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rptiometric method in both the systems.
~omposition has been found to be 1:2:2
in both the Fe(III)-N.,-PCHA and Fe(Il
lexes, respectively.
The composition of Co(II)-SCN complex
HA has been found to be 1

ture (61). Thus, the CO
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Photometric Characteristics of the Complexes

Coloured

System

Sensitivity

ngfcm‘

Concentra- Opt imum

tion range concen-

for Beer's tration

law(ppm) range *
(ppm)

Amax
~1 =]
nm 1 mol "cm
H-PCHA 495 15000

a .
[ e B
un ~1
-
C o
S &

0,0031
0.0074

0.,0324

0.5~9,0 0.75-8.1
2=41 3,736

Evaluated

Table 16.

from Ringbom plot.

. - Pl o I - 3 T4ITYY T 4 Ton O Or 1 by
Calibration Curve Daca for Determination of Iron(I11) b3

F

1)-SCN-PCHA System

o
e
(5]
-

Concentration of iron(IlI)

Absorbance at 495 nm

M ug/25 ppm
0. _“-,j;.-]_\}*S 4,65 0.186 0.060
%10 13,96 0.559 edog
2x10 27.92 1.118 Q. 304

41 .88 1.677

55.85
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[ Table 17. Calibration Curve Data for Determination of Iron (111)
3 il lle 4V QL LOnN i i
| Fa(II1)=-N_.-PCHA System

Concentration of iron(II1I)

| . M Hg/25 m] ppm Absorbance at 447 nm

l.\;lU_; 13,96 0.339 0.075
2x10 > 27.93 1,117 0,150
S %10~ 55,85 2,234 0.301
-J;-\lxi-.} 111.70 4,468 0.603
125107 167.58 6.702
16x10 223,44 8,932 .20
Table 18. Calibration Curve Data for Determination of Cobalt(1l) |
by Co(II)-SCi system '
1

_Concentration of cobalt(II)

M ug/25 ml ppm iAbsorbance at 645 no |

"‘f‘ Wl l

0.33x10 49.08 1,96 0.061 |

, \

1x10 147.25 5,89 0.182 |
2x10 264,50 2178 ~iay

4x10 589.00 23, 5¢ -l
6xl0 883.50 35,34

1030.75 41.23 =

¢ precision of ti v )
spendent analys i i .
| : |
. U } 3 1 o LI_ / 4 el 1k
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ij;__)—}* & sy d Co(II)=SC ystems, respectively

esults az summarized in Table 19. These results cleap-
1 1ndicate that the methods ar 1Zhly precise and give
reproducible results, !
3.8 Effect of Foreign Ions

In order to evaluate the selectivities of the newly
esvelor methods the effect of foreign ions on the determi-
\ation of iron(III) and cobalt(II) have been studied.

able 19 Evaluation of Precision of the Methods

-

Total number Mean Standard Relative

Yethod of samples absorbance deviation Standard
deviation

(%)

Fe(1II)-SCN-PCHA 6 0.721 0,0027 0,37
Fe(IIT)-N_~PCHA 6 0.603 0.0018 0.30
Co(1I)~SCN 6 0,723 0,0015 0.21

' tolerance limit of foreign 1ons taker S centration
m) which cause an error less thar e g in Table
£ d 21.
Titanium (IV) and zir onium(IV) wer ® to r Y
- - ' |3 +*
~LLl level 11 thne I_'(A_.li" LIN= ! ¢ . 1
- PR
31 ions were masked fluoride. Whi i ium(IV)
' adium(V) were found to interier a 11 1¢ bE:
l 1T N7 -3 3 ) top v : <
| fe(IITI)-N_.~-PCHA method. h el
]
l ot tpanmitnm twit] 111 14 a n(V) }
omed by masking titanium Wit:h
"oy 1 =

T o s M There was no 1l
h_yt.'l'-‘g:.-_-_!l peEroXilde. There W

| SCN method.




tne results given in Tabl 0 ar X
| _ _ y
| L0550 all C I 1ONS whi n { I 4
1y
1% nd cobal TS 1110 1
LT X res, alloys, eels, < )
amples do not interfer in the simultane | r
f ro: il) and cobalt(II) with PCHA and thiocvanat 1T
11so in the Fel(ITT)Y=N_ =PCHA moshad He |
tne Fe(lLIT) N,=PCHA method. ience, thq
zhly selective and can be applied for the determinati
lron and cobalt 1n any type of sample.
lable 20, Tolerance Limit of Foreign Ions in the Determination of

ron(IIL; and Cobalct(II).

Concentration of Iron(IlI) = ppm
Concentration of Cobalt(II) = 20 ppm

[scN ] = 2.0M, [HC1] = 1,0M

Tolerance limit, ppm =3

Lon Iron Cobalt Simultaneous

determination determination determination

{ -+ ’
Na 400 400 +

+- ~ ! {
K 400 400 00
+ .
Li 400 400 e
J 4
= . 0 |
i 400 400

Sr 400




- 59 =
rable 20 Continued
e —
Teolerance limit, ppm
i Iron Cobalt Simultaneous
determination determination determination
Sn | 400 400 400
Pb at 400 400 400
Bi’" 400 400 400
80 20 20
Ce 4+ 200 300 200
't 400 200 200
vos” 400 ' 400 400
Ni<T 400 400 400
Cr + 400 400 400
/ &\
Mn~ ¥ 400 400 o
Mo0S 12 40 12
ol 20( 200 g
s E 80%
Ti 8O* 120 o
71 +T \rJ 3 16{—‘5
= ]
. - i 400 400
Acetate 400 400
A Xa'l 400
hloride 404 400
Nitrate 400 400
Nitrate 400 460
T oy 400
sulphate UL 200
Citrate 200 400 %60
. e 400
[ertarate 4UR 400
2 " 400
| Phosphate 400 400
. ) . 400
| Flucride 400 : 200
, 400 -
‘ Oxalate 200 = 400
400
| Ly ‘{ri}l) 200
| | 3 YO0 "—f#o—o‘//
| Borate oC
118
[ ! fasked by Tluoride (400 ppm) .
|
|




ol

rance Limit of Foreign

PR

Ions in the Determination

( atration o (111) = 4 ppm
] = 0.5 M
r_*_f;; Tolerance limit, ppm
400
J 400
e 400
-w' 460
2 500
L
T 400
bLa
Mo 400
2+ 400
rLf- 400
l 3+ 00
La

120
120
400

400
160
400

60
400
400
400
400
400

40




Tolerance limit, ppm

S LE 320
400

F 1._-{::‘]‘_._1(; "
N 3000

by H,0,(2 ml of 30%).
by Yluoride (3000 ppm).

Determination of Iron(III) and Cobalt(Il)

=AY = e

ous spectrophotometric determination of
solution can be done : e o SR s 'R
solution can be done if there is no reaction
absorbances are additive

lutes because

it can be written as:

-'l re the measured absorbances at the twc
- 3 . —y -~ = 1 and refer
A,, ar the subscripil 1 and £ I¢
e - 3 nr
Sh t "‘.'L-'Ut;tch.x CEO alnd i SUD‘;\,-‘ 15 'j':
= ++F
two different wavelengths. The waveleng

+ion maxima

with the absorp




strongly at ), and weakly at ). Now according
*'s law A = e Cl, where ¢ 1s the molar absorption co-
any particular wavelength, C is the molar
concentration, and 1 is ‘the kness (length) of the absorb-
3 pressed in ar L3 s biems
= g5 (ALY o B, T EELS €j2 r301
A ) o Co #est e rail
s = LR 1 £
A - z multaneou ons gives
L r32]
[33]
T
f = by measuri
e calculated
: Y a rption C
B 1
3 - (“1‘1’] a_:";d \.C‘...‘l'r(
] e present investigation 1r'0U

| e into ethylacetate :
al'e completely extracted tOiCTMU- into ethy
conditions and tl

. T Y.
1se under identlcal

~1anD
1+ gverlap:
Pt I SO (o)
’Tion spectra of the two meta.l complexes d




il

<_'—-'

- 73 ~

An(TI Y = LON=-PC] P
n(TIT)-SCN-PCHA complex absorbs strongly at 495 nm and

weakly at 625 nm, and cobalt(II)-SClH complex absorbs strongly
2t 625 nm and weakly at 485 nm (Figure 2). Thus by measu '
ring the absorbance of the ethylacetate extract at 495 and .

6§25 nm the concentration of the two metal ions can be deter-
o 3 -3 5 -4 . . |
mined in the original solutions. '
Hence, in order to verify the proposed method, a series
~f solutions was prepared by mixing varying amounts of

iron(III) and cobalt(II) solutions and the two metal ions

+red by the general procedure described earlier.

o]

were extra

The absorbance of the extracts Was measured at 495 and 625

nm against reagent blank and the concentration of the two .|

were ca leulated

metal ions in the original sample solutions |
by solving the gimultaneous equations The results are

given in Table 22. These results indicate that the two |
. s oA AAAUY =~ 1o a aivel |
metals can be determined preclseljs and accurately in & g2%¥="

ple by the proposed method.

Table 22. Results Of ¢imultaneous Determinatigy._gi_}_n:gp(l'._ll_é}nd Cobalt(IT).
[F e ree ] M.l ratio Absorbance sbsorbance rre(1rry TCo(11}
Fe(ILL). Co(11).} MHotel . at 625 nm found found

Added Added

rlﬁ"e(III)'_-'f at 495 nm
._.—--—'—""—.._...-—--—-

Tcgg;)_l/‘ = i ) <
2

n.268 6.(‘-3!:{10“5 8.08x10

i e ——— ————

6.0x10 2 8.0:(10"5 3:4 1.092 o 10"5 1.98 “—:.

- f‘ f {‘l."u!‘;’\ .' Xi\ « JOXLL

4.0x107°  2.0x10 1:5 0.728 s -5 b
4 2.03x10 4 .04x10

- - 0.774
2,0x10 3 4.0x10 4 1:20 0.399 i ?. Q I_‘r_6 & .\;}"1"'-
8 OxlD.—B 6 le(}"‘f" 1475 0.195 1.106 8.12x1¢ R

» I » _—.—_—_._____‘__....-—-_..

e

i ——————————— .




Rl “Qiiiffarlon
1 order 3 -
~rder to asses the analytical potentiality of the

newly developed methods, the methods have been applied tc

ne analysis of DI ste ¢ j '

th alysis Of blood, steel, and vitamin Pl? samples for
iron and cobalt, respectively.

Rr1 "y A & - Ay ] . - : 3

Blood Sample: The amount of iron in blood sample, prepared

by following the procedupe described earlier, was determined

[TI)-SCN~PCHA method and Te(III)~N1—Pfﬂﬁ method. The

v

ntent of the blood sample was also determined Dy

7' -bipyridyl as standard method 1O compare the results

obtained by newly developed methods. In 211 the methods the

results Ol +ained were egsentially the same, and fall within

the range of content of jron in whole blood reported for an

adult man. The reported range is from

Hence, both Fe(III)-SCN—FCHE and Fe(II1) FK"?CHﬁ methods are

reliable and applicable for the determination of iron

Table 23. Determinetion of Yron in Rlood Sample

._.._--——_____._.----—-'_ I

Relative gtandard

_*ﬂ__._——-u*ﬂ

#pa Found
ng/100 ™ deviation (%)

e ————

Method i 3
_-_-‘-_.——.r-_—._.-——._—'----.-.—__—'-_——.-——‘._-‘- .1 -~
0,25
Fe(II])~SGN~PCHﬂ 77.18
0.76

Fe(I11)-N4 -PCHA 77.14

z’z‘hbipyridyl 7?.51

S et

oy ealogie SRENE

X i syminations:
Average of three determ |
|

q_---lllllllllIIlllllllllIlll||-.l......I.I.l...'............ll
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t~ eambdles havii + o 1 1
: aples having the same constituents with identical

At100N 48 ha ~ -he BRriti :
rtion as that of the British Chemical Standard oteel

., Hb4a and 24l/1 were prepared. Extraction and determina-
£ ~f iron in steel samples were undertaken following the
srocedures described eaprlier. The experimental 1 1ts are
siven in Table 24.

mposition of Steel:

Sample No. bH#a c,0.80;Cr, 4,403V, 1.573Mo, 4,113
W, 5.663Fe, 83.45%.
mple No. 241/1: W, 19.61;Cr, 5.033M0, 0.523V, L1.975
Co, 5.67;C, 0.85551, 0.3338, 0.0333
0,0753;Cu, V.1V,

gteel Samples

n in Synthetic

Table 24. Determination of Iro

S
Sample Irom *Iron Relative Relative
Found Standard Error

Method No. Content
(%)

(%) deviation

(%)

(%)

Fe (111)-SCN-PCHA 042 83,45 g2.83 0.28 ‘
83.45 82,89 0.22 67

Fe(I11)-N ~PCHA 64a
65.25 0,43

Fe(111)-N,-FCHA w1/ 6587

ate analyses.

e

.): -
Average of griplic



1 I'C LO dSce ne reliabi it >f th 1y
i ed etnod for the simultaneous etermination
I) and cobalt(II), the method was applied t( 1
1 1 f British Chemical Standard Steel No. 24171, Th
i1 [I) and cobalt(II) were extracted from the sample
1 n by the general procedure and the concentration of
[ J tal ions were calculated by solving the simultaneou
ons. The results of the analysis are given Table

Ynt!t

in Steel Sample

No. BCS 241/1

Simultaneous Determination of Iron(IIl) and Cobalt (1I)

*1lron
found
) (%)

Relative
standard
deviation

Cobalt
content

(7)

Pelative
error

(Z)

*Cobalt
found
(%)

Relative
standard
deviation

(%)

error

(%)

0.124

0,82 5.67

5.64

nc ;’? l"ojj

*Average of triplicate analyses.

The experimental results indicate that the newly dewv
methods are reliable
Lt ar B. The cobalt(II)-thiocyanate method was applied
C is of vitamin 312- The cobalt content -
termined bv the general procedure described €arilel .
I tal pesult (Table 26) is 1n good agleelic .
d 1 value indicating the accuracy OZ SN
- . a in Vitamin B,
lable 26. Determination of Ccbalt in Vitamin ;,
> o Relativ
Cobalt *Cobalt Relative \irr‘ (f\
alt i sitor (X
Content (%) found (%) Std?d“Fd =
' deviation (%)
0,62

4.35

4.323

0.16

——

Average of triplicate

aﬂalySESa

Relative




mparison with Other Methods
[ cmparative study of the proposed methods for cobalt

and 1iron, in regard to selectivity and sensitivity with other

spectrophotometric methods are summarized in Table 27 and 28,
The selectivity of the present method for cobalt is

relatively higher than most of the methods while the sensi-

Lvity of the present is relatively low in comparison to

t most of the methods.
The sensitivity and selectivity of the present methods

for iron have been compared with other methods. The

m

S tivity of the present methods is comparable to most
> f e other methods while the sensitivity of Fe(III)-SCN=-
FCHA method is relatively higher than most of the other

comparabls

methods and that of Fe(III}~E‘I3-PCHI\ method is

to most of the other methods.




Teble 27. Comparison with Other Methods

for lron

Amax Optinumn Sensitivity Inferference
Reagent nm acidity range 5 Fefc Ret.
= + L L 2+
1,10-phenanthroline 508 pH=2-9 0.0047 Cu-, Hg, 81 ,Cd ,Co ,
s = TR
./ ’l -~
E + +_ 4+ 6+ 24
Ammonium thiocyanate 480 0.5=1.0b 0.0080 .£s HE,V ,MD,CC »
HC1 F, PO, , AsO, -
- - » = 54 5 .3+ 2 . L+
Oxalate with purpurin 600 pH=8-10 0.0028 ¥V ,As" , Bi, Be ,.1h ,
f;'l- "
N-hydroxy N,N=-diphenyl 54+
benzamidine with azide 530 ph=2-5 0.012G v 59
N-hydroxy N,N-diphenyl T
benzamidine with thiocyamnate 460 0.5-1.Cy HCil 0.0047 Vv, Mo 58
B i 4+ L+ +
PCHA/thiocyanate 440 pH=1.1-2.5 0.0068 &r o e N6 76
ST , . + L+ + -+ +
PCHA £40 pH=1-4 0.0070 L mithzett oMb, W 73
= %2 > = B 4
YCHA with azide 447 0.1-C.9M HC1 0.0074 T%, V5+ Present
tethod
e Sy ’ e o o = + 4+
PCHa with thiocyanate 495 0.5-2.0M HC1 0.C031 T%, Zr Present

Method




Table 28. Comparison with Other Methods for

A 3 Optimum Sensitivity
Reagent nn acidity range pug Co/cm” Interference ef.
) W, = N 3 _S4 . 24
Ammonium thiocyanate 620 pH=4~ 0.C550 Ni", Yo, V', Cu
L 6+
Lr , Cr
. . ] B b e A o 2% -
1-Nitroso-=2-naphthol 550G ph=4,5-5 G.0075 Cu Fe , Mn 4/
= 5 3 . 3+ :
Neotetrazolium chloride with Fe , EDTA, all metal ions
thiocyanate 620 pH=3.5~5 0.0196 w?lCh form colorzd complexes
F with thiocyanate £0
. = z - - 3% By 2% _ 2+ .3+
Triphenylisulphonium chloride Ce o 5 Hg 5 Zn , Bl
; . : N - ;
with thiocyanate 625 pH=5-8 0.1447 fe , CN, EDTA 52
Propylene carbonate with
: : - 2+ 24 . 2+ 3+
thiocyanate 625 pH=2,5-6.2 0.0327 Fe“, Cu”, Hg", Cr 61
1,5bis(di-Z-pyridylmethylene ; S o e AN 2+ _ 34
. 2 Y YR Ce~0 Mo~ W™, Za°, Fe
thiocarbonohydrazide 4L8 ph=10.4-11 0.0011 = 24 24 _ .3+ -
Cu -, Hg , €4, Bi 84
Amrmonium thiocyanate £25 0.1~-1,5M HC] 0.0324 -

Presant

Method




| NetThiods have been Aoy L= - . R
=S fldve Deen developed for the determinatio:
_- . I TTTY amA prepe,, o ¥ % TT == i ~ % .
L irontlll) and cobalt(II) and for the simultancous determ

Lon of 1ron(III) and cobalt(II) with thiocvanate ar

i=phenylcinnamohydroxamic acid by solvent extraction and

trophotometry. The methods are highly selective, and
>d for iron is highly sensitive while the metl for
] 18 T'he methods are als Lmple,
1 iccurate, and free from the rigid control of th
¥ imental variables. Therefore, the methods are applicabl
pccessful determination of iron and cobalt in ores,
ys, rocks, seils, and biological samples. Hence, ti
: ' will have wide analytical potentialities,
Another new simple, rapid, precise, and reliable meth
. AN T st S A nd an +ronhotometr
en developed for the extraction and Specirophc |
! i of iron(III) with PCHA and azide. The newly
- nd highly sele tive, 4 I

loped method is sensitive and
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