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ABSTRACT 

The derivatives of porphyrin have exhibited very high sensitivity as 
chromogenic reagents for determination of trace metal elements. Their 
sensitivity constitutes an obvious advantage over other reagents such as 
bisazo derivatives of arsenazo and phosphonazo. Therefore, their synthesis 
and application has attracted considerable attention. Up to now, over 80 
derivatives of porphyrin have been reported in the literature as chromogenic 
reagents. In recent years, analysts have studied the influence of substituent 
groups on the analytical characteristics of the reagents, some novel reagents 
have been designed and synthesized, their properties, such as selectivity, 
reaction time and the acidity range, have been remarkably improved. Thus, 
they can be used to determine various metal elements in complex samples. 
Today, the derivatives of porphyrin have become increasingly important 
reagents in analytical chemistry. The present paper briefly reviews the 
synthesis of reagents, their structures and their analytical characteristics and 
application in analytical chemistry. 

The derivatives of porphyrin are reagents containing the porphyrin ring. 
The porphyrin ring contains sixteen different atoms; four nitrogen atoms 
form a special center of flexure. The center of flexure has a permanent spatial 
position and a strong coordination function. Because the geometrical 
configuration of the coordinate environment is very rigorous, only metal ions 
with a size and geometrical configuration equal to that of the porphyrin ring 
can enter and react with the reagent to form a stable complex. At present, the 
porphyrin reagents mainly used contain phenyl or other large ring 
substituents. This strongly increases the range of the π-electron conjugate 
system and obviously provides a better sensitivity than other analytical 
reagents, such as derivatives of arsenazo and phosphonazo. Their molar 
absorptivity often exceeds 105, being in some cases close to 106 or higher. 
Experiments have indicated that substituent groups and their positions in the 
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reagent structure influence the electron cloud density and the spatial steric 
hindrance of the coordinate environment; this may result in a change in the 
analytical characteristics of the reagents. Over 80 derivatives of porphyrin 
have been designed and synthesized by analysts and have been applied as 
chromogenic reagents for spectrophotometric determination of lead, zinc, 
copper and other heavy metal elements in real samples. In this paper, the 
analytical characteristics concerning the structure and the synthesis of the 
reagents, as well as their application, are reviewed. 

THE SYNTHESIS OF THE PORPHYRIN REAGENT 

The derivatives of porphyin have a similar structure (see Fig. 1); all 
reagents contain a porphyrin ring, different reagent having different 
substituents (R,, R2, R3 and R4). If the four Rs are identical, the reagents are 
called symmetrical porphyrins, while others are called asymmetrical 
porphyrins. At present, the derivatives of porphyrin used in analytical 
chemistry are mainly symmetrical porphyrins. Moreover, the reagents also 
contain many different substituents in R; they influence the method of 
synthesis and the yield. Thus, reagents containing different substituents were 
often synthesized under different reaction conditions (see Table 1). In 
general, the derivatives of porphyrin are synthesized by reacting an aldehyde 

6 5 

Fig. 1: The structures of porphyric reagents in which R is a benzene ring or 

other groups. 

R 4 
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with pyrrole under activation and heating. The suggested reaction mechanism 
was as follows: 

The above procedure shows that the synthesis mechanism is complex; 
moreover, both pyrrole and aldehyde easily polymerize and, therefore, the 
synthesis and purification of derivatives of porphyrin have been a problem in 
organic and analytical chemistry for a very long time. This has influenced the 
application of the reagents in analytical chemistry. In recent years, the 
synthesis technology has remarkably improved various organic acids, such as 
propionic acid and butyric acid, BF3-ether and A1C13, etc., have been 
suggested as activators in the literature /1-44/; the yield and purity of the 
reagent has been enhanced and the reaction conditions have become very 
simple and increasingly stable; usually, the selection of the activator and the 
other reaction conditions depends on the properties of the aldehyde, the main 
intention being to increase the activity of the aldehyde and avoid 
polymerisation of the pyrrole itself. Today, a maximum yield of 50-60% has 
been reported in the literature. A review of the synthesis of porphyrin 
compounds as spectrophotometric chromogenic reagents is given in Table 1. 

THE STRUCTURES AND THEIR ANALYTICAL 
CHARACTERISTICS 

In the derivatives of the porphyrin molecule, the porphyrin ring is a 
functional group, and R ) ; R2, R3 and R, act as auxochromes. Being electron 
effective, reagents containing different Rs obviously have different chemical 
properties. Moreover, the substituents and their positions may remarkably 
influence the analytical characteristics of derivatives of porphyrin in R by an 
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electronic effect. Therefore, the design of the molecules is an important task 
in obtaining good sensitivity and selectivity. This has been used largely and 
some excellent poiphyrin compounds have been synthesized on the basis of 
the above law. This easily resolved the problems of porphyrin reagent 
sensitivity and selectivity. Certainly, the selection of optimal reaction 
conditions is also very important in improving sensitivity and selectivity. For 
example, the activator and heating can speed up the reaction rate remarkably; 
it is used widely in spectrophotometric determination of various trace metal 
elements. In general, the derivatives of porphyrin as analytical reagents 
possess remarkable characteristics in the following respects: 

1. Sensitivity 

The influence of the substituent groups and positions on the sensitivity is 
complex; there is always a difference between different metal elements. For 
copper, reagents containing hydroxyl and methylammonium have a higher 
sensitivity than other reagents, such as reagents containing a nitro group, 
when the substituent groups are the same, the reagents containing p-position 
or o-position substituent groups have a higher sensitivity than the m-position 
(see Table 2). Otherwise, the above law cannot be fully applied to other metal 
elements. In general, high sensitivity is a remarkable characteristic of the 
derivatives of porphyrin; it can be applied to the spectrophotometric 
determination of metal elements in very low concentration samples; ppb 
concentrations can usually be determined without preconcentration or 
condensed sample solutions. Super-high sensitive chromogenic reaction has 
been reported in the literature in recent years (see Table 3), which shows that 
the sensitivity of a porphyrin compound can be greatly enhanced. 

2:Absorption spectra 

A porphyrin compound is a polybasic acid. The porphyrin ring may 
dissociate according to the following formula in an aqueous solution (in 
order to simplify, the porphyrin ring was replaced by H2P): 

l-feP1" 
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Table 2 

Comparison of the sensitivities of the reactions of copper with 

derivatives of porphyrin 

Reagent Molar 
absorptivity 

Meso-tetraphenylporphyrin 
Meso-tetra (4-sulfophenyl)porphyrin 
Meso-tetra (4-carboxylphenyl)-
porphyrin 
Meso-tetra (3-N-methylpyridyl)-
porphyrin 
Meso-tetra (4-N-methylpyridyl)-
porphyrin 
Meso-tetra (5-sulfonthienyl)-
porphyrin 
Meso-tetra (4-hydroxylphenyl)-
poφhyr in 
Meso-tetra (4-dimethylammonium-
phenyl) porphyrin 
Meso-tetra (ethoxy-carboxylfuran)-
porphyrin 
Meso-tetra (3-F-4-sulfonphenyl)-
poφhyr in 
Meso-tetra (3-Br-4-sulfonphenyl)-
porphyrin 
Meso-tetra (2-CI-4-sulfonphenyl)-
porphyrin 
Meso-tetra (2-Br-4-sulfonphenyl)-
porphyrin 
Meso-tetra (4-methoxylphenyl)-
porphyrin 
Meso-tetra (3-Br-4-hydroxyl-5-
methoxyl-phenyl) porphyrin 
Meso-tetra (4-methoxylphenyl-3-
sulfonic acid) porphyrin 
Meso-tetra (3-Br-4-sulfonphenyl)-
porphyrin 

Meso-tetra (4-trimethylammonium-
phenyl)poφhyr in 
Meso-tetra (4-methoxylpheny!)-
porphyrin 

TPP 
Τ (4-SP)P 
Τ (4-CP)P 

Τ (3-MPy)P 

Τ (4-MPy)P 

Τ (5-ST)P 

Τ (4-HP)P 

Τ (4 -DMAP)P 

TFCOOC2H5P) 

m-FTPPS 4 

m-BrTPPS 4 

0 - C I T P P S 4 

o-BrTPPS 4 

T(4-MO-3-SP)P 

T(3-Br-4-H-5-
MOP)P 

Τ (4-MO-3SP)P 

Τ (3-Br-4-SP)P 

Τ (4 -TMAP)P 

Τ (4-MOP)P) 

4. 76x10 
3. 7x 10s 

4. 2 χ 105 

4. OxlO5 

2 . 4 6 x l 0 5 

2. 9 8 χ 105 

3. 18 χ 106 

3. 9χ10 6 

1. 52x10 s 

4. 4χ10 5 

2. 3 8 x 10s 

4 . 0 2 x l 0 5 

2. 38χ 105 

3. 18x 105 

2. 61 χ 105 

3. 7χ 105 

2. 61 χ 105 

1. OxlO7 

3. 39χ 105 
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The dissociation of a proton in the substituents of the reagent was not 
included in the above formula. In fact, substituents and their positions affect 
the dissociation of the porphyrin ring; some reagents' dissociation constants 
are listed in Table 4. Thus, a reagent with a different molecular structure has a 
different absorption spectrum (see Fig. 2 and Fig. 3). 

Table 4 
Dissociation in water of some porphyrin reagents 

Reagent pKa4 pKa3 p K a 4 . 3 pka2 pkal 

Τ (4-CP)P 2. 1 

Τ (4-SP)P 4. 6 

Τ (3-MPy)P 2. 8 

Τ (4-HP)P 5 . 4 5 . 4 5 

Τ (4-MPy)P 0 . 8 2 . 0 6 2 . 2 19 .2 16 

wavelength(nm) 

Fig. 2: The absorption spectrum of T(DBHP)P for different degrees of 

acidity: (1) 2.0 mol.l"1 HCl, (2) HC1-KC1 buffer solution (pH=l) , (3) 

0.08 mol.l"1 NaOH solution, (4) 1.0 mol.l'1 NaOH, (5) 0.5 mol.l"1 

HCl. 
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Fig. 3: The absorption spectra of T(3-MPy)P in solutions of different 
acidity: (1) 0.5 molT1 HCl, (2) 1.0 mol.l"1 HCl, (3) pH = 7.0 buffer 
solution, (4) pH = 12.6 buffer solution, (5) pH = 13.08 buffer 
solution, (6) 1.0 mol.l"1 NaqOH solution. 

The metal ions can often react with derivatives of porphyrin to form a 
very stable complex with a very sensitive "Soret" absorption band (400-
500nm) (see Fig. 4). Both the reagent and its complex have a serious 
contiguous absorption spectrum, although the wavelength difference (Δλ) of 
the absorption peak is different with respect to different reagents and 
different metal ions, and some reactions' Δλ are large, such as the complex of 
lead-porphyrin reagents; most of the reactions have small Δλ. Among these , , 
some are almost equal to zero. Because a large Δλ is beneficial in improving 
the precision and accuracy of the determination method, three effective 
technologies have been widely used in the spectrophotometric determination 
of trace elements in the literature. 

(l)Enliaitcing acidity after complex formation 
If the complex is very stable in a highly acidic medium, enhancing the 

acidity of the system after complex formation can obviously increase, as the 
porphyrin reagent has different absorption spectra in solutions of different 
acidity (see Fig. 2 and Fig. 3). For example, when the acidity of a reaction 
system is at pH=5. 2, both Cu-TPPS3 and TPPS3 have almost the same 
absorption peak at 413nm, Δλ is zero, it is difficult to determine copper 
precisely and accurately in real samples. Otherwise, after the reaction of 
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Wavelength(nm) 

Fig. 4: Absorption spectra of Pb and Zn complexes: (1) T(4MPy)P against 
water, (2) Zn-T(4-MPy)P complex against reagent blank, (3) Pb-
T(4-MPy)P against water. Other conditions: pH = 9.2. 

TPPS3 with copper is completed, chloroactic acid was added to the system 
(pH change from 5. 2 to 2. 0); this resulted in the TPPS3's protonation, he 
absorption peak of the reagent converted to 434nm; thus, Δλ of the color 
system increased to 21 nm (see Fig. 5). 

(2)Clianging the surplus reagent in the system into a stable metal complex 
After the color reaction of the metal ion (MO, the reagent is finished, the 

surplus color reagent is changed completely into a stable complex by adding 
by adding a considerable amount of metal ion (M2); if the stability constant of 
the M2 complex is remarkably smaller than that of the M] complex, and 
larger than that of the other metal complex which interferes with Mi that 
reacts with the reagent under the same conditions, this can increase Δλ of the 
color reaction system and also improve the selectivity of the color reaction. 
For example, at pH = 9.2 T(4-MPy)P can react with zinc sensitively to form a 
stable zinc complex with an absorption peak at 437 nm, the wavelength 
difference between Zn-T (4-MPy)P and T(4-MPy)P is 15 nm after the 
reaction of zinc with T(4-MPy)P is completed. Adding a considerable 
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Fig. 5: The effect of acidity on the reaction of T(DBHP)P with lead (10 μ§ 
of lead) 

amount of lead (II) to the system changed surplus T(4-MPy)P into a Pb-T(4-
MPy)P complex with an absorption peak at 479 nm, so that Δλ was enhanced 
to 39 nm (see Fig. 6). The method has been used widely for the 
spectrophotometric determination of trace metal ions. 

(3) Extraction with organic solvents 
If the solubility of the reagents and their metal complexes exhibit 

remarkable differences, the complexes can be extracted into an organic phase 
with a special organic solvent after the completion of the reaction of the 
metal ion with the reagent. This can remove the interference of the reagent in 
the determination and largely improve the selectivity. For example, T(3-
MPy)P or T(4-MPy)P were used to determine trace copper; the copper 
complex was extracted into an organic phase with benzene and 2-nitro-
propane, then copper was detected in the organic phase; the method showed 
good precision and accuracy. 

3. Acid i ty of react ion 

In general, the acidity obviously influences the color reactions of 
derivatives of porphyrin with metal ions; most of the reactions require serious 
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Fig. 6: The effect of acidity on the reaction of T(DBHP)P with zinc (5.0 μ§ 
of zinc). 

Table 5 
Effect of acidity on the reaction of porphyrin reagents with metal ions 

Reaction 
(reagent/metal) 

Reaction time (pH) 

Τ (3-MPy)P/Cu 

Τ (3-MPy)P/Pb 

Τ (4TMAP)P/Zn 
Τ (4-SP)P/Cu 
Τ (4-SP)P/Pd 
Τ (4-CP)P/Cu •· 
TPP/Cu 

3min. at 100°C (4. 0);30min. at 100°C (2. 5) 
1. Omin. at room temperature (10. 2);5. Omin. at room 
temperature (<10. 2) 

7min. at 100°C (>4. 0);>7. Omin. at 100°C (<4. 0) 
10min. at 100°C (3. 6); 60min. at 100°C (2. 6) 
10min. at 100°C ( 3 . 5 ) ; 60min. at 100°C (2. 6) 
2min. at 100°C (5. 9 ) ; 15min. at 100°C (4. 9) 
2min. at 100°C (5. 5) ; 30min. at 100°C (3. 5) 
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control of the acidity. Meanwhile, acidity also affects reaction rate and 
analytical characteristics, such as sensitivity or selectivity. In recent years, 
analysts have found that some electron-withdrawing groups introduced into 
the benzene ring of R in the porphyrin ring can effectively increase the 
acidity range of the reaction. For example, T(DBHP)P, in which two 
bromides were added to the m-positions of the benzene ring of the reagent, 
reacts with lead(II) and zinc in a wide pH range (see Fig. 5 and Fig. 6). This 
indicated that the structure of derivatives of porphyrin reagents directly 
influences acidity and the acidity range of the reaction. 

4. Selectivity 

In the past, poor selectivity often existed in the reaction of metal with 
porphyrin reagents. The main interference elements are transition metals, 
which seriously affected the application of porphyrin compounds in complex 
samples, such as rock, steel and geochemical samples; they were only used 
for some simple cases, such as metal, reagents, sea water, river water, tap 
water, blood slum, hair and tea leaves, etc. Therefore, improving the 
selectivity of reactions will be an important task for analysts in the future. 
The following methods have been considered and used: 

(1) Design of new porphyrin reagents 
Table 6 shows that certain substituents introduced into the reagent may 

improve the selectivity remarkably, Τ (DBHP)P is a very successful example. 
Analysts should continue to study the law of the effect of substituents and 
their position in the R groups on the analytical characteristics of reagents and 
design and synthesize a set of highly selective and sensitive derivatives of 
porphyrin; this is an important method to increase selectivity. 

(2) Selection of suitable activators 
It was found that certain activators can speed up the velocity of the 

reaction of a metal ion with reagents selectively, so that the metal element 
reacts with the reagent rapidly and the reaction of coexisting elements with 
the reagent is also very slow; the difference in reaction rate can be used for 
determination of trace compounds and for avoidance of coexisting elements' 
interference. Some activator reactions published are listed in Table 7. 
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(3)Selection of strongly acidic medium and exchange reaction 
As the complexes are very stable in various acidic media, analysts always 

select a strongly acidic solution as a reaction medium. In strong acidity, metal 
complexes can also remain stable, and coexisting element complexes are 
decomposed; this is beneficial for improving the selectivity For example, 
0.24 mol.l"1 H2S04 was selected as a medium of reaction of T(4-TMAP)P 
with copper; the complex of coexisting elements, such as zinc, reacts with (4-
TMAP)P, decomposing immediately; this increases the selectivity of copper 
determination. 

Exchange reaction is also an effective method of improving the 
selectivity. After the color reaction is completed, if another masking agent is 
added to the system, as the masking agent can react with coexisting ions to a 
very stable complex and decompose its porphyrin-complex, the metal 
complex is kept stable as it cannot react with the masking agent to form a 
stable compound. For example, after the reaction of T(4-SP)P with cobalt and 
cadmium is completed, the interference of cadmium can be easily removed 
by adding the masking agent EDTA. 

(4) The separation 
When the above methods are unable to resolve interference of coexisting 

elements, a suitable separation step should be adopted in determination of a 
trace metal element in complex samples. 

5. Activators and Surfactants 

The rate of the reaction of porphyrin reagents with lead, zinc and copper 
etc. is usually very slow; therefore, the reaction is carried out under heating 
conditions. In order to speed up the rate at room temperature, analysts have 
tested various organic reagents and metal ions; the results showed that certain 
compounds have a noticeable catalytic effect on the reaction of porphyrin 
with certain metal ions. This reduces reaction time, so that some reactions 
can be completed rapidly room temperature (see Table 7). 

Two main catalytic mechanisms were reported in the literature: 

(1): The activator reacts with metal to form an intermediate compound 
For example, the reaction of lead with Τ (DBHP)P in NaOH medium (for 

the sake of simplicity) HQ substitutes 8-hydroxyquinoline and H2P 
substitutes Τ (DBHP)P): 
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a:Pb2+ + NaOH > Pb(0H)42- + HQ »• PbQ+ or PbQ2 + 2P2" PbP2 

b: pb2+ + NaOH - * · Pb (OH) fi- + 2P2" »· PbP2 

In NaOH medium, lead formed Pb (OH)4
2 \ as both Pb (OH)4

2" and P2" 
have a negative charge, and the static repulsion makes it difficult for them to 
close each other, so the chromogenic reaction almost does not take place at 
room temperature. Only under heating do Pb (OH)4

2" and P2" get enough 
energy to collide and allow the color reaction to take place. In the presence of 
8-hydroxyl-quinoline (a), as Pb (OH)4

2" has changed to PbQ+ or PbQ2, which 
has a positive or a neutral charge, and the static attraction causes P2 ' and PbQ+ 

or PbQ2 to close each other, the chromogenic reaction takes place easily at 
room temperature. 

(2)Exchange reactions 
For example, the reaction of zinc with Τ (DBHP)P in a borax buffer 

solution (pH=10) (for the sake of simplicity ID substitutes imidazole, and 
H2P substitutes Τ (DBHP)P): 

c : Z n 2 + + 4 0 H - Z n ( 0 H ) 4 2 " + p 2 - s l o w » Z n P 

d : Cd2 + + 40H" Cd (OH) P 2 - r a p i r i » CdP 

Z n ( 0 H ) 4 2 - + | D » -ZnlD o r Z n l D 2 + C d P £ a f i x d ^ Z n P 

In a borax medium of pH=10, Zn2+ forms Zn (OH)4
2", H2P forms P2" ion, 

as both Zn (OH)4
2"-and P2" (c) have a negative charge, static repulsion to 

causes them to remain apart so that the color reaction does not to take place 
readily at room temperature. Only on heating have Zn (OH)4

2"-and P2" enough 
energy to collide and yield the color reaction. In the presence of Cd (II) and 
imidazole, as Zn (OH)/" (d) is converted into ZnID or ZnID2 , and Ρ "into 
CdP, which have a positive charge ZnID+ or are neutral Zn ID2, CdL, they 
approach easily to react chemically with each other. CdL is very unstable, it 
can be transformed into a very stable ZnP complex. 

For reactions of porphyrin reagents with metal ions, various surfactants 
have been widely used. The surfactant has two functions: one is increasing 
the water solubility of the porphyrin reagent and its complexes, as many 
reagents are difficult to dissolve in water; even water-soluble porphyrin 
always shows poor solubility in a highly acidic medium. On the other hand, 
surfactants were selected to increase the sensitivity of the reaction. 
Experiments show that different surfactants have different effects, therefore, 
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the choice of surfactant should be based on the experimental results. For 
example, although both BHPP and its complex have good water solubility in 
an alkaline medium, the sensitivity of the complex without surfactants is very 
low. In order to enhance the sensitivity, the effect of surfactants on the 
reaction system was examined in detail; it was found that different types of 
surfactants exhibited different effects on the absorbance from the system (see 
Fig. 7). The results indicated that anionic surfactants, such as sodium dodecyl 
sulfate, do not influence to any considerable extent the absorbance of 
surfactants. Non-ionic surfactants, such as Tween-80, AEO-9 and TritonX-
100, and cationic surfactants, such as CTMAB, clearly increased the 
absorbance of the complex. Since CTMAB gave smaller absorbance 
increments than non-sufactants, and TritonX-100 gave the highest sensitivity 
and low background signals, TritonX-100 was chosen. 

APPLICATION IN ANALYSIS 

Derivatives of porphyrin have been used extensively in analytical 
chemistry. At present, the main elements determined are copper, zinc, lead 
cadmium, palladium and manganese. It was found that different element; 
show different analytical characteristics as they react with porphyrin 
reagents. In general, porphyrin reagents can react with copper ver j 
sensitively; among thesis, Τ (4-DMAP)P, Τ (4-TMAP)P and Τ (4-HP)P have 
the highest sensitivity, their molar absorptivity exceeds 106. This is rare in 
spectrophotometry, it can be used to determine ultratrace copper in biological 
samples. Moreover, its reaction rates are always slow and carried out under 
heating. In order to speed up the chromogenic reaction, some activators, such 
as hydroxylamine hydrochloride and ascorbic acid, can improve the rate and 
have been widely used. On the other hand, the wavelength differences (Δλ) 
are very small, most of them are almost equal to zero. As copper complex has 
a high stability in a strongly acidic medium, analysts often increase the Δλ by 
adjusting acidity to pH<3. 0 with strong acid after the reaction has been 
completed. The selectivity of the reaction of copper is often very poor; thus, 
separation steps were required for determination of trace copper in complex 
samples. 

The reaction of derivatives of porphyrin with zinc are similar to the 
reaction of copper; Cd (II) and imidazole can often shorten reaction times at 
room temperature and were selected as activators. 
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Porphyrin has been applied effectively to determination of lead. On the 

one hand, lead reacts with the reagents sensitively, the complex has good 

stability and a large Δλ. On the other hand, the reaction is always carried out 

in an alkaline medium (pH>9. 0), the acidity range is wide and easily 

controlled. Some excellent reagents with a very good sensitivity and 

selectivity have been obtained, e.g. Τ (DBHP)P, and have been used to 

determine lead in samples; Τ (DBHP)P has been used to determine trace lead 

in various complex samples. These methods have an advantage over other 

lead reagents, such as the derivatives of arsenazo and chlorophosphonazo, as 

regards sensitivity and stability as well as satisfactory precision and accuracy. 

Cadmium reacts with derivatives of porphyrin sensitively; here, T(4-SP)P 

and T(4-M-3-SP)P are the most sensitive reagents. Unlike other metals, the 

reaction of cadmium with the reagents can be completed rapidly at room 

temperature without activators. Δλ exceeds copper and zinc. The reaction 

acidity is similar to that of lead (pH>8. 0). As the selectivity was always 

poor, some separation steps or masking reagents were often used to 

determine cadmium in real samples. 

The reaction of derivatives of porphyrin with palladium is similar to that 

of copper and zinc. Among the reagents, Τ (4-HP)P and Τ (4 -DMAP)P have 

the highest molar absorptivity. 

In a weak acid or alkaline medium, manganese (II) can react with 

derivatives of porphyrin sensitively. The reaction requires heating in the 

presence of activators, such as ascorbic acid, Cd (II), imidazole, hydrogen 

peroxide and Pb (II), or without activators. 

Porphyrin reagents have also been used for the determination of 

chromium, bismuth, nickel, cobalt, iron, gold, mercury, rhodium, ruthenium, 

silver, etc., seventeen metal elements. 

The applications of these reagents are listed in Table8. 
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