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21 General Method for éreparation of Azo Compound,

Diazotization (27) is generally carried out in the fol-
lowing way. The amine is dissolved or suspended in an aqueous
solution of mineral acid. More acid is used than the two equi-
valents per mole of amine that are required by fhe calculated
value obtained from the chemical equation, the excess acid
serves to keep the mixture strongly acidic which is neccssary
to prevent undesirable side-reaction. The mixture of amine and
acid is cooled in an ice-salt mixture to the temperature between
d.G and -16 Ce. An aqueous solution of sodium nitrite is then
added at such a rate that the temperature does not rise above
5-15'6 because the diazotization is an exothermic reactione. Al-
though theoretically, the amount of sodium nitrite required for
this reaction can be calculated. There is a loss of nitrous
acid as nitric oxide and nitrogen dioxide. Consequently, it is
essential to test the reaction mixture whether some more sodium
nitrite should be added by means of starch-potassium iodide pa-~
per (28)., The excess sodium nitrite which is not consumed by
the amine will form nitrous acid. Nitrous acid as an oxidising
agent converts iodide ion to a free iodine which reacts with starch
giving a characteristic deep blue colour. The excess ni=-
trous acid which interferes with subsequent reactions of the
diazonium salt, can be destroyed by the addition of amall amount
of ureas. Urea will react with nitrous acid giving off nitrogen,

carbon ‘dioxide and watere.
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Since diazonium salts slowly decomposed even at ice~bath
temperatures;the solution is used immediately after preparation.

Under the proper conditions,diazonium salts react with cer-
tain aromatig compound giving products of the general formula
Ar-N = N-Ar';called azo compounds., In this reaction,known as
coupling ,the nitrogen of the diazonium group is retained in the
product,in contrgst to the replacement reactions yhich nitrogen is
lost;(Aer * 23 . ——3 ATZ +/Ng )

1 1
ArN; # AT H o) AF4N = N-Ar 4+ HT

The aromatic ring (Ar'H) which attacked by the diazonium ion
must,in generai,cqntains powerful electron-releasing group;gene—
rally ~OH ; -NRZ; -NHR or—Nstubéfitution‘usually occurs para to
the activating group: Typically,coupling with phenol is carried
out in mildly alkaline solution,and with amines in mildly acidic
solution;

Activation by electron-releasing groups,as well as the evi-

dence of kinetics studies,indicates that coupling is electrophilic

aromatic substitution in which the diazonium ion is the attacking

G G
@+Waéﬂ@m

H N=N-Ar N=N~Ar

reagent
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It is significant that the aromatic compounds which undergo
coupling are also the ones which undergo nitrosation, Like the
nitrosonium ion; + NO ; the diazonium ion,ArN; yis evidently very
weakly electrophilic,and is capable of  attacking only very reac-

tive rings.

2.2 Preparation of 1,8-Dihydroxy-2,7-bis (2-hydroxy=-3=

nitro=5=sulpho~1-phenylazo)-naphthalene=3,

6-disulphonic acid.

The proposed structural formula of the dye is as follows 3( 29)

HO.S AN /’H P
3 N N OH
[ 7 ; ’ 8H.0
N N 2
F‘n(Das . Sﬁ%fwo

5 22H28N68 40281\1&2 = 998.75(
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2.2¢1 Preraration of the dye.

Reagents;
(1) Chromotropic acid,disodium salt (BDH).
(2) 2-amino-b6-nitrophenol-b-sulphonic acid, (Mw‘ﬁf234;about
75 % pure;Claytom Aniline Co.Ltd,Manchester)
(3) Calcium chloride (Analar CaClZa2H20 )
(4) Sodium nitrite.
(5) Hydrochloric acid (Analar).

(6) Sodium hydroxide (Analar).

Procedure (29)

To 250 ml of water was added 12.5 g. of 2-amino-6-nitrophenol-
ﬁ-sulphonic acid which was suspended in 12 ml.of concentrated hydro-~
chloric acid; After cooling in a freezing mixture'(ice + NaCl) to
0% ;the‘content was diazotised by adding dropwise,with constant
stirring,a cold solution of 2;8 g.of sodium nitrite in 20 ml.of water,
A clear yéllow solution of the diazonium salt was obtained in about
15 minutess

A solution containing 3;6 g« of chromotropic acid (disodium
palt ) in 30 ml.of water was mixed with a solution of calcium chloride
Prepared by dissolving 7.0 g.of calcium chloride (CaCla. ZHZO) in 25ml.
of water;the whole was added to 50 ml.of 10 F.sodium hydroxide and
cooled to 000; Into this solution was added dropwise,with constant
‘sfifringthgjpreviously prepared diazonium salt solution, The tempera-

ture was kept below 500. After completing the addition,stirring was
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continued for about 30 minutes the solution was then added to
70 ml.of concentrated hydrochloric acid and stored in a refri-
gerator overnight, After filtering through a sintered glass

funnel,the precipitate was rinsed with 20 ml.of 6 F.hydrochlo-

ric acid and dried =at 60°C for 24 hours.

2.2+2 Isolation and purification,

The dried dye,obtaining from previous method was slowly
dissolved with 25 ml.of water on a warm water bath. Then 25ml.
of concentrated hydrochloric acid was added and stored in the
refrigerator. Filter through a sintered glass (No.l) as pre-
viously described (see the preparation section ) for three

times.

24243 Chromatographic studies of the dye

Paper ehromatography (Ascending nethod)(30)

The compositions of mixed solvents.

Various composition of mixed solvent systems were inves=
tigated by the ascending paper chromatography in order to de=-
termine the optimal condition for separating the pure dye from

its impurity. The results are shown in Table II,

0006893
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Table I

Various Mixed Solvent Systems with the Corresponding Rf Values

system solvent ratio Rf of sample |Rf of impurity
1 HCL : H,0 119 0.12 03k
2 HCL : H,0 1:19 0 .16 0ok
3 EtOH : HC1l : H,0 1:1:10 017 042
L BuQE I:NH.MOH : H,0 1:1310 0.87 0.37
5 TtOH :NH,OH :H 0 | 1:1:10 0.93 0493
3 MeOH : HC1 : H,0 121210 0.13 0439
7 MeOH :NH,OH : H,0 | 1:1:10 0.9 049
8 HOAC : HC1 : H,0 5$:3:20 0.28 0.6
9 BuOH : HC1 : H,0 1:1:10 0422 0.49

-
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The solvent of system No.8 appeared to be the most suitable,

Procedure.

A few milligrams of the dye was dissolved in 2-3 drop of a
mixed solvent (HOAC:HQL:HZO = 3:3:20). A small amount of the solu-
tion was spotted on a 15x15 cm.filter paper (Whatman filter paper
No.1l) at the marked position (3 cm.from an edge),dried,and then .
rolled the paper as a cylindrical shape. The paper was immersed
into an enclosed container which was contained about 2 cme height
of the same mixed solvent. The marked side of the paper was on
the bottom of the container, so the marked position and the spot
were about 1 cm.above the solvent. The system was set aside for
30 minutes and then removed the paper from the container. The
position of the solvent front was marked immediately and the paper
was allowed to dry in air.

After the third recrystallization,the dye sample showed by
paper chromatography method to be reasonahly pure (see Fig. I ),
The chromatogram shows that after the third recrystallization,the
dye has only one component which indicates the high purity of the

dyes



FIG. | Paper chromatographic study of the dye at various

stages of crystallization.
A : Crude dye

- Ist recrystallization
S 2ndrecrystqllizotion
D

' rd ot
: 3 recrystallization

18
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2¢3 Systemetic Study of the Dye as a Metallochromic

Reagent for Scapdium.

2e5%¢1 Acid-base indicator property of the dye.

Procedure
e gt e ot

A series of 10 ml.of 1O~4F.dye solution were pipetted to six
50-m1 beakers. The pH of the content in each beaker was adjusted
to the pH value of 1, 3.5 , 4,7,11 and 12 by the addition of 0,1 F.
and 1.0 F. hydrochloric acid or 0.1 F,and 1.0 F.sodium hydroxide;
The pH value was recorded by a pH meter, The colour change of the

dye solution was noted as shown in Table, III.

Table—LEL

pH colour

4 wine red

545 mauve blue

L greenish blue
s indigo |
11 indigo

12 indigo

From Table III,it indicates that this dye has an acid-base
i

Property.
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2.3.,2 Visible spectra of the dye at various pH values.

A, Instruments used.

1. Spectrophotoneter.

A Perkin Elmer double~beam spectrophotometer model 124,
with a Perkin Elmer 56 recorder,and 1 cm.silica cell were used
for measuring the absorbance.

2, pH netern

A Radiometer pH meter type pH M28C manufactured by Messr.
Electronic Measuring. Instruments, Copenhagen.
These instruments were used for measurments in all sub~
sequent experiments throughout the course of this research work.

B. Reagents

10727, sl Tt —s dye. This was pre=-

pared by dissolving 0.9987 g.of the dye in 100 ml. of water and
the solution was kept in the absence of the light in order to

mninimnise the photochemical reaction of the dye.

C. Procedure

A series of 10 ml.of 10~4F.dye solution were pi-
petted to fifteen 50-ml, beakers,followed by about 10 ml.of
water., The contents in each beaker was adjusted to the pH va-
lue from 1 to 9 with the interval of 0.5 by adding an appro-~

1.0 F.hydrochloric acid or

priate amount of either 0.1 F

0.1 F. |, 1,0 F sodium hydroxide.

0 |
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The pH was recorded by the pH meter. Finally each content was
transferred quantitatively to a 2%-ml volumetric flaske. The spec=-
tra were recorded against water from the wavelength 400-700 nm.

The spectra are shown in Fig. 2

2e%e3 Visible spectra of dye-scandium compleX.

Procedures

Into two 50-ml. Beaksrsy 10-mle of 10~ 'F. dye was pipetteda
1 ml. of 10™°F.Sc(IIT) Acldtion and about 10 ml. of water were
added to one beaker. The other was added only 10 ml. of water,
The pH of both was adjusted to the value of 2.5 by adding an
appropriate amount of O.1 F. hydrochloric acid and the pH_was
recorded by the pH meter., The contents were diluted to'the fi-
nal volume of 25 mls The spectra of both were recorded against

water from the wavelength 400-700 nm. as shown in Fig. 3.

. 2.4 Spectrophotometric Determination of Scandium Using the

Dye as a Reagent.

Experimental

A) Apparatus. The same set of instrument as previously des-

cribed was used,
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Be. Reagentse.

Standard metal solution. Prepared by dissolving 0.06895 g.

of B.D.H scandium oxide (99.9 %) with 5 ml. of concentrated hy-
drochloric acid. The solution was evaporated on a hot plate un-
til the solution was clear and no more than 1 mle. of the solu-
tion was left, then diluted to 100 ml., with distilled wat&r. The

=D
final concentration of the solution was' 10 “F. of scandium.

Stock solution of the dye., The same stock solution as pre=-

viously prepared was useds

Diverse ion solutionse. Solutions of diverse ions were pre-

pared by dissolving known amounts of their pure compounds in dis-
tilled water. Dilute hydrochloric acid was used whenever neces-

sary.

Ce Procedure.

In order to determine scandium spectrophotometrically using
this dye as a reagent, the following conditions should be care=~
fully studied and established:

1.) Optimal wavelength for the scandiﬁm-dye complex.

2.) Optimal amount of the dye.

3.) Optimal pH.

L,) Optimal time for colour development.
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2.4,1 Optimal wavelength.

10 ml. of 10™ 4w, dye solution was pipetted into two 50-ml.
beakers. One was followed by 2 ml. of 10-4F. Se (III) solution.
The pH of both solutions was adjusted to the value of 2.5.

Fach content was transferred quantitatively to a 25 ml. volme=-
triec flask. The spectra of the solutions. were reccrded using
water a§ a weference, scanning from 400-700 nm. The spectra

obtainéd are shown in Pig. 4

2.4.2 Optimal amount of the dye.

o six 50~ ml.béakersy 4 ml. of 107*F. sc (III) with
varied volume of 10_4F. dye as 4 mly, 8 ml, 10 ml, 12 ml, 14 ml,
and 16 ml. and an appropriate amount of water were added. The
pH of each solution was adjusted to 2.5 by the addition of O0.1F.
hydrochloric acid. Each content was then transferred quantifa—
tivelyfto a 25 ml. volumetric flask. The absorbance of each solu-
tion was measured at 630 nm. against the reagent blank.

The absorbance of various ratio of dye to scandium at pH

value of 2.5 are shown in Table IV and the corresponding plot

appears in Fig. 5
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0.8
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0.4

Q.2

O/—C O O O o o
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o 2 4 6 8 10 12 14 16
4
ML, COF IO DYE

Fig. 5 Effect of the amount of the dye on the formation of the

scandium~-dye complex .
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Table IV

-4 ~4 | - |

ml.of 10 F,dye ml.of 10 F.Se(IIT) absorbance at 630 nm. |
4 4 0.552
6 4 0.605
8 4 0+610
10 4 0.612
12 4 0.612
14 4 0.615
16 4 A 0.615

|

From Fig.5,it can be seen that,the ninimus amount of 10-4F.dye

required is 6 ml, - In the subsequent experiments,14 ml of 10-4F.

dye was selected and employed throughout the course of the work,

2.4.3 Optimal pH

To six 50-ml beakers,2 ml.of 10'4F,Sc(111),14 ml.10™ %,
dye and an. appropriate acnount of water. were addcd, The pH of
the solutions were adjusted by adding 0,1 F hydrochloric acid to
PH 1,1.5,2.0,2,5,3.0,3.5 and 4.0 respectiveiy. Each content was
transferred quéntitativelyto a 25-ml volumetrig flask, The absor-
.bance of each solution was measured against the corresponding rea=-
gent blank at 630 nm. The results are shown in Table V,and the
corresponding graph is in Fig., 6 The spectra of the complex at

various pH valucs are shown in FPig. 7
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FIG. 6  Effect of pH on absorbance of scandium dye complex
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FIG.7 The ‘spectra of scandium dye complex at various pH value



Table V
pH absorbance at 630 nn,
1ie'S 0,250
2.0 0e 3503
2D 0.303
3.0 0.303
545 0.262
4.0 0.145

From Fig.6,it is concluded that the optimal pH is in the

range 2-3, In the subscquent experinents,pH 2.5 was selected,

2444 Optimal time for colour development,

14 ml.of 10-4F.dye wag added to an appropriate amount of
water in a 50-ml.beaker, The PH of the solution was adjusted
to 2.5 by the addition of 0.1 F.hydrochloric acid. Then the
solution was poured into a 25-nl. volumetric flask containing
pipetted 2ml.10-4F.Sc(III) and adjusted to 25 ml, with distil-
led water if required. The absorbance was measured at 630 nn,
against reagent blank at 0y5 min.,15 min.,30 nin.,etc. The
result is shown in Table VI and the corresponding plot is in

Fig, 8.

30
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Table VI
time absorbance at 630 nm.
0O min. 0.3%10
5 mine Qasd10
15 Wine 0.3%10
320 min. 0.310
1 hr. 0.310
2 hr. 0+3%10
3 hre 0.315
6 hr. %305
12 hre. 0. 300
2L hr. 0.300

From Fig. 8, it can be seen that the colour of the com~-
plex is developed immediately and remains constant at least
24 hours,

2.4.5 Lambert-Beer law check

To a series of fifteen 50-ml.beakers were added 14 ml.
of 10-4F. dye solution, followed by a series of 0.18=2.70 Ppm.
of S8c(III) solution. The pH of the solutions were adjusted to
2.5 by the addition of 0.1 F. hydrochloric acid. The solution
in each beaker was transferred quantitatively to a 25 ml. vol-
umetric flask and diluted to the mark. The absorbance of these
solutions were measured at 630 nm. against reagent blank as the

reference.
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The calibration curve is found to obey Lambert-Beer law very well

over the range of 0.18 ppn. to 1l.44 ppm.of scandiggfas shown in
/M,
i

Table VII and Fig. 9

Table VII

l.of 1074F.dye | ml.of 1074¥iSc(I1I) = X ppm. |absorbance at 630 nn.
14 1 - 0.18 0.145
14 2 = 0.36 0.300
14 3 = 0.54 04455
14 4 0,72 0.615
14 5 = 0.90 0.762
14 6 = 1.08 0+915
14 7 - 1,26 1.070
14 8 =1.44 1.210
14 9 = 1,62 1.340
14 10 (1.0 ml of 107°F) = 1.80 1.400
14 11 (1.1 nl of 10™5F) = 1.98 | 1.460
14 12 (1.2 ml of 10‘3F) = 2,10 1.530
14 13 (1.3 ml of 107°F) = 2.34 1.540
14 14 (1.4 ol of 10°7F) = 2,52 1.560
14 15 (1.5 ol of 107°F) = 2,70 1,560

i
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2.4.6 Reproducibility of the method

The reproducibility of this nethod was checked by means of the
standard deviation of the deternmination which obtained from mea-
suring the absorbance of 10 set of solutions,each containing a
final scandium concentration of 2 ml laé.in the total volume of

25 ml, and the pH was 2.5. The absorbance of each solution was

measured at 630 nm. The results are shown in Table VIII

Table VIII
nl, of 184F.dye nl.of 10-4F.SO(III) absorbance atv630 nm.
14 2 0.310
14 2 0.300
14 2 0,310
14 2 0.302
14 2 0.300C
14 2 0.3X0
14 2 0.315
14 2 0.300
14 2 0.303
14 2 0.305

= \RBEI0GA) -



Calculation
absorbance at 630 nn. d = (x = x) d2
0.3%10 -0.005 0.000025
0.300 +0.,005 0.000025
0,310 -0.005 0.,000025
04302 +0,003 0.,000009
0,300 +0,005 0.000025
0.310 ~0,005 0.,000025
0.315 +0.010 0.000100
0+300 +0,005 0.000025
04303 +0.002 0.000004
0.305 0,000 0.000000

%= average value = 0.305

standard deviation = 4%
Nt

The coefficient of wvariation

$

P 3 {0.000188
9

=% ./0.,0000209
=~ % 0,0044

= 1.3 %

36
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2.4.,7 Diverse ion study.

The effect of twenty cations and seven anions on the
scandiun determination were investigated. The limiting value
of the concentration of a foreign ion was taken as that which
caused an error of +5 % in the determination of 1 ml of 10—4F

scandium in the final volume of 25 ml. The results obtained are

summarized in Table IX

Table IX

Influencc of Diversc Tons on the Ieternination of Scandiun

. Diverse ion Molar ratio Absorbance at
(X s Se) 636 nn.
cutt 100 >2
10 1.490
1 0.265
0.5 0.208
0el 0-165
0.04 0148
Nt 100 - 0.81
10 0.542
B 0.19
0:5 0.165
0.04 04155




Table IX (continued)

Diverse iomn Molar ratio Absorbance at
(X ¢ se) 630 nm .

co™ 100 0.413
10 0.184

1 0.16Q

0.5 0.155

Mgt 100 0.173
10 0.165

1 0,145

ot 100 0,213
10 0,165

55 0;150

At 100 1.73%0
10 0.645

1 0.190

0.5 0.170

0.1 0.155

Mn*t 100 0.1
50 0.155

10 0.150




Table IX (continued)

Diverse ion Molar ratio Absorbance at

(X : Se) 630 nm .

Mo*6 100 1.0k0
10 1.010

T 04200

0450 04195

0,10 0.160

0 .04 0.142

Hg T 100 1.620
10 0.158

= 0.145

sn*t ppte

vott 100 1.440
° 10 1.100

1 U270

0.50 0235

0.10 0.160

0.04 0.145

crt? 100 0.22¢
10 0.200

1 0.145

»



Table IX (continued)

Diverse ion

oy
Ba ¥

Sr++

ot

Ca++

Cd++

Fe++

Molax r;fio
( X & se)
50
10

100
50
10

100

10

0.5

0.1

0.04
100
100
100

10

0.5
0.1

0.04

Absorbance at

630 nn.

'A'o:lég
04175
0.155
0,180
0.165
0,145
1.850
1.130
0.560
0,393
0,202
04145
0.145
0.145
0.342
0.255
0.210
0.198
0,165

0,145




Diverse ion Molar ratio l Absorbance at
(X ¢ se) i 630 nn
. | .
La’ Y 100 | 0
50 ; 0.19
10 } 0.215
1 ' 0.18
0.5 0.152
0,04 0.15
Na© 100 0.155
citrate 100 0.158
soz 100 0,155
No; 100 0.158
c1” 100 0.152
acetate 100 015
Po: 100 0.145
P 100 | 0.04
10 | | 0.15

The absorbance of Sc-dye complex = 0,15
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2.4.8 Recommended method for spectrophotometric determination

of scandium.

Place a solution containing 0.18 ppn to 1,44 ppm of scan=
dium in a 50 nl. beaker and add 14 nl.of 10-4F.dye solution.
Adjust the pH to 2.5 by adding an appropriate amount of 0.01 F.
hydrochloric acid. The solution is transferred quantitatively
to a 25 nml volumetric flask and dilute to the mark with water.
Measure the absorbance of the solution at 630 nm against the

corresponding recgent blank,

2.5 Stoichiometry of Scandium=Dye Complex

2.5.1 Method of continuous variation (31)

10-4F. solutions of scandium ion and dye were mixed in
conplementary preparations to a total volume of 10 ml. After
adjustment of acidity to pH 2.5,the nixtures were diluted to
25 ml, and measured the absorbance against water as the refer=-
ence at 630 nn. Results are shown in Table X and the plot of

absorbance against mole fraction is shown in Fig. 10



salle X

nl.of nl.of mole fraction ———
10°%F.dye | 207%F.sc(III)| of scendiunm at 630 nm.

0 10 1.0 0.000

1 9 0.9 0195

2 8 0.8 0.385

3 7 0.7 o

4 6 0.6 0.755

5 5 0.5 0,953

6 4 0.4 0.945

7 3 0.3 0.822

8 2 0.2 0.715

9 1 0.1 0.632

10 0 0.0 0.505

From Fig,10,it is evident that the formation of 1l:1 scan-

dium-dye complex is indicated.

43
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2.5.2 Mole ratio method. e

A. Fixed amount of dye and varicd amount of Scandium(XII)

With fixed ligand and variable cation concentrations,the
application of Yoe-Jone mole-ratio method(32)is used. A series
of solutions was prepared by adding increasing amount of 10-4F.
scandium solution{i.e., 1 , 2 , 3 , 4 , 5 46 , 7, 8 ml.) to a
fixed amount of 10”4F. dye solution (i.e., 4 ml.,) After adjust-
ing the pH of the solution td22 .5-by-the addition of 0.:7.Hyd-och-
Iozic acid,the solution was diluted to 25 ml. The absorbance was
measured at 630 nm. against the reagent blank. Results are shown

in Table XI and Fig. II

Table ' XI
ml,of ml.of mole fraction Absorbance
104, dye | 1074F.50(III) | of scandium at 630 nm,
4 1 0.20 0,150
4 2 0.33 0.303
4 L 0.44 : 0.440
4 4 0.50 0.555
A 5 0.56 0.555
4 6 0.60 0.555
4 7 0.63 0.555
4 8 0.67 0.555
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B. Fixed amount of scandiun(III)and varied anount of dye

The solutions were prepared by adding the increasing cumount

of dye solution(that is 1,2,3,4,5,6,7,8,9,10,11,12 nl.of 10-4F.

solution )to a fixed amount of scandium solution (that is 4 nl.

of 10_4F.solution).

The pH of solutions was adjusted to 2.5.

The absorbance of solutions were measured at 630 nm.using water

as the reference,

Fig 13.

Table X1I~

Results are shown in Table XII,Fig 22.,and

nl,of 10-4F.dye

nYof A0 Fa8c( IIT)

absorbance at 630 nn.

no

O 0O O~ N VDWW

10
il

i2

N Y N N N O S S - SR ¢

0,195
0378
0,572
0.765
0.865
0.910
0.960

1.010
1.050
1.090
L« 150

1.200
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Fig. 2

1 1 | | 1 2 A

8 0 7 :
ML.OF. IO F. DYE

Application of mole-ratio method to the scandium-dye system.

[constqnt cation concentrotion]
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Froh Fig 12, it is confirmed that the scandium-dye complex
of the type M:L = 1l:1 formed,
2.5.3 Slope ratio mcthod.(33)

A+ Condition of cxcess metrl concentration.

L series of solutions were prepared by adding amount of
soandiun solution (i.e.,14 nl,of 10—4F.solution) to the varied
amount of dye solution <(i.€., 1429374 and 5 nl.of 10—4F.solution).
The pH of cach solution was adjusted to 2.5 by the addition of
the appropriate amcunt of 0.1 F. hydrochloric acid and then dil-
uted to 25 ml, with wator,., ) The absorbance of solutions were mea~
sured at 630 nn.using 1 emeccll and water as a reference. Results

are shown in Table X7'I gna Figz 14

Table XIII

ml.of.lO-dF.dye il 0f 10-4F.SC(III) absorbance at 630 nn,
1 14 0.193
2 14 0.393
3 14 0.572
4 14 0.753
9 14 0.964
S——— . . . .
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B. Condition of excess dye concentration.

The method of the preparation of solution was exactly the
same as described in A,except the fixed amount of 14 nl of 184F.
dye solution and the varied amount of scandium solution were en-
ployed. The absorbance of each solution was measured at 630 nn.

using 1 cm.cell and reagent blank as a reference. Results are

shown in Table XIV and Fig. 14

Teble XIV

-4 £
ml.of 10 F.dye nl.of 10 F.Sc(III) absorbance at 630 nn.

14 1 0.160

14 2 0.303

14 3 0.460

14 4 0.615

14 B Of770
Calculation.

If the complex formed in the reaction

nlL + nM 772 MnLn

L mmmad
case 1. My L
from slope = 8.,b
11

slopel = 0,18 = ab
m
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ML.OF VARIED COMPONENT
Slope ratio method.
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case 2 L >> M

from slope = a.b
n

slope2 = 0,155 = a.b
' n

A simple derivation base upon Beer's law and the assumption
that the small quantities added in each case are quantitatively

converted to equivalent amounts of Mnlm ,gives the relationship:

slope 1 ey .18
slope 2 p n ”'TIE? =, Ll

Then the empirical formula is easily deduced to ML

The study of the nature of scandium-dye complex by method
of continuous variation,mole ratio méethod and slope fatio nethod
reveal that the 1:1 mole ratio of scandiun : dye complex is formed.
This is also confirmed by the absorption spectra of the conplex as

shown in Fig. 15
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2.5.4 The proposed structure of the scandium-dye complex
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2.5.5 Apparent stability of the scandium-dye complex

For the scandium-dye complex is in the type of IML,the

formation reaction is as follows:

M + b g=/= ML

(de) (ade) (1=d)ec
The apparent stability of this complex was calculated

from the equation:

kK = (1-d)

2
d ¢

b
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Where K is the apparent stability of the complex,c is the

molar concentration of the reactant and d is the degree of disso=-

ciation defined by 4 = sl Am is the maximal absorbance ob-

An
tained from the extrapolation of the curve fron Job's method of

continuous variations and As is the absorbance at the stbichio—
metric molar ratio of metal to reagent.
-5
Fron Fig.1l0, As = 0.7, Am = 0.745 , o = 2x10 F. then

d = 0,0604 and

X (1-0.0604)
(0.0604)%x 2-x 1077
X 2 /1.28 x 107

2.6 Possibility of Using the Dye as an Indicator in a Complexo=-

metric EDTA Titrations

For the dye itself has a wine-red colour in the strong acid

media (pH 2-2.5) while the scandium-dye conplex,at the same medium,

shows a blue colours: If the dye is used as an indicator in the

conplexometric titration between scandium solution and EDTA solu=-

tion,at the end=-point,the scandium is extracted from the scandium-

dye complex by the EDTA and the colour of the solution will change

from hlue to wine-red (the scandium-EDTA complex has no colour ).

The end-point detection is studied by the following experiments.
-2
2 x 10 2F.SC(III) solution and 10 F,EDTA solutions were
.3
prepared as primary standard solution,and 5 ml.of 10 F. Sc(III)

was used in each time of the titration
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5 ml of 10 F.SC(III) was pipetted to a 250-ml beaker fol-

lowed by 2 drops of 10 F.dye solution and 10 ml of water., The

solution was adjusted to pH 2.0 by the addition of 0,9 M. HC1.

With constant stirring,the solution was titrated dropwise by

102

from blue to wine-red,

F. EDTA solution until the colour of the solution was changed

-2

The amount of 10 F EDTA used was noted.

The titration was repeated‘and result obtained is shown in

Table XV.
Table XV
-2 -2
Ng | 2x10 F.Sc(III) | 10 E/EDTA used| ng of 5c¢(III) |ng.of Sc(III)
nl nl thecretical value found
1 5 9.90 4.5 4.545
2 5 10,00 4.5 - 4.500
3 5 10,00 445 4.500
4 5 9.80 4¢5 4.59%
9 5 10.00 445 4.500
6 5 10,00 4.5 4.500

From the visual observation,the colour of the end-point changes

with in one drop of the titrant,

Fron the calculation,the result

shows that this dye can be used as an indicator in this titration

system with reasonable accuracy ,
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2.7 .Conclusion

Studies of the properties of 1,8—dihydroxy—2,7-bis(2-hydroxy-
% nitro-S-sulpho-l—phenylazo)-naphthalene—},6—disulphonic acid,.
reveal that this dye has a-metallochromic'indicator property. The
work is carried out with the emphasis on the uses of this dye as
a reagent for the spectrophotometric determination of scandium
under the optimal working conditions.  The complex formed has the
combination ratio of scandiam to the dye which is found experimen-
tally to be 1 to 1 . The proposed structure of the scandium-dye
complex in aqueous medium at pH 2.5 is shown on page 55. At very
low pH walue the hydrogen ion in the solution will suppress the
ionization of the E'Y ion from =OH group but when the pH is increased,
the gt ion can dissociate from the resonance system causing a
colour change (wine red — mauve blue—»indigo). At medium aci-
dic solution,the BT ion ionizes from the 2-hydroxy phenylazo part
and at higher pH,from the 1,8-dihydroxy naphthalene nuclei. At
pH 2.5,the complex is formed,the scandium ion would enter the
space between othohydroxy and the azo nitrogen of the dye. The
lone~paired of electrons of the oxygen and nitrogen are donated
to the scandium ion. The complex is formed in this mode because
of the characteristic of the o-hydroxy azo dye. The scandium may
ﬁot form . the coloured-complex with the dye molecule through the
peri-position of the chromotropic acid nucleus since the scandium
jon is rather volumenous in the aqueous medium. The possible struc-

ture Of the complex may be proposed as appeared in the page.55
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The conditional formation constant for the complex at pH
2.5 at 25°C calculated from the curve of the continuous varia-
tion method is 1.28 x 107. The spectrophotometric determinations
of scandium show promising reproducibility with coefficient of va-
riation = 1.3 % solution containing O,Béjug of scandium (III)per
ml without interferinsg ions or masking agents. The sensitivity of
the reaction expressed by Sandell'y notation (54),n.§i(Where M is
the molecular weight in grams of the compound expressed in {erm
of elements, n is the number of atoms of the eiement in a mole-
cule of a compound and fi is the molar absorptivity of the com-
pound). is 0.001%/ug..of scandium(ITI) per“'cm2 for log i = 0,001
The molar absor?tivity of the 1 to 1 complex at 630 nm. is
3,75 x 10%

In the study of the effect of various interfering ions,results
show that Cu(II),Ni (II),Co (]:1),131:(1:1),1-11(11:[),1~f1<>(:--1),:»1g(1:[),Uo2
(11),0r(111),Th(IV),Fe(1I),La(III)interfere seriously when the
interfering ion is peesent 100 moles excess over that of scandium
and the effect is decreased as the amount of the diverse ion de=-
creases,that is,Mn(II) does not interfere within the 50 moles ex-
cess. If the ratio of the interfering ion to scandium is reduced
to 10,it is appeared that Hg(II),Ba(II),Sr(III)do not interfere
and Mg(II),Pb(II),Cr(II)do not interferred if the ratio is 1,but
Zz,Nog set, acetate,POZ3

even the molar ratio is equal to 100.

Na(l),Ca(II),citrate SO do not interfers
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Usually an undesirable constituent can interfere either be-
cause of its own peculiar optical properties or because it can
undergo chemical reaction with the sought-for constituent (scan-
dium (IIIﬂ,tbe minifestations of these modes of interference may
include fading (such as in the case of F~),extraneous absorption
(La (III),Th(IV),Cu(II);Cr(II),Fe(II)etc.) Turbidity (sn(1II) ).

A vaiiety of techniques may serve to reduce or eliminate the
interfering effect of the undesired constituents such as a physi-
cal separation of scandium from the undesired constituent but it
is not always as satisfactory in practice as in theory because of
the increment of error. Other means is the conversion of the un=.
degirnble constituents by chemical means into species that do not
interfere. It is generallypreferred to physical separation. Many
types of reactions are commonly employed. Oxidation-reduction and
complexations prove particulary effective for inorganic. systems.

ﬁy the application of the above techniques,the interfering eff-
ect of such diverse ions may be eliminated or at least,reduced,this
proposed method will become a suitable one.,

Considering the sensitivity of the method and comparing with
the methods using some other azoic compounds, This new reagent
gives a higher molar absorptivity than all others except that of 4-
(2-Thiazolylazo)resorcinol. This method has however some advantages
over others,namely,the very stable complex is formed,the procedure

is so simple and the calibration curve isreproducible and reliable,
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-

During the course of this work,this dye was used as an indie-
cator in the direct visual complexometric titration of scandium
(III) with standard EDTA solution. The pH of the titration med-
ium was 2,0. At the beginning the indicator combined with-the
trace amount of scandium (III) exhibited a blue colour of the

scandium-dye complex,

H,D + Se (III) -——EIiZaScHQD (1I1)

wine red blue

at the end-point,EDTA solution extracted the trace scandium from
the complex form and the free form of the indicator was left the
colour was therefore changed fron blue to wine red (at low pH vae
lue the dye itself shows a wine-red colour ). The final concen-
tration of the indicator is approximately 10-5F. The end=point
is rather sharp this may due to the high molar abscrptivity of
the complex and the shade of the colour change is easily distin=-
guished. From the visual observation,at the end~point,the colour

2F. EDTA solution. So this

change within one or two drops of 10~
dye should be recommended as a potential metal indicator in the
direct visunl complexometric titration of scandium (III)in
strongly acidic solution. :

As described above,it can be seen that this dye,l,8-dihydro-
xy-2,7~bis(2-hydroxy—3-nitro-S-sulpho-l-phenylazo)«naphthalene-},
6-disulphonic acid,is recommended to be a sensitive metallochrome

in the spectrophotometric determination and visual direct complexo-

metric titration for scandium.
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