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Abstract

A novel indirect substitution spectrophotometric methodology using porphyrin is developed for the determination of some metals that do r
react with porphyrin directly. The methodology is concerned with a multistep reaction system, which consists of 3 complexation reactions tt
occur in a sequence of EDTA with metal, EDTA with Cu(ll) and porphyrin with Cu(ll). The complexation reaction of Cu(ll) with a cationic
porphyrin,meso-tetrakis (4-N-trimethylaminophenyl)-porphine (ttmapp), which has a high molar absorptivity alxal@3 mol—! cm™, serves
for spectrophotometric detection. This methodology was verified through individual determinations of 14 species of lanthanides following
batchwise procedure, which was further developed to an automatic procedure on a HPLC post-column flow injection system for simultane
analysis of the lanthanides. Compared with the conventional post-column derivatization method using 4-(2-pyridylazo) resorcinol (PAR), t
analytical sensitivity was greatly improved in this method and the results also showed good linearity.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction methods have been reported and also frequently utilized for
the lanthanides analysj6—13]. The reagents commonly used
The gquantitative analysis of the lanthanides has receiveth post-column derivatization of the lanthanides include Arse-
much attention since 1960s for their important roles in indushazo(l), Arsenazo(lll), PAR and, etc., among which PAR has the
trial and geochemical fieldd,2]. Separation techniques, like highest molar absorptivities about610* Imol~tcm™1 [14].
high performance liquid chromatography (HPLC) and capillary Porphyrin is a group of chemical analogues possessing a
electrophoresis, have proved to be necessary for the lanthanidescrocycle, which consists of four pyrrole rings linked by
analysis in many cases due to their extremely similar chemicahethine bridges and gives rise to their characteristic spec-
properties. HPLC for the lanthanides analysis has been studrum (Soret band) with intense absorption in visible region
ied most intensely and in recent years, some sensitive detectigd00—450 nm). The molar absorptivities of Soret band range
devices, such as inductively coupled plasma atomic emissioover 2x 10°—5 x 10°Imol~tcm~1, much higher than most
spectrometry (ICP-AES)3] and inductively coupled plasma colorimetric reagents, and this has led to extensive researches
mass spectrometry (ICP-MR),5], have been combined directly to explore the analytical applications of porphyrins as ultra
with HPLC as post-column detection systems in order to developensitive spectrophotometric reagefit$]. Various deriva-
a method with both sensitivity and efficiency, but the interfacegdives of porphyrin, such as anionic porphyrin @feso-
between these instruments and column were generally contetraphenylporphine trisulfonate (TPPS), cationic porphyrin
plicated to deal with. Post-column derivatization for UV-vis of meso-tetrakis(4-N-methylpyridinyl)porphyrin (TMPyP) and
spectrophotometry appears to be a more attractive approach $ome amphoteric porphyrins, have been synthesized to obtain
obtain sensitivity for its simplicity and low expenses, and somea porphyrin with improved chemical and physical properties,
but up to now, only a limited species of metal ions, such as
Cd(ll), Zn(l), Pd(l), and, etc., have been determined with por-
"+ Corresponding author. Tel.: +81 157269410; fax: +81 157269400, phyrins[16-23]. Furthermore, metals that can be determined by
E-mail address: jianhualiu@hotmail.com (J. Liu). each porphyrin derivatives have never exceeded 4 or 5 species
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and there is no remarkable development in this field in recenprecisely controlled. Lanthanides were divided into 3 groups

years. The applications of porphyrin to HPLC for simultane-(Nd—La designated as light group, Tb—Sm as medium group

ous analysis of these metals were also reported by pre-columand Lu-Dy as heavy group) according to the stabilities of their

derivatization[24—27], but the methodology appeared ratherEDTA complexes, and each group was isocratically eluted and

limited and inconvenient due to the inertity of porphyrin asdetermined on the system.

metallic ligand, the complexation reactions of which are not

only selective but also require rigid reaction conditions. 2. Experimental

We have made extensive studies on the syntheses of some

porphyrin derivatives and their complexation reactions with var2.1. Instrumentation

ious metal element®8,29]. Compared with other porphyrins,

ttmapp has high molar absorptivity and also shows physical and Elutions were performed at a flow rate of 0.5 ml mhwith a

chemical properties more suitable for spectrophotom@oy, pump (CCPM, Toyosoda Industries, Japan), whichwas equipped

but like all the other derivatives, ttmapp only react with a limitedwith a 100ul sample loop and a Rheodyne 7125 injection

species of metals of Zn(ll), Pb(ll), Cu(ll) and Pd(ll). In order to valve for sample injection. Column used for cation exchange

find out more applications in the analytical field for porphyrin, chromatography was Partisil-10 SCX (4.0 ns250 mm, GL

a novel concept described as the indirect substitution metho8cience Inc., Japan), and for ion-pair chromatography ODS

is suggested herein for the determination of some metals thaymmetry Gg (5pum, 4.6 mmx 150 mm, Waters) and TSK

do not react with ttmapp directly. The principle is illustrated in gel ODS-120T (4.6 mnx 150 mm, Tosoh, Japan) column were

Fig. 1. EDTAis employed as a substitution agent between metalssed. Post-column FIA system consisted of a Gilson miniplus3

and Cu(ll), and the absorption change owing to the complexaperistaltic pump (M&S Instruments Trading Inc.) and reaction

tion reaction of Cu(ll) with ttmapp is detected out as the signakoils (PTFE, 0.5 mm i.d.) of various lengths, with post-column

of sample. Given that all the reactions occur stoichiomitricallyreagents pumped at a flow rate about 0.06 miThirSignals

in sequence and the same concentrations of EDTA and Cu(llyere detected with an UV8020 photometer (Tosoh Co., Japan)

are used, the quantity of metals complexed with EDTA in step Jand recorded with atype 3066 recorder (Yokokawa Elec., Japan).

should be equal to the remaining quantity of Cu(ll) after step 2An UV8200 photometer (Shimadzu Co., Japan) was used for the

and this remaining quantity of Cu(ll) could be detected out aphotometric titration of ttmapp and other batch wise studies.

the complex of ttmapp—Cu(ll) in step 3.

It should be noticed that the coexistence of EDTA-metal2.2. Reagents

complexes with Cu(ll) in steps 2 and 3 may lead to elec-

trophilic substitution between them resulting in deviation from  All reagents, except for ttmapp, were purchased from Wako

the stoichiometry. Therefore, metals potentially applicable folPure Chemical Industries (Japan) and are of analytical grade.

this methodology are required capable of forming highly sta-Tetratoluensulfonate salt of ttmapp was synthesized and puri-

ble or inert complexes with EDTA. In this paper, lanthanidesfied in our laboratory following the procedure below: (1)

were selected to verify the effectiveness of this methodologydimethylaminobenzaldehyde (9 g) was dissolved in propionic

Following a batch wise procedure, 14 species of lanthanideacid (60 ml). The solution was refluxed for 30 min, into which

were individually determined with good linearity and high sen-pyrrole (2 g) prepared in propionic acid (10 ml) was added drop

sitivity. The procedure was applied onto a FIA system of awise during the reflux. This solution was further refluxed for

four-channeled peristaltic pump, which was connected after 80 min then was cooled down in ice bath, when a purple pre-

cationic exchange column and made the procedure simple aritate of meso-tetrakis (4-N-dimethylaminophenyl)-porphine
(tdmapp) was obtained. This precipitate was separated by fil-

Metals tration and was washed with deionized water and acetone until

the filtrate became colorless. (2) In metipytoluenesulfonate

(10ml), the obtained tdmapp was mixed and heated at C40

for 3 h, then this mixture was cooled down to room temperature.

Pyridine was added drop wise into this mixture and a purple pre-

cipitate of ttmapp was obtained, which was filtrated and dried in

vacuum. (3) This solid product was recrystallized from methyl

alcohol.

Cu-EDTA | Cu The stock solution of ttmapp was preparedin 0.1 M nitric acid

by dissolving 0.04 g of the synthesized powder into a 250 ml

flask, the concentration of which was photometrically titrated

with standard Cu(ll) nitrate solution (for AAS, 1000 ppm) as

| ttmapp 1.1x 10~* M following the absorption change at 433 nm (molar

absorptivity: 4.8< 10°Imol~tcm™1 for ttmapp) or at 411 nm

Fig. 1. Schematic illustration for principle of the indirect substitution method. N 11
The length of the solid lines represents the reagent concentration. M—EDTA(,mOIar absorpt|V|ty. 4.6<10°Imol—*cm™* for Cu(ll)—ttmapp

Cu-EDTA and Cu—P represent the complexes of EDTA with metals, EDTACOMPlex). The stock solution of EDTA (1010~ M) was pre-
with Cu and ttmapp with Cu, respectively. pared as aqueous solution of its disodium salt.

M-EDTA

Step 1 | EDTA

Step 2

Step 3 L Cu-p
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Eluent for cation exchange chromatography were prepared S C
as aqueous solutions of 40% methanol (v), pH of which was E @ (Or———
adjusted to 4.6 with lithium hydroxide monohydrate. For iso- _ Rl BGa B Rea
cratic elutions of the light, medium or heavy lanthanides, HIBA
of 0.026, 0.04 or 0.08 M was added into the eluent and was R2
degassed before use. Reagents used on post-column FIA systeig3
were prepared as follows: (1) EDTA (6:010-% M) was pre- ) W
pared by diluting its stock solution in a buffer, which involves B —
acetic acid (0.1 M), sodium acetate (0.2 M) and sodium hydroxrig. 2. Schematic diagram of HPLC post-column FIA system. E, eluent, aque-
ide (0.12M) making the main stream solution near pH 6.0ous mixture of methanol and HIBA; R1, EDTA; R2, mixture of Cu and ttmapp
after the confluence; (2) Cu(ll) (620 106 M) and ttmapp solution; R3, mixturg of apetate buffer and gsgorbic acid; R4, nitric acid; P1,
(4.4% 10-6 M) were prepared as a mixture by diluting their HPLC pu.mp; P2,perl§taltlc pump; S, sample injector; C, column; RC1-4, reac-
) . o : . tion coils; D, detector; W, waste.
standard or stock solution in 0.1 M nitric acid; (3) ascorbic
acid (0.5%) was prepared by dissolving its sodium salt in a_ | . ) o ) .
buffer, which involves acetic acid (0.025 M) and sodium acetatd/cation of the mainstream in RC4 by nitric acid (R4), shifting
(0.8 M) making the mainstream solution near pH 5.0 after thé"€ spectrugn of ttmapp from 411nm to 433nm. Lanthanides
confluence; (4) nitric acid was prepared as 1.9 M making thd=1-4x 10">M)were injected (S) and separated on the column
mainstream solution near pH 1.0 after the confluence. Solution)- The eluted lanthanides were mixed with EDTA in RCL,
of the lanthanides were prepared by proper dilution from theif@'ming the complexes of EDTA-Lanthanide. Excess quantity

respective standard solutions (for AAS). Deionized water waQf EDTA in the sample zone reacted with Cu(ll) in RC2, where
used throughout. Cu(ll) became excess and this excess quantity of Cu(ll) should

be equal to the quantity of the lanthanides injected. Under the
catalysis of ascorbic acid (R3), this excess quantity of Cu(ll)
reacted with ttmapp in RC3 producing Cu(ll)-ttmapp, the spec-
2.3.1. Batch wise analysis of individual lanthanides trum o.f Whi'Ch' was separated from that of the remaining ttmapp
The applicability of this indirect substitution method for the PY nitric acid in RC4. Lanthanides were detected out as the sig-
analysis of individual lanthanides was verified through batcH'a!s from the absorbance decrease at 433 nm.
wise studies following a procedure below: (1) In a 50 ml flask,
a sample solution (involving no more than 136 lanthanide) 3. Results and discussion
was prepared with ammonia buffer (pH 9) to give a total volume
about 40 ml. (2) EDTA stock solution (0.5ml, 1x010~% M) 3.1. Batch wise analysis of individual lanthanides
was added to this solution, shaking about 20s for complete
reaction. (3) Cu(ll) stock solution (0.75ml, 7910~* M) was The principle of this indirect substitution method is based on
added next, shaking about 20 s for the complexation of Cu(ll}he stoichiometry of the three complexation reactions occurring
with the remaining EDTA. (4) ttmapp (1.0 ml, 14104 M), in a sequence of EDTA with lanthanides, EDTA with Cu(ll) and
ascorbic acid (1.0ml, 1%) and acetate buffer (pH 5.0) wergtmapp with Cu(ll). In most cases, this EDTA—Cu(ll)-ttmapp
added in sequence and mixed completely, holding the finaleaction system is nonselective and all metals that can form
solution for 5 m. (5) Nitric acid (2 ml) was added finally making highly stable or inert complexes with EDTA may respond to
pH value about 1.0. 6) The flask was filled up with water andit. Therefore, the batch wise procedure was only performed as
the absorbance of this solution was measured at 433 nm. verification for the principle rather than practical use. The pro-
Ascorbic acid was added to catalyze the complexation reaczedure proved to be convenient to evaluate the applicability
tion of Cu(ll) with ttmapp, the optimum pH for which ranges of this indirect substitution method for the analysis of indi-
over pH 4.1-5.929]. In this paper, pH 5.0 was used as thevidual lanthanides, and also efficient for the pH optimization
optimum. The Soret band of ttmapp appears around 411 nm af the post-column FIA system, which was rather compli-
pH 5 and overlaps the spectrum of the formed Cu(ll)-ttmappated to be dealt with in such kind of studies. Following the
completely, thus nitric acid was added to shift the Soret bandbatch wise procedure, the responses of 14 lanthanides to this
to 433 nm (pH< 1.2) and the reaction was also quenched at th&aDTA—Cu(ll)-ttmapp reaction system were investigated at the

8

P2

2.3. Procedures

same time. optimum pH for the color reaction of ttmapp with Cu(ll) (pH
5), andFig. 3 shows the results of such indirect spetrophoto-
2.3.2. HPLC post-column FIA of lanthanides metric titration for 3 species of Lu, Tb and La representing the

HPLC post-column FIA system is schematically shown inheavy, medium and light group, respectively. Lu responded to
Fig. 2. Reagents (R1-R4) were flowed into the mainstream ahe reaction system with a most sensitive and linear titration
eluent at the same flow rate of 0.06 ml min Equal quantities curve (A= —5.078x 10° C +0.8026,C <8.875x 10~’M and
of EDTA (R1, 6.0x 10°8M) and Cu(ll) (R2, 6.0« 10°M)  2=0.9986, wherel is the absorbance; is the concentration
were mixed in RC2 to form complexes of EDTA—Cu(ll), thus of lanthanide), from which the responses of other lanthanides
no Cu(ll) was available downstream for ttmapp (R2) to formdeviated gradually as atomic number decreases. The lightest La
complexes in RC3. Last step in this FIA procedure was the acidaearly showed no response to this reaction system. Such devi-
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Fig. 4. Effects of pH on the reaction ratios of the lanthanides. (O) Ammonia
buffer (1.0x 10-3 M), pH 9; (®) acetate buffer, pH 5. Other conditions identical
to Fig. 3.

Fig. 3. Batch wise analysis of the individual lanthanides. [Cu] =110 M,
[ttmapp] =2.2x 10°M, [EDTA]=1.0x 10°M; acetate buffer (sodium
acetate: 5.& 1072 M, acetic acid: 2.5 1072 M), pH 5.0; () La, (®) Tb, (a)
Lu.

3.2. HPLC post-column FIA of lanthanides

ation is considered to occur in steps 2 and 3 (Fig. 1), where
the formed EDTA—-lanthanide complexes coexisted with excess.2.1. HPLC conditions
quantity of Cu(ll). This coexistence gives rise to an oppor- To investigate the optimum HPLC conditions, conventional
tunity of electrophilic substitution between the excess Cu(ll)post-column derivatization method using PAR was employed
and the EDTA-lanthanide complexes, leading to the sensitivitgand the post-column FIA section of the apparatus shown in
losses shown ifrig. 3. The EDTA-Lu complex is the most sta- Fig. 2was simplified to one channel for this purpose. Isocratic
ble species among the EDTA—lanthanides f{og epTa=19.80  elutions of the lanthanides with water-based eluent proved to
(Lu)-15.64 (La)] and also more stable than EDTA-Cu(ll) be successful by both cation exchange chromatography and ion
(log Kcu-epTa=18.70)[31], thus it is considered that no elec- pair chromatography, but it was found that such aqueous elu-
trophilic substitution occurred between Cu(ll) and EDTA-Lu ent was not fitful for the post-column FIA system because the
in the duration of their coexistence. This means the theoreticalolor reagent of ttmapp was ready to adsorb to inner walls of
stoichiometry of the reaction system was obeyed in the case #TFE flow tube. At least 30% (v) methanol should be involved
Lu. Therefore, the titration curve of Lu was used as a standaruh eluent to prevent the adsorption of ttmapp, while the addi-
to evaluate the reaction ratios of other lanthanides, which wason of this amount of methanol made the separation of the
calculated as a proportion of the slope of the response curve féeinthanides by ion-pair chromatography rather difficult. There-
each lanthanide (€ 8.875x 10~/ M: the observed equivalent fore, cation exchange chromatography of the lanthanides was
concentration) to that of Lu (defined as 100% reaction ratio). proposed for this indirect substitution method. Other organic
The pH conditions in steps 1 and 2, where the complexatiosolutions, such as ethanol, chloroform/methanol and acetoni-
reactions of EDTA with the lanthanides and Cu(ll) occurred contrile were also investigated as eluent ingredients to solve the
secutively, were investigated over a range of pH 3.0-10.0. Thadsorption of ttmapp, but all these additives interfered the post-
heavy group of lanthanides showed reaction ratios about 100%olumn complexation reaction of ttmapp with Cu(ll) to some
over wider pH ranges, among which Lu showed the maximunextent. A maximum of 70% (v) methanol in eluent was toler-
and stable reaction ratio (100%) over a range of pH 5.0-8.5able for the post-column FIA system and a minimum of 30%
Such pH ranges became narrower with the decrease of atomieg) was found necessary for solving the adsorption problem.
number, shifting slightly toward high pH side and the maximumBesides this, the addition of methanol also showed certain effect
reaction ratios also decrease. For Th, the maximum reaction rat@n suppressing band spreading of the eluted lanthanides. This
about 73% was obtained over a range of pH 7.5-9.3. For La, theras particularly preferable for this post-column FIA system,
maximum reaction ratio of 55% was obtained only at pH 9.0, because the involvement of the multistep reactions after the col-
and decreased remarkably at higher or lower pH values. Basadnn made the analysis alittle time-consuming than conventional
on these results, pH 9.0 was considered as the universal op®AR method thus ready to suffer losses of resolution and sensi-
mum pH for the complexation reactions of EDTA with all the tivity. Although higher composition of methanol in eluent could
lanthanides and Cu(ll) on post-column FIA systéiig. 4shows  compensate such loss to a greater extent, eluent involving 40%
the comparison of the reaction ratios obtained at pH 5.0 and pK/) methanol was adopted on a consideration of analysis cost.
9.0 for each lanthanide. The deviations of the light and mediuniRetention times for the lanthanides were also reduced slightly for
group occurred at pH 5.0 (Fig. 3) were suppressed at pH 9.0 tihe addition of methanol and no negative influence was observed
the maximum extent, but the determinations in rigid stoichiom-on the signal resolutions of the eluted lanthanides.
etry still could not be achieved. The effort to use some ligands, The effect of HIBA concentration on the elution of the
such as ammonia, to reduce the conditional stability constant danthanides was also investigated. The result showed that lan-
EDTA—Cu(ll) also has been done but showed little effect. thanides were eluted in an order of Lu—La and retention times
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reduced with the increase of HIBA concentration. For the conveabsorbance increase at 433 nm due to the complexation of EDTA
nience of post-column FIA study and evaluation of the methodwith Cu(ll). The signal reached near a maximum and stable
gradient elution was not performed and lanthanides were elutestate with 1-m coil of RC2, which was sufficient for the sys-
isocratically with 0.026, 0.04, and 0.08 M HIBA for the respec-tem because no obvious absorbance increase was observed with
tive lanthanide group to obtain complete elutions about 60 minlonger coils. The studies also showed that the reaction ratio did
Further increase of HIBA concentration would reduce the colonot vary noticeably in awide pH range of 2.5-9.0, thus no special
reaction rate of Cu(ll) with ttmapp, which also depends on thebuffer needs to be used at R2.

catalyst concentration to be used. The final step of the optimization for the post-column FIA
system was to adjust the coil length and pH of RC1 to obtain
3.2.2. Post-column FIA system maximum signals of the lanthanides eluted from column. A 1-m

Afour-channeled peristaltic pump was employed to constructoil was proved sufficient for the complete reaction of EDTA
the post-column FIA system to achieve the automation of thavith the eluted lanthanides, the signals of which reached near
batch wise procedure for the analysis of lanthanides eluted frorthe maximum state and showed little change with longer coils.
the column. The sequence of the multistep reactions and th@atch wise studies have showed that pH 9.0 was the universal
precise control for the reaction time of each step were easily fuloptimum for this step on a consideration of total lanthanides.
filled on such continuous FIA system. The optimization of thisSuch high pH failed to be employed into this post-column FIA
post-column FIA system was carried out in 3 steps: (1) the opti-
mization of the ascorbic acid-catalyzed complexation reactior
of Cu(ll) with ttmapp; (2) the optimization of the complexa-
tion reaction of Cu(ll) with EDTA,; (3) the optimization of the
complexation reaction of EDTA with the eluted lanthanides.

Color reaction of ttmapp with Cu(ll) catalyzed by ascorbic
acid forms the basis of this post-column reaction system, sen
ing to detect the signals corresponding to the eluted lanthanide
The principle of this method requires that all the complexa-
tion reactions in the system occur stoichiomitrically and on the
other hand, the continuous FIA system imposes restriction on th
complexation reaction rate. Therefore, concentration of ascorbi Er
acid should be adopted as high as possible to catalyze the col g
reaction to be completed within a shortest period. By flowing
water instead of EDTA, the optimum concentration of ascorbic
acid and reaction coil length of RC3, which corresponds to the
reaction time on FIA system, were investigated through moni:
toring the absorbance change at 433 nm owing to ttmapp. Th
complexation reaction ratio of ttmapp with Cu(ll) could be esti-
mated when the baseline, or the absorbance of ttmapp decreas
to reach a stable state under the catalysis of ascorbic acid wi
certain concentration. Although ascorbic acid of higher concen
tration could catalyze the color reaction to be completed witt
shorter coil length, a blank absorption increased gradually
433 nmwhen the concentration of ascorbic acid was raised abo
0.5%. Such absorption may influence the analysis sensitivit

)
Tb
depending on practical analysis conditions. For the convenienc
of discussion, a 0.5% ascorbic acid was used in this FIA systen
Under the catalysis of 0.5% ascorbic acid, the reaction ratio o
the complexation of ttmapp with Cu(ll) reached to a maximum Ce
value by using a 5-m coil at RC3. (c) Nd Pr

The chemicals used as substitution agent in this method ai
required to be able to form stable complexes with the lanthanide
and Cu(ll) within a minimum period of time. Among the com-
plexation reagents investigated, e.g., EDTA, nitrilotriacetic acia
(NTA), 1,2-cyclohexylenedinitrilotetraacetic acid (CyDTA) and Fig. 5. Chromatograms of the lanthanides detected on the HPLC post-column
diethylenetriaminepentaacetic acid (DTPA), EDTA proved toFIA system. Eluent, pH 4.6 (adjusted with 3M LiOH, methanol 40% (v),
be appropriate for this purpose. By flowing EDTA from R1, [HIBAI=(@) 0.026M, (b) 0.04M, (c) 0.08M; R1, EDTA (6.8 10-°M) in
the optimum conditions for the complexation reaction of EDTA 2¢¢1c acid (0.1 M), sodium acetate (0.2M) and sodium hydroxide (0.12 M); R2,

. ) . . . "mixture of Cu (6.0x 10~° M) and ttmapp (4.4 10~° M) in nitric acid (0.1 M);
with Cu(ll) at RC2 was investigated. The maximum reactiongrg, ascorbic acid (0.5%) in acetic acid (0.025 M) and sodium acetate (0.8 M);
ratio could be estimated from the baseline shifting, that is, th&4, nitric acid (1.9 M); Sample concentration, p.g¢/ml for each lanthanides.

Dy

Ho

0.008 abu.

b

\ 1 \ I |
30 60

Retention time (min)
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system due to the difficulty to choose a proper buffer solutiorstants in the duration of their coexistence, made the analysis
with no interference on the following color reaction of ttmapp deviate from the stoichiometry. In the case of analysis only con-
with Cu(ll). The highest pH that the system could tolerate waserned with the light lanthanides, the extent of such deviation
found around pH 6.0, which was not a favorite value for thecould be minimized through the adjustment of post-column FIA
analysis of the light and medium group. variables to suppress the electrophilic substitution extent. Other

Based on the studies above, 13 species of lanthanides westudies showed that the determination sensitivity for the light
eluted in 3 groups isocratically and were detected on the posgroup could be raised about 3 times when the following post-
column FIA system followed. Chromatograms obtained arecolumn FIA variables were used: coil lengths of RC2 and RC3
shown inFig. 5. Similar to the result of the batch wise analysis,were 0.8 and 3.0 m, respectively; the concentration of ascorbic
the detection sensitivity of these lanthanides were in sequence atid was 5%. Lanthanum that could not be detecteHign 5
the heavy, medium and light group. Yb also could be detected owtas also detected out apparently in this case. The reaction ratios
with this system but the HIBA composition of eluent needs to beof EDTA with Cu(ll) and ttmapp with Cu(ll) were reduced
optimized for a better resolution to Lu. When the atomic numbeto some extent, whereas the analysis sensitivity was compen-
decreases, sensitivity loss occurred and La was not detected aated due to the reduction of the coexistence duration of the
under the conditions. The detection sensitivity of Tm, Tb and NdEDTA-lanthanides and excess Cu(ll).
were the highest within each lanthanide group, the calibration
graphs of which are shown ixig. 6by comparisonwiththe anal- 4, Conclusion
ysis result of Lu using conventional PAR method. Lu was used
as a representative for the lanthanides in PAR method, which The analytical applications of the highly sensitive colorimet-
offers same sensitivity for all the lanthanides. The graph S|Op6ﬁc reagent of porphyrin, molar absorptivity of which is about
for other species deviate from that of these 3 elements but not ®x 10° I mol~1 cm™1, were extended to a new field by the devel-
a great extent. Compared with the result of PAR method, most d§pment of the novel indirect substitution methodology. The
the lanthanides could be determined with greatly improved sereffectiveness of the method was verified through the determi-
sitivity by this indirect substitution method. Good linearity could pation of the lanthanides with a batchwise procedure, which
be obtained up to 1.2-1:410~° M. On the other hand, reason- was further applied to a HPLC post-column FIA system. The
able detection limits could not be obtained because the baselil'aﬂnpk)yment of flow injection technique S|mp||f|ed the proce-
noise caused by the postcolumn 4-channel peristaltic pump Wagire owing to the automation of the analysis. The system can be
difficult to control and needed some special techniques. In theyrther optimized depending on the practical analysis require-
case ofig. Sdetection limits obtained was about 10 ng/ml (sig- ment. Metals that can form highly stable or inert complexes with
nal/noise = 2). To reduce noise level, detection wavelength coulg DTA rapidly may respond to this EDTA—Cu(ll)—ttmapp sys-
be changed to 411 nm by following the absorbance increasgm, thus a more extensive application field of porphyrin may
of Cu(Il)-ttmapp complex, although the molar absorptivity athe expected.
411 nm is a little lower than at 433 nm.

The principle of this method is designed on the basis of Stog eferences
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