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ABSTRACT 

The interference of Fe(II1) in the photometric determination of Cr (VI) in water using the 
diphenylcarbazide method was studied, and the following factors which affected it were 
analyzed: pH, temperature, sequence in the addition of reagents, contact time between 
Fe (111) and Cr (VI) before analysis, and elapsed time for colour development. The most 
important factor proved to be the contact time, as at least one Fe (111)-Cr(V1) species is 
fonned, in basic, neutral or slightly acid medía. This fact explains the contradictions 
found in literature concerning the existence and magnitude of the interference. Therefo- 
re, the separation of Fe (111) or the use of other methods to analyze Cr (VI)-polluted wa- 
ters which also contain Fe (III), is recommended. 

RESUMEN 

Se estudió la interferencia del Fe (111) en el método de la difenilcarbazida para la determi- 
nación fotocolorimétrica del Cr (VI) en aguas; se analizaron los siguientes factores: pH, 
temperatura, orden de adición de reactiva, tiempo de contacto entre el Fe (111) y el Cr 
(VI), antes del análisi~y el tiempo de reposo para el desarrollo del color. El factor más 
importante resultó ser el tiempo de contacto, ya que en medio básico, neutro o ligeramen- 
te ácido, se forma al menos una especie Fe (111)-Cr(V1). Este hecho explica las contradic- 
ciones encontradas en la literatura respecto a la presencia y magnitud de la interferencia. 
Por lo tanto, para analizar aguas contaminadas con Cr(V1) que contengan Fe (III), se re- 
comienda la separación de éste último o el uso de otros métodos alternativos. 

INTRODUCTION 

Cr (VI) is considered a very toxic species and its allowance in water is up to 0.05 ppm 
(Schroeder and Lee 1975). 

The diphenylcarbazide method, approved by the EPA (United States Enviromen- 
tal Protection Agency) (APHA et al. 1981) and suggested by many authors for the 
quantitative determination of Cr (VI) in water (Snell and Snell 1949, Serfass and Mu- 
raca 1956, Allen 1958, Jolly 1963, Furman 1975, Sandell and Onishi 1978, Vogel 
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1978, APHA et al. 1980, Thomas and Chamberlin 1980, Rodier 1981), is based on the 
very sensitive colour reaction between Cr (VI) and diphenylcarbazide in mineral acid 
solution. Although the composition of the violet complex produced remained unk- 
nown for a long time, diverses studies (Pflaum and Howick 1956, Sano 1962, Marchart 
1964, Willems et al. 1977) have shown that the process occurs in two steps. The first 
stage involves the oxidation by Cr (VI) of diphenylcarbazide (DPCI) to diphenylcarba- 
zone (DPCP), and then the Cr (111) product of the reduction. is chelated with DPCO, 

TABLE 1. Fe (111) INTERFERENCE ON THE PHOTOMETRIC 
DETERMINATION OF Cr (VI) IN LITERATURE 

*t = elapsed time for colour developmet. 

CONCLUSIONS 

Fe does not interfere even 
though it yields a yellow 
color with DPCI 

Fe is a potential interferent, 
do not specify type of inter- 
ference. In absence of C1- 
and with H$O, + H, PO, 
no interference. 

Fe is disturbing element 
that increases or decreases 
absorbance of Cr depending 
upon t* . Recommend sepa- 
ration of Fe for accurate 
results. 

Fe interferes with decrease 
of absorbance of Cr, 
influenced by pH, tem- 
perature and kind of acid 
used. 

Fe interferes depending on 
DPCI pureness. 

Fe interferes, do not specify 
type of interference nor 
factors involved 

Same as Vogel 1978 

AUTHOR and 
Y EAR 

Snell & Snell 
1949 

APHA, AWWA 
& WPCF 1971 

Sandell 
1959 

Pilkington 
& Smith 1967 

Onishi & 
Koshima 1978 

Vogel 1978 

Rodier 1981 

CONDITIONS 

Cr (VI) + DPCI in aq. solution 
pH = 1; t* = 15 min. 
[Cr (VI)] = 0.005-0.15 pprn 

Cr (VI) + DPCI in aq. solution 
pH = 1; t* = 5-20 min. 
[Cr (VI)] = 0-0.4 ppm 
[Fe (III)] > 1 ppm 

Cr (VI) + DPCI in aq. solution 
pH = 1-1.5; t* = seconds 
[Cr (VI)] = 0.4 ppm 
[Fe (111)] = 100, 200 ppm 

Cr (VI) + DPCI in aq. solution 
t* = 1-10 min 

[Cr] = 1 ppm [Fe] = 4 ppm 

Cr (VI) + DPCI in aq. solution 
pH = 0.6-1.0, [Cr] = 1-1Opg 
[Fe] = 0.1 mg 

Cr (VI) + DPCI in aq. solution 
pH = 1; t* = 10-15 min. 
[Cr] = 0.2-0.5 ppm 

Cr (VI) + DPCI in aq. solution 
pH = 1.1; t* > 10min. 
[Cr] = 0.005-0.2 pprn 
[Fe1 > 1 PPm 
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producing the coloured ion-complex. Sano (1962) has proposed that part of the Cr 
(111) produced is coordinated with water molecules. The reaction can be written: 

2CrO7t  3H,(RH) + (10 - x) H+----, CrR(S-x)+ + CrS+ as. + (3-x) RH + 8H20 
H$H = DPCI(CONJ-i,+J 
RH = DPCO (CON$-I,+J 
X =  1 o r 2  

Due to its simplicity, the DPCI method is widely used in Mexican laboratories to 
control the chromium concentration in polluted waters. These waters may also con- 
tain other metallic ions, and generally Fe (111) is present. 

The role of this ion on the colourimetric method is not clearly understood. Some 
authors consider Fe (111) only as a disturbing species, under certain working condi- 
tions; while othen consider that iron behaves as an interfering agent. The magnitude 
of the interference has been related to different factors, such as pH, temperature, 
elapsed time for colour development, kind of acid used, etc. (Table 1). 

In order to define if the colourimetric method could be used for the analysis of the 
chromium content of ground and waste waters, which also contain Fe (111) (Gutiérrez 
et al. 1986), severa1 experiments were carried out. It was especially important because 
the separating procedures of Cr (VI) from Fe (111) are complicated, and lower the ac- 
curacy. 

In preliminary experiments, the ratio Fe/Cr was varied, but no straighforward 
answers were obtained, because sometimes a positive interference was observed, while 
in other occasions, mantaining tha same Fe/Cr ratio, it was found a negative interfe- 
rence or none at al1 (Table 11). 

TABLE 11. Cr (VI) FOUND BY THE DPCI METHOD WITH Fe (111) AS AN 
INTERFERENT AT DIFFERENT pH VALUES Cr (VI) ADDED: 0.200 ppm 

1 1 Fe (111) 1 Cr (VI) 

0.202 +0.002 0.205 +0.005 0.171 -0.029 0.197 -0.003 0.208 +0.008 0.178 -02s 
*A = Cr(V1) detected - 0.200 ppm 

Therefore, a better controlled study was needed, and the following facton were 
analyzed as influencing variables: pH, temperature, sequence in the addition of re- 
agents, contact time between Cr (VI) and Fe (111) before analysis, and elapsed time for 
colour development. An Fe/Cr ratio of 16.0/0.200 was chosen. 

MATERIAL AND METHODS 

REAGENTS. The following reagents were Baker analytical grade: potassium dichro- 
mate, concentrated sulfuric acid (98%), concentrated orthophosphoric acid (86%), 
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concentrated nitric acid (65%) and acetone. Merck metallic iron powder from reduc- 
tion (99.5%) and Merck Pro Analysi 1, 5-diphenylcarbazid zur Analyse und Redoxin- 
dikator (98% HPLC). 

EQUIPMENT. Zeiss spectrophotometer, model PM2K; Bausch and Lomb u.v.-visible 
spectrophotometer system with X-Y recorder, model Spectronic 2000; Conductronic 
pH meter, modelo PH20 with Sargent-Welch electrode, model S-30072-15; Cole Par- 
mer touch mixer, model 4721-40; and a Mettler analytical balance, model H54AR. 

SOLUTIONS AND STANDARDS. Cr (VI) 100.00 ppm, from solid K,Cr,O,; Fe (111) 
1000 ppm, pH 0.8 in HCl, from a Merck Titrisol standard; Fe (111) 1000 ppm, pH 0.8 
in HNO,, from metallic Fe; Sulfuric acid 3M, from concentrated HgO,; and 1, 5- 
diphenylcarbazide (DPCI) 0.5 % in acetone (Urone 1955, Allen 1958). 

GENERAL METHOD. Solutions of 0.200 ppm Cr (VI) were prepared, the desired pH 
was achieved with HSO,. In order to prepare the Fe + Cr samples, 1.6 mL of the Fe 
(111) standard solution in HCl were added to the 0.200 ppm Cr (VI) solution. In al1 ca- 
ses the final volume was 100 mL. Afterwards, 2 mL of the DPCI solution were added 
to an aliquot of 50 mL from the previous solution, and mixed. The absorbance values 
were measured 10 minutes after this addition at a wavelength of 540 nm on the Zeiss 
spectrophotometer. Triple measurements and preparations of the solutions took pla- 
ce. The precision of the method was determined (Bauer 1974) with 11 solutions of Cr 
(VI) 0.200 ppm at a pH value of 1.2. The confidente limits were + 0.006 absorbance 
units (confidente leve1 = 99%). 

RESULTS AND DISCUSSION 

SPECTRA OF SOLUTIONS. Spectra of 0.200 ppm Cr (VI) and 16.0 ppm Fe (111) so- 
lutions, both separated and mixed, were run after reaction with DPCI solution, accor- 
ding to the general method, from 400 to 600 nm, on the Bausch and Lomb 
Spectrophotometer and at 0.9, 1.2 and 2.0 pH values, as this interval covers the values 
recommended by most authors (See Table 1). 

Al1 spectra showed the same general pattern with a maximum absorbance wave- 
length at approximately 540 nm (Fig. 1). 

The curve obtained when only Fe (111) was mixed with DPCI corresponds to that 
of diphenylcarbazone (DPCO) (Pflaum and Howick 1956). product of the oxidation of 
DPCI. The shoulder corresponding to the iron complexes, product of the reaction of 
Fe (111) with DPCI, which should appear at 500 nm, according to Balt and Van Dalen 
(1963), was not observed. The absorbance value at the maximum, for the mixture Fe 
+ Cr, was not the addtion of the individual absorbance values as could be expected, 
considering that the DPCI was present in excess to react with both ions. 

EFFECT OF pH. The effect of the pH on the magnitude of iron interference, was stu- 
died at the following pH values: 0.5, 0.9, 1.2, 1.6, 2.0 (540 nm). It was observed, that 
the absorbance of the Fe + Cr solutions increases or decreases depending on pH (Fig. 
2). 

At pH 1.2 a positive interference was observed (this fact was confirmed throughout 
the whole study), while at the extreme pH values (0.5, 2.0) the absorbance values 
decreased considerably). 
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Fic. 1. Spectra of solutions: 

(1) Fe (111) 16.0 pprn + DPCl at pH 0.9 
(2) Fe (111) 16.0 pprn + DPCl at pH 1.2 
(3) Fe (111) 16.0 pprn + DPCl at pH 2.0 
(4) Cr (VI) 0.200 pprn + DPCl at pH 0.9, 1.2 and 2.0 
(5) Cr (VI) 0.200 pprn + Fe (111) 16.0 pprn + DPCl at pH 2.0 
(6) Cr (VI) 0.200 pprn + Fe (111) 16.0 pprn + DPCI at pH 0.9 
(7) Cr (VI) 0.200 pprn + Fe (111) 16.0 pprn + DPCl at pH 1.2 

It is possible that various factors are involved in the pH dependence on the inter- 
ference. The following reactions of iron with chromiurn and DPCI are reported in lite- 
rature: 

-DPCI is oxidized to DPCO by Fe (111) (Balt and Van Dalen 1963). 
-Fe (111) and Fe (11) react with DPCO, forming complexes (Balt and Van Dalen 

1963). 
-Fe (111) reacts with Cr (VI) forming an 1:l complex in acidic medium (Espen- 

son and Helzer 1969). 

Al1 these reactions depend on pH, in a similar manner to those of Cr (VI) with 
DPCI. Thus is is possible that, depending upon the particular condition, different 
equilibna are reachod, producing positive, negative or null interferences. Some ideas 
about this pattern of behavior are expressed in the following paragraphs, but they 
should only be considered preliminarily, and further work will probably clarify them: 
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- At pH 1.2 the maximurn absorbance is observed, probably because the comple- 
xation reaction takes place to the largest extent, as the oxidation of DPCI is favoured, 
and coordination reactions with iron and chromium are enhanced. 

-At high pH values a hydrolysis process begins favouring the formation of Fe-Cr 
species. 

-At low pH values, DPCO can be protonated therefore disfavouring t. comple- 
xation reactions. 

FIG. 2. Infiuence of the pH on the absorbance of Cr (111)-DPCO complex, at 540 nm (C.L. 
= + 0.006 a.u., = 1%). 

(1) Cr (VI) 0.200 ppm + DPCI 
(2) Cr (VI) 0.200 ppm + Fe (111) 16 ppm + PDCl 

Nevertheless, the changes in the magnitude of the interference, related to the 
changes in pH are meaningless for the purpose of this work, because the differences in 
absorbance are very close to the error of the method, within the recommended interval 
of acidity (Table 1, Fig. 2). 
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TABLE 111. ABSORBANCE VALUES OF Cr-DPCO COMPLEX + Fe (111) AT 
DIFFERENT TEMPERATURES AND SEQUENCE IN THE ADDITION OF 

REAGENTS: pH 1.2. 

EFFECT OF TEMPERATURE AND SEQUENCE IN THE ADDITION OF RE- 
AGENTS. NO differences in the absorbance values were observed, between samples 
analyzed at 20°C or 10°C (Table 111). This fact is apparently in disagreement with Pil- 
kingston and Smith (1967), who found a decrease in the negative interference when 
cooling the solution. They analyzed solid samples of low chrome ilmenite at different 
starting conditions from those employed in this work (see conclusions). 

REAGENTS 
and 

SEQUENCE 

HS04 + Cr 

H 2 ° 4  + Cr + Fe 

HpSO4 + Fe + Cr 

It was also observed that changing the sequence in the addition of reagents was 
not relevant (Table 111). 

EFFECT OF CONTACT TIME BETWEEN Cr (VI) AND Fe (111) BEFORE ANALY- 
SIS, AND OF ELAPSED TIME FOR COLOUR DEVELOPMENT. Solutions of Cr 
and Fe + Cr were left to age 0, 1 and 2 days, at the pH of the mixture (2.4). Just before 
reaction with DPCI, the acidity was adjusted with H$O,, to the desired value (pH = 
0.5, 0.9, 1.2, 1.6 and 2.0), according to the general method. 

TEMPERATURE 

Stability of the colour was studied measuring the absorbance every 2 minutes for 
15 minutes (elapsed time for colour de'velopment). 

Only a small disturbing effect of Fe (111) on the stability of the coloured complex 
was observed, especially at pHs 0.9, 1.2 and 1.6. This effect is not very important be- 
cause, independently of the absorbances measured during the elapsed time, were very 
close to the error of the method (Figs. 3, 4, 5 and 6). 

10°C 

0.162 

0.168 

0.169 

However, there was an important fact, for al1 pH values, a considerable lowering 
of the absorbance was observed in the mixtures of Fe + Cr, aged 1 and 2 days, as com- 
pared to the absorbance of the freshly prepared mixtures (as shown by curves 5 and 6, 
in Figs. 3, 4, 5, 6). 

20°C 

0.161 

0.168 

0.170 

In order to acquire more information about the contact time effect, wich had not 
been previously reported, additional experiments were carried out. Severa1 conditions 
were varied, Table IV summarizes the results obtained when the following changes we- 
re made: 
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ABSORBANCE 

0.160 

C o n t a c t  t i m e  b e f o r e  D P C I  a d d i t i o n :  . = O d a y s  

A = 1 d a y  

o= 2 d a y s  

5 10 I 5 

ELAPSEO TIME POR COLOUR DEVELOPMENT (M) 

FIG. S. Infiuence o f  the "contact time between Fe (111) and Cr  (VI) before analysis" and the 
"elapsed time for colour development" o n  the absorbance o f  the Cr  (111)-DYCO complex, at ph 
0.9: 

(l)  Cr (VI) 0.200 pprn = DPCl at O days for contac time 
(2 )  Cr (VI) 0.200 pprn + DPCl at 1 day of contact time 
(3) Cr (VI) 0.200 pprn + PDCl at 2 days of contact time 
(4) Cr (VI) 0.200 pprn + Fe (111) 16.0 pprn + DPCI at O days of contact time 
(5) Cr (VI) 0.200 pprn + Fe (111) 16.0 pprn + DPCl at 1 days of contact time 
(6) Cr (VI) 0.200 pprn + Fe (111) 16.0 pprn + DPCl at 2 days of contact time 
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ABORBAWCE 

0.160 

C o n t a c t  t i m e  b e f o r e  D P C I  a d d i t i o n :  

. = O d a y s  

A = 1 d a y  

0 = 2 d a y s  

1 , i 

5 10 15 
ELAPSED TIME FOR COLOUR DLVELOPWENT (u) 

Frc. 4. Infiuence of  the "contact time between Fe (111) and Cr (VI) before analysis" and the 
"elapsed time for colour development" on the absorbance o f  the Cr (111)-DPCO complex, at pH 
1 .Z: 
(1) Cr (VI) 0.200 ppm + DPCl at O days of contact time 
(2) Cr (VI) 0.200 ppm + DPCl at 1 days of contact time 
(3) Cr (VI) 0.200 ppm + DPCl at 2 days of contact time 
(4) Cr (VI) 0.200 ppm + Fe (111) 16.0 ppm + DPCl at O days of contact time 
(5) Cr (VI) 0.200 ppm + Fe (111) 16.0 ppm + DPCl at 1 days of contact time 
(6) Cr (VI) 0.200 ppm + Fe (111) 16.0 ppm + DPCl at 2 days of contact time 
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ABSORBANCE 

C o n t a c t  t i m e  before D P C l  a d d i t i o n :  

= O d a y s  

A =  1 day  

O= 2 d a y s  

FIG. 5. Influence of  the "contact time between Fe (111) and Cr (VI) before analysis" and the 
"elapsed time for colour development" on the absorbance of  the Cr (111)-DPCO complex, at p H  
1.6: 

(1) Cr (VI) 0.200 ppm + DPCl at O days of contact time 
(2) Cr (VI) 0.200 ppm + DPCl at 1 days of contact time 
(3) Cr (VI) 0.200 ppm + DPCl at 2 days of contact time 
(4) Cr (VI) 0.200 ppm + Fe ~111) 16.0 ppm + DPCl at O days of contact time 
(5) Cr (VI) 0.200 ppm + Fe (111) 16.0 ppm + DPCl at 1 days of contact time 
(6) Cr (VI) 0.200 ppm + Fe (111) 16.0 ppm + DPCl at 2 days of contact time 
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A B  SORBANCE 1 

C o n t a c t  t i l i l e  b e f o r e  D P C l  a d d i t i o n :  

8 O d a y s  

A = 1 d a y  

0 -  2 d a y s  

0.160 

0.140- 

0.190- 

0.100 

FIG.  6 .  Influence of the "contact time between Fe (111) and Cr (VI) before analysis" and the 
"elapsed time f m  colour developrnent" on the absorbance of the Cr (111)-DPCO complex, at pH 2: 

A n n Cr 
u 0 (3) 

A#-4k-------- z,p7---- Gr A (1).(2) 

Gr+ Fe 11-.-.-. 
- * y a  ( 4 )  

I . 
O S 10 15 

(1) Cr (VI) 0.200 pprn + DPCl at O days of contact time 
(2)  Cr (VI) 0.200 pprn + DPCl at 1 days of contact time 
(3) Cr (VI) 0.200 pprn + DPCl at 2 days of contact time 
(4) Cr (VI) 0.200 pprn + Fe (111) 16.0 pprn + DPCl at O days of contact time 
(5) Cr (VI) 0.200 pprn + Fe (111) 16.0 pprn + DPCl at 1 days of contact time 
(6) Cr (VI) 0.200 pprn + Fe (111) 16.0 pprn + DPCl at 2 days of contact time 

ELAPSED TIME FOR COLOUR DEVELOPMENT ( i l n )  
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-Counter-ion of the Fe (111) standard solution: Clor NO~(co1umn 1). 
-Acid used for the reaction with DPCI: H, SO,, HsP04 or the mixture (column 

2) 
-Contact time of Fe and Cr before analysis, 0, 2, 7 and 14 days (column 4), at 

pH given by the rnixture (2.4). 
-Contact time of Fe and Cr before analysis, 0 ,2  and 7 days (column 5), at the pH 

recomrnended by the method (column 3). 

TABLE IV. EFFECT OF CONTACT TIME BETWEEN 16.0 ppm Fe (111) and 
0.200 ppm Cr (VI) ON THE ABSORBANCE OF THE Cr-DPCO COMPLEX, AT 

DIFFERENT CONDITIONS 

* = Error is + 4% 

REAGENTS 
+ 

DPCI 

Fe (111) 
in HCl or HNOS 

Fe (111) 
in HCl or HNOS 

Fe (111) in HCl 
+ Cr (VI) 

Fe (111) in HNOS 
+ 

Cr (VI) 

- 
Fe (111) in HCl 

+ Cr (VI) 

Fe (111) in HNO, 
+ Cr (VI) 

Fe (111) in HCl 
+ Cr (VI) 

ACID 
ADDED 

Hzs04 

HsP04 

H>04 

HSO, 

HsP04 

HsPo4 

HSO, + 
0.25% H,P04 

REACTION 
pH 

1.2 

1.2 

1 .2 

1.2 

1.2 

1.2 

1 .O 

Contact t 
Fe-Cr at 
pH 2.4 
(days) 

0-7 
O 

0-7 
O 

O 
2 
O 
O 

O 
2 
O 
7 
7 
14 

O 
2 
O 

O 
2 
O 
7 
7 
14 

O 
2 
7 
O 

Contact t 
Fe-Cr at 

reaction pH 
(days) 

O 
0-7 

O 
0-7 

O 
O 
2 
7 

O 
o 
2 
o 
7 
O 

O 
O 
2 

O 
O 
2 
o 
7 
O 

O 
O 
O 
7 

%*of 
ABSOR- 
BANCE 

13 
12 

O 
O 

106 
6 1 
92 
80 

106 
67 
99 
1 S 
13 
14 

88 
40 
89 
89 
50 
86 
o 
o 
O 

101 
70 
48 
38 
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The value reported as percentase of absorbance in column 6 was obtained by con- 
sidering that the absorbance from the solution of Cr (VI) + DPCI at pH 1.2 in HSO, 
corresponded to 100%. From this table it can be seen that: 

-The absorbance at 540 nm due to the Cr (111)-DPCO complex decreases, as the 
contact time between Fe (111) and Cr (VI) increases, independently of the acid used as 
reaction medium, or the counter-ion from the Fe (111) standard solution. 

-The rate of this lowering in absorbance is decreased when the mixture (pH 2.4) 
is left at the highest acidity (pH 1.2). 

These obsewations suggest that a Fe (111)-Cr (VI) species is formed. It has been 
mentioned, that an 1 : 1 Fe (111): Cr (VI) complex is formed in acidic medium (Espen- 
son and Helzer 1969, Rosseinsky 1969). Kinetic studies on the formation of this species 
show that the reaction is complete within tenths of a second, and it has a small stability 
constant. 

Thus, additionally, a more stable Fe (111)-Cr (VI) compound (complex 1:1?). 
with a lower formation rate, must be present in the solution. The possibility of the for- 
mation of different Fe (111)-Cr(V1) species is not rejected by Espenson and King 
(1963). 

Comparing the absorbances of mixtures of Fe (111)-Cr (VI). aged for the same 
lenght of time, at different pH values, it was obsewed that as the acidity of solutions 
increased, the interference of Fe (111) decreased, and consequently the absorbance va- 
lue was enhanced (Table IV). This fact leads to the conclusion that hydrogen ions are 
released during the formation of the complex, in a similar way to the pausible mecha- 

TABLE V. EFFECT OF CONTACT TIME ON THE ABSORBANCE VALUES 
OF SOLUTION OF Cr (VI) + Fe (111) AT DIFFXRENT pH VALUES 

(*) Fe (111) = 16.0 ppm 
Cr (VI) = 0.200 ppm 

pH of 
solution 

5 

7 

9 

5 - 13 

5 - 0.5 

pH of 
reaction 

1 

1 

1 

1 

1 

Contact time 
(da~s) 

O 
1 
2 

O 
1 
2 

O 
1 
2 

3 

3 

COMMENTARIES 

Absorbance values of 
original solution. No 
precipitate was observed. 

Absorbance values of 
filtered solutions. 

Absorbance values of 
fdtered solutiom. 

2 days at pH 5; 1 day at 
pH 13. No precipitate was 
obsewed. 

2 days at pH 5; 1 day at 
pH 0.5. 

ABSSORBANCE 
VALUES 

Cr * 
0.123 
0.123 
0.123 

0.122 
0.122 
0.122 

0.123 
0.123 
0.123 

0.123 

0.123 

Fe + Cr* 

0.097 
0.082 
0.082 

0.670 
0.670 
0.670 

0.1 10 
0.110 
0.110 

0.076 

0.066 
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nisms proposed by Epenson and Helzer (1968), where the HCrOYion is in equilibrium 
with CrOg or the Fe(H,O)i + with Fe (H,O), (OH)¶ + 

These data also indicate that neither H, PO, nor H$O, destroy the Fe-Cr 
camplex after is has been formed, provided that the lowering of the absorbance is of 
the same order in magnitude for both acids. 

It is important to point out that when the pH of solutions containing Fe (111) and 
Cr (VI) was increased, the foilowing facts were observed (Table V): 

FIG. 7. Spectra of solutions of 5 ppm Cr (VI). and 400 ppm Fe (111) from the HNOS stan- 
dard, at diffmnt contact times 



INTERFERENCE OF Fe 11111 IN THE ANALYSIS DF Cr (VI) 

-The Fe (111)-Cr (VI) species were formed more rapidly than in acidic medium. 
-As pH was increased beyond and value of 5, precipitation of iron ocurred. the 

solid was filtered and the absorbance value of the solution was smaller than the corres- 
ponding value for Cr (VI). 

-Once the Fe (111)-Cr (VI) species was formed, addition of NaOH to bring the 
pH slowly from 5 to 13, did not produce a precipitate. 

In order to confirm the presence of Fe-Cr species, an absorption peak in the U.V. - 
visible region was sought for. Solutions of Cr(V1) 5 ppm and of Fe (111) 400 ppm, from 
the HNOS standard, were prepared and mixed, giving a pH of 1.1. The absorption 
spectra were recorded from 200-850 nm on the Bausch and Lomb Spectrophotometer, 
at O, 2 and 5 days of contact (no DPCI was added). The results are shown in Figure 7. 

The presence of a new absorption peak, that could be assigned to the complex. 
was not observed. Nevertheless the Fe (111)-Cr (VI) signal decreases with time, and af- 
ter 5 days, the spectrum equals that of Fe (111). This fact indicates the formation of Fe 
(111)-Cr (VI) species. This new complex should absorb at low wavelegth. where the 
charge-transfer band of Fe (111) (in large excess) avoids its detection. The sarne pattern 
of behavior is observed in HsPO,. 

CONCLUSIONS 

Cr (VI) in solution and in contact with Fe (111), in basic, neutral, or sligthly acid me- 
dia, from at least one Fe (111)-Cr(V1) species. This or these species are not destroyed by 
the addition of HsP04, HNOS, HCl, H$O, or DPCI, but their formation is disfa- 
voured by a strongly acidic medium. 

Procedures which recommend the use of HsP04 + HNOS and/orcooling the solu- 
tion under 15OC, (Pilkington and Smith 1967, APHA et al. 1980), might only prevent 
the iron interference, when the Fe (111)-Cr (VI) species have not been formed yet, as in 
strongly acidic solutions (Le. samples proceeding from acid attacks on solids). Howe- 
ver, if the particular conditions of the samples favoured the presence of Fe (111)-Cr 
(VI) species, then adding acid and/or cooling the solution does not elirninate the inter- 
ference of Fe (111). 

It was also shown that reading at a higher wavelength that 580 nm, as suggested 
in some standard procedures, in order to avoid the increase in absorbance caused by 
the presence of iron, is useless. This is because the interference was not a consequence 
of the formation of an Fe (111)-DPCO coloured complex (product of an Fe (111)-DPCI 
reaction). Indeed, as already mentioned, the most serious effect of iron, is a decrease 
in the absorbance. It was also demonstrated that a variation of the elapsed time was 
not an important factor in eliminating the iron effect. 

Therefore, to analyze Cr (VI) in water samples, that contain Fe (111) in excess, in 
basic, neutral, or slightly acidic media, it is recommended that other methods, such as 
atomic absorption spectrophotometry, be used. If the colourimetric methods, have to be 
employed, the separation of Fe (111) has to be carried out. In the literature different 
techniques are recommended (Adam and Pribil 1974, Yoshimura and Ohashi, 1978, 
APHA et al. 1980). 
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Also. it is suggested that before applying colourimetric methods for the analysis of 
Cr (VI) in sarnples that contain Fe (111), under different conditions than aforemen- 
tioned, their particular characteristics must be considered specially those related with 
the presence of Fe (111)-Cr (VI) species. 

Finally, it must be pointed out that the above conclusions clarify much of the unsatis- 
factory nature of the existing literature, concerning iron interference 0x1 the colouri- 
metric detenninations of Cr(V1). These facts, specially explain the apparent disagre- 
ement between data related with the magnitud of iron effect, and the effectiveness of 
simple procedures to prevent it. 
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