
















































































































































































































































































Colored System Fl:(II)-B‘Cr!-'-'DP'}f‘, Colf 11)-HDP3A
Optimum concentration

Ranqe from Rinaboms

plot wug rnl_1 0.55-4,40 0.94-4,72

a- Concentration that corresronds to an abhsorbance of 0,001,

b- Concentration that corresponds to an absorbsnce three

times the standard devi~tion of the blank,

T=hle 15. Calibration Curve Data for Determination of

Iron(IIX) by the Fe(III)-SCN-HDP3A System

Concontration of Iron(III)
M urJ/251-11 ppm Absorbance at 465 nm
-6 ) o
8.0x10 11.8 0.47 0,056
=5 4
1.6x10 ~ 23,6 0.94 0.110
2.nx1o”5 29,5 1.18 0.136
ﬁ,DxlO": 50,C 2.36 0.276
Xt -5 . ¥ -
g8.0x10 118.0 B i .561
1,6x10™" 236.0 9,44 1.112

2.0x107 205.0 11.8C 1.38




Table 16, Cslibration Curve Data for Determination of
Cobalt(II) by the Co(II)-HOP3. System

S —— - ——

Concentration of Cobalt(II)

M “9/25MI ppm Absorbance at 405 nm
8.0x10~° 11.8 0.47 0.056
1.6x10"° 23,6 0.94 0.110
2.0x10"° 29,5 1.18 0.136
4.0x10"° 59,0 2,36 0.276
8.0x10™° 113.0 4,72 0.561
1.6x10""7  236.0 9,44 1,112
2.0x10""%  295.0 11.80 1,387

B R —— ———— . — ————

Table 17. Evalurtion of "recision of the Methods

Total number Me20 Standard Relative
} _ = _
Method of samples absorb doeviation stan'ard
anse deviation
(%)
Fe(IIXI)-SCM=-HDP3A 5] 0.41 0.001 0.25
Co(II)-HDP3A . 0.561 0.003 0.60

=R s e S — - -_——— — -

3,5 Effect of Foreign Ions

To ev-luate the selectivities of the newly developed
methods the effect foreign ions on the determination of
iron(II) and cobalt(II) hnve been st:dicd, Reasonable

amounts of alkali, alkaline-earth metals and most of the
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Fig 12 Ringbom’s plot for the evaluation of optimum
concentraiion rance for the determination of iron
(n1) by e - SCN-1/DPBA sysiein
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nnions except EDTA, oxalate and citrate were found not to
intercfere in the determination of iron, Copper(1I)
molbedenum(VI) and Vanndium(V) were found to react with
the reajent in the prasence of thiocy n-te coextracted
with iron and intercfere if nresent in excess, Tung-

sten(VI) inhibits color development if present in excess,

Chromium(III), coprer(II), iron(IXI) and EDTA were
found to interfere at 2ll levels in the determination of
cobalt(II) by Co(II)-HDPBA system, However, iron(III)
was mnaked by fluoride (800 ppm), coppor was masked by
thiouroa (400 ppm) and chromium by an excess of ammonia
(pH 9). The tolerance limit of foreign ion taken nas
concentration (ppm) vhich cause an error less than 2%

arc jiven in Ta*les 18 and 19,

The resul:is iven in Tables 18 and 19 indicate that
most of the common ions which are normzlly associated with
iron and cohalt in ores, alloys and biologicnl samples do
not interfere (or the interference con be c'iminated by
suitable masking) in the determinntion of iron(III) »nd
cobalt(II) by Fe(III)-SCN-HDP3A and Co(II)-HDPBA, re-
srectively, Hence the proposed method for iron can be
applied to thc annlysis of ores, alloys, stecls and
hinlonical s mples. FExcept in steels in which iron is
interfaring, cobalt can be determined in ores, bio'ogical

samplcs and most alloys.




Table 18, Tolerance Limit of Foreiqgn Ions in the Detormi-

nation of Iron(III)

(Fe(111)k2.0 ppm;: {SCN")=0.05 M; (iiC1}=0.4 M

Ion Tolerance ]ir':it', ppm
Na* 400
K* 100
C:-‘|2+ on
Mg24- 0
'3(—22+ 400
Lit 400
AL>* 00
Sr12+ 400
Ba2+ 200
Zn2+ o
72" 00
ey 80
e 400
Hg2+ 0
qi3+ =3
C02+ N
crot 400
Sn“w 400
cd®* 400
Vo, 10
it on
Cu2+ 10




o

——— - ———— o ——

ion Tolarance 11uit', ppm
TH* 100
Mn2* 40
ce* 400
mooﬂz‘ 10
W0 (,_2— 10
Nitrate 400
Chloride 100
Acetate 400
Sul-hate 400
Citrate 2nc
Thiourea <00
EDTA 60
Phosnrhateo 400
Fluoride 400
Oxalate 40

* 100 ppm wos maximum concentration tosted

Tahle 19, Tolerance Limit of Foreign Ions in the Detormi-
nation of Cebal t(II) .

[Co(11))}=4.0 pom; pH=8,5
Ion Tolerance ‘ir-:].t’, ppm
na® 400
K* 400 |
Ca2+ 400
Mg=* 400




- BN o

Ion Tolersnco 11n1t', opa
'3(:2+ i
Li* -
o S £
gn2+ ;;
W32+ "
Zn2+ S
p 2 -
- S o
L83+ 80
g ! 400
313+ .
Fa -
Cr3+ IOb
SnJ+ 400
cd®* A
voz 20
P12+ .
Cu2+ 10°
™ o
Nn2+ 400
Ce$+ 80
M002: 400
wn_,,'2’ 100
Nitrate A00
Chloride 100
Acetate 400
Sulphate A00
Citrate 0c
Thiourea s
EDTA «
rhosphata 100
Fluoride no

Jorate 200
Oxalato TeTe

’_:r‘.(\. pom Was maximum concentration teated., &
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®nasked by Fluoride (800 ppm) ,

b L
masked Dy excess ammonin (pH 9).

®maskad by thiourea (400 ppm) .

3.6 Anplication

In order to asses the analytical potentinlity of the
ncwly develoned met ods, the Fe(III)-SCN-HDPTI~ system has
been aprlied to the analysis of blood snd stecl samples
for iron content ond Co(II)=-'IDP3A system to the analysis
of vitmine B4 for cobalt determination. The iron and
cob~1t of the samples vicre also determined by otomic
absorpticn spectroscopy (AAS) to compar he results

obtained by the newly developed metho's,

Steel Sample, Since standard samples were not avnilable,

synthetic samples h~vinj the swme constituants with iden-
tical proportion as that of the 3ritish Standard steel

No 64 a and 24 1/: were prepared, Extrnction ~nd dete-
rmination of iron in steel samnles were undertakan
folloviing the general procedure described enrlier. The

iron contents of somples were snlso detoermined bu

n

The exnerimental results are given in Table 20: which
indicate the relinbility of the proposed method, It can
alsn he noted that the proposed method aives nrecise and

accurnte results in comparisnn to that of AAS.

LComposition of steel
Sample No 64 a, C,0.80; Cr, 4,40; Vv, 1,57; Mo, 4.11;

W, 5.,66; Fe, 83,45%,




sample No 24 /1, w, 19,61; Cr, 5.03, Mo, 0,52; v, 1,57;

Table 20, Deteirmin~tion of Iron in Synthetic Steel
Samples
Iron " Iron Relative Relative
Mcthod Sample Content Found 3Stand-rd arror
Mo (%) (%) tevintion (%)

Fe(III)-SCN-HDPBA 64a 83,45 83.07 0.52 0.45
AAS 64n 83.45 B4,58 2,02 1,35
Fe(III)-SCN-tDPM 2411 65.87 65,20 0.75 0.88
AAS 2411 65.87 64.9 2,50 1,44

* F
Averaqge of triplicate =nalyses,

Blood Sample The amount of iron in blood sample, pre-

pared by following the procedure described eanrlicr, was
determined by Fe(III)-SCN=-HDP3A and A2S mothods., The
results obtained by bSoth methods are comparable,and fall
within the ranqe of content of iron in wole bloord rono-
rted for an adult man, i,e., 45 - 145 mg/100 ml (99).
However, it can be noted that the pronoscd method is more
precise than AAS. Hence the proposed method can be

annlied for the detorminntinn of iron in biosamnles,

The results are given in Table 21,



Table 21, Determinntion of Iron in Blood Samploes

ok ol .Irnn found Relative standard
mg/100 ml devintion (%)
Fe(III)-SCH=HDP3A 65,78 0.55
NS 67,02 1.60

*Averzge of triplicate analysis

Vitamin 3 The Co(II)-HDPBA and AAS mothods were

12°
applied to the onalysis of vitomin B8

12° The cobnlt
content of the sample was determined by tho gencral
proce ure described 2~rlier for the Co(II)-HOP3A systen
and also by AAS method, The exierimental results are 4in

good aqreement with the actual value indicating the

accuracy of the mcthods, The results are givan in

Tahle 22,
Table 22, Determin-~tion of Cobslt in Vitamin 312
Cobalt *Cobqlt Relative
Mo thod content found stand-rd Rel-tive orror
(%) %) deviation (%)
(%)
Co(II)-HDPBA Z,35 4.31 0.89 0.51
AAS 4.35 4 . 40 1.50 1.14

0/\verq-ze of triplicete analyses




3.7 Comparison with Other Srectrophotomctric Me

A comparative study of the proposed methods for th
determination of iron and cobalt with the recently repo-
rted spectronhotometric methods in reqard to sgnsitivity,
selectivity, concentration ronge for determination and

intcrference is made in Tables 23 - 26,

The comparison rcveals th-~t, of the meny organic
reagents used for the determination of iron (Tables 23
and 2<4) the reagents 4-(/-methyl-2-thiazolylazo)resor-
cinol (101) »nd N-phéenylcinnamohydroxamic acid nnd thio-
cyanate (56) are more sensitive than the proposed reagent,
These reagents are highly selective as the proposed ren-
nent, The reangents 2,6-biq(1-(2-muthoxycthy11ninn)LthyIJ—
pyridine and sodium picrate (29) and 3.hydroxy-2-mothyl-
1,4-naphthaquinone monoxime (36) are also sensitive than
the proposed reagent; but the problem with these methods
in interference from many species that arc associnted in
real samples, Moreovar, 2,6-h1q{i-(2-m;th xycthylimino)-
ﬂthyljpyriﬂinc method involves the use of nitrobenzene as
solvent which is highly toxic and at the s=me time long
ecuilibration neriod is required for the extraction, The
reagents salicyladehyde (100), 3-(4-sulphophenylazo)-
chromotropic acid (41), 2-(phenoxyacetyl)acetophinone (37)
and N-phenylcinnnomohydroxamic acid and azida (40) ~re far
less sensitive and lecss sclective than the proposed ron-

C - 0 . - . * 4 Al mm
gent and therefore they require nrior sSep rotizn 2and may

not be used for trace analysis,




The thiocyanate m thod (3) for ion Gterminntion

: 2 4 6
not selective (Cu *, 1i3+, TL S M05+ U~ and £*

! Ao Sl ale : .
| interfere), color intensity is highly dependent on the

concentration of thiocyanate and temperature, It is

30 unsta le -nd slinhtly deviates from Beer's law,

)]

al

HDPBA (65) is also not sensitive (€ = 3600) and not

;
|
|
2
| r selective (Cu +, N12+, Coz+, Mn2+ v5+, H06+ and HG+

interfere), Vhereas the proposed method which involves

the use of both thiocy=anate and HDP3A to form 2 mixed

ligand complex is more sensitive and highly selective
than the indivi‘ual reegents, The method is also found

to bec free from rigid control of experimental conditions
3 -

| Thus the comp riicn indicates that the pronosed
method for the determination of iron is more sansitive
| than many of the litorature reported methods while the
| I nroposed method is more selective than most nf the lite-

rature reported methods,

! : Of the spectrophotometric reagents recommended for

! cobalt (Tables 25 ~n¢ 26), the reagent isonitrosothio-

| ' cmphor (46) is more sensitive than the nroposed renjent;
while the proposed reagent has the same sel Ctivity as

l th-t of isonitrsothiocamphor. Cyclohexylthioglycolate
(52) and isophthalodihydroxamic ~cid (102) ~re more sen-

sitive than the proposed reagent, but they suffer from
i | serious interferences from many species nd neesd lonn

5 -

| equilibration time., The reajents biacotylmonoxime-2-

J_Fhrmvl—‘-m-fhvl-i-”h-”Yl'?“

pyrdylhydrazone (44),

pyrazolin-5-cne ~nd pyridine (59), t-butyl hydroperoxi

d [ #____-..IIIIlllII---L——————————————_____________________________;47 -




and EDTA (6C), ~mmonium thioecyanate (56) and N-hydroxy-

-

M Nt-diphenylbenz-~nidine »nd azide (80) are less sensi-

tive nnd less sclective than the propose method,

nhotometric “Jetermination of cobalt is found to Ye mo ie-
rontely sensitive in comparison to the others but the

Thus the newly proposcd reagents for the spocto- ‘
gsalectivity is much bYetter thon that of the other methods, 1
i

Hence the newly nroposed methods could be nrefarred

in selecting the mcthods for the detoermination of iron

and cobnlt,
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Table 23, Scnsitivities of the Methods for Iron Dotormination
|
Concentration Molar absor- i
Rengent A max range for de- ptinn cooffi- i tarun
am termination, ciont
ug m1~1 1 m1"dca~2
1. 2,6-bis(1-(2-metho- 596 0.0-6.8 12000 29
xyethlimino)ethyl)
pyridine and sodium
picrate
2, Salicylaldehyde 440 0.1-10 5190 100
3. 4-(4-Methyl-2-thie- 735
zolylazo) resor=-
cinol 0.0-2.C 24900 101
4. 2-(Thenoxyacatyl) 393 5-80 6813 37
aceto~henone
5. 3-Hydroxy=2-methyl- 470 0.0-5.58 12100 36
1,%4=naphthaquinone
monoxime
6. 3-(4-5ulphophenyl- 580 0.02-0.24 4800 41
azo) chromotropic
acid
7. N=-Phenylcinnamo- 495 0.2-3.9 18000 56
hydroxamic acid
and thiocyanate
8. N-Phenylcinnamo=- 7 0.5-9 7500 40
hydroxamic acid and
azide
9. Thiocyanate 480 - 7000 3
10. N-hydroxy=N,N'- 520 1.8-16 3600 65
diphenylbenzamidine
11, M-Hydroxy=N=N'- 165 0.22-6,60 10000

diphenylbenzamidine
and thiocyanate




Table 24,

Sclectivities of

the

Mi

thods for

Iron terai-
nation
Reagent i pH *Interfarence Reference
1. 2,6-bis(1-2-Methoxy- 3,2-3.9 ENTA,Co** ,cu’, 29
ethylimino)cthyl) Cn
pyridine and sodium
picrate
2. Snlicylnldehyde 5 Y4 an 8p>* 100
cr>*,cd,po>
citrate, n£1lfte,
?@?'
3, 4=(4=Methyl-2-thin- 8.0-11.6 ~ 101
zolyloazo) resorcinol
4, 2-("henoxyacetyl) 5,5 AL>* ENT) 37
acetophenone
5. 3-Hydroxy-2-methyl- 5 (Cu2+,Pd?*)", 36
1,4-naphthaquinone ox?!"tC,HﬁE?PC§-
menoxime EDTA
6. 3-(4=-Sulphophenylazo) 5,5-6.0 Cu2+, N12+,r1tr'tr, 41
chromotropic 2cid tartarate, hSO?'
Pﬁij',ﬂu,zn,cd,ﬁi
7. N=Phenylcinnamohydro- 0,5-2.0M (T14+ Zr4+)a
xamic ocid »nd thio=-
cyanate
8., N-pPhenylcinnamohydro- 0,1-0.9M (Ti‘+,vs+)1 A0
xamic acid and azide HC1
9. Thiocyanate g 088 -, 517t 1Y ™™ 3
HC1
10. N-hydroxy-t',N'=diph- 0-11 Cuz*.fiz*.cﬂz'.“"". 65
enylbenznidine VS*.““6+.“6‘
11, N-HydroxysN,N'-diphe- 0,1-0,6M
nyl benzamidine and HC1
thiocyancte
he tolerated more than 2-fold excess ~mount

*Thosc that cannot

are considered as intarfering.

1nterference con be

e

eliminated by masking.
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Table 25, Sensitivities of the Methods for Cobalt Deter.
minition
Concentration Molar absor-
Reagent /\lnax, range for de- ption coeffi- Refer-
nm termination, cient, ence
pg ar > 1 mol~lca~?

1. t-Butylhydroper- 580 20~ 190 249 60
oxide and EDTA

2. Isophthalodi- 330 1-3 13000 108
hydroxamic
acid

3. Cyclohexylthio- 500 0.116-1.16 20 30 52
glycolate

4. 4-Formyl-3-meth- 490 8-19 689 59
yl-1-phenyl-2-
pyrazolin-5-one
and pyridine

5. Isonitrosothio- 350 0.2-1.5 17000 456
campnor

6. Biacetylmono- 420 0.8-15 3700 a4
Xime-2-pyrdyl-
hydrazone

7+ N=Hydroxy-N,N"'= 520 1.6-11.2 1980 80
diphenylbenzami-
dine and azide

8. Ammonium thiocya- 625 2-41 1820 56
nate

9. N-Hydroxy-N,N'-= 405 0.47-11.80 7000
diphenylbenza-
midine




-G8~

‘Table 26, Selectivitieg of the Methods Tor Cobalt

Deter-
mination

‘Reagent pH *Interference Reference

1. t-butylhydroper- 11,8 Mn“* ,CN” 60
oxide and EDTA RH;.Cr3+,A1“*

2. Isophthalodihy- bagic Fe,cuz*,mn2+, 102
droxamic acid Mgz*,aez‘,

EDTA, Al1>*2

3. Cyclohexylthio- 8.5-10.5 0S,Pb,Zn,Cd,Hg,

glycolate W,In,M0,A8,Rh,
Al,Mn,V,Fe2+

4., 4-Formyl-3-meth- 3,5-5.,0 - 59
yl-1-phenyl-2-
pyrazolin-5-one
and pyridine

5. Isonitrosothio- 1M HC1 (cu?*,pd®*) @ 46
camphor

6. Biacetylmonoxime- 5,5-60 (Ag‘.Pd2+)a 44
2-pyridylhydra- Au, EDTA
2one .

7. N-Hydroxy-N-N*- 7.4-7.8 Mn“*,CN ,Cud+, 80
diphenylbenzami- F33+
dine and azioce

8. Ammonium thiocya- 0.1-1.5M Fe3+, 'Joz¢ 56
nate HC1 . - 3. o

9. N-Hydroxy-N-N'~ 7.5-9,5 (Cu " ,Fe™ ,Cr™")
diphenylbenza-
midine

+Th(IBE that cannot De t;;lf.‘rdtcd more than ('—f,’)id excess

amount are considered as anterfering,

Interference can be eliminated by masking,




4, LCONCLUSIOM

New mathods have been develored “or the dete mination
of iron(III) with r-i-H‘;"rnxy-r-.'--!\:'-dinh-’:nyl,b.:r;z-~n1:11n._-- and
thiocyanate and Co(II) with N-Hydroxy-p, ' ediphenylben-
zamidine by salvent extraction and snactrontotometry, The
proposed methods are mare selective than most of the othor
methods reported in the literature, however, the methods
are only moderately sensitive, The mcthods are procisec,
accurate and free from rigid control nf experimcntal wari-
ebles, The nronosad mathods nre applicable to the "nalyais

of diversa somplas fer iron and cohalt.
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