071 0.059 . 0.649t 0,048
 + oxalate 0.077 0.05k4 0.048" 1 o.048 .
+ EDTA | 0.062 olddity, | o.oda 0.047
e ~ 0.080 0.080 : 0;682. ;' 0.082
+ B | - 0.074 0,072\ 0.04k | owoko
¢ 80,5 10;080 0.078  0.078 0.078
+ acetate 0.080 0.078 0.976‘ " | o.o74
Ik c032" "~ 0.080 0.080 0.080 0.080
+ P0,°" 0.080 0.078 | 0.078 0.076

¥

It can be concluded from Table 3,11 and ‘Table 3,12 ,

pased on the deviation of + 5 % from the standard sample

(without diverse ions) that V(V), Fe(III); Sn(II), Ce(IV),
'UOz(II), EDTA, citrate, oxalate, F 1nterfere serlously

when the 1nterfer1ng ion present in the amount of 100 moles
|

excess over that of thorlum and the effect 1s decreased as

the amount of the'diverse-lon decreases; the following ions
‘ B i B
3

do not interfere within the 100 moles excess. If the ratio

namely, Co(I1), Zn(II), Cd(II), Ag(I), ¢y OO

of the interfering ion to thorium is reduced to 50, Ni(II)

does not interfere and Cr(ITI), Mn(II), Fe(II), Sr(II) do
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not interfere if the ratio is 10, and Mg(II), Ba(II), Cu(II)

Pb(II), Mo(VI), W(VI), P043— do not interfere if the ratio

is equal to 1.

3.5.5 Determination of Empirical Formula of the

ComElex '

I
2.5.5.1 Method of, Continuous Variation (Job’s

Method)
Procedure

A series of solution of thorium - mX dye mixtures
containing various mole fractions of thorium from 0-1 was

prepared. The sum of the concentrations of thorium and

the dye was kept constant at 0.1 x 10—5'mole per liter.

After adjustment pH to 4,00, mixtures were diluted to

-

100 - ml., The absorbance of each soiution was measured at
610 nm against water as the reference using .1 ch cell, The
data is shown in Table 3.14 and the corresponding Job’'s .

" . ) |

plot is shown in Fig.3.17.

From the Fig.3.17, it shows that a 1 : 1 mole ratio

complex is forimmed between thorium and' the dye.
The apparent stability constant of the thorium - mX
dye complex under the conditions of this experiment was .

evaluated., On the basis of the previous experiments, a

1 : 1 metal-ligand complex is assumed,

M + L — Ml




l
it is possible to write the stability constant as;

K. = (1. -o)
[ ' oC.2 C
where of » -the degree of dissociation, was established from

the relationship:

i

and C is the concentration of the complex in mole per liter.

The continuous wvariation curve,QFig 3;17) may be used
to obtain the values of A and ASL_'FroﬁtFig %17, it:wgs
found that Am is equal to 0.063 and A_ is equal to °f°6° for
a solutioﬁ that wad 7077 M. in thoriu@.vTﬁéfdégrge-of
‘dissociation constang was calculated,té bé:0.0&S. ‘The value

of the apparent stability constant, K, 'under these particular

i
i ' ¢

conditions was.found to be 4,1 x'107‘with'the pPK values of i
7.61. This value indicates that at pH 4,0 the complex-
formation between Th(IV) and m-X dye is rather, stong and

stable. , |

3+ 5¢5:2 'The Mole Ratio Method

Procedure

A series of solutions containing equal formal
‘concentration of the dye but different formal concentrations

) . .' ‘.~ . 1
of thorium. were prepared. The concentration of dye was fixed

4

at O.i X 10_"ll mole/liter (5 ml of 10~  F m—x dye solution per

* F thorium 0-10 m1. The pH of

!

50 ml) with variation of 10~

} )
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Table 3.14: The detailed data' of the method of continuous

variation. (Job’'s method).

=, i ' _
Dye 10 "F|Th gO 4F mole fraction of thorium | Absorbance
(ml) - (ml) Th/Th+m-x dye' . at 610 nm
10 0 0.0 . 0.0596
9 ! 3 P | 0.0636
8 2 0.2 0.0716
i 3 0:3 0.0776
6 4 0.k 0.0826
. 5 85 045 0.0886
: 6 0.6 0.0756
3 7 0.7 0.0586
.2 8 0.8 . 0.,0386
! 9 0.9 ' 0.0196
0 10 1.0 00,0000
0.10 } N
A |
o.o8} é |
» :
2 b
‘s 'aos g :e':j“:‘ﬁ:
€ U :
o ~ ! |
» Fse i
: Sl ]
0.04} b A
\‘\%‘\~
' 0.02} b T -
1 1 i 1 li 'l i A :‘\\,
0 02 04 06 0.8 1.0

MOLE' FRACTION OF THORIUM

Fig.3.17: Continuous variation method

A hot corrected‘

Il

B

I

corrected
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.Table Beols : The detailed data of the molar ratio method

Phi 10_[i F Absorbance at Th '10-4' F Absorbance at
(ml) 610 nm (ml) 610 nm
Os " 0.000 4,0 0.109

" 0.00% k,5 0.118
g 0.010 5.0 , SRl
i 0022 6.0 0,139 :
145 0.036 - 70 0.14%1
. .0.052 8.0 . 0.146
e .0.068 9.0 0.146
) 0.084 10.0 0.146
. 0.098
|
T T T T T 13 T T T T Ll
0.200 }
0.150
w
o 1]
4 '
< : |
[00] '
Z 0.100 b
7] '
@ H
< .
0.050 ' .
§ |
4 1 2 I Fi 3 2.® \y 1 Tl $ '
O 1 2 3 4 5 6 7 8 9 10N
ML. OF 104%F Th. '
i
Fig. 3.18 : Mole ratio method

" Final volumn

- Fixed dye

L

5 ml of 10" ° F.

50 ml
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the solutions were adjusted to 4.0 and final volumes were
50 ml., The absorbance of the solution was méasuredragainst

a reagent at 610 nm using 1 cm cell. The detailed data is

shown in Table 3.15 and the mole ratio plot is shown

in Fig. 3.18.

From Fig., 3.18 ; the curve shows the deflection

at a molar ratio of 1:1 metal:ligand complex.

3¢5¢5+3 Slope ratio Method

Procedure:

For the study by this méthod,’tw& series of .
solution (series A and B) were prepared; N

|

i, - o iE
A. Condition of excess metal concentration

A series of splufion were prepared by adding fixed
‘amount of thorium solution (5 ml of 10_3F‘solutidn) to the
varied amount of dye solution (1-10 ml(S) of 10_4F solution).
-The<pH of each solution was adjusted to-Q.O by the addifion
of approprlate amount of 0.01 F nitric acid and then diluted
to 50 ml w1th‘de10n1zed water; The absorbance of solutlons
were measured at 610 nm against’water as a reference using
1 cm cell. Data are shown in Table.3;16:wﬁth‘the corres=

ponding plot, it -Fig. 3.19.



68

Table 3,16 : The detailed data on slope rat-i"o'me;f'ho'd'. :

(A) thorium » m-x dye.

(B) m-x dye K thorium

(A) ' (B)

m-x dye,1o'4F Th‘lO_BF Abs. |m-x dye 1072F Th io'4$ Abs.
(ml) (ml1) 610 nm (ml) ‘ (ml) 610 nm
0 4 0.000 5 0 |0.000
1 5 . 0,024 5 1. |0.020
2 5 0.051 5 2 |0.053
5 3 0.077 5 3 0,071
L .5 0.104 5 b 0.096
5 5 0.131 5 5. 121
6 5 0.159 5 6 |0.145
A 5 0.184 5 7 Jo.170
'8 5. 0.212 5 8 |0.194
9 5 0.238 5 9 [0.219
10 5. 0.267 A\ 10 [0.243

030 —y—T—T—T—T— ey :

,A i |‘

0.20} "
- P
Zz i
&
[+ 4
(o]
[2]
@
< o0} 1

{

0 | 2 3,4 56 T 8.9 Id
ML. OF 10™%F. OF VARIED COMPONENT

Slope ratio method

Fig 3.19

‘Final volumn

A = Fixed Th. 5 ml of'1o’3 r.

B= 3F.

Fixed dye “5 ml of 10

50 ml
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.B. Condition of excess dye concentration

The procedure for the preparation of solutions:
were the same as described in A, except the fixed amount
of 5 ml of 10f3F dye solution and varied ahount of,thqrium
solution were employed. The absorbance Qf each solution
was measured at 610 nm against reagént b%ank using 1 cm

cell. Results are shown in Table 3.16 and Fig.3.19.

'

From the 'two curves, it is shown ‘that the ratio .

of the slope of curve A to the slope of!curveyB‘is'equéI

to 1:0.92 éorrespbnding to 1:1 méle‘ratio of Th:dye '

complex,

Result'obtaiﬁed from the.study of the naturé of
thorium-dye cémplex by method of continuous'variétion,
mole. ratio method and slope ratio method reveals that
the 1:1 mole ratio of thorium:dye complex is formed.

This is also confirmed by the absorption spectra of the

complex in the next section.

Confirmation of the Nature of the Thorium - mX Dye Complex by

Absorption Spectra

A series of solutions conﬁaining.various'molar‘
ratio of dye}to thorium were prepared. 5 'ml of 10—4F dye
solution wés used in each case with 2.5.mi;'5 @1, and

10 ml of 10—4F thorium to make a mole ratio of dye to
vthoriuﬁ of 251, 1:1, and 1:2 respectively;lThe-pH of.

the solutions were adjusted to 4.0 by using O.Oi’FrHNOB.
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The final volume is 50 ml. The spectra of the three
solution systems were recorded from 550¥7OO nm using
1 cm cell and the reagent blank as reference. The

results obtained are shown in Eilgs 5,20,

0-2 T

ABSORBANCE

WAVELENGTH ( nm.)

Fig. 3,20 : Absorption Spectra of various thorium - mX dye
ratios at pH 4.0. i
(&) 1-3 8 (Br 1.3, % L0 2 I A

‘Reference : Reagent Blank

Final volumn . 50 ml
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3.6 Analytical Visible Spectrophotomefric Studied of

1,4-bis(1,8-dihydroxy-3,6-disulfo-2-naphthylazo-

benzene (p-X Dye).

Apparatus '

{
The same set of instrument as prgviously described

was used.

Reagents o b g .j‘ e :': i : .

Stock p-X Dye solution : A 1072 F dye 501ution};

was prepared by dissolving 0.4214 g of the purified dyestuff

in 500 ml of deionized water. :

Standard thorium solution, 10“'2 F. : The same
; .

stock solution as previously prepared was used,

pH adjustments : The same as preceding experiments,

3.6.1 Acid-Base Property of p-X Dye

3

Twelve 2 ml aliquots of 10™° F p-X dye solution

Wére used and the other steps.is the same as m-X dye in

the section %.5.1. The experimental data is reported in

|
'

1

- The color changes resulted form Table 3,17 shows

that p-X dye has acid-base property as sqme;as m-X dye..
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Table 3,17 : Colors observed at particular pH values of

p-X dye- ‘ : N,
pH e | Color obsef#edl
= P
1, _ orange
2. : wine red
3 ‘ wine red '
b : wine red
5 ' ‘ wine red
6 wine red
7 ‘ wine red
8 ' A pufple_red
9 purple red
10 : purpie:rea
11 ' purple red s
12 e R '
& ,

|

3.6.2 . Visible Spectra of p-X Dye:at Various pH

values
Procedure

The previéusly prepared obtained from 3.,6.1 were
-used for the spectrg study. The absorpfion‘spectra of
p-X dye solutions at various pH values were recorded from
fheuwaQelength'400—650 nm using water as reference and
1 cmAcell. The gain of the spectrophotometer was set at

i =



ABSORBANCE

0.250

0.12%

0.000 L

VN RS

400.0

Fig.3.21

450.0

(2-12),

p-X Dye

Final volumn

‘Reference

WAVELENGTH (nm.)

5500 @ . .880.0

‘ApSQrption Spectré of the Dyé‘at various pH.

1072 F , 2 m

50 ml

Water
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0-0.25, the slit width was 2.0 nm.

The absorption spectra obtained are shown in
Fig. 3.21. The maximum absorbance occurs at about 530 nm

over the pH range 2,0-7.0, and it shows a bathochromic

shift above pH 8.0.

3.6.3 Visible Spectra of the Complex at Various pH.

Procedure

4

Seven 2 ml aliquots of 10~ F'thofium were pipetted

into a series of 100 ml beaker containing accurately 2 ml
ok .

3

each of 10°° F p~X dye solution for studying thorium-pX dye

complex. The pH of the solutions wefe %djﬁstéd to 2.075.0
" using hitric acid or ammonia séluﬁion;xTAé solﬁtiohs were
then'transferred quantitatively info.a series of 50Aml
voiuméfricvfla;ks. Small amount bf'watef wa$ gddeﬁ to
.the mark, ATﬁe solutions were set éside fdf complete color
'developmenf. Thé absorption spectra,of(the fhbfium-px dye
 comp1éx'at pH 2.0-6.0 were recorded froQ-QOO—GSO'nm and

500-7C0 nm against water and reagent, respectively using

1 cm cell.
Figurés 3622 and 3.23 show the absorptioﬁ

spectra of the thorium-pX dye compiex at various pH measured:
{

against water and reagent blank as_refefences, respectively.§

It was found that these sdlutionsywquld'be

.precipitate rafter the preparation‘for.a,half'an hour. If i
g ' | : T

i : : , ! e s
the concentration of metal or reagent was reduced to
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0.250

i3

0.000

450.0

Fig.3.22

500.0

600.0

WAVELENGTH  (nm.)

Apsorption speétra of thorium - dye'

at various pH ( 2.0 - 6.0 ). '

Thorium
p-X Dye
Final volumn

Reference

107 F.oy 2iml-

3

‘101 L Ezml
50 -ml ‘
Water
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0.05}

ABSORBANCE

700.0
WAVELENGTH (nm.) '

76.

_Apsorption'spectra of. thorium - dye complex

at various pH ( 2.0 - 6.0 ) .

Thorium
p-X Dye
‘Final volumn

‘Reference

10"4 Pi, 2.mk

I e
10" F , 2 ml

50 ml

Reageﬂt blank

i
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avoiding the precipitation of the complex; the intensity
i : , i
of the color obtained would be decreaée and difficult to

observe or record the absorption spectra.

{

|

3,6.4 Spectrophotometric Determination of Thorium

Using the p-X Dye as Metallochromic Reageﬁts.

Optimal Conditions

Optimal Wavelength

The solution prepared in 3.6.3 was used for the

investigation of the optimal analytical wavelength. The

absorption spectra of the reagent and the complex at pH 4.0

rooF

were recorded from 450-700 nm, The.free:dye was measﬁred
againsf water as a reference. The eomplex was measured

. against both water and:reagent blank. ‘The absorptlon l
spectra of the reagent and the complex‘formedlw1th thqrium
are shown in F1g Pk I . Inspectlon of the curves ShOWS
that at the wavelength of approx1mately 600 nm the greatest

edifference in absorbance between the blank ‘ahd the complex

is observed.

Optimal pH

The complex systems in the pH range from 2,0 ‘to 7.0

were investigated. A series of solutlon contalnlng 5 ml

of‘1o'4 F thorium, 5 ml of 1072 F p-X dye solution, and

appropriate amoﬁnt of water was pfeparedl’ The.pH of

solutions were adjusted by adding 0.1 F nitric acid or.0.1 F:
ammonia solution to 2.0-7.0. ~ Each con%ent was-trenSferred

' |
| t
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1
0.125
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v \'. P ¥ :
0.000 bmm——Sagmtwmmmmmyl : il
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WAVELENGTH (nm.)
© FigeB3.24 :  Optimal wavelength of the dye and its thorium

complex at pH 4.0.

A p-X Dye 10" F ,. 2 ml

- =3
"B p-X Dye 10 5 F , 2ml and Th. 10 "F , 2 ml
Cc A against B

Final volumn 50 ml

: I
A and B were measured against water



79

Table 2.13: Optimal pH study of Th-pX Dye complex

pH Absorbance at 60binm.
2.0 - 0,006
2.5 0,03k : :
5.0 0.045 bl s
3.5 0.045 3 R i
4.0 881 SRR S ks
405 0.0lis 5 "‘ X L
5.0 gps6 .
5w 0,043
6.0 0.036
% 0.025
8.0 0.025
. |} ] ] ] | | L}
0.06 | ‘ -
w 0.05[ L
o .
.i :
< 0.04f
o
n 0.03F
o .
<
0.02}F
0.01 | |
1 ] | [l | 3

ﬁ D -
1.0 2.0 3.0 4.0 5.0 6.0
Fige3.25: Effect of pH on absorbance of thorium - pX dye

complex measured against a reagent plank at 600 nm

p-X Dye : 5 ml of 1073 F,

Thorium : 5 ml~of 10—4 F

Final volumn : 50 ml




|
3

quantitatively to a 50 ml volumetric flask. The absorbance
of each solution was measured against the corresponding

. " | . . ’
reagent blank at 600 nm. The results are shown in Table 3,18

and the corresponding graph is in Fig. 3.25.

From Fig. 3,25 , it is concluded that the optimal
pPH is in the range 3.0-5.0. Therefore, a pH of 4.0 was

selected for all subsequents experiments.

Adherence to Beer-Bouguer-Lambert Law

Calibration Curve

Allquots of 1 t6/10 Ml of 10 4F thorlum were
plpetted into a series of 100 ‘ml beakers contalnlng

|
‘pipetted 10 ml of 10 4F pP-x dye SOlutlon and approprlate

amount of water. The pH of the solution was' adgusted to

4,0 by using 0;61 F nitric acid and ammonia solutlpn.

The solution were then transferred duantifafively to a
éeries of 56 ml.ﬁolumetric flask., Small}amoﬁﬂt'of deionized
‘water was édded to adjust, the final vol@me.‘The absorbance
of these solutions were measured at 600 nm against blapk
‘using 1 cm cell. The data obtained is sﬁqwh in Table 3.19 .
The plot of the curve is shown in Fig. B+ 26, Xk can be
seen that the thorium complex obeys Beer—Bouguer—Lambeft
law over the concentration range from Q‘Q/Mg up to about 58 ug

'

of thorium in 50 ml.
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Table 3%,19: Calibration curve of thorium - pX dye complex

b

p-X Dye 10~ F Th. 10'.'1i F '| Absorbance at
(m1) (ml) g/50 ml . 600 nm
10 0.2 L,6408 |, i 0,001
10 0.5 11.6019 0,004
10 0.8 1 18.5632 ' 0.006
10 1.0 2%,2038 JhE O a.008
10 1.5 | 34.Beos7 .7 | ', 0.012
10 2.0 - 46,4076 ‘ . 0.016
10 2.5 " 58,0095 . ', 0.020
10 3,0 69.6114 . 0,021
10 k.0 92.8152 ‘ 0.021
10 5.0 116.,0190 - 0.021
10 6.0 | 139.2228 . 0,021
10 7.0 162.4266 J 0.021
10 10.0 23%32,03%81 b 0.023%
|} L) L] L ] | | L] L} |
0.030} o
w
2 =
& 0.020 Sl o ]
[
o
[7]
[11]
< ,
-0.010 b |
1
|
N 1 1 1‘ ) [ 1 2

‘4 5 6 7 8 9 10
ML. OF 1004F Th. = o )

Fig.3.26: Calibration Curve of thorium - pX dye complex
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Apparent absorptivity al !

With the standard thorium‘solutiop; the apparent
abgofﬁtivity,'am, is the slope of absorﬁanbe.df tﬁe
complex vefsﬁs‘thorium concentratién. It should be used
“an éalcula£ioné only over the absorbénce’fanée fhat ié
linear, The absorptivities in the experimént were found

to be_1x103.

Takinghthis less sensitivity value and the
'préliMinary investigation as shown in Table 5.3 into
acédunt, it may consequently not bé‘of any practical

{

values or worthwhile to carry out'any further investiga-

tions of this p-X dye.
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