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HIGHLIGHTS

• An improved and sensitive method of lanthanides chromatography.
• Chemically stable complex with constant retention time separated by chromatography.
• A mathematical method was used in estimating linearity, accuracy, and recovery to confirm the success of 

lanthanides chromatography.
• Optimum conditions of chromatographic separation in lanthanides coelunt with transient metals 

chromatography.

Abstract

Context: A simple, specific, precise, and stability-indicating high-performance liquid chromatographic method 
for chemical analysis of lanthanide ions is detected by measuring the absorbance at 350 nm. The first complexion 
lanthanide ions with oxalic acid to obtain very covalent and stability ions in complex, the second-step stability ions 
in complex formed with 18-crown-6-ether. Using a validated stability analysis method to separation and estimation, 
transient metals will coelunt with lanthanide ions. Objective: A rapid, efficient, cost-effective, and reproducible 
isocratic reversed-phase method has been developed and validated for the determination of lanthanides in active 
inorganic ions. Materials and Methods: Using mobile phase methane sulfonic acid at pH 3.0, mobile phase was 
pumped at a flow rate of 1.0 mL min−1 using isocratic elution through IonPac, CS18 (250 mm × 2 mm, 5 μm) 
column. Ultraviolet detection was performed at 350 nm. The method was validated following the IC isocratic. 
The standard calibration curve was linear in concentration range for all cations, lanthanides, and transient metals. 
Results: The correlation coefficient (R2) for the lanthanides and the transient elements at range (0.9971–1). Also, 
was studied the lower limits of detection and the lower limits of quantitation for the lanthanides and the Transient 
elements in the standard materials. Recovery was found to be in the range of 93–100% for all ions and the 
precision of <1%. Conclusion: The developed method was successfully applied for analytic analysis of standard 
solution and also to study the interaction of lanthanides and transient ions at the temperature (25°C).
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INTRODUCTION

In general, lanthanides have a moderate trend to form 
complexes which are increased in linear with the atomic 
number of the metal. Ions of these elements in its solutions 

bonded with number of anions and by this way, complexes 
are stable such as oxalate (MC2O4

2-) which is difficult to be 
separated from its solutions due to its high stability in spite of 
the similarity with chemical behave of lanthanides ions, but 
according to empiric proves, it can be used chalet reagents 
due to highly selectivity ions of these elements.[1,2] Stability 
is based on values of pH 3 when numbers of ions of these 
elements are separated and on constants of relative stability 
chromatography separation of these ions are not affected 
by slight changes in temperature and pressure by silica gel 
column, IonPac CS18 that contains microbeads resin.[3,4]

Solution of lanthanide ions is present in the form of 
double- and triple-parity cation as to that these characteristics 
are matched and it cannot be separated easily by ionic 
exchange,[5] as parity cations and thus, this selectivity of 
these ions is increased using chalet reagents such as oxalic 
acid[6] and that lanthanides are complexes with oxalic acid 
forming weaken bounds with cations exchangers.[7]

There are two states of balancing occurred during cation 
exchange which is the balance between the mixture and ionic 
exchanger and balance between lanthanides with lanthanide 
reagent’s complexes.[8]

The second balance will allow separating lanthanides as to 
that lanthanide has relative stability constant with oxalic 
acid reagents, for example, La3+ and Eu2+some lanthanides 
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still longest period in the mixture (Er2+ and Lu3+) while ions 
formed weaken complexes with oxalate remaining lesser 
period rather than La3+ and Eu2+ in the mixture, lanthanide 
ions, in general, stay longest period in the exchanger and 
mixture.[9-11]

Using strong complex reagent leads to form lanthanides 
complexion under these conditions, lanthanides can be 
separated by silica exchangers as to that stronger complexes.[12] 
The new separation of lanthanides ions is depended on the 
ratio of lanthanide elements.[13]

The photometric method at wavelength 350 nm (ϵ=5.34 × 103) 
by applying post-column reaction to form the metal complex 
with 18-crown-6-ether.[14,15]

The Aim of Study

The aim of this study is to find a new method to have 
highly efficient, sensitive, easy, and quick to separation and 
qualitative a mixture of lanthanides ions and transient metals 
in different samples.

Standards and Working Solutions

About 100 µg/mL of lanthanides elements and 100 µg/mL 
for transient metals which can be prepared in the laboratory 
or it is available commercially from chemical companies 
provided such these standard solutions used applying for 
chromatography absorption. Stock standard solution and five 
working solutions can be prepared for each ion, such these 
standard solution dissolved in the oxalic acid solution at pH 
values = 3 which can be applying chromatography.

Chloride metal for all cations, lanthanides, and transient 
metals in this experiment (d and f orbital).

18-Crown-6-ether was prepared as reagent in the 
concentration of 0.16 mM.

Deionized water is used by 18.2 MΩ cm to prepare standard 
solutions.

Recommended Equipment

IC-ultraviolet by Metrohm 690 and LKB Isocratic pump 
C2150 were used.

Separation of Lanthanide Metals

Analytes

La3+, Eu2+, Er2+, Lu2+.

DISCUSSION OF THE METHOD

Separation column used in this method is IonPac CS18 and 
the linear gradient ranged between 36 and 38 min for the 
complex with 18-crown-6-ether as reagent while the total 
time separation for transient metals and lanthanides is 42 min 
shown in Figures 3 and 6.

Lanthanide elements can be detected under wavelength at 
350 nm for complex ions with oxalic acid and 18-crown-6-
ether as the reagent. This reagent can remain under the effect 
of H2 or N2 gas.[16,17]

Simultaneous Separation of Transition Metals and 
Lanthanide Metals

Analyts

Pt2+, Ir2+, Y2+, V2+, La+3,Eu2+,Er2+, Lu2+.

Number 
of ions

Concentration (µg/ml) Peaks height (mm)

1 0.5 8

2 1 13

3 1.5 18

4 2 23

5 2.5 28

Figure 2: Standard calibration curve for La2+ ion

Figure 1: Peaks height for standard calibration curve of La2+ ion
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Under the same conditions that were used to separate the 
elements of lanthanides shown in Table 1. A combination of 
transitional elements and lanthanides was separated. However, 
the total retention time of these elements, in this case, was 
increased, but the sequence of the appearance of lanthanides 
was not affected by the presence of transitional elements.[18,19] 
The success of the separation and estimation process for these 
elements with an 18-crown-6-ether shown in Figure 6 .

An improved scheme of chelation ion chromatography 
system and a mixed eluent for the simultaneous determination 
of transition metals are described. A method based on the 
improved IC system and the mixed eluent (CH3SO3H) 

Figure 3: Graph peaks of separation lanthanides

Number 
of ions

Concentration (µg/ml) Peaks height (mm)

1 0.3 10

2 0.6 22

3 0.9 33

4 1.2 42

5 1.5 52

Table 1: Method’s parameter
Parameters Conditions
Description column IonPac CS18, 2 mm CSRS 

ULTRA II 2 mm,

Autosuppression recycle 
mode (P/N 060478)

Isocratic mobile phase Oxalic acid complex with 
reagent 18‑crown‑6‑ether

Detection system UV detection

Eluent 0.16 mM methane sulfonic 
acid

Wavelength maximum 350 nm

Flow rate 1.0 ml/min

Temperature 25°C

Pressure background 180 bar

Run time 42 min

Injection volume 100 µL

Figure 5: Standard calibration curve for Pt2+ ion

Figure 6: Graph separation of peaks lanthanide ions and 
transition metals

Figure 4: Peaks height for standard calibration graph of Pt2+ ion
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for the analysis of eight ions in a single isocratic elution is 
developed. The optimize conditions which are different from 
references for analyte concentration and chromatographic 
separation are studied in detail.[20-22]

The same manner of La3+ ion was used to obtain the calibration 
graph of La3+, Eu2+, Er2+, and Lu2+ ions. The calibration graph 
was in the range of (0.5–2.5), (0.2–1.0), (0.2–1.0), and 
(0.1–0.5) µg/ml (n = 3) for La3+, Eu2+, Er2+, and Lu2+ ions, 
respectively [Figures 1-3].

Furthermore, the same manner of Pt2+ ion shown in Figures 4 
and 5 was used to obtain the calibration graph of Pt2+, Ir2+, 
Y2+, and V2+ ions. The calibration graphs were found in the 
range of (0.3–1.5), (1–5), (1.5–6.0), and (1–5) µg/ml (n = 3) 
for La3+, Eu2+, Er2+, and Lu2+ ions, respectively.

DISCUSSION OF THE METHOD

In this experiment, Lanthanide ions can be separated by 
applying complexometric Ions simultaneous exchange 
technique[23] and thus the d-orbital or F-orbital were dissociated 
by complexing with reagents, this experiment can be achieved 
by the Chromatography separation technique, therefore, it is 
possible to take advantage of the differences in complexity 
of elements  between groups (F and d). lanthanide elements 
and transition ions become making have stable selectivity 
elements into the form complexes within 18-Crown-6-Ether 
and  Methane sulfonic acid as Eluent that allowing with 
separation of transition ions while Lanthanide elements are 
remained non-separated in the column, after a period of time 
the lanthanides are separated.[24-26] Elements (F and d) are about 
36–38 min and that lanthanide elements can be detected by 
measuring absorption at 350 nm on forming an 18-crown-6-
ether complex. The size of ions is important in determining 
when this elution occurs for the smaller and larger ions.[27]

A clear explanation can be found for estimating the M: L 
ratios by the method of the known molecular percentage 
in analytical chemistry,[28,29] where the ratio of M: L to the 
complex formed between the metallic ions interacting with 
oxalic acid was found to be 1:2 or 1:3 from M: L ratios, which 
sets the metal ions to move to the formation of more stable 
complexes with ligand 18-crown-6-ether which are deposited 
more stable.[30,31] Clearly, the KSP (Constant solubility) 
values measured for the complex formed between metallic 

ions with oxalic acid are much lower than the KSP values of 
the complex formed between the metal ions with 18-crown-
6-ether.[32,33] In the acidic media at pH 3, the OH groups in the 
acid are released to release molecules of water, thus creating 
the electronic couplings on the oxygen atoms of the hydroxyl 
group in the acid to bind with the metal ions in the lanthanides 
and the ions of the transition elements. However, the bonding 
process is less stable than if it was associated with six oxygen 
atoms, all steps of the work were done in 25°C.[34-36]

Lower Limits of Detection (Llod) and Quantitation

The LLOD and LLO quantitation (LLOQ) are the concentrations 
that give signal-to-noise ratio of 3:1 or 10:1, respectively, which 
can be detected and verified by the relation of standard deviation 
of response (SD) to the slope of calibration curves (S):[37]

LLOD=3.3 SD/S, LLOQ=10 SD/S

All peaks were well resolved and the precision was acceptable. 
System suitability of the method was studied through method 
development by calculating LOD, LOQ, intercept, slope, 
retention time, standard error, standard error estimate, and 
repeatability favorable for the system are summarized in 
Tables 1-3. The values in Table 3 referred to high accuracy 
and success method project.

Linearity and Range[38]

The linearity of the method was tested to demonstrate a proportional 
relationship of response versus analytes concentration. It was 
studied at five concentration levels in the range of 0.5–1.0 μg ml−1 
(n = 3) for lanthanide ions and the five concentration levels in the 
range of 0.3–6 μg ml−1 (n = 3) for transient metals. The regression 
equation was found linear by plotting peaks height verses 
lanthanides concentration, correlation coefficient obtained for the 
lanthanides and transient metals obtained for the regression line 
were greater than 0.9971–9997 for lanthanide ions and 0.9971–
1.0 for transient metals that shown in Tables 2 and 3 represents the 
regression data including correlation coefficient, slope, intercept, 
standard error, and standard error estimate.

Accuracy/Recovery Studies[39]

The accuracy of an analytical method is determined by how 

Table 2: Accounts of intercept and slope using five concentrations (n=3) against peaks height for each ion
Ions Retention 

time (min)
R2 Standard 

errorra
Standard errror 

estimateb
Intercept Slope LOD µg mL-1 LOQ µg mL-1

La3+ 26 1 0 0 3 10 2.608 7.906

Eu2+ 28 9997 0.172 0.183 2.5 15 2.059 5.589

Er3+ 33 0.9989 0.184 0.196 5 12 0.1002 6.69

Lu3+ 38 0.9971 0.825 0.916 4 11 0.0672 5.654
astandard error, bstandard error estimate, LOD: Limit of detection, LOQ: Limit of quantitation
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close the test results obtained by that method come to the true 
value. It can be determined by recovery studies, where a known 
amount of standard is spiked in the sample to be analyzed. 
The results of accuracy studies are shown in Table 4 and it is 
evident that the method is accurate within the desired range.

Precision[40,41]

The precision of method, reported as %RSD, was estimated 
by measuring repeatability (intraday assay) on three replicate 
injection for the intermediate concentration of each ion (n = 3), 
shown in Table 4, and intermediate precision (interday variation) 
was studied for 2 days for the intermediate concentration of 
each ion (n = 3). All the results are given in Table 5.

Applications

A number of applications were carried out using the developed 
method of detecting and estimating transitional elements 
and lanthanide ions. These elements were discovered in 
the artesian wells close to sea water [Figures 7a-b) and 
the artesian wells in the desert of the Iraqi city of Ramadi 
[Figures 8a-b). 

CONCLUSION

The above eight ions are measured at 350 nm using 18-crown-
6-ether as the post-column derivatizing reagent. A simple, 
rapid, accurate, precise, low cost, and least time-consuming 
high-performance liquid chromatography (HPLC) method for 
the quantitative analysis of the lanthanide metals in standard 
solution has been developed and validated. The intrarun 

Table 3: Regression statistics of the proposed method with LOD, LOQ, intercept, and slope for transient metals 
will coelunt with the lanthanides

LOQ µg ml-1 LOD µg ml-1 Slope Intercept Standard error 
estimateb

Standard 
errora

R2 Retention 
time (min)

Ions

7.906 2.608 10 3 0 0 1 26 La3+

5.589 2.059 15 2.5 0.183 0.172 9997 28 Eu2+

6.69 0.1002 12 5 0.196 0.184 0.9989 33 Er3+

5.654 0.0672 11 4 0.916 0.825 0.9971 38 Lu3+

4.75 0.567 34.667 0.6 1.032 1.083 0.9971 10 Pt2+

4.995 0.425 30 0.5 1.621 1.532 0.9979 12 Ir2+

0.3874 0.622 26 6.36E−15 0 0 1 11 Y2+

0.1034 0.428 19 0.033 0.008 0.007 0.9999 14 V2+

LOD: Lower limit of detection, LOQ: Limit of quantitation

Table 4: Method accuracy from recovery assays for 
the studied analyses

Ions Recovered conc. Recovery % RSD %
La3+ 1.50 93 0.439

Eu2+ 0.60 96 0.494

Er3+ 0.60 100 0.596

Lu3+ 1.50 98 0.522

Pt2+ 0.90 97 0.517

Ir2+ 3.00 96 0.488

Y2+ 4.50 97 0.479

V2+ 3.00 93 0.500
RSD: Relative standard deviation

Figure 7: (a) Determination of ionic complexes in water wells 
artesian in Seawater, except column, Dionex IonPac CS18 with 
Guard column GS18; wavelength 350 nm; eluent, 0.16 mM 
methane sulfonic acid; injection volume, 100 µL; solutes, Pt2+, 
V2+, and La3+ (b) Determination of ionic complexes in water 
wells artesian in Seawater, except column, Dionex IonPac 
CS18 without Guard column; wavelength 350 nm; eluent, 
0.16 mM methane sulfonic acid; injection volume, 100 µL; 
solutes, Pt2+ and V2+

b

a
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and inter-run variability and accuracy results were found 
in acceptable limits. The simplicity of the method, shorter 
run time, economical nature, and low limits of detection and 
quantitation make the method superior to the other reported 
HPLC methods. The method could be applied to the analysis 
of studied inorganic materials. The method has been applied 
to the study cations metal interactions and the results reveal 
that the presence of metals ion has a more pronounced effect 
on the availability of cations and complexion is the main 

factor responsible for decreased or increased availability of 
cation. Therefore, a concomitant administration of transient 
metals with lanthanide seems advisable. Moreover, a proper 
time interval should be maintained.
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SUPPLEMENTARY MATERIAL 

1. Additional file.
2. Figures of chemical linking between complexes with stationary phases used in high-performance liquid chromatography 

separation.

1-ADDITIONAL FILE

1. In the moderate and alkaline acid circles, the hydrogen 
bond can break down as the functional groups of 
carboxylic and phosphoric groups become more ionized. 
These ionized groups, together with electronic oxygen 
atoms in these groups, contribute to the formation of 
ionic bonds and covalent bonds with the studied ions.

We observe from Figure 1 that there is a possibility of 
ionizing only a carboxylic functional group because the 
ionization of the other group inhibits this ionization. This 
phenomenon is specific to polymeric compounds containing 
functional groups.

2. In strong acidic circles, the nature of the correlation is 
purely correlated so that the phosphorus groups cannot 
enter in connection due to the presence of the internal 
hydrogen bond which pulls the electronic cloud from 
OH toward. P = O shows in Figure 2.

Based on the above, we can say that in the acidic circles pH 
≤ 3, there are very strong complexes with common symbiotic 
bonds. This contributes to the formation of the free electrons 
on the oxygen atoms of the two carboxylic and phosphoric 
groups, whereas the contribution of the ionic bond may be non-
existent. A compound that affects the amount of polarization 
of the functional groups so as to provide an equal distribution 
of the electronic density between the atoms that bind them. 
This means that the probability of these groups is lower or 

supported with transitional metal ions. In this medium, we 
can expect a contribution of ionic bonding to about 5%. 
This association only contributes to carboxylic groups. In 
weak acidic environments, pH ≥ 5 is formed with strong 
bonds with common symbiotic bonds with weak ionic bond 
contribution. This increases the number of ionized functional 
groups, and therefore, we expect ionic properties to prevail 
in the alkaline environment with a weaker contribution to the 
common symbiotic association.

Figure 2 shows that polymer is a multinucleus complex and 
we expect it to form a multicore complex with multicore 
electrolytes with studied electrolytes. This will not occur due 
to the spatial disability of functional groups, which is not 
allowed to contribute with more than metal scraps, rotation 
around itself, bending.

2-FIGURES OF CHEMICAL LINKING 
BETWEEN COMPLEXES WITH 

STATIONARY PHASES USED IN 
HIGH-PERFORMANCE LIQUID 

CHROMATOGRAPHY SEPARATION

1-  Figure 1. Chemical Structure of a possibility ionizing for 
only a carboxylic functional groups. 

2- Figure 2. Chemical Structure of a possibility ionizing for a 
carboxylic functional and  phosphoric groups. 
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Figure 1: Chemical structure of a possibility ionizing for only a carboxylic functional groups

Figure 2: Chemical structure of a possibility ionizing for carboxylic functional and phosphoric groups


