
COLORIMETRIC DETERMLNATION OF IKON 
WITH ORTHOPHENANTHROLINE AT HIGH 
ELECTROLYTE CONCENTRATIONS 

In order to  investigate the corrosion rates of steels, J o h n n s s o n  
1941 ) developed ;I colorinietric inethod for ineasuring the con- 

centration of dissolved iron in an :iqueous phase. A s  re:rgent, he 
used ortho-phenaiitliroline which he added lo the corrosive s:ilt 
solution : i n d  which reacted inst:int:ineously with the  divalent F e  
forming :I coloured coiiiples (C,,H,N, ) ,Fe++. SmjrmZl d? Ciinning- 
11 a111 ( 1 9 3 7 ) c oncl 11 de that  or t h o-pli e 11 :I n t h r ol in e 1) t )s se s s e 5 :id- 
vunt:iges over other reagents hecnuse it giyes ( a )  :I rel:itively 
iiiore intense colour, (1)) great \vorlting sensitivity, and ( c )  :I 

much iiiore stable colour. One of the great ndv:int:iges of  this 
reagent is  that  it ciin he used in x i t l  solution, thus avoiding the 
1)recipit:rtion of hydroxides and hydrated oxides in :ilk:iline solu- 
tion (Pppi 1946, Wrsf 19.51 ).  

Johansson’s iiiethod may, however, disturl) the corrosion pro- 
c e s s occurring on 110 n- s t ai t i  1 e s s steel s since the or t h o- phe n a n t hro- 
line prevents the precipitation of iron hydroxides :ind thus  only 
the initial plxtse of the corrosion can be studied in this way. At high 
t e i i i  pe rat i t  re s :I  id pr e s\ ur e s exist in g i 11 coo I< in g :I nd :I u t ocl ave 
experiments, in which the corrosive inediuiii during the corrosion 
test moreover consists of ste:ini and condensate, it is  clear that  
the iiiethod devised by .Johansson c:iniiot be employed. It iiiust 
be iiiodified so that  the determination of Fe in the corrosio~i 
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products is carried ou t  after the cori*osion experiintrit has  heeri 
finished. 

T h e  iiiodifietl inethod is c1i:lrncterized by the following features,  
( 1 ) T h e  corrosion products, which were forined under  the 

hot, iiioist conditions in the cooking :ipp:ir:itus :iud :iutocl:ive, 
were found after the corrosion test to he iiiostly situated on the 
surf:ice of  the s:iinple in the forin of hydro-oxides and hydroxides. 

12) The corrosion products were reiiioved hy ultr:isonir treat- 
iiient (HoZ/rzlnnd 19(i3 ) .  

( 3 )  In  order to convert thein into ; in  ionic form,  tlie corrosion 
products were then dissolved in  hydrochloric acid. The  :icidific:i- 
tion W:IS strong so :IS to uialte quite certnin tha t  :ill o f  the  Fe X I \  

dissolved. The  pH in the resulting solution XIS corrected to :I 

suit :I h I e va 1 ~i e h y ii  e ti 1 r:d iz:i t io 11 :I n t i  huff  e r i ii  g . The sol 11 t i  on s ( )I)-  
tained hy this procedure thus  cont:~ined :I high co1icentr:ition o f  
electrolytes. 

( 4 )  Any possihle 1riv:ilerit Fe ~ v a s  converted Lo div:ilent Fe  by 
adding :I suitable reducing :igent. 

( 5 ) Ortho-~~hen:inthroli i ie WIS eiiiployetl :IS colour reugent. 
( 8  1 T h e  colorimetric deterinination w:is performed in :I lkieclt- 

iii:i11 1s spectroi’hotometer Avith : i n  Agner iiiicro-:itt:ichiiieiit. ‘l’he 
wine apl):ir:itus WIS used during tlie bvliole of  this investig:ition. 

I1EAGENTS 

Conc. HCI 36.4 5{ pro :in:ilysi (I?. hlerclc A.G., 1)uriiist:idt). 
4N NuOH pro :in:ilysi 1Elelctrokeiii. AK, Uohus, Sweden 1. 
1N HCI. 
Citrate huffer p H  = 6.0 (420.16 g citronic acid + 2N NaOH 

to 2000 nil ) .  ((:,,H807 + H,O p r o  a m l y s i  E. hlerclt A.G., 1):iriii- 

st:1tlt). 
Ascorbic acid pro analysi ( I?. Merclc A.G., 1):rriiist:idt 1 .  

0.6 % o-l’lien:~nthroliniurii chloride ( I<. Mercli A.G.,  Dnriii- 

(A11 solutions in:ide in distilletl water) .  
sladt ) .  

1’11 ( )C 1.: I )  I. I1 I: 

(1  ) ( : I )  7’rsf:  5 rill s:iiiiple + 2 iiil cotic. HCI, 
( b )  Bltrnk: 5 1111 distilled water + 2 in1 conc. HCI. 
T h e  acidified solutions were shaken for  14 h ( see  note 1 i. 
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( 2 )  AZternrrtiiw A :  ( a )  2 1111 solution 1 :I + 1.4 1111 N:iOH, 
(b) 2 i i i l  solution 1 b + 1.4 in1 NuOH. 

( 2 )  ,4Zternntioe U: In  the 1 : 5 :ind 1 : 10  dilutions used here, no 
pH correction w a s  t ierevary ( s e e  note 2 ) .  In order to obtain 
the s:iiiie \olume, the dilution w a s  perfortnetl w i th  1.4 1111 

di\tilletl miter  inste:id o f  1.4 ti11 IV:iOH (nit. A ) .  
( : I )  2 1111 o f  the 1: 6 or 1 :  10 dilution o f  solution 1 : I  3- 1.3-  

1 1 1 1  distilled \\:iter, 
( b )  2 in1 o f  the 1 :  5 or 1: 10 dilution of  solution 1 1) + 1.4 

1111 distilled water. 

( 2 )  .lZterntrtiiic~ C: In the 1 : 20 :ind 1 : 50 dilutions used here, the 
pH in the solution w:is  corrected using 1.4 in1 IN  HCI (see 
11ote 2 ) .  

( : I )  2 nil of  the 1 : 20 or  1 : 30 dilution o f  solution 1 :I + 1.4 
n i l  IN  HCI, 

( 1 ) )  2 1111 o f  the 1 : 20 o r  1 : 30 dilution o f  solution 1 t) + 1.4 
in1 1N HCI. 

( 3 )  7‘0 the wlutions ( 2 )  :\It. A - C, 40 iiig :istorbii- acid w a s  then 
:rtlded ( s e e  note 3 1 .  

( 4 )  The solutions prep:ired according to ( 3 )  \\\ere then tre:rted 
with 1 in1 ortlio-phennntliroline ( s e e  note 4 ) .  

( 5 ’ )  To the  solutions made iiccording to (4 ) ,  1 iul citrate buffer 
w a s  added (see note 3 ) .  

( 6 )  The re:idings were pertorinetl in the IlaecLiiiuii 13 \pectro- 
photo meter with : in Agner 1 tiicro-:it t :ichiiient :it :I wive le  t i  gt h 
o f  51.5 ii iu.  ‘Hie tests were perfortlied with sniiiple cells hav-  
ing :I light p i t h  of 5 ciii. 

( 7  ) The Fe content in the sample expressed in /cg/tnl WIS cal- 
culated using the f o r u i u h  I< ‘i< ( A + ,  .,- -All , . , , l lL) where I< is  :I 

constant, :itid A,, ,, and the :tbsorption ~ a l  ties read in 
the sl)”ctroI’liototii~~er for  the s:iniple solutiou  id the 1)I:ink 
solution respectively. The \:ilue o f  K has beeu tleteruiinetf 
for this particular sl)ectrol)liotoiiieter by using : I  s1:ind:ird 
solution of ferro:itiitiiotiiuiii su1ph:ite \.T ith :I known iron con- 
tent. The factor I< is constant for F e  concentr:itions up to 
X ug/ml. ?‘he coloured coinplex thus  follom 4 I,:iiiil.)erL-ISeers’ 
hw. 
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I'ig. 1 .  Acitlificalion t ime. 

.YOlf. 1. 

1. Shtrkiny: 'The corrosion products are dissolved f:rster if the 
acidified solution is shakeu. .lohrrn.sson ( 1941 and JZehlicj A? 
Hir lc t t  (1942) :ilso point out the itnport:rnce o f  slinking for the 
dissolution in acid. 

2. d cirllificntion: In order to determine the Fe content in the 
corrosion products coloriiuelricolly, it is necess:iry to convert the 
Fe into :in ionic form. This is perfornietl hy :icidifying with cone. 
HCI. Different ainounls o f  Fe povder  (pro  :in:ilysi ) were treated 
with HCI :it the  particular concentration used in the method. 
After shaking for 14 11, the Fe deterniination w a s  carried out. All 
of  the F e  corresponding to the ~ i iax i i i i~ i~ i i  concentrations used i n  
this investig:ition was dissolved. 

3 .  A cidif icri t ion ti 171 c : l'h e "so I u t io n s " ob t :I i iied con t :ii nin g di f . 
ferent aiiiounts o f  corrosion products were acidified with 40 1111 

coiic. HC1/100 nil. The solutions were shaken for 14 11 and the  Fe  
content determined after different times. Fig. 1 shows tha t  the 
:tinoutit of dissolved iron hecoiiies const:int 10 li nfter the acidi- 
f ic :i t i o n . 
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2 .  

Fortizne cS! JIeZZon (1938) state that  the intensity of the ortho- 
phenanthroline ~~ Fe4* complex is unchanged between pH 2.0 
and 9.0 provided that foreign ions do  not interfere (see also Dis- 
cussion). The strongly :icitlified solutions must therefore he cor- 
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T i  t r a t  ion Original  so lu t i on  
so lu t i on :  d i l u ted :  
4N N a O H -  1 4  

1 :5  
1: lO H O  

1 N H C 1 o*-**.-.* 1:30 

@#----* 

H 2 0  +-- - -*  

1 d H C l  +-+ 1 : 20 

6 ' .8 ' 1:O ' 1.'2 ' 1:4 . 116 ' 1:8 * 2:O 
ml t i t r a t i o n  s o l u t i o n  

Fig. 2. 
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rected to :I suitdile pH. The risk for ion interference is also least 
at pH 2.5---(i.O. The pH and voluiue of the solutions have been 
corrected by adding NaOH, HCL or distilled water. Of the solution 
p r e p r e d  according to Procedure 1 ( 5  1111 distilled water + 2 nil 
conc. HCI), 2 in1 undiluted liquid :tiid 2 rul of  the  dilutions 1 : 5 ,  
1 : 10, 1 : 20 and 1 : 30 were tnlten for the experiments. To these 
were added 40 lug ascorbic acid, 1 in1 ortho-phenaiitliroline :ind 
1 in1 citrate buffer. The undiluted solution w a s  titrnted with 4N 
NaOH, the dilutions 1: 5 and 1 : 1 0  with distilled water, ant1 the 
dilutions 1: 20 :ind 1 : 30 with 1N HCI. Fig. 2 shows how the pH 
changed. 

In this in\.estigation, the pH of  the solutions w i s  corrected to 
the r:inge 3.7 -4.8 by adding either 1.4 in1 NaOH, distilled water 
or HCI. 

Yo f I, d. 

Any trivalent iron present must  be reduced to the divnlent 
state in order for i t  to react with the ortho-phenantliroliiie. As 
effective reducing agents, hytlroxylaiiiine hydrochloride and so- 

dium hypophosphite (Johcinsson 1941) :ind ascorbic acid (dZos.s 
h JZeZlon 1942) have been suggested. To iivoitl :in alteration in 

10 20 30 40 50 
mg ascorbic acid 

Fig. 3. Ainount ot :i\corbic acid required tor n complete reaction l)ct\tc.c~u 
Fc and o r t h o - ~ ~ l i ~ i ~ ~ ~ ~ i t h l . o l i n c .  
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the volunie of the solution due to the reducing agent, the present 
author chose ascorbic acid pro annlysi for this purpose. In order 
to determine the aniount required, 1, 5 ,  and 50 ing ascorbic acid 
were added to :I solution containing :I large amount of corrosion 
products while 1, 5 ,  and 20 ~ n g  ascorbic acid were added to  :I 
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Fig. 4. Stirhilitj. of the coloured comples. 

solution containing only a siiinll quantity of these products. Fig. 3 
indicates that  40 nig ascorbic acid corres1)ontls to a large excess. 
Fig. 4 s h o w s  that  the coloured complex is stable during the :ictunl 
time of nie:isureinent. 

.Y/Jl? f .  

0rtlio-plien:intIiroliiie reacts with divnlent iron foriiiing :in 

orunge-coloured coinplex ( CJ18N2) ,Fe+ - . The colour intensity 
in :I solution is dependent on the :itiiount of complex-bound F e  
ions if the ortho-l)lienanthroline is  present in  excess. If too stnall 
:iniounts of ortlio-plieIianthroline are  used, the colour intensity 
will be wealter. In this investigation, the deiii:ind for :I sufficient 
ortho-plien:intlir~~line excess hiis been satisfied since 1.0 1111 0.6 % 
ortho-l)hen:inthroline chloride w a s  used (Fortune k Xel lon  
1938). 
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.Vote 3.  

A final correction of the pH w a s  made by adding sodiuiii 
citrate. B l n n d e m ~ r  & Sclirtible (1944) have studied the effect of 
sodiuiii xe t a t e ,  sodium citrate, and  1)otnssiuiii citrate a s  buffers 
in the spectropliotoiiietric deterininntion of F e  using ortho-phe- 
nnnthroline. Sodium acetate gave :I cloudy solution which re- 
quired centrifugation whereas those obtained with the citrates 
were clear. All three gave correct Fe values. The rate of colour 
developinent with sodiuiii citrnte WIS the s:iiiie a s  that  with so- 
dium :icet:ite but w a s  somewhat slower than that  with pot: 
citrate. I n  general, i f  the adjusting solution, whether :icetnte or 
citrate, W:IS added before the reducing agent and ortho-phen:in- 
throliiie, poor recoveries were obt:iined. When the :icet:ite or  
citrate w a s  added last, recoveries were cornplete. A possible ex- 
1) I :I na t io 11 of this inter fe r i n g effect is t h :I 1 co nip 1 ex for mi t io n 
occurs between Fe and the buffers and that  this coinplex-bound 
Fe then reacts only slowly with the ortlio-phen:inthroline. The 
citrate buffer was therefore :ilw:iys :idded after the ascorbic acid 
and or t h o-pheii:in t ti r o I i n e . 

1)ISClTSSION 

Z:ortzzne & dlellon (1938) perforiiied :in extensive investigation 
of the ortho-p1ien:inthroline method. They examined various re- 
ducing agents :rnd also list interference effects due to the pre- 
sence of foreign ions. The following ions do not interfere : lithium, 
sodi ti 111, pot :I s si u 111, :I in  111 oiii u 111, :ir se i i : ~  t e, bn r i u 111, c ;I Ic i u 111, 1 e :I d, 
iii:ig ne si u 111, 111 a n  g :I iie se :in ti s t r 011 t iu 1 ii . Bi s 111 LI t ti :I l i d  si I ve r iii u s t 
be completely absent since they form precipitates with the ren- 
gent. Cadiiiium, zinc, and mercury form sparsely soluble coiii- 
plexes. Copper is  non-interfering between pH 2.5 and 4.0. Nickel 
causes a change in hue. Acetate, chloride, citrate, nitrate, sul- 
ph:ite and sulphite can be present up to <500 ppii i  without inter- 
fering. More than 20 ppni dic1iroiii:ite alters the shade of the solu- 
t ion. 

In llie present investigation, inore than 500 ppiii sodium, chlo- 
ride and citrate have, however, been present in the reaction solu- 
tion. Because of this, the interference of these ions a t  the par- 
ticular concentr:itions used here \vas studied. The solutions used 
to investigate this point were prepared in the following iiianiier : 
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Solution d : 2 nil Fe solution + 2 ~ n l  25 % NaCl + 40 iiig ascorbic 

COLOI~IMHTLIIC I)ETEIII\II NATION OF 1i:ON 

acid + 1 in1 ortho-phenanthroline + 1 in1 citrate buffer. 

Solution B:  2 in1 Fe solution + 2 1111 distilled water + 40 iiig 
ascorbic acid + 1 1111 ortho-i)hennnthroline + 1 in1 citrate buf- 
fer diluted 1 :  100. 

In  solution A, 2 1111 25 % NaCl corresponds to :ipproximately :I 

10 Or, excess of electrolytes relative to the snmple solutions. Solu- 
tion A has the saine citrate Concentration I S  the solutions used 
in the Fe determination while, on the other h:ind, solution I3 has 
a citrate concentration less than 500 ppni. According to Fortune 
dL5 MeZZon (1938) the latter does not give any interference. The 
results in Table 1 show that no interference occurs a t  these high 
concentration of sodium, chloride and citrate. 

In  previously reported investigations on the spectrophotoiiietric 
deterniin:ition of iron in foods and bio1ogic:ll materials (SnyrveZZ 

Table 1 
Interfererice ut  d i f ferent  e lectrolgtr  conrentrtcfioris. 

Amount of Fe = I ;  11; 111; I\' 
bl = mean value ,pg Fe/ml ;  11 = no. of cletcbrmin :1 t '  1011s; 

SD = standard deviation. 

A 

I I1  111 I\' 
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it Cunninghrini 1937, Hirninirl  it Willard 1 !)3X,Bltintlerner A? Schni- 
hle 1944), only relatively siii:ill Fe contents h:ive heen under in- 
vestigation. Pcpi  (1946) h:is used this iiiethod to determine Fe in 
:rluiiiiniuin :illoys while Jlrhl ig  ~t H i i l r t t  11942) haye einployed 
it to cleteriiiine Fe in  various ores. 111 addition, .lolitinsson (1941 
tleteriiiinetl Fe contents in his corrosion experiments on steels. 
I n  : i l l  o f  the\e cases, howewr,  the Fe contents were sinnll. 

In the pre\ent investig:ition, the s1)ectroi)liotoiiietric t1eteriiiin:r- 
Lion o f  iron using ortho-~~hen:iiithroline :is reagent has heen 
\tiown to he suit:ihle for the high Fe contents existing in the 
c ) r r o \ io t i  1) rod u c t \ for  I 11 ed d 11 ring the c o( in g :in tl :I 11 t oc I ave e s- 
periiiieiits. The iiiethod has heen iiiodified so that  the iron in 
these products is converted into the ionic state after the corrosion 
test has been finished. This results i n  high electrolyte concentr:i- 
tions. No interference hetween ortho-l)lien:inthroliiie :ind the elec- 
t 1-01 y t e s 1) re sen t h :I s been detected . 

S ~ M ~ I . ~ l t Y  

A c 01 or i in e t r ic I 11 t! t h od u si n g o r t h 0-1) hen ii n t 11 r o I in e :I s re:i g en t for 
the cletermiIiirtion o f  iron i n  solutions containing high electrolyte 
c o nc e n t r:i t i on s h :is bee ii  d e sc ri bed. 

l’he iron in corrosion products formed during cooking :ind 
:iutocl:ive experiiiients WIS converted into the ionic state :ifter 
the corrosion test had heen finished. These experiments resulted 
in large aiiiounts o f  iron and high electrolyte concentrations. 

When or t h o-ph en  :i nt h r o I ine W;I s :I (1 (led a s re :I g eii t i n su f fie ie n t 
ainounts, the sl’ectrol’hotoiiietric deterinination w a s  shown to be 
s:i t i s f ac t ory , a n d 11 o i t i  t er f er en ce he t ween or t 110-p he n :i n t h r o 1 in e , 
foreign ions, :ind the  electrolytes present w a s  detected. 

lt Lsr7 M k 
De’I’ERMINA’I’ION COLOKIMETRIQUE DE LA PRESENCE DU FER PAH 

L’ORTHO-PHRNANTHROLINE, LA CONCENTRATION DE 
L’ELECTROLYTE ETANT RLEVEE 

L’auteur ddcrit une  Iiii.thode colorimCtrique utilisant I’ortho- 
phdnanthroline coiiiiiie rhc t i f  pour d6celer le fer &ins des solu- 
t ion s con t ena n t des concen t r:i tion Y 01 evbe s 1’61 ec t rol y t e. 
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Le fer coutenu thns les produits de corrosion foriiic‘s p e n d m t  
les expbriences d’6hullition et de traitenlent :i 1’:iutocl:ire passe :‘I 

I’c‘tnt d’ions a1)ri.s 1:1 1eriuiii:iison du test de corrosion. I)e cette 
esp6rience resultent de grandes qu:intitCs tle fer et den concentra- 
tions ClerCes d’6lectrolyte. 

Si on :ijoute de I’ortho-ph6n:inthroline coiiiiiie rbuctif en  qum- 
tites suffisantes, 1:i dc‘terniination par sl)ectropliotoi~i6lrie s’est 
r6vClt.e :ippropri6e, et il n’a pas 616 dice16 d’interf6reiice entre 
I’ortho-phc‘n:rnthl.oline, les autrcs ions, et les Clectrolytes pr6senls. 

Z I‘S.lN 11 EN 17.4 SSI’ N (; 

KOLOHIMICTHISCHE BESTIMMUNG VON EISEN MIT OK‘1 HOPHENAN. 
THKOLIN BE1 HOHER EIXKTROLYTKONZENTKATION 

Kine Ic ol ori 1 net rische Met hode, bei we1 c he r O r t ho-p hen:i 11 t hrolin 
als Rezigenz zur Hestiiiiiiiung von Eisen i n  I i isungen Init hohen 
Elelctrolytl~onzentr~~tionen angewwndt wurde, wird beschrieben. 

D:IS Eisen der I(orrosionsE)rodi~lt te, experiuientell durch Kochen 
uiid Autoklnvierung gebildet, wirtl, n:irhdem der Korrosioustest 
beendet ist, in den ioiiischen Zust:ind unigewantielt. Ilieser \’el.- 

such resultiert i n  grossen ISi\eniiietigen und hohen Elektrolyt- 
1coiizentr:itioneii. 

Wen n Or t h 0-1) h e m  11 t hr o 1 i n  in :I u sr ei ch en der Me 11 g e t i  1 s R e :I- 

genz liinzugefiigt w~.urde, erwies sich die spelctrophototiietrisclie 
13estiiniiiung als ausreichentl, und es konnte  Iteine Interferenz 
zwischen Ortlio-plienantlirolin, freinden Ionen untl gegenwiirti- 
geii Elelttrolyten entdeclct werden. 
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