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USE OF SOME NEW CHELATING AGENTS FOR THE COLORIMETRIC 
DETERMINATION OF IRON 

I. ETHYLENEDIAMINE-BIS-SULPHOSALICYLALDEHYDE 

INTRODUCTION 

Numerous organic suhstanccs react with ferrous or ferric iron, in solution, to give 
characteristic coloursl. The oldest and best known reagent 2, thiocyanate, has been more 
or less replaced by many of these. The following reagents : 7-iodo-8-hydroxyquinolinc-5- 
sulphonic acid - (Loretin or Yatrcn)3, o-phcnanthrolinc4, /3 : p’ : P”-tetrapyridylG and 
di-sodium-x : z-dihyclroxybenzenc-3 : g-disulphonic acid (Tiron or Tifferon)o have rc- 
ceived considerable attention recently for the spectrophotomctric determination of iron. 

During the systematic investigation of a series of inner-metallic complex salts of 
salicylaldehycle and other hydroxyaldehydes with amines, amino-acids and other related 
compounds, with different metallic ions ‘, it was observed that the organic ligand (Schiff’s 
base) formed by the interaction of cthylenediamine and 5-sull~hosalicylalclchyde (sali- 
cylaldehyclc-5-sulphonic acid) gave intense violet-red coloration with ferric iron in 
solution. This colour intensity is quite high, permitting the detection and estimation 
of a very small amount of iron. The Schiff’s base behaves as a quadridcntate ligand, 
the sulphonic acid group remaining free. The chclate metallic comples formed was 
isolated in the pure state and its propcrtics wcrc studied. 

A~~arnfcrs. In all tho clctcrminations a photoclcctric colorimctcr (Absorptiometcr-Hilgcr Spckkcr) 
was used. r)uplicaic mcasurcmcnts wcro also made in a Bcckmnnn Quartz spcctrophotometcr (D.U. 
rnodcl) using x cm correx glass cell. Tlrc prr values up to so wcrc mcasurcd with the glass clcctrotlcs 
uring a Cnmbridgc prr meter (Bench type) and the lrighcr plr valncs were measured with a spccinl 
alkali elcctroclc. 

Solulio~ls. Standard ferric iron solutions wcrc prcpnred by dissolving E. Merck’s (G. R. quality) 
ferric chloride ancl ferric nitrate in clistillcd water, frco frorntraccs of iron. Standard solutions of 
different cations nnd anions wcrc prcparccl from C. I?. rcagcnts, frco from tracts of iron. 

plr Ad~uslruozts. The hydrogen ion concentrations of tlic diffcrcnt solutions wcrc adjustccl to a. 
known prr vnluc by using standard solutions of sodium hydroxiclc, potassium hyclroxidc, hydro- 
chloric acid and nitric acid. 

A’eagcnP. This WPS preparcrl by sulphonaling pure dry cthylcncdiaminc-bis-salicylaldchydc (Schiff’s 
base) with five times its weight of conccntratcd sulplruric acirl (d = x.84) in a water bath for 2-3 
hours, with constant stirring of the mixture. h clcep orange-red liquid was obtained. Light yellow 
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crystals of ethylcnediamino-bis-salicylaldehyclc sulphonic acicl separated on cooling the solution 
in an ice and salt bath. The compound is highly soluble in water and gives a light yellow solution. 
It is insoluble in alcohol, benzene, acetone, chloroform and clioxane. (Found: C, 44.88; H, 3.89; 
N, (j-51 and S. I.(.+%: &H1,O,N,S, rcquircs C, 44.8; H, 3.73; N, 6.54 and S, 14.95%.) 

I-?%, of the reagent in distilled water, free from traces of iron, was used. The pH of an x0/o solution 
is ibout 3.58. 

‘The colorlv reaction 

(i) Effect of hydrogc?~ io?t co7rcentrution. The intensity of the colour was found to 
vnry with the hydrogen ion concentration of the solution. It gives a violet-red coloration 
~nstantancously bctwccn 1)~ 1.65 and 7.58. -At a higher 1)~ (above 7.6) the colour @a- 
dually changes (Fig. I), It has been noted that the ol,tical density increases uy to px 
2.8 and then remains unaltered ul> to l>II 5.7. All measurements wcrc thcrcfore made 
between the prr values 2.8 and 5.5. 

(ii) dhximrm absorfition (regio2L). The maximum absorption of the colotir in the 
visible region was dctcrrnincd in a Ueckmann Quartz Spcctrophotometcr using a r cm 
cores glass ccl1 (Fig. 2). The maximum absorl>tion of the coloured coml)lcs was found 

to lie between gro and 520 mp. Mcasurcxnents 
of absorl>tions wcrc thcreforc made with a 
(;recn (II) filter in the Hilgcr Slxkkcr Ab- 
sorptiometcr, having a masimum absorption 
at 520 In/c. The reagent itself showed little 
absorption in this rmgc. 

(iii) Ixfltrerm? of Ihc reagerd. l’hc rcclgcnt 
itself is slightly colourcd (yellow) in aqueous 
solution but shows ncgligiblc absorl)tion at 
520 mp, the wavclcngth at which the optical 
dcnsi ty was measured. All mcasurcmcnts 
were rnnclc in the Ixcscncc of an csccss of 
the rcagcnt. For a solution with a final 
\‘O~UI11c’ Of 50 II-d, IO td Of I’:/, m1gCnt SCJhtiOn 
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was sufficient for an iron concentration of up to 5 p.p.m. in the pn range 3.G$8. The 
intensity of the colour formed was not increased by the addition of more reagent. 

(iv) St&Lily of the colozrr. The violet-red colour of the iron complex was quite 
stable. A solution containing 0.15 mg of iron and 5 ml of reagent at PH 3.6 showed 
no change in transmittancy even after keeping overnight. 

(v) Infhencc of temfieratirre. The optical density of the coloured solution has been 
found to increase slightly above 40” C and to diminish below 25” C. 

__- .- .__- ______ -_-_. _ _.. ._..__. -- ._..._. -_-.__ - ..-_ ._ __. 
‘rcll8prmlwe Upficd damily 

.-...-_ _. _.._._ _--.. ..__. -___- ._. -. -.- _-_.__.-.- 

zoo c 0.232 
29 c 0.240 
300 c 0.242 
3s” C 0.244 
400 c 0.248 

_.__._.--- ____. -_----- ._.--__ -...---- . . - .---..-- 
* _l:c = 2 ppm. and. plr = 4.2 approx. 

(vi) Ilzflz~~tcc of otlzcv ions. Phosphate, HP0,-2, borate, B0,-3, fluoride, F- and 
molybdatc, Mood2 ions have been found to interfere stron,gly even in very small qhan- 
tities. The effects of other ions are shown in Table II. . 

T.4.13T.E II 

IOU rlrltlcd R3 
IlllCf/CVCllCU 
>P.P.m. _.__._. -_-_---_.- _-----_ 

1114-3 Al( NO,), 250 
cd-a Cn(NO,), 300 
co+= Co (NO,), 150 
Cr+3 CrCl, 100 

Cd-1 CUSO, 150 
J1jy-a MgC1, 250 
Jlnf~ mlCI, 180 

Xi-t-2 NiSO, 150 
Sn-+~ SICI, 250 
%n+l %nCl, 200 

%rO+l Zr(NO,), 2.50 
lIAsO~-3 xFn,l-IRYO, 200 

C I-I&00 C1373COONu 200 

C,Oi2 N&&O, 80 
AN 0; IWO, 200 

SO,-a NCl,SO, 150 

_ _ __ . .- .-. -- _.. _ _ _ ._._. . ..__ -_- . ..^ _.___...._..._ __.- 

(vii) Verificatio,t of Beds Zcm. The colour was found to obey Beer’s law over a. 
wide range of concentration, (Fig. 3). The figure indicates the validity of Beer’s law 
for the coloured system (at 510-520 mp) over the range from 0.2.5 to IO p.p.m. 
Rejcrewcs p. 272 
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Fig. 3 

Smsitivity of colozrr reactions 

Sensitivity mcasurcments were made in photoelectric absorptiomctcr and the mini- 
mum quantity of iron(II1) that could be estimated was 0.x y per cm8 (i.e. pD = 7). 

Ferric-ethylenediamine-bis-sulphosalicylaldchyde chloride was obtained in the pure 
state by refluxing ferric chloride (I mol) with ethylenediaminc-bis-sull~hosalicylalde- 
hydc (Schiff’s base) (I mol) in aqueous alcohol. The mixture was filtered, while hot, 
after 2-3 hours. The filtrate, on standing over concentrated sulphuric acid in a dcsic- 
cator, gave violet-red hygroscopic crystals. 

The substance is highly soluble in water and pyridinc but only sparingly soluble in 
alcohol and acetone. It is, however, insoluble in chloroform, benzene, ether and tolucne. 
It is decomposed by mineral acid on warming, but is dissolved in dilute alkalis to give 
a deep-red coloured solution. [Found: Fe, IO&O; N, 5.28; S, 12.14; Cl, 6.68; C, 3605 
and H, 2.93%; I?e(C,H,O,NS),Cl, H,O rccluircs, Fe, IO..+~; N, 5.22; S, 11.95; Cl, 6.62; 
C, 35.84 and I-I, z.g8%.] 
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Ethylcncdiaminc-bis-sulphosalicylddehydc, which gives strong violet-red coloration with ferric 
salts owing to tho formation of a stable metal chclatte complex. I;c(CsI-I,O,NS)CI. I-&O, has been utiliz- 
ccl for the colorimctric determination of ferric iron, using a Hi&r-Spekker photoelectric absorptio- 
meter. The maxlmum intensity of absorption occurs at PH 2.8-5.5 in the green rcg’ion (510-520 rnp) 
of the visible spectrum. 

- Referolces p. a72 
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*~IIc colour complex has been found to obey I3ccr’s law bctwecn 0.25 and IO p.p,m. The inflbenccs 
of scvcral foreign ions on tlic reaction have been carefully studied. The mctnl chclate complex has 
bee11 jsoliltctl ant1 its pr0pcrtics stuclicd. 

1;rBSUMlI.l:; 

I,‘~tllylLnc~liaminc-\,:s-sulf ~snlicyl;iltl~l~ytlc. clonnnnt unc color;rtion vi0lct rouge avcc 1~s scls 
fcrriclucs par formation tl’un complcxc stable L:c(C81~II)OQSS)C1.f-I,0, n btfi utilid pour lc closagc colo- 
rim6tricluc tlu fcr(LII); on a cmployb un ab~orptiomtitrc photo6lcctrlquc Spckkcr-Hilgcr. 
On obticnt unc intcnsitG tl’ill~S0rption maximum ClilIlS la rbgion tlu vcrt (510-520 mp) aux pir 2.8-5.5. 
1,~ coloration suit Ii1 loi clc Isccr cntrc lcs concentrations 0.25 ct 10 p.p.m. I,‘infliicncc tic plusieurs 
10ny &tr;inycrs sur la r&ction il C’tL: cxanliri6c. IX chGl:ltc IorrnG a 6t& isoK ct sw propribtb ont btb 
Gtutli&s. 

%UShhlMI~XFASSljSG 

Dns ~tl~ylcncli~~r~~i~i-l~Is-stilfns;~licyl;~ltlcliytl. wclclws cinc rot-violcttc IGrlXing mit den Eiscn (111) 
salzcn Kibt. clurch JZiltlunf: cinw stnbllcn Kotnplcxa~ l:c(C,lIoO,NS)Cl.I-I,O, wurtlc fur the kolow 
mctriscllc J3cstimmung VcJn JGscn( 111) vcrw!lltlct. ~lzrrl g:cbKlUChk cl11 photoelcktrischcs AL- 
sorptionsmcss~wiit Spckkcr-I-lilgcr. Ahtl crhLdt cinc maxirnalc Absorption in tlcr grimen Region 
(510-5~0 m/c) bci ptr x.8-5.5. I>ic l?arl~ii~tciisitiit folK:t zwischcn tlcn Konzcntrntioncn 0.25-10 p,p,ni. 
dcni J%ccr’schcn Gcsctz. l>cr JcinflNSS Vi111 VcEKhlCtk!IWII ~~1CInC~iOIm’I :luf tile ~~c~ktiCJl1 wu~tic uliter- 

siicht. Das ycbiltlctc Clicl;tt wurtlc isolicrt untl wine l~igcnscliaftcn stuthw t. 

l~l~L:ISI~lLSClSS 


